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ANTIGEN SPECIFIC IMMUNOTHERAPY FOR COVID-19 FUSHON PROTEINS
AND METHODS OF USE
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Serial No. 63/041,574, filed June 19, 2020, Serial No. 63/041,579, filed June 19, 2020, Senal
No. 63/041,582, filed June 19, 2020, Serial No. 63/041,584, filed June 19, 2020, Senal No.
63/048,939, filed July 7, 2020, Senial No. 63/068,775, filed August 21, 2020, Serial No.
63/068,80S, filed August 21, 2020, Serial No. 63/068,843, filed August 21, 2020, Serial No.
63/068,894, filed August 21, 2020, and Serial No. 63/068,911, filed August 21, 2020, each
entitled ANTIGEN SPECIFIC IMMUNOTHERAPY FOR COVID-19FUSION PROTEINS
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SEQUENCE LISTING
j0002] The following application contains a sequence listing in computer readable format
{CRI), submitted as a text fife in ASCH format entitled "Sequencelisting 044." created on

April ©, 2021, as 83 KB. The content of the CRF is hereby incorporated by reference.

TECHNICALFIELD
0003} The present technology relates to fusion proteins comprising a truncation of the
SARS-CoV-2 surface glycoprotein comprising the SARS-CoV-2 Receptor Binding Domain
{SARS-CoV-2-RBD})oran analog thereof linked tohuman Fc fragments and their use in relation

to the 2019 Novel Coronavirus (COVID-19).

BACKGROUND
{6004] The following description of the background is provided simply as an aid in
understanding the present techunology and is not admitted to describe or constitute prior art to

the present techuology.

Fe Fusion Proteins
{0003} Fe fusion proteins are comprised of a species-specific immunoglobin Fo domain that
is linked to another peptide such as a protein or peptide with therapeutic potential. As used

herein, the terms “fusion protein” and “Fc fusion protein” refer to a protein comprising more
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than one part, for example from different sources {e.g., different proteins, polypeptides, cells,
ete)), that are covalently linked through peptide bonds. Fe fusion proteins are preferably
covalently linked by (i} connecting the genes that encode for each part into a single nucleic acid
molecule and (i) expressing in a host cell {e.g., HEK cell or CHO cell) the protein for which
the nucleic acid molecule encodes. The fully recombinant synthesis approach is preferved over
methods in which the therapeutic protein and Fe fragments are synthesized separately and then
chemically conjugated. The chemical conjugation step and subsequent purification process
increase the manufacturing complexity, reduce product yield, and increase cost.

EE R4

[3006] The terms “Fe fragment,” “Fe region,” “Fo domain,” or “Fe polypeptide,” are used
herein to define a Cwerminal region of an immunoglobulin heavy chain. The Fc fragment,
region, domain, or polypeptide may be a native sequence Fo region or a variant/mutant Fe
region. Although the boundaries of the Fc region of an immunoglobulin heavy chain may vary,
they generally comprise some or all of the hinge region of the heavy chain, the CHZ region of
the heavy chain, and the CH3 region of theheavy chain. The hinge region ofa Fcfragment(e.g.,
a canine or human Fc fragment) comprises amino acid sequences that connect the CH1 domain
of the heavy chain to the CH2 region of the heavy chain and contains one or more cysteines that
form one or more interheavy chain disulfidebridges to form a homodimer of an Fc fusion protein
from two identical but separate monomers of the Fo fusion protein. The hinge region may
comprise all or part of a naturally occurring amino acid sequence or a non-naturally occurring
amino acid sequence.

[0007] The presence of the Fc domaio increases the plasma half-life due to its interaction
with the neonatal Fe-receptor (FcRn) in addition to slower renal clearance of the Fc fusion
proten dueto the large molecule size, resulting in in vivo recycling of themolecule achieving
prolonged activity of the linked peptide and tuproved solubility and stability of the Fe fusion
protein molecule. The Fe domain also enables Fo fusion proteins to interact with Fe receptors
on immune cells. In some examples, the therapeutic protein or peptide is linked to the
immunoglobin Fc domain via a linker. The therapeutic protein or peptide and linker effectively
replace the variable region of an antibody while keeping the Fe region intact.

{0008] An Fe receptor (FcR) refers to a receptor that binds to an Fc fragment or to the Fe
region of an antibody. In examples, the FcR is a native sequence of the canine or human FeR,
and the FcR is one which binds an Fc fragment or the Fc region of an IgG antibody (a gamma
receptor) and includes without limitation, receptors of the Fe{gamma} receptor {, Fo{gamma)
receptor Ha, Fo{gamma) receptor {1b, and Fe{gamma) receptor HI subclasses, including allelic
variants and alternatively spliced forms of these receptors. “FeR” alse includes the neonatal
receptor, FcRu, which is responsible for the transfer of maternal IgG molecules to the fetus and
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is also responsible for the prolonged in vivo elimination half-lives of antibodies and Fc-fusion
proteins in vivo. In examples, FcR of human origin are used in vitro (e.g., in an assay) to measure
the binding of Fc fusion proteins comprising Fc fragments of any mammalian origin so as to
assess their FcR binding properties. Those skilled in the art will understand that mammalian
FcR from one species (e.g., FcR of human origin) are sometimes capable of in vitro binding of

Fc fragments from a second species (e.g., FcR of canine origin).

SUMMARY OF THE PRESENT TECHNOLOGY

[0009] Described herein are fusion proteins, each comprising a respective viral receptor
binding domain and an Fc fragment, wherein the viral receptor binding domain and the Fc
fragment are connected by an optional linker, such as a peptide linker. In one or more
embodiments, the viral receptor binding domain comprises an RBD fragment of SARS-CoV-2
surface glycoprotein comprising SEQ ID NO: 1, or a functional fragment, analog, or
variant/mutant thereof. In one or more embodiments, the viral receptor binding domain
comprises a SP/RBD fragment or RBD fragment comprising SEQ ID NO: 2 or SEQ ID NO: 8,
or a functional fragment, analog, or variant/mutant thereof. In one or more embodiments, the
viral receptor binding domain comprises the following sequences or functional fragment thereof,
SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 13, SEQ ID NO: 14, or SEQ ID NO: 15. In one
or more embodiments, the Fc fragment comprises a sequence or functional fragment of SEQ ID
NO: 6, SEQ ID NO: 7, or SEQ ID NO: 33. In one or more embodiments, the linker, if present,
comprises the following sequence: SEQ ID NO: 3, SEQ ID NO: 4, SEQ 1D NO: 5, or SEQ ID
NO: 27. In one or more embodiments, the fusion protein comprises (consists essentially or even
consists of) a sequence of SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 16, SEQ ID NO: 17,
SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20, or SEQ ID NO: 21, or a functional fragment
thereof. In one or more embodiments, the fusion protein is a homodimer. In one or more
embodiments, the Fc fragment is glycosylated.

[0010] Also described herein are immunogenic compositions which comprise or consist
essentially of a fusion protein(s) according to any embodiments or combinations of
embodiments described herein, and a pharmaceutically-acceptable carrier. In one or more
embodiments, the fusion protein is dispersed in the carrier. In one or more embodiments, the
compositions further comprise an adjuvant. In one or more embodiments, the adjuvant is
Montanide™ ISA-720. In one or more embodiments, the fusion protein is emulsified with the
adjuvant. In one or more embodiments, the emulsification is prepared onsite before
administration. In one or more embodiments, the prepared emulsification is refrigeration (4°C)
or room temperature stable for at least 8 hours, preferably up to 24 hours. In one or more
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embodiments, the composition is an injectable formulation. In one or more embodiments, the
composition is adapted for subcutaneous administration. In one or more embodiments, the
composition is adapted for prophylactic vaccination. In one or more embodiments, the
composition is adapted for therapeutic vaccination.

[0011] Also described herein are various methods for increasing antibody production in a
subject against an antigenic agent. The methods generally comprise administering a
therapeutically effective amount of a fusion protein(s) or immunogenic composition(s)
according to any embodiments or combinations of embodiments described herein to the subject.
In one or more embodiments, the subject has a measurable antibody titer against the antigenic
agent prior to administration of the fusion protein or immunogenic composition. In one or more
embodiments, the subject is antibody naive prior to administration of the fusion protein or
immunogenic composition. In one or more embodiments, the fusion protein or immunogenic
composition is administered via injection. In one or more embodiments, the fusion protein or
immunogenic composition is administered subcutaneously or intramuscularly. In one or more
embodiments, the fusion protein or immunogenic composition is provided as a unit dosage form.
In one or more embodiments, the fusion protein or immunogenic composition is co-administered
with an adjuvant. In one or more embodiments, the methods further comprise preparing the
fusion protein or immunogenic composition for administration, wherein the preparation
comprises pre-mixing the fusion protein or immunogenic composition with an adjuvant before
administration. In one or more embodiments, pre-mixing comprises emulsifying the adjuvant
and fusion protein to yield an emulsion, and administering the emulsion to the subject. In one
or more embodiments, the prepared emulsification is refrigeration (4°C) or room temperature
stable for at least 8 hours, preferably up to 24 hours after preparation.

[0012] Also described herein are methods of inducing an immune response in a subject
against viral infection, preferably SARS-CoV-2 virus, more preferably COVID-19. The
methods generally comprise administering a therapeutically effective amount of a fusion
protein(s) or immunogenic composition(s) according to any embodiments or combinations of
embodiments described herein to the subject. In one or more embodiments, the subject has a
measurable antibody titer against the viral infection prior to administration of the fusion protein
or immunogenic composition. In one or more embodiments, the subject is antibody naive prior
to administration of the fusion protein or immunogenic composition. In one or more
embodiments, the fusion protein or immunogenic composition is administered via injection. In
one or more embodiments, the fusion protein or immunogenic composition is administered
subcutaneously or intramuscularly. In one or more embodiments, the fusion protein or
immunogenic composition is provided as a unit dosage form. In one or more embodiments, the
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fusion protein or irmmunogenic composition 18 co-ad ministered with an adjuvant. In one or more
embodiments, the methods further comprise preparing the fusion protein or immunogenic
composition for administration, wherein the preparation comprises pre-mixing the fusion
protein or inynunogenic composition with an adjuvant before adnunistration. In one or more
embodiments, pre-mixing comprises eroulsifying the adjuvant and fusion protein to yield an
emulsion, and admivistering the emulsion to the subject. In one or more embodiments, the
prepared emulsification is refrigeration (4°C) or room temperature stable for at least 8 hours,
preferably up to 24 hours after preparation.

100134 Also described herein are methods of producing a fusion protein according to any
embodiments or combinations of embodiments described herein. The methods generally
comprising transiently transfecting a nucleic acid encoding for thefusion protein into a HEK 293
or CHO-SE cell, wherein the transfected HEK 293 or CHO-SE cell expresses the fusion protein,
or stably transfecting a nucleic acid encoding for the fusion protein into a CHO cell, wherein
the recombinant CHO cell expresses the fusion protein. In one or more embodiments, the fusion
protein is secreted by the cells into cell culture media, further comprising purifying or isolating
the fusion protein from the media. Advantageously, the vield of the purified or isolated fusion
proten is greater than 20 mg/L. jo any of the foregoing expression systems,

{0014} Also described herein are cells engineered 10 express a fusion protein a fusion protein
according to any embodiments or combinations of embodiments desciibed herein. In one or
more embodiments, the cell is transfected with a nucleic acid encoding the fusion protein. In
one or more embodiments, the cell is a HEK293 cell or a CHO cell.

{001 5] Alse described herein are cDNA molecules encoding a fusion protein according to
any embodiments or combinations of embodiments described herein.  The present disclosure
also concerns expression vectors and/or DNA expression constructs comprising cDINA
encoding a fusion protein according to any embodiments or combinations of embediments
described herein.

{0816 Asdescribed herein, the fusion protein{s} or immunogenic composition{s) according
to any embodiments or combinations of embodiments described herein can be used in therapy
and/or as a medicament.

{0017} As described herein, the fusion protein(s) or immunogenic composition{s} according
to any embodiments or combinations of embodiments described herein can be used in increasing
antibody productionin a subject.

{0018} As described herein, the fusion protein{s) or immunogenic composition(s) according

to any embodiments or combinations of embodiments described herein can be used in treatment
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and/or prophylaxis of a viral infection, preferably SARS-CoV -2 virus, more preferably COVID-
19.

[019] As described herein, the fusion protein{s) or immunogenic composition{s} according
to any embodiments or combinations of embodiments described herein can be used as a
prophylactic, therapeutic and/or booster vaceine.

{0020} Particular embodiments concern fusion protein{s}) selected fromthe group consisting
of: SEQ IDNO: 16, SEQ ID NO- 18, SEQID NO- 19, SEQ ID NO: 20, and SEQ ID NO: 21,
or pharmaceutical composition thereof for use in treatment and/or prophylaxis of a viral
mfection, preferably SARS-CoV-2 virus, more preferably COVID-19,

{00211 Asdescribed herein, the fusion protein{s) or immunogenic composition{(s) according
to any embodiments or combinations of embodimenis described herein can be used in the
manufacture of a medicament forthe ireatment and/or prophylaxis of a viral infection.

{6022} For example, SEQ ID NG 19 emulsified in [SA 720 adjuvant was initially evaluated
in BALB/c mice for immunogenicity and the capacity toinduce production of antibodies (Abs)
that bind and neutralize the SARS-CoV-2 virus’ Spike Protein (SP). Upon binding to the
Receptor Binding Domain of the SP (SP/RBD), these vaccine-induced Abs prevent the virus
from attaching to the host target protein, ACEZ, expressed on a variety of cell types including
endothelial cells of the lung, blood vessels, and neurons. Even after a single injection of 1 ugto
100 pg of SEQ IDNG: 19 in the adjuvant Montanide™ ISA 720, substantial neutralizing Abs
were induced in mice, NHPs, and rabbits that 1) bound to recombinant SP/RBD, 2) inhibited
recombinant ACEZ2 from binding recombinant SP/RBD, and 3) prevented the SARS-CoV-2
virus from infecting live VERG-EG cells that naturally express ACE2. Notably, the potency of
the SEQ ID NO: 19 vaccine tojnduce neuiralizing Abs in each of the above animal models was
usually on par or above the neutralization capacity of hursan serum obtained from convalescent
COVID-19 subjects, setting the expectation that SEQ ID NO: 19 in Montanide™ ISA 720
adjuvant should induce sufficient protection in humans. The assays and animal models described
herein were used to demonstrate that the optimal dose level of SEQ ID NO: 19 in Montanide™
ISA 720 adjuvant was in the 36 pg to 100 pg range, that two doses given either subcuianeously
{s.c.} or intramuscularly {i.m.) induced maxinum immunogenic responses, and that 3 doses of
100 pg of SEQID NO: 19 in Montanide™ ISA 720 given 14 days apart showed no toxicities
or sericus adverse effectsin a GLP toxicology study in rabbits. Asexpected, mild and transient

injection site reactions due to the Montanide™ 1SA 720 adjuvant were observed.

BRIEF DESCRIPTION OF THE DRAWINGS
{6023} FIG. 1 shows a schematic representation of an insulin-F¢ fusion protein homodimer.
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[0024] FIG. 2 shows a schematic representation of an exemplary SARS-CoV-2-RBD-hlgG-
Fe fusion protein homodimer.

0025} FIG. 3 shows Fe(gamma) receptor I binding for theinsulin-Fc fusion proteins of SEQ
IDNG: 29 and SEQ ID NG: 32,

[{3026] FIG. 4 shows titers of anti-insulin-antibodies (AlA)against RHI averaged over 200-
fold dilutions for 6 beagles with chemically induced diabetes over a series of 8 doses of the
insulin-Fe fusion protein of SEQ IDNG:29.

{6027} FEG. 5 shows percentage change in the titers of anti-insulin antibodies (AIA) against
RHI from Day 0 of the trial for 6 beagles with chemically induced diabetes over a series of 8
weekly doses of the insulin-Fc fusion protein of SEQ 1D NO: 29,

{0028} FiG. 6 shows the normalized AlA titers for 8 client dogs treated for diabetes with
the insulin-Fc fusion protein of SEQ [ NO: 29 according to Protocol 1 or Protocol 2 of Example
52.

{0029} FiG. 7 shows the normalized ALA titer for a single dog treated for diabetes with the
insulin-Fc fusion protein of SEQ 1D NO: 29 with an interruption in treatment.

{00391 FIG. 8 shows a graphical representation of the number of dogsthat showed ALA after
being treated for diabetes with the insulin-Fc fusion protein of SEQ 1D NO: 29 manufactured in
etther an HEK transient cell pool or a CHO stable cell pool.

{0031} FIG. 9 shows the normalized AIA titers for & dogs treated for diabetes with the
nsulin-Fe fusion protein of SEQ IDNO: 32

[0032] FIG. 10 shows a graphical representation of the number of dogs that showed AIA
after being treated for diabetes with the insulin-Fo fusion protein of SEQ ID NGO 29 or SEQ ID
NG 32,

{0033} FIG. 11 dlostrates APC processing of Fe-fusion proteins via the Fc{gamma)
receptors.

{6034) FI(3. 12 tHustrates the promotion of B cell activation and anti-SARS-CoV-2 SP/RBD
fg(5 production,

{6035] FIG. 13 illusirates a side-by-side sequence comparison of SEQ 1D NO: 2 (extended
SP/RBD of SARS-CoV-2)and SEQ ID NG: 9 {novel truncation of the surface glycoprotein of
SARS-CoV-2).

j6036) FIG. 14 illustrates a side-by-side sequence comparison of SEQ 1D NOG: 2 (extended
SP/RBD of SARS-CoV-2)and SEQ ID NO: 10 (novel truncation of the surface glycoprotein of
SARS-CoV-2).

j6837] FIG. 15 illustrates a side-by-side sequence comparison of SEQ ID NG: 2 (extended
SP/RBD of SARS-CoV-2)and SEQ ID NO: 14 (novel truncation of the surface glycoprotein of

oy
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SARS-CoV-2).
{0038 FIG. 16 illustrates a side-by-side sequence comparison of SEQ 1D NO: 2 (extended
SP/RBD of SARS-CoV-2}and SEQ ID NO: 15 (novel truncation of the surface glycoprotein of
SARS-CoV-2).
6039} FIG. 17 llustrates a side-by-side sequence comparison of SEQ ID NG: 2 {(extended
SP/RBD of SARS-CoV-2)and SEQ ID NO: 13 (novel truncation of the surface glycoprotein of
SARS-CoV-2}.
[06049] FEG. 18 illustrates a general mechanism of action of a vaccine adjuvant.
{0041} FIG. 19 illustrates the ECS0 of human Fo{gammalRI binding to the SARS-CoV-2-
RBD-hIgG-Fc fusion protetn of SEQ ID NG 19,
0042} FiG. 20 illustrates the EC50 of human Fe{gamma)R1a binding to the SARS-CoV-
2-RBD-higG-Fc fusion protein of SEQ IDNG:19.
f0043] FIG. 21 illustrates the BC50 of human Foe{gamma)R1Ib binding to the SARS-CoV-
2-RBD-higG-Fc fusion protein of SEQ ID NG 19
{6044 FIG. 22 illustrates the BCS0 of human Fe{gamma)RIT binding to the SARS-CoV-2-
RBD-higG-Fc fusion protein of SEQ ID NO: 19,
f0045] FIG. 23 illustrates the BECS0 of human ACE2 binding to the SARS-CoV-2-RBD-
hlgG-Fc fusion protein of SEQ 1D NO: 19 and of human [gG.
3046} FIG. 24 illustrates the EC50 of human FcRa receptor binding to the SARS-CoV-2-
RBD-higG-Fe fusion protein of SEQ 1D NO: 19
[6047] FIG. 25 illustrates the anti-SP/RBD 1gG Ab titer response in 6- to 8- week old female
BALB/c mice 21 days after a single dose of the SARS-CoV-2 RBD-hlgG-Fe fusion protein of
SEQID NG: 17 across varous dose levels.
{6048} FIG. 26 illustrates the anti-SP/RBD 1gG Ab titer response in 6- to 8- week ofd female
BALB/cmice on Bay 35 after an injection on Pay 0 and oo Day 21 of the SARS-CoV-2RBD-
higG-Fe fusion protein of SEQ ID NO: 17 across various doselevels.
[6049] FIG. 27 tllustrates the kinetic response to doselevels of 1 ug, 3 ug, 10 pg, 30 pg and
100 ug after an injection on Day O, Day 21 and Day 42 of the SARS-CoV-2 RBD-higG-Fe
fusion protein of SEQID NG 17,
{0050] FIG. 28 iltustrates the induced anti-SP/RBD IgG Ab titer response after
administration of the SP/RBD of SEQ ID NQO: 2 or the SARS-CoV-2-RBD-hligG-Fc fusion
protein of SEQ ID NG 17 to 6~ to B-week old mice without adjuvant at various dose fevels as
measured on Day 14 and Day 21 after one dose on Day 0.
j6851] FIG . 29 illustrates the anti-SP/RBD IgG Ab titer response in 6- to 8- week old female
BALB/c mice in various adjuvanted formulations containing a 10 pg dose level of the SARS-
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CoV-2-RBD-hlgG-Fc fusion protein of SEQ ID NO: 17 on Day 21 after one doscon Day 0.
10032] FIG. 30 tlustrates the anti-SP/RBD IgG Ab titer response in 6- to 8- week old female
BALB/c nmuice in vanous adjuvanted formulations containing a 10 pg dose level of the SARS-
CoV-2-RBD-hlgG-Fe fusion protein of SEQ ID NO: 17 on Day 35 after an injection on Day 0
and on Pay 21

{3083} FIG 31 illustrates the anti-SP/RBD IgG Abtiter response in 6- to 8- week old female
BALB/c mice in various adjuvanted formulations containing a 10 pg dose level of the SARS-
CoV-2-RBD-higG-Fe fusion protein of SEQ 13 NO: 17 on Day 56 after an injection on Day 0,
Day 21 and Day 42.

{0054 FiG. 32 iHustrates the anti-SP/RBD IgG Abtiter response in 6~ to & week old female
BALB/c mice in various adjuvanted formulations containing a 10 ug dose level of the SARS-
CoV-2-RBD-higG-Fe fusion protein of SEQ 1D NO: 17 on Day 88 after an injection on Dhay 0,
Pay 21 and Day 42.

{0055] FIG. 33 illustrates the ACEZ-SP/RBD binding inhibttion potency (11350} calculated
at Day 21 after a single injection on Day 0 of the SARS-CoV-2-RBI-higG-Fc fusion protein of
SEQ 1D NG: 17 with and without adjuvants in 6- to 8-week old mice compared to human
convalescent serum.

{0056} FIG. 34 illustrates the ACE2-SP/RBD binding inhibition potency (D50} calculated
at Day 35 after an injection on Day 0 and on Day 21 of the SARS-CoV-2-RBD-higG-Fe fusion
protein of SEQ ID NO: 17 with and without adjuvants in 6- to 8-week old mice compared to
human convalescent seruru.

{60587} FIG. 35 illustrates the ACE2-SP/RBD binding inhibition potency (1D 50) calculated
at Day 56 after injections on Day 0, Day 21 and Day 42 of the SARS-CoV-2-RBD-higG-Fe
fusion protein of SEQ D NO: 17 with and without adjuvantsin 6~ to 8-week old mice compared
to human convalescent serum.

{6058) FI(3 36 illustrates the ACE2-SP/RBD binding inhibition potency (31250) calculated
at Day 88 after injections on Day 0, Day 21 and Day 42 of the SARS-CoV-2-RBD-higG-Fe
fusion protemn of SEQ D N 17 with and without adjuvantsin 6- to 8-week old mice compared
to human convalescent serum.

f6059] FIG. 37 illustrates the induced anti-SP/RBD 1gG Ab response and the ACE2-
SP/RBD binding inhibition potency (1D30) after admunistration of the SARS-CoV-2-RBD-
hgG-Fe fusion protein of SEGQ ID NO: 17 to 8- to 10-month old mice with adjuvant at various
doselevels as measured after one dose on Day 21,

6060} FIG. 38 illustrates the induced anti-SP/RBD [gG Ab response and the ACE2-
SP/RBD binding inhibition potency (1D50) after administration of the SARS-CoV-2-RBD-

g
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higG-Fe fusion protetn of SEQ ID NO: 17 to 8- to 10-month old mice with adjuvant at various
doselevels as measured on Day 35 after an injection on Day 0 and Day 21.
0061} FIG. 39 illustrates the induced anti-SP/RBD IgG Ab response and the ACEZ-
SP/RBD binding inhibition potency {IDS0) after adnunistration of the SARS-CoV-2-RBD-
higG-Fc fusion protein of SEQ ID NO: 17 to 8- to 10-month old mice with adjuvant at various
dose levels as measured on Day S6 after an injection on Bay 0, Bay 21 and Day 42.
[0062] FIG. 40 tHustrates the anti-SP/RBD IgG Abtiter response in 6- to 8- week old female
BALB/c mice administered either a 1 ug or 10 pg dose level of the SARS-CoV-2-RBD-higG-
Fe fusion protein of SEQ 1D NG 19 with and without various adjuvants on Day 14 after one
dose.
{00663} FEG. 41 iflustrates the anti-SP/RBID IgG Abtiter response in 6- to &- week old female
BALB/c mice administered either 2 1 ug or 10 pg dose level of the SARS-CoV-2-RBD-higlG-
Fe fusion protein of SEG ID NO: 19 with and without various adjuvants on Day 35 after an
injection on Day 0 and Day 21
{0064} FIG. 42 illustrates the anti-SP/RBD IeG Ab titer response in 6- to 8- week old female
BALB/c mice administered either a 1 ygor 10 pug dose level of the SARS-CoV-2-RBD-higG-
Fc fusion protein of SEG 1D NO: 19 with and without various adjuvants on Day 56 after an
injection on Day 0, Day 21 and Day 42.
3065} FIG. 43 illustrates the ACE2-SP/RBD binding inhibition potency {(ID50} in 6- to &-
week old female BALB/c mice admunistered either a 1 pg or 10 pg dose level of the SARS-
CoV-2-RBD-higG-Fc fusion protein of SEQ [D NG: 19 with and without various adjuvants on
Day 14 after one injection.
[0066] FIG. 44 illustrates the ACE2-SP/RBD binding inhibition potency {(ID50) in 6- to 8-
week old fervale BALB/c mice admivistered either a 1 pg or 10 ug dose level of the SARS-
CoV-2-RBD-higG-Fc fusion protein of SEQ [D NG: 19 with and without various adjuvants on
Dray 35 after an injection on Day 0 and Day 21, compared to human convalescent serum.
{0067} FIG. 45 ilustrates the ACE2-SP/RBD binding inhibition potency (ID50)in 6- to 8-
week old Female BALB/c mice administered either a 1 ug or 10 ug dose level of the SARS-
CoV-2-RBD-higlG-Fe fusion protein of SEQ 1D NG: 19 with and without various adjuvants on
Day 56 afteran injection on Day 0, Day 21 and Day 42, compared tohuman convalescent serum.
{6068} FIG. 46 illustrates the induction of anti-SP/RBD PRNT neutralization potency in
serum samples from 6- to 8- week old female BALB/c mice administered eithera T ug or 10 ug
doselevel of SEGQ [D NO: 19 on Day 0 and Day 21, as measured on Day 21 and Day 35
j6869] FIG. 47 illustrates the anti-SP/RBD Gl titer in 6-8 week old BALB/C mice
administered a 10 ug dose level of the SARS-CoV-2-RBD-higG-Fc fusion protein of SEQ 1D
10
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NO: 19 with or without adjuvants (including Montanide™ ISA 720} as measured on Day 14,
Day 35, and Day 56 after an injection on Day 0, Day 21 and Day 42
{0070] FIG. 48 illustrates the anti-SP/RBD IgG2a titer in 6-8 week old BALB/C mice
administered a 10 pg dose level of the SARS-CoV-2-RBD-hlgG-Fc fusion protein of SEQ ID
NG 19 with or without adjuvants (jocluding Montanide™ 15A 720) as measured on Day 14,
Day 35, and Day 56 after an injection ov Day 0, Day 21 and Day 42.
{0671} FIG. 49 illusirates the anti-SP/RBD IgG2b titer in 6-8 week old BALBLC
administered a 10 pg dose level of the SARS-CoV-2-RBD-higG-Fc fusion protein of SEQ ID
NG 19 with or without adjuvants (ucluding Montanide™ ISA 720) as measured on Day 14,
Day 35, and Day 56 after an injection on Day 0, Day 21 and Day 42,
{00721 FiG. 53¢ illustrates the anti-SP/RBD 1g(33 titer in 6-8 week old BALB/C mice
administered a 10 pg dose level of the SARS-CoV-2-RBD-higG-Fc fusion protein of SEQ ID
NG: 19 with or without adjuvants {including Montanide™ I8SA 720) as measured on Day 14,
Day 35, and Day 56 after an injection on Day 0, Day 21 and Bay 42.
3073} FIG. 51 ilustrates the anti-SP/RBD 1o titers in 6- to 8- week old female BALB/c
mice administered a single dose on Day O of either a 1 pg or 10 pg dose level of SEQ ID NO:
19 or SEQ ID NO: 23 (with mouse IgG2a-Fcyora 0.5 ugor 5 ug doselevel of SEQ IDNO: 2
as measured on Day 14.
3074 FIG. 52 illustrates the anti-SP/RBD lg( titers in 0- to 8- week old female BALB/c
mice administered either a 1 pg or 10 ug doselevel of SEQ ID NO: 19 or SEQ ID NO: 23 (with
mouse TgG2a-Fe) or 0.5 ug or 5 ug dose level of SEQ ID NGO 2 as measured on Day 35 after
an injection on Day 0 and Day 21.
{8075} FIG. 53 illusirates the induced ACE2Z-SP/RBD binding inhibition potency (ID50)in
6~ 1o 8- week old fermale BALB/cmice administered either a 1 pug or 10 pg dose level of SEQ
ID NG 19 or SEQ ID NGO: 23 (with mouse 1gG2a-Fcyora 0.5 ug or S ug dose level of SEQID
WNO: 2 as measured on Dday 14 compared to human convalescent serum.
{0076} FIG. 54 iflusirates the induced ACE2-SP/RBD binding inhibition potency (ID50)in
6~ to 8- week old female BALB/c mice administered either a 1 ug or 10 pg dose level of SEQ
ID NG 19 or SEQ 1D NO: 23 {with mouse {g(G2a-Fcyora 0.5 ug or § pg dose level of SEQID
NG 2 as measured on Day 35 after an injection on Day 0 and Day 21 compared to human
convalescent serum.
6877} FIG. 55 illustrates theinduced ACE2-SP/RBD binding inhibition of the SARS-CoV-
2-RBD-hlgG-Fcfusion protein of SEQ ID NGO 19 in mice as measured on Day 14 afterinjection
of freshly made emulsion versus the emulsion stored for 1 day and 7 days at 4°C and 25°C.
[6078) FIG 56 illustrates binding of the SARS-CoV-2-RBD-hlgG-Fcfusion protein of SEQ
i1
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D NG: 19 to human Fo{gamma)R]1 receptor as compared to the Fo{gamma)RI receptor of
Cynomolgus monkeys.

00791 FIG. 57 iHustrates binding of the SARS-CoV-2-RBD-higG-Fc fusion protein of SEQ
ID NO: 19 to human Fe{gamma)R11a receptor as compared to the Fe(gamma)RHa receptor of
Cynomolgus monkeys.

[{0680] FIG S8illustrates binding of the SARS-CoV-2-RBD-higG-Fcfusion protein of SEQ
1D NG: 19 to human Fo{gamma)RIII receptor as compared to the Fe{gamma)RIIT receptor of
Cynomolgus monkeys.

{0081} FIG. S9illustrates binding of the SARS-CoV-2-RBD-higG-Fcfusiou protein of SEQ
1 NGO 19 to human FcRao receptor as compared to the FeRo receptor of Cynomolgus monkeys.
{0082} FiG. 60 idlustrates the anti-SP/RBD Ig(G Ab titer response in male and female
Cynomolgus monkeys administered either a 10 pg or 30 pg dose level of the SARS-CoV-2-
RBD-higG-Fc fusion protein of SEQ D NO: 19 formulated with the Montanide™ ISA 720
adjuvant at 30%/70% (v/v} on Day 0, Day 14, Day 21, Day 35 and Day 42 after an injection on
Day 0 and Day 21.

{0083} FIG. 61 illustrates the induced ACEZ-SP/RBD binding inhibition potency (1250} in
male and female Cynomolgus monkeys administered either a 10 ug or 30 pg dose level of the
SARS-CoV-2-RBD-higG-Fe fusion protein of SEQ ID NO: 19 formulated with the
Montanide™ I8A 720 adjuvant at 305%/70% (v/v} on Day 21 and Play 42 after an injection on
Day 0 and Day 21.

{0084} FIG. 62 illustrates the SARS-CoV-2-RBD-higG-Fe fusion protein of SEQ ID NO:
19 induced SARS-CoV-2 virus neutralization potency in NHP serum samples as measured on
Day 21 and Day 42, where SEQ 1D NG: 19 formulated with Monianide™ I8§A 720 adjuvant at
30%/70% (v/v) afteran injection on Day 0 and Day 21, compared to buman convalescent serum.
[6085] FIG. 63 illustrates the anti-SP/RBD response in inoculated NHP after receiving a
booster injection.

{3086} FIG. 64 illustrates that immune sera from NHP ireated with SEQ ID NGO 19 bound
the recombinant NSO1Y and E4B4K SP/RBID mutants as well as, or greater than, the wild-type
SP/RBD molecule.

{6087} FIG3, 65 illustrates that immune sera from mice treated with SEQ 1D NG 19 bound
the recombinant, N501Y and E484K RBD mutants as well as, or greater than, the wild-type
RBD.

{3088} FIG. 66 illustrates a side-by-side sequence comparison of the SB/RBD of SEQ ID
NGO: 2, and the SP/RBD variants of SEQ ID NO: 24, and SEQ 1D NG: 25

{6089) FIG. 67 illustrates the anti-SP/RBD IgG Ab titer in New Zealand White Rabbits
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subcutaneously administered a vehicle control with Montanide™ ISA 720 adjuvant on Day 1,
Day 15, and Day 29 measured before the first dose, second dose and third dose and after the
third dose.
{6080] FIG. 68 illustrates the substantial anti-SP/RBD IgG Ab titer in New Zealand White
Rabbits administered a 30 pg dose level of the SARS-CoV-2-RBD-hIg(G-Fe fusion protein of
SEQ ID NO: 19 without adjuvant ou Day 1, Day 15, and Day 29 reasured before the first dose,
second dose and third dose and after the third dose.
{6091} FEG. 69 iHustrates the substantial anti-SP/RBD 1gG AD titer in New Zealand White
Rabbits administered a 100 yug doselevel of the SARS-CoV-2-RBD-higG-Fe fusion protein of
SEQ D NO: 19 without adjuvant on Day 1, Day 15, and Day 29 measured before the first dose,
second dose and third dose and after the third dose.
{06092} FEG. 70 iHustrates the substantial anti-SP/RBD 1gG AD titer in New Zealand White
Rabbits administered a 30 pg dose level of the SARS-CoV-2-RBD-higG-Fc fusion protein of
SEQ D NG 19 with Montanide™ 1SA 720 adjuvant on Day 1, Day 15, and Day 29 measured
before the first dose, second dose and third dose and after the third dose.
{0093} FIG. 71 illustrates the substantial anti-SP/RBD 1g(3 Ab titer in New Zealand White
Rabbits administered a 100 pg dose level of the SARS-CoV-2-RBD-hlgG-Fc fusion protein of
SEQ ID NG: 19 with Montanide™ ISA 720 adjuvant on Day 1, Day 15, and Day 29 measured
before the first dose, second dose and third dose and after the third dose.
0094 FIG. 72 illustrates the induced ACEZ-SP/RBD binding inhibition potency (ID50)in
New Zealand White Rabbits administered a 30 pg or 100 ug dose level of the SARS-CoV-2-
RBD-hlgG-Fe fusion protein of SEQ ID NGO: 19 with Montanide™ ISA measured on Day 15
and Day 29 after an injection on Day 0 and Day 21
{0095] FIG. 73 dllustrates the SARS-CoV-2-RBD-higG-Fe fusion protein of SEQ ID NO:
19 induced SARS-CoV-2 virus neutralization potency in New Zealand White Rabbit serum
samples measured on Day 21, and Day 35, where SEQ ID NO: 19 was emulsified with
Moutanide™ [SA 720 adjuvant and administered on Days 0 and 21, compared to buman
convalescent serum.
{0096} FIG. 74 illusirates the anti-SP/RBD IglG Ab titer in New Zealand White Rabbits
administered a 100 pg doselevel of the SARS-CoV-2-RBD-higG-Fc fusion protein of SEQ ID
NO: 19 with Montanide™ 1SA 720 adjuvant via subcutaneous (SC) injection or intramuscular
injection (IM), measured on Day 15, Day 29, and Day 36 after an injection on Day ¢ and Day
21.
{6897] FIG. 75 illustrates the induced ACE2-SP/RBD binding inhibition potency (1D30)in
New Zealand White Rabbits administered a 100 pg dose level of the SARS-CoV-2-RBD-higG-
13
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Fc fusion protein of SEQID NG: 19 with Montanide™ IS A 720 adjuvant via subcutaneous (S3C)
ijection or ntramuscular injection (IM), measured on Day 15, Day 29, and Day 36 after an
injection on Day 0 and Day 21

[60938] FIG. 76 illustrates the anti-SP/RBD 1gG Ab titer in New Zealand White Rabbits
adrainistered a fresh emulsion and an erulsion stored for 24 hours at 2-8°C of 100 ug doselevel
of the SARS-CoV-2-RBD-higG-Fe fusion protein of SEQ ID NO: 19 with Montanide™ ISA
720 adjuvant via subcutaveous (SC) injection measured on Day 15, Day 29, and Day 36 after
an injection on Day 0 and Day 21.

[6099] FIG. 77 illustrates the anti-SP/RBD IgG Ab titer in New Zealand White Rabbits
administered a fresh emulsion and an emulsion stored for 24 hours at 2-8°C of 100 ug dose level
of the SARS-CoV-2-RBI-higG-F¢ fusion protein of SEQ 1D NO: 19 with Montanide™ ISA
726 adjuvant via intramuscular (IM) injection measured on Day 15, Day 29, and Day 36 after
an injection on Day 0 and Day 21.

{3160} FiIG. 78 iflustrates the genomic or subgenomic SARS-CoV-2 viral RNA coptes per
mb of nasal swabs taken from naive NHP and NHP that have been immunized with the SARS-
CoV-2-RBD-higG-Fc fusion protein of SEQ 1D NO: 19 with Montanide™ [SA 720 according
to Example 36.

{6101} FIG. 79 illustrates the genomic or subgenomic SARS-CoV-2 viral RNA copies per
mb of bronchoalveolar lavage (BAL ) fluids collected from naive NHP and NHP that have been
iomunized with the SARS-CoV-2-RBD-hlgG-Fe fusion protein of SEQ 1D NO: 19 with
Montanide™ [SA 720 according to Example 36.

{0103} FIG. 80 illustrates a side-by-side sequence comparison of SEQ 1D NG: 8 (RBD of
SARS-CoV-2)with SEQ IDNO: 9, SEQ ID NO: 10, SEQ ID NO: 14 and SEQ ID NO: 15 (all
RBD of SARS-CoV-2 with novel mutations).

{0103} FIG. Bl illusirates a 96 well microplate such as that which may be used for a general

serclogy assay forevaluating existing SARS-CoV-2 antibody titer in serum.

DETAILED DESCRIPTION
Novel Coronavirus Disease 2019
{0104] Novel Coronavirus Disease 2019 {({COVID-19) is a severe and acute respiratory
illness caused by the SARS-CoV-2 virus. The first COVID-19 case was reported in Wuhan,
China in December 2019 and as of 18 November 2020, there have been approximately 56
million (M) cases worldwide to date (quantified as SARS-CoV-2 virus confirmed and
unconfirmed “probable”}, in which there are 18 5M active cases, 36M recovered cases, and
1.3M fatal cases attributed to COVID-19 (University, 1 H , COVID-19 Dashboeard by the Center
14
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for Systems Science and Engineering (CSSE) at Johns Hopking  University;
www.covidtracker.comy/). At the end of 2020, only the Pfizer-BioNTech COVID-19 vaccine
BNT162b2 was approved under the World Health Organization’s (WHO) Emergency Use
Listing (EUL) procedure for emergency use against COVID-19. A second vaccine from
Moderoa (mRNA-1273) ts expected to be approved under the WHO EUL procedure for vaccine
emergency use against COVID-19 by the end of February 2021, The consensus among experts
is that society cannot retum to normal uoless and until there is a sufficient level of immunity
conferred on the population. Achieving natural herd immunity is estimated to require at least
70% of the population to have been infected which would result in millions of deaths worldwide,
an ethically unacceptable cutcome.

ALTE2 Receptor

[0105] Angiotensin-Converting Enzyme 2 (ACE2) is the host cell receptor responsible for
mediating infection by SARS-CoV-2 (., to which SARS-CoV-2bindsin orderto infect cells).
ACEZ s atype 1 transmembrane metallocasboxypeptidase. Polymerase Chain Reaction (PCR)
analysis shows that ACE2 is expressed on lung epithelium, blood vessel endothelium, and
specific neurenal cells that appears to account for the dominant clinical manifestations of
COVID-19,including pulmonary, cardiovascular, and neurological complications, respectively.
Based on the sequence similarities of the receptor binding domain between SARS-CoV-Z and
SARS-CoV, researchers have shown that SARS-CoV -2 can use ACEZ expressed on the surface
of human cells to gain entry into ACEZ expressing Hela cells.

Convalescent Sera for Treatment of Virus Patients

{01046} Chinicians and researchers around the world are working to develop various solutions
to mitigate the pandemic caused by SARS-CoV-2. Scientists are working to develop vaccines
that can prevent COVID-19 and antiviral treatments to reduce the severity and symptoms of the
filness. Development of vaccines, monoclonal antibodies (mAbs), or drugs to treat SARS-CoV-
2 i3 ongoing. Many clinicians believed that human convalescent serum was a viable option for
the prevention and treatment of COVID-19.

{6167} Convalescent serum is a form of passive antibody therapy, through which sera from
infected and recovered individuals containing anti-virus antibodies is transfused to a susceptible
or infected individual, providing that individual with some level of immunity to either prevent
or reduce the severity of the disease. This treatment is different from a vaccine, which works by
inducing an tmmune response in an individual such that the individual produces their own
antibodies against the virus. Experience from the SARS-CoV outbreak in 2002 and the 2009-
2010 HIN1 influenza outbreak has shown that sera from patients that have contracted and
recovered from the virus (human convalescent sera) contains antibodies capable of neutralizing
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the virus and 1s useful as an intervention for individuals with severe disease symptoms or as a
prophylactic vaccine.

{0108} The use of human convalescent sera has risks and limitations. Firstly, the transfer of
blood substances from one person to another comes with it the risk of inadvertent infection of
another infectious disease as well as the risk of reactions to other serum constituents. Another
challenge in using convalescent sera is that some patients who recover from viral diseases do
not have high titers of neutralizivg antibody. In one case with respect to another human
coronavirus, Middle East respiratory syndrome (MERS-CoV), three patients in South Korea
were {reated with convalescent serum, but only two of the recipients had neutralizing antibody
in their serum. Of those that do have neutralizing antibodies after recovering from viral disease,
some may not have sufficiently high titers of neutralizing antibody to be a viable donor. A
further survey related to SARS-CoV found that of 99 samples of convalescent sera from patients
with SARS, 87 had neutralizing antibody, witha geometric mean titer of 1:61. These and various
other studies suggest that few patients made high-titer responses and also that neutralizing
antibody titer declines with time. There are a number of companies looking to overcome this
challenge by producing recombinant antibodies instead of solely relying on antibodies from
recovered patients; however, the scale of production is insufficient, and themedical intervention
required to administer effective doses to patients every few weeks to few months, most likely
through intravenous injection or infusion, is highly burdensome.

10109} A more significant limitation is that the proposed use of convalescent sera in the
COVID-19 epidemic would rely on preparations with high titers of SARS-CoV-2 neutralizing
anttbodies. This requires a significant population of donors who have recovered from the disease
and can donate convalescent serurn. Deterrvining who has already had the disease and has
developed some romunity presents challenges. COVID-19 presents with a wide vatiety of
severity of symptoms and many individuals with mild cases may not know that they have had
the disease. A highly available and low-cost test kit to measure anti-SARS-CoV -2 antibodies is
also required.

{0116} However, even with the ability to identify recovered patients with high titers of
neutralizing antibodies, it is unlikely that a single individual’s plasma can treat more than a few
patients. Therefore, while current approaches to convalescent sera {reatment may be able to
prevent or treat COVID-19 in a small number of patients, this sclution does not address the
greater need of humanity during and after this pandemic.

Overview and Challenges of Current Vaccines

{0111} Clinicians and researchers around the world are working to develop various solutions
to mitigate the pandemic caused by the SARS-CoV-2 virus. These solutions include vaccines
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that can prevent COVID-19 and antiviral treatments to reduce the severity and symptoms of the
illness. The expectation of the foreseeable future is that natural and vaceine-induced mmunity
most fikely will not be long-lived, and therefore a cost-effective and safe vaccine administered
as frequently as every 6 menths, if necessary, is required to maintain robust immunity among
the population. Thus, the critical design features of an effective propbylactic COVID-19vaccine
are: i} a potent capacity to induce SARS-CoV-2 viral neutralizing 1gG titers and a significant T
helper type 1 (Thl) cell response, preferably after a single dose; i) an acceptable safety and
tolerability profile, especially with respect to inflammation caused by reactogenicity (systemic
effect) and injection site (Jocal effect), a favorable cost-of-goods (COGs) with respect to
manufacturability and vaccine potency which dictate dose-frequency and dose-level, and a
suitable supply-chain path including a sufficient storage shelf-life and robust test atticle
preparation and administration procedures.

