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ANTIBODIES TO SARS CORONAVIRUS

BACKGROUND OF THE INVENTION

[0001] Coronaviruses (CoV) historically are known to cause relatively mild upper
respiratory tract infections, and account for approximately 30% of the cases of the common
cold in humans. However, a recently identified CoV, severe acute respiratory syndrome
coronavirus (SARS-CoV) causes severe respiratory distress in humans leading to mortality
in 9.6% of individuals infected (1). In the year 2003, SARS-CoV established efficient
human to human transmission resulting in several super-spreading events. By the end of the
outbreak in July of 2003, SARS-CoV was responsible for more than 774 deaths and 8096
cases worldwide involving 29 countries (see World Health Organization website, Epidemic
and Pandemic Alert and Response, Diseases, SARS). Since the conclusion of the SARS
outbreak several reports of confirmed cases of SARS of unknown origin (29, See World
Health Organization website) indicate that the environmental threat of SARS-CoV still

exi1sts. SARS-CoV-like virus can be 1solated from horseshoe bats in China, and researchers

postulate that this is the natural reservoir for the virus (18). SARS-CoV-like virus remains
present in intermediate wild animal hosts, such as the Himalayan palm civet, raising the
possibility of re-emergence of SARS-CoV infection in humans. Because of the remaining
threat, 1t is prudent to develop effective modalities of pre- and post-exposure treatments
against SARS-CoV infection.

[0002] During the SARS outbreak, 1solation measures proved effective in bringing the
outbreak under control. In addition, corticosteroids and antiviral treatments, such as
ribavirin, were used to treat infected patients although the efficacy of these treatments for
SARS has not been established (5). Therefore, a targeted and effective treatment for SARS-
CoV remains highly desirable. In humans, SARS-CoV peak viral load 1s reached by about
10 days post-infection, thus offering an opportunity for effective post-exposure treatment
(6). One modality of treatment that may limit virus replication and thus the spread of the

VITUS 1S passive immunization with pre-formed neutralizing human monoclonal antibodies
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(mAbs). Such a treatment during the prodromal phase of the disease could aid in rapid

clearance of virus and limit poor clinical outcome and person to person spread, without the

adverse effects associated with use of corticosteroids, animal sera, or human sera.

[0003] SARS-CoV mediates infection of target cells via the spike (S) protein expressed on
the surface. SARS-CoV S protein (Genbank accession number: AY525636; nucleotide
sequence SEQ ID NO: 93; amino acid sequence SEQ ID NO: 94) 1s a type one
transmembrane glycoprotein divided into two functional domains S1 (amino acids 15-680)
and S2 (amino acids 681-1255) (13). The S1 domain mediates the interaction of the S
protein with 1ts receptor, angiotensin-converting enzyme 2 (ACE2) (17). A region of Sl

consisting of 193 amino acids forms the receptor binding domain (RBD) which is

‘responsible for ACE2 binding (30). More recently, a receptor binding motif (RBM) within

the RBD, consisting of 70 amino acids, has been shown to come in direct contact with the
tip of ACE2 (16). The S2 domain of the S protein contributes to infection of the target cell
by mediating fusion Qf viral and host membranes through a conformational change in which
two conserved helical regions (HR1 and HR2) of the S protein are brought together to form
a s1x-helix bundle fusion core (11).

[0004] The S protein serves as the main antigen that elicits protective immune responses,
including neutralizing antibodies in infected humans and animals (3, 4, 6, 9, 12, 14).
Intranasal or intramuscular application of a modified vaccinia virus Ankara (MVA)
expressing S protein into mice elicits SARS-CoV neutralizing antibodies (3). Immunization
of mice with a DNA vaccine encoding the S sequence, devoid of the cytoplasmic domain
and/or the transmembrane domain, results in the development of neutralizing antibodies as
well as both CD4+ and CD&+ T cell responses (31). However, it 1s not the cellular, but the
humoral (IgG) component of immunity that inhibits viral replication (31). In fact, transfer of
immune serum from immunized mice to naive mice reduces SARS-CoV titers following
viral challenge (25). Together, these studies show that primarily Abs are responsible for
protection against SARS-CoV replication, and indicate the potential therapeutic value of
passive transfer of neutralizing Abs against SARS-CoV. The immunogenic property of the
S protein, including its ability to induce neutralizing antibodies and its essential role in viral
attachment and fusion, make 1t an ideal target for déveloping effective immunotherapy

against SARS-CoV 1nfection.
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[0005] During an outbreak, the SARS-CoV can mutate and exhibit antigenic variation. In
fact sequence analysis indicated that the clinical 1solates could be divided into early, middle,
and late 1solates (27). The significance of this 1s demonstrated in the ability of later 1solates
to escape neutralization by a monoclonal antibody that effectively neutralized an earlier
1solate (32). Therefore, it is impoftant to produce neutralizing mAbs that are effective
against a wide range of clinical 1solates with antigenic diversity. Because of the potential
evolution ot antigenic variants an effective passive therapy against SARS-CoV will likely
contain a cocktail of neutralizing Abs that target different epitopes and/or steps in the entry
process, such as blocking receptor binding and fusion.