{6112} Live-attenuated or inactive whole virus vaccines represent a classic strategy. A major
advantage of whole virus vaccines 18 thetr inherent immunogenicity and ability to stinmulate toll-
like receptors {TLRs) including TLR 3, TLR 7/8, and TLR 9. However, live virus vaccines often
require extensive additional testing to confirm their safety. This is especially an issue for
coronavirus vaccines, given the findings of increased infectivity following immunization with
live or killed whole virus SARS coronavirug vaccines. Johnson & Johnson is employing
Janssen’s AdVac® adenoviral vector manufactured in their PER C6® cell line technology to
generate their lead vaccine, INJ-78436735, which recently completed Phase 3 tdals and has
been authorized for emergency use in the United States. This technology is an attempt to
produce a viral vector to replace the whole virus with a purportedly benign adenoviral vector
that carries a portion of the SARS-CoV-2 virus DNA. However, use of JNJ-78436735
encountered significant serious adverse events (SAEs) that caused clinical tiial pauses.

{0113} Two additional burdles in the early development of SARS coronavirus vaccines have
been the finding of 1} undesired immunopotentiation in the form of Th2-mediated eosinophilic
infiltration and 2) increased viral infectivity driven by ADE, which is voted to oceur following
challenge mfections after immunizations with whole virus vaccines and complete SP vaccines.
The risk of Th2-mediated eosinophilic infiltration and lung pathology is still under tnvestigation
in SARS-CoV-2 infection but it has been found in infants and animals challenged with
respiratory syncytial virus (R8V) or with immunization with whole RSV vaccines.

3114} ADE is an adverse characteristic of other viral vaccines, including those for the
original SARS-CoV, dengue virus, and Zika viral infections, in which vaccine-induced Ab
concentrations or affinities are too low to neutralize virus infection, but rather form immune
complexes with virus that tend to interact with Foy receptors on myeloid cell surface through Fe
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domains of Abs. Such Abs do not neutralize viral infection or induce Fey-mediated viral
clearance {L.1), but aid virus infection by directly increasing virus uptake through Fey receptor
or boosting virus replication intracellularly via activating downstream pathways to antagonize
the innate imnmunity (reviewed in Sun). In both ADE and ThZ-immunopotentiation, there is
evidence that feline TgG2Za mAbs (possibly of the Th2 isotype) can mediate both adverse
conditions while IgG1 mAbs (known to have strong effector function, i.e, Thi isotype) avoid
such effects.

{0115} In addition to their risk of causing ADE and/or Th2-inununopotentiation, another
challenge with viral vector vaccines is the relatively low manufacturability throughput and
therefore high cost of goods {COGs) due to either chicken egg-based production or cell
expression systems (Ewer),

{3116} As an alternative, nucleic acid expression vector vaccine platforms for COVID-19
encode the major coronavirus target antigen {Ag), the Spike Protein {SP), that mediates the
virus’ infective mechanism via its binding the host receptor, ACEZ. Two examples of such
vaccines that have advanced through Phase 3 trials are the mRNA vaccines encoding the full-
fength SP developed by BioNTech/Pfizer, BNT162b2 and Moderna, mRNA-1273. Both
vaccines have reported very positive Phase 3 results with efficacy in protecting from
symptomatic SARS-CoV-2 viral infection of greater than 90% leading to recent emergency use
authorizations (EUAs) by the United States FDA. The concept of immunizing with RNA or
DNA began with promising results in mice tn 1993 showing protective immunity against
influenza, but for decades these findings have not translated to similar findings in humans.
Moreover, while non-replicative, many of these RNA and DNA expression vector vaceines
continue to endogenously produce the target viral Ag well after induction of the intended
immune response, an aspect that could ultimately create immune tolerance to the virus which is
a growing concern and may become a practical sisk with such current COVID-19 mRNA
vaccines. Other challenges of these nucleic acid vaccines are the low durability of the response
that may require too frequent dosing, and an unfavorable COGs due to cumbersome
manufacturability via chervical synthesis. Furthermore, dueto the inherent mnstability of RNA,
the products must be kept and transpotted under frozen conditions, making them very difficult
for most of the world to access.

{01171} As an additional alternative, recombinant subunit vaccines rely own eliciting an
immune response against the SP to prevent its docking with the host target protein, ACEZ2. Such
vaccines comprise all or a portion of the SP, rather than the DNA or RNA encoding for the
protetn, which is then mixed with an adjuvant to enbance the immune response. Due to the

inherent stability of proteins relative to RNA and DNA, the storage and transportation
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requirements are less strict for subunit vaccines. Companies developing recombinant subunit
vaccines include MNovavax who has developed and produced immunogenic virus-like
nanoparticles based on recorbinant expression of SP, NVX-Cov2373, that are formulated with
a saponin-based adjuvant system, Matnx-M™ and Clover Biopharmaceuticals who 13
developing a subunit vaccine consisting of a trimerized SARS-CoV-2 8P using their patented
Trimer-Tag® technology. However, the fulldength SP target Ag is konown to have low
expression yields in cell-expression systeros and when used in SARS vaccines is known to
induce anti-8P Ig( titers against non-neutralizing epitopes of SP that again could mediate
increased viral infectivity (i.e,, ADE) and inflaromation caused by lung eosinophilia (i.e., Th2-
mediated immunopotentiation, discussed below) A subunit vaccine comprised of only the
receptor-binding domain (RBD) of the SARS SP has the potential to mitigate against these
safety challenges.

{0118} A consortium led by Texas Children’s Hospital Center for Vaccine Development at
Baylor College of Medicine has developed and tested a subunit vaccine comprised of only the
receptor-binding domain (RBD) of the SARS SP, and when formulated with alum, this RBD-
based vaccine can elicit high levels of protective immunity upon homelogous virus challenge,
in additiontoavoiding ADE and immunopotentiation. Initial findings thatthe SARS and SARS-
CoV-2 RBDs exhibit more than 80% amino acid similarity and bind the same ACE?2 target offer
an opportunity to develop either protein Ag as a subunit vaccine. Indeed, such a subunit vaccine
proot-of-concept has been successfully demonstrated with coronavirus SP/RBD Ag’s of MERS
and SARS infections.

{06119} Some, but not all, of these features are being implemented in over 170 SARS-CoV-
2 vaccine candidates cumenily in development, including live viruses, nucleic acids, and
recorubinant protein subunits that may ultimately offer promise as preveuntive vaccines against
COVID-19 However, each vaccine strategy has unique advantages and challenges with respect
to manufaciuring, safety, and efficacy that must be simultanecusly managed in an optimal
ranner,

{3126} The present disclosure is directed to methods for making and using novel fusion
proteins which allow for the cost-effective production of large quantities of 3 recombinant
subunit vaccine against the SARS-CoV-2 virus which can be transported and stored at mild
temperatures. The present disclosure is specifically directed to methods for making and using
fusion proteins for use in a prophylactic, therapeutic or booster vaccine which is efficacious for
causing patients to create anti-virus antibodies to the SARS-CoV-2 virus. Using a SARS-CoV-
2-RBD-hlg(z-Fe fusion protein to cause a patient to create endogenous antibodies targeted to
the receptor binding domain (RBD) portion of the SARS-CoV-2 virus is expected to be
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significantly more cost effective than recombinantly generating anti-SARS-CoV-2 therapeutic
antibodies to later be injected into a patient.

{0121} In examples, a booster vaccine comprising a SARS-CoV-2-RBD-hlgG-Feo fusion
protein may be administered to patients that have recovered from COVID-19 as an antibody
amphification treatment (AAT), to increase their anti-SARS-CoV-2 antibody titers so that the
serurn they donate for use as a convalescent serum treatment can be used to treat more people.
Recovered patients can be administered this AAT a few weeks before every new serum
donation, significantly increasing the anti-SARS-CoV-2 antibody titer of the extracted sera and
consequently significantly increasing the number of viral patients that can be treated with each
donation.

01224 Inexamples, a SARS-LCoV-2-RBD-hlgG-Fcfusion protein may be used for detecting
anti-SARS-CoV -2 antibodies in serum that is extracted from individuals. The ability to create a
test kit using a SARS-CoV-2-RBD-hlgG-Fe fusion protein as a key reagent to reliably determine
the presence and concentration of anti-SARS-CoV-2 antibodies in serum, permits clinicians to
determine which individuals have had and recovered from the virus, which is particularly
important in the case where patients may have experienced few or no symptoms. In examples,
such atest kit could beused to evaluate performance of emerging vaccine candidatesfor SARS-
CoV-2, by enabling the rapid and cost-effective ability to determine the presence and
concentration of host-produced anti-SARS-CoV-2 antibodies in extracted serum post-
vaceination. Broad deployment of such atest kit is expected to dramatically increase the number
of potential donors of convalescent serum.

{0123} In an example, a pharmaceutical composition of a SARS-CoV-2-RBD-higG¥e
fusion protein is administered to patients who bave been infected by the SARS-CoV-2virus and
have contracted COVID-19 to limit the scope of the infection and to ameliorate the disease. In
examples, the SARS-CoV-2-RBD-higG-Fcfusion protein binds the ACE2 receptor, blocking
the further uptake of the receptor binding domain (RBD} of the SARS-CoV-2 virus while also
generating avtibodies to neutralize the SARS-CoV-2 virus, leaving fewer RBD exposed to host
cells.

j6124) in an example, a pharmaceutical composition of a SARS-CoV-2-RBD-higG-Fe
fusion protein is administered as a prophylactic COVID-19vaccine for individuals that have not
been infected by the SARS-CoV-2 virus, resulting in the individual preducing their own pool

of anti-SARS-CoV-2 antibodies and immunity.

Equivalents and Definitions

[0125) Asused herein, the articles “a” and “an” refer to one or more than one, .2, to at least
20
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one, of the grammatical object of the article. The use of the words “a” or “an” when used in
conjunction with the term “comprising” herein may mean “one,” but it is also consistent with

39 L

the meaning of “one or more,” “at least one,” and “one or more than one” As used herein, the

phrase “and/or,” when used in alist of two or more ttems, means that any one of the listed ttems
can be employed by itself or any combination of two or more of the listed items can be
employed. For example, if a composition is desciibed as containing or excluding coroponents
A, B, and/or C, the composition can contain or exclude A alone; B alone; C alone; A and B in
combination; A and C in combination; B and € in combination; or A, B, and C in combination.
{3126] As used herein, “about” and “approximately” generally mean an acceptable degree
of error for the quantity measured given the nature or precision of the measurements,

0127 As used herein, an amount of a molecule, compound, copjugate, or substance
effective to ireat a disorder {e.g., a disorder described herein}, “therapeutically effective
amount,” or “effective amount” refers to an amount of the molecule, compound, conjugate, or
substance which is effective, upon single or multiple dose administration{s} tc a subject, in
treating a subject, orin curing, alleviating, relieving or improving a subject with a disorder{e.g
a disorder described herein) beyond that expected 1n the absence of such treatment.

{0128] As used herein, the term “analog” refers to & compound or conjugate {eg., a
compound or conjugate as desciibed herein, e.g, RBD) having a chemical structure similar to
that of ancther compound or conjugate but differing from it in at least one aspect.

1012%9] As used herein, the term “antigen” refers to any substance that causes a patient’s
immune systermn to produce antibodies against it. An antigen may be a substance from the
environment, such as chemicals, bacteria, viruses, or pollen, or an antigen may also form mside
the body. An example of an antigen is the SARS-CoV -2 vitus.

[0139] As used herein, the term “antibody” or “antibody wolecule” refers to an
fmmunoglobulin molecule (Ig), or immunologically active portions of an immunoglobulin (Ig)
molecule, ie, a molecule that contains an antigen binding site that specifically binds, e.g,,
immunoreacts with, an antigen. Asused herein, the term “antibody domain” refers to a variable
or constant region of an immunocglobulin. It 15 documented in the art that human antibodies
comprise several classes, for example Iga, IgM, or Ig(G in the case of mammals {(e.g., humans
and dogs). Classes of mammalian 1gG immunoglobulins can be further classified into different
isotypes, such as 1gGA, IgGR, 1gGC and IgGD for dogs and ¥gG1, 1gG2, 1gG3, and 1g(G4 for
humans. Those skilled in the art will recognize that immunoglobulin isotypes of a given
immunoglobulin class will comprise different amino acid sequences, structures, and functional
properties from one ancther (e.g., different binding affinities to Fe{gamma} receptors or ACEZ
receptor). “Specifically binds” or “immunoreacts with” means that the antibody reacts with one
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or more antigenic determinants of the desired antigen and has a lower affinity for other
polypeptides, e.g., does not react with other polypeptides.

{0131 As used herein, the term “dumer” refers to a protein or a fusion protein comprising
two polypeptides linked covalently. In embodiments, two tdentical polypeptides are linked
covalently (e.g., via disulfide bonds) forming a “homodimer” (diagrammatically represented in
FIG. 1, which is an ilfustration of an insulin-Fc fusion protein for reference, and FIG. 2, which
is an lustration of'a SARS-CoV-2-RBD-hlgG-Fc fusion protein). Referring to FIG. 1 in more
detail, the insulin polypeptide {comprising an insulin B-chain analog connected via a C-chain
peptide to an insulin A-chain analog) may have one or more anmino acid mutations from native
nsuiin, The insulin peptide is connected via a linker to an Fo fragment. Disulfide bonds (the
total number of disulfide bonds in actuality may be greater or less than the number shown in
FIG. 1) create a homodimer from two identical Fe fusion proteins. Referring to FIG. 2 in more
detail, a SARS-CoV-2 RBD fragment may comprise a portion of the full SARS-CoV-2 surface
glycoprotein. The RBD fragment may have one or more amino acid mutations from the native
SARS-CoV-2 surface glycoprotein. The RBD fragment is connected to an Fe fragment using an
optional linker (in some examples, the RBD fragment is covalently linked to an Fc fragment
directly with no linker). Disuifide bonds create a homodimer from two identical SARS-CoV-2-
RBD-higG-Fc fusion proteins (the total number of disulfide bonds in actuality may be greater
or less than the number shownin FIG. 2}. The Fc fusion protein homodimer may be encoded by
a single nucleic acid molecule, wherein the homodimer is made recombinantly inside a cell by
first forming Fe fusion protein monomers and by then assembling twoidentical Fo fusion protein

monomers into the homodimer upon further processing mside the cell.

EE A3
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{6132} As used herein, the terms “multimer,” “multimeric,” or “multimeric state” refer to
non-covalent, associated forms of Fe fusion protein dimers that may be in equilibrivm with Fe
fusion protein dimers or may act as permanently aggregated versions of Fe fusion protein dimers
{e.g., dimers of Fc fusion protein homodimers, trimers of Fe fusion protein homodimers,
tetramers of Fe fusion protetn homodimers, or higher order aggregates contaiving five or more
Fe fusion protein homodimers). 1t may be expected that multimenic forms of Fe fusion proteins
may have different physical, stability, or pharmacclogic activities from that of fusion protein
homodimers.

f6133] As used herein, RBD-Fc fusion protein and SARS-CoV-2-RBD-higG-Fc fusion
protein (which terms may be interchangeably used) refers to a human immuncglobin Fe domain
that 1s linked toa SARS-CoV-2 spike protein (8P) receptor binding domain (SP/RBD or RBD)
or an analog thereof, which is useful in generating antibodies that specitically bind the SARS-
CoV-2 antigen. For ease of reference, the terms “RBEY and/or “SP/RBD” may be used
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imterchangeably herein, and unless otherwise dictated by the context, encompass protein
residues consisting of the receptor binding domain per se, smaller fragments of the receptor
binding domain, or larger variants comprising thereceptor binding domain and adjacent residues
from the spike protein segment, provided that the fragments and/or larger variants retain the
activity of the RBD {e.g., retain the ability to bind the spike protein receptor). As used herein,
the general terms “fusion protein” and “Fc fusion protein” refer to a protein comprising more
than one part, for exarple from different sources (e.g., different proteins, polypeptides, cells,
etc.), that are covalently linked through peptide bonds. Fe fusion proteins are covalently Hnked
by (1) connecting the genes that encode for each part into a single nucleic acid roolecule and (i)
expressing i a host cell {e.g., HEK cell or CHO cell} the protein for which the nucleic acid
molecule encodes. The fully recombinant synthesis approach is preferred over methodsin which
the therapeutic protein and Fc fragments are synthesized separately and then chemically
conjugated. The chemical conjugation step and subsequent purification process increase the
manufaciuring complexity, reduce product yield, and increase cost.

101344 As used herein, the term “bioactivity,” “activity,” “biclogical activity,” “potency,”
“bicactive potency,” or “biclogical potency” refers to the extent to which an Fe fusion protein
binds to or activates a cell receptor and/or exerts the production or reduction of native or foreign
substances. As used herein, “in vitro activity” or “receptor activity” refers to the affinity with
which an Fc¢ fusion protein binds to the cell receptor and is typically measured by the
concentration of an Fc fusion protein that causes the Fc fusion protein to reach half of its
maxinum binding {i.e., EC50 value). For example, the “bioactivity” of a SARS-CoV-2-RBD-
higG-Fc fusion protein refers to the extent to which the SARS-CoV-2-RBD-higG-Fc fusion
protein induces the production of anti-SARS-CoV-2 antibodies in a cellular assay or in a target
subject.

[0135] Asused herein, the term “biosynthesis,” “recombinant synthesis,” or “recombinantly
made” refers to the process by which an Fc fusion protein is expressed within a host cell by
transfecting the cell with a nucleic acid molecule (e.g., vector) encoding the Fc fusion protein
{e.g., where the entire Fc fusion protein is encoded by a single nucleic acid molecule),
Exemplary host cells include mammalian cells, e.g., HEK293 cells or CHO cells. The cells can
be cultured using standard methods in the art and the expressed Fe fusion protein may be
harvested and purified from the cell culture using standard methods in the art.

{3136} Asused herein, theterm “cell surface receptor” refers toa molecule such as a protein,
generally found on the external surface of the membrane of a cell and which interacts with
soluble molecules, e.g., molecules that circulate in the blood supply. In some embodiments, a

cell surface receptor may include a host cell receptor (e.g., an ACEZ receptor) or an Fe receptor

(OS]

Eom



WO 2021/207599 PCT/US2021/026577

which binds to an Fe¢ fragment or the Feregion of an antibody {e.g., an Fe{gamma) receptor, for
example Fo(garama) receptor 1, or an Fe neonatal receptor, forexample FeRn). As used herein,
“in vitre activity” or “Fe(garmma} receptor activity” or “Fe{gamma) receptor binding” or “FeRn
receptor activity” or “FcRa binding” refers to the affinity with which an Fc fusion protein binds
to the Fo receptor (e.g. Fe{garoma) receptor or FcRu receptor) and 1s typically measured by the
councentration of an Fe fusion protein that causes the Fe fusion protein to reach half of its
maximum binding (e, EC50 value) as measured on an assay {e.g, an enzyme-linked
immunosorbent assay (ELISA}assay) using OD 450 nm values as measured on a microplate
reader.

{01371 Asused herein, the term “mmunogenic” or “immuncgenicity” refers to the capacity
fora given molecule {e.g., an Fc fusion protein of the present invention) to provoke the immune
system of a target subject such that after administration of the molecule, the subject develops
antibodies capable of binding all or specific portions of the molecule (i.e, anti-drug antibodies

>

or ADA} As used herein, the terms “neutralizing,” “neutralizing antibodies”, or “neutralizing
anti-drug antibodies” refer to the capacity for antibodies to interfere with all or a portion of the
Fe¢ fusion protein’s biological activity in the target subject. For example, in the case of a SARS-
CoV-2-RBD-hlg(G-Fe fusion melecule administered to humans, the immunogenicity refers to
antibodies thatbind to the SARS-CoV-2 RBD portion of the molecule since the higG-Fe portion
of the molecule is endogenous to humans and therefore unlikely to elicit anti-higG-Fe
antibodies. Likewise, antibodies generated by the administration of a SARS-CoV-2-RBD-
higG-Fefusion molecule are neutralizing when those anti-SARS-CoV-2 RBD antibodies inhibit
the binding between SARS-CoV-2 RBD and the ACEZ receptor, which is directly related to the
bicactivity of the SARS-CoV-2 RBD i the subject.

{0138} As used herein, the term “moonomer” refers to s protein or a fusion proteiv
comprising a single polypeptide. In embodiments, the “monomer” i3 a protein or a fusion
protein, e.g., a single polypeptide, comprising an RBD polypeptide and an Fe fragment
polypeptide, wherein the RBD and Fc fragment polypeptides are joined by peptide bounds to
form the single polypeptide. In embodiments, the monomer is encoded by a single nucleic acid
molecule.

{0139} As used herein and as fllustrated in FIG. 1 and FIG. 2, “N-terminus” refers to the
start of a protein or polypeptide that is initiated by an amino acid containing a free amine group
that is the alpha-amine group of the amino acid {g.g., the free amino that is covalently linked to
one carbon atom that is located adjacent to a second carbon atom, wherein the second carbon
atom is part of the catbonyl group of the amino acid). As used herein and as illustrated in FIG.
1 and FIG. 2, “C-terminus” refers to the end of a protein or polypeptide that is terminated by an
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amine acid containing a carboxylic acid group, wherein the carbon atom of the carboxylic acid
group is located adjacent to the alpha-amino group of the amino acid.

{0149] As used herein, the term “carrier” is used herein to refer to diluents, excipients,
vehicles, and the like, i which the Fe fusion protein(s) may be dispersed, enmulsified, or
encapsulated for admunistration. Suitable carriers will be pharmaceutically acceptable. Asused
herein, the term “pharmaceutically acceptable” means not biologically or otherwise undesirable,
in that it can be administered to a subject without excessive toxicity, irritation, or allergic
response, and does not cause unacceptable biological effects or interact in a deleterious manner
with any of the other components of the composition n which it is contained. A
pharmaceutically-acceptable carrier would naturally be selected to minimize any degradation of
the compound or other agents and to minimize any adverse side effects in the subject, as would
be well known to one of skill in theart. Pharmaceutically-acceptable ingredients include those
acceptable for veterinary use as well as human pharmaceutical use and will depend on the route
of administration. Any carrier compatible with the excipient{s) and the F¢ fusion protein{s} can
be used.

0141} As used herein, “pharmacodynamics” or “PD” generally refers to the biological
effects of an Fc fusion protein in a subject. As an example, herein, the PD of a SARS-CoV-2-
RBD-hlgG-Fcfusion protein refers to the measure of the anti-SARS-CoV -2 antibody titers over
time in a subject after the ad ministration of the SARS-CoV-2-RBD-hlgG-Fc¢ fusion protein.
10142} As used herein, “pharmacokinetics” or “PK” generally refers to the characteristic
interactions of an Fo fusion protein and the body of the subject in terms of its absorption,
distribution, metabolism, and excretion. As an example, herein, the PK refers to the
councentration of a SARS-CoV-2-RBD-higG-Fefusion protetn in the blood or serurn of a subject
at a given time after the administration of the SARS-CoV-2-RBD-higG-Fc fusion protein. As
used herein, “half-life” refers to the time taken for the concentration of Fc fusion protein in the
blood or serum of a subject to reach half of its original value as calculated from a first order
exponential decay model for drug elimination. Fe fusion proteins with greater “half-life” values
demonstrate greater duration of action in the target subject.

3 L

{0143} The terms “sequence identity,” “sequence homology,” “homelogy,” or “identical” in
amino acid or nucleotide sequences as used herein describes that the same nucleotides or amino
acid residues are found within the variant and reference sequences when a specified, contiguous
segment of the nucleotide sequence or aming acid sequence of the variant is aligned and
compared to the nucleotide sequence or amino acid sequence of the reference sequence.
Methods for sequence alignment and for determining identity between sequences are known in

the art, including the use of Clustal Omega, which organizes, aligns, and compares seguences
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for similarity, wherein the software highlights each sequence position and compares across all
sequences at that position and assigns one of the following scores: an “¥” (asterisk) for sequence
positions which have a single, fully conserved residue, a ™7 {colon) indicates conservation
between groups of strongly similar properties with scoring greater than 0.5 in the Gonnet PAM

AL

250 matax, and a (period) indicates conservation between groups of weakly similar
properties with scorng less than or equal t0 0.5 in the Gonnet PAM 250 matrix, a “-” (dash)
indicates a sequence gap, roeaning that no local homology exists within a particular set of

>

comparisons within a certain range of the sequences, and an empty space “ 7 indicates little or
no sequence homology for that particular position across the compared sequences.

0144} With respect to optimal alignment of two nucleotide sequences, the contiguous
segment of the variant nucleotide sequence may have additional nucleotides or deleted
nucleotides with respect to the reference nuclectide sequence. Likewise, for purposes of optimal
alignment of two amino acid sequences, the contiguous segment of the variant amino acid
seguence may have additional amino acid residues or deleted amino acid residues with respect
to the reference amino acid sequence. In some embodiments, the contiguous segment used for
comparison to the reference nucleotide sequence or reference amino acid sequence will
comprise at least 6, 10, 15, or 20 contiguous nucleotides, or amino acid residues, and may be
30, 40, 50, 100, or more nucleotides or amino acid residues. Corrections for increased sequence
identity associated with inclusion of gaps in the variant’s nucleotide sequence or aming acid
sequence can be made by assigning gap penalties. Methods of sequence alignment are known
in the art.

[0145] In embodiments, the determination of percent identity or “homology” between two
sequences is accomplished using a mathematical algorithm. For example, the percent identity
of au amino acid sequence s determvined using the Smith-Waterman horoology search algorithro
using an affine 6 gap search with a gap open penalty of 12 and a gap extension penalty of 2,
BLOSUM matrix 62, In embodiments, the percent identity of a nucleotide sequence is
determined using the Smith-Waterman homology search algorithm using a gap open penaliy of
25 and a gap extension penalty of 5. Such a determination of sequence identity can be performed
using, for example, the DeCypher Hardware Accelerator from Timel.ogic,

{0146] As used herein, the term “homology” is used to compare two or more proteins by
locating commeon structural characteristics and common spatial distribution of, forinstance, beta
strands, helices, and folds. Accordingly, homologous protein structures are defined by spatial
analyses. Measuring structural homclogy involves computing the geometric-topological
features of a space. One approach used to generate and analyze three-dimensional (3D} protein

structures is homology mwodeling {also called comparative modeling or knowledge-based
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modeling) which works by finding similar sequences on the basis of the fact that 3D similarity
reflects 2D similanity. Homologous structures do not troply sequence similanity as a necessary
condition.

{06147} As used herein, the terms “subject” and “patient” are intended to include mice, non-
human primates {(NHP), rabbits, canines, and humans. Exemplary canine subjects include dogs
having a disease or a disorder, e.g., diabetes or another disease or disorder described herein, or
nomal subjects. Exemplary human subjects include individuals that have a disease, eg.,
COVID-19, inchuding vasiants of COVID-19 or SARS-Co-V-2 infection, or another virus, have
previously had a disease or disorder described herein, or normal subjects.

{3148} As used herein, the term “titer” or “yield” refers to the amount of a fusion protein
product {e.g., an Fc fusion protein described herein) resulting from the biosynthesis {e.g., in a
mammalian cell, e.g.,in a HEK?293 cell or CHO cell) per volume of the cell culture. The amount
of product may be determined at any step of the production process {e.g., before or after
purification}, but the yield or titer is always stated per volume of the criginal cell culture. As
used herein, the term “product yield” or “total protein yield” refers to the total amount of Fc
fusion protein expressed by cells and purified via at least one affinity chromatography step (e .g.,
Protein A or Protein G) and includes monoemers of Fc fusion protein, homodimers of Fc fusion
protein, and higher-order molecular aggregates of homedimers of Fo fusion protein. As used
herein, the term “percent homodimer” or “%homodimer” refers to the proportion of a fusion
protein product {¢.g., an Fc fusion protein described herein) that is the desired homodimer. As
used herein, the term “homodimer titer” refers to the product of the %shomodimer and the total
protein vield after Protein A purification step reported per volume of the cell culture.

{3149} As used herein, the terms “treat” or “treating” or “treatment” of a subject having a
disease or a disorder refers to an intervention performed with the intention of preventing the
development or altering the pathology of infection. Accordingly, “treatment” refers to both
therapeutic treatment and prophylactic or preventative measures. A therapeutic agent may
directly decrease the pathology of infection or render the infection more susceptible totreatment
by other therapeutic agents or, for example the host’s immune system. Improvement after
treatment may be manifested as a decrease or elimination of such symptoms. Thus, the
compositions are useful in treating an infection by preventing the development of observable
clinical symptoms from infection, and/or reducing the incidence or severity of clinical
symptoms  and/or effects of the infection, and/or reducing the duration of the
infection/symptoms/effect. Treating a subject having a disease or disorder may refer to a subject
having a disease or a disorder refer to subjecting the subject to a regimen, for example the
administration of a fusion protein such as an Fc fusion protein described herein, or a
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pharmaceutical composition of a fusion protein such as an Fc fusion protein described herein,
such that at least one symptom of the disease or disorder is cured, healed, alleviated, relieved,
altered, remedied, ameliorated, or mmproved. Treating includes administering an amount
effective to alleviate, relieve, alter, remedy, ameliorate, mmprove, or affect the disease or
disorder, or the symptoms of the disease or disorder. Treating includes adrinistering an amount
effective to generate antibodies to a disease or disorder in a normmal subject or a subject that has
previously had the disease or disorder. The treatroent may inhibit deterioration or worsening of
a symptom of a disease or disorder.
[0150] As used herein, “prophylactic vaccineg” refers to a treatment that introduces an
antigen into a patient with the goal that the patient’s immune system will create antibodies for
the antigen and increase or improve the subject’s immune response to the associated illness or
virus. In other words, a vaccinated subject will have a higher degree of resistance to illness or
disease from the associated virus as compared to a non-vaccinated subject. This resistance may
be evident by a decrease in severity or duration of symptoms of iliness, decrease or elimination
of viral shedding, and in some case the prevention of observable symptoms of infection in the
vaccinated subject. In embodiments, a patient treated with a prophylactic vaccine does not have
antibodies forthe antigen prior to the treatment with the prophvlactic vaccine {otherwise stated,
the patient is “antibody naive”).
{0151} Asused herein, “therapeutic vaccine” refers to a treatment that introduces an antigen
into a patient that already has the associated illness or virus, with the goal that the patient’s
fmmmune system will create antibodies for the antigen enabling the patient’s body to fight harder
against the illness or virus that it already has.
{8152} As used herein, “booster vaccine” refers to an extra administration of a vaceine after
the patient has previously received an initial adninistration of a vaccine, or aftera patient has
acquired antibodies through having had and recovered from the associated illness or virs. In
some examples, an additional dose of a vaccine is needed periodically to “boost” the immunity
of a patient to an Ulness or virus causing antigen by increasing the patient’s antigen antibody
titer.
{0153] Asused herein, when referring to an amine acid in some portion of the SARS-CoV-
2 surface glycoprotein, including a receptor binding domain (RBIY) of the SARS-CoV-2 surface
glycoprotein, a cited amino acid position is referenced as the position of the amino acid in the
SARS-CoV-2 surface glycoprotein of SEQ ID NO: 1. As an example, a reference to a mutation
of an amino acid at position 331 of a SARS-CoV-2 RBD refers to the amino acid at the 331
position in SEQ ID NQO: 1, even when the SARS-CoV-2 RBD comprises only a portion of SEQ
IDNO: 1
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{0154] As used herein, “RBD fragment” refers to a portion of a SARS-CoV-2-hlgGFe
fusion protein that comprises some portion of the receptor binding domain (RBD ) of the SARS-
CoV-2 surface glycoprotein of SEQ ID NO: 1, and which may also include adjacent residues of
the spike protein (SP) unless otherwise indicated by context. In examples, the RBD fragment
portion of the SARS-CoV-2 surface glycoprotein is linked to an Fc fragment as llustrated in

FIG 2

Rationale for Fe Fusion Protein Vaccines

[0158] As discussed above, the recombinant protein-based subunit vaccine approach has an
advantage of safety and multiple-booster dosing relative to inactivated or live-attenuated virus
and nucleic acid vector-based vaccine formats, in addition to allowing for the selective use of
the most dominant epitopes to generate potent neutralizing Ab titers. Fusthermore, such a
protein-based vaccine is more cost-effectively manufactured in large quantities and is stable at
mild temperatures, allowing for easier transportation and storage. However, given the
challenges of & recombinant SARS-CoV-2 SP subunit vaccine to induce a strong protective
fromune response in an invaunologically vaive buman population, the SP antigen must be
modified and/or formulated with additional immune-enhancing features o overcome the

activation thresholds of naive T and B cells.

Experimenial Experience with Insulin-Fc Fusion Proteins in Canines
0156} One example of a fusion protein formed by linking a therapeutic protein to an
immunoglobin Fe domain is an tnsulin-Fe fusion protetn. This coustruct has been used to
provide ultra-long acting basal insulin therapy for diabetic subjects. The combination of an
insulin analog as the therapeutic protein with an Fc domain via a peptide linker has been shown
to achieve significantly longer activity in vivo, in the order of days. An example of ultra-long
acting tnsulin-Fe fusion proteins for use in ireating diabetes in cats and dogs is described in
WO2Z020006528A1. In an example from WO2020006529A 1, an exemplary insulin analog is:
FYNQHLOGSHLVEALELVCGERGFHYGGGGGGSGGGGGIVEQCUTSTCSLDOLE
NYC (SEQ 1D NG: 28)
and an exemplary linker, used tolink the therapeutic protein (ie., the insulin analog) to the Fe
domain is: GGGGGQGGGGQGGGGQGGGGG (SEQ IDNO:27).
{61587} Insulin-F¢ fusion protein molecules for a given species {e.g., dog, cat, or human}
suitable for ultra-long acting treatment for diabetes should be manufacturable in mammalian
cells, for example human embryonic kidney (HEK, e.¢. HEK 293} cells, with an acceptable titer

of the desired homodimer product {e.g., greater than 50 mg/L. homodimer titer from transiently
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transfected HEK cells, greater than 75 mg/L from transiently transfected HEK cells, greater than
100 mg/l. from transiently transfected HEK cells, etc.). Experience has demonstrated that
homodimer titers less than 50 mg/l will not likely result in comercial production homodimer
titers in Chinese hamster ovary {CHQO) cells that meet the stringently low manufacturing cost
requiremnents for veterinary products.
[0158] The insulin-Fc fusion proteins for dogs described in WO2020006529A1
{(incorporated by reference herein) and herein were manufactured in HEK cells according to
Example 45 or in CHO cells according to Example 46. The insulin-Fc fusion proteins were
purified according to Example 47. Using the conventioval purification wethod, ouly the
compounds comprising the caning IgGA and the canine 12GB immunoglobin Fe fragment
showed any appreciable protein yields. The structure of the insulin-Fc fusion proteins was
confirmed by non-reducing and reducing CE-SI'S according to Example 48 and the sequence
was confirmed by LC-MS with glycan removal according to Example 49, The purity (as
assessed by the percent homodimer of the fusion protein yield) was measured according to
Example 50. The canine IgGA version of the insulin-Fc¢ fusion protein was highly aggregated
with low levels of bioactivity, whereas the canine 1gGB version of the insulin-Fc fusion protein
exhibited a low degree of aggregation (i.e., high % homeodimer), a high titer of the desired
homodimer (i.e., a homodimer titer greater than 50 mg/L), and appreciable levels of long-
duration glucose lowering bioactivity in dogs. Therefore, the canine 1gGB (SEQ ID NG: 26)
inmuneglobin Fe fragment 18 the preferred Fe fragroent for msulin-Fe fusion proteins used in
dogs.
DCPKCPAPEMLGGPSVEFIFPPKPKDTLLIARTPEVTICVVVDLDPEDPEVQISWEVDG
KOMQTAKTQPREEQFNGTYRVVSVLPIGHODWILKGRKOFTCKVYNNK ALPSPIERTH
SKARGOAHOPSVYVEPPSREELSKNTYVSLTCLIKDFFPPDIDVEWQSNGQQEPESK
YRTIPPOQLDEDGSYFLY SKLSVDEK SRWQRGDTFICAVMHEALHNHYTQESLSHSP
G(SEQIDNG: 26)
{3159} Au exemplary canine ultra-long acting insulin-Fe fusion protein comprising the
insuiin analog of SEQ 1D NO: 28 with the canine native IgGB fragment of SEQ D NO: 26 via
the peptide linker of SEQ IDNG: 27 is:
FYNQHLCGSHLVEALELVCGERGFHYGGGGGGSGGGGGIVEQCCTSTCSLDQLE
NYCGGGGGOGGGGOGGGEGQGGEGGEDCPKCPAPEMLGGPSVFIFPPKPKDTLLIA
RTPEVICVVYDLDPEDPEVQISWFVDGKOMOTAKTOPREEQFNGTYRVYSVLPIG
HGDWLKGKQFTCKVNNKALPSPIERTISKARGOAHQPSVYVLPPSREELSKNTVSL
TCLIKDFFPPDIDVEWQSNGQOEPESKYRTTPPQLDEDGSYFLYSKLSVDK SRWQR
GDTFICAVMHEALHNHYTQESLSHSPG (SEQ 1D NG: 29)
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{0160} The binding of the insulin-Fe fusion protein of SEQ ID NO: 29 to the Fe(gamma)
Receptor T (RI} was assessed according to Example 51. Since canine receptor 1 was not
commercially available, human Fe(gamma) receptor I (e, rhFc{gamma) receptor 1) was used
as a surrogate mammalian receptor. The OD values proportional to the binding of thFe(gamma)
receptor | to SEQ 1D NG: 29 were plotted against log concentrations of thFc (gamma) receptor
I added toeach, to generate binding curves using GraphPad Prism software. The results shown
in FIG. 3 illustrate that the OD450 values increase with increased doses of the insulin-Fe fusion
protein of SEQ 1D NO: 29 for all Fe(gamma) receptors.

HILY The in vivo pharmacodynamics (PD) after periodic administrations of the insulin-Fe
fusion protein of SEQ 1D NO: 29 manufactured in HEK cells according to Example 45 was
evaluated according to Example 52 The test population consisted of six beagle dogs with
diabetes that was chemically induced wusing alloxan-streptozotocin, each weighing
approximately 10 kg The anti-insulin antibody {AlA jtiters were measured weekly over 8 weeks
for the six beagle dogs with chemically induced diabetes that were subjects in the fab test for
SEGQ 1D NO: 29 according to Example 53, FIG. 4 shows titers of AIA for the six beagles with
chemically induced diabetes over a series of eight weekly doses of the insulin-Fc fusion protein
of SEQ 1D NO: 29, FIG. 5 shows percentage change in the titers of ALA from Day 0 of the trial
for the six beagles with chemically induced diabetes over a series of eight weekly doses of the
insulin-Fc fusion protein of SEG ID NO: 29. The data demonstrates that the beagles” AIA titers
did not substantially increase over the eight administered doses of the msulin-Fe fusion protein
of SEQ ID NG 29,

{0163} Based on these positive lab test results with the chemically induced diabetic beagles,
field trials with actual client-owned, naturally occusring diabetic dogs of varying ages, breeds,
and extent of diabetes disease were initiated according to Example 52. The client dogs in the
field trial had all been receiving insulin treatment with a known veterinary or human insulin
product up to the point of the trial initiation and were given SEQ 1D NO: 29 according to
Protocol 1 or Protocol 2 as described in Example S2.

{0163} The ALA titer was again measured weekly over the course of the treatiment according
to Example 54. Unexpectedly, in contrast to the results obtained in the chemically induced
diabetic beagles, several (8/20) client dogs in this “wild” patient population demonstrated a
marked increase in anti-insulin antibodies. A normalized AIA titer of 0.15 was considered the
mitimum measurement for the client dog to be considered immunogenic to SEQ 1D NG: 29,
For client dogs that had a non-zero ALA titer at the start of the treatment, it the AIA more than
doubled after being treated with the insulin-Fe fusion protein of SEQ 1D NO: 29, the insulin-Fe
fusion protein of SEQ 1D NO: 29 was considered to be immunogenic in that particular client
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dog. FIG. 6 is a plot of normalized AlA titer for each of the client dogs in which the insulin-Fe
fusion protein of SEQ ID NO: 29 was considered immunogenic as measured weekly during the
duration of their treatment (the specific protocol of Example 52 followed for the treatment is
indicated for each dog). In each of the dogs shown in FIG. 6, the AIAs neutralized the
therapeutic effect of the insulin-Fe fusion protein of SEQ ID NG: 29, rendering it no longer
capable of controlling blood glucose levels in the client-owned diabetic dogs. The observed
immunogenicity was additionally unexpected because the insulin analog portion of the insulin-
Fc fusion protein is a near-native peptide for the dogs. Furthermore, the 1gGB Fe fragment
portion of the insuliv-Fe fusion protein is a native canine Fe fragroent. The results indicate that
the specific activity of the dog IgGB Fe fragment was capable of inducing a pronounced and
lasting increase in antibody titers specific to the therapeutic protein region of the fusion protein
{(i.e., theinsulin). Otherthan demonstrating a significant increase in neutralizing AIA titers, the
dogs otherwise remained healthy through repeated dosing and did not experience any signs of
anaphylaxis or cytokine storms associated with the treatment.

0164} Insome cases, when the client dog began to show high levels of AlAs, the dosing of
the insulin-Fc¢ fusion protein of SEQ ID NO: 29 was discontinued, at which point the AIA titer
began todecrease {see for example Dog 2 on FIG 4} FIG. 7 is a plot of normalized AIA titer
for exaruple Dog 2 over a period of 12 weeks of once-weekly desing. It can be seen thatthe AIA
titer began to measurably increase after the 4 dose (Day 21) and the ATA titer began to steeply
increase after the 6% dose (Day 35). The dosing was stopped after the 8% dose (Day 49), and no
drug was administered on Bxay S6 or Day 63. FIG. 7 iHlustrates that the AIA titer growth
immediately slowed and then the ATA titer began to fali after Day 56. The dosing regime was
resurned ov Day 70, with doses on Dray 70 and again on Day 77. The AIA titer growth after the
resumption of dosing on Day 70 matched ot exceeded the maxiroum AlA titer growth in the 7
weeks up to when the dosing was stopped, illustrating that the titer of anti-drug antibodies was
unexpectedly restored in an appreciably shorter time than the build-up over the initial series of
doses. This robust recall response may be indicative of a responsive memory immune cell
population.

[0165] Another chservation from the field trial of client owned diabetic dogs was that there
was an apparent difference in the dogs treated with the insulin-Fe fusion protein of SEQ 1D NG:
29 made in CHO cells according to Example 46, and the insulin-Fc fusion protein of SEQ ID
NQO: 29 made in HEK cells according to Example 45, with the CHO-made insulin-Fc fusion
protein of SEQ ID NO: 29 showing a markedly higher prevalence of anti-drug antibodies, as
shown in FIG. 8.

{6166} Hach Ig(G fragment contains a conserved asparagine {(N)-glycosylation site in the
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CH2 domain of each heavy chain of the Fc region. Herein, the notation used to refer to the
conserved N-glycosylation site is “cNg” (shown in FIG. | and in FIG. 2) In therapeutic
monoclonal antibodies, the glycosylation is at the conserved amino acid N297 in the CH2 region
{shown in FIG. 1 and FIG. 2). For an insulin-Fe fusion protein, the absolute position of the cNg
site from the N-terminus of the B-chain of the insulin-F¢ fusion protein varies depending on the
tength of the insulin polypeptide, the length of the linker, and any omitted amino acidsin theFc
fragment prior to the cNg site. Herein, the notation used torefer to the absolute position of the
cNg site in a given insulin-F¢ fusion protein sequence (as measured counting from the N-
terminus of the B-chain of the insulin-Fe fusion protein} is “NB{number)”. For example, if the
cNg site is found at the 151%amino acid position as counted from the N-terminus ofthe B-chain,
the absclute position of this site is referred to as cNg-NB151. Asa further example, if the cNg
site is found at the 151" amino acid position as counted {rom the N-terminus of the B-chain, and
the asparagine at this site is mutated to serine, this mutation 15 noted as“cMg- NBISI-8”.
{0167} One possible difference between fusion proteins recombinantly manufactured in
HEK cells according to Example 45 and fusion proteins recombinantly manufactured in CHO
cells according to Bxample 46 is the composition of the oligosaccharides that attach at the cNg
site. Given that the canine IgGB isotypes interact with Fc{gamma} receptors, there may be a risk
of unwanted immunogenicity after repeated injections. One method for reducing the Fe{gamma)
interaction involves deglycosvlating or preventing the glycosylation of the Fe fragment during
synthesis in the host cell. Creation of antibodies is clearly undesirable fortreatment of a chronic
disease such as diabetes as the antibodies neutralize the therapeutic value of the drug
Accordingly, thisled to attempting to create a non-glvcosylated canine insulin-Fc fusion protein.
Oue way to remove the attached glycan from a synthesized insulin-Fe fusiou protein is to mutate
the ¢Ng site to preveut the attachwent of glycans altogether during production in the host cell.
Herein, the notation used to describe a ¢Ng mutation is ¢Ng-(substituted amino acid). For
example, if the asparagine at the cNg site is mutated to serine, this mutation is notated as “¢Ng-
87, A general tepresentation of a cavine IgGR Fe fragmwent with a ¢Ng mutation s shown in
SEQIDNQO: 30
DCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVICVVVDLDPED PEVISWEVDG
KOMOTAKTOPREEQGFX:GTYRVVSVLPIGHODWLKGKOFTCK VNNEALPSPIERT
SKARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESK
YRTTPPOQLDEDGSYFLYSKLSVDKSRWORGDTFICAVMHEALHNHY TQESLSHSP
G
wherein X1 =8, D, K, Q, or A (SEG IDNG: 30).

{0168} A canine insulin-Fe fusion protein was designed, comprising the IgGB Fe fragrment
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of SEQ 1D NG: 30 with X1=S (bold residue below), the linker of SEQ ID NO: 27, and the
following insulin analog:
FVNOHLCGSHLVEALALVCGERGFHYGGGGGGSGGGGGIVEQCCTSTCSLDQLE
NYC(SEQIDNQO: 31
The resulting insulin-Fe fusion protein is shown below:
FYNQHLCGSHLVEALALVCGERGFHYGGGGGGSGGOGGIVEQCUTSTCSLDOLE
NYCGGGGGOGGEEOGGGHIIGGGGEDUPKCPAPEMLGGPSVFIFPPKPKDTLLIA
RTPEVICVVVDLDPEDPEVOISWFVDGRKGMQTAKTQPREEQFRSGTYRVVSVLPIG
HODWLKGKQOFTCKYNNKALPSPIERTISKARGUQAHQPSVYVLPPSREELSKNTVSL
TCLIKDFFPPDIDVEWQSNGOQQEPESKYRTTPPOQLDEDGSYFLY SKLSVDKSRWQR
GDTFICAVMHEALHNHYTQESLSHSPG (SEQ ID N{O: 32)
{0169} The insulin-Fc fusion protein of SEQ 1D NO: 32 was manufactured in HEK cells
according to Example 45 or in CHO cells according to Bxample 46. The insulin-F¢ fusion
protein was purified according to Example 47. The structure of the insulin-Fc¢ fusion protein was
confirmed by non-reducing and reducing CE-8DS according to Example 48 and the sequence
was confirmed by LC-MS with glycan removal according to Example 49. The purnty (as
assessed by the percent homodimer of the fusion protein yield) was measured according to
Example 50.
10170} This fusion protein demonstrated desirable in vitro and in vivo properties similar {o
SEQ ID NO: 29, Asillustrated in FIG. 3, the only difference is that the Fe{gamma) Rl binding
affinity for the insulin-F¢ fusion protein of SEQ 1D NO: 32 was significantly reduced compared
to that of the insulin-Fe fusion protein of SEQ ID NG: 29, A field tnal in five diabetic client
dogs of varying ages, breeds, and extent of diabetes disease was initiated. The five client dogs
in the field trial bad all been receiving insulin treatment with a known veterinary ot human
insulin product to the point of the trial nitiation and were given the insulin-Fc¢ fusion protein of
SEQ ID NO: 32 on a once-a~-week basis.
{3171} The ALA titerwas again measured weekly or as frequently as possible overthe course
of the treatment according to Example 54. As compared to the dogs receiving the insulin-Fc
fusion protein of SEQ ID NO: 29, none of the client dogs in this “wild” patient population
demonstrated insulin anti-dmg antibodies when dosed with the non-glycosylated insulin-Fe
fusion protein of SEQ ID NO: 32, A normalized AIA titerof 0.15 was considered the minimum
measurement for the client dog to be considered immumnogenic to SEQ 1D NG: 32. For chient
dogs that had a non-zero AIA titer at the start of the treatment, if the ATA more than doubled
after being treated with the insulin-Fc fusion protein of SEQ 1D NO: 32, the client dog was
considered to be immunogenic. FIG. 9 is a plot of the normalized AIA titers for each of the
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client dogs as measured over the duration of their freatment, demonstrating that none of the five
client dogs in this “wild” patient population demonstrated insulin anti-drug antibodies when
dosed with the non-glycosylated insulin-Fe¢ fusion protein of SEQIDNO: 32, Asshown in FIG.
10, this is in contrast to the dogs receiving the insulin-Fe fusion protein of SEQ ID NO: 29,
where twelve dogstotal demonstrated insulin anti-drug antibodies compared to none of the dogs
receiving the non-glycosylated insulin-Fe fusion protein of SEQ ID NG: 32,

[0172] Taken together, the results demonstrate that, unexpectedly, outside a laboratory
animal population, certain Fe fusion proteins have the potential of inducing high titers of
antibodies against the therapeutic peptide or protein component, and that this response may be
re-induced rapidly and robustly upon subsequent presentation of the therapeutic peptide or
protein component. Furthermore, these preliminary data indicate that the induction of anti-
therapeutic protein or peptide antibodies is more likely in individuals who have already
developed an immune response to that particular therapeutic protein or peptide. These results
are in contrast to numercus published results that show the potential for Fe fusion proteins to
induce immune tolerance against the fused therapeutic peptide or protein, and that haptens like
DINP, nucleosides or peniciloyl groups, when chemically coupled to Ig carriers, were highly
tolerogenic hapten-carrier conjugates.

{6173} For a therapeutic protein such as insulin which is used to treat a chronic disease (i.e.,
diabetes), anti-insulin antibodies render the therapy useless. Nevertheless, the aforementioned
results led to the unique insight of how one might effectively design an Fe fusion protein to
induce antibodies against, for example, a viral antigen to neutralize its activity. Based on the
field experiments, the desired Fc fusion protein should be, at a minimum, native to the target
subject {(e.g., a human Fe or hFe for a human subject, a dogFe or dFc fora dog subject), properdy
glycosylated at the Fe-cNg site, and capable of binding the Fo{gamma) I receptor. These
findings present an opportunity to develop a novel therapeutic Fe-fusion protein against, for

example, the novel coronavirus SARS-CoV-2.

SARS-CoV-2-RBD-higG-Fe Fusion Proteins

{0174} The outbreak of COVID-19 represents a sericus threat {o public health. There is an
urgeni need for safe and effective solutions to prevent against infection by its causative agent,
the SARS-CoV-2virus. The surface glycoprotein including the receptor-binding domain (RBD)
of the SARS-CoV-2 spike protein (8P) has been tdentified, and it has been found that the SARS-
CoV-2 SP/RBD binds strongly to human and bat angiotensin-converting enzyme 2 (ACEZ)
receptors. The SARS-CoV-2 SP/RBD being a foreign antigen, a fusion protein comprising this
antigen and a glycosylated human immunoglobin Fc fragment (herein referred to as a SARS-

35



WO 2021/207599 PCT/US2021/026577

CoV-2-RBD-hlgG-Fc fusion protein or SP/RBD-F¢ fusion protein) is a promising approach to
create a fusion protein that can amphify existing antibody titers in a patient or induce new
antibody titers in patients with no or low immune response against SARS-CoV-2. Specifically,
methods for making and using fusion proteins for use in a prophylactic or booster vaccine which
is efficacious for causing patienis tocreate anti-virus antibodies to the SARS-CoV -2 virus meets
this urgent need and would have significant public health value.
[0175] The goal therefore is to create an Fo fusion protein comprising some portion of the
SARS-CoV-Zsurface glycoprotein {or an analog thereof) and a human Fc fragment {e.g., human
TgGt or higGl) containing a site or residue with a tendency towards glycosylation in order to
create a manufacturable conjugate that presents the antigen (SARS-CoV-2-SP/RBD}in a novel
manner to cause a patient to produce anti-SARS-CoV-2 antibodies rapidly at high titers.
{0176} An SP/RBD-Fc fusion protein comprising a bivalent analog of SP/RBD
recombinantly fused to a human IgGl Fc moiety as shown in FIG. 2 would (i) facilitate the
focused delivery of the SP/RBD Ag to local APCs that internalize SP/RBD-Fc via Fe{gamma)
receptors, and then process and present SP/RBD fragments as illustrated in FIG. 1210 CD4+ Th
cells that in turn promote (“help”) B cell activation and anti-SARS-CoV-2 SP/RBD IgG (ie,
Ab) production as illustrated in FIG. 12, In addition, a more direct and unique mechanism might
be the direct binding of the SP/RBD-Fe fusion protein to existing SARS-CoV-2-specific
memory B cells through their Ag-specific B cell receptors (BCRs). Such binding triggers
activation signals upon BCR cross-linking via the SP/RBD bivalency feature of SEQ ID NO:
19 that leads to enhanced proliferation and anti-SARS-CoV-2 1g(G production in the absence of
CD4+ Th cells as illustrated in FIG. 12, Furthermore, the Fc fragment of the SP/RBD-Fe fusion
protein should enhance the half-life and bio-exposure of SP/RBD to roore APCs dueto binding
of the veovatal FeR (FcRu) receptor expressed on cells that enables long serurn half-lives of
most monoclonal Ab {mAb) therapeutics.
{6177} The complete surface glycoprotein protein for SARS-CoV-2 is shown below
{(GenBank: QHD43416.1):
MEVFLVLLPLVSSQUVNLTIRTOLPPAYTNSFTRGVYYPDEVFRSSVLHSTQDLF
LPFFSNVTWFHAIHVSGINGTKRFDNPVEPFNDGV YFASTEK SNHRGWIFGTTL
DSKTOQSLLIVNNATNVVIKVCEFQFCNDPFLGVYYHKNNK SWMESEFRVY SSAN
NCTFEYVSQPFLMDLEGKQGNFKNLREFVEKNIDGYFKIYSKHTPINLVRDLIQG
FSALEPLVDLPIGINITRFQTLLALHRSYLTPGDSSSCWTAGAAAYYVGYLQPRT
FLLKYNENGTITDAVDCALDPLSETK CTLKSFTVEKGIYOQTSNFRVQPTESIVREP
MNITNLCPEFGEVENATRFASYYAWNRKRISNCYADYSVLYNSASFSTFKCYGVSPT
KINDLCFINVYADSFVIRGDEVRQIAPGQTGKIADYNYKLPBDFTGCVIAWNSN
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NLDSKVGONYNYLYRLFREKSNLKPFERDISTEIYQAGSTPCNGVEGFNCYFPLQS
YGFQPTINGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCYVNEFNFNGLT
GTGVLTESNKKFLPFQOQFGRDIADTTDAVRDPOTLEILDITPCSFGGVSVITPGTN
TSNOVAVLYQDVNCTEVPVAIHADOQLTPTWRVY STGSNVFQTRAGCLIGAEHY
NNSYECDIPIGAGICASYQTQTNSPRRARSVASQSHAY TMSLGAENSVAYSNNSI
AIPTNFTISVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLOYGSFCTOLNRALT
GIAVEQDRKNTOEVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKERSFIEDLLEFN
KVTLADAGHFIKOQYGDCLGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLA
GTITSGWTFGAGAALQIPFAMOMAYRENGIGVTONVLYENQKLIANQFNSAIGK
IODSLSSTASALGKLODVVNONAQALNTLVEKQLSSNFGAISSVENDILSRLDKVE
AEVQIDRLITGRLOSLOTYVTQQLIRAAEIRASANLAATKMSECVEGQSKRVDEC
GKGYHLMSFPOQSAPHGVVIFLHVTYVPAGQEKNFTTAPAICHDGK AHFPREGVEVS
NGTHWFVTQRNFYEPQHTTDNTEVSGNCDVVIGIVNNTVYDPLOPELDSFKEEL
DEYFKNHTSPDVDLGDISGINASVVNIGKEIDRINEVAKNLNESLIDLQELGKYE
QYIKWPWYIWLGFIAGLIAIVMYTIMLCCMTSCCSCLK GCCSCGSCCKFDREDDS
EPVLKGVKLHYT(SEQID NG 1)
{06178} The spike protein receptor binding domain (SP/RBD) of the surface glycoprotein of
SARS-CoV-2 according to GenBank QHD43416.1 comprises the portion of the surface
glycoprotein from amino acid 330 to amino acid 583 as is shown below:
PNITNLCPFGEVEFNATRFASYYAWNRKRISNCVADYSVLYNSASFSTFRKCYQGVSPT
KINDLCFINVYADSFVIRGDEVROQIAPGUTGKIADYNYKLPDDBFTGCVIAWNSNN
LDSKVGGNYNYLYRLFRKSNLEPFERDISTEIYQAGSTPCNGVEGFNCYFPLOSYG
FOPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCYNENFNGLTGTG
VLTESNKEKFLPFQQFGRDIADTIDAVRDPQTLE (SEQ ID NG 2).
{0179} The RBD of the spike protein comprises amino acid 331 through 524 of the SARS-
CoV-2 surface glycoprotein as shown below:
NITNLCPFGEVFNATRFASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTK
ENDLCFINVYADSFVIRGDEVRQIAPGOTCGKIADY NYKLPDDFTGCVIAWNSNNL
DSKVGOGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGEFNCYFPLOSYGE
QPINGVGYQPYRVVVLSFELLHAPATY (SEQID NG 83
{0189] Previcus work with insulin-Fc fusion proteins, such as is described in
WOZCIBIGT117AT and WO2020006529A1 has demonstrated that the choices of the protein
sequence, the linker sequence, and the composition of the Fc domain can all potentially
influence protein yields, purity, and bioactivity.
{0181} In cheosing the viral protein for the SARS-CoV-2-RBD-higG-Fc fusion protein it is
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conceivable that one could choose a subset of the surface glycoprotein that includes some
portion of the SP/RBD. The viral protein for the SARS-CoV-2-RBD-higG-Fc fusion protein
may comprise all or a portion of the SP/RBD of the SARS-CoV-2 surface glycoprotein. The
viral protein for the SARS-CoV-2-RBD-hlgG-Fo fusion protein may comprise all or a portion
of the non-SP/RBD portions of the SARS-CoV-2 surface glycoprotein. In examples, the viral
protein for the SARS-CoV-2-RBD-hlgG-Fcfusion protein comprises all or a pottion of the RBD
of the SARS-CoV-2 surface glycoprotein and all or a portion of the non-SP/RBD portions of
the SARS-CoV-2 surface glycoprotein. Some amino acids in the SP/RBD fragment of the
SARS-CoV-2-RBI-higG-Fe fusion protein are mutated from their native state.

{6182} Based on experience manufacturning insulin-Fc¢ fusion proteins, different viral protein
designs will result in different protein yields of the SARS-CoV-2-RBI»-hlgG-Fe fusion protein.
For example, one could choose larger or shorter portions of the SP/RBD sequence of SEQ ID
NO: 8, and optionally mutate certain amino acids, to produce the desired viral portion for the Fe
fusion protein. The resulting protein vield when the selected viral protein is attached to an Fo
fragment can be experimentally determined. Furthermore, the length and compesition of the
linker connecting the selected viral protein to the Fc fragment will similarly have an impact on
the protein vield, as will the choice of the Fc fragment and the portion of the F¢ fragment hinge
region that is linked to the viral protein.

f6183] FIG. 2 shows an illustration of an exemplary SARS-CoV-2-RBD-higG-Fc fusion
protein according to the present disclosure. The SARS-CoV-2-RBD-higG-Fe fusion protein
may comprise a linker, for example a peptide linker. The SP/RBD fragment of the SARS-CoV-
2-RBD-hlgG-Fe fusion protein may be directly connected to the Fo fragment, i.e., no linker is
present. In examples, some amino acids in the SP/RBD fragment of the SARS-CoV-2-RBIx-
bigG-Fe fusion protein are mutated from theit native state. The therapeutic protein comprising
a portion of the SARS-CoV -2 surface glycoprotein is located on the N-terminal side of the Fe
fragment. The fusion protein comprises domains in the following orientation from N- to C-
termoini:  (N-termivus)--therapeutic  protein--linker—-Fe  fragment-—~(C-terminus) {e.g, (N-
terminus-SARS-CoV-2 peptide-linker—Fc fragment--(C-terminus)). The linker may be
omitted, such that the fusion protein comprises domains in the following orientation from N-to
C-termini: (N-terminus)--therapeutic protein--Fe fragment-«(C-terminus) (e.g., {(N-terminusj--
SARS-CoV-2 peptide--Fe fragment--{C-terminus}). The SP/RBD fragment of the fusion protein
shown in FiG. 2 may or may not express well as part of a fusion protein recombinantly
manufactured in host cells (e, manufactured in HEK cells according to Example 1, in CHO
cells transiently according to Example 2, or in stable CHO cells according to Example 3).
101841 in all descriptions that follow, a cited amino acid position is referenced to the
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position of the amino acid in the SARS-CoV-2 surface glycoprotein of SEQID NG: 1. Asa furst
attempt in creating a SARS-CoV-2-RBD-hlgG-Fc fusion protein, the main viral SARS-CoV-2
RBD of SEQ ID NO: 2 was shortened, eliminating the first amino acid {position 330}, The
resulting SP/RBD fragment of the SARS-CoV-2 RBD of SEQ 1D NO: 8 comprised amine acids
331 to 524. Novel mutations were then made in the SP/RBI fragment. First, the asparagine at
positions 331 and 343 were mutated to glutamine (general mutations are diagrammatically
fitustrated in FIG. 2). These mutations were made to reduce the number of glvcosylation sites
in the SP/RBD fragment, as having too many glycosylation sites was believed likely tolead to
fower manufaciuring vields when the Fo fusiou protein is recorbinantly manufactured
according to Example 1 (HEK cells), Example 2 (transient CHO-SE™ cells) or Example 3
(CHO cells). That glycan onthe SP/RBD fragment of the molecule may shield key epitopes that
may be required to develop antibodies. In embodiments, the SP/RBD fragment was [ocated on
the N-terminal side of the Fe fragment as illustrated in FIG. 2.
{3185] A further novel mutation was made at position 391 in the SP/RBD fragment, from
cysteine to methionine. This mutation was made to eliminate the unpaired cysteine to prevent
undesirable protein folding and undesirable artifacts during recombinant manufacturing in HEK
or CHO cells. The resulting analog SP/RBD fragment of the SARS-CoV-2 surface glycoprotein
of SEQ ID NQG: 1 is shown below:
QITNLCPFGEVFQATRFASVYAWNREKRISNCVADYSVLYNSASFSTFKCYGVSPTK
LNDLMFINVYADRSFVIRGDEVRQIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNL
DSKVGOENYNYLYRLFREKSNLKPFERDISTEIVOAGSTPOCNGVEGEFNCYFPLOSYGFE
QPINGVGYQPYRVVVLSFELLHAPATV (SEQ ID NG: %)
{0186} A side-by-side comparison of the SARS-CoV-2 native SP/RBD of SEQ ID NG: 2
and the analog SP/RBD fragmeunt (SEQ ID NO: 9) was performed using Clustal Omega and is
shown in FIG. 13, “*” represents complete homology across all sequences at a given sequence
position. A “” {colon) indicates conservation between groups of strongly similar properties
with scoring greater than 0.5 in the Gonpet PAM 250 matrix. A “~7 {dash) indicates a sequence
gap, meaning that no local homology exists within a particular set of comparisons within a
certain range of the sequences.
{0187} The analog SP/RBD fragment (SEQ ID NO: 9) was linked using the linker
GGGGGQGEEERGEGEERGEEGEEGE (SEQ ID NO: 4) to a native human I1gG1 Fo fragment
comprising the following sequence:
DKTHTCPPCPAPELLGGPSVELFPPKPKDTLMISRTPEVTICVVVDVSHEDPEVKFEN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHOQDWLNGKEYKCKVSNKALP
APIEKTISKAKGQPREPOVYTLPPSRDELTKNQVSLTCLVKGEFYPSDIAVEWESNG
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QPENNYKTIPPVLDSDGSFFLY SKLTVDEKSRWQOQGNVESCSVMHEALHNHY TOK
SLSLSPG(SEQ ID NO: 6)

0188} The N-terminal lysine on the human IgG1 fragment was eliminated as shown above

in SEQ ID NO: 6 in an attempt to improve manufacturing vield and purity. In addition, the

asparagine at the cNg site on the human IgG1 fragment was conserved to preserve the glycan

attachment during fusion protein production in host cells. The resultant SARS-CoV-2-RBD-

higG-Fc fusion proteiu is given below:
QITNLCPFGEVFQATRFASVYAWNRKRISNCVADYSVLYNSASFSTFKOYGVSPIK
LNDLMFINVYADSFVIRGDEVROIAPGOTGKIADYNYRLPDDFTGCVIAWNSNNL
DSKVGONYNYLYRLFRIKSNLKPFERDISTEIYQAGSTPONGVEGENCYFPLOSY GF
QPINGVYGYQPYRVVVLEFELLHAPATVGGGGGOGGGGQGGGGQGGGGGDKTHT
CPPCPAPELLGGPSVFLFPPKPK DTLMISRTPEVTCVVVDVSHEDPEVKFNWY VDG
VEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKT
ISKAKGOPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNY
KTTPPVLDSDGSFFLYSKLTVDKSRWQOQGNVESCSVMHEAL HNHYTQKSLSLSPG
(SEQIDNO: 1)

{0189} The SARS-CoV-2-RBD-higG-Fc fusion protein of SEQ ID NO: 11 was

manufactured in HEK293 cells according to Example 1 and pusified according to Example 4.

Unexpectedly, this gave rise to a highly aggregated SARS-CoV-2-RBD-hig(G-Fc fusion protein

with extremely low homodimer titers of less than S mg/L.

H0190] Inasecond attempt to create 3 SARS-CoV-2-RBD-higG-Fefusion protein, the maio

SARS-CoV-2 RBD (SEQ ID NO: 2} sequence was shortened and the first 103 amino acids

{amino acids at positions 330-432 of SEQ ID NO: 1) were climinated. The resulting RBD

fragment of SEQ 1D NO: 1 comprised amino acids 433 10 524 and was deemed tobe structurally

continuous as per a 3D model.

{¢191] The resulting analog SP/RBD fragment is shown below:
VIAWNSNNLDSKVGGNYNYLYRLFRKSNLEPFERDISTEIYQAGSTPONGVEGEN
CYFPLOSYGFOQPINGVGYQPYRVVVLSFELLHAPATY (SEGQ ID NO: 10)

f6192] A side-by-side comparison of the SARS-CoV-2native SP/RBD (SEQ ID NO: 2 and

the analog SP/RBD fragment (SEQ I NO: 10) was performed using Clustal Omega and is

shown in FIG. 14, “*” represents complete homology across all sequences at a given sequence
position. A 7 {colon} indicates conservation between groups of strongly similar properties
with scoring greater than 0.5 in the Gonnet PAM 250 matrix. A “-” (dash) indicates a sequence

gap, meaning that no local homology exists within a particular set of comparisons within a

certain range of the sequences.
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{0193} The analog SP/RBD fragment of SEQ ID NO: 10 was linked via the same linker that
was used in the SARS-CoV-2-RBD-hlgG-Fc fusion protein of SEQ ID NO: 11 -
GGGGGQGEGEQGGEGOGEGEG (SEQ ID NGO 4) - to a native human IgG1 Fe fragment
comprising the following sequence:
DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWILNGKEYKCKVSNKALP
APIEKTISKAKGOPREPQVYTLPPSRDELTENQVSLTCLVKGFYPSDIAVEWESNG
QPENNYKTIPPVLDSDGSFFLY SKLTVDKSRWQQGNVESCSVMHEALHNHYTOK
SLSLSPG (REQIDNO. 6)
{3194 The N-ternminal lysine on the human IgG1 fragment was eliminated as shown above
in SEQ HX NG 6 in an attempt to improve manufacturing vield and purity. In addition, the
asparagine at the cNg site on the human 1gG1 fragment was conserved to preserve the glycan
attachment during fusion protein production in host cells. The resultant SARS-CoV-2-RBD-
higG-Fe fusion protein is given below:
VIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIVQAGSTPCNGVEGEN
CYFPLOSYGFQPINGVGYQPYRVVVLSFELLHAPATVGGGGGQGGGGQGGGGR
GGGGGDK THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCYVVDVSHEDP
EVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVYS
NKALPAPIEKTISKAKGQOPREPOVYTLPPSRDELTKNGQVSLTCLVKGFYPSDIAVE
WESNGQPENNYKTIPPVLDSDGSFFLY SKLTYVDKSRWQOQGNVFSCSVMHEALHN
HYTOQKSLSLSPG (SEQ D NGO 12)
{0195} The SARS-CoV-2-RBD-higG-Fe fusion protein of SEQ ID NO: 12 was
roanufactured in HEK293 cells according to Example 1 and purified according to Example 4.
Unexpectedly, this gave rise to a highly aggregated SARS-CoV-2-RBD-hlgG-Fc fusion protein
with extremely low homodimer titers of less than 1 mg/L.
{¢196] In a further attempt to producea SARS-CoV-2-RBD-higG-Fcfusion protein, instead
of further shoriening the SARS-CoV-2 RBD, the SP/RBD fragment of the SARS-CoV-2-RBD-
hig(G-Fc fusion protein was selected by extendingthe N-and C- termint of the SP/RBD sequence
to comprise amino acids 319 through 541 of SEQ 12 NO: 1 to create a sequence which might
express better, fold better, and better enable pairing up of cysteines. The resulting analog
SP/RBD fragment of SEQ [D NO: 14 is shown below:
RVOPTESIVRFPNITNLCPFGEVINATRFASVY AWNRKRISNCVADYSVLYNSASFH
STFRCYGVSPTKLNDLCFINVYADSFVIRGDEVRQIAPGQTGIKIADYNYKLPDDFT
GCVIAWNSNNLDSKVGGNYNYLYRLFREKSNLKPFERDISTEIVOQAGSTPCNGVEG
FNCYFPLOSYGFQPTNGVGYQPYRVVVLSFELLHAPATYVCGPRKKSTNLVENKCVN
41



WO 2021/207599 PCT/US2021/026577

F(SEGQIDNO: 14).
10197} A side-by-side comparison of the SARS-CoV-2native SPRBD (SEQ IDNO: 2) and
the SP/RBD fragment (SEQ ID NQO: 14) was performed using Clustal Omega and is shown in
FIG. 15 ¥ represents complete homology across all sequences at a given sequence position.
A7 (colon) indicates conservation between groups of strougly sirilar properties with scoring
greater than 0.5 jo the Gonnet PAM 250 matrix. A “-” (dash) indicates a sequence gap, meaning
that no local homology exists within a particular set of comparisons within a certain range of
the sequences, while 7, .7 or spaces refer to conservative, moderate, or very different amino
acid routations across the sequences at a given sequence position respectively.
{3198} In one attempt, the linker was also shortened and changed in composition to
GGGSGGG(SEQ 1D NG: 3}, and the hinge region and the C-terminal lysine on the human 1gG1
Fe fragment was restored, producing the Fc fragment of SEQ IDNO: 7.
PKSSDKTHTCPPCPAPELLGGPSVELFPPKPKDTLMISRTPEVICVVYVDVSHEDPEY
KFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHOQDWLNGKEYKCK VSN
KALPAPIEKTISK AKGOPREPQVY TLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWE
SNGOPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQGNVESCSVMHEALHNHY
TOKSLSLSPGK (SEQIDNG:T)
{6199} The asparagine at the c¢cNg site on the human IgGl fragment was conserved to
preserve the glycan attachment during fusion protein production in host cells. The resulting
SARS-CoV-2-RBD-higG-Fc fusion protein (SEQ ID NO: 17) is shown below.
RVOPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRISNCVADYSVLYNSASF
STFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRGIAPGOTGKIADYNYKLPDDFT
GOVIAWNSNNLDSKVGOGNYNYLYRUFRKSNLKPFERDISTEIYOAGSTPCNGVEG
FNCYFPLOSYGFOQPINGYVOGYQPYRVVVLSFELLHAPATVCGPKESTNLVKNKCVN
FGGGSGGGRPKESDKTHTCPPCPAPELLGGPSVEFLFPPKPKDTLMISRTPEVTICVVY
DVYSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHGDWLNGK
EYKCKVSNKALPAPIEKTISK AKGOPREPOVYTLPPSRDELTEKNOQVALTCLVEGHY
PSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKETVDRSRWOQQGNYESCSVM
HEALHNHYTOQKSLSLSPGK (SEQ ID NG 17
{0204] The Fe(gamma) Receptor 1 binding of the SARS-CoV-2-RBD-higG-Fe fusion
protein of SEQ 1D NO: 17 manufactured in HEK 293 cells according to Example 1 1s measured
according to Example 9. It is expected that the OD450 measurements for Fo{gamma) Receptor
I, Fe{gamma) Receptor {1A, Fe{gamma) Receptor 1IB, Fe{gamma) Receptor Hi, FeRn, and
ACE?Z receptor binding will increase as a function of the concentration of the SARS-CoV-2-
RBD-higG-Fe fusion protein.
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{0201} In a further attempt, the SARS-CoV-2 RBD fragment of SEQ ID NO: 14 and the
hnker of SEQIDNO: 3 were retained, and the C-terminal lysine on the human IgG1 Fe fragment
was removed again, producing the Fe fragment of SEQ ID NO: 33,
PKSSDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVVDYVSHEDPEY
KFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYRKCKVEN
KALPAPIEKTISKAKGOPREPOVYTLPPSRDELTRNOVSLTCLVKGFYPSDIAVEWE
SNGOPENNYKTIPPVLDSDGSFFLYSKLTVDRK SRWOQOQONVFSCSVMHEALHNHY
TOKSLSLSPG(SEQ ID NGO 33)
{6202} The asparagine at the ¢cNg site on the human IgGl fragroent was conserved to
preserve the glycan attachment during fusion protein production in host celis. The resulting
SARS-CoV-2-RBI-hlgG-Fe fusion protein is shown below.
RVQPTESIVRFPNITNLCPFGEVFNATRFASVY AWNRKRISNCYADYSVLYNSASF
STFKCYGVSPTKLNDLCEFINVYADSEVIRGDEVRGIAPGOQTGKIADYNYKLPDDFT
GCVIAWNSNNLDSKVGONYNYLYRLFRKSNLKPFERDISTEIVOQAGSTPCNGVEG
FNCYFPLOSYGFOPTINGVGYQPYRVVVLSFELLHAPATVOGPKKSTNLVKNKCYN
FGGGSGGGSPKSSDKTHTCPPCPAPELLGGPSVELFPPKPKDTLMISRTPEVTICV VY
DVYSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGK
EYKCKVSNKALPAPIEKTISK AKGQPREPQVY TLPPSRDEL TKNOVSLTCLVEGEFY
PSDIAVEWESNGOPENNYKTIPPVLDSDGSFFLYSKLTVDKSRWOQOGNVESCSYM
HEALHNHYTQKSLSLSPG (S8EQ ID NO: 16)
[0203] The Fo fusion protein of SEQ ID NO: 16 was recombinantly rmanufactured in
transiently transfected CHO cells according to Example 2. The Fe fusion protein of SEQIDNO:!
16 was purified according to Example 5. The fusion protein structure of SEQ 1D NO: 16 was
confirmed according to Example 6, and the sequence identification was performed according to
Example 7. To obtain the homodimer titer of the manufactured SARS-CoV-2-RBD-higGFc
fusion protein, the Yehomodimer was measured according to Example 8 and the homodimer titer
was calculated by multiplying the %Ghomodimer by the protein titer of the recombinantly
manufactured fusion protein. The homodimer titer of the SARS-CoV-2-RBDB-higG-Fc fusion
protein of SEQ 1D NGO 16 was caleunlated to be 139 mg/L..
{0204} The Fe(gamma) Receptor 1 binding of the SARS-CoV-2-RBD-higG-Fe fusion
protein of SEQ 1D NO: 16 manufactured in transiently transfected CHO cells according to
Bxample 2, or in CHO cells according to Example 3 is measured according to Example 9. Itis
expected that the OD450 measurements for Fe(gamma) Receptor |, Fe{gamma) Receptor HA,
Fe{gamma) Receptor [IB, Fc(gamma) Receptor 1, FcRn, and ACEZ2 receptor binding will
increase as a function of the concentration of the SARS-CoV-2-RBD-hlgG-Fc fusion protein.
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{0205] In a further attemapt to produce a SARS-CoV-2-RBD-higG-Fe tusion protein, the
SARS-CoV-2 SP/RBD fragment of SEQ 1D NO: 14 was linked via the same linker that was
used in the SARS-CoV-2-RBD-hlgG-Fc¢ fusion protein of SEQ ID NGO 1t -
GGGGGQGGGGQGGEGERGEGEGEGE (SEQ ID NO: 4) - to a human IgGl Fe fragment
comprising SEQ ID NO: 6. The resulting SARS-CoV-2-RBD-higG-Fc fusion protein is shown
below.
RVOPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRISNCVADYSVLYNSASF
NTFKCYGVSPTKLNDLCFINVYADSFVIRGDEVRGIAPGOQTGRIADYNYKLPDDFT
GOVIAWNSNNLDSKVGGNYNYLYRUFRKSNLKPFERDISTEIYOQAGSTPCNGVEG
FNCYFPLOSYGFOPTNGYVGYQPYRVVVLSFELLHAPATYVCGPRKSTNLYVKNKCYN
FGOOGGQGEGGQGOEGRGEGGEDKTHTCPPCPAPELLGOGPSVFLFPPKPK DTLMI
SRTIPEVICVVVDVSHEDPEVKFNWY VDGVEVHNAKTEKPREEQYNSTYRVVSVLT
VIHGDWLNGKEYKCK VSNKALPAPIEK TISKAKGOPREPQVYTLPPSRDELTKNG
YSLTCLVKGEYPRDIAVEWESNGOPENNYKTIPPVLDSDGSFFLYSKLTVDKSRW
QGGNVFSCSVMHEALHNBYTQKSLSLSPG(SEQ ID NO: 18)
{0206} The Fc fusion protein of SEQ ID NO: 18 was recombinantly manufactured in
transiently transfected CHO cells according to Hxample 2 and was purified according to
Example S. In examples, the fusion protein structure of SEQ ID NO: 18 was confirmed
according to Example 6, and the sequence identification was performed according to Example
7. To obtain the homodimer titer of the manufactured SARS-CoV-2-RBD-hlg(G-Fc fusion
protein of SEQ 1D NO: 18, the %homodimer was measured according to Example 8§ and the
homodimer titer was calculated by multiplying the %Ghomodimer by the protein titer of the
recombinantly manufactured fusion protein. The homodimer titer of the SARS-CoV-2-RBD-
bigG-Fe fusion protein of SEQ ID NG: 18 was calculated to be 124 mg/l.
{0287 The Fe{gamma) Receptor [ binding of the SARS-CoV-2 Fe Hu fusion protein of SEQ
{13 NO: 18 manufactured in transiently transfected CHO cells according to Example 2, orin
CHO cells according to Example 3 is measured according to Example 9. Itis expected that the
D450 measurements for Fo{gamma) Receptor I, Fe{gamma) Receptor 1A, Fe{gamma)
Receptor 1B, Fe{gamma) Receptor IH, FcRa, and ACEZ receptor binding will increase as a
function of the concentration of the SARS-CoV-2-RBD-hlgG-Fc fusion protein and at a given
concentration the QD450 measurements is greater than a reference standard.
[6208] In aturther attempt to producea SARS-CoV-2-RBD-higG-Fcfusion protein, instead
of further shortening the SARS-CoV-Z SP/RBD, the SP/RBD fragment of the SARS-CoV-2-
RBD-hlgG-Fe fusion protein was selected by extending the N- and C- termint of the SP/RBD
sequence to comprise aming acids 319 through 541 of SEQ D NO: 1 as shown below in SEQ
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IDNO: 15, tocreate a sequence which might express better, fold better, and better enable pairing
up of cysteines.

RVOPTESIVRFPNIINLCPFGEVFNATRFASVY AWNRKRISNCVADYSVLYNSASF
STFKCYGVSPTKLNDLCFINVYADSFVIRGDEVRGIAPGOQTGKIADYNYKLPDDFET
GCVIAWNSNNLDSKVGGNYNYLYRLFRESNLKPFERDISTHIYQAGSTPCNGVEG
FNCYFPLOSYGFQPTNGVGYOQPYRVVVLSFELLHAPATVCGPRKKSTNLVE (SEQ
D NO:15)
[0209] A side-by-side comparison of the SARS-CoV-2native SPRBD(SEQIDNG: 2y and
the SP/RBD fragment of SEQ 1D NO: 15 was performed using Clustal Omega and is showu in
Fi1G. 16, %7 represents compiete homology across all sequences at a given sequence position.
A {colon) indicates conservation between groups of strongly similar properties with scoring
greater than 0.5 in the Gonnet PAM 250 matrix. A “-” {dash) indicates a sequence gap, meaning
that no tocal homology exists within a particular set of comparisons within a certain range of

R INTIRE]

the sequences, while ™7, “” or spaces refer to conservative, moderate, or very different amino
acid mutations across the sequences at a given sequence position respectively.
0210 The hinker was also shortened and changed in composition to GGGSGGGS (SEGID
NO: 5) and was used to link the SP/RBD fragment to the human [gG1 Fe fragment comprising
SEQID NO: 6. The resulting SARS-CoV-2-RBD-higG-Fc fusion protein is shown below.
RYQPTESIVRFPNITNLCPFGEVFNATRFASVY AWNRKRISNCVADYSVLYNSASF
STFKCYGVSPTKLNDLCFINVYADSFVIRGDEVROQIAPGQTGKIADYNYKLPDDFT
GCVIAWNSNNLDSKVGOGNYNYLYRLFRKSNLEPFERDISTEIYQAGSTPUNGVEG
FNCYFPLQSYGFQPTINGVGYOQPYRVVVLSFELLHAPATVCGPKKSTNLVKGGGSG
GGSDEKTHTCPPCPAPELLGGPSVIFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEY
KFNWYVDGVEVHNARKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSN
KALPAPIEKTISKAKGOPREPOQVYTLPPSRDELTKNQVSLTCLVE GFYPSDIAVEWE
SNGOPENNYKTTPPVLDSDGSFFLYSKLTYVDREKSRWOQOQGNVESCSYMHEALHNHY
TOKSLSLSPG (SEQ IDNG: 20}
3211} The Fc fusion protein of SEQ ID NO: 20 was recombinantly manufactured in
transiently transfected CHQO cells according to Example 2 and was punfied according to
Example 4. In examples, the fusion protein structure of SEQ ID NO: 20 was confirmed
according to Example 6, and the sequence identification was performed according to Example
7. To obtain the homodimer titer of the manufactured SARS-CoV-2-RBD-higlG-Fe fusion
protein, the %homodimer of SEQ ID NO: 20 was measured according to Example 8 and the
homodimer titer was calculated by multiplying the %chomodimer by the protein titer of the
recombinantly manufactured fusion protein. The homodimer titer of the SARS-CoV-2-RBD-
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higG-Fe fusion protein of SEQ ID NO: 20 was calculated to be 134 mg/L.
10212} The Fe(gamma) Receptor 1 binding of the SARS-CoV-2-RBD-higG-Fe fusion
protein of SEQ ID NO: 20 manufactured in transiently transfected CHO cells according to
Example 2, or in CHO cells according to Example 3 is measured according to Example 9. Itis
expected that the OD450 reasurements for Fe(gamma) Receptor [, Fe{garma) Receptor HA,
Fe{gamma) Receptor HB, Fe{garoma) Receptor IH, FeRn, and ACEZ receptor binding will
increase as a function of the concentration of the SARS-CoV-2-RBD-higG-Fe fusion protein
and at a given concentration the OD450 measurements is greater than a reference standard.
{3213} In a further attempt to produce a SARS-CoV-2-RBD-higG-Fefusion protein, instead
of further shortening the SARS-CoV-2 SP/RBD, the SP/RBID fragment of SEQ ID NO: 15 was
retained. The linker was eliminated and the SP/RBD fragment of SEQ ID N{}: 15 was connected
directly to the human IgG1 F¢ fragment of SEQ 1D NO: 6. The resuliing SARS-CoV-2-RBD-
hlgG-Fc fusion protein is shown below.
RVOPTESIVRFPNITNLCPFGEVFNATRFASVY AWNRERISNCVADYSVLYNSASE
STFKCYGVSPTKINDLCFTNVYADSFVIRGDEVROQIAPGQTGKIADYNYKLPDDFT
GCVIAWNSNNLDSKYVGGNYNYLYRLFRKSNLKPFERDISTEIY QAGSTPCNGVEG
FNCYFPLOSYGFQPTNGVGYQPYRVYVLSFELLHAPATYCGPKKSTNLYVKDKTHT
CPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWY VDG
VEVHNAKTKPREEQYNSTYRVVSVLTIVLHQDWLNGKEYKCKVSNKALPAPIEKT
ISKAKGQPREPOQVYTLPPSRDELTENOQVSLTCLVEKGFYPSDIAVEWESNGQPENNY
KTTPPVLDSDGSFFLYSKLTVDKSRWQOGNVESCSVMHEALHNHYTQKSLALSPG
(SEQ IDNO:21)
{3214} The Fe fusion protein of SEQ ID NO: 21 was recombinantly manufactured in
transiently transfected CHO cells according to Example 2 and was purified according to
Example 4. Io exaroples, the fusion protein structure of SEQ D NG 21 was confirmed
according to Example 6, and the sequence identification was performed according to Example
7. To obtain the homodimer titer of the manufactured SARS-CoV-2-RBD-higG-Fc fusion
protein of SEQ I NG 21, the %homodimer was measured according to Example 8 and the
homodimer titer was calculated by mukltiplying the %chomodimer by the protein titer of the
recombinantly manufactured fusion protein. The protein titer was 156 mg/lL and the
Y%homodimer was 98.7%, resulting in a homodimer titer of the SARS-CoV-2-RBD-hlgG¥e
fusion protein of SEQ ID NO: 21 of 154 mg/L.
{0215] The Fo{gamma) Receptor 1 binding of the SARS-CoV-2 F¢ Hu fusion protein of
SEQ 1D NG: 21 manufactured in transiently transfected CHO cells according to Example 2, or
in CHO cells according to Example 3 is measured according to Example 9. It is expected that
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the GD450 measurements for Fe{ganuna) Receptor I, Fe{gamma) Receptor HA, Fe{gamma)
Receptor 1B, Fe{gamma) Receptor 1L, FcRa, and ACEZ receptor binding will increase as a
function of the concentration of the SARS-CoV-2-RBD-higG-Fc fusion protein and at a given
concentration the OD450 measurements is greater than a reference standard.
{32146] In a further attempt to produce a SARS-CoV-2-RBD-higG-Fe fusion protein, the
SP/RBD fragment of the SARS-CoV-2-RBD-higG-Fe fusion protein was selected by extending
the C-termini of the SP/RBD sequence such that the SP/RBD comprises amino acids 319
through 591 of SEQ 1D NG 1 as shown below in SEQ I NQO: 13,
RVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRERISNCVADYSVLYNSASF
STFKCYGVSPTKLNDLCFINVYADSFVIRGDEVRQIAPGQTGKIADYNYKLPODFT
GCVIAWNSNNLDSKVGONYNYLYRLFRESNLKPFERDISTEIYQAGSTPONGVEG
FNCYFPLOSYGFQPINGVGYQPYRVYVLSFELLHAPATVCGPKESTNLVKNKCVN
ENFNGLTGTGVLTESNKKFLPFQOQFGRDIADTTDAVRDPOQTLEILDITPCS (SEQ ID
NG: 13}
{0217} The side-by-side comparison of the SARS-CoV-2 native SP/RBD (SEQ IDNO: 2)
and the SP/RBD fragment (SEQ D NO: 13) was performed using Clustal Omega and is shown
in FIG. 17. %% represents complete homology across all sequences at a given sequence position.
A7 (colon) indicates conservation between groups of strongly similar properties with scoring
greater than 0.5 in the Gonnet PAM 250 matrix. A “-” {dash) indicates a sequence gap, meaning
that no local homology exists within a particular set of comparisons within a certain range of
the sequences, while “7", “” or spaces refer to conservative, moderate, or very different amino
acid mutations across the sequences at a given sequence position respectively.
{0218] The shorteved linker of GGGSGGGS (SEQ ID NO: 5)was used tolink the SP/RBD
fragment of SEQ 1D NO: 13 to the buman 1gG1 Fe fragment of SEQ 1D NO: 6. The resulting
SARK-CoV-2-RBD-higG-Fe fusion protein is shown below.
RVOPTESIVRFPNITNLCPFGEVENATRFASVY AWNRKRISNCYVADY SVLYNSASF
STFRCYGVSPTKINDLCFTNVYADSFVIRGDEVRQIAPGOTGKIADYNYKLPDDET
GCYIAWNSNNLDSKVGONYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEG
FNCYFPLOSYGFOPTNGVOYQPYRVYVLSFELLHAPATYCGPKKSTNLVENKCVN
FNFNGLTGTGVLTESNKKFLPFQUFGRIADTTDAVRDPOTLEILDITPCSGGGSGE
GSDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTICVVVDVSHEDPEVKF
NWYVDGVEVHNAKTKPREEQYNSTYRVVEVLTVLHODWEINGKEYKCKVENK A
LPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNGQVSLTCLVKGFYPSDIAVEWESN
GOPENNYKTIPPVLDSDGSFFLYSKLTVDKSRWQOQGNVESCSVMHEALHNHY TQ
KSLSLSPG(SEQIDNO: 19)
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{0219] The Fe fusion protein of SEQ ID NO: 19 was recombinantly manufactured in
transiently transfected CHO cells according to Example 2 and was purified according to
Example 5 In examples, the fusion protein structure of SEQ ID NO: 19 was confirmed
according to Example 6, and the sequence dentification was performed according to Example
7. To obtain the homodimer titer of the mavutactured SARS-CoV-2-RBD-higG-Fe fusion
protein, the Yhomodimer was measured according to Example 8 and the homodimer titer was
calculated by muitiplying the %homodimer by the protein titer of the recombinantly
manufactured fusion protein. The homodimer titer of the SARS-CoV-2-RBD-higG-Fc fusion
protein of SEQ 1D NO: 19 was calculated to be 204 mg/L.

{02261 In an embodiment, the Fc fusion protein of SEQ 1D NO: 19 was recombinantly
manufactured in stably transfected CHO cells according to Example 3. The Fe fusion protein of
SEQ ID NO: 19 was purified according to Example 5. In examples, the fusion protein structure
of SEQ ID NO: 19 was confirmed according to Example 6, and the sequence identification was
performed according to Example 7. To obtain the homodimer titer of the manufactured SARS-
CoV-2-RBD-higG-Fc fusion protein, the Yhomodimer was measured according to Example 8
and the homodimer titer was calculated by multiplying the %shomodimer by the protein titer of
the recombinantly manufactured fusion protein. The homodimer titer of the SARS-CoV-2-
RBD-hlgG-Fe fusion protein of SEQ ID NO: 19 was calculated tobe greater than 750 mg/L.
3221} The Fe{gamma) Receptor 1 binding of the SARS-CoV-2-RBD-higG-Fc fusion
protein of SEQ 1D NO: 19 manufactured in CHO cells according to Example 3 is measured
according to Example 9. As described in Example 16 and shown in FIG. 19, FIG. 20, FIG. 21,
FIG 22, and FIG. 23, the OD450 measurements for Human Fo{gamma) Receptor I, Fe{gamma)
Receptor 1IA, Fe(gamma) Receptor HB, Fe(gamma) Receptor I, FeRo, and ACEZ receptor
binding increase as a function of the concentration of the SARS-CoV-2-RBD-higG-Fe fusion
protein.