[0006] Passive therapy with human immunoglobulin can confer immediate protection
without the deleterious ettects associated with the use of animal or chimeric Abs containing
animal dertved amino acid sequences. Accordingly, there remains an urgent need for potent,

broad spectrum antibody therapeutics for use in treating SARS- CoV infection.

SUMMARY OF THE INVENTION

[0007] In certain aspects, the disclosure provides a neutralizing human monoclonal
antibody or anti geh-binding portion thereof that specifically binds to a region of human
severe acute respiratory syndrome (SARS) Corona Virus (SARS-CoV) Spike (S) protein
and blocks S protein binding to a receptor,

wherein said region is selected from the group consisting of: amino acid residues 1-1255
(SEQ ID NO: 94), a region that is at least 85% 1dentical to SEQ ID NO: 94, amino acid
restdues 12-261 (SEQ ID NO: 95), a region that is at least 85% 1dentical to SEQ ID NO: 95,
amino acid residues 318-510 (SEQ ID NO: 96), a region that 1s at least 85% identical to
SEQ ID NO: 96, amino acid residues 15-680 (SEQ ID NO: 97), and a region that is at least
85% idgntical to SEQ ID NO: 97.

[0008] In certain embodiments, said antibody or antigen-binding portion binds to the S
protein 1n the region defined by amino acid residues 15-680 (SEQ ID NO: 97). In certain
embodiments, said antibody or antigen-binding portion binds to the S protein in a region
that 1s at least 85% 1dentical to SEQ ID NO: 97. In certain embodiments, said antibody or

antigen-binding portion binds to the S protein in a region that is at least 80%, 90% or 95%



10

15

20

25

30

CA 02652728 2008-11-18
WO 2008/060331 PCT/US2007/012136

1dentical to SEQ ID NO: 97. In certain embodiments, said antibody or antigen-binding
portion blocks binding of the S protein to angiotensin converting enzyme 2 (Ace2).

[0009] In certain embodiments, said antibody or antigen-binding portion binds to the S
protein in the region deﬁned by amino acid residues 12-261 (SEQ ID NO: 95). In certain
embodiments, said antibody or antigen-binding portion binds to the S protein in a region
that 1s at least 85% 1dentical to SEQ ID NO: 95. In certain embodiments, said antibody or
antigen-binding portion binds to the S protein 1n a region that 1s at least 80%, 90% or 95%
1dentical to SEQ ID NO: 95. In certain embodiments, said antibody or antigen-binding
portion blocks binding of the S protein to angiotensin converting enzyme 2 (AceZ).

[0010] In certain embodiments, said antibody or an antigen-binding portion according to
any of the preceding embodiments binds to the S protein 1n the region defined by amino
acid residues 318-510 (SEQ ID NO: 96). In certain embodiments, said antibody or antigen-
binding portion according to any of the preceding embodiments binds to the S protein in a
region that 1s at least 85% i1dentical to SEQ ID NO: 96. In certain embodiments, said
antibody or antigen-binding portion according to any of the preceding embodiments binds
to the S protein 1n a region that 1s at least 80%, 90% or 95% 1dentical to SEQ ID NO: 96. In
certain embodiments, said antibody or antigen-binding portion blocks binding of the S
protéin to anglotensin converting enzyme 2 (Ace2).

[0011] In certain embodiments, said antibody or antigen-binding portion comprises a
heavy chain that utilizes a human VH 4-59 gene, a human VH 1-18 gene, a human VH 3-33
gene, or a human VH 1-2 gene. In certain embodiments, said antibody or antigen-binding
portion comprises a light chain that utilizes a human VK A30 gene, a human VK L5 gene,
or a human VK A1l gene.

[0012] In certain aspects, the disclosure provides a human monoclonal antibody or
antigen-binding portion that specifically binds to human severe acute respiratory syndrome
(SARS) Corona Virus (SARS-CoV) S protein, wherein said antibody or antigen-binding
portion neutralizes at least 50% of 200 times the tissue culture infectious dose
(200xTCIDS50) of the virus at an antibody concentration of 12.5 pg/ml or less. In some

embodiments, neutralizing antibodies are effective at antibody concentrations of <3.125

ug/ml, <.8 pg/ml, <.2 ug/ml, or <.1 ng/ml.
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[0013] In certain aspects, the disclosure provides a human monoclonal antibody or
antigen-binding portion thereof that specifically binds SARS-CoV S protein comprising VL
and VH domains that are at least 90% 1dentical in amino acid sequence to the VL and VH
domains, respectively, of a monoclonal antibody selected from the group consisting of: 1B,
1G3, 2E8.1, 2E8.2, 2B10.1, 2B10.2, 2B10.3, 2B10.4, 3A7, 3C7, 3F3, 3H12, 4E2, 4A10,
4D4.1, 4D4.2,4D4.3, 4G2, SE1.1.1, SE1.1.2, 5E1.2, SE1.3, SE10.1, SE10.2, SE4, 5AS,
5A7, 5C12.1, 5C12.2, 5D1.1, 5D1.2, 5D1.3, 5D1.4, 5D1.5, 5D3, 5D6, 6B1, 6B5, 6Bg, 6CI1,
and 6C2.

[0014] In certain aspects, the disclosure provides a human monoclonal antibody or
antigen-binding portion thereof that specifically binds SARS-CoV S protein comprising VL
and VH domains that are at least 80%. 85% or 95% i1dentical in amino acid sequence to the
VL and VH domains, respectively, of a monoclonal antibody selected from the group
consisting of: 1BS, 1G3, 2E8.1, 2E8.2, 2B10.1, 2B10.2, 2B10.3, 2B10.4, 3A7, 3C7, 3F3,
3H12,4E2,4A10,4D4.1,4D4.2,4D4.3,4G2, 5E1.1.1, 5E1.1.2, SE1.2, SE1.3, SE10.1,
S5SE10.2, 5E4, 5A5, 5A7, 5C12.1,5C12.2, 5D1.1, 5D1.2, 5D1.3, 5D1.4, 5D1.5, 5D3, 5D6,
6B1, 6B5, 6B8, 6C1, and 6C2.

[0015] In certain aspects, the disclosure provides a human monoclonal antibody or
antigen-binding portion thereof that specifically binds SARS-CoV S protein comprising:

(a) a heavy chain variable domain amino acid sequence that comprises the amino acid
sequence of the heavy chain variable domain of an antiboxdy selected from: 1B5, 1G3,
2E8.1, 2E8.2, 2B10.1, 2B10.2, 2B10.3, 2B10.4, 3A7, 3C7, 3F3, 3H12, 4E2, 4A10, 4D4.1,
4D4.2,4D4.3,4G2,5E1.1.1, 5SE1.1.2, 5SE1.2, SE1.3, 5E10.1, 5E10.2, SE4, 5AS, SA7,
5C12.1, 5C12.2, 5D1.1, 5D1.2, 5D1.3, 5D1.4, 5D1.5, 5D3, 5D6, 6B1, 6BS5, 6B8, 6Cl1, and
6C2;

(b) a light chain vanable domain amino acid sequence that comprises the amino acid
sequence of the light chain variable domain of an antibody selected from: 1B5, 1G3, 2E8.1,
2E8.2,2B10.1, 2B10.2, 2B10.3, 2B10.4, 3A7, 3C7, 3F3, 3H12, 4E2, 4A10, 4D4.1, 4D4.2,
4D4.3, 4G2, SE1.1.1, 5E1.1.2, 5E1.2, 5E1.3, 5E10.1, SE10.2, SE4, 5AS, 5SA7, 5C12.1,
5C12.2,5D1.1,5D1.2, 5D1.3, 5D1.4, 5D1.5, 5D3, 5D6, 6BI1, 6B35, 6B8, 6C1, and 6C2;

(c) a heavy chain variable domain of (a) and a light chain variable domain of (b); or
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(d) heavy chain and light chain variable domain amino acid sequences comprising the heavy

chain and light chain variable domain amino acid sequences, respectively, from the same

antibody selected from: 1BS, 1G3, 2E&.1, 2E&.2, 2B10.1, 2B10.2, 2B10.3, 2B10.4, 3A7,
3C7,3F3,3H12,4E2,4A10,4D4.1, 4D4.2, 4D4.3, 4G2, 5SE1.1.1, 5E1.1.2, 5E1.2, 5E1.3,
5E10.1, SE10.2, SE4, SAS, SA7, 5C12.1, 5C12.2,5D1.1, 5D1.2, 5D1.3, 5D1.4, 5D1.5, 5D3,
SD6, 6B1, 6BS, 6B8, 6C1, and 6C2.