{6222} A side-by-side comparison of the SP/RBD domains of SEQID NG 8, SEQIDNOG:
9, SEQ IDNG: 10, SEQ IDNOG: 14 and SEQ ID NO: 15 was performed using Clustal Omega
and is shown in FIG. 80, “*” represents complete homelogy across all sequences at a given
sequence position. A 7 {colon} indicates conservation between groups of strongly simifar
properties with scoring greater than 0.5 in the Gonnet PAM 250 matrix. A “-” {dash) indicates
a sequence gap, meaning that no local homology exists within a particular set of comparisons
within a certain range of the sequences, while “.7, " or spaces refer 1o conservative, moderate,
or very different amino acid mutations across the sequences at a given sequence position

respectively.
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SARS-CoV-2-RBD-higG-Fe Fusion Profeins for Use as a Primary Vaccine

{0223} A SARS-CoV-2-RBD-hlgG-Fc fusion protein may be used as a primary vaccine, In
one or more embodiments, the SARS-CoV-2-RBD-higG-Fc fusion protein is provided in a
pharmaceutical composition. Injection of any protein can induce an inunune response, the
magnitude and type of which is highly dependent on the “status” of the respective immune
system. For example, injection of a foreign antigen (Ag) relative to a self Ag will induce a
greater umune response in an immune system that maintains central and peripheral tolerance
mechanisms. Moreover, foreign Ag administration to an immune system that has been primed
to previous exposure to the respective Ag {(e.g., a viral infection) will lodge a rore rapid and
elevated immune response relative to that of an Ag-naive system. The unmunological basis of
this priming is two-fold: 1} an Ag-naive immune system has naive B and T lymphocytes that
have a much higher threshold of activation than do the Ag-primed “memory” cells of a Ag-
primed immune system, such that the antigen-presenting cells {(APCs) that present Ag require
much less Ag to activate primed memory T cells, and 2} due to expansion of memory T cells
during the Ag priming exposure, there are inherently greater numbers of such cells upon re-
exposure toan injected Ag. Notethat dominant APCs are dendritic cells (DCs) and macrophages
that present Ag in complex with Major Histocompatibility Complex (MHC) molecules on their
surface to T cell Agreceptors.

{02244 APCs can influence both the “magnitude” and “type” of response to Ag. B cells
participate in the tmmune response directly by humoral immunity {(antibody production) and
also participate in the T-cell immune response as specific APCs that selectively capture and
present antigens to T cells. Both these functions are achieved through activation of the surface
B cell receptor (BCR), which is essentially a mersbrane bound antibody that binds specifically
to a particular antigen. Multivalent soluble antigens such as the Fe-fusion homodimer
containing the specific antigen can be recognized by BCRs and activate them. Thus, the SARS-
CoV-2-RBD-higG-Fe protein homodimers can activate B cells through antigen-specific BCR
activation leading to an increase in antibody production, as well as an increase in T cell activity
directed specifically against the RBD. Thus, these fusion proteins activate both humoral and
cellular immunity afier administration. More particularly, the induced Thi-type (cellular)
immunity activates the body’s cell-killing machinery like cyiotoxic T cells, KK cells, and
macrophages which target cells that are already infected with the virus. Concurrently, in Th2-
type immunity, the T helper celis stimulate B cells o proliferate and differentiate into plasma
cells that secrete antigen-specific antibodies. These antibodies help control infection by
antibody directed cellular toxicity (ADC) which occurs when the antibodies bind antigen
presented on the surface of infected cells and direct NK cells to destroy them. The antibodies
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also help by binding to and neutralizing the virus by preventing its interaction with cells and

ultimately clearing the virus via Fe-directed phagocytosis.

Adjuvants
[0225] In sorve examoples, the Thi cell response is required to clear most viral and bacterial
mfections, in which virus-like or bacterial-like substances (non-Ag in nature) condition APCs
to express key cytokines and surface co-stimulatory molecules that, during Ag presentation,
drive T cells tobecome the Thi type. In fact, this APC activation is the conceptual basis of many
immune enhancing substances called adjuvants. The general mechanism of a vaccine adjuvant
is ilfustrated in FIG. 18, Note that dominant APCs are dendritic cells (B3CUs) and macrophages
that present Ag in complex with Major Histocompatibility Complex (MHC) molecules on their
surface to T cell Ag receptors (FIG. 1), These APCs can influence both the “magnitude” and
“type” of response to Ag. Some adjuvantsare designed to trick the immune system into reacting
to the injected vaccine Ag as if i were part of an on-going imfection (i.e, infecticus agents
provide such natural viral or bacterial adjuvant substances). Therefore, adjuvants activate APCs
for greater Ag-presentation capabilities necessary to overcome the high activation threshold of
raive T cells, in addition to shaping their development into the Thi response to effectively clear
the respective infection. Note that such T cells provide critical help to B cells that specifically
bind the respective Agto produce Ag-specific antibody (Ab) titers (FI1G. 12).
10226} The Fe fusion protein used as a primary vaccine may be co-administered with an
adjuvant to enhance or otherwise alter the immune response in the target subject. Adjuvants
activate APCsfor greater Ag-presentation capabilities which are necessary toovercome thehigh
activation threshold of natve T cells, in addition to shaping their development into the Thi
respounse to effectively clear therespective infection. In examples, known adjuvantsmay be used
in a pharmaceutical composition of the SARS-CoV-2-RBD-higG-Fc fusion protein to enhance
the induction of anti-SARS-CoV-2 antibodies. Known adjuvants include adjuvanis used for
respitatory viras infections jucluding trivalent or monovalent influenza vaccines, pandemic
HINT, HSN1, and SARS-CoV vaccines during the last decade in human chinical studies.
{02271 Examples of adjuvants that may be emploved in the pharmaceutical compositions
disclosed herein include but are not limited to oil-in-water, amorphous aluminum
hydroxyphosphate sulfate (AAHS), aluminum hydroxide, aluminum phosphate, potassium
aluminum suifate (Alum), Freund’s adjuvant {(complete and/or incomplete), squalene, AS02,
AS03, AS04, MF59, ASOIB, §S-21, CpG 1018, ISCOMS, Montanide™ [SA-51, Montanide™
ISA-T20, polylactide co-glycolide (PLG), monophosphoryl lipid A (MPL}, Detox, AGP [RC-
5291, DC Chol, OM-174 (lipid A dernvative), CpG motifs (synthetic oligonucleotides
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containing immunostimulatory CpG motifs), modified LT and CT, hGM-CSF, hil-12,
Immudaptin, Inert vehicles, such as gold particles as well as various expenimental adjuvants
from sources such as Advax (Australia) such as AddaVax (Invivogen) or other Advax-based
vaceine adjuvants,

[0228] In some examples, the selected adjuvant may be MFSS (Novartis) and AS-03
{GlaxoSmithKline). A custorn formulation of MFS9 (Novartis) or an equivalent such as
AddaVax {Invivogen) or other Advax-based vaccine adjuvants from Vaxine Pvi Lid. (Australia)
may be used in a pharmaceutical composition of the SARS-CoV-2-RBD-higG-Fe fusion
protein. In prefewed embodiments, the SARS-CoV-2-RBD-higG-Fe fusion protein is co-
administered with the Montanide™ ISA-720 adjuvant to enhance or otherwise alter the immune
response in the target subject. Many different adjuvants used for respiratory virus infections are
tested extensively in seasonal trivalent flu vaccines and with pandemic HINT and H3NI
vaccines (Protein Sciences} in Australia and recently in NIH supported human influenza vaccine
trials conducted by Sanofi Pasteur in the United States and may be used in a phanmaceutical
composition of the SARS-CoV-2-RBD-hig(G-Fc fusion protein.

3229 Irn one or more embodiments, the SARS-CoV-2-RBD-hligG-Fe fusion protein
formulation is prepared onsite for administration. In one aspect, the SARS-CoV-2-RBD-higG-
Fe fusion protein is mixed with an adjuvant onsite under sterile mixing conditions. In one
aspect, the SARS-CoV-2-RBD-higG-Fc fusion protein and adjuvant are thoroughly mixed
and/or emulsified to prepare a homogenous emulsion for administration to the subject. The
adjuvanted formulation of the Fc fusion protein or a pharmaceutical composition thereof is
administered to a patient by subcutaneous (5.¢} injection or intramuscular (Lm.} injection, as
the s.c. or i.m. injection sites are more likely to induce a strong antibody response due to there
being more dendritic cells (DCs) in the subcutaneous and intramuscular spaces.

{0230] After administering one or more than one treatment of an exemplary SARS-CoV-2-
RBD-hlgG-Fc fusion protein of this disclosure or a pharmaceutical composition thereof to an
antibody najve patient, anti-SARS-CoV-2 antibodies are measured according to Example 11
and their neutralizing capacity assessed according to Example 13. Itis expected that one or more
than one treatment with an exemplary SARS-CoV-2-RBD-higG-Fe fusion protein of this
disclosure or a pharmaceutical composition thereof to previously antibody naive patients will
induce measurable anti-SARS-CoV-2 antibody titers in extracted serum post-treatment.

{6231} As described above, in some cases, it may be advantagecus to use an adjuvant it the
pharmaceutical composition in order to increase the quantity of anti-SARS-CoV-2 antibody
titers as measured according to Example 11 and/or the virus-neutralizing capacity of the anti-
SARS-CoV-2antibody titers as measured according to Example 13. The use of an adjuvant may
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be especially advantageous in antibody naive patients who donot possess an underlying immune
response to the virus or the SP/RBD. Furthermore, an adjuvant may be advantageous in older
subjects who experience altered immune competence with increasing age, so-called
immunosenescence, which is the result of changes at multiple levels of the immune system over
time. Ounce a patient has measurable antibodies, upon re-challenge with the SARS-CoV-2 virus,
the patient will exhibit very rapid development of anti-SARS-CoV-2 antibodies to mount their

own defense against COVID-19.

Primary SARS-CoV-2-RBD-blg(-Fe Fusion Vaccines Evaluated in Mice

{02321 The efficacy of an exemplary SARS-CoV-2-RBD-higG-Fc fusion proteins of this
disclosure or a pharmaceutical composition thereof have been initially evaluated in mice
immunization studies for their capacity to induce high-titer neutralizing AB responses using
different dosing strategies according to the procedure in Example 12. BALB/c mice are a
relevant animal model that has been extensively used for preclinical immunogenicity assessment
of vaccines. This strain generates robust Ab responses when immunized with adjuvanted and
non-adjuvanted vaccine candidates. Moreover, mouse-specific reagents are widely available for
evaluating the kinetics and characteristics of a variety of immune responses to vaccination,
mcluding relevant Ab isotypes and T cell responses (e.g., Thl vs. ThZ responses). Therefore,
the BALB/c mouse model was selected to evaluate the immunogenicity of SP/RBD-Fc vaccines
with respect to Ag dose, potentiation by adjuvants, routes of adminmistration, and dosing
frequency required to achieve optimal Ab responses.

{0233} Briefly, target mice {eg, BALB/c mice) were injected up to three times at
predetermined ivtervals {e.g., every three weeks) with SARS-CoV-2-RBD-higG-Fe fusion
proteins {with or without adjuvant} or pharmaceutical composiiions thereof, and serum was
collected at regular intervals. The serum anti-SARS-CoV-2 antibody titers were measured
according to the procedure in Example 10 or the procedure in Example 11 and their potency to
inhibit ACE2-SP/RBD binding was assessed according to Example 13. Experimental variables
included the SARS-CoV-2-RBD-hlgG-Fc fusion protein composition and dose level, number
of injections, and type of adjuvant.

{0234] As described in detail in Example 17 it was shown that dose levels between 1 and
100 g of'the SARS-CoV-2-RBD-higG-Fcfusion protein of SEQ I NO: 17 induced significant
anti~-SP/RBD Ab titers 21 days after a single injection, and 14 days after a second injection, as
shown in FIG. 25 and FIG. 26 respectively. The kinetic response, that is the duration of response,
to dose levels varying from 1 pg to 100 pg after 1, 2, and 3 doses demonstrated increasing anti-
SP/RBD Ab titers at all dose levels up to at least 56 days post vaccination, as shown in F1G. 27,
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The results highlight that a measurable increase in anti-SP/RBD IgG Ab titer response can be
seen 14 davs after each dose, and that the SP/RBD IgG Ab titer response continued to increase
with each additional dose for all dose levels.

[0235] In Example 18 it was importantly shown that the Fc fragment of the non-adjuvanted
SARS-CoV-2-RBD-higG-Fe fusion protein of SEG ID NGO 17 was necessary to induce
significant anti-SPRBD IgG Ab titers, as demonstrated by the fact that the SP/RBD monomneric
Agof SEQ IDNO: 2 (thatlacks Fe} was not effective with respect to measured immunogenicity
response at Day 21. The induced anti-SP/RBD IgG Ab titer response of SEQ 1D NO: 17
including the Fc fragment reached near maximum titers even at 14 days after the intial dose as
shown in FIG. 28, whereas the SP/RBD monomeric Ag of SEQ D NO: 2 with no Fo fragment
induced virtually no anti-SP/RBD 1gG Ab titer response even after 21 days. This Day 21 effect
of the Fe moiety is very robust in that it was maintained at several doselevels. This difference
in impunogenicity between these two non-adjuvanted materials demonstrates the significant
“bult-in adjuvant” capability of the Fc moiety of the fusion protein Ag.

{02361 As previously discussed, adjuvants activate APCs for greater Ag-presentation
capabilities which are necessary to overcome the high activation threshold of naive T cells, in
addition to shaping their development into the Thl response to effectively clear the respective
mfection. InExample 19 it was shown that some, but not all, adjuvanted formulations containing
a 10 pg dose level of the SARS-CoV-2-RBD-hlgG-Fe¢ fusion protein of SEQ ID NO: 17
enhanced immunogenicity after one {(measured on Day 21-as shown on FIG. 29), two (measured
on Dray 35 — as shown on FIG. 30), and three (roeasured on Day 56 — as shown on FIG. 31)
doses by approximately 3- to 5-fold, demonstrating a range of effectiveness among the
adjuvants. Notably, 32 days after the third dose(i.e., measured on Day 88 as shown on FIG.32),
titers induced by all formulations remained significantly elevated, demonstrating the durability
of immunogenicity responses to the SARS-CoV-2-RBD-higG-Fc fusion protein of SEQGIDNO:
17 even at three months after the first injection,

{6237} The mhibition potency of ACE2-8P/RBD binding is calculated as the ID50 value
which represents the reciprocal of the dilution at which 50% of the ACEZ binding was achieved
by a serum sample. As described in Example 20, the induced inhibition potency of ACE2-
SP/RBID binding was calculated at Day 21 after a single injection on Dday 0, on Day 42 after
injections at Day 0 and Day 21, and on Day 56 and Day 88 after injections on Day 0, Day 21
and Day 42. The calculated 1D50 values of immune serum from mice immunized with 3 doses
of SEQ I NO: 17 showed a response in which the inhibition potency was maintained to 32
days after the last injection (FIG. 36). Moreover, the Montanide™ ISA 720 adjuvant

consistently induced the top potency at each timepoint. The Montanide™ ISA 720 result was
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particularly interesting and surprising given that the total IgG titers obtained with this adjuvant
were not exceptionally potent relative to the other adjuvanted formulations, thus suggesting
induction of greater intrinsic potency per IgG molecule with Montanide™ ISA 720 These data
strongly supported the selection of Montanide™ ISA 720 as the lead adjuvant candidate forthis
vaceine development program,

02338] Individuals greater than 60 years of age found to have a greater susceptibility to
severe tllness with a higher mortality dueto COVID-19. Therefore, it was important to evaluate
the capacity of SARS-CoV-2-RBD-higG-Fc fusion protein formulations to induce immune
responses in older mice whose immune systems are a reliable roodel for the sevescent immune
systems of aging human adults.

{32391 Following the procedure of Example 21, BALB/c mice 8- to 10-months of age were
immunized with the SARS-CoV-2-RBD-higG-Fc fusion protein of SEQ I3 NO: 17, Because
of the higher natural mortality in mice after 8-months of age, approximately 15 mice were
allocated for each study group. While 10, 30, and 100 ug dose levels of the SARS-CoV-2-RBD-
higG-Fe fusion protein of SEG 1D NO: 17 induced significant IgG titers after 1 dose {measured
on Day 21), 2 doses {measured on Day 35} and 3 doses (measured on Day 56) without adjuvart,
the adjuvantsstrongly potentiated this immunogenicity in formulations with 10 pg of the SARS-
CoV-2-RBD-higG-Fe fusion protein of SEQ IDNO: 17, as dlustrated in FIG. 37, FIG. 38 and
FIG. 39, Similar tothe immunogenic profile in younger mice, use of the adjuvant Montanide™
ISA 720 dramatically and unexpectedly enhanced the inhibition potency (ID50) of the SARS-
CoV-2-RBD-higG-Fefusion protein of SEQ IDNG: 17 by 17-fold relative to the level obtained
without adjuvant measured at Day 56, Moreover, the inhibition potency (ID50) obtained with
Moutanide™ ISA 720 was again superior to the other adjuvants. Importantly, this inhibition
potency induced by the SARS-CoV-2-RBD-higG-Fefusion protein of SEQIDNG: 17 with and
without adjuvant was above that of human convalescent serum {(see FIG. 33, FIG. 34, FIG. 35
and FIG. 30), demonstrating the promising effectiveness of such a SARS-CoV-2-RBD-hlgG-
F¢ fusion protein vaccine.

{3240} Collectively, the results in BALB/c mice deseribed above demonsirated that the
SARS-CoV-2-RBD-higG-Fc fusion protein of SEQ 1D NG: 17 substantially induces fgG titers
that have a significant potential to inhibit SARS-CoV-2 viral SP/RBD binding to ACE2. In
addition, because tmmunization with Montanide™ 18SA 720 showed the greatest inhibitory
potency, and because it is formulated forreduced reactogenicity in humans, it was selected as a
lead development candidate adjuvant for further evaluation.

[6241] Similar studies were performed using the higher vielding SARS-CoV-2-RBD-hlgG-
Fc fusion protein of SEQ D NO: 19, As described in more detail in Example 22, the SARS-

54



WO 2021/207599 PCT/US2021/026577

CoV-2-RBD-hlgG-Fc fusion protein of SEQ 1D NG 19 induced substantial IgG titers in mice
at 1 ug and 10 ug doselevels in the absence of adjuvant as measured according to the improved
ELISA format of Example 11, consistent with the immunogenicity profile of the SARS-CoV-2-
RBD-hlgG-Fc fusion protein of SEQ ID NO: 17 described above, showing a pronounced dose-
response between the two dose levels after the st (Day 14) and 2nd (Day 33) doses FIG. 40,
FIG 41, and FIG. 42). As expected, the SARS-CoV-2-RBD-higG-Fe fusion protein of SEG 1D
NG: 19 formulated with different adjuvants induced substantially higher titers as weasured
according to Example 22 relative to thosein the absence of adjuvant after each dose (~ 3- to 10-
fold afterthe Ist and 2nd doses), and that Montanide™ {8SA 720 was similar in effectiveness to
that of Ad-Vax-2 after each dose whereas Montanide™ ISA 51 was less effective. In addition,
the SARS-CoV-2-RBD-higG-Fe fusion protein of SEQ I3 NO: 19 induced strong ACEZ2-
SP/RBD inhibitory potencies (IS0 values) as measured according to Example 23 that were
significantly above those of human convalescent serum at after each dose (FI1G. 43, FIG. 44 and
FiG. 45). Notethat Montanide™ ISA 720 achigved the highest potencies after the third dose.
8242} Example 24 verified that the SARS-CoV-2-RBD-hlgG-Fc fusion protein of SEQ ID
NO: 19 with all adpuvants induced significant Thl-promoted IgG2a, 1gG2b and IgG3 isotype
titers in which Montanide™ ISA 720 consistently showed a strong enhancement at all
tmepoints (FIG. 48, FIG. 49 and FIG. 50). In addition, Th2-promoted isotype, IgG1 titers were
approximately 10-fold less than those of the Thl-associated isotype (FIG. 47). These results
demonstrate that the Montanid ™ ISA 720 adjuvant maintained a strong enhancing effect when
delivered with SEQ I NO: 19, especially by promoting the desired shift towards a Thl
response, supporting its dose-sparing charactenistics and selection as the clinical lead adjuvant.
[6243) The role of theFe fragment in its coutribution to the immunogenicity of the SP/RBD-
Fe fusion protein vaccine was further investigated in mice by atterupting to understand bow the
use of a human IgG Fo construct in mice may affect the efficacy. Mouse 1g(G2a s the functional
analog to human IgGl. The experiments described in Example 25 were aimed at determining i)
whether the Fc species misroaich might be the cause of the vonderlying iromunogenicity of the
SP/RBD-Fc fusion protein and #1) whether results from human ig(s Fo constructs in animal
models are appropriate for predicting performance in humans.

{6244} Immunizations with SEQ 1D NO: 19 (human Fcy and SEQ [ NO: 23 containing the
murine Fc comprising mouse [gG2a without adjuvant showed no significant differences in
induction of anti-SP/RBD 1gG AD titers 14 days after the first or second doses (1.e., Day 14 as
shown in FIG. 51 and Day 35 as shown in FIG. 52), demonstrating that human Fc antigenic
sequences do not perform any differently than native mouse Fe sequences in the BALB/c mouse
immunogenicity model. Furthermore, immunizations with SEQ IDNG: 19and SEG ID NO: 23
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without adjuvant showed no significant differences im ACEZ-SP/RBD binding inhibition
potency 14 days afterthe first or second doses (1., Day 14 as shown in FIG. 33 and Day 35 as
shown in FIG. 534), demonstrating that human Fc antigenic sequences do not perform any
differently than native mouse Fe sequences in the BALB/c mouse immunogenicity model. Both
SEQ I NO: 19 and SEQ ID NO: 23 exhibited ACE2-SP/RBD binding inhibition potency
greater than human convalescent serum (HCS) even after just one dose. Given that the mouse
version of the SARS-CoV-2-RBD-higG-Fc fusion protein (SEQ D NO: 23) demonstrates
enhanced immunogenicity in mice relative to the naked SP/RBID protein (SEQ D NO: 2), it is
highly likely that the human version will demonstraie enhanced irnmunogenicity in humans.
{0245] In furthering such transiational research, this inhibitory potency of disrupting the
biochemical interaction of recombinant ACE2 and SP/RBD was confirmed with the
neutralization of live SARS-CoV-2 virus from infecting live VERQO-EO cells in the Plague
Reduction Neutralization Test (PRNT) according to the procedure of Example 15 and shownin
FIG. 46,
{0246} The ability to store and/or transport a vaccine at refrigerated temperature or room
temperature is very important to the effective distribution of the vaccine, in particular in
countsies that lack sophisticated cold chain transportation and storage infrastructure. Example
26 describes in vivo studies that compared the effectiveness of generating SP/RBD IgG Ab titer
responses of freshly made SARS-CoV-2-RBD-higG-Fc fusion protein of SEQ ID NO: 19/18A
720 emulsion with the same emulsion stored at 4°C and 25°C for one day and seven days after
preparation.
{06247} The results from the ACEZ2 binding inhibition assay described in Example 13
demonstrated that the SARS-CoV-2-RBD-hlgG-Fe fusion protein of SEQ 1D NO: 19 induced
sinilar hibitory potency i serum (ID50 values) in mice after injection of freshly made
emulsion versus the emulsion stored for 1 day and 7 days at 4°C and 25°C. As shown in FIG.
55, there is no significant difference {(p>0.05) in 11350 values between the animals injected with
freshly made emulsion versus any of the aged emulsions.
{0248] Iy an attempt to understand whether the SARS-CoV-2-RBB-higG-Fc Fusion Protein
Vaccine of SEQ ID NG: 19 with the adjuvant, Montanide™ ISA 720 was effective against
variants of the SARS-CoV-2 virus, the analog RBD fragment of the UK NS0O1Y viral variant
(SEG 1D NO: 24) and the South African E484K viral variant (SEQ [D NO: 25y were analyzed
using Bay 56 serum samples from mice inumunized according to Example 22 with 2 doses of
the SARS-CoV-2-RBD-hig(G-Fe Fusion Protein Vaccine of SEG D NG: 19 with the adjuvant,
Montanide™ ISA 720. FIG. 66 illustrates a side by side comparison of the SARS-CoV-2 native
RBD of SEQ 1D NO: 2 and the analog RBD fragment of the UK N501Y viral variant (SEQ D
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NO: 24) and the South African E484K viral vanant (SEQ ID NO: 25} performed using Clustal
Omega where “*7 represents cormplete homology across all sequences at a given sequence
position. A “7 {colon} indicates conservation between groups of strongly similar properties
with scoring greater than 0.5 in the Gonnet PAM 250 matrix. A “-7 {dash) indicates a sequence
gap, meaning that no local homology exists withiv & particular set of comparisons within a
certain range of the sequences.

0249] The serum samples were added to plastic-bound recombinant RBD wild-type {(Lake
Pharma, Worcester, MA) or mutants N501Y {UK variant, provided by Sino Biological, Wayne,
PAYor E484K (South Africa variant, provided by AcroBiosystems, Newark, DE). Bound RBD-
specific 1g( was detected with labelied anti-mouse 1gG secondary antibodies and gl yg/mL
titer values determined via a mouse ELISA reference serum standard curve. The results shown
in FIG. 65 illustrate that such immune sera from mice bound recombinant RBD mutants, N50TY
and E484K as well as, or greater than, the wild-type RBD molecule, indicating that the UK
(N501Yy and South African (E484K) viral variants are not likely to escape SEQ 1D NG: 19

induced immunity.

Primary SARS-CoV-2-RBD-higG-FcFusion Vaccines Evaluated in Non-Human Primates
{0250} To translate the SARS-CoV-2-RBD-hlgG-Fc fusion protein immmunogenicity results
from mice to human clinical studies, the SARS-CoV-2-RBD-higG-Fe fusion protein of SEQ ID
NO: 19 formulated in Montanide™ ISA 720 was tested in the more genetically-relevant NHP
species, Cynomolgus monkeys, according to Example 27 and Example 28 The SARS-CoV-2-
RBD-hlgG-Fe fusion protein of SEQ ID NO: 19 at 10 pg and 30 pg doselevels formulated with
Moutanide™ ISA 720 potently induced 1gG titers as measured according to Example 11 in
which the 30 ug dose level showed greater immunogenicity than the 10 pg dose level at all
timepoints afterthe first and second doses (FIG. 60). Furthermore, this [gG titer immunogenicity
profile was consistent with the potency of inhibiting ACE2-S8P/RBD binding that was well
above the potency of human convalescent serurn (FIG. 61} for both the 10 pg and 30 pg dose
levels as measured according to Example 13, In furthering such translational research, this
inhibitory potency of disrupting the biochemical interaction of recombinant ACE2 and SP/RBD
was confirmed with the neutralization of live SARS-CoV-2 virus from infecting live VERO-ES
cells in the Plaque Reduction Neutralization Test (PRNT) according to the procedure of
Bxample 28 and shown in FIG. 62, These results demonstrate the value of testing vaccination
in NHPs and provide valuable guidance fortranslation to humans.

{0251} To further confirm that the SARS-CoV-2-RBD-hlgG-Fc Fusion Protein Vaccine of
SEQ 1D NG: 19 with the adjuvant, Montarmde™ FSA 720 was effective against variants of the
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SARS-CoV-2Zvirus, serum samples from five NHPsimmunized with 2 doses of the SARS-CoV-
2-RBD-higG-Fe Fusion Protein Vaccine of SEQ ID NO: 19 with the adjuvant, Montanide™
ISA according to Example 27 were extracted on Day 42 and the serum samples were added to
plastic-bound recombinant RBD wild-type or mutants NSO1Y or E484K. The results shown in
FIG. 64 Ulustrate that such, sirnilar to the wouse study, tmrune sera frorn NHP and mice bound
recombinant RBD mutants, N501Y and E484K, as well as, or greater than, the wild-type RBD
molecule.

{02521 Hificacy of the SEQ 1D N 19 vaccing was evaluated in the immunized NHP of
Example 27 using the thesus macague challenge model of SARS-CoV-2. Two groups of NHP
{one vaccinated and administered a booster injection according to Example 27, the other naive)
were challenged with SARS-CoV-2 virus on Day ¢ Blood was collected prior to the challenge
and on Day 7. Nasal swabs, oral swabs, and collection of BAL fhuid was performed prior tothe
challenge and on Days 2, 4, and 7. Necroscopy post termination was performed on Day 7.

{02531 The NHPs mmunized with SEGQ D NO: 19 with Montanide™ JSA-720
demonstrated significant anti-SP/RBD [gG titers and ACE2 inhibition 1D50 values just prior to
the viral challenge as compared to the naive control NHPs with negligible or undetectablelevels
for both assays. The post-challenge negligible levels of SARS-CoV-2 virus genomic (Example
39} and subgenomic RNA titer (Example 40) in nasal swabs (FIG. 78) and BAL samples (FIG.
79) demonstrate the efficacy of the vaccine in protecting against COVID-19. The low
subgenomic RNA (sgRNA) counis are particularly encouraging since these are replicative
intermediates, and therefore, their abundance is related to viral replication activity and severity
of host infection. Taken together, the data conclusively demonstrate that SEQ ID NG: 19 with
Moutanide™ [SA-720 protects against COVID-19 and that thete is no risk of aggravation of

COVID-19 disease in the NHPs.

Primary SARS-CoV-2-RBD-higl-Fe Fusien Vaccines Evaluated in Rabbits

[6254] A preclivical GLP toxicology IND-enabling study using New Zealand White Rabbits
was performed by Sinclair Research, LLC (Auxvasse, M{}) as described in more detail in
Hxample 30, Example 31, Example 32, Example 33, and Example 34 Rabbits were used
because this species has been extensively used for preclinical studies of vaccine-induced
immunogenicity that results in robust Ab responses. In addition, rabbits express the SARS-CoV-
2 viral receptor, ACE2, that allows the virus to bind and infect the animal causing disease
symptoms similar to those of human COVID-19 disease.

j0255) As described in Example 31, substantial specific gG titers were induced in the
rabbits injected at a dose levels of 30 ug and 100 ug of the SARS-CoV-2-RBD-higG-Fc¢ fusion
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protein of SEQ ID NO: 19 with the Montanide™ ISA 720 adjuvant after the first, second, and
third injections (FIG. 70 and FIG. 71). The serum samples were also evaluated for functional
inhibitory potency as described in Example 13, In this ACE2 inhibition assay, there was a clear
dose response in imhibitory potency between the 30 pg and 100 ug dose levels of the adjuvasnted
SARS-CoV-2-RBD-higG-Fc fusion protein of SE( 1D NO: 19 that were elevated and became
similar 14 days after the second dose (FIG. 72). The potency values at both timepoints were
substantially above those obtained for buman convalescent serum. This inhibitory potency was
further confirmed with the neutralization of live SARS-CoV-2 virus from infecting live VERO-
E6 cells in the Plague Reduction Neutralization Test (PRNT) according to the procedure of
Example 15 and shown in FIG. 73,

{0256} The results obtained in rabbits demonstrate that the SARS-CoV-2-RBD-higG-Fe
fusion protein of SEQ 1D NG 19 emulsified in ISA 720 induces functional immunogenicity at
levels found in humans that recovered from COVID-19 infection and disease, which puts these
toxicology results into a clinical context favoring the expectation of a clean safety profile. No
test article-related mortality or organ weight changes were observed at the main study
termination. Mild effects, such as increases in fibrinogen, were most likely due to the
Montanide™ [SA 720 adjuvant during the Dosing Phase and subsided during the recovery
phase. The expected macroscopic and microscopic transient injection site AEs were also likely
due to the adjuvant. Considering the relevant clinical levels of immunogenicity in this
toxicology study, it was concluded that there were no safety issues that would raise concerns for
moving into clinical trials.

{02571 Intramuscular (im) as compared to subcutaneous {(s.c) delivery routes were
evaluated according to Example 33 with a bridging study. Avalysis at Day 15, Day 29 and Day
36 demonstirated no statistically significant differencesin anti-RBD Ab titer (FIG. 74) or ACE2-
inhibition potency {(FIG. 75) between the s.¢. and . administrations of the SARS-CoV-2-
RBD-hlgG-Fc fusion protein of SEQ 1D NO: 19 (100 ug dose level} in Montanide™ [SA 720
as measured according to Example 13, supportivg the evaluation of either route of
administration in clinical trials.

{62538] Differences between freshly made emulsion and the same emulsion after being
stored at refrigeration temperatures for 24 hours were analyzed using a sub-group study on the
ACHEZ-SP/RBD binding inhibition potency (1C50) results (measured according to Example 13)
measured on Day 1S5 (after one dose), Day 29 (after 2 doses) and Day 36 (after three doses).
Again, as described above for the mouse immunogenicity studies {(Example 26), there was no
statistical difference in inhubitory potency between the fresh and stored emulsion indicating that
the adjuvanted SEQ 1D NO: 19 formulation performance is stable for at least 24 hours after
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preparation as shown in FIG. 76 (for subcutaneous admirustration) and FIG. 77 (for

mtramuscular administration).

SARS-CoV-2-RBD-higG-Fe Fusion Proteins for Use as a Booster Vaccine

{3259] In examples, a SARS-CoV-2-RBD-higG-Fe fusion protein way be used as a booster
vaccine. Administration of the fusion protein to subjects that already have low but measurable
antibody levels to the SARS-CoV-2 antigen to amplify their antibody titers increases their
antiviral protection. SP/RBD fragment variants are synthesized to maximize antigenicity while
the Fe region prolongs antigen residence time as compared to the native SARS-CoV-2 SB/RBD
of SHO D NO: 2. Without wishing to be bound to any particular theory of mechanism, it is
believed that during the longer in vivo residence time, the naturally glycosylated human Fe
fragment will present the SARS-CoV-2 RBD analog antigen to antigen producing cells (APCs),
which is expected to produce a strong tmmune response 1o the SARS-CoV-2 RBD antigen.
Specifically, the APCsinternalize the SARS-CoV-2RBD antigen via Fe{gamma) receptors, and
then process and present RBD fragments (FIG. 12} to CD4+ Th cells that in tum promote
(“help™} B cell activation and anti-SARS-CoV-2 RBD G (1.6, Ab) production (FIG. 12).
{6260] Drescribing FIG. 12 in detail, antigen-presenting cells may be, for example, dendritic
cells (DCs), monocytes or macrophages that can internalize the molecules of the SARS-CoV-2-
RBD-higG-Fc fusion protein of SEQ ID NO: 19 via Fe-receptor mediated phagocytosis {e.g.,
through the Fc region of the SARS-CoV-2-RBD-higG-Fc fusion protein binding to the
Fe(gamma) receptors in immune cells) Fe-roediated uptake of the SARS-CoV-2-RBD-higG-
Fe fusion protein by, for example, a subset of DCs {e.g., ¢DCzs) promotes the development of
anti-SARS-CoV-2 T helper 2 (Th2) cells through secretion of IL-10 and 1L-33. Anti-SARS-
CoV-2 ThZ cells activate anti-SARS-CoV-2 B-cells, forexample by cross linking their antigen
receptors to allow the B-cells to attract the Th2 cella. B-cell antigen receptor (BCR) mediated
uptake binds the SARS-CoV-2 RBD fragment of the SARS-CUoV-2-RBD-higG-Fc fusion
protein molecules, then delivers the SARS-CoV-2 antigen to intracellular sites where it is
degraded and returned to the B-cell surface as peptides bound to MHC class I molecules. The
peptide MUH class I} complex can be recognized by the SARS-CoV -2-specific helper T cells
simulating them to make proteins that in turn cause the B-cell to proliferate and its progeny to
differentiate into B cells that secrete anti-SARS-CoV-2 antibodies. The SARS-CoV-2-RBD-
higG-Fe fusion protein of SEQ ID NO: 19 may directly expose the SARS-CoV-2 SP/RBD
fragment to antigen producing cells for a protracted period of time due to the presence of the Fe
fragment. Furthermore, and as previcusly described, the glvcosylated Fc fragment in the SARS-
CoV-2-RBD-hlgG-Fe fusion protein according to SEQ 1D NO: 19 is expected to induce a very
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strong inmynune response directed to the therapeutic or antigen portion of the fusion protein.
These properties in combination significantly increase the amount of anti-viral antibodies while
also decreasing the amount of antigen necessary to produce the required immune response.

{0261} In exaroples, a therapy comprising treatment of a patient with the SARS-CoV-2-
RBD-higG-Fe fusion protein of SEQ 1D NG: 19, SEQ ID NO: 16, SEQ D NQG: 18, SEQ ID
NG 20, or SEQ ID NO: 21 or a pharmaceutical composition thereof, may be administered as a
booster vaccine to recovered patients of COVID-19 that are already antibody-positive to SARS-
CoV-2, as a means toamplify their antibody titers and affinity so that when these treated patients
are subsequently coufronted with the virus, they will have sufficient immunity to prevent
infection and/or serious symptoms related to mfection with the SARS-CoV-2 vius.
Furthermore, a therapy comprising a treatment of a patient with the SARS-CoV-2-RBD-hlg(-
Fe fusion protein of SEQ 1D NO: 19, SEQ D NO: 16, SEQ 1D NO: 18, SEQ ID NQ: 20, or
SEQ D NQO: 21 or a pharmaceutical composition thereof, may be administered as a booster
vaceine to subjects that have been previously immunized witha vaccine against the SARS-CoV-
2 virus as a means to amphify their antibody titers and affinity specifically against the SP/RBD.
Such a therapy is critical in cases where vaccines are not 100% effective and/or the where
induced antibody titers wane over time. In examples, a SARS-CoV-2-RBD-hlgG-Fc fusion
protein of SEQ ID NO: 19, SEQ ID NO: 16, SEQ ID NO: 18, SEQ ID NO: 20, or SEQ ID NO:
21 or a pharmaceutical composition thereof may be administered to a patient by subcutaneous
injection {s.c.) or mtramusculardy (1m.), as the s.c. or bm. injection sites are more likely to
induce a strong antibody response due to there being more dendritic cells (BCs) n the

subcutanecus and mntrarnuscular spaces.

Booster SARS-CoV-2-RBD-higG-Fe Fusion Vaccines Evaluated in Mice and NHP

f6262] The efficacy of the booster vaccine use was evaluated in mice as descriibed in more
detail in Example 12. BALB/c mice were injected up to three times at predetermined intervals
(e.g, every three weeks) with several SARS-CoV-2-RBD-higG-Fo fusion proteins or
phamaceutical compositions thereof, and serum was collected at regular intervals. The serum
SARS-CoV-2 SP/RBD IgG antibody titers were measured according to the procedures in
Example 10 or Example 11 and their neutralizing capacities were assessed according to Example
13. Experimental variables included the SARS-CoV-2-RBD-hlgG-Fc fusion protein
composition and dose fevel, number of injections, and type of adjuvant. It is expected that the
immunized mice may be left untreated for an additional 30-60 days until their antibody levels
wane down to baseline/minimum levels and then given an additional series of injections of

SARS-CoV-2-RBD-higG-Fc fusion proteins or pharmaceutical compositions thereof to
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evaluate the recall (memory) immune response.

10263} In an analysis of the use of the SARS-CoV-2-RBD-hlgG-Fc fusion protein of SEQ
1D NO: 19 with Montanide™ ISA 720 as a booster, NHP were first injected with a 10 pg or 30
ug dose of the fusion proteins and serum was collected at regular intervals as described in
Example 27. After between three and four and a half roonths when their antibody levels had
waned, the NHPs were injected with a booster vaccine (third injection) at the 30 ug dose fevel.
As shown in FIG. 63, in all cases the booster vaccine triggered a strong memory imroune
fesponse.

Fe¢ Fusion Protein Production

{02641 In embodiments, a fusion protein can be expressed by a cell as described in more
detail in the Examples section.

Fxpression and Purification

{0265] An Fc fusion protein can be expressed recombinantly, e.g., in a eukaryotic celi, e.g,,
mammalian cell or non-mammalian cell. Exemplary mammalian cells used for expression
include HEK cells {e.g., HEK293 cells) or CHO cells. CHO celis can be subdivided into various
strains or subclasses, {e.g., CHO DG44, CHO-M, CHO-SE™ and CHO-K 1), and some of these
cell strains may be genetically engineered for optimal use with a particular type of nucleic acid
molecule (e.g., a vector comprising DNA) or a particular cell growth media composition as
described in the Examples section. Cells may be transfected with a nucleic acid molecule (e g,
vector) encoding the Fe fusion protein {e.g., where the entire Fe fusion protein is encoded by a
single nucleic acid molecule). HEK293 cells may be transfected with a vector that encodes for
the Fe fusion protein, but this process only results in temporary expression of the Fe fusion
protein for a period of time {e.g., 3 days, 4 days, 5, days, 7 days, 10 days, 12 days, 14 days, or
more} before the host cell stops expressing appreciable levels of the Fe fusion protein (e,
iransient transfection), HEK 293 cells that are transiently transfected withnucleic acid sequences
encoding for Fc fusion proteins often allow for more rapid production of recombinant proteins
which facilitates making avd screening multiple Fe fusion protein candidates. In exaroples,
CHO-SE™ (LakePharma, Belmont, CA) cells are transfected with a vectorthat encodes for the
Fe fusion protein, but this process only results in temporary expression of the Fe fusion protein
for a peried of time (e.g., 3 days, 4 days, 5, days, 7 days, 10 days, 12 days, 14 days, or more)
before the host cell stops expressing appreciable levels of the Fe fusion protein {i.e., transient
transfection). CHO-SE™ (LakePharma, Belmont, CA) cells that are transiently transfected with
nucleic acid sequences encoding for Fc fusion proteins often allow for more rapid production of
recombinant proteins which facilitates making and screening multiple Fc fusion protein
candidates. CHO cells may be transfected with a vector that is permanently incorporated inte
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the host cell DNA and leads to consistent and permanent expression (i.¢, stable transfection) of
the Fc fusion protein as long as the cells are cultured appropriately. CHO cells and CHO cell
hines that are stably transfected with nucleic acids encoding for Fc fusion proteins often take
tonger to develop, but they often produce higher protein yields and are more amenable to
manufacturing Jow cost products {e.g., products for use in the veternary pharmaceutical
market). Cells and cell lines can be cultured using standard methodsin theart.

[0266] Tn examples, the Fe fusion protein may be purified or isolated from the cells (e.g., by
lysis of the cells). The Fc fusion protein is secreted by thecells and may be purified or isclated
from the cell culture media in which the cells were grown. Purification of the Fe fusion protein
can include using column chromatography (e.g., affinity chromatography} or using other
separation methods based on differences in size, charge, and/or affinity for certain molecules.
Purification of the Fe fusion protein inveolves selecting or enriching for proteins containing an
Fefragment, e g, by using Protein A beads or a Protein A column that cause proteins containing
an Fe fragment (o become bound with high affinity at neutral solution pH to the Protein A
covalently conjugated to the Protein A beads. The bound Fe fusion protein may then be eluted
from the Protein A beadsby a change in a solution vanable {¢.g., a decrease in the solution pH).
Other separation methods such as ion exchange chromatography andfor gel filtration
chromatography can also be employed alternatively or additionally. Purification of theFe fusion
protein may further comprise filtering or centrifuging the protein preparation, diafiltration,
ultrafiltration, and filtration through porous membranes of vanous sizes, as well as final
formulation with excipients.

{0267} The purtfied Fe fusion protein can be characterized, e g, for purity, protein yield,
structure, and/or activity, using a variety of methods, e.g., absorbance at 280 nm {e.g, to
determine protein vield), size exclusion or capillary electrophoresis {e.g., to detenmive the
molecular weight, percent aggregation, and/or purity), mass spectrometry (MS) and/or liquid
chromatography (LC-MS8) (e.g., to determine purity and/or glycosylation), and/or ELISA (e g,
to determiveextent of binding, e.g., affinity, toa SARS-CoV-2 antibody or ACE2). Exeruplary
methods of characterization are also described in the Examples section.

{0268} The protein yield of an Fc fusion protein after production in transiently transfected
HEK cells and protein A purification may be greater than 5 mg/L, 10 mg/L, or 20 mg/L., or more
preferably greater than 50 mg/L. {e.g., greater than 60 mg/L, greater than 70 mg/L, greater than
80 mg/l, greater than 90 mg/l, greater than 100 mg/L). The %homodimer of an Fc fusion
protein afterproduction in transiently transfected HEK cells and protein A purification is greater
than 70% (e.g., greater than 80%, greater than 85%, greater than 90%, greater than 95%, greater
than 96%, greater than 97%, greater than 98%;, greater than 99%). The homodimer titer of an
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Fe fusion protemn after production in transiently transfected HEK cells and protein A
purnification, calculated as the productbetween the Fe fusion protein vield and the Y%6homodimer,
may be greater than 50 mg/L (e.g., greater than 60 mg/L, greater than 70 mg/L, greater than 80
mg/L, greater than 90 mg/L, greater than 100 mg/L).

{3269] In examples, the protein yield of an Fo fusion protein after production in trausiently
transfected CHO-SE™ (LakePharma, Belmont, CA) cells and protein A purification is greater
than 5 mg/l, or 10 mg/L.. In preferred embodiments, the protein yield of an Fc fusion protein
after production in transiently transfected CHO-SE™ (I.akePharma, Belmont, CA) cells and
protein A purificatiov is greater thav 20 mg/L {e.g., greater than 30 mg/L., greater than 40 mg/L.,
greater than 50 mg/L, greater than 60 mg/L, greater than 70 mg/L, greater than 80 mg/L, greater
than 90 mg/L., greater than 100 mg/L}. The Y%homodimer of an Fe fusion protein after production
in transiently transfected CHO-SE™ (LakePharma, Belmont, CA} cells and protein A
purification may be greater than 70% {e.g., greater than 80%, greater than 85%, greater than
90%, greater than 95%, greater than 96%, greater than 97%, greater than 98%, greater than
99%). In embodiments, the homodimer titer of an Fc fusion protein after production in
transiently transfected CHOQ-SE™ ({ akePharma, Belmont, CA) cells and protein A purnfication,
calculated as the product between the Fc fusion protein yield and the %homodimer is greater
than 20 mg/l (e g., greater than 30 mg/L, greater than 40 mg/L, greater than 50 mg/L, greater
than 60 mg/L, greater than 70 mg/L, greater than 80 mg/L, greater than 90 mg/L, greater than
100 mg/L).