[0016] In certain aspects, the disclosure provides a monoclonal antibody or an antigen-
binding portion thereot that specifically binds human SARS-CoV S protein, comprising:

(a) a heavy chain vanable domain amino acid sequence that comprises the heavy chain
CDR1, CDR2 and CDR3 amino acid sequences of an antibody selected from: 1BS, 1G3,
2E8.1, 2E8.2,2B10.1, 2B10.2, 2B10.3, 2B10.4, 3A7, 3C7, 3F3, 3H12, 4E2, 4A10, 4D4.1,
4D4.2,4D4.3,4G2, SE1.1.1, 5E1.1.2, SE1.2, 5E1.3, SE10.1, SE10.2, SE4, SAS, 5A7,
5C12.1, 5C12.2, 5D1.1, 5D1.2, 5SD1.3, 5D1.4, 5D1.5, 5D3, 5D6, 6B1, 6BS5, 6B8, 6C1, and
6C2;

(b) a light chain variable domain amino acid sequence that comprises the light chain CDR1,
CDR2 and CDR3 amino acid sequences of an antibody selected from: 1B5, 1G3, 2ES8.1,
2E8.2,2B10.1, 2B10.2, 2B10.3, 2B10.4, 3A7, 3C7, 3F3, 3H12, 4E2, 4A10, 4D4.1, 4D4.2,
4D4.3,4G2, 5SE1.1.1, SE1.1.2, 5E1.2, SE1.3, 5E10.1, 5E10.2, 5E4, 5AS, 5A7, 5C12.1,
5C12.2,5D1.1, 5D1.2, 5D1.3, 5D1.4, 5SD1.5, 5D3, 5D6, 6B1, 6BS, 6B8, 6C1, and 6C2;

(c) a heavy chain variable domain of (a) and a hight chain variable domain of (b); or

(d) the heavy chain varniable domain and light chain variable domain of (¢), comprising
heavy chain and light chain CDR amino acid sequences from the same antibody selected
from: 1BS, 1G3, 2ES8.1, 2E8.2, 2B10.1, 2B10.2, 2B10.3, 2B10.4, 3A7, 3C7, 3F3, 3H12,
4E2,4A10, 4D4.1, 4D4.2, 4D4.3, 4G2, 5E1.1.1, SE1.1.2, 5E1.2, 5E1.3, SE10.1, 5E10.2,
SE4, SAS, 5A7,5C12.1,5C12.2, 5D1.1, 5D1.2,5D1.3, 5D1.4, 5D1.5, 5D3, 5D6, 6B1, 6B5
6B8, 6C1, and 6C2.

2

[0017] In certain aspects, the disclosure provides a monoclonal antibody or an antigen-
binding portion thereof that specifically binds SARS-CoV S protein, wherein the antibody
comprises FR1, FR2, FR3 and FR4 amino acid sequences from an antibody selected from:
1BS, 1G3, 2E8.1, 2E8.2, 2B10.1, 2B10.2, 2B10.3, 2B10.4, 3A7, 3C7, 3F3, 3H12, 4E2,
4A10,4D4.1, 4D4.2,4D4.3, 4G2, 5SE1.1.1, SE1.1.2, SE1.2, SE1.3, 5E10.1, 5E10.2, SEA4,

6 -
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SAS, 5A7,5C12.1,5C12.2, 5D1.1, 5D1.2, 5D1.3, 5D1.4, 5D1.5, 5D3, 5D6, 6B1, 6BS, 6BS,
6C1, and 6C2.

[0018] In certain aspects, the disclosure provides a monoclonal antibody that specifically
binds SARS-CoV S protein, wherein said antibody comprises a heavy chain of an antibody
seleéted from the group consisting of: 1B5, 1G3, 2E8.1, 2E8.2, 2B10.1, 2B10.2, 2B10.3,
2B10.4, 3A7, 3C7, 3F3, 3H12,4E2, 4A10,4D4.1, 4D4.2, 4D4.3, 4G2, SE1.1.1, SE1.1.2,
SE1.2, SE1.3, SE10.1, SE10.2, SE4, 5AS5, 5A7,5C12.1, 5C12.2, 5D1.1, 5D1.2, 5D1.3,
5D1.4,5D1.5, 5D3, 5D6, 6B1, 6BS5, 6BS, 6C1, and 6C2.

[0019] In certain aspects, the disclosure provides a monoclonal antibody that specifically
binds SARS-CoV S protein, wherein said antibody comprises a light chain of an antibody
selected from the group consisting of: 1B5, 1G3, 2ES8.1, 2E&.2, 2B10.1, 2B10.2, 2B10.3,
2B10.4, 3A7, 3C7, 3F3, 3H12, 4E2, 4A10, 4D4.1, 4D4.2, 4D4.3, 4G2, 5E1.1.1, 5E1.1.2,
SE1.2, SE1.3, SE10.1, SE10.2, SE4, 5AS, 5A7, 5C12.1, 5C12.2, 5D1.1, 5D1.2, 5D1.3,
5DI1.4,5D1.5, 5D3, 5D6, 6B1, 6BS5, 6B8, 6C1, and 6C2.

[0020] In certain aspects, the disclosure provides a monoclonal antibody that specifically
binds SARS-CoV S protein, wherein said antibody comprises a heavy chain and a light
chain of the same antibody which is selected from the group consisting of: 1BS, 1G3, 2ES.1,
2E8.2,2B10.1, 2B10.2, 2B10.3, 2B10.4, 3A7, 3C7, 3F3, 3H12, 4E2, 4A10, 4D4.1, 4D4.2,
4D4.3, 4G2, 5SE1.1.1, SE1.1.2, 5E1.2, 5E1.3, 5E10.1, SE10.2, 5E4, 5AS, 5A7, 5C12.1,
5C12.2,5D1.1, 5D1.2, 5D1.3, 5D1.4, 5D1.5, 5D3, 5D6, 6B1, 6BS, 6B, 6C1, and 6C2.
[0021] In certain aspects, the disclosure provides a composition comprising at least one
neutralizing human monoclonal antibody or antigen-binding portion thereof that specifically
binds to a region of human SARS-CoV S protein,

wherein said region 1s selected from the group consisting of: amino acid residues 1-1255
(SEQ ID NO: 94), a region that 1s at least 85% i1dentical to SEQ ID NO: 94, amino acid
residues 12-261 (SEQ ID NO: 95), a region that 1s at least 85% 1dentical to SEQ ID NO: 95,
amino acid residues 318-510 (SEQ ID NO: 96), a region that is at least 85% identical to
SEQ ID NO: 96, amino acid residues 15-680 (SEQ ID NO: 97), and a region that is at least
85% identical to SEQ ID NO: 97 and a pharmaceutically-acceptable carrier.

[0022] In certain embodiments, said composition further comprising at least one additional

therapeutic agent selected from the group consisting of:
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(a) one or more antibodies or an antigen binding portion thereof, wherein said antibody is
from the group consisting of: 1B5, 1G3, 2E8.1, 2E8.2, 2B10.1, 2B10.2, 2B10.3, 2B10.4,
3A7,3C7,3F3,3H12,4E2, 4A10, 4D4.1, 4D4.2, 4D4.3, 4G2, SE1.1.1, SE1.1.2, 5E1.2,
SE1.3, SE10.1, 5E10.2, 5E4, SAS, 5A7, 5C12.1, 5C12.2, 5D1.1, 5D1.2, 5D1.3, 5D1 .4,
SD1.5, 5D3, 5D6, 6B1, 6BS5, 6B8, 6C1, and 6C2;

(b) one or more antibodies that specifically bind SARS-CoV S protein of a different SARS-
CoV strain;

(¢) one or more SARS-CoV S protein neutralizing antibodies, wherein said antibodies do
not bind SARS-CoV S protein;

(d) one or more agents that bind a SARS-CoV S protein receptor and blocks binding of S
protein to the receptor; and

(e) one or more anti-viral agents.

[0023] In certain embodiments, at least one additional SARS-CoV neutralizing human

~monoclonal antibody or antigen-binding portion thereof comprises at least two antibodies

that specifically bind to different regions of human SARS-CoV S protein selected from the
group consisting of: amino acid residues 1-1255 (SEQ ID NO: 94), a region that 1s at least
83% 1dentical to SEQ ID NO: 94, amino acid residues 12-261 (SEQ ID NO: 95), a region
that 1s at least 85% 1dentical fo SEQ ID NO: 95, amino acid residues 318-510 (SEQ ID NO:
96), a region that 1s at least 85% 1dentical to SEQ ID NO: 96, amino acid residues 15-680
(SEQ ID NO: 97), and a region that 1s at least 85% i1dentical to SEQ ID NO: 97.

[0024] In certain aspects, the disclosure provides an i1solated cell line that produces (1) the
antibody or antigen-binding portion according to any one of the preceding embodiments; or
(1) the heavy chain or light chain of said antibody or antigen-binding portion.

[0025] In certain aspects, the disclosure provides an isolated nucleic acid molecule
comprising a'nucleotide sequence that encodes the heavy chain or an antigen-binding
portion or the light chain or an antigen-binding portion thereof of an antibody according to
any one of the preceding embodiments.

[0026] In certain aspects, the disclosure provides a vector comprising the nucleic acid
molecule according to any one of the preceding embodiments, wherein the vector optionally

comprises an expression control sequence operably linked to the nucleic acid molecule.
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[0027] In certain aspects, the disclosure provides a host cell comprising a vector according
to any one of the preceding embodiments or a nucleic acid molecule according to any one of
the preceding embodiments.

[0028] In certain aspects, the disclosure provides a non-human transgenic animal or
transgenic plant comprising the nucleic acid according to any one of the preceding
embodiments, wherein the non-human transgenic animal or transgenic plant expresses said
nucleic acid. In certain embodiments, said non-human transgenic animal 1s a mammal.
[0029] In certain aspects, the disclosure provides a method for 1solating an antibody or
antigen-binding portion thereof that specifically binds to human SARS-CoV S protein,
comprising the step of isolating the antibody from the non-human transgenic animal or
transgenic plant according to any one of the preceding embodiments.