{0270} The protein vield of an Fc fusion protein after production in stably transfected CHO
cells {e.g., CHO cell hines or CHO cell clones) and protein A purification may be greater than
100 mg of Fe fusion protein per L {e.g., mg/L, of culture media). In embodiments, the protein
yield of an Fe fusion protein after production in stably transfected CHO cells {e.g., CHO cell
Hines or CHO cell clones) and protein A purification is greater than 50 mg Fe fusion protein/L,
of culture media (e.g., greater than 100 mg/L., greater than 200 mg/L., greater than 300 mg/L,
greater than 400 mg/l., greater than 500 rg/f., greater than 600 wmg/l or more). The
Yehomodimer of an Fc fusion protein after production in stably transfected CHO cells {e.g., CHO
cell lines or CHO cell clones) and protein A purification may be greater than 70% {e.g., greater
than 80%, greater than 85%, greater than 90%, greater than 95%, greater than 96%, greater than
7%, greater than 98%, greater than 99%). In embodiments, the homodimer titer of an Fc fusion
protein after production in stably transfected CHO cells {e.g., CHO cell lines or CHO cell
clones) and protein A purification, calculated as the product between the Fe fusion protein yield
and the %homodimer is greater than 150 mg/L (e g, greater than 200 mg/L, greater than 300
mg/L, greater than 400 mg/L, greater than 500 mg/L, greater than 600 mg/L or more).
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Pharmaceutical Compositions and Routes of Administration

{0271} The amount and concentration of the Fo fusion protein in the pharmaceutical
compositions, as well as the quantity of the pharmaceutical composition administered to a
subject, can be selected based on clinically relevant factors, such as medically relevant
characteristics of the subject (e.g., age, weight, gender, other medical conditions, and thelike),
the solubility of compounds in the pharmaceutical compositions, the potency and activity of the
compounds, and the manner of administration of the pharmaceutical compositions.

{0272} Formulations of the present disclosure include those suitable for parenteral
administration.  The phrases “parevteral administration” and “admivistered parenterally” as
used herein means modes of administration other than enteral and topical administration, usually
by intravenous, intramuscular, or subcutaneous injection.

{0273} Examples of suitable aqueous and non-agueous carriers that may be employed in the
pharmaceutical compositions of the disclosure include water, saline, ethanol, salts, polyols {such
as glycerol, propylene glycol, polvethvlene glycol, and the like), and suitable mixtures thereof,
vegetable oils, such as olive oil, and injectable organic esters, such as ethyl oleate, buffering
agents, such as potassium and/or sodium phosphates, pH buffers, such as hydrochloric acid
and/or sodium hydroxide, and the hike. Proper fluidity can be maintained, for example, by the
use of coating or emulsifier matenials, such as lecithin, by the maintenance of the required
paiticle size in thecase of dispersions, and by the use of surfactants, e g., Tween-like surfactants.
In some examples, the pharmaceutical composition {e.g., as described herein) comprises a
Tween-like surfactant, e g., polysothate-20, Tween-20 or Tween-80. In some examples, the
pharmaceutical composition {e.g., as described herein} comprises a Tween-like surfactant, e.g.,
Tween-80, at a concentration between gbout 0.001% and about 2%, or between about 0.005%
and about 0.1%, or between about 0.01% and about 0.5%.

{0274} The Fc fusion protein may be administered as a bolus, infusion, or an intravenous
push, or administered through syringe injection, pump, pen, needle, or indwelling catheter. The
Fe fusion protein may be administered by a subcutaneous bolus injection. In examples, the Fc
fusion protein or a pharmaceutical composition thereof is administered to a patient by
subcutanecus injection (8.c.) or intranmuscularly (.m.), as the s.c. or i.m. injection sites are more
likely to induce a strong antibody response dueto there being more dendritic celis (DCs)in the
subcutaneous and intramuscular spaces. Methods of introduction may also be provided by
rechargeable or biodegradable devices. Various slow release polymeric devices have been
developed and tested in vivo in recent years for the controlled delivery of drugs, including
proteinaceous biopharmaceuticals. A vanety of biocompatible polymers (including hydrogels),
including both biodegradable and non-degradable polymers, can be used to form an implant for
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the sustained release of a compound at a particular target site. Additional pharmaceutically-
acceptable mgredients for use in the compositions include buffening agents, salts, stabilizing
agents, diluents, preservatives, antibiotics, isotonic agents, and the like.

Dosages

[0275] In use, a therapeutically-effective amount of the Fe fusion protein is administered o
a subject in need thereof. Administration of the Fc fusion protein elicits an immune response in
the subject, and more specifically an inmvmune response against coronavirus infection, more
specifically SARS-CoV-2 or variants. The immune response will be demonstrated by a lack of
observable clinical syrptors, or reduction of clinical symptoms nommally displayed by an
mfected subject, reduced viral shedding, faster recovery times from infection, and/or reduced
duration of infection. In another embodiment, a method of activating an immune cell at a site of
infection or disease is provided comprising administering a therapeutically-effective amount of
the Fc fusion protein to a mammal In another aspect, a method of increasing antibody
production in a subject is provided comprising administering a therapeutically-effective amount
of the Fc¢ fusion protein to a mammal.

0276} It will be appreciated that therapeutic and prophylactic methods described herein are
applicable to humans as well as any suitable warm-blooded animal, including, without
Himitation, dogs, cats, and other companion animals, as well as, rodents, primates, horses, cattle,
sheep, pigs, etc. The methods can be also applied for clinical research and/or study.

{02771 As used herein, the phrase “effective amount” or “therapeutically effective amount”
is meant to refer to a therapeutic or prophylactic amount of the Fe fusion protein that would be
appropriate for an embodiment of the present disclosure, that will elicit the desired therapeutic
or prophylactic effect or response, including alleviating some or all of such symptoms of
infection or reducing the predisposition to the infection, when adrinistered in accordance with
the desired treatment regimen. One of skill in the art recognizes that an amount may be
considered therapeutically “effective” even if the condition is not totally eradicated or
prevented, but it or iis symptoms and/or effects are improved or alleviated partially in the
subject. The therapeutically effective dosage of Fe fusion peptide may vary depending on the
size and species of the subject, and according tothe mode of administration,

{0278} Actual dosage levels of the Fe fusion protein can be varied so as to obtain an amount
of the active ingredient that is effective to achieve the desired therapeutic response for a
particular subject. The selected dosage level will depend upon a variety of factors including the
activity of the particular fusion protein employed, or the ester, salt or amide thereof, the route
of administration, the time of administration, the rate of excretion of the particular compound
being employed, the duration of the treatment, other drugs, compounds and/or materials used in
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combination with the particular fusion protein eraployed, the age, sex, weight, condition, general
health and prior medical history of the subject being treated, and like factors well known in the
medical arts. In general, a suitable dose of an Fe fusion protein will be the amount that is the
towest dose effective to produce a therapeutic effect. Such an effective dose will generally
depend upon the factors described above.

[0279] The immunogenic formulation is provided, in various aspects, in unit dosage form
for ease of administration and uniformity of dosage. “Unit dosage form” as used herein refers
to physically discrete units suited as unitary dosages for the subject to be treated, each unit
coutaining a predeterrvined quantity of the SARS-CoV-2-RBD-higG-Fe fuston protein
calculated to produce the desired therapeutic effect in association with the required
pharmaceutical carrier.  The specification for the dosage unit forms are dictated by and are
directly dependent on the unique characteristics of the excipient(s} and therapeutic agent(s} and
the particular biological effect tobe achieved. Inone or more embodiments, the formulation is
provided in a kit of components for administration of the SARS-CoV-2-RBB-higG-Fc fusion
protein to the subject. In one or more embodiments, a pharmaceutical composition comprising
the SARS-CoV-2-RBD-hlgG-Fc fusion protein dispersed in a suitable carrier is provided in a
unit dosage form {e.g., vial}). Inone or more embodiments, the kit further comprises a discrete
unit dosage form (e g., vial} containing an adjuvant and/or other carrier system for onsite mixing
of the SARS-CoV-2-RBD-higG-Fc fusion protein for administration. In one or more
embodiments, the kit comprises one or more emulsifying needies and syringes for onsite mixing
of the immunogenic formulation for adwinistration. In one or more embodiments, the kit
comprises one or more dosing syringes for adnunistering the prepared immmunclogical
composition to the subject. In one or more embodiments, the kit further comprises instructions
for preparing the Unmuvogenic composition and/or administering the tmmusogenic
composition.

{6280} In examples following the procedures described above and in the Examples that
follow, it was showu that dose levels between 1 ug and 100 pg of SARS-CoV-2-RBD-higG-¥c
fusion protein induced significant anti-SP/RBD Ab titers 21 days after a single injection in mice
and rabbits. In examples, dose levels of 10 ygand 30 ug were effective in non-human primates
{see FI1G. 60, FIG. 61, and FIG. 62). The kinetics of the response in rabbits demonsirated thata
dose level of 100 ug induced the highest immunogenicity (as in IgG Ab titers) after the 154, 2%
and 3" doses (both without adjuvant - see FIG. 69, and with Montanide™ ISA-720 adjuvant —
see FIG. 713

{6281} An initial evaluation of SEQ ID NO: 17 immunogenicity was performed according
to Example 17 in 6- to 8-week old female BALB/c nuce administered 0.05, 0.1, 0.3, 1, 3, 10,
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30, or 100 pg of SEQ ID NO: 17 without adjuvant or 3 pg or 10 pg SEQ ID NO: 17 with
adjuvants as indicated in Table 1 {all SARS-CoV-2-RBD-hlgG-Fe fusion protemnadiuvant
except  for  SARS-CoV-2-RBD-higG-Fe
protein:Montanide™ ISA 720 which was mixed at 30%/70% vA~v). In addition, SEQID NG: 2

mixtures  were  50%:50%  viv, fusion

facking an Fc fusion moiety was evaluated to investigate the romunogenic contribution of the

Fe fragment.

Table 1: Test Parameters for Dose Level Finding Investigations Based on
Immunogenicity Study in BALB/c Mice According to Example 13 With the SP/RBD of
SEQ IB NQG: 2 and With the SARS-CoV-2 SP/RBD-Fe Fusion Protein of SEQ 1D NO:
17 With or Without Adjuvants.
Cohort
) SARS-CoV-2 SP/RBD-Fe | Test Article
i fusion protein

SEQ ID NO: ?m Level Adjuvant

{ug/Dose)

1 Saline Control
2 SEQIDNG: 17 0.05
3 SEQIDNG: 17 0.1
4 SEQIDNO: 17 0.3
S SEQID NG 17 1
6 SEQIDNO: 17 3
7 SEQIDNO: 7 10
8 SEGIDNQO: 17 30
S SEGIDNO: 17 106
10 SEQIDNO: 17 3 Advax-1
11 SEQID NG V7 10 Advax-1
12 SEGIDNO: 17 3 Montanide™ SA 51
13 SEQIDNO: 17 10 Montanide™ ISA 51
14 SEGIDNO: 17 10 Advax-2
15 SEGIDNO: 17 10 Advax -3
16 SEQIDNQO: 17 10 vac-adx-10
17 SEQIDNO: 17 10 Montanide™ ISA 720
18 SP/RBD 5
19 SPRBD 15
20 SP/RBD 40
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{0282] The present disclosure contemplates formulation of the Fe fusion protein in any of
the aforementioned pharmaceutical compositions and preparations. Furthermore, the present
disclosure contemplates administration via any of the foregoing routes of administration. One
of skill in the art can select the appropriate formulation, dose level and route of administration
based o the condition being treated and the overall health, age, and size of the patient being

treated.

EXAMPLES
{0283} The present techuology is further iflustrated by the following Examples. Itis tobe
understood, however, that these examples are provided by way of illustration and nothing

therein should be taken as a limitation upon the overall scope of the technology.

General Examples for Synthesis, Purification and Validation of SARS-CoV-2-RBD-hig-
Fe¢ Fusion Proteins

Fxample {: Synthesis and Methods of Making of a SARS-CoV-2-RBED-higG-Fc Fusion Protein
in HEK293 Cells.

{0284} SARS-CoV-2-RBD-hig(G-Fc fusion proteins were synthesized as follows. A gene
sequence of interest was constructed using proprietary software (LakePharma, Belmont, CA)
and was cloned into a high expression mammalian vector. HEK 293 cells were seeded in a shake
flask 24 hours before transfection and were grown using serum-free chemically defined media
A DNA expression construct that encodes the SARS-CoV-2-RBD-higG-Fe fusion protein of
interest was transiently transfected into a suspension of HEK 293 cells using the (LakePharma,
Belmont, CA) standard operating procedure for transient transfection. After 20 hours, the cells
were counted to determine the viability and viable cell count, and the titer was measured by
FortéBio® Octet® (Pall FortéBio LLC, Fremont, CA) Additional readings were taken
throughout the transient transfection production run. The culture was harvested on or after Day

S.

Fxample 2: Synthesis and Methods of Making of a SARS-CoV-2-RED-hig(G-Fe Fusion Protein
inn Transiently Transfected CHO Cells.

{0285} SARS-CoV-2-RBD-hlig(G-Fc fusion proteins were synthesized as follows. A gene
sequence of interest was constructed using proprigtary software (LakePharma, Belmont, CA}
and was cloned into a human Fc fusion protein-specific high expression vector. CHQO-8E™
{LakePharma, Belmont, CA) cells were seeded in a shake flask 24 hours before transfection and
were grown using serum-free chemically defined media (MEDNA Bio). A DNA expression
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construct that encodes the SARS-CoV-2-RBD-higG-Fc fusion protein of interest was
transiently transfected into a suspension of CHO-SE celis using standard operating procedures
for transient transfection (LakePharma, Belmont, CA). After nearly 24 hours, the cells were
counted to determine the viability and viable cell count, and the titer was measured by
FortéBio® Octet® (Pall ForiéBio LLC, Frewout, CA) Additional readings were taken
throughout the transient transfection production run. The culture was harvested on or after Day

7.

Fxample 3: Svnithesis and Methods of Making a SARS-CoV-2-RBO-higG-Fc Fusion Protein in
Stably Transfected CHO Cells.

{0286} A CHO cell line was originally derived from CHO-K 1 (LakePharma, Belmont, CA),
and the endogenocus glutamine synthetase (GS) genes were knocked out by recombinant
optimized for CHO expression and GS selection and incorporated into a high expression
mammalian vector (LakePharma, Belmont, CA). The sequence of each completed construct was
confirmed prior to initiating scale up experiments. The suspension-adapted CHO cells were
cultured in a humidified 5% CO: incubator at 37°C in a chemically defined media (CD
OptiCHO; Invitrogen, Carlshad, CA). No serum or other animal-derived products were used in
culturing the CHO cells.

{0287} Approximately 80 million suspension-adapted CHO cells, growing in CD OptiCHO
media during the exponential growth phase, were transfected by electroporation using
MaxCyte® STX® system (MaxCyte, Inc., Gatthersburg, M) with 80 ug BNA to a create a
stable CHO cell line for each SARS-CoV-2-RBD-higG-Fc fusion protein {(DNA construct
coutains the fulldength sequence of the SARS-CoV-2-RBD-higG-Fe fusion protein). After
twenty-four hours, the transfected cells were counted and placed under selection for stable
integration of the SARS-CoV-2-RBD-higG-Fc fusion genes. The transfected cells were seeded
into CD OptiCHO selection media containing between 0-100 uM methionine sulfoximine
(MSX) at a cell density of 0.5-10° cells/mL in a shaker flask and incubated at 37°C with 5%
COz. During a selection process, the cells were spun down and resuspended in fresh selection
media every 2-3 daysuntil the CHO stable pool recovered its growth rate and viability. The cell
culture was monitored for growth and titer.

{0288] The cells were grown 1o 2.5x10° cells per mL. At the time of harvest for cell banking,
the viability was above 93%. The cells were then centrifuged, and the cell pellet was
resuspended in the CD OptiCHO media with 7.5% dimethyl sulfoxide (DMSO) toa cell count

of 15x10° cells per mL per vial. Vials were cryopreserved for storage in liguid nitrogen.

-
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{02891 A small-scale-up production was performed using the CHO cells as follows. The
cells were scaled up for production in CD OptiCHO growth medium containing 100 uM MSX
at 37°C and fed every 2-4 davs as needed, with CD OptiCHO growth medium supplemented
with glucose and additional amino acids as necessary for approximately 14-21 days. The
conditioned media supematant harvested from the stable pool production run was clarified by
centrifuge spinning. The protein was run over a Protein A (MabSelect, GE Healthcare, Little
Chalfont, United Kingdom) column pre-equilibrated with binding buffer. Washing buffer was
then passed through the column until the QD280 value (NanoDrop, Thermo Scientific) was
measured to be at or vear backgrouund levels. The SARS-CoV-2-RBD-higG-Fe fusion protein
was eluted using a tow pH bufter, ehution fractions were collected, and the QD280 value of each
fraction was recorded. Fractions containing the target SARS-CoV-2-RBD-higG-¥c fusion
protein were pocled and optionally further filtered using a 0.2 uM membrane filter.

{0290} The cell line may be opticnally further subcloned to monoclonality and opticnally
further selected for high titer SARS-CoV-2-RBD-higG-Fcefusion protein-expressing clones
using the method of imiting dilution, a method known to those skilled in the art. Afterobtaining
a high titer, monoclonal SARS-CoV-2-RBD-hlgG-Fc fusion protein-expressing cell line,
production of the SARS-CoV-2-RBD-hlgG-Fe fusion protein was accomplished as described
above in growth medium without MSX, or optionally in growth medium containing MSX to
obtain a cell culture supernatant containing the recombinant, CHO-made, SARS-CoV-2-RBD-
higG-Fc fusion protein. The MSX concentration may be optionally increased over time to exert

additional selectivity for clones capable of yielding higher product titers.

Fxample 4: Purification of a SARS-Col-2-RBD-high-Fe Fusion Protein Manufactred in
HEK293 Celis.

{0291} Purification of a SARS-CoV-2-RBD-hlgG-Fc fusion protein was performed as
follows. Conditioned media supernatants containing the secreted SARS-CoV-2-RBD-higGF¥e
fusion protein were harvested from the transiently transfected HEK 293 production runs and
were clanfied by centrifugation. The supernatant containing the desired SARS-CoV-2-RBD-
higG-Fc fusion protein was run over a Protein A column, washed and eluted using a low pH
gradient. Afterwards, the eluted fractions containing the desired protein were pooled and buffer
exchanged into 200 mM HEPES, 100 mM NaCl, 50 mM NaQAc, pH 7.0 buffer. A final filtration
step was performed using a 0.2 pm membrane filter. The final protein concentration was
calculated from the solution optical density at 280 nm. Further optional purification by ion-
exchange chromatography {e.g., using an anion exchange bead resin or a cation exchange bead

resin), gel filtration chromatography, or other methods was performed as necessary.
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Lxample 5: Purification of o SARS-CoV-2-RED-HigG-Ec Fusion Protein Manfactured in CHO
cells.

[0292] Purification of a SARS-CoV-2-RBD-higG-Fc fusion protein was performed as
follows. Conditioned media supernatants containing the secreted SARS-CoV-2-RBD-higGF¥e
fusion protein were harvested from the transiently transfected CHO or stably transfected CHO
production runs and were clarified by centrifugation. The supernatant containing the desired
SARS-CoV-2-RBD-higG-Fc fusion protein was run over a Protein A columm, washed and
eluted using a low pH gradient. Afterwards, the eluted fractions containing the desired protein
were pooled and buffer exchanged into 200 mM HEPES, 100 oM NaCl, 50 mM NaOAc, pH
7.0 buffer. A final filtration step was performed using 2 0.2 ym membrane filter. The final
protein concentration was calculated from the solution optical density at 280 om. Further
optional purification by jon-exchange chromatography (e.g., using an anion exchange bead resin
or a cation exchange bead resin}, gel filtration chromatography, or other methodswas performed

as necessary.

Fxample 6: SARS-Col-2-RBD-higG-Fc Fusion Profein Siructure Confirmation by Nown-
Reducing and Reducing CE-SDS.

{62931 Capillary electrophoresis sodium dodecyl sulfate (CE-SDS) analysis is performed in
a LabChip® GXII (Perkin Elmer, Waltham, MA) on a solution of a purified SARS-CoV-2-
RBD-hig(G-Fc fusion protein dissolved in 200 mM HEPES, 100 mM NaCl, 30 mM NaOAc, pH
7.0 buffer, and the electropherogram is plotted. Under non-reducing conditions, the sample is
run against known molecular weight (MW} protein standards, and the eluting peak represents
the ‘apparent’ MW of the SARS-CoV-2-RBD-hig(G-Fe fusion protein homodimer.

f0254] Under reducing conditions {(e.g., using beta-mercaptocthanol to break disulfide
bonds of the SARS-CoV-2-RBD-hlgG-Fc fusion protein homodimer), the apparent MW of the
resulting SARS-CoV-2-RBD-higG-Fo fusion protein monomer is compared against half the
molecular weight of the SARS-CoV-2-RBD-higG-Fe fusion protein homodimer as a way of
determining that the structural purity of the SARS-CoV-2-RBD-hlgG-Fe fusion protein is likely

to be correct.

Fxample 7: SARS-CoV-2-RBD-higG-Fc Fusion Protein Sequence Identification by LO-MS with
Glyvcan Removal

[0295] To obtain an accurate estimate of the SARS-CoV-2-RBD-hlgG-Fc fusion protein
mass via mass spectroscopy (MS), the sample is first treated to remove vaturally occurring
glycan that might interfere with the MS analysis. 100 puL of 2 2.5 mg/ml SARS-CoV-2-RBD-
higG-Fe fusion protein dissolved in 200 mM HEPES, 100 mM NaCl, SO mM NaQOAc, pH 7.0
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buffer solution is first buffer exchanged into 0.1 M Tris, pH 8.0 buffer containing 5 M EDTA
using a Zeba desaliing column (Pierce, ThermoFisher Scientific, Waltham, MA) 1.67 ul of
PNGase F enzyme (Prozyme N-glycanase) 13 added to this solution to remove N-linked glycan
present in the fusion protein {e.g., glycan linked to the side chain of the asparagine located at
the ¢Ng-N site), and the mixture is incubated at 37°C overnight in an incubator. The sample i3
then analyzed via LC-MS (NovaBiocassays, Woburn, MA) resulting iu a molecular mass of the
molecule which corresponds to the desired homodimer without the glycan. This mass is then
further corrected since the enzymatic process used to cleave the glycan from the cNg-asparagine
also deaminates the asparagine side chain to form an aspartic acid, and in doing so the
enzymatically treated homodimer gains 2 Da overall, corresponding to a mass of 1 Da foreach
chain present in the homodimer. Therefore, the actual molecular mass is the measured mass
minus 2 Da to correct for each of the enzymatic modifications of the SARS-CoV-2-RBD-higG-

Fc fusion protein structure in the analytical sample.

Fxample 8: %Homodimer by Size-Eixclusion Chromatography for a SARS-CoV-2-RED-WgG-
Fe Fusion FProtein.

{6296} Size-exclusion chromatography (SEC-HPLC) of SARS-CoV-2-RBD-higG¥c
fusion proteins was carried out using a Waters 2795HT HPLC (Waters Corporation, Milford,
MA) connected to a 2998 Photodiode array at a wavelength of 280 nm. 100 pl or less of a
sample containing a SARS-CoV-2-RBD-hig(G-Fc fusion protein of interest was injected into a
MAbPac SEC-1, 5 um, 4 # 300 mm column (ThermoFisher Scientific, Waltham, MA) operating
at a flow rate of 0.2 mL/min and with a mobile phase comprising 50 mM sodiumn phosphate,
300 mM NaCl, and 0.05% w/v sodium azide, pH 6.2, The MAbPac SEC-1 column operates on
the principle of molecular size separation. Therefore, larger soluble SARS-CoV-2-RBD-higG-
Fe aggregates {e.g., nultimers of SARS-CoV-2-RBD-hlgG-Fc fusion protein homodimers)
eluted at earlier retention times, and the non-aggregated homodimers eluted at later retention
times. In separating the mixture of homodimers from aggregated multimeric homodimers via
analytical SEC-HPLC, the purity of the SARS-CoV-2-RBD-higG-Fe fusion protein solution in

terms of the percentage of non-aggregated homodimer was ascertained.

Lxample 9: Invitro Fe(Gamma), FeRn, and ACE2 Receprors Binding Affinity for a SARS-Col-
2-RBID-blg(G-Fe Fusion Protein.

1297} The binding of a SARS-CoV-2-RBD-higG-Fo fusion protein to Fef{gamma)
receptors at pH 7 415 conducted using an ELISA assay as follows. Human Fe{gamma) receptors

1, Ha, Hb, IIl and the FcRuo receptor are used as mammalian receptors. A SARS-CoV-2-RBD-
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higG-Fe fusion protein is diluted to 10 pg/mL in sodium bicarbonate butfer at pH 9.6 and coated
on Maxisorp (Nunc) microtiter plates overnight at 4°C, after which the microplate strips are
washed 5 times with PBST (PBS/0.05% Tween-20) buffer and blocked with Superblock
blocking reagent (ThermoFisher). Senal dilutions of biotinylated rhFc(gamma) receptors
{recombinant human Fe{gamma)RE, Fo{gamma)Rila, Fe(gamma)RIb, Fo{gammalRIL, FcRy,
R&D Systems) are prepared in PBST/10% Superblock buffer from 6000 ng/ml. to 8.2 ng/mL
and loaded at 100 pL/well onto the microplate strips coated with the SARS-CoV-2-RBD-hlgG-
Fe fusion protein. Recombinant human ACEZ receptor is purchased from R&D systems and
biotinylated using known conjugation procedures and then prepared in PRET/10% Superblock
butfer from 6000 ng/ml to 82 ng/mb. and loaded at 100 uL/well onto the microplate strips
coated with the SARS-CoV-2-RBD-higG-Fe fusion protein. The microtiter plate is incubated
for 1 hour at room temperature after which the microplate strips are washed § times with PBST
and then loaded with 100 ub/well of streptavidin-HRP diluted 1:10000 in PBST/10%
Superblock buffer. Afterincubating for 45 min, the microplate strips are washed again 5 times
with PBST. TMB is added toreveal the bound Fe(gamma), FcRn, or ACE2 receptors proteins
and stopped with ELISA stop reagent (Boston Bioproducts). The plate is read in an ELISA plate
reader at 450 nm, and the OD values {proportional tothe binding of each rh¥c{gamma), FcRa,
or ACE2 receptor to the SARS-CoV-2-RBD-higG-Fe fusion protein) are plotted against log
concentrations of each rhFc{gamma) receptor or FcRn or ACEZ receptor added to each well to

generate binding curves using GraphPad Prism software.

General Examples for In vivo Serology Assays for Evaluating SARS-CoV-2 RBD-higG-
F¢ Fusion Protein Action in Serum

Fxample 10: in vivo Quantitative FLISA for Evaluating SARS-Col’-2 RED IgG Antibody Titer
i Human or Mowse Serum.

{3298} A guantitative SARS-CoV-2 SPRBD-specific 1gG ELISA is used to measure anti-
SPRBD IgG Ab titers in human ot mouse serum and plasioa saroples, including heat-inactivated
serum or heat-inactivated plasma. The ELISA method uses a recombinant SP/RBIDY immobilized
on plastic wells of a 96-well microtiter ELISA plate {as is shown in FIG. 81} as the capture
antigen that binds anti-SP/RBD-specific antibodies (Ig(3) in serum samples when incubated in
the microplate wells. A wash step removes all unbound proteins leaving the anti-SP/RBD feGs
bound to the plate. Anti-SP/RBD antibodies are detected via addition of anti-human or anti~
mouse IgG antibody (not cross-reactive to IgM) that is conjugated to horseradish peroxidase
{HRP), depending on the species origin of the serum sample. Aftera second wash to remove the
unbound HRP-antibody conjugate, 3,37,5,5 -trimethylbenzidine (TMB) is added to each well

-
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that is catalyzed by the HRP enzyme causing a colorimetric change that is proportional to the
amount of bound HRP-antibody conjugate. The color development is stopped by adding acid
and the color density of each well is measured using a spectrophotometric microplate reader,
and SoftMax Pro or Gen 5 software are used for acquiring absorbance data and for analyzing
titer values for each sample using the standard curve. The standard curve is generated using
serial dilutions of a purified human or mouse [gG sample of known quantity i.e., pg/ml) bound
directly to the plastic well (Le, the well doesnot contain bound-SP/RBD or any serum sample)
and developed the same as described above for serum samples. The quantity of SPARBD-specific
antibodies (i.e., titer value) for each serum sample is expressed as ug/ml. units derived from the
standard curve using a 4-parameter curve fit model via an appropriate software (eg.,

SoftMaxPro or Gen 5)

Example 11: fmproved In vive Quantitative ELISA for Evaluating SARS-CoV-2 RBD igG
Antibody Titer in Mouse and NHP Serum.

10299 A quantitative SARS-CoV-2 SP/RBD-specific IgG ELISA is used to measure anti-
SP/RBD 1gG AD titers in mouse or NHP serum and plasma samples, inchiding heat-inactivated
serum or heat-inactivated plasma. The ELISA method uses a recombinant SP/RED (Lake
Pharma) immobilized on plastic wells of a 96-well microtiter ELISA plate (as is shown in FIG.
81} as the capture antigen that binds anti-SP/RBD-specific antibodies (IgG) in serum samples
when incubated in the microplate wells.

{360} SPDYRBD protein (Lake Pharma, Belmont CA) s diluted to 2.5 ug/mL in
Carb/Bicarb coating buffer pH 9.6, vortexing to mix. 100 pl/well of coating solution is added
to all wells of a Maxisorb ELISA plate using a multichannel pipette. The plate is covered with
a plate sealer and incubated overnight at 2-8°C. Plates are washed Sx with PBST using a plate
washer (300 uL/well/wash) to remove all unbound protein. 300 pl of Superblock blocking

solution is added to each well and the plate is incubated for greater than 1 hour at room

temperature,
0301 Standard mouse seruwm or NHEP serum is diluted to creste g standard corve depending

on the species-specific assay format. To create the first standard, a mouse serum or NHP serum
sarmple known fo be positive with ligh anti-SP/RBID titers is ditoted 110 (20 yl. of each sample

phus 180 pb. of Sample Dilution Boffery and mixed thoroughly by vortexing. The remaining

standards are created by 2-fold serial dilutions of the 110 sample. Each dilution of standawd
mouse or NHP sample s ran in dupheate at 100 ul.Awell on each plate.
H303) Sernum or plasma samples are diluted 1100 (4wl of each sample plus 396 yl of

Sample Dilution Buffer) and mixed thoroughly by vortexing, Blocking solution is decanted from
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plate wells and the plates are washed § times with PBST using 8 plate washer (100 gl
FRSThwell/wash)y, 100 pll of diluted standard samples are loaded 1o cach well in columns 1 and
2 of each plate. 100 pL of diluted test serum sample 18 added to the remaining wells. Test plates
are covered with sealing tape and incubated for | hour at room temperature.

{363 10 pL of anti-mouse or anti-NHP IgG-Fc HRP plus 9.99 mi of Ix HRP Conjugate
Stock Stabilizer are mixed well by vortexing to create a 1:1000 stock solution. The stock
solution s further diluted by vortexing 300 ul. of 1:1000 solution with 11.7 mL of PBST/SB to
create a 1:40,000 dilution. The plates are washed 5 times with 300 uL. PBST/well /wash with a
plate washer and the plates are patted dry with paper towel,

{13041 100 ul. are added perwell of 140,000 diluted anti-mouse or anti-NHP IgG-Fc HRP
and the plates are incubated for 1 hour at room temperature in the dark. The plates are then
washed five times with 300 pl. PBST/well/wash with a plate washer and one time with dHG
(300 pL dHO/well/wash) manually. The plates are then patted drv on paper towel. The TMB
solution is added at 160 pL./well one column at 3 time in an orderly fashion starting from column
1 towards column 12 at equal time intervals followed by incubation for 10-20 minutes in the
dark with monitoring of color developrent. The color development is stopped by adding 100
ul/well stop reagent in the same order starting from column 1 towards column 12 and at the
same equal time intervals as donebefore for the TMB substrate solution. The color density of
each well is measured within 30 minutes using a spectrophotometric microplate reader at 450
nM, and SoftMax Pro or Gen 5 software is used for acquiring absorbance data and for analyzing
titer values for each sample using the standard curve.

{1368] A standard curve is generated using the concentration (log of /dilution of standard
mouse or NHP samples) versus OD valoes. Antibody titers in the samples are analyzed by linear
regression through 10-12 points on the standard curve that resulted in the highest R? value.

Values are reported as RBD-specific 1gG titer (Reference (Ref ) Titer Units).

FExample 12: In vivo General Preclinical FEvaluation of the Effectiveness of SARS-Col-2-RBD-
BlgG-Fe Formulations in Inducing om Ant-S5F/RBD (g Ab Titer Response in Mice.

[0306] In vivo studies {o evaluate the effectiveness of different SARS-CoV-2-RBD-hlgG-
Fe fusion protein formulations are carried out in mice as follows.

{03671 6~ to 8-week old female BALB/cmice or 8- to 10-month old female BALB/c mice
{(Jacksou Laboratories, Bar Harbor, ME) are acclimatized for at least 7 days before being
weighed and then assigned into study groups for dosing. The older mice are used to model the
effectiveness of the SARS-CoV-2-RBD-hlg(G-Fe fusion protein formulations in older people

{(e.g., greater than 70 vears old). N=5 mice are used per 6- to B-week old group and N=15 mice
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are used per 8- to 10-month old group, and mice are randornly assigned into each study group.
The mice are kept S animals per cage in automatically ventilated racks and are given standand
irradiated feed and filtered water ad libitum. Mice are ear tagged individually foridentification
and the study cages are labeled with amimal 1Ds, study name, and study group identification,
and the study records includivg individual and group dosing sheets, blood/serum collection
sheets, weight measurement, and health observation records per standard operating procedures
{SOPs) and specific study protocols.
{06308 Mice are administered up to three doses of a SARS-CoV-2-RBD-higG-Fc fusion
protewn synthesized i transiently transfected HEK 293 cells according to Example 1,transiently
transtfected CHO cells according to Example 2, or stably transfected CHO cells according to
Example 3, or 8 SARS-CoV -2 Spike Protein RBD obtained from a commercial source. Doses
are given three weeks apart (Day 0, Day 21, and Day 42) via subcutaneous (s.¢.), intramuscular
{im.), or intradermal (i.d.) injection. Mice are cbserved for one to three hours after dose
admmnistration forany immediate reactions and then daily for general health. All mice are non-
terminally bled via submandibular venipuncture 7 to 14 days prior to the first immunization and
then 12 to 14 days after each dose administration to obtain serum samples for SARS-CoV-2
RBD Ig(G Ab titer assessment. The collected blood is allowed to clot, and the serum is separated
by centrifuging micro-vacutainer tubes and aliquoted and frozen for antibody analysis by ELISA
according to the methods described in Example 10 or Example 11
{0309} After the last serum collection at 12 to 14 days after the third immunization (¢,
Diays 54 to 56) groups of wice that showed substantial antibody responses and the uninwmunized
control group may be kept for further evaluation. For the kept mice, blood is collected at 30 days
and 60 days after the third dose (Bay 72 and Day 102 respectively) from each mouse by
submsandibular veoipunciure method, allowed toclot, and the serum is separated by centrifuging
micro-vacutainer tubes and aliquoted and frozen for antibody analysis by ELISA according to
the methods described in Example 10, Example 11 and Example 13.
{3319} The mice that are kept because they showed substantial antibody responses are given
a booster dose of the SARS-CoV-2-RBD-higG-Fe fusion protein on Day 102 via s.c., Lm,, or
i.d. injection. Mice are observed for one to three houss after administration for any immediate
reactions and then daily for general health. Blood is collected 12 to 14 daysafter thefinal booster
dose from each mouse by submandibular venipuncture method, allowed to clot, and the serum
is separated by centrifuging micro-vacutainer tubes and aliquoted and frozen for antibody
analysis by ELISA accordingto the methods described in Example 10, Example 11 and Example
13 to evaluate the recall {(memory)} immune response in those groups.
{6311} Different adjuvants {e.g, Advax-2, Advax-3, VacAdx, Montanide™ JSA-31,
77



WO 2021/207599 PCT/US2021/026577

Montamde™ IS A-720 or substitute) may be tested in combination withthe SARS-CoV-2-RBD-
higG-Fe fusion proteins. Appropriate v/v ratios of SARS-CoV-2-RBD-higG-Fc fusion protein
and adjuvants are mixed/emulsified mmediately prior to being administered to the mice.
Lxample 13: In vivo General Serology Assay for Evaluating the Efficacy of SARS-Col-2
Antibodies in Serum in Neutralizing ACE2 Binding to the SARS-Col/-2-8pike Protein-RED.
{03121 The ACEZ Inhibition Enzyme Linked Immunosorbent Assay (ELISA)} s designed to
measure the level of inhibitory anti-SP/RBD Ig( titers present in serum that inhibit the binding
of recombinant human ACE2 to recombinant SP/RBD. The serial dilution of a serum sample in
the assay will yield the Inhibitory Dilution 50% (ID50), a poteucy value of that sample, which
represents the difution at which 50% of the total ACEZ binding signal occurred. The assay can
be used to assess samples from muldiiple species, e.g., human, NHP mouse, and rabbit, such that
any sample 1350 value can be compared to any other sample’s value allowing for such
comparisons acress species and between separate experiments.

{3313} The assay is a competitive whibition ELISA in which serally diluted serum samples
and biotinylated-human ACE2 (biotin-huACE2, R&D Systems, Minneapolis, MN) are added to
recombinant SP/RBD protein bound to plastic wells of a 96-well plate for competitive binding
to SP/ARBD. The level of inhibitory {(i.e., neutralizing) 1gG (1.¢,, antibodies) present in the serum
sarple will correlate to the degree of inhibition of biotin-huACE2 binding to SP/RBD. After
washing away serum and biotin-huACE2, streptavidin-HRP {Thermo Fisher, Waltham, MA}is
added that bindsto any biotin-huACE?Z that bound to SP/RBD which is followed by washes and
color developrent via addition of a TMB substrate. The HRP (enzyme)TMB (substrate)
reaction is stopped by the addition of Stop Reagent (1% Ha504) and the color intensity (optical
density, 0D} is measured via a microplate reader at 450 nm wavelength. The ID50 potency
value for each sarople is caleulated as the reciprocal dilution that corresponds to the D450
value that exactly 50% of the total signal (i e., maximum 0D450 value, 100%) achieved by non-
competed biotin-huACE2, using GraphPad Prism software via a 4-parameter curve fit (fog-

mnhibitor vs. response, variable slope} algorithm.

Fxample 14: In vivo General Quantitative FLISA for Evaluating the Effectiveness of a SARS-
CoV-2 RBD Formulation in Inducing an Ant-SF/RBD lgG Ab Titer Response for GLF
Toxicology Studies in Habhits.

[0314] In vivo studies to evaluate the toxicology of a SARS-CoV-2-RBD-higG-Fe fusion
protein formulation of SEQ I NG: 19 are carmried out in rabbits as follows.

{0315} The SEG ID NO: 19 induced immunogenicity assay is an ELISA in which Anti-

SP/RBD antibodies present in the rabbit nonclinical study serum samples are captured using
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SARS-CoV-2 SPRBD coated on nucrotiter wells and then detected by a HRP-enzyme
comugated anti-rabbit IgG H+L-HRP secondary antibody, followed by TMB substrate system.
A standard curve (1000 ng/mL to 1.37 ng/mL} is generated using SARS-CoV-2 2019-0CoV}
Spike RBD Antibody Rabbit pAb spiked into buffer containing a percentage of normal rabbit
serurn matching the sample dilution level. (For example, when testing samples diluted 1:100,
1% normal serum buffer is used to prepare the standard curve) Anti SP/RBD antibodies
concentrations in the serum samples are analyzed by jnterpolating on the 4-parameter standard
cusve fitting using SoftMax software. Three positive assay controls (High QC, Mid QC, Low
QC)and a negative control (Negative QC) were prepared by spiking the Rabbit pAb into buffer
and were stored frozen at -20°C as single-thaw use aliquots. (These QCs were also used in the
validation assays to evaluate Accuracy and Precision) Additional samples for specific
validation tests (e.g., short-term stability, freeze/thaw stability) were prepared by spiking rabbit
polyclonal Anti-SP/RBD antibodies directly into rabbit serum. For the purposes of validation, a
minimum required difution (MRI}) of 1:100 in Sample Dilution Buffer was used for serum
samples used during validation to match the MR used for the actual study serum sampies.
Although most validation work requiring serum samples, or serum containing buffer, were
conducted using reconstituted normal rabbit serum, selected parameters such as linearity and
Himits of quantitation also tested using pooled normal rabbit serum (BiolVT) to better represent
the actual study serum samples.

0316} As determined during validation, intra-and inter-assay accuracy for this assay range
from 88 — 117% across all three non-zero QC levels, with inter- and intra-assay precision
ranging from 6 — 10% and 1 — 11% respectively across all QC levels. Using pooled serum, the
LLOG was determined to be 2 ng/ml, vs. 1 ng/ml in normal serum. ULOQ was found to be
500 ng/mL in pooled serum, versus 1000 ng/mL in nomal serum. As the pooled serum more
closely represented the study samples, the LLOQ and ULOQ were set at 2 ng/mk, and 500
ng/mb, respectively. The assay was found to be linear between these limits of quantitation,
although a significant hook effect was seen above ~1000 ng/ml. Atvery high spiked antibody
concenirations, measured valuies were found o be as low as 192 ng/mbL. (Based on this result,
any sample measuring above 192 ng/ml. during study sample analysis was re-tested at a higher
dilutionlevel.} Spike-recovery was accurate across 11 different serum samples, with recoveries
ranging from 74 - 105% at a high spike level (400 ng/mb)}, 91 — 117% at a mid-spike level (80
ng/ml.), and 86 - 98% at a low spike level (10 ng/mL}. Spiked serum samples were found tobe
stable through at least 3x freeze-thaw cycles (93 —~ 118% recovery), up to 1 week at 4°C (90 —
93% recovery}, and 4 hours at room temperature {92 — 106% recovery). These validation results
show that the SEQ 1D NO: 19 immunogenicity ELISA is highly accurate and reproducible, and
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fit for purpose.

Fxample 13 Plague Reduction Newwralization Test (PRNT).

{6317} Neutralization Ab (nAb) titers are determined by the Plague Reduction
Neutralization Test (PRNT). Briefly, serum is heat-inactivated for 30 min at 56 degrees Celsius,
then serially diluted 2-fold in a microtiter plate. A diluted virus suspension is added tothe diluted
samples at a 1:1 (v/v) ratio and incubated at 37 degrees Celsius for 1 h to allow serum IgG
binding to virus. This serum-virus mixture is then added over a monolayer of Vero E6 cells at
80% coufluency on tissue-culture-treated plastic plates for 1 h to allow free virus toinfect cells
(these celis express high levels of SP target protein, huACEZ2). At this time, an overay of
complete DMEM mediuro, 2XMEM, and 1.5% agarose is added in a 1:1:1 {v/v/v) ratio. Cells
are incubated for 48 hours before fixating with 10% neutral buffered formalin for at least 30
min. The agarose overlay plugs are removed and cells stained with 0.5% Crystal Violet. Afier
washing the stain away, cells are dried overnight at ambient temperature and plaques are
enumerated. Negative and -positive control nAbs (Sino Biclogical, Wayne, PA) are used to
convert absorbance values of sample dilution curves into neutralization percentage values from

which D50 neutralization potency values are derived for each sample.

Examples HHustrating In vitre and In vive Performance of SARS-CoV-2-RBD-higG-Fe
Fusion Proteins

Fxample 16 In vitro Human Fe(gamma) and ACE2 Receptors Binding Affinity for a SARS-
Col-2-REBD-highG-Fe Fusion Protein of SEQ 1D NO: 19,

f0318} The n vitro binding of the SARS-CoV-2-RBD-hlgG-Fc fusion protein of SEQ ID
NQO: 19 tothe human Fe{garnma) and ACE2 receptors at pH 7.4 was conducted according to the
procedure of Example 9. The in vitro binding of the human IgG to the human FeRn at pH 7.4
was conducted according to the procedure of Example 9.

i6319] Plates were read in an ELISA plate reader at 450 nm, and the OD values
{(proportional tothe binding of each rhFc(gamma) receptor tothe SARS-CoV-2-RBD-higG-Fe
fusion protein of SEQ 1D NO: 19) were plotted against log concentrations of each thFc{gamma)
receptor added to each well to generate binding curves using GraphPad Prism software.

{6320] As illustrated 1o FIG. 19, the ECS0 of human Fe{gamma)R1 binding to the SARS-
CoV-2-RBD-hlgG-Fc fusion protein of SEQ ID NG: 1915 33 86 ng/mb. Asillustrated in FIG.
20, the ECSO of human Fe(gammajRlila binding to the SARS-CoV-2-RBD-hig(G-Fe fusion
protein of SEQ 1D NO: 19 is 2282 ng/mlb.. As illustrated in FIG. 21, the EC50 of human
Fc{gamma)RIb binding to the SARS-CoV-2-RBD-higG-Fc fusion protein of SEQ ID NO: 19
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is 2053 ng/mL. Asillustrated in FIG 22, the ECS0 of human Fe{gamnma)R1Ila F176 binding to
the SARS-CoV-2-RBD-higG-Fe fusion protein of SEQ ID NO: 1915 95.54 ng/mi., the ECS50 of
human Fe{gamma)RIila V176 binding to the SARS-CoV-2-RBD-higG-Fc fusion protein of
SEQIDNG: 1915 24.61 ng/mL, and the EC50 of human Fe{gamma)RITh binding tothe SARS-
CoV-2-RBD-hlgG-Fc fusion protein of SEQ IDNG: 19 15 11674 ng/ml. Asillustrated in FIG
23, the ECSO of human ACE2 binding to the SARS-CoV-2-RBD-higG-Fc fusion protein of
SEQID NG 1913 87.00 ng/ml..