[0030] In certain aspects, the disclosure provides a method for producing a human
monoclonal antibody according to any one of the preceding embodiments comprising the
step of expressing the antibody 1n a host cell according to any one of the preceding
embodiments.

[0031] In certain aspects, the disclosure provides a method for decreasing S protein-
mediated SARS-CoV binding to cells, the method comprising the step of contacting the S
protein with an antibody or antigen-binding portion according to any one of the preceding
embodiments. In certain embodiments, said cells express angiotensin converting enzyme 2
(Ace2).

[0032] In certain aspects, the disclosure provides a method for decreasing a SARS-CoV S
protein-mediated activity, comprising contacting the S protein with an antibody or antigen-
binding portion according to any one of the preceding embodiments; or a composition
according to any one of the preceding embodiments. In certain embodiments, said SARS-
CoV S protein-mediated activity is selected from: viral attachment to a cell, fusing of viral
membrane with a cell, or combinations thereof. In certain embodiments, said virus 1s in a
subject.

[0033] In certain aspects, the disclosure provides a method for decreasing the SARS-CoV
viral load 1n a subject 1n need thereot comprising the step of administering an antibody

according to any one of the preceding embodiments.
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[0034] In certain aspects, the disclosure provides a method for treating, preventing or
alleviating the symptoms of a SARS-CoV-mediated disorder in a subject in need thereof,
comprising the step of administering to said subject an antibody or antigen-binding portion
according to any one of the preceding embodiments or a composition according to any one
of the preceding embodiments. In certain embodiments, said SARS-CoV-mediated disorder
1S severe acute respiratory syndrome (SARS).

[0035] In certain aspects, the disclosure provides a method for treating, preventing or
alleviating the symptoms of a SARS-CoV-mediated disorder 1n a subject in need thereof,
comprising the step of administering to said subject an antibody or antigen-binding portion
according to any one of the preceding embodiments, further comprising at least one
additional therapeutic agent selected from the group consisting of:
(a) one or more antibodies from the group consisting of: 1BS5, 1G3, 2E8.1, 2E8.2, 2B10.1,
2B10.2,2B10.3,2B10.4, 3A7, 3C7, 3F3, 3H12, 4E2, 4A10, 4D4.1, 4D4.2, 4D4.3, 4G2,
SE1.1.1, 5E1.1.2, SE1.2, 5E1.3, 5E10.1, SE10.2, SE4, 5AS, 5A7,5C12.1, 5C12.2, 5DI.1, .
5D1.2,5D1.3, 5D1.4,5D1.5, 5D3, 5D6, 6B1, 6B5, 6BS§, 6C1, and 6C2;
(b) one or more antibodies that specifically bind SARS-CoV S protein of a plurality of
SARS-CoV strains;
(c) one or more neutralizing antibodies that do not bind SARS-CoV S protein;
(d) one or more agents that bind SARS-CoV S protein receptor; and
(e) one or more anti-viral agents. |

[0036] The invention contemplates combinations of any of the foregoing aspects and

embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] Figures 1A-1B show expression of overlapping fragments of the S1 domain of
SARS-CoV S protein. (a) Four plasmid constructs encoding different fragments of the S1
protein (12-672, 12-510, 261-672, 318-510) were transformed into MC 1061/P3 cells and
insert size confirmed by digestion with Nhel and BamH1 and analyzed on a 1% agarose

gel. (b) Protein expression in transiently transfected 293T cells was confirmed by

Coomassie Blue staining of a 4-20% SDS/PAGE gel.
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[0038] Figure 2 shows reactivity of anti-SARS-CoV antibodies produced from hybridomas

generated from immunized XenoMouse®

mice against S1-Ig fragments. All S-V5-HIS
reacting monoclonal antibodies were tested against S1-Ig (12-672) fragments 1n an ELISA.
A total of 165 human monoclonal antibodies reacted with Sl-Ig (12-672). These
monoclonal antibodies were then further examined for their reactivity against the other three
S1-Ig fragments (12-510, 261-510, and 318-510). Plates were coated with indicated protein
fragments at S0ng/well, 50ul of hybridoma supernatant containing S specific human

antibodies were used. HRP conjugated anti-human antibody was used to detect the binding

of human antibodies. An OD of > 0.5 was considered to be highly reactive.

[0039] Figure 3 shows neutralizing monoclonal antibodies were purified and examined for
S1-Ig fragment reactivity. Following i1dentification of neutralizing monoclonal antibodies,
purified antibodies were examined by ELISA for their reactivity against relevant Si-Ig
fragments (318-510 or 12-510). Plates were coated with the indicated protein fragments at
S50ng/well and indicated amounts of human monoclonal antibodies were added. HRP

conjugated anti-human antibody was used to detect the binding of human antibodies.

[0040] Figure 4 shows an alignment of CDR sequences of neutralizing monoclonal
antibodies. Immunoglobulin genes of neutraﬁzing antibodies were sequenced. Alignment of
the amino acid sequences of the heavy chain variable region (left) and light chain variable
region (right) of all human mAbs are depicted and arranged by common gene segment

usage. Additions in antibody sequences not contained in germline sequence are annotated

(#) 1n germline sequence.

[0041] Figures SA-5F show receptor binding inhibition of neutralizing human anti-SARS-
CoV monoclonal antibodies. (a) Group 1A1, (b) Group 1bl, (¢) Group 1B2, (d) Group 1B3
and 1B4, (e) Group 1D, and (f) Group 2B. The results of antibodies 3A7, 3F3, and 3C7 of
groups 1B1, 2, and 4 respectively are low because recombinant S1 binding in those

P

experiments was unusually low.
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DETAILED DESCRIPTION OF THE INVENTION

Definitions and General Techniques

[0042] Unless otherwise defined herein, scientific and technical terms used in connection
with the present invention shall have the meanings that are commonly understood by those
of ordinary skill in the art. Further, unless otherwise required by context, singular terms
shall include pluralities and plural terms shall include the singular. Generally, nomenclature
used 1n connection with, and techniques of, cell and tissue culture, molecular biology,
immunology, microbiology, genetics and protein and nucleic acid chemistry and
hybridization described herein are those well known and commonly used 1n the art.

[0043] The methods and techniques of the present invention are generally performed
according to conventional methods well known in the art and as described 1n various

general and more specific references that are cited and discussed throughout the present

specification unless otherwise indicated. See, e.g., Sambrook et al. Molecular Cloning: A

Laboratory Manual, second ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor,

N.Y. (1989) and Ausubel et al., Current Protocols in Molecular Biology, Greene Publishing

Associates (1992), and Harlow and Lane Antibodies: A Laboratory Manual, Cold Spring

Harbor Laboratory Press, Cold Spring Harbor, N.Y. (1990), incorporated herein by
reference. Enzymatic reactions and purification techniques are performed according to
manufacturer’s spectfications, as commonly accomplished in the art or as described herein.
The nomenclature used in connection with, and the laboratory procedures and techniques of,
analytical chemistry, synthetic organic chemistry, and medicinal and pharmaceutical
chemistry described herein are those well known and commonly used 1n the art. Standard
techniques are used for chemical syntheses, chemical analyses, pharmaceutical preparation,
formulation, and delivery, and treatment of patients.

[0044] The following terms, unless otherwise indicated, shall be understood to have the
following meanings:

[0045] The term “polypeptide” encompasses native or artificial proteins, protein
fragments and polypeptide analogs of a protein sequence. A polypeptide may be

monomeric or polymeric.
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[0046] The term “isolated protein”, “isolated polypeptide” or “isolated antibody” 1s a
protein, polypeptide or antibody that by virtue of its origin or source of derivation (1) 1s not
associated with naturally associated components that accompany 1t 1n its native state, (2) 1s
free of other proteins from the same species, (3) 1s expressed by a cell from a different
species, or (4) does not occur in nature. Thus, a polypeptide that 1s chemically synthesized
or synthesized 1n a cellular system different from the cell from which it naturally originates
will be “1solated” from its naturally associated components. A protein may also be rendered

substantially free of naturally-associated components by 1solation, using protein purification
techniques well known in the art.

[0047] Examples of isolated antibodies include an anti- SARS-CoV S protein antibody
that has been affinity purified using SARS-CoV S protein or a portion thereot, an anti-
SARS-CoV S protein antibody that has been synthesized by a hybridoma or other cell line
in vitro, and a human anti- SARS-CoV S protein antibody derived from a transgenic mouse.

22 ¢4

[0048] A protein or polypeptide 1s “substantially pure,” “substantially homogeneous,” or
“substantially purified” when at least about 60 to 75% of a sample exhibits a single species
of polypeptide. The polypeptide or protein may be monomeric or multimeric. A
substantially pure polypeptide or protein will typically comprise about 50%, 60%, 70%,
80% or 90% W/W of a protein sample, more usually about 95%, and preferably will be over
99% pure. Protein purity or homogeneity may be indicated by a number of means well
known in the art, such as polyacrylamide gel electrophoresis of a protein sample, followed
by visualizing a single polypeptide band upon staining the gel with a stain well known 1n
the art. For certain purposes, higher resolution may be provided by using HPLC or other
means well known 1n the art for purification.