{03211 As illustrated in FEG. 24, the EC50 of human FcRn binding to the SARS-CoV-2-
RBD-hgG-Fc fusion protein of SEQ 1D NGO: 19 18 3946 ngiul., while the ECSO of buman
FcRo binding to human 1gG (used as a control) 15 29.23 ng/ml, indicating that the FcRa receptor

binding is preserved using SEQ 1D NO: 19 compared to a human 1gG control.

Fxample 17: In vivo Screening of the Fffectiveness of the SARS-Col/-2-RBD-higG-i<c Fusion
Protein of SEQ 13 NO: 17 in Mice Without Adjuvant.

3322} The SARS-CoV-2-RBI-higG-Fc fusion protein of SEQ 1D NO: 17 was synthesized
according to Example T and purified according to Example 4. The fusion protein structure was
confinmed by non-reducing and reducing CE-SDS according to Example ¢ and the fusion
protein sequence identification was confirmed by LC-MS with glycan removal according to
Example 7.

{3323} According to the procedure of Example 12, eight groups of N=5, 6~ to &week old
female BALB/c mice were admunistered via subcutaneous injection the SARS-CoV-2-RBD-
hlgG-Fc fusion protein of SEQ 1D NO: 17 at dose levels varying from 0.05 pg/dose to 100
ug/dose on Day 0, Day 21 and Day 42 without adjuvant in a 100 ubL volume according to Table
2. All mice were non-terminally bled via submandibular venipuncture at 14 and 21 days after
each injection to obtain serum samples for anti-SP/RBD Ab titer assessment. The induced anti-
SPRBD IgG Ab titer response {mean 1gG ug/ml via an {gG ELISA standards curve) after
administration of the SARS-CoV-2-RBD-higG-Fe fusion protein of SEQ ID NO: 17 withow
adjuvant was measured according to Example 10 and plotted against the administered dose level
in ug immediately before the second dose on Day 21 as tHustrated in FIG. 25, and onDay 35 as
lustrated o FIG. 26.

Table 2: Test Groups and Dose Level of SEQ ID NG 17,

SARS-CoV-2 SP/RBD-Fefusion protein | Bose Level
GROUP )

SEQ D NG: {ng/Dose)
1 SEGIDNO: 17 0.05
2 SEGIDNO: 17 0.1
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3 SEQGIDNO: 17 0.3
4 SEQIDNG: 17 1

S SEQIDNQO: 17 3

6 SEQIDNG 17 10
7 SEQIDNO: 17 30
3 SEGIDNO: 17 100

{0324} The data show that dose levels between 1 ug and 100 pg resulted in noticeable
increase in the induced anti-SP/RBD IgG Ab titer response, with the best responses at Day 35
oceurring for 1 ug, 10 ug, and 100 pg dose levels. The kinetic response to dose levels of 1 ug,
3 ug, 10 pg, 30 ug and 100 ug of SEQ 1D NO: 17 after 1, 2, and 3 doses is illustrated in FIG.
27, highlighting that measurable increase in anti-SP/RBD g Ab titer response can be seen 14
Days after each dose, and that the SP/RBI» 12 Ab titer response continued to increase with

each additional dose forall dose levels.

Lxample 18: In Vivo Screening of the Effectiveness of the SP-RED of SEC 1D NO: 2 in Mice
Without Adpvant.

{0325] The SARS-CoV-2 SP/RBD (without the Fcy of SEQ ID NO: 2 was obtained from a
commercial source (item # 46438; Lake Pharma, Inc., San Mateo, CA} and was used to compare
the enhancement of Ab responses by an Fe¢ containing SP/RBD-Fe protein, SEQ 1D NO: 17,
which was synthesized according to Example 1, purified according to Example 4, structurally
confirmed by non-reducing and reducing CE-SDS according to Example 6 and with structure
identification confirmed by LC-MS with glycan removal according to Example 7. The relative
dose levels were standardized based on equal molar amounts of the SP/RBD Ag between the
SARS-CoV-2-RBD-higG-Fc fusion protein of SEQ ID NO: 17 and SP/RBD of SEQ ID NO: 2.
{3326} According to the procedure of Example 12, groups of N=5, 6- to 8-week old female
BALB/c mice were administered via subcutaneous injection the SP/RBD of SEQ ID NQO: 2 at
doselevels of S ug/dose, 15 ug/dose, and 40 pg/dosein a 100 pL volume or the SARS-CoV-2-
RBID-hlgG-Fe fusion protein of SEQ ID NG 17 without adjuvant at doselevels of 1 pg/dose, 3
ug/dose, S ug/dose, 30 pg/dose, and 100 pg/dose in a 100 gl volume on Day 0, Day 21 and
Dray 42, without adjuvant according to Table 3. One group of mice was administered a saline
control. All mice were non-terminally bled via submandibular venipuncture at 14 and 21 days
after each injection to obtain serum samples for anti-SP/RBD Ab titer assessment. The mduced
anti-SP/RBD [gG Ab titer response (mean gl ug/mi via an IgG ELISA standards curve) after

administration of the SP/RBD of SEQ D NG 2 or the SARS-CoV-2-RBD-higG-Fe fusion
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protein of SEQ 1D NQO: 17 without adjuvant at each of the dose levels was measured according
to Example 10 on Day 14 and Day 21 and is iHustrated in FIG. 28
10327} Importantly, there is a relative “epitope dose” difference of approximately 0.5
between the SP/RBD of SEQ IDNG: 2 (27 kDa monomer) and SEQ IDNG: 17 (104 kDa dimer)
based on formula weight and consideration of SE(Q 1D NO: 17 bivalency; e, the bivalent
SARS-CoV-2-RBD-higG-Fc fusion protein of SEQ ID NO: 17 contains two moieties of the
SP/RBI} epitope with a total formula weight that is approximately twice that of 2 SARS-CoV-
2-RBD-hlg(3-Fefusion protein monomers (Le., 104 kDavs 54 kDa, respectively). For example,

10 pg of SEQ ID NO: 17 dimer is equivalent to~ 5 ug of SEG 1D NO: 17 monomer.

Table 3: Test Cohorts and Dose Levels of SEQ IDNG: 17 and SEQIDNO: 2.

Cohort SARS-CoV-2 SP/RBD-Fc fusion protein Dose Level (ug/Dose)
SEQID NG:

1 SEQIDNG: 17 0.05

2 SEQID NG 17 0.1

3 SEQID NG 17 0.3

4 SEQIDNQO: 17 1

5 SEQIDNO: 7 3

6 SEQIDNO: 17 10

7 SEQIDNG: 17 30

& SEQ ID NG 17 100

9 SEQIDNO: 2 5

10 SEQIDNO: 2 15

it SEQIDNO: 2 40

12 PRBS -

{0328] The effect of the Fo moiety is demonstrated at both Day 14 and Day 21. The induced
anti-SP/RBD [gG Ab titer response of SEQ 1D NO: 17 including the Fe fragment reached near
maximum titers even at 14 days after the initial dose as shown in FIG. 28, whereas the SP/RBD
with no Fc fragment induced virtually no anti-SP/RBD IgG Abtiter response even after 21 days.
This difference in immunogenicity between these two non-adjuvanted materials demonstrates

the significant “built-in adjuvant” capability of the Fc moiety of the fusion protein Ag.

Fxample 19: In vivo Screening of the Fffectiveness of the SARS-Col-2-RED-higG-Fe Fusion
Profein of SEQ ID NO: 17 in Mice with Adjuvant.
103291 The SARS-CoV-2-RBD-higG-Fc fusion protein of SEQ 1D NO: 17 was synthesized
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according to Example 1 and purified according to Example 4. The fusion protein structure was
confirmed by non-reducing and reducing CE-SDS according to Example 6 and the fusion
protein sequence identification was confirmed by LC-MS with glycan removal according to
Example 7. The SARS-CoV-2 SP/RBD (without the Fc} of SEQ ID NGO: 2 was obtained from a
commercial source (item # 46438, Lake Pharma, Inc, San Mateo, CA).
{3330} According to the procedure of Example 12, groups of N=3, 6- to 8-week old female
BALB/c wice were adrinistered the SARS-CoV-2-RBD-higG-Fc fusion protein of SEQ D
NO: 17 at a dose levels and adjuvants as given in Table 4 and Table 5 and the SP/RBD of SEQ
IDNO: 2 at g doselevel of 5 pg/dose at Day 6, Day 21 and Day 42. The induced anti-SP/RBD
Ig(3 Ab titer response {(mean fgG ug/ml via an IgG ELISA standards curve) after ad ninistration
of the SARS-CoV-2-RBD-higG-Fc fusion protein of SEQ 1D NG 17 and the SP/RBD of SEQ
I3 NO: 2 was measured according to Example 10 at Day 21 (illustrated in FIG. 29), at Day 35
(illustrated in FIG. 30), Day 56 (llustrated in FIG. 31) and Day 88 (illustrated in FIG. 32).
Table 4: Description of Adjuvanis Screened in Preliminary SP/RBD-Fe Imnumization Studies
in BALB/C Mice,

Adjuvant Manufacturer Bescription

Advax-1 Vaxine Pty Lid | Based on delta inulin that has been previously shownin
Advax-2 (Bedford Park South, | animal models to enhance the imnmumnogenicity of a broad
PV I Australia) range of viral and bacterial Ag’s in additionto being safe

and effective in prelinunary human clinical trials
Notably, Advax™ adjuvant was recently shown fo
enhance the immunogenicity and protection conferred by
both inactivated and recombimant SARS vaccines, without
the excess Th2 bias of alum adjuvants and hence without

the risk  of inducing significant  cosinophilic

iromunopathology.
Vac-adx-10 InvivoGen {San | A squalene-based oil-in-water nano-ermulsion with a
Diego, CA) formulation similar to that of MF39® that has been

hicensed m Burope for adjuvanted flu vaccines.

Montanide™ | Seppic Inc. (Pans | A water-in-otf (W/0) emulsion composed of a mineral ol
ISA St France) and a surfactant from the mannide monooleate famuly that
is used as an adjuvant carrier with immune stimulatory
effect. When mixedwith Ag'sinaratio of SO/50v/v {11},
ISA-51 enhances Ag-specific Ab titers and cviotoxic T-

tymphocyte (CTL} responses.
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Montanide™ | Seppic Inc. (Pans, | An adjuvant which forms a stable water-in-oil emulsion.
ISA 720 France) {ts use with several recombivant malaria protems has
resulted in high Ab levels in mice, rabbiis and sheep.
Montanide™18SA 720 contains anatural metabolizable ol
and a highlyv-refined emulsifier from the mannide

mongoleate family.

Table 5: Test Cohoris, Dose Levels and Adjuvants with SEQ 1D NO: 17, SEQ D NO: 2 and
PBS.

SARS-CoV-2 SP/RBD-Fe¢ fusion
Dose Level
Cohort | protein Adjuvani
{pg/Dose}
SEQ ID NG:
i SEQID NO: 17 3 Advax~1 50%9:50% v/v
2 SEQID NO: 17 10 Advax-1 50%:50% v/v
3 SEQID NG 17 3 Montanide™ I8A 51 50%:50% v/v
4 SEQID NG 17 10 Montanide™ ISA 51 50%:50% v/iv
5 SEQID NG 17 10 Advax-2 50%:30% v/iv
6 SEQID NG 17 10 Advax -3 50%:30% v/v
7 SEQID NO: 17 10 vac-adx-10 50%:50% v/v
& SEQID NQ: 17 10 Montanide™ [SA 72030%/70% viv
9 SEQGIDNG: 2 5
10 PBS
103314 Some, but not all, adjuvanted formulations containing a 10 ug dose level enhanced

immunogenicity after one (Day 21), two (Day 35), and three (Day 56) doses by approximately
3-to 5-fold, demonstrating a range of effectiveness among theadjuvants, Notably, 32 daysafter
the third dose (i.e., Day 88), titers induced by all formulations remained significantly elevated,
demonstrating the durability of responses to SEQ ID NGO: 17 even at three months after the first
myection (FI1G. 32). Also, the Fc portion of the SARS-CoV-2-RBD-higG-Fe fusion protein of
SEQ ID NO: 17 was necessary to induce significant anti-SP/RBD 1gG Ab titers after the first 2
doses because the SEQ 1D NG: 2 (that lacks an Fe fragment) was not effective at Day 21 and

only modestly effective at Day 35 relative to SEQ IDNO: 17,

Lxample 20: In vivo Evaluation of the Efficacy of the ACE2-Binding Inhibition Potency Induced

by the SARS-CoV-2-REBD-higG-Fe Fusion Protein of SEQ 1D NO: 17 in Mice With and Without

Adpuvont,

{0332} In vivo evaluation of the efficacy of the ACE2-binding inhibition potency was
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carried out to determine whether vaccine-induced 1gG titers measured by an Ag-binding ELISA
are relevant to the viral neutralization capacity of immune serum, especially with respect to
inhibiting the binding of SP/RBD of the SARS-CoV-2 virus to the endogenous human target
protein, ACE2. The potency of immune serum to inhibit the binding of recombinant SP/RBD to
recombinant ACEZ2 in an ELISA format with SP/RBD bound to the plate and labelled-
recombinant human ACE? added with or without serial dilutions of immune serum was carried
out.

{0333} Invivo studies tofurther evaluate the effectiveness of the SARS-CoV-2-RBD-hlgG-
Fe fusion protein of SEQ 1D NQG: 17 were carried out in 6~ to §-week old Balb/c mice (Jackson
Laboratories, Bar Harbor, ME) according to the general methods described in Example 12. The
SARS-CoV-2-RBB-higG-Fc fusion protein of SEQ 1D NO: 17 was synthesized according to
Example 1and purified according to Example 4. The fusion protein structure was confirmed by
non-reducing and reducing CE-SDS according to Example 6 and the fusion protein sequence
identification was confirmed by LC-MS with glycan removal according to Example 7. The
SARS-CoV-2-RBD-higG-Fc fusion protein of SEQ D NO: 17 at a dose level of 10 pg/dose
with no adjuvant and the SARS-CoV-2-RBD-higG-Fc fusion protein of SEQ ID NG: 17 ata
dose level of 10 pg/dose with various adjuvants were administered subcutaneously on Day 0,

Day 21, and Day 42 according to Table 6.

Table 6: Test Cohorts, Dose Levels and Adjuvants With SEQ 1D NG: 17.

SARS-CeV-2 SP/RBD-Fe 7
) Dose Level
Ceohort | fusion protein Adjuvant

{ng/Dose)

SEQID NG:
I SEGIDNO: 17 10
2 SEGIDNO: 17 10 Montanide™ [SA 51 50%:50% v/v
3 SEGIDNO: 17 10 Advax -2 50%:50% viv
4 SEQIDNO: 17 10 Advax -3 509%:50% viv
S SEQIDNGO: 17 10 Vac-Adx-10 50%:50% viv
6 SEGIDNO: 17 10 Montanide™ [SA 720 30%/70% viv

10334 Blood was collected 21 days after each dose from each mouse {and prior to the next

dose) by submandibular venipuncture method, allowed to clot, and the serum was separated by

centrifuging micro-vacutainer tubes and aliquoted and frozen for antibody analysis by ELISA

according to the methods described ju Example 10. The results froro the serology assay

described in Example 13 assessed the potency of inhibiting the binding of recombinant SP/RBD

to bound recombinant human ACEZ2. Senal dilutions of pooled serum samples were performed
86
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from which inhibitory dilution 30% (ID50) values were derived using GraphPad Prism software
(i.e., equal volumes of serum from each mouse in a particular group were mixed and this pooled
sample was evaluated ). An ID50 value represents the reciprocal of the dilution at which 50% of
the ACEZ2 binding was achieved by a serum saraple. The inhibition potency of ACE2 SP/RBD
binding measured as the [I350 calculated at Dray 21 aftera single injection on Bay 0 s illustraied
in FIG. 33, The 1D50 calculated at Day 42 afterinjections at Day 0 and Day 21 is illustrated in
FIG. 34 The IDSOcalculated at Day 56 afterinjections at Day 0, Day 21 and Day 42 1s illustrated
in FIG. 35, with a final 1250 calculated at Day 88 illustrated in FIG. 36.

{1335) Such HISO values of immune serom from mice immunized with 3 doses of SEQ 1Dy
N 17 showed a response in which the inhibition potency was maintained to 32 days afterthe
fast injection (Iday 88) (FIG. 36). Moreover, the Montanide™ ISA 720 adjuvant consistently
induced the top potency at each timepoint. The Montanide™ [SA 720 result was particularly
interesting and surprising given that the total IgG titers obtained with this adjuvant were not
exceptionally potent relative {o the other adjuvanted formuliations, thus suggesting induction of
greater intrinsic potency per IgG molecule with 1SA 720, These data strongly supported the
selection of Montanide™ [SA 720 as the lead adjuvant candidate for this vaccine development

program.

Fxample 21: In vive Screening of the Effectiveness and the Efficacy of the Induced ACE2-
Binding Inhibition Potency of the SARS-CoV-2-REBD-hlgG-f¢ Fusion Protein of SEQ ID NO:
17 With and Without Adjuvant in Older Mice.

103361 During the current COVID-19 cutbreak, individuals greater than 60 years of age
were found to have a greater susceptibility to severe illness with a higher mortality rate.
Theretore, it is important to evaluate the capacity of vaccine formulations to induce immune
responses in older mice whose immune systems are a reliable model for the senescent inumune
systems of aging human adults. Because of the higher natural mortality in mice after 8 months
of age, approximately 15 mice were allocated for each study group.

{63371 In vivo studies to evaluate the effectiveness of the SARS-CoV-2-RBD-hlgG-Fe
fusion protein of SEQ D NO: 17 with and without adjuvant were carried outin 8- to 10-month
old female BALB/c mice (Jackson Laboratories, Bar Harbor, ME) according to the general
rcthods described in Example 12, The SARS-CoV-2-RBD-hlgG-Fe fusion protein of SEQ 1D
NGO: 17 was synthesized according to Example 1 and purified according to Example 4. The
fusion protein structure was confirmed by non-reducing and reducing CE-SDS according to
Example 6 and the fusion protein sequence identification was confirmed by LC-MS with glycan

removal according to Example 7.
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{0338] Groups of N=15, 8- to 10-month old female BALB/c mice were subcutaneously
administered the SARS-CoV-2-RBD-higG-Fc fusion protein of SEQ ID NO: 17 at a doselevels
of 10 pg/dose with and without adjuvants according to Table 7 in a 100 yL volume, at Day 0,
Day 21 and Day 42. Blood was collected 21 days after each dose from each mouse {and prior to
the next dose} by submandibular venipuncture method, allowed to clot, and the serurn was
separated by centrifuging micro-vacutainer tubes and aliguoted and frozen for antibody analysis
by ELISA according to the methods described in Example 10.
Table 7: Test Cohorts, Bose Levels and Adjuvants with SEQ D NO: 17,

SARS-Co¥-2 SP/RBD-Fe

o . Dose Level .
Cehort | fusion protein Adjuvant

e Ere {ug/Dose)

SEQIDNO:
1 SEQIDNOG: 17 10
2 SEGIDNO: 17 10 Montanide™ 18A 51 50%:50% viv
3 SEQIDNO: 17 10 Montanide™ 18A 720 30%/70% viv
4 SEQIDNO: 17 10 Advax -2 50%:50% viv

{0339] The induced anti-SP/RBD 1gG Ab titer responses {mean 1gG pg/mbl via an IgG
ELISA standards curve) after administration of the SARS-CoV-2-RBD-hlgG-Fc fusion protein
of SEQ IDNO: 17 according to Table 7 in a 100 pL volume was measured according to Example
10 and plotted. The measured SP/RBD IgG Ab titer respounses at Day 21 are illustrated in FIG.
37. The measured SP/RBD IgG Ab titer responses at Day 35 are illustrated in FIG. 38, The
measured SP/RBD [gG Ab titer responses at Day 56 are llustrated in FIG. 39,

10340} The adjuvants strongly potentiated this immunogenicity in formulations with 10
ug/dose of SEQ ID NG: 17, Similar to the invunogenic profile in younger mice, Montanide™
185 A 720 dramatically enhanced the inhibition potency D50 (as measured according to Example
13} of the SARS-CoV-2-RBD-higG-Fc fusion protein of SEQ ID NG 17 by 17-fold relative to
the level obtained without adjuvant at Day 56, Importantly, this inhibition potency induced by
the SARS-CoV-2-RBD-hlgG-Fe fusion protein of SEQ 1D NGO 17 with and without adjuvant
was above that of human convalescent serum, demonstrating the promising effectiveness of such
a SP/RBD-F¢ vaccine. Thus, the SARS-CoV-2-RBD-higG-Fc fusion protein of SEQ 1D NO:
17 maintains immunogenicity of anti-SP/RBD 1g(G titers with sufficient potency in an aged
immune system in the presence and absence of adjuvant, thus providing a strong rationale for

testing such a vaccine in elderly subjects.
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Example 22: In Vivo Screening of the Fffectiveness of the SARS-CoV-2-REBD-hig(G-F¢ Fusion
Frotein of SEQ FD NO: 19 in Mice With and Without Adiuvant,

{0341} In vivo studies to evaluate the effectiveness of the SARS-CoV-2-RBD-higGFc
fusion protein of SEQ ID NO: 19 in generating SP/RBD IgG Ab titer responses were carried
out. The SARS-CoV-2-RBD-higG-Fe fusion protein of SEQ 1D NG: 19 was syuthesized
according to Example 3 and purified according to Example 5. The fusion protein structure was
confirmed by non-reducing and reducing CE-SDS according to Example 6 and the fusion
protein sequence identification was confirmed by LC-MS with glycan removal according to
Hxample 7.

{0342} According to the procedure of Example 12, groups of N=5 6-to 8-week old female
BALB/c mice {(Jackson Laboratories) were administered via subcutaneous injection the SARS-
CoV-2-RBB-hIgG-Fe fusion protein of SEQ ID NG: 19 at dose levels of 1 ug and 10 pg with
and without adjuvants according to Table 8 in a 100 gL volume on Bay 0, Day 21 and Day 42

Table §: Test Cohorts, Dose Levels and Adjuvants with SEQ ID NG: 19,

SARS-CeV-2 SP/RBD-Fc
Daose Level
Ceohort | fusion protein Adjuvant
7 {ng/Dose)

SEQID NG:
1 SEQ D NO: 19 1
2 SEQIDNG: 19 10
3 SEGIDNO: 19 1 Montanide™ISA 720 30%/70% viv
4 SEQIDNO: 1% 10 Montanide™ ISA 720 30%/70% viv
5 SEQIDNO: 19 1 Montanide™ ISA 51 50%:50% v/iv
6 SEQIDNO: 19 10 Montanide™ [SA 51 50%:50% viv
7 SEQ D NO: 19 1 Advax-2 50%:50% v/v
& SEQIDNGO: 19 10 Advax-2 50%:50% viv

[0343] Blood was collected 14 days after each dose (i.e., on Day 14, Day 35, and Day 56)
from each mouse by submandibular venipuncture method, allowed to clot, and the serum was
separated by centrifuging micro-vacutainer tubes and aliguoted and frozen for analysis by
ELISA.

{3344} The induced SP/RBD IgG Ab titer responses (mean {gG ug/mlL. via an 1gG ELISA
standards curve) were measured according to Example 11 on Day 14 (FIG. 40), Day 35 (FIG
41}, and Day 56 (FIG. 42).

{0345} The SARS-CoV-2-RBD-higG-F¢ fusion protein of SEQ I NO: 19 induced

substantial 1gG titers at 1 and 10 pug dose levels in the absence of adjuvant, consistent with the
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mmmunogenicity profile of SEQ IDNG: 17 in Example 17, showing a pronounced dose-response
between the two dose levels after the 19 (Day 14) and 2% (Day 35) doses. As expected, the
SARS-CoV-2-RBD-hIgG-Fe¢ fusion protein of SEQ ID NO: 19 formulated with different
adjuvants induced substantially higher titers relative to those in the absence of adjuvant after
each dose (~ 3- to 10-fold after the 15t and 2% doses), and the adjuvant Montanide™ [SA 720
was similar in effectiveness to Ad-Vax-2 after each dose whereas Montanide™ ISA 51 wasless

effective.

Example 23: In Vivo Evaluation of the Efficacy of the ACE2-Binding Inhibition Potency and
Plogue Reduction Neuwalization Test (PRNT} Induced by the SARS-ColV-2-KRBED-big(G-Fe
Fusion Protein of SEQ ID NO: 19 in Mice With and Without Adjuvant.

{0346} In vivo studies to evaluate the efficacy of the ACEZ-binding inhibition potency
induced by the SARS-CoV-2-RBD-hlgG-Fc fusion protein of SEQ 1D NO: 19 in mice with and
without adjuvant were carried out.

{03474 The SARS-CoV-2-RBD-higG-Fe fusion protein of SEQ 1D NG: 19 was synthesized
according to Exaraple 3 and purtfied according to Example 5. The fusion protein structure was
confirmed by non-reducing and reducing CE-SDS according to Example ¢ and the fusion
protein sequence identification was confirmed by LC-MS with glycan removal according to
Example 7.

{3348} According to the procedure of Example 12, groups of N=5 6-to 8-week old female
BALB/cmice (Jackson Laboratories) were administered via subcutaneous injection the SARS-
CoV-2-RBD-higG-Fe fusion protein of SEQ 1D NO: 19 at dose levels of | ug and 10 pg with
and without adjuvanis according to Table 8 in a 100 pL. volume on Bay 0, Day 21 and Day 42.
[6349] Blood was collected 14 days after each dose (i.e., ou Day 14, Day 33, and Day 56)
from each mouse by submandibular venipuncture method, allowed to clot, and the serum was
separated by centrifuging micro-vacutainer tubes and aliquoted and frozen for analysis by
ELISA.

{6356} The resuits from the serology assay described in Example 13 assessed the potency
of inhibiting the binding of recombinant SP/RBD to bound recombinant human ACEZ. Senal
dilutions of pooled serum samples were performed from which inhibitory dilution 50% ({I250)
values were derived using GraphPad Prism software (1.e., equal volumes of serum from each
mouse in a particular group were mixed and this pooled sample was evaluated). An ID350 value
represents the reciprocal of the dilution at which 50% of the ACEZ binding was achieved by a
serum sample. The inhibition potency of ACE2 SP/RBD binding measured as the D30
calculated at Day 14 after a single injection on Day O is illustrated in FIG. 43, The D50

30
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calculated at Day 35 after injections at Day O and Day 21 is dlustrated in FIG. 44, The IDS0
calculated at Day 56 afterinjections at Day 0, Day 21 and Day 42 is illustrated in FIG. 45.
0351} The SARS-CoV-2-RBD-higG-Fc fusion protein of SEQ ID NO: 19 induced strong
ACEZ2-SP/RBD inhibitory potencies (ID50 values) that were significantly above those of human
convalescent serum at after each dose (FIG. 43, FIG. 44, and FIG. 45). Note that the SARS-
CoV-2-RBD-higG-Fc fusion protein of SEQ ID NO: 19 in forroulation with the Montanide™
I18A 720 adjuvant achieved the highest potencies after the 3rd dose. In all cases the higher doses
of the SARS-CoV-2-RBD-hlgG-Fc fusion protein of SEQ 1D NGO 19 produce higher affinity
antibodies which are more likely toinhibit the entry of SARS-CoV-2 virus into a patient’s cells.
Contrary to expectations, the results from the ACEZ binding inhibition assay desciibed in
Example 13 demonstrated that the SARS-CoV-2-RBD-hig(G-Fe fusion protein of SEQ 1D NO:
19 in formulation with the Montanide™ ISA 720 adjuvant produces the most inhibitory
antibodies of all the adjuvant formulations despiteinducing one of thelowest levels of anti-RBD
Ig(5 antibody titers when measured as described in Example 11. The Montanide™ [SA 720
adjuvant may be highly advantageous to increase the subcutaneous residence time and antigen
presentation potential of the SARS-CoV-2-RBD-hlgG-Fc fusion protein of SEQ IDNO: 1910
produce the highest affinity virus neutralizing antibedies.

{6352} Plague Reduction Neutralization Test (PRNT} was conducted according to Example
15 using Cohort 3 and Cohort 4 as described in Table 8 (administered the SARS-CoV-2-RBD-
higG-Fe fusion protein of SEQ ID NO: 19 with Montanide™ [SA 720 adjuvant at doselevels
of 1 pg and 10 ug). The induced SARS-CoV-2 virus neutralization potency in mouse serum
sampies is shown in FIG. 46. Interestingly, immunization of mice with the SARS-CoV-2-RBD-
hgG-Fe fusion protein of SEQ ID NO: 19 with Montanide™ ISA 720 adjuvant according to
the procedure of Example 12 also showed strong PRNT neutralization potencies that followed
an expected progressive elevation from one dose to two doses, such that potencies after the first
dose were below those of human serum but those derived from serum afterthe second dose were
nauch greater (~ 10-fold) than those of human convalescent serum. This s illustrated in FIG. 46.

The neutralization potencies showed a similar profile as that of the ACEZ-inhibition potencies.

Lxample 24: In vivo Screening of the Fffectiveness of the SARS-ColV-2-RED-higG-Fc Fusion
Protein of SEQ D NO: 19 With and Without Adjuvant to Induce Anti-SP/RBD IgG2a, lgG2h
and g3 Isotype Titers in Mice.

[6353] In vivo studies to compare the effectiveness of generating anti-SP/RBD IgG2a
1gG2b and 123 tsotype titers in mice of the SARS-CoV-2-RBD-hlgG-Fcfusion protein of SEQ

ID NO: 19 with or without adjuvants were carried out. The SARS-CoV-2-RBD-higG-Fe fusion
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protein of SEQ ID NO: 19 was synthesized according to Example 3 and punfied according to
Example 5. The fusion protein structure was confirmed by non-reducing and reducing CE-SDS
according to Example 6 and the fusion protein sequence identification was confirmed by LC-
MS with glvean removal according to Example 7.

[0354] According to the procedure of Example 12, groups of N=5 6-to 8-week old female
BALB/cmice {Jackson Laboratories) were administered via subcutaneous injection the SARS-
CoV-2-RBD-hlgG-Fc fusion protein of SEQ 1D NO: 19 with or without adjuvant according to

Table 9 on Day 0, Day 21, and Day 42.

Table 9: Test Cohorts, Dose Levels and Adjuvants with SEQ ID NG 19,
SARS-CoV-2 SP/RBD-Fe
Daose Level
{ohort | fusion protein , Adjuvant
{ug/Dose)
SEGID NO:
I SHQIDNO: 19 10
2 SEQIDNO: 19 10 Montanide™ [SA 51 50%6:50% viv
3 SEGIDNO: 19 10 Montanide™ISA 720 30%/70% v/v
4 SEQIDNO: 19 10 Advax -2 50%6:50% viv

{0335} Blood was collected 14 daysafter each injection from each mouse by submandibular
venipuncture method, allowed to clot, and the serum was separated by centrifuging micro-
vacutainer tubes and aliquoted and frozen for antibody analysis by ELISA according to the
methods deseribed in Example 11, The SARS-CoV-2-RBD-higG-Fe fusion protein of SEQ 1D
NG 19 with all adjovants mduced significant Thl-promoted 1gG2a, IgG2b and 1g(G3 sotype
titers in which Montanide™ [SA 720 consistently showed a strong enhancement at all
timepoints {see FIG 48, FIG. 49 and FIG. 50). In addition, Th2-promoted isotype, {gG1 titers
were approximately 10-fold less than those of the Thi-associated isotype (FIG. 47). These
results demonstrate that the Montanide™ ISA 720 adjuvant maintained a strong enhancing
effect when delivered with SEQ 1D NG: 19, especially by promoting the desired shift towardsa
Th1 response, supporting its dose-sparing characteristics and selection as the clinical lead

adjuvant,

Example 25: In vivo Screening of the Effectiveness of the SARS-CoV-2-RBD-higG-Fc Fusion
Protein of SEQ LD NO: 23 With and Without Adpwvant 1o Induce Anti-SP/RED igG Isotype Titers
i Mice.

{3358} The role of the Fe fragment in its contribution to the immunogenicity of the SP/RBD-
Hc fusion protein vaccine was further investigated in mice by attempting to understand how the

g2
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use of a human 1gG Fe construct in mice may atfect the efficacy. Mouse 1gG2a (SEQ ID NO:
22} is the functional analog to human IgG1.
EPRGPTIKPCPPCKCPAPNLLGGPSVFIFPPKIKDVLMISLSPIVICVVVDVSEDDPD
VOISWFVNNVEVHTAQTQTHREDYNSTLRVVSALPIQOHQDWMSGKEFK CKVNNK
DLPAPIERTISKPKGSVRAPOVYVLPPPEEEMTKKOVTLTCMVTDFMPEDIYVEWT
NNGKTELNYENTEPVLDSDGSYFMYSKLRVEKENWVERNSYSCSVVHEGLHNH
HTTKSFSRTPGK (SEQIDNG: 22)
{03571 The experiments were aimed at determining 1} whether the Fc species mismaich
might be the cause of the underlying immunogenicity of the SB/RBD-Fc fusion protein and i)
whether results from buman IgG Fc constructs in animal models are appropriate for predicting
performance in humans.
{0358] The SARS-CoV-2-RBD-higG-Fcfusion protein of SEQ 1D NO: 23 was therefore
constructed comprising the SP/RBD of SEG D NO: 14 with the linker of SEQ 1D NO: 5 and
the mouse {g(G2a Fe fragment of SEQ 1D NG 22.
RYOQPTESIVRFPNITNLCPFGEVENATRFASVY AWNRKRISNCVADYSVEYNSASFE
STFKCYGVSPTKLNDLCFINVYADSEFVIRGDEVRQIAPGQTGKIADYNYKLPDDFT
GOVIAWNSNNLDSKVGGNY NYLYRLFRKSNLKPFERDISTEIYQAGSTPONGVEG
FNCYFPLQSYGFQPTINGVGYOQPYRVVVLSFELLHAPATVCGPRKKSTNLVKNKCVN
FGGGSGGGSEPRGPTIKPCPPCKCPAPNLLGGPSVFIFPPKIKDVEMISLSPIVICVY
VDVSEDDPDVQISWEFVNNVEVHTAQTOTHREDYNSTLRVVSALPIQHQDWMSGK
EFKCKVNNKDLPAPIERTISKPKGSVRAPQVYVIPPPEEEMTKKQVTLTCMVTDF
MPEDIY VEWTHNNGKTELNYKNTEPVLDSDGSYFMY SKLRVEKKNWVERNSY SCS
VVHEGLHNHHTTKSFISRTPGK (SEQ ID NG: 23)
{0359} Invivo studies to compare the effectiveness of generating SP/RBD Ig(G isotype titer
responses of the SARS-CoV-2-RBD-higG-Fc fusion protein of SEQ ID NG: 23 with the
effectiveness of generating SP/RBI» [ isctype titer responses of the SARS-CoV-2-RBD-
WgG-Fe fusion protein of SEQ 1D NO: 19 and of the SP/RBD of SEQ 1D NG: 2 were cartied
out.
{0360} The SARS-CoV-2-RBD-higG-Fe fusion protein of SEQ 1D NG: 19 was synthesized
according to Example 2 and purified according to Example 5. The fusion protein structure was
confirmed by non-reducing and reducing CE-SDS according to Example 6 and the fusion
protein sequence identification was confirmed by LC-MS with glycan removal according to
Example 7. The SARS-CoV-2-RBD-hlgG-Fc fusion protein of SEQ 1D NOG: 23 was obtained
from a commercial source (catalog # SPD-C5259, ACRO Biosystems, Newark, DE). The
SARS-CoV-2 Spike Protein Receptor Binding Domain (SP/RBD) (without the Fc) of SEGQ ID
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NO: 2 was obtained from a commercial source (item # 46438; Lake Pharma, Inc., San Mateo,
CA).

[0361] According to the procedure of Example 12, groups of N=3 6-t0 8-week old female
BALB/c mice (Jackson Laboratories, Bar Harbor, ME)} were adnunistered via subcutaneous
injection the SARS-CoV-2-RBD-higG-Fe fusion protein of SEQ ID NO: 19, the SARS-CoV-
2-RBD-higG-Fc fusion protein of SEQ 1D NO: 23 or the SP/RBD of SEQ ID NO: 2 according

to the doselevels given in Table 10 on Day 0 and Day 21

Table 10: Test Cohorts and Dose Levels of SEQ 1B NG: 19, SEQ 1D NG: 23 and SEQ
1D NG: 2.
SARS-CoV-2 SP/HBD-Fe
Baose level
Ceohort | fusion protein Adjuvant
{ug/Dose)
SEQID NG:
1 SEQIDNG: 19 I
2 SEQIDNO: 19 10
Montanide™ ISA 720 30%/70%
3 SEQIDNG: 19 1
viv
Montanide™ ISA 720 30%/70%
4 SEGIDNQO: 19 10
viv
5 SEQIDNG: 23 1
65 SEQIDNG: 23 16
Montanide™ ISA 720 30%/70%
7 SEQIDNG: 23 1
viv
o Montanide™ ISA 720 30%/70%
& SEQIDNG: 23 10
viv
9 SEGIDNQO: 2 0.5
10 SEQIDNOG: 2 5
{0362} Blood was collected 14 daysafter each injection from each mouse by submandibular

venipuncture method, allowed to clot, and the serum was separated by centrifuging micro-
vacutainer tubes and aliquoted and frozen for antibody analysis by ELISA according to the
methods described in Example 11 and ACE2-SP/RBD binding inhibition potency according to
the methods described in Example 13

13363} Immunizations with SEQ [D NO: 19 and SEQ 1D NO: 23 containing the murine Fe
comprising mouse 1gG2a without adjuvant (Cohorts 1, 2, 5, and 6 from Table 10} showed no

significant differences in induction of IgG titer 14 days after the first or second doses(i.e, Day
94
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14 as shown in FIG. 51 and Day 35 as shown in FIG. 52), demonstrating that human Fe antigenic
sequences do not perform any differently than native mouse Fo sequences in the BALB/c mouse
immunogenicity model. Similar to results obtained using SEQ ID NO: 17, SEQ 1D NO: 2
without an Fo fragment (Cohorts 9 and 10 from Table 10) was not as inynunogenic after the
first and second doses refative to that of SEQ IDNO: 23 or SEQ 1D NG 19 in the absence of
adjuvant. Given that the mouse version of the SARS-CoV-2-RBD-hig(-Fefusion protein (SEQ
ID NG: 23) demounstrates enhanced immunogenicity in mice relative to the naked SP/RBD
protein (SEQ 1D NO: 23, it is highly likely that the human version will demonsirate enhanced
tmmunogenicity in hurans.

{0364} Immunizations with SEQ 1D NO: 19 and SEQ 1D NO: 23 containing the murine Fo
comprising mouse 1gG2a with adjuvant (Cohort 3, 4, 7 and 8 from Table 10} showed no
significant differences in ACEZ-SP/RBD binding inhibition potency 14 days after the first or
second doses {i.e., Day 14 as shown in FIG. 53 and Day 35 as shown in FIG. 54), demonstrating
that buman Fc antigenic sequences do not perform any differently than native mouse Fo
sequences in the BALB/c mouse immunogenicity model. Both SEQ ID NO: 19 and SEQ ID
NO: 23 exhibited ACEZ-SP/RBD binding inhibition potency greater than human convalescent
serum (HCS) even after just one dose. Similar to results obtained using SEQ ID NQO: 17, SEG
ID NO: 2 without an Fc fragment was not as potent in terms of ACE2-SPRBD binding
inhibition after the first and second doses relative to SEQID NO: 23 or SEQIDNO: 19evenin
the absence of adjuvant. Given that the mouse version of the SARS-CoV-2-RBD-higG¥c
fusion protein (SEQ [D NO: 23) demonstrates enhanced immunogenicity in mice relative to the
naked SP/RBD protein (SEQ ID NO: 2), it is highly likely that the human version will

demonstrate enhanced irmmupogenicity in humans.,

Example 26: In vivo Screening of the Fffectiveness of the SARS-CoV-2-REBD-higG-Fe Fusion
Protein of SEQ ID NO: 19 in Mice with Montanide™ JS4-720 Adjvant Afier Storage.

{0365} In vivo studies to compare the effectiveness of generating SF/RBD IgG Ab titer
responses of freshly made SARS-CoV-2-RBD-higG-Fe fusion protein of SEQ ID NO: 19 with
Montanide™ ISA 720 emulsion with the same emulsion stored at 4°C and 25°C forone day and
seven days after preparation were cartied out. The SARS-CoV-2-RBD-higG-Fc fusion protein
of SEQ ID NG: 19 was synthesized according to Example 3 and purified according to Example
5. The fusion protein structure was confitmed by non-reducing and reducing CE-SDS according
to BExample 6 and the fusion protein sequence identification was confirmed by LC-MS with
glycan removal according to Example 7.

{3366} According to the procedure of Example 12, groups of N=5 6-to 8-week old female
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BALB/c mice {(Jackson Laboratories, Bar Harbor, ME) were adnunistered via subcutaneous
ijection the SARS-CoV-2-BRBD-higG-Fc tusion protein of SEQ ID NG 19 at a dose level of
10 pg mixed with Montanide™ ISA 720 adjuvant 30%/70% v/v fresh or after storage for 1 day
or 7 days at 4°C and 25°C.

{0367} Blood was collected at Day 14 afterthe injection from each roouse by submandibular
venipuncture method, allowed to clot, and the serum was separated by centrifuging micro-
vacutainer tubes and aliquoted and frozen for antibody analysis by ELISA according to the
methods described in Example 13,

{3368} The results from the ACE2 binding inhibition assay described in Example 13
demonstrated that the SARS-CoV-2-RBD-higG-Fc fusion protein of SEQ 1D NG: 19 induced
similar inhibitory potency in serum (IDSO values) in mice after injection of freshly made
emulsion versus the emulsion stored for 1 day and 7 days at 4°C and 25°C. As shown in FIG
55, there is no significant difference (p>0.05) in ID50 values between the animals injected with

freshly made emulsion versus any of the aged enmulsions.

Fxample 27: Preliminary Dosing Effectiveness and Efficacy of the ACE2-Binding Inhibition
Potency Induced by SEQ 1D NCG: 19 With the Adjuvant, Montmnide™ IS4 720, in Non-Humes
Primates (NHPs, ie., Cynomolgus Monkeys).

{3369 To transiate this human IgG1 Fe fusion protein immunogenicity knowledge from
mice tohuman clinical studies, the SARS-CoV-2-RBD-hlgG-Fc fusion protein of SEQ D NO:
19 formmlated with or without adpivant (Montanide™ [SA 720} was tested in the more
genetically-relevant NHP species, Cynomolgus monkeys. The Cynomolgus monkey fgGi-Fe
region sequence is highly similar to the human IgG1-Fe sequence and Cynomolgus IgG effector
functions and human IgG1 was indeed active in Cynomolgus monkeys but with a somewhat
reduced potency. Thus, efficacy results obtained in Cynomolgus monkeys with a human IgGl-
Fe fusion protein are likely to slightly underpredict the performance of the human IgG1l-¥c
fusion protein in humans. Lastly, the translatability of Cynomolgus monkey results was
confirmed by demonstrating that the human IgG Fe fragment of SEQ 1D NO: 19 is able to bind
to Cynomolgus FeR and FcRo homologs with simoilar potency as obtained for the human FcR
and FcRn receptors. Different concentrations of His-Tagged bursan and Cynomolgus FeR
homolog molecules were added to plastic-bound SEQ ID NG 19, After washing away unbound
molecules, bound molecules were detected with Iabelled anti-His secondary antibody and
developed colorimetrically with absorbance (0D 450} determined via a spectrophotometer. As
shown in FIG. 56, FIG 57, FIG. 58 and FIG. 59, the translatability of Cynomolgus monkey

results was confirmed by demonstrating that the human IgG Fe fragment of SEQ ID NG 1913
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able to bind to Cynomolgus FeR and FcRn homologs with similar potency as obtained for the
human FcR and FcRn receptors, thus establishing clinical relevancy of the NHP model.

10370} The SARS-CoV-2-RBD-higG-Fe fusion protein of SEQ ID NG: 19 was synthesized
according to Example 2 or Example 3 and purified according to Exaraple S. The fusion protein
structure was confurmed by von-reducing and reducing CE-SDS according to Example 6 and
the fusion protein sequence identification was confirmed by LC-MS with glycan removal
according to Example 7.

{0371} Groups of N=3 male and female Cynomolgus monkeys were subcutaneously
adromnistered the SARS-CoV-2-RBD-higG-Fe fusion protein of SEQ ID NO: 19 in
Montanide™ {SA 720 adjuvant at 30%/70% {v/v} via a single subcutaneous injection on Day ¢
and Day 21 according to Table 11. Five of the six monkeys were administered a booster injection
of the SARS-CoV-2-RBD-higG-Fc fusion protein of SEQ ID N{O: 19 in Montanide™ ISA 720

adjuvant at 30%/70% (v/v) between approximately 3 and 4 V2 months after the second injection.

Table 11: Cynomolgus Monkey Test Groups and Dose Levels for SEQID NO: 19 with
Montanide™ ISA 720 30%/70% viv.
SARS-CoV-2 SP/RBB-
Bose Level
Group | Animal | Fe fusion protein Sex Dosing Schedule
| (ng/Dose)
SEGQID NO:
SEGQG 1D NO: 19 + ISA
1 6001 M {30 0,21, 154
720
SEG 1D NO: 19 + [SA
I 6101 F 30 0,21
720
) SEQ ID NO: 19 + I8A
1 6102 F 30 0,21, 104
720
SEQ ID NG: 19 + I8A
2 7101 F 10 0,21, 104
720
SEQ ID NG: 19 + 18A
2 7102 i 10 0,21, 104
720
SEQ ID NGO: 19 + 18SA
2 7103 0 F 10 0,21, 104

{63721 Blood was collected from each NHP, allowed to clot, and the serum was separated

by centrifuging micro-vacutainer tubes and aliquoted and frozen for antibody analysis by ELISA

according to the methods described in Example 11

{0373} The induced anti-SP/RBD IgG Ab titer response {(mean IgG pg/ml via an 1gG
97



WO 2021/207599 PCT/US2021/026577

ELISA reference serum standard curve) of the SARS-CoV-2-RBD-hlgG-Fe fusion protein of
SEQ ID NO: 19 formulated with Montanide™ ISA 720 adjuvant at dose levels of 10 pg and 30
ug was measured on Day 0 after one dose, Day 14 after one dose, Day 20 after one dose, Day
35 after two doses and Day 42 after two doses according to Example 11, revealing potently
induced IgG Ab titers, 1o which the higher dose level of 30 ug showed greater immunogenicity
than the lower dose level of 10 ug at all timepoints after the Day 0 and Day 21 doses as shown
in FIG. 60,

{6374} For the animals that received a booster {third) dose either at Day 102 or Day 154
after theanti-SP/RBD 1gG Ab titer had dropped, theinduced anti-SP/RBD IgG Ab titer response
following a single booster dose was significant as shown in FIG. 61, indicating a strong memory
recall,

{6375] Furthermore, these Ig(G Ab titer immunogenicity profiles were consistent the ACE2-
binding inhibition potency (ID50} induced by the SARS-CoV-2-RBD-higG-Fc fusion protein
of SHO D NG: 19 and measured according to Example 13, which was well above the potency
of human convalescent serum (HCS) as shown in FIG. 61, where the ID30 value represents the
reciprocal of the dilution at which 50% of the ACE2 binding was achieved by a serum sample,
which was calculated on Day 21 after 1 dose and Day 42 after 2 doses for both the 10 pg and

100 ug dose level.

Example 28: Plague Reduction Neutralization Test to Confirm the Infiibitory Potency of
Disrupting the Biochemicad Ireraction of Recombinam ACE2 and SP/RBD of SEQ ID NO: 19
With the Adjuvant, Momanide™ IS4 720, in Non-Human Primates (NHPs, i.e., Cynomolgus
Monkeys}.

10376} In furthering such translational research, this inhibitory potency of disrupting the
biochemical interaction of recombinant ACE2 and SP/RBD was confirmed with the
neutralization of live SARS-CoV-2 virus from infecting hive VERO-ES cells in the Plague
Reduction Neutralization Test (PRNT).

103771 Groups of N=3 male and female Cynomolgus monkeys were subcutaneously
administered the SARS-CoV-2-RBD-higG-Fe fusion protein of SEQ ID NO: 19 in
Montanide™ ISA 720 adjuvant at 30%/70% (v/v} on Day 0 and Day 21 according to Table 11
Blood was collected from cach NHP, allowed to clot, and the serumn was separated by
centrifuging micro~vacutaimer tubes, aliguoted, and frozen for analysis.

{0378} The Plague Reduction Neutralization Test was conducted according to Example 15
The SARS-CoV-2-RBD-higG-Fefusion protein of SEQ IDNO: 19 induced SARS-CoV-2 virus

neutralization potency in NHP serum samples is shown in FI1G. 62. The neutralization potencies
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showed a similar profile as that of the ACEZ2-inhibition potencies, although such PRNT IDS0
values were stmilar to those of human convalescent serum.

0379] These results demonstrate the value of testing vaccination in NHPs and provide
valuable guidance for designing the first-in-human clinical trials and set expectations for the

translation to humans.

Example 29: bffectiveness of u SARS-Col-2-RED-#ig(G-Fc Fusion Protein Vaccine of SEQ 1D
NQ: 19 With the Adjuvant, Montanide™ I54 720 Against the UK Variant (N501Y) and the South
African Variant (17484K) of SARS-Col’-2 in Mice and Non-Human Primates (NHPs; ie.,
Cynomolgus Monkeys).

{03801 Analysis was performed in an attempt to understand whether the SARS-CoV-2-
RBD-hlgG-Fc fusion protein of SEQ 1D NO: 19 with the adjuvant, Montanide™ {SA 720 was
effective against variants of the SARS-CoV-2 virus, specifically a UK and South African viral
vartant.

{0381} FIG. 66 dlustrates a side by side comparison of the SARS-CoV-2 native SP/RBD of
SEQ ID NO: 2 and the analog SP/RBD fragment of the UK N301Y viral variant (SEQ 1D NO:
24} and the South African E484K viral variant (SEQ 1D NO: 25) performed using Clustal Omega

ey

where represents complete homology across all sequences at a given sequence position. A

“7" {colon} indicates conservation between groups of strongly similar properties with scoring
greater than 0.5 in the Gonnet PAM 250 matrix. A “-7 {dash) indicates a sequence gap, meaning
that no local homology exists within a particular set of corpatisons within a certain range of
the sequences.
PNITNLCPFGEVFEFNATRFASVYAWNMNRERISNCVADYSVLYNSASFSTFKCYGVSPT
KLNDLCFINVYADSFVIRGDEVROIAPGOTGKIADYNYKLPDDFTGCVIAWNSNN
LDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPONGVEGEFNCYFPLOSYG
FOPTYGVGYOQPYRVVVLSFELLHAPATVUGPKKSTNLVENKCVNFNENGLTGTG
VLTESNKKFLPFQOFGRDIADTTDAVRDPQTLE (SEQ ID NGO 24)
PNITNLCPFGEVENATRFASYVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPT
KENDLCHFINVYADSFVIRGDEVROIAPGOQTGKIADYNYKLPDDFTGCVIAWNSNN
LOSKVOGGNYNYLYRLFREKSNLKPFERDISTEIYQAGSTPONGVKGENCYFRLOSYG
FOPINGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCYVNFNENGLTGTG
YLTESNKKFLPFOQFGRDIADTTDAVRDPQTLE (SEQ D NO: 25)
33821 Serum samples from NHPs dosed according to Example 27 were extracted on Day
42 from animals 1,2, 3, 5 and 6. Serum samples from mice dosed according to Example 22 were
extracted on Day 56. Both the NHPs and the mice had been immunized with 2 doses of the
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SARS-CoV-2-RBD-hlgG-Fc Fusion Protein Vaccing of SEQ ID NO: 19 with the adjuvant,
Montanide™ [SA 720,

{0383 The serum samples were added to plastic-bound recombinant RBD wildtype (Lake
Pharma, San Mateo, CA) or mutants NSO1Y (UK vanant, provided by SINO Biological, Wayne
PA)Yor E484K (South Africa variant, provided by AcroBiosysterus, Newark, DE). Bound RBD-
specific IgG was detected with labelled anti-NHP or anti-mouse 1gG secondary antibodies and
developed colorimetrically (0450 values). 1gG pg/ml titer values were determined via a NHP
or mouse BELISA reference serum standard curve and the Mean (N=4} was reported.

{3384} The results shown in FIG. 64 and FIG. 65 illustrate that such immmune sera from
NHP and mice bound recombinant RBD mutants, NSO1Y and E484K, as well as, or greater than,
the wild-type RBD molecule, indicating that the UK (N501Y) and South African (E484K) viral

variants are not likely to escape SEQ I3 NG: 19 induced immunity.

Examples Hlustrating Toxicity Study Resulis of the SARS-CoV-2-RBD-higG-Fe Fusion
Protein of SEQ ID NO: 19
Fxample 30: Repeat Dose Toxicity Study of a SARS-CoV-2-REBD-higG-I'c Fusion Protein
Vaccine of SEQ 1D NO: 19 in New Zealond White Rabbits with a 2-Week Recovery Period.
{6385] A toxicology NI} -enabling study using New Zealand White Rabbits was performed.
Rabbits were chosen because this species has been extensively used for preclinical studies of
vaccine-induced immunogenicity that results in robust Ab responses. In addition, rabbits express
the SARS-CoV-Z viral receptor, ACE2, that allows the virus to bind and infect the animal
causing disease symptoms similar to those of human COVID-19. The vaccine antigenic subunit
is the ACEZ receptor binding domain of the spike protein of SARS-CoV-2 virus fused 10 a
human IgG1 Fc molecule that could potential directly bind ACE2 in rabbits (expressed on lung,
epithelium, neurons) and cause pathology.
{3386} The safety, toxicity, toxicokinetic and immunogenicity profiles of the SARS-CoV-
2-RBD-hlgG-Fe fusion protein of SEQ ID NO: 19 with or without Montanide™ ISA 720
adjuvant was evaluated using vaccine formulations injected subcutaneously every 14 daysfora
total of 3 injections, and toevaluate reversibility of any toxicity signs during a 14-day treatment-
free recovery period. The aggressive 14-day injection schedule is to ensure that the intended
icss-aggressive 28-day injection schedule in human clinical studies is sufficiently supported by
animal toxicology. Study endpoiuts include clinical observations, body weight gain/loss, food
consumption, clinical pathology, and terminal gross necropsy, organ weights, and
histopathology.
{6387} The SARS-CoV-2-RBD-higG-Fe fusion protein of SEQ 1D NG 19 was synthesized
100



WO 2021/207599 PCT/US2021/026577

according to Example 3 and purified according to Example 5. The fusion protein structure was
confirmed by non-reducing and reducing CE-SDS according to Example ¢ and the fusion
protein sequence identification was confirmed by LC-MS with glycan removal according to
Example 7.

[0333] The subjects of the study are male and female New Zealand naive, specific pathogen-
free white rabbits of 3 to 4 months of age and weighing 2 to 4 kg. The rabbits are housed in
stainless steel mobile caging alone or in groups and undergo a 14 day acchmation pertod prior
to dosing,

{1389] S male and 5 female rabbits per Main Study treatment groups and 3 male and 3
female rabbits per Recovery treatment groups received either a 30 ug or a 100 ug dose of the
SARS-CoV-2-RBI}-higG-Fe fusion protein of SEQ ID NO: 19 formulated with Montanide™
1SA 720 adjuvant or without adjuvant, or a vehicle negative control {saline}. Recovery groups
were included to investigate the reversibility of any adverse effects observed during the
treatment period, and to screen for any possible delayed adverse effects. The specific details of
the repeat-dosing toxicology study in rabbits are given in Table 12.

Table 12: SEQ ID NO: 19 Repeat-Dosing Toxicology Study in Rabbits,

Deosing
Dose MNumber of animals
schedule
Group | Test article Level - - -
M ¥ M ¥ (3 doses total)
{ug) - :
Main Study | Recovery
1 Vehicle - 5 5 3 3 Day 1, 15,29
2 SEGIDNO: 19 30 S 3 3 3 Day 1, 15,29
3 SEQIDNO: 19 100 3 S 3 3 Day 1, 15,29
SEQIDNO: 19 with
4 Montanide™  ISA |30 5 5 3 3 Day 1, 15,29
720
SEQID NO: 19 with
5 Montanide™  ISA | 100 5 5 3 3 Day 1, 15,29
720

{3561 The target product profile of the SARS-CoV-2-RBI-higG-Fc fusion protein of SE(
I3 NG 19 includes no more than 2 immunization igjections in humans, therefore a “clinical
dosing + 17 strategy was used wherein 3 vaccine doses were administered subcutaneously on

Days 1, 15, and 29 (Day 15 and Day 29 toxicokinetic injections are designed to be in the
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presence of anti-SP/RBD titers induced from the Day 1 and Day 15 injections, respectively).

Boths.¢. and t.m. routes of administration were evaluated.

Example 31: Serum Levels of SARS-C'oV-2-RBD-higir-F'c Fusion Protein, Serum Levels of
Anit-SP/RBD IgG, and Observational and Quantitative Sufety Assessments in GLP Toxicology
Studies in Rabbits.

10391} The PK/TK assay is an enzyme linked immunosorbent assay (ELISA) in which the
SARS-CoV-2-RBD-hlgG-Fcfusion protein of SEQ ID NO: 19 present in the rabbit serum study
samaples 18 captured by goat anti-Human IgG (Fo) coated on microtiter wells and then 13
quantitated by an anti-human 1gG-Febiotin conjugate which is then reacted withhigh sensitivity
Streptavidin-HRP detection antibody followed by TMB substrate system. Purified SEQ 1D NO:
19 is used for preparing standard corves for the assay as well as for making assay controls. Four
Qs (High QC, Mid QC, Low OC and Negative QC) were prepared at 10x by spiking punfied
SEQ 1D NO: 19 stock solution into normal rabbit serum (Jackson Immuno), and tested in
multiple runs to establish their nominal values and stored frozen at -20°C as small-volume
aliquots for single-thaw use. These QCs were used as the spiked validation samples in the
validation assays to evaluate accuracy, precision, limit of guantitation, difution lingarity, spike
recovery, and short-term stability.

{03921 During pre-validation, a minimum required dilution (MRD) of 1:10 was determined
asoptimal forthis ELISA, and this dilution was used in thevalidation runs. Thus, 10% of normal
rabbit serum (Jackson Immuno; lyophilized nommal rabbit serum reconstituted in H20) was
added in the diution butfer used for making standard curves during primary validation runs.
When spike recovery was tested with actual normal rabbit sera (BiolVT), significant under-
recovery of spiked values was observed due to matrix effects not seen with the normal rabbit
seruim.

{0393} Based on these results, it was determined that pooled rabbit serurn, rather than
nomal rabbit serum, should be used in preparation of the standard curve in order to better
represent recovery of SEQ IDNO: 19 in non-clinical rabbit serum samples. Selected parameters
such as accuracy and precision, linearity, and spike and recovery were re-tested using 10%
pooled vormal rabbit serum (BiolVT) in the standard curve buffer.

{3384} When using the pooled serum standard curve, intra~-and inter-assay accuracy ranged
from 93 — 105% at all three nou-zero 3C levels. The assay was found to be linear between 2
ng/ml. and 100 ng/ml., and those values were found to be the lower imit of quantification
(LLOQ) and upper limit of quantification (ULOQ) respectively. When using the pooled serum

standard curve, spike-recovery was extremely accurate across 11 different serum samples, with
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recoveries ranging from 100 — 117% at a high spike level (70 ng/mb), 107 — 116% at a mid-
spike level (40 ng/mL), and 108 — 123% at a low spike level (10 ng/mL). Spike serum samples
were found to be stable through at least 3x freeze-thaw cycles (95 - 103% recovery), up to one
week at 4°C (97 — 100% recovery), and 4 hours at room temperature (91 — 98%% recovery).
Vahdation results show that the SEQ ID NO: 19 PK/TK ELISA was highly accurate and
reproducible, and fit for purpose.

[0395] A 4-timepoint TK study was conducied in which the same animal was bled at pre-
dose, 6 h, 24 b, and 48 b after the 1st, 2nd, and 3rd injections in which an appropriate volume
of blood was obtained for each bleed for TK analyses in addition to immunogenicity analyses,
{3396} Systemic effectson the immune system were evaluated by draining lymph nodes and
performing hematology and serum chemistry before the Ist dose and approximately 2-3 days
following the administration of the Ist and last doses, at takedown for the Main Study, and at
takedown of the Recovery groups, and included absclute and relative differential white blood
cell (WBC) counts (iymphocytes, monocyies, granulocytes, abnormal cells), albumin/globulin
ratio, enzymes, and electrolytes. Serum samples were evaluated for vaccine-specific Ab titers
and TX levels.

{6397} Daily clinical observations included examination of local inflammatory reactions at
the injection sites for up tothree days afterthe injection and weekly thereafter (such observations
included swelling, pain reaction to touch, impaired locomotion, and granulomatous nodules).
Daily observation for health status (lethargic, lack of movement, difficulty in walking, not eating
ete.) was also performed. Weekly body weights and food consumption (lack of appetite,
anorexia) were monitored and assessed at study termination after an approximately 12 hour
petiod of fasting.

[6398] At study termination, blood samples were collected for serum chemistry,
hematology, and immuvological imvestigations, and at which time a complete gross necropsy
was conducted with examination of gross lesions and organ weights. Histopathological
examinations of tissues were performed, and special attention paid to immune organs (both local
and distantlymph nodes, spleen, bone marrow, and Peyer’s patches), pivotal organs {lung, liver,
kidneys, brain, and reproductive organs), and the site of vaccine administration. Local toxicity
{at the site of vaccine ad ministration} assessment included evaluation for inflammatory reactions
{e.g., soft granulomatous nodules, hard fibrous nodules, ulceration, etc.} and sites excised, and
histopathology examination performed. Eosinophilia in lung tissue was especially evaluated.
103991 Doses were formulated and prepared according to Table 12, Dosing sites were
rotated, clipped prior to dosing, and marked with indelible marker and rabbits were dosed
subcutaneously on Days 1, 15 and 29, Rabbits were observed for detailed clinical observations
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prior to and 1-hour following each dose as well astwice daily, daily and weekly. Draize Scoring
1o assess injection site inflammation was performed at 24, 48, & 72-hours following each dose.
If a non-zero score was given at 72-hours post-dose, the site was scored every seven days until
the finding resolved or the animals were sacrificed.

[0400] Body temperature was measured prior to each dose, and 6 and 24-hours following
each dose. I body temperature exceeded 40°C, additional measurements were {aken every 24-
hours until values returned to nomal, or animals were saciificed. Body weights were recorded
prior 1o the first dose, at 24 and 48-hours following the first dose, weekly, and prior to each
scheduled necropsy. The rabbits were exampled once in the acclimation period and then twice
daily for mortality. Food consumption was quantitively measured daily. An ophthalmelogy
exam was performed once prior to the first dose and prior to each scheduled necropsy.
{0401} Clinical chemistry and hematology were performed once prios to first dose, 48-hours
following the first and last doses, on all amimals at necropsy of the main study groups, and on
the remaining animals at end of recovery peniad. Coagulation was examined once prior to the
first dose, 3 days following each dose, on all animals at necropsy of the main study groups, and
on the remaining animals at end of recovery period.
{04062] Blood was collected from all animals for C-Reactive Protein once prior to 1st dose,
3 days following each dose, on all animals at necropsy of the main study groups, and on
remaining animals at end of recovery period. Blood was collected from all animals for ADA via
ELISA prior to the first dose and 14-days following each dose (with the exception of the final
dose), on all animals at necropsy of the main study groups, and on remaining animals at end of
recovery period. 4-point Toxtcokinetics (TK) blood sampling for each animal in the study were
coflected on 1st, 2nd, and 3rd doses; L.e., blood was taken at Day 1 pre-dose, and 6 h, 24 h, and
48 h after each dose, and then | additional sampling at the Bay 36 takedown for the Main Study
and at Day 43 for the Recovery animals; serum SEQ ID NG: 19 concentration analysis was
performed via ELISA.
{3403} Full necropsy on Day 36 {main study} and Day 43 (recovery) was performed with
full tissue collection and standard organ weights on all animals at each scheduled necropsy.
Histopathology examination was performed via tissues processed to slides and was evaluated
on all main study and recovery animals as well as any found dead and those euthanized in
extremis.
{0404 There was no mortality as a result of the toxicology study. During the dosing phase,
increases in fibrinogen in males given 100 pg SEQ ID NO: 19 with Montanide™ [SA 720 from
dosing phase ay 4, and 30 or 100 pg SEQ 1D NO: 19 with Montanide™ [SA 720 from dosing
phase Day 32, and females given 100 pg 100 pg SEQ ID NO: 19 with Montanide™ 18A 720
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from dosing phase Day 18, and 30 or 100 ug 100 pg SEG IDNO: 19 with Montanide™ ISA
720 from dosing phase Day 32 were generally statistically significant and likely related to the
test article and to the microscopic finding of chronic-active inflammation. During the Recovery
Phase, differences in fibrinogen were considered recovered. Statistically significant differences
in fibrinogen were present in fernales but were comparable to acchmation values and were
cousidered hikely unrelated to thetest article and due tobiological vanation. There were no other
test article-related clinical pathology changes at the scheduled collections.

{0405] Statistically significant differences in  alanine aminotransferase, aspartate
aminotransferase, calcium, lactate dehydrogenase, potassium, chioride, percent lymphocytes,
activated partial thromboplastin time, o males only, and sodium in females only were
considered due to biologic variation and unrelated to the test article. Statistically significant
differences in glucose, globulin, or albumin/gicbulin ratio, heterophils and percent heterophils,
prothrombin time in males and females were comparable to acclimation values or inconsistent
between sessions. These differences were small, not present in males, or values were comparable
to values at acclimation and considered unrelated to the test article and due to biological
varation. There were no organ weight differences at the main or recovery terminations. Small
differences were not statistically significant, independent of dose, orinconsistent between sexes
and were considered unrelated to test article administration.

{0406} InToxicokinetics (TK) studies, SEQ ID NG: 19 induced Anti-Drug Antibody (ADA)
1g(G titers specific forthe SP/RBD Ag in rabbits were measured. The rabbits were divided mto
N=10 animals/group that received 3 doses at 14 days apart of PBS Vehicle (Group 1), 30 ug
SEQ ID NO: 19 (Group 2), 100 pug SEQ ID NO: 19 (Group 3}, 30 ug of SEQ ID NO: 19 with
Montanide™ I8A 720 (Group 4), or 100 ug of SEQ ID NO: 19 with Montanide™ [SA 720
{Group 5). Serum samples were collected after designated times and evaluated for anti-SP/RBD
1gG Ab titers (IgG pg/ml. Mean via ELISA using a rabbit IgG standard curve) according to
Example 14.

{0467} The SARS-CoV-2-RBI-higG-Fefusionprotein of SEQ ID NG 19 without adjuvant
{(t.e., Groups 2 and 3 as shown in FIG. 68 and FIG. 69) showed negligible-to-weak anti-SP/RBD-
specific 1gG titers at all timepoints that were in the range of those of the vehicle control Group
1 {as shown in FIG. 67} i.e, below 10 ug/mb. However, subsiantial specific 1g{s titers were
induced in the presence of Montanide™ ISA 720 adjuvant with SEQ 1D NO: 19 doses of 30 ug
and 100 ug (Groups 4 and 5, respectively) after the Ist (Day 15}, 2nd (Day 29}, and 3rd (Day
43) injections that were well above {(~ 10-fold j those of human convalescent serum after the 2nd
and 3rd doses, as shown in FIG. 70 and FIG. 71 There was a slight trend {not statistically
significant} of a dose response between the 30 pg and 100 ug dose levels in Group 4 and 5
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treated with SARS-CoV-2-RBD-hlgG-Fc fusion protein of SEQ ID NO: 19 with the adjuvant
Montanmde™ ISA 720,

Example 32: Functional Inhiibitory Potency Results from Rabbit Serum Samples Coflected from
GLF Toxicology Studies in Rabbits.

{0408} The serum samples used for the primary endpoints of TK and ADA were collected
after designated times and evaluated for potency (ID50 values) to inhibit ACE2-SP/RBD
binding {according to the method of Example 13) and to inhibit live SARS-CoV-2 virus from
infecting VERO-EO cells in the Plague Reduction Neutralization Test (PRNT) according to the
method of Example 1S, As described in Example 31, N=10 animals/group received two doses
at 14 days apart of 30 ug of SEQ ID NGO: 19 with Moutanide™ [SA 720 (Group 4) or 100 ug of
SEQ ID NO: 19 with [SA 720 (Group 5). Because the desired SARS-CoV-2-RBD-higG-c
fusion protein of SEQ 1D NG: 19 vaccine includes formulation with the Montanide™ ISA 720
adjuvant, only Groups 4 and 5 were evaluated in the two functional assays. An ID50 value
represents the reciprocal of the dilution at which 50% of the assay signal was achieved by a
serum sample.

{3469} In the ACEZ inhibition assay of Example 13, there was a clear dose response in
inhibitory potency between the 30 ug and 100 pg dose levels that were elevaied and became
similar 14 daysafterthe 2nd dose as shown in FIG. 72. These potencies values at both timepoints
were substantially above those obtained for human convalescent serum. Evaluation of the
capacity to inhibit live virus from infecting cells demonstrated a strong potency at both 30 ug
and 100 pg dose levels as illustrated in FIG. 73, showing a trend toward greater potency after
the second dose (i.e., Pray 35) and that this potency was similar to that of human convalescent
serum. These results demonstrate that the SARS-CoV-2-RBD-higG-Fc fusion protein of SEQ
IDNGO: 19 emulsified in Montanide™ ISA 720 induces functional immunogenicity in this GLP
toxicology study at levels found in humans that recovered from COVID-19 nfection and
disease, which puts these toxicology results into a chinical context favoring the expectation of a

clean safety profile.

Lxample 33: Repeat Dose Toxicity Study of the SARS-CoV-2-RBD-higG-Fo Fusion Protein of
SEQ ID NQO: 19 in New Zealand White Rabbits 1o Bridge Toxicology Resufts of the
Subcutaneous Route with Those of Intramuscular Rowite.

{0419} The majority of licensed vaccines are administered by intramuscular (i.m.) injection,
but some are approved for subcutaneous (s.¢.) or intradermal (1.d ) use, mainly because of the
theoretical rationale that s.c. and i.d. are sites that contain greater sumbers of APCs that can
deliver vaccine Agto draining lyroph nodes in a more efficient manner than could anim. route.
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Intramuscular administration is often preferred because it is easy to perform and is generally
well tolerated, with a low nsk for adverse reactions at the site of injection. However, vaccine
delivery to the skin as a highly immunocompetent site compared with the muscle has long been
considered a strategy to amplify vaccine responses. In some cases, such as with vellow feveror
mfluenza virgs vaccines, s.¢. was superior o Lm. injections resulting in enhanced
immunogenicity in healthy individuals, especiaily in non- or low-responders. In some cases,
vaccination in s.c. resulted in roore efficient activation of APCsat thesite of injection (compared
with t.m.) that was accompanied by transiently higher levels of vaccine-specific T cell responses
and Ab titers. However, in general, there appears to be little risk of differences in
unminogenicity between s.c. and 1.m. routes demonstrated in comparator clinical studies with
several approved vaccines such as those for hepatitis B and A viruses, herpes zoster virus,
influenza, diphtheria toxin, measles, mumps, rubella, and varicella, and tick-borme encephalitis
virus. Nevertheless, there appears to be a slight elevation in the incidence of mild injection site
adverse events via s.¢. relative to im. immunized individuals, which has motivated im.
vaccination as the desired route of delivery.

04111 New Zealand White Rabbits are utilized for the study under the same study design
and general protocol used in Example 32. The study design is described in Table 13 and Table
14. Induction of anti-SP/RBD IgG titers (measured according to Example 14) thatinhibit ACE2-
binding in male (N=5) and female (N=5) rabbits with a 100 ug dose of SEQ ID NO: 19 (106)
emulsified in ISA 720 adjuvant administered either s.c. or L. on Day 1, Day 15, and Day 29
and serum was coliected onDay 0, on Day 15 (before administration of dose 2), Day 29 (before
administration of dose 3} and on Day 36 for binding inhibition analysis measured according to
Example 13, An D50 value represents the reciprocal of the dilution at which 50% of the ACE2
binding was achieved by a serum sample.

{0412} Analysis demonstrated no statistically significant differences in IgG titer or ACE2
inhibition potency titers between the s.c. and i.m. administrations of a 100 pg doseof SEQID
NG 19 in Montanide™ ISA 720 at any of the measurement days (FIG. 74 and FIG. 75},

supporting the evaluation of gither route of admunisiration in clinical trials.
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Table 13: Study Design for Hepeat Dose Toxicity Study of SEQ ID NO: 19 in New

Zealand White Rabbits Bridging Results Subcutaneows vs. Intramuscular voutes.

g f Dosing
SEQ ID NO: | umbero
Route of animals schedule
Group | Test article . . 19 Dose Level
administration {3 doses
{(pg) M ¥
total)
Day 1, 15,
i vehicle S.C. - 5 5
29
SEQIDNO: 19+
) Day 1, 15,
2 Montanide™ ISA | s.¢ 100 3 5
20
720 B
. ) Dray 1, 185,
3 vehicle L, - 3 5
29
SEQ IDNQ: 19+
. . . . Day 1, 15,
4 Montanide™ ISA | im. 100 5 5 -
720 -

Table 14: Blood/Tissue Sampling and all Analyses for SEQ ID NO: 19 IM vs 8C
Bridging Study in Rabbits
Day of apalysis and tissue sampling
{S/rex/group)
Test TR 4 15 {18 [29% (32 {36
SEQID NG 19 dosing? X X X
Hematology X X X X
Blood Chenustry X X X X
Injection site examination {(Draze
’ X X X iX {X X X
scoring)
Coagulation Parameters (PT, PTT) X X X X X
Physical Exams X
Necropsy/Histopathology on  im.
njection  site  muscle  (Tissue X
collection)
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Standard endpoints with daily (food
consumption, clinical observation,
Mortality/Moribundity} and weekly

{body weight) observations

Toxicokinetics {TK )t X Xe X¢ Xe
Immunogenicity-ADA X Xe X¢ Xe
Take-Down X

as.¢. or in. injection dosing ou Days 1, 15, and 29, a total of 3 injections; take-down
of animals in main study ou Day 36.

b 4-point TK sampling profile for each animal in the study on the 154, 2% and 3% doses
{i.e., Day 1 pre-dose, 6, 24, 48 b around each dose), then 1 addition sampling at the Day
36 takedown; serum AKS-452 concentration analysis via ELISA by Spounsor

°The same blood samples will be used forboth TK and Imsmunogenicity.

Fxample 34: Subgroup Analysis of the SARS-Col-2-RBD-higG-Fe Fusion Protein of SEQ ID
NQO: 19 in New Zeailand White Rabbiss to Analyze the Fjfect of Freshly Made vs. Aged Emulsion
with Adjuvant.

{0413} Due to the logistics of having to dose so many amimals in the GLP Repeat Dose
Toxicity study in Rabbits (Exarople 30), half of the animals (wale rabbits) were dosed ou the
day the SEQID NGO 19 with Montanide™ ISA 720 emulsion was prepared (T=0), and the other
half of the animals (female rabbits) were dosed 24 hours (T=24) after storing the emulsion at 2-
&°C. Therefore, it was possible to perform a sub-group analysis on the ACE2-SP/RBD Binding
Inhibition Potency (IC50} results {measured according to Example 13) measured on Day 15
(after one dose), 2ay 29 (after 2 doses) and Day 36 {after three doses) to determine whether
there was any difference in performance between the freshly made and stored emulsion. Again,
as described above for the mouse immunogenicity studies (Example 26}, there was no statistical
difference in inhibitory potency between the fresh and stored emulsion indicating that the
adjuvanted SEQ 1D NO: 19 formulation performance is stable for at least 24 hours after
preparation as shown in FIG. 76 (for subcutaneous administration) and FIG. 77 (for

imtramuscular ad ministration).

Examples for Efficacy Testing in the NHP SARS-CoV-2 Viral Challenge Model for NHP
Immunized with the SARS-CoV-2-RBD-higlG-Fc Fusion Protein Vaccine of SEQ ID NO:
19 with the Adjuvant, Mentanide™ IS4 720
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Lxample 35: Group Assignment for SEQ ID NO: 19 + ISA 720 Efficacy {esting in the NHF
SARS-Col -2 Viral Challenge Model.

0414} Efficacy of the SEQ 1D NG: 19 vaccine is evaluated in the immunized NHP of
Example 27 using the rhesus macaque challenge model of SARS-CoV-2. After challenge,
SARS-CoV-2 burden is monitored through the expetiment through collection and analysis of
bronchoalveolar lavage (BAL) fluid, nasal wash fluid, as well as nasal and oropharyngeal swabs.
Viral loads are assessed in tissues after necropsy.

[0415] Two groups of N=5 Cynomolgus monkeys were challenged as shown below i Table
1S. One group consisted of S of the 6 Cynorolgus wmoukeys that had been immunized SARS-
CoV-2-RBB-higG-Fc Fusion Protein Vaccing of SEQ 1D NO: 19 with the adjuvant,
Montanide™ [SA 720 according to Example 27 and then injected with a booster vaceine (third
injection)} of SARS-CoV-2-RBD-higG-FcFusion Protein Vaccine of SEQ 1D NO: 19 with the
adjuvant, Montanide™ I8 A 720 at the 30 pg dose level between three and four and a half months
after their first injection. The second group consisted of S Cynomolgus monkeys that had not

been treated.

Table 15: Group Assignment for SARS-CoV-2 Viral Challenge
Group Treatment Animal D | Sex DOB Body
No. Weight (kg
9071 Male Unknown 11.62
9067 Male Unknown 8.10
i Untreated control 9068 Male Unknown 830
9084 Male Unknown 6.50
9029 Male Unknown 6.10
1938 Female 773712018 2.54
30 ng
M287 Male 10/15/2018 3.13
SEQIDNQ: 19
2 K183 Female 1262017 3.60
+ ASA 720
10 pug | K265 Female S/L2017 382
1608006 Female 8/10/2016 276
j0416] The two groups were challenged with SARS-CoV-2 virus on Day 0. Blood was

collected prior tothe challenge and on Day 7. Nasal swabs, oral swabs, and collection of BAL
fluid was performed prior tothe challenge and on Days 2, 4, and 7. Necroscopy post termination

was performed on Pay 7. The study schedule is given in Table 16.
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Table 16: SARS-CoV-2 Viral Challenge Study Schedule
o EDTA Nasal
Monitornng BAL Necropsy
bleed Swabs
Study Clinical S8T gPCR/
! Event gPCR/ | gPCR/ ,
Day scores, body bleed 7 N sgRNA
) sgRNA | sgRNA
weights and Assays/
Assays | Assays |
temperatures TCIDSO
Day - | Pre-sampling 2 8
’ X Smb | X X
& mi | mbL
Day | SARS-CoV-
0 2 Challenge
(INAT
Route)
Day
v
1
Day 2
X Z2mb | X X
2 mi
Day
X
3
Day 2
X 2mb | X X
4 mi
Day ,
X
5
Day
3 X
&
Day o 2 i6 {16
Ternmunation | X X X X
7 mi, | ml | mL

Lxample 36: Virad Inoculntion for SEQID NO. 19 + IS4 720 Efficacy Testing in the NHP SARS-
ColV-2 Viral Challenge Model.

{0417} Virus inoculum was prepared by serial dilution in PBS to reach the intended dose
fevel of 1x105 TCIDSO in 2 mb. Adnunistration of virus was conducted under Ketamine
sedation. Intranasal (IN} route administration was performed as follows. Using a calibrated
P1000 pipettor, 0.5 mL of the viral inoculum was administered dropwise into each nostril, 1.0

mi. per animal. The anesthetized NHP was held on tsback on the procedure table. A technician
Tt



WO 2021/207599 PCT/US2021/026577

tilted the animal's head back so that the nostrils are pointing towards the celing. The technician
placed the tip of the syninge into the first nostril, slowly depressed the plunger, injected the
moculum into the nasal passage, and thenremoved the syringe. This was repeated for the second
nostril. The animal’s head was tilted back for about 20 seconds and then returned to its housing
unit and monitored untit fully recovered.

{0418} Intratracheal (IT) route administration was performed as follows. Ouve (1) ml. of
diluted virus was delivered intratracheally using a French rubber catheter/feeding tube, size 10,
sterile, {cut 47-6” in length}. The prescribed dose of incculum was drawn into a syringe. Before
ingerting the syringe with the inoculum on the catheter, the technician pulled back the syringe
allowing 1.5 cc of air into the syringe. This air pushes all the inoculum through the catheter. The
anesthetized animal was positioned for the procedure and its mouth opened by an assistant. The
syringe containing the inoculum was attached to a sterile French catheter or feeding tube. Once
the epiglottis was visualized and the glottis is opened, the small end of the feeding tube was
inserted into the glottis. Once in place, the technician injected the tnoculum into the trachea and
then removed the catheter from the trachea. New or sterilized equipment was used for each
animal. The study animal was retumed to its housing unit and monitored until fully recovered.
{0419} The chalienge inoculum was back-titered via a plague or TCIDS50 assay for
verification of proper dose level. Remaining inoculum was also aliquoted into 2 mL cryovials

and stored at temperatures below -70°C for use as a positive control in the viral load assays.

Fxample 37: Sample Collection for SEQ ID NO: 19 + IS4 720 Efficacy Testing in the NHP
SARS-Col-2 Viral Challenge Model,

04201 Collection of mucosal secretions was performed on the sedated NHP using cotton
swabs (COPAN flocked swab). The swabs were inserted into the nasal cavity and rotated gently.
Following collection, the swabs were placed into a collection vial (2/specimen) containing 1 mb
PBS for gPCR analysis. All vials were stored at temperatures below -70°C until viral load
testing,

{0421} The bronchoalveolar lavage (BAL) procedure was performed on the anesthetized
animal by the “chair method”. For this procedure one technician performed theactual BAL wash
procedure, and another technician placed their band on the animal’s chest. This was to decrease
or avoid any animal wovement caused by possible coughing during the procedure to minimize
any possible specimen contamination. The NHP was placed in dorsal recumbency in the chair
channel. The handle at the chair base was slid up against the animal to keep the animal from
sliding down the chair channel. Ounce the handle was into position supporting the animal’s

weight, the handle was then tightened into position. A red rubber feeding tube was premeasured
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and marked before placement. The animal’s head was tilted back and down below the edge of
the chair channel. A red rubber feeding tube was then inserted into the antmal’s trachea via a
laryngoscope duringinspiration. The tube was placed into correct positioning and the BAL wash
procedure was executed. A total of 10 mL was flushed through the tube. Upon sample
completion, the handle at the base of the chair was loosened and the animal was removed from
the chair.

[0422] The volume instilled and recovered from each animal, as well as any presence of
blood in the BAL samples, was recorded. The collected BAL samples were placed immediately
onto wetice and processed forisolation of fluid (e.g, forviral load analysis). For this procedure,
the tube was centrifuged (8 min. 300-400 x g} at 4°C, the supernatant removed. The following
BAL aliguots were prepared and cryopreserved until viral load (VL) or other testing: 3x 0.2 mL

for VL testing; 3x 1 ml for other assays and banking.

Example 38: Blood Collection for SEQ TD NO: 19 + IS4 720 Kfficacy Testing in the NHP SARS-
CoV-2 Viral Challenge Model,

[0423] Blood was collected while under anesthesia in accordance with Table 16, The blood
was withdrawn from anesthetized animals using femoral venipuncture using a Vacutainer 21 g
x 17 blood collection needle or Abbott Butterfly 23 ¢ x 34" tubing attached to Vacutainer blood
collection tubes. Blood was collected into BD Vacutainer® tubes containing EDTA
anticoagulant and analyzed using an in-house IDEXX BioResearch analyzer. The following
routine panels were analyzed: CBC: WBC, RBC, HGB, HCT, MCV, MCH, MCHC, NRBC,
Neutrophils SEG, lymphocytes, monocytes, eosinophils, basophils, absolute neutrophils SEG,
absolute lvmphocytes, absclute eosinophils, absolute basophils.

10424} Scheduled necropsies were carried out for lung tissue collection. The animal was
weighed, and body temperature recorded and followed by the removal of the lungs from the
chest cavity. Gross evaluations of the animal and lungs was captured and recorded along with
digital images of the lungs. Tissues were sampled for viral load assays by collecting two small
pieces (0.1-0.2 gram each) from the left and right caudal and cranial lobes (total of 8 pieces).
Following tissue collection for viral analysis, the lungs were insufflated with and invversed in
10% neutral buffered formalin NBF. Collected lung and other issues will be preserved in NBF
for histologic processing and analysis.

{0425} For viral load assays, tissues were weighed, placed into pre-labeled Sarstedt
cryovials (2/sample), and soap-frozen on dry ice {time of snap-freezing was documented on the
weight harts). Prior to testing in the viral load assay, the tissues were homogenized in 0.5 mL

cold medium (DMEM/10% FBS/gentamicin) or RNA-Stat (for the PCR-based assay) for
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approximately 20 seconds using a hand-held tissue homogenizer (SOP BV-035; Omni
International, Kennesaw, GA) The samples were then spun down to remove debris and

supernatants isolated for viral load determination.

Example 39: Quantitative RIZPCR Assay for SARS-Col-2 for SEQ ID NO: 19 + IS4 720
bLfficacy Testing in the NHP SARS-Col'-2 Viral Challenge Model

[0426] The amounts of RNA copies per mL bodily fluid or per gram tissue was determined
using a qRT-PCR assay. The ¢RT-PCR assay utilizes primers and a probe specifically designed
to amplify and bind to a conserved region of Nucleocapsid gene of coronavirus. The signal was
compared {0 a known standard curve and calculated to give copies per ml. For the gRT-PCR
assay, viral RNA was first isolated from nasal wash using the Qiagen MinElute virus spin kit
{cat. no. S7704). For tissues it was extracted with RNA-STAT 60 (Tel-test “B”Y chloroform,
precipitated and resuspended in RN Ase-free water. To generate a control for the amplification
reaction, RNA was isofated from the applicable virus stock using the same procedure. The
amount of RNA was determined from an O.D. reading at 260, using the estimate that 1.0 0D at
A260 equals 40 pg/mL of RNA. With the number of bases known and the average base of RNA
weighing 340.5 g/mole, the number of copies was then calculated, and the control diluted
accordingly. A final dilution of 108 copies per 3 pl was then divided into single use aliquots of
10 puL. These were stored at -80°C until needed. Several aliquots were chosen at random and
compared to previous controls to verify consistency. For the master mix preparation, 2.5 mL of
2X buffer containing Tag-polymerase, obtained from the TagMan RT-PCR kit (Bioline cat#
BIG- 78005}, was added toa 15 mL tube. From the kit, 50 yL of the RT and 100 pL of RNAse
inbibitor was also added. The priroer pair at 2 uM concentration was then added iv a volue of
1.5 wl.. Lastly, 0.5 mL of water and 350 ul. of the probe at a concentration of 2 uM were added
and the tube vortexed. For the reactions, 45 ul. of the waster mix and § pL of the sample RNA
were added to the wells of a 96-well plate. All samples were tested in triplicate. The plates were
sealed with a plastic sheet,

{0427} For control curve preparation, samples of the control RNA were obtained fromthe
&0°C freezer. The conirol RNA was prepared to contain 106 to 107 copies per 3 ul.. Hight (8}
10-fold sertal dilutions of conirol RNA was prepared using RNAse-free water by adding S ul
of the control to 45 pl of water and repeating this for 7 dilutions. This gives a standard curve
with a range of 1 to 107 copies/reaction. Duplicate samples of each dilution were prepared as
described above. If the copy number exceeded the upper detection limit, the sample was diluted
as needed. For amplification, the plate was placed in an Applied Biosystems 7500 Sequence
detector and amplified using the following program: 48°C for 30 minutes, 95°C for 10 minutes
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followed by 40 cycles of 95°C for 15 seconds, and 1 minute at 55°C. The number of copies of
RINA per mL was calculated by extrapolation from the standard curve and multiplving by the
reciprocal of 0.2 mL extraction volume. This gave a practical range of 50 to 5 x 108 RNA copies

per mL fornasal washes, and fortissues the viral loads were given per gram.

Fxample 40: Subgenomic mRNA Assay for SARS-CoV-2 for SEQ 1D NO: 19 + I54 720 Efficacy
Testing in the NHP SARS-Col’-2 Viral Chalfenge Model.

{0428} The RT-PCR assay forthe sgRNA utilizes primers and a probe specifically designed
to amplify and bind to a region of the E gene messenger RNA from the Coronavirus. This was
not packaged into the virion. The signal was compared to a known standard curve of plasmid
containing the sequence of part of the messenger RNA including part that is not in the virus and
calculated to give copies per mL for the gRT-PCR assay. To generate a conirol for the
amphification reaction, a plasmid containing a portion of the E gene messenger RNA . A final
dilution of 106 copies per 3 ul. was then divided into single use aliquots of 10 pl.. These were
stored at -0°C until needed.

{0429} Several aliquots were chosen at random and compared to previous controls to verify
consistency. The samples extracted for Viral RNA were then amplified to pick up sgRNA. The
control DNA was prepared to contain 107 copies per 3 pb. Seven (7) 10-fold serial dilutions of
control RNA were prepared using AVE by adding 5 yL of the control to 45 pL of water and
repeating this for 7 dilutions. This gives a standard curve with a range of 1 to 106
copies/reaction. Duplicate samples of each dilution were prepared as described above. If the
copy number exceeded the upper detection himit, the sample was diluted as needed. For
amplification, the plate was placed in an Applied Biosystems 7500 Sequence detector and
amplified vsng the following program: 48°C for 30 nunutes, 95°C for 10 minutes followed by
40 cycles of 95°C for 15 seconds, and 1 minute at 55°C. The number of copies of RNA per mL
was calculated by extrapolation from the standard curve and multiplying by the reciprocal of
0.2 mL extraction volume. This gave a practical range of 50 to 5 x 107 RNA copies per mL for

nasal washes, and for tissues the viral loads were given per gram.

Lxample 41; Antibody ELISA for SARS-Col-2 Spike FProwin for SARS-CoV-2 for SEQ ID NO:
19 With Montamide™ ISA 720 Efficacy Testing in the NHFP SARS-CoV-2 Vival Challenge Model.
10430} A standard indirect ELISA was performed to analyze serum samples for binding
antibodies to the SARS-CoV-2 spike protein as pre-screening of the animals. The assay used
the coating antigen and an IgG secovndary antibody. For this assay, Nunc MaxiSorp 96-well
plates (Thermo Scientific, Cat#439454) were coated with SO pl of SARS-CoV-2 spike protein
{Sino Biological, cat. no. 40589-V08B 1) diluted to 2 pg/mL ju 1x Carbonate-Bicarbonate Buffer
tis
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{CBB, Sigma, Cat# C3041-30CAP). Plates were incubated statically overmight at 2-8°C.
Unbound coating antigen in each well was removed by washing S times with 200 L with PBS
+ 0.05% Tween-20. Plates were blocked with 100 yL of PBS + 1% BSA. Test and positive
control samples were diluted in assay diluent (PBS-Tween20-1% BSA) to starting point dilution
of 1:20 followed by four folds serial dilution using U bottom dilution plates.