[0049] The term “polypeptide fragment” as used herein refers to a polypeptide that has an
amino-terminal and/or carboxy-terminal deletion, but where the remaining amino acid
sequence 1s identical to the corresponding positions in the naturally-occurring sequence. In
some embodiments, fragments are at least 5, 6, 8 or 10 amino acids long. In other
embodiments, the fragments are at least 14, at least 20, at least 50, or at least 70, 80, 90,
100, 150 or 200 amino acids long.

[0050] The term “polypeptide analog” as used herein refers to a polypeptide that

comprises a segment that has substantial identity to a portion of an amino acid sequence and
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that has at least one of the following properties: (1) specific binding to SARS-CoV S
protein under suitable binding conditions, (2) ability to inhibit SARS-CoV S protein.
Typically, polypeptide analogs comprise a conservative amino acid substitution (or insertion
or deletion) with respect to the native sequence. Analogs typically are at least 20 or 25
amino acids long, preferably at least 50, 60, 70, 80, 90, 100, 150 or 200 amino acids long or
longer, and can often be as long as a full-length polypeptide. Some embodiments of the
invention include polypeptide fragments or polypeptide analog antibodies with 1, 2, 3, 4, 5,
6,7,8,9, 10,11, 12,13, 14, 15, 16 or 17 substitutions from the germline amino acid
sequence.

[0051] In certain embodiments, amino acid substitutions to an anti- SARS-CoV S protein
antibody or antigen-binding portion thereof are those which: (1) reduce susceptibility to
proteolysis, (2) reduce susceptibility to oxidation, (3) alter binding atfinity for forming
protein complexes, and (4) confer or modify other physicochemical or functional properties
of such analogs, but still retain specific binding to SARS-CoV S protein. Analogs can
include various muteins of a sequence other than the normally-occurring peptide sequence.
For example, single or multiple amino acid substitutions, preferably cor;éervative amino
acid substitutions, may be made in the normally-occurring sequence, preterably in the
portion of the polypeptide outside the domain(s) forming intermolecular contacts. A
conservative amino acid substitution should not substantially change the structural

characteristics of the parent sequence; e.g., a replacement amino acid should not alter the
anti-parallel B-sheet that makes up the immunoglobulin binding domain that occurs in the
parent sequence, or disrupt other types of secondary structure that characterizes the parent
sequence. In general, glycine and proline would not be used 1n an anti-parallel [3-sheet.

Examples of art-recognized polypeptide secondary and tertiary structures are described in
Proteins, Structures and Molecular Principles (Creighton, Ed., W. H. Freeman and
Company, New York (1984)); Introduction to Protein Structure (C. Branden and J. Tooze,
eds., Garland Publishing, New York, N.Y. (1991)); and Thornton et al., Nature 354:105

(1991), incorporated herein by reference.
[0052] Non-peptide analogs are commonly used 1n the pharmaceutical industry as drugs
with properties analogous to those of the template peptide. These types of non-peptide

compound are termed “peptide mimetics” or “peptidomimetics.” Fauchere, J. Adv. Drug
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Res. 15:29 (1986); Veber and Freidinger, TINS p.392 (1985); and Evans et al., J. Med.
Chem. 30:1229 (1987), incorporated herein by reterence. Such compounds are often

developed with the aid of computerized molecular modeling. Peptide mimetics that are
structurally similar to therapeutically useful peptides may be used to produce an equivalent
therapeutic or prophylactic effect. Generally, peptidomimetics are structurally similar to a
paradigm polypeptide (i.e., a polypeptide that has a desired biochemical property or
pharmacological activity), such as a human antibody, but have one or more peptide linkages
optionally replaced by a linkage selected from the group consisting of: --CH,NH--,
--CH,S--, --CH,-CH,;--, --CH=CH--(cis and trans), --COCH,--, --CH(OH)CH,--, and —
CH,SO--, by methods well known in the art. Systematic substitution of one or more amino
acids of a consensus sequence with a D-amino acid of the same type (e.g., D-lysine in place
of L-lysine) may also be used to generate more stable peptides. In addition, constrained
peptides comprising a consensus sequence or a substantially identical consensus sequence
variation may be generated by methods known 1n the art (R1zo and Gierasch, Ann. Rev.
Biochem. 61:387 (1992), incorporated herein by reference); for example, by adding internal
cysteine residues capable of forming intramolecular disulfide bridges which cyclize the
peptide. |

[0053] Where an “antibody” is referred to herein with respect to the invention, it 1s
normally understood that an antigen-binding portion thereof may also be used. An antigen-

binding portion competes with the intact antibody for specific binding. See generally,

Fundamental Immunology, Ch. 7 (Paul, W., ed., second ed. Raven Press, N.Y. (1989))

(incorporated by reference 1n its entirety for all purposes). Antigen-binding portions may
be produced by recombinant DNA techniques or by enzymatic or chemical cleavage of
intact antibodies. In some embodiments, antigen-binding portions include Fab, Fab’,
F(ab