{3431} CGuce blocking was completed, Blocking Buffer was removed by inversion and each
sample was plated . Plates were incubated for 1 hour at room temperature statically, foliowed by
washing 5 times with 200 ul. PBS + 0.05% Tween-20 to remove unbound sera. 50 pl. of the
secondary detection antibody {Goat anti-Monkey IgG (H+L) Secondary Antibody, HRP,
Invitrogen, PA1-84631) was added at a dilution of 1:10,000 and plates were incubated for 60
mingtes ai room temperaiure. Unbound antibodies were subsequently removed by washing 5
times with 200 pl. with PBS + 0.05% Tween-20 and 1 time with 200 gL of PBS. To develop,
100 pL of 1-Step Ultra TMB substrate (SERA CARE, KPL Cat# 5120-0075) was added to each
well and the piate was developed. The reaction was stopped after~ 10 min. with 50 pul of TMB
stop solution (SERA CARE, Cat # 5150-0020). The plates were read within 30 min. at 450 nm

with a Thermo Labsystems Multiskan spectrophotometer.

Example 42: Plugue Reduciion Neutralization Test (PRNT) for SARS-CoV-2 for SEQ (D NO:
19 With Momanide™ IS4 720 Efficacy Testing in the NHP SARS-CoV-2 Viral Chalfenge
Model.

{0432} The PRINT assay was conducted on serum samples for pre-screening. For this assay,
Vero E6 cells {ATCC, cat# CRL-1586) were plated in 24-well plates at 175,000 cells/well in
DMEM + 10% FBS + Gentamicin. The plates were incubated at 37°C, 5.0% CO2 until cells
reach 80 - 100% confluency the following day. On the assay day, the serum samples were heat
mactivated at 56°C for 30 munutes. The assay set-up was performed as follows: Ina 96 deep
well plate, 405 pl of diluent (DMEM + 2% FBS + gentamicin} was added to column 1 and 300
pL of diluent was added to columns 3, 5, 7, 9 and 11, Forty-five (45) uL of heat inactivated
serum sample was added in the first column {1:10 dilution). When all samples had been added,
the contents of the wells were mix up and down ~3 times using a P200 pipettor, and 150 pl. was
transferred to colummn 3 for a 1:3-fold dilution. This was repeated for the next set of wells down
the plate to column 11, For the virus positive control, 300 ul. of diluent was added to columns
1,3,5,7, 9and 11 while 600 ul. of diluent was added to 1 row, representing the negative control.
A 30 pfuiwell concentration of virus was prepared and kept on ice until use.

{0433} Afterthe titration plate had been prepared as described above, 300 yl of 30 pfu/well

virus dilution was added to all samples and positive conirol wells. This doubled the sample
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dilution factor {Ist well begins at 1.20). The plate was then covered with a plate sealer and
incubated at 37°C, 5.0% CO2 for 1 hour. After the incubation had been completed, the media
from the 24-well plate was removed and 250 pl of titrated samples was added in duplicate from
the titration plate using a multichannel pipette. Only one plate was prepared at a time to avoid
drying out the cells. The 24-well plates were tncubated at 37°C, 5.0% CQO2 for 1 bour for virus
infection. Buring this time, the 0.5% mnethylcellulose media was heated in a 37°C water bath.
After one-hour incubation, 1 mL of the 0.5% methylceliulose media was added to each well and
the plates are incubated at 37°C, 5% CO2 for3 days. The methylcellulose medium was removed,
and the plates washed once with 1 ol PBS. The plates were fixed with 400uL. ice cold methanol
per well at -20°C for30 minutes. Afterfixation, the methanol was discarded, and the monolayers
stained with 250 ub per well of 0.2% crystal violet (20% MeUOH, 80% dH20) for 30 minutes at
room temperature. The plates were finally washed once with PBS or dH20 and let dry for ~15
min. The plagques in each well were recorded and the FC50 and 1C90 titers were calculated based

on the average number of plagues detected in the virus control wells.

Fxample 43: Infectious Viral Load Assay (ICID50) for SARS-ColV'-2 jor SEQ ID NC: 19 with
Momtanide™ 1S4 720 Efficacy {esting in the NHP SARS-Col-2 Viral Challenge Model.

134341 Vero E6 cells (ATCC cat. no. CRL-1586) were plated at 25,000 cells/well in DMEM
+ 10% FBS + Gentamicin and the cultures were incubated at 37°C, 5.0% CO2. Cells should be
&0 -100% confluent the following day. Medium was aspirated and replaced with 180 pl of
DMEM + 2% FBS + gentamicin. Twenty (20) plL of sample was added to top row in
quadruplicate and mixed using a P200 pipettor 5 times. Using the pipettor, 20 uL was transferred
to the next row, and repeated down the plate {(columns A-H) representing 10-fold dilutions. The
tips were disposed for each row and repeated until the last row. Positive (virus stock of known
infectious titer in the assay) and negative {medium only} control wells were included in each
assay set-up. The plates were incubated at 37°C, 5.0% COZ for 4 days. The cell monolayers
were visually inspected for CPE. Non-infected wells have a clear confluent cell layer while
infected cells have cell rounding. The presence of CPE was marked on the lab form as a + and

absence of CPE as ~. The TCIDA0 value was calculated using the Read-Muench formula.

Fxample 44: Results for SEQ ID NO: 19 with Montanide™  ISA 720 Efficacy Testing in the

NHF SARS-Col-2 Viral Challenge Model.

{0435} As shown in Table 17, the five NHPs immunized with SEQ ID NO: 19 with ISA-

720 demonstrated significant anti-SP/RBD [gG titers and ACEZ inhibition ID S50 values just prior

totheviral challenge as compared to the five naive control NHPs withnegligible or undetectable

levels for both assays. The posi-challenge results shownin FIG. 78 are a stark demounstration of
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the efficacy of the SEQ 1D NO: 19 with ISA-720 vaccine in protecting against COVID-19
infection as evidenced by the negligible or undetectable levels of SARS-CoV-2 virus genomic
and virus subgenomic RNA titer (measured according to the procedure of Example 39) in nasal
swabs obtained according to the procedure of Example 37. Similady, FIG. 79 illustrates
negligible or undetectable levels of SARS-CoV-2 virus genomic and virus subgenomic RNA
titers {measured according to the procedure of Example 40) in BAL samples obtained according
to the procedure of Example 37. The low subgenomic RNA (3gRNA) counts are particularly
encouraging since these are replicative intermediates, and therefore, their abundance is related
toviral replication activity and severity of host infection. Taken together, the data conclusively
demonstrate that SEQ [D NG: 19 with ISA-720 protects against COVID-19 and that there s no

risk of aggravation of COVID-19 disease in the NHPs,

Table 17: Summary of Anti-SP/RBD IgG Titers and ACEZ Inhibition 1D50 Values Just

Prior to the Viral Challenge for SEQ ID NO: 19 with ISA-728 Vaccinated WNHPs

Compared to the Naive Control NHPs,

Animal 1D Status g Titer | ACE2-Inhibition
{Reference Tier | (ID38)
Umnits)

9071 Naive ¢ G

9067 Najve ¢ 0

9068 Naive 0 ¢

90%4 Naive ¢ ¢

3029 Najve 310 0

6102 Trmmunized 19,140 419

6001 Immunized 17,056 625

7101 Immunized 53,745 745

7103 Immunized 27,701 1229

7102 Trmunized 13,784 239

{0436} Histopathological examinations were performed on major  organs/issues,

particuiasly fHver, lungs, respiratory tract, spleen, kidneys, brain, and lymph nodes. SARS-CoV-
2 has been shown toinfect hepatocytes and cause hepatitis in humans, hence histopathological
examinations were performed to assess the degree of hepatitis severity, and its reduction
associated with the challenge in vaccinated and non-vaccinated controls. Lungs and the

respiratory tract were examined for lesions associated with severe infection and prneumonia.
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General Examples for Synthesis, Purification and Validation of Canine Insulin-Fe Fusion
Proteins

Fxample 45: Synthesis and Methods of Making an Insulin-Fc Fusion Protein in HEK293 Celis.
{0437} Insulin-Fe fusion proteins were synthesized as follows. A gene sequence of interest
was constructed using proprietary software (LakePharma, Belmouot, CA) and was cloved into a
high expression mammalian vector. HEK293 cells were seeded iu a shake flask 24 hours before
transfection and were grown using seruro-free chemically defined media. A DNA expression
construct that encodes the insulin-Fe fusion protein of interest was transiently transfected intoa
suspension of HEK293 cells using the (LakePharma, Belmont, CA) standard operating
procedure for transient transfection. After 20 hours, the cells were counted to determine the
viability and viable cell count, and the titer was measured by FortéBio® OGctet® (Pall FortéBio
LLC, Fremont, CA} Additional readings were faken throughout the transient transfection

production run. The culture was harvested on or after Day 5.

Example 46: Synthesis and Methods of Making an Insulin-t'c Fusion Protein in CHQO Cells.
[0438] A CHO cell line was originally derived from CHO-K1 {LakePharma, Belmont, CA),
and the endogenocus glutamine synthetase {GS) genes were knocked out by recombinant
technology using methods known in the art. Stable expression DINA vectors were designed and
optimized for CHO expression and GS selection and incorporated into a high expression
mammalian vector (LakePharma, Belmont, CA). The sequence of each completed construct was
confirmed prior to initiating scale up experiments. The suspension-adapted CHO cells were
cultured in a humidified 5% CO2 incubator at 37°C in a chemically defined media (CD
OptiCHO; Invitrogen, Carlsbad, CA). No serum or other animal-derived products were used in
culturing the CHO cells.

{0439} Approximately 80 million suspension-adapted CHO cells, growing in CD OptiCHO
media during the exponential growth phase, were transfected by electroporation using
MaxCyte® STX® system (MaxCyte, Inc., Gaithersburg, MD) with 80 g DNA to a create a
stable CHO cell line for each insulin-Fc fusion protein {DNA construct contains the full-length
sequence of the insulin-Fc fusion protein). After twenty-four hours, the transfected cells were
counted and placed under selection for stable integration of the insulin-Fe¢ fusion genes. The
transfected cells were seeded into CD OptiCHO selection media containing between 0-100 uM
methionine sulfoximine (MSX) at a cell deunsity of 0.5x106 celis/ml. in a shaker flask and
incubated at 37°C with 5% CQ2. During a selection process, the cells were spun down and
resuspended in fresh selection media every 2-3 days uatil the CHO stable pool recovered its

growth rate and viability. The cell culture was monitored for growth and titer.
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{0440] The cells were grown to 2.54106 cells per mL. At the time of harvest for cell
banking, the viability was above 95%. The cells were then centrifuged, and the cell pellet was
resuspended in the CD OptiCHO media with 7.5% dimethyl sulfoxide (DMSO) to a cell count
of 152106 cells per mL per vial. Vials were cryopreserved for storage in liquid nitrogen.
{0441} A small-scale-up production was performed using the CHO cells as follows. The
cells were scaled up forproduction in CD OptiCHO growth medium containing 100 pM MSX
at 37°C and fed every 2-4 days as needed, with CD OptiCHO growth medium supplemented
with glicose and additional amino acids as necessary for approximately 14-21 days. The
conditioned media supematant harvested from the stable pool production run was clanfied by
cenirifuge spinning. The protein was run over a Protein A (MabSelect, GE Healthcare, Little
Chaifont, United Kingdom) column pre-equilibrated with binding buffer. Washing buffer was
then passed through the column until the QD280 value (NanoProp, Thermo Scientific) was
measured to be at or near background levels. The insulin-Fc¢ fusion protein was eluted using a
fow pH buffer, elution fractions were collected, and the OD280 value of each fraction was
recorded. Fractions containing the target insulin-Fe fusion protein were pooled and optionally
further filtered using a 0.2 yM membrane filter.

{0442} The cell line was optionally further subcloned to monoclonality and opticnally
further selected for high titer insulin-Fe-fusion protein-expressing clones using the method of
imiting dilution, a method known to those skilled in the art. After obtaining a high titer,
monoclonal insulin-Fo fusion protein-expressing cell line, production of the insulin-Fe fusion
protein was accomplished as described above in growth medium without MSX, or optionally in
growth medium containing MSX, to obtain a cell culture supernatant containing the
recombivant, CHO-made, insulin-Fc fusion protein. The MSX concentration was optionally
increased over time to exert additional selectivity for clones capable of vielding higher product

titers.

Example 47 Purification of an Insulin-Fc Fusion Protein.

{0443] Purification of an insulin-Fe fusion protein was performed as follows. Conditioned
media supernatants containing the secreted insulin-Fe fusion protein were harvested from the
transiently or stably transfected HEK production runs and were clarified by centrifugation. The
supernatant containing the desired insulin-Fo fusion protein was run over a Protein A column
and ehuted using a low pH gradient. Afterwards, the eluted fractions containing the desired
protein were pooled and bufferexchanged into 200 mM HEPES, 100 mM NaCl, 50 mM NaOA«,
pH 7.0 buffer. A final filtration step was performed using a 0.2 um membrane filter. The final

protein concentration was calculated from the solution optical density at 280 om. Further
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optional punification by ion-exchange chromatography (e.g., using an anion exchange bead resin
or a cation exchange bead resin}, gel filtration chromatography, or other method s was performed

a8 necessary.

Fxample 48 Insufin-Fc Fusion Protein Structure Confirmation by Non-reducing and Reducing
CE-5DS.

0444} Capillary electrophoresis sodium dodecyl sulfate (CE-SDS) analysis was performed
in a LabChip® GXII (Perkin Elmer, Waltham, MA) on a solution of a purified insulin-Fe fusion
protein dissolved in 200 oM HEPES, 100 mM NaCi, SO mM NaQOAc, pH 7.0 bufter, and the
electropherogram was plotted. Under non-reducing conditions, the sample was run against
known molecular weight (MW) protein standards, and the eluting peak represented the
‘apparent’” MW of the insulin-Fe fusion protein homodimer.

{3445] Uunder reducing conditions {e.g., using beta-mercaptoethanol to break disulfide
bonds of the insulin-Fc¢ fusion homodimer), the apparent MW of the resulting insulin-F¢ fusion
protein monomer is compared against half the molecular weight of theinsulin-Fe fusion protein
homodimer as a way of determining that the structural purity of the insulin-Fc fusion protein is

likely to be correct.

Fxample 49: Insulin-i'c Fusion Profein Seguence Ildentification by L.C-MS with Glhean
Removal.

HEE Y To obtain an accurate estimate of the insuhn-Fc fusion protein mass via roass
spectroscopy (MS}, the sample was first treated to remove naturally occurring glycan that might
interfere with the MS analysis. 100 pl of a 2.5 mg/mL insulin-F¢ fusion protein dissolved in
200 mM HEPES, 100 mM NaCl, 50 mM NaOAc, pH 7.0 buffer solution was first buffer
exchanged into 0.1 M Tris, pH 8.0 buffercontaining 5 mM EDTA using a Zeba desalting column
(Pierce, ThermoFisher Scientific, Waltham, MA}. 1.67 yb of PNGase F enzyme (Prozyme N-
glycanase) was added to this solution in order to remove N-linked glycan present in the insulin-
Fe fusion protein (e.g., glycan linked to the side chain of the asparagine located at the cNg-N
site}, and the mixture was incubated at 37°C overnight in an incubator. The sample was then
analyzed via LC-MS (NovaBioassays, Wobum, MA) resulting in a molecular mass of the
molecule which corresponds to the desired homodimer without the glvean. This mass was then
further corrected since the enzymatic process used to cleave the glycan from the cNg-asparagine
also deaminates the asparagine side chain to form an aspartic acid, and in doing so the
enzymatically treated homodimer gains 2 Da overall, corresponding to a mass of 1 Da for each
chain present 1o the homodimer. Therefore, the actual molecular mass was the measured mass
minus 2 Dato correct for the enzymatic modification of the insulin-Fc fusion protein structure
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in the analytical sample.

Fxample 50: %Homodimer by Size-Fxclusion Chromaiography jor an Insufin-F'c Fusion
Protein.

104474 Size-exclusion chromatography (SEC-HPLC) of nsulin-Fc¢ fusion proteins was
carried out using a Waters 2795HT HPLC (Waters Corporation, Milford, MA) connected to a
2998 Photodicde array at a wavelength of 280 nm. 100 gl or less of a sample containing an
insulin-Fc fusion protein of interest was injected into a MAbPac SEC-1, § pm, 4 # 300 mm
cotumn {ThermoFisher Scientific, Waltham, MA) operating at a flow rate of 0.2 mi/min and
with 2 mobile phase comprising 50 mM sodium phosphate, 300 mM NaCl, and 0.05% wiv
sodium azide, pH 6.2. The MAbPac SEC-1 column operates on the principle of molecular size
separation. Therefore, larger soluble insulin-Fo aggregates (e.g., multiwers of insulin-Fe fusion
protein homodimers) eluted at ecarlier retention times, and the von-aggregated homodimers
eluted at later retention times. In separating the mixture of homodimers from aggregated
multimeric bomodimers via analytical SEC-HPLC, the purity of the insulin-Fe fusion protein

solution in terms of the percentage of non-aggregated homodimer was ascertained.

Fxample 31 In vitro Fefgamma) Receptor 1 Binding Affinity Assay for an Jnsulin-IFc Fusion
FProtein.

{0448] The binding of insulin-Fc fusion proteins tothe Fe{gamma} receptor [ at pH 7.4 was
conducted using an BELISA assay as follows. Since canine Fe{garoma) receptor T was not
commercially available, human Fc{gamma} receptor 1 (i.e., thFc{gamma} receptor 1} was used
as a surrogate mammalian receptor. Insulin-Fc compounds were diluted to 10 pg/mb in sodium
bicarbonate bufferat pH 9.6 and coated on Maxisorp (Nung) microtiter plates overnight at 4°C,
afterwhich the microplate strips were washed 5 times with PBST (PBS/0.05% Tween-20) butfer
and blocked with Superblock blocking reagent (ThermoFisher). Serial dilutions of biotinylated
rh¥c{gamma) receptor I (recombinant human Fe{gamma)R-1; R&D Systems) were prepared in
PBST/10% Superblock buffer from 6000 ng/mL to 8.2 ng/mb and loaded at 100 uL/well onto
the microplate strips coated with insulin-Fc fusion protein. The microtiter plate was incubated
for | hour at room temperature after which the microplate strips were washed 5 times with PBST
and then loaded with 100 pl/well of streptavidin-HRP diluted 1:10000 m PBST/10%
Superblock buffer. Afterincubating for 45 min, the microplate strips were washed again 5 times
with PBST. TMB was added toreveal the bound Fe{gamma) receptor I proteins and stopped
with ELISA stop reagent (Boston Bioproducts). The plate was read in an ELISA plate reader at
450 nm, and the OD values {proportional to the binding of rhFc{gamroa) receptor { to msulin-

Fo protein were plotted against log concentrations of thFc{gamma) receptor I added toeach well
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to generate binding curves using GraphPad Prism software.

Example 52: In vivo Pharmacodynamics (PD)} Afier Periodic Administrations of an Insulin Fe-
Fusion Protein in Client Owned Canines.

10449 A bigactive msulin-Fc fusion homodimer construct was synthesized according to
Example 45 or Example 46 and purified according to Example 47 was assessed for its effects
on fasting blood glucose levels as follows.

{3450} Protocol 1 is an unmasked, self-controlled, single arm, pilot field efficacy study
treating client~-owned dogs, diagnosed with diabetes mellitus, with an nsulin-Fc fusion protein.
The effect of the drug is assessed by comparing glycemic control (based on chinical signs,
fructosamine levels, and interstitial glucose concentrations using a continuous glucose
monitoring unit (CGMS)) while on a standard insulin therapy (for one week) vs. treatment with
an escalating dose of an insulin-Fc fusion protein over 8 weeks. Doses are administered
subcutaneously starting at 0.1 mg/kg and then increased each successive week up toa maximum
of 0.5 mg/kg based on CGMS results and clinical signs. The Protocol 1 Study Timeline used for

some dogsis given in Table 18,

Table 18: Protocol 1 Study Tuneline

Visit 1 (Bay -7) Screening (CBC/Chem/UA/PL/fructosamine [6mi. of blood, 3 mL of
urinelabdominal ultrasound/chest radiographs). Sedation might be

required for imaging studies.

Visit 2 (Pay ) Sensor placement (+/~ sedation). Continue insulin treatment as
previously prescribed at home for 6 days. Discontinue insulin on the
night of Day 6 {do not administer PM insulin on Bay 6 and AM insulin

on Day 7}

Visit 3 (Day 7) Blood sample (1 mbL for PK), 0.1 mg/kg wnsulin-Fo fusion protein
injection  {after BG>300mg/dL), hospitalize for 2-3 days for

observation and treatment of hvpoglveemia if BG <50

Visit 4 (Pay 14) Sensor placement (/- sedation}. Blood sample (1 mL for PK}, insulin-

Fe fusion protein injection. Consider dose increase based on CGMS.

Visit & (Day 21} Bleood sample (3 mb for PK), insulin-Fc fusion protein injection.

Consider dose increase based on CGMS.

Visit & ({ay 28) Sensor placement (+/~ sedation). Blood sample {1 mbL for PK), insulin-

Fe fusion protein injection. Consider dose increase based on CGMS.

Visit 7 (Bay 35) Insulin-Fc¢ fusion protein injection. Consider dose increase based on
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CGMS. Blood sample (fructosamine, CBC/Chem/UA ) ¢ mL of blood

total}

Visit 8 (Day 42)

7

Sensor placement (+/- sedation). Blood sample (1 mL for PK), insulin-

Fc fusion protein injection. Consider dose increase based on CGMS.

Visit 9 (Day 49)

Blood sample (! mL for PK), insulin-Fc fusion protein injection.

Consider dose increase based on CGMS.

Visit 10 (Day 56)

Sensor placement (+/- sedation). Blood sample (1 mbL for PK), insulin-

Fe¢ fusion protein injection. Consider dose increase based on CGMS.

Visit 11 (Day 63}

Blood sample (fructosamine, CBC/Chem/UA, 6 mL of blood total), +/-
sedation. At the night of visit 11, resume insulin therapy as before the
study {with commercially available insulin that the dog was on prior to

the study}.

{0451} Protocol 2 i3 an unmasked, self-controlled, single arm, pilot field efficacy study

treating client-owned dogs, diagnosed with diabetes mellitus, with an insulin-F¢ fusion protein.

The effect of the drug i1s assessed by comparing glyveemic control (based on clinical signs,

fructosamine levels, and interstitial glucose concentrations using a continuous glucose

monitoring unit (CGMS)) while ouv a standard insulin therapy (for one week) vs. treatment with

an escalating dose of insuliv-Fe fusion protein over S weeks. Doses are administered

subcutaneously starting at 0.1 mg/kg and then increased each successive week up toa maximum

of 0.5 mg/kg based on CGMS results and clivucal signs. The Protocol 2 Study Timeline used for

some dogsis given in Table 19.

Table 19: Protocol 2 Study Timeline

Visit 1 (Day -7)

Health Screening (physical examvthorough review of diabetes
history/CBC/Chem/UA/PL/fructosamine [6 mb of blood, 3 mb of

uring]

Visit 2 {Day 0)

;

Sensor placement {+/~ sedation). Baseline serum samople and BG from
blood sample. Continue insulin treatment as previously prescribed at
home for 6 days. Discontinue insulin on the night of Day 6 {do not

administer PM insulin on Day 6 or AM insulin on Day 7)

Visit 3 (Bay 7)

Blood sample {1 ml for PK), 0.1 mg/kg nsulin-Fc fuston protein
injection, hospitalize for 1-2 days for chservation and treatment of

hypoglycemia (if BG < 50 mg/dL}

Visit 4 (Day 14)

Sensor placement (+/- sedation). Blood sample (1 mL for PX ), insulin-
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Fe fusion protein injection. Consider dose increase based on FGMS.

Visit 5 (Pay 21} Sensor placement {(+/- sedation). Blood sample {1 mL for PK), insulin-

Fe fusion protein injection. Consider dose increase based on FGMS.

Visit 6 {(Bay 28) Sensor placement (/- sedation}. Blood sample (PK), insulin-Fc fusion

protein injection. Consider dose increase based on FGMS.

Visit 7 (Dray 35) insulin-Fc¢ fusion protein injection. Consider dose increase based on
FGMS. Blood sample (fructosamine, CBC/ChenVUA, 6 mL of blood
total)

{04521 After completion of either of the above protocols, there is an optional “home use”
evaluation for up to one year. During this phase, the veterinarians treat each dogon a case-by-
case basis as they would with any other patient on conventional jnsulin.  Clinical signs and
mterstitial glucose concentrations using a continuous glucose monitoring unit (CGMS) are
monitored throughout this phase of the study. In addition, blood samples are collected as
frequently as possible to evaluate fructosamine levels, blood chemistry and blood cell counts,

and test for the presence of anti-drug and anti-insulin antibodies.

Lxample 33: In vivo Anti-lnsulin Antibody (414} Titer Measurement affer Periodic
Administrations of an Insulin-F'c Fusion Profein in Canines — Protocol 1.

{0453} Maxisorp ELISA Plates (Nunc) were coated with purified RHI diluted in coating
buffer (pH=9.6 Carbonate-Biocartbonate bufferyat 30 pg/ml. ovemight at 4°C. Plates were then
washed Sx with PBST (PBS + 0.05% Tween 20) and blocked for > 1 hour {or overnight) with
SuperBlock blocking solution (ThermoFisher). For calculating the ATA in dog 1gG units, strips
were directly coated with 1.2 serial dilutions of dog IgG (Jackson Immunoresearch) in pH=96
Carb-Biocarb coating buffer at concentrations between 300-4.69 ng/mbL overnight at 4°C and
were used to create a 7 point pseudo-standard curve. The standardastrip plates were also washed
and blocked with SuperBlock blocking solution for = 1 hour {or overnight).

{0454} Test serum samples were diluted to >  1:100 (typically tested as 1:200) in
PBST/SB/20%HS sample dilution buffer (PBS+0.1% Tween 20+10% SuperBlock+20% horse
serum) and added to RHI coated strips 100 pl/well in duplicates. Duplicate strips of dog 1gG
coated standard strips were also added toeach plate and filled with PBST/SB (PBS+0.1% Tween
20+10% SuperBlock) buffer 100 ul./well. Plates were incubated for 1 hour atroom temperature.
Following ivcubation, plates were washed § times with PBST. For detection of AlAs, HRP
conjugated Goat anti-Dog [gG Fab™)2 (Jackson Immunoresearch), which was cross-reacted to
dog I2G, was diluted in PBST/SB to 1:10,000 and added 100ul/well to both sample and
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standard wells and incubated for 45 minutes at room temperature in the dark. Plates were washed
5 times with PBST and developed by the adding 100 ul/well TMB substrate (Invitrogen) for
15-20 minutes at room temperature in the dark. Color development is then stopped by addition
of 100 ul/well of ELISA Stop Solution (Boston Bioproducts) and absorbance is read at 450nm
using a SpectraMax plate reader within 30 roinutes. Anti-drug antibody concentration was
determined by interpolating the OD values in the 4-PL pseudo-standard curveusing the SoftMax
Pro software.

Fxample 34: In vive Anfi-lnsulin Antibody (AIA} Tiier Measurement cofier Periodic
Administrations of Insulin-Fc Fusion Frotein in Canines — Protocol 2.

{0455] The general procedure is as follows: The serum with labeled antigen is incubated
with and without cold insulin overnight. Antibody-bound labeled antigens are precipitated with
protein-A/(3 Sepharose in a 96-well plate format, with each serum tested in duplicate. The 96-
well plates are washed to remove unbound labeled antigens. Each well is counted witha 96-well
plate beta counter. The results are expressed as an index that adjusts the delta counts per minute
{cpmy) of the test serum for the delta cpm of positive and negative control sera in a particular
assay.

{0456} The specific procedure involves the preparation of two buffers as follows: Buffer |
{150 mM NaCi, 20 mM Tns-HCI, 1%BSA, 0.15%Tween-20, 0.1%Sodium Azide pH 7.4) and
Buffer 2 (same as Buffer 1 except for 0.1%BSA instead of 1%BSA). Each serum sample is
spun down to remnove fibrin clots when necessary.  Then the stock solution of radiolabeled
insulin is prepared by dissolving 10 puCi of 1251-insulin powderin 1 ml of S%BSA in PBS.
The “hot” insulin antigen solution is prepared using 3040 pul of Buffer1 and 160 uL of the stock
radiolabeled insulin solution. The “cold inhibited” insulin antigen solution is prepared using
2784 ul. of Buffer 1, 160 pl. of the stock radiolabeled nsulin solution, and 256 ul, of Humuhin®
solution (Eli Lilly, IN}. All solutions are kept on ice prior touse. 6 uL of each serum sample
is mixed with 30 gl of the “hot” insulin antigen solution, and 6 pL of each serum sample is
mixed with 30 pL of the “cold inhibited” insulin antigen solution in a PCR tube. The resulting
mixtures are incubated overnight at 40C. The plate is then coated with BSA by adding 150 ub
of Buffer 1 to each well followed by ovemight incubation at room temperature under an
aluminum foil cover followed by washing and removal of the wash bufter. The Protein-A/G
Sepharose mixture is prepared in two parts. The Protein-A Sepharose solution is prepared in
Buffer | ata 62 5% concentration by volume. The Protein-G Sepharose solution is prepared in
Buffer 1 at 40% concentration by volume. Finally, the Protein-A/G Sepharose mixture is
prepared by mixing the Protein-A and Protein-G Sepharose solutions at a 4:1 ratio (final
concentration. S0% Protein-A/8% Protein-G Sepharose). To perform the assay, 50 ylb of the
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Protein A/G-Sepharose mixture and 30 L of the overnight incubated serum solutions are added
to each well in duplicate. The plate is mixed on a plate shaker for 45 minutes at 4o and then
washed seven times using a Millipore plate washer device with 200 yL of wash buffer per well
and then placed in a 37°C incubator for 15 munutes to dry. S50 ul of scintilation cocktail
{(Microscint-20} is added to cach well and the plate is counted using a 96-well plate counter to

determine the cpm for each well.

FEQUIVALENTS

{04571 In the clairs, articles such as “a,” “an,” and “the” may mean one or more than one
uniless indicated to the contrary or otherwise evident from the context. Claims or descriptions
that inchude “or” between one or more members of a group are considered satisfied if one, more
than one, or all of the group members are present in, employed in, or otherwise relevant to a
given product or process unless indicated to the contrary or otherwise evident from the context.
The disclosure includes embodiments in which exactly one member of the group is present in,
employed in, or otherwise relevant to a given product or process. The disclosure includes
embodiments in which more than one, or all of the group members are present in, employed in,
or otherwise relevant to a given product or process.

{0458} Furthermore, the disclosure encompasses all variations, combinations, and
permutations in which one or more limitations, elements, clauses, and descriptive terms from
one or more of the listed claims are introduced into another claim. For example, any claim that
is dependent on another claim can be modified to include one or more limitations found in any
other claim that is dependent on the same base claim. Where elements are presented as Hsts,
e.g., in Markash group formai, each subgroup of the elements is also disclosed, and any
element(s) can be removed from the group. It should be understood that, in general, where the
disclosure, or aspects of the disclosure, is/are referred to as comprising particular elements
and/or features, certain embodiments of the disclosure or aspects of the disclosure consist, or
consist essentially of, such elements and/or features. For purposes of simplicity, those

embodiments have not been specifically set forth in haec verba hergin. 1tis also noted that the

ER T 2

terms “comprise(s),” “comprising,” “contain{s),” and “containing” are intended to be open and
the use thereof permits the inclusion of additional elements or steps. Where ranges are given,
endpoints are included. Furthermore, unless otherwise indicated or otherwise evident from the
context and understanding of one of ordinary skill in the art, values that are expressed as ranges
can assume any specific value or sub-range within the stated ranges in different embodiments
of the disclosure, tothe tenth of the unit of the lower limit of the range, unless the context clearly

dictates otherwise.



WO 2021/207599 PCT/US2021/026577

10459] Additional advantages of the various embodiments of the technology will be apparent to
those skilled in the art upon review of the disclosure herein and the working examples below.
It will be appreciated that the various embodiments described herein are not necessarily
mutually exclusive unless otherwise indicated herein. For example, a feature described or
depicted in one embodiment may also be inchuded in other embodiments, but is not necessarily
included. Thus, the present invention encompasses a variety of corbinations and/or integrations

of the specific embodiments described herein.

{0468] The present description also uses numerical ranges to quantify certain parameters
relating to various embodiments of the invention. It should be understood that when numerical
ranges are provided, such ranges are to be construed as providing literal support for claim
Himitations that only recite the lower value of the range as well as claim lmitations that only
recite the upper value of the range. For example, a disclosed numerical range of about 10 to
about 100 provides literal support for a claim reciting "greater than about 10" {with no upper

bounds) and a claim reciting "less than about 100" (with no lower bounds).
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We claim:
1. A fusion protein comprising a viral receptor binding domain and an Fe fragment,
wherein the viral receptor binding dorain and the Fe fragment are connected by an optional
linker, such as a peptide linker, wherein the viral receptor binding domain comprises the
following sequence or functioval fragroent thereof’
RVQPTESIVRFPNITNLCPFGEVENATRFASVYAWNRERISNCYVADYSVLYNSASF
STFKCYGVSPTKLINDLCFINVYADSFVIRGDEVRQIAPGQTGKIADYNYKLPDDFT
GUVIAWNSNNLDSKVGGNYNYLYRLFRKSNLEKPFERDISTEIYQAGSTPUNGVEG
FNCYFPLOSYGFQPTNGVGYOPYRVVVLSFELLHAPATVCGPKKSTNLVENKCVN
FNENGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCS (REQ I
NOG: 13}, or
RVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRISNCYVADYSVLYNSASF
STFKCYGVSPTKLNDLCEFINVYADSEVIRGDEVRGIAPGOTGKIADYNYKLPDDFT
GCVIAWNSNNLDSKVGONYNYLYRLFREKSNLEXPFERDISTEIY QAGSTPONGVEG
FNCYFPLOSYGFOPTNGVGYQPYRVVVLSFELLHAPATVOGPKKSTNLVKNKCYN
F(SEQ D NO: 14); or
RYVQPTESIVRFPNITNLCPFGEVFNATRFASVY AWNRKRISNCVADYSYLYNSASF
STFRKCYGVSPTKLNDLCFTINVYADSFVIRGDEVRGQIAPGOTGKIADYNYKLPDDFT
GCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIVOAGSTPCNGVEG
FNCYFPLOSYGFOQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVK  (BEQ
IDNO:15),

2. The fusion protein of claim 1, wherein the Fe fragroent comprises the following sequence

or functional fragment thereof:
DKTHTCPPCPAPELLGGPSVFLFPPKPRKDTLMISRTPEVTICVVVDVSHEDPEVKEN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLINGKEYKCKVSNKALP
APIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLTCLVEGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWOQQONVFSCSVMHEALHNHYTQK
SLSLSPG(SEQ ID NO: o), or
PKSSDRKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTIPEVTCVVVDVSHEDPEY
KFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWELNGKEYKCKVSN
KALPAPIEKTISKAKGOPREPOVY TLPPSRDELTENQVSLTCLVKGFYPSDIAVEWE
SNGOPENNYKTTPPVLDSDGSFFLY SKETVDKSRWQOQGNVESCSVMHEATLHNHEY
TORKSLSLSPG (SEQ 1D NO: 33).
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3. The fusion protein of claim 1 or 2, wherein the linker, if present, comprises the following
sequence: GGGSGGGS (SEQ 1D NO: 5) or GGGGGQGGGGQGGGERGEGEGE (SEQ ID
NG: 27y

4, The fusion protein of claim 1, wherein the fusion protetn comprises the following

sequence or functional fragment thereof:
RVOPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRISNCVADYSVLYNSASE
STFKCYGVSPTRINDLCFINVYADSEFVIRGDEVRGQIAPGOQTGKIADYNYKLPDDFT
GCVIAWNSNNLDSKVGONYNYLYRLFRESNLKPFERDISTEIYOAGSTPONGVEG
FNCYFPLOSYGFOQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKS TNLVENKCVN
FGOGOSGGOSPRSSDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRIPEVTILIVVY
DVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGK
EYKCKVSNKALPAPIEKTISKAKGOPREPOVYTLPPSRDELTKNQVSLTCLYKGFY
PSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOQGNVESCSVM
HEALHNHYTQK SLSLSPG (SEQ ID NO: 16); or
RVOPTESIVRFPNITNLCPFGEVENATRFASVY AWNRKRISNCVADYSVEYNSASF
STFKCYGVSPTKLNDLCEFINVYADSEVIRGDEVRGIAPGOTGKIADYNYKLPDDFT
GCVIAWNSNNLDSKVGGNYNYLYRLFREKSNLKPFERDISTEIYQAGSTPCNGVEG
FNCYFPLOSYGFOPTNGVGYQPYRVVVLSFELLHAPATVOGPKKSTNLVKNKCYN
FGGGGGRGGGERGGEGQGEGEGDKTHTCPPCPAPELLGGPSVFLFPPKPEKDTEME
SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLT
VLHODWLNGKEYKCKVSNKALPAPIEK TISKAKGOPREPQVYTLPPSRDELTKNG
VELTCLVEGFYPSDIAVEWESNGOPENNYEKTTPPVLDSDGSFFLYSKLTVDKSRW
QOQGNVFSCSVMHEALHNHYTOKSLSLSPG (SEQIDNO: 18y or
RVOPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRISNCVADYSVLYNSASE
STFKCYGVSPTRLINDLCFINVYADSFVIRGDEVRGQIAPGOQTGKIADYNYKLPDDET
GCVIAWNSNNLDSKVGONYNYLYRLFRESNLKPFERDISTEIYOAGSTPONGVEG
FNCYFPLOSYGFOQPTNGVGY QPYRVVVLSFELLHAPATVCGPKKS TNLVENKCVN
FNFNGLTGTGVLTESNKKFLPFQOQFGRDIADTIDAVRDPOQTLEILDITPCSGGGRGEG
GSDETHTCPPCPAPELLGGPSVELFPPKPKDTLMISRTPEVTICVVVDV SHEDPEVKE
NWYVDGVEVHNAKTKPREEGYNSTYRVVSVLIVLHQDWLNGKEYKCKVSNKA
LPAPIEKTISKAKGQPREPOVY TLPPSRDELTENQVSLTCLVKGFYPSDIAVEWESN
GQPENNYKTIPPVLDSDGSFFLYSKLTVDKSRWOQOQGNVESCSVMHEALHNHYTQ
KSLSLSPG(SEQIDNG: 19); or

I
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RVQPTESIVRFPNITNLCPFGEVENATRFASVY AWNRKRISNCVADYSVLYNSASF
STFKCYGVSPTKLNDLCFTNV YADSFVIRGDEVROIAPGQTGKIADYNYKLPDDFT
GCVIAWNSNNLDSKVGGNYNYLYRLFRK SNLKPFERDISTEIYQAGSTPCNGVEG
FNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPRKKSTNLVKGGGSG
GGSDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCY VYDV SHEDPEY
KFENWYVDGVEVHNAK TK PREEQYNSTYRVVSVLTVLHODWLNGKEYK CK VAN
KALPAPIEK TISKAKGOPREPQVY TLPPSRDELTKNQVSLTCLVKGF Y PSDIAVEWE
SNGOPENNYKTTPPVLDSDGSFFLY SKLTVDK SRWOQGNVESCSYMHEALHNHY
TOK SLSLSPG (SEQ ID NO: 203, or
RVOQPTESIVRFPNITNLOPFGEVENATRFAS VY AWNRKRISNCVADYSVLYNSASF
STFKCYGVSPTKLNDLCFINY YADSFVIRGDEVROIAPGQTGKIAD YN YK LPDDFT
GOVIAWNSNNLDSKVGGNYNYLYRLFRK SNLKPFERDISTEIYQAGSTPCNGVEG
FNCYFPLQSYGFQPTNGVGYQPYRVYVLSFELLHAPATVCGPKKS TNLVKDK THT
CPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTICVVVDVSHEDPEVKFNWY VDG
VEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKT
ISKAKGQPREPQVY TLPPSRDELTKNGVSLTCLVKGF YPSDIAVEWESNGQPENNY
KTTPPVLDSDGSFFLY SKLTVDK SRWQOQGNVFSCSVMHEALHNHYTQK SLSLSPG
(SEQ ID NO-21).

5. The fusion protein of any one of claims 1-4, wherein the fusion protein is a homodimer.
6. The fusion protein of any one of claims 1-5, wherein the Fe fragment is glycosylated.
7. An imrounogenic composition coraprising a fusion protein according to any one of

claims 1-6 and a pharmaceutically-acceptable camier.

3. The immunogenic composition of claim 7, further comprising an adjuvant.
9. The immunogenic composition of claim 8, where the adjuvant is Montanide™ [SA-720.
10, The immunogenic composition of claim 8 or 9, wherein said fusion protein is emulsified

with said adjuvant.

11, The immunogenic composition of any one of claims 7-10, wherein the composition is

an injectable formulation.
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12 The tmmunogenic composition of any one of claims 7-11, wherein the composition is

adapted for subcutaneous administration.

13 The immunogenic composition of any one of claims 7-12, wherein the composition is

adapted for prophylactic vaccination,

14 The immunogenic composition of any one of claims 7-12, wherein the composition s
) >

adapted for therapeutic vaccination.

1s. The immunogenic composition of any one of claims 7-14, wherein the fusion protein is

dispersed in said carrier.

16. A method for increasing antibody production in a subject against an antigenic agent, the
method comprising administering a therapeutically effective amount of a fusion protein
according to any one of claims 1-6 or an immunogenic composition according to any one of

clatms 7-14 to said subject.

17 The method of claim 16, wherein the subject has a measurable antibody titer against said

antigenic agent prior to administration of the fusion protein or immunogenic composition.

18, The method of claira 16, wherein the subject is antibody naive prior to administration of

the fusion protein or iIMmMUNOZEnic composition.

19, The method of any one of claims 16-18, wherein the fusion protein or immunogenic

composition is administered via injection.

20, The wmethod of claim 19, wherein the fusion protein or immunogenic coroposition i3

administered subcutaneously or intramuscularly.

21 The method of any one of claims 16-20, wherein the fusion protein or immunogenic

composition is provided as a unit dosage form.

22. The method of any one of claims 16-20, wherein the fusion protein or immunogenic

composition is co-administered with an adjuvant.
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23 The method of any one of claims 16-20, further comprising preparing said fusion protein
or immunogemc composition for administration, wherein said preparation comprises pre-
nmixing said fusion protein or immunogenic composition with an adjuvant before said

administration.

24, The method of claim 23, wheretn said pre-mixing comprises emulsifying said adjuvant
> > J o

and said fusion protein to yield an emulsion, and administering said emulsion to said subject.

25, Amethod of inducing an invnune response in a subject against vital infection, preferably
NARS-LCoV-2 virus, more preferably COVID-19, said method comprising administering a
therapeutically effective amount of a fusion protein according to any one of claims 1-6 or an

¥

immunogenic composition according to any one of claims 7-14 to said subject.

26. The method of claim 25, wherein the subject has a measurable antibody titer against said

viral infection prior to administration of the fusion protein or immunogenic compaosition.

27. The method of claim 25, wherein the subject is antibody naive prior to administration of
the fusion protein or immMUNOZenic composition.

~
Ji
i

28. The method of any one of claims 25-27, wherein the fusion protein or immunogenic

composition is administered via injection.

29, The method of claim 29, wherein the fusion protein or HoMupogenic composition is
>

administered subcutaneously or intramuscularly.

30. The method of any one of claims 25-29, wherein the fusion protein or immunogenic
Y g

composition is provided as a unit dosage form.

31 The method of any one of claims 25-30, wherein the fusion protein or immunogenic

composition is co-administered with an adjuvant.

32. The method of any one of claims 25-31, further comprising preparing said fusion protein
or immunogenic composition for administration, wherein said preparation comprises pre-
mixing said fusion protein or immunogenic composition with an adjuvant before said

administration.
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33. The method of claim 32, wherein said pre-mixing comprises emulsifying said adjuvant
and said fusion protein, and administering said emulsion to said subject.

34, A method of producing a fusion protein according to any one of claims 1-6, said method
comprising transiently transfecting a nucleic acid encoding for the fusion protein into a HEK293
or CHO-SE cell, wherein the transfected HEK 293 or CHO-SE cell expresses the fusion protein,
or stably transfecting a nucleic acid encoding for the fusion protein into a CHO cell, wherein

the recombinant CHO cell expresses the fusion protein.

3s. The method of claim 34, wherein the fusion protein is secreted by the cells into cell
culture media, further comprising purifying or isolating the fusion protein from said media,
wherein the vield of the purified or isolated fusion protein is greater than 20 mg/L in any of the
foregoing expression systems.

~

36. A cell engineered toexpress a fusion protein according toany one of claims 1-6.

37. The cell of claim 36, wherein the cell is transfected with a nucleic acid encoding the

fusion protein.

38, The celi of claim 36 or claim 37, wherein the cell is a HEK 293 cell or a CHO cell.

39, A c¢DNAencoding a fusion protein according to any one of clairus 1-6.
44, Au expression vector comprising a cDMNA according to clairg 39,
41, The fusion protein according to any one of claims 1-0 or immunogenic composition

according to any one of clairus 7-14 for use in therapy and/or as a medicament.

42, The fusion protein according to any one of claims 1-6 or immunogenic composition

according to any one of claims 7-14 for use in increasing antibody productionin a subject.

43, The fusion protein according {o any one of claims 1-6 or immunogenic composition
according toany one of claims 7-14 foruse in treatment and/or prophylaxis of a viral infection,

preferably SARS-CoV-2 virus, more preferably COVID-19.
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45, The fusion protein according to any one of claims 1-6 or immunogenic composition
according to any one of claims 7-14 for use according to claim 34 as a prophylactic, therapeutic

and/or booster vaccine.

46. A fusion protein selected from the group cousisting of: SEQ 1D NO: 16, SEQ 1D NO:
18, SEQ ID NG: 19, SEQ 1D NG: 20, and SEQ D NO: 21, or pharmaceutical composition
thereof for use in treatwent and/or prophylaxis of a viral infection, preferably SARS-CoV-2

virus, more preferably COVID-19,
47, Use of a fusion protein according to any one of claims 1-0 or immunogenic composition

according to any one of claims 7-14 in the manufacture of a medicament for the treatment and/or

prophylaxis of a viral infection.
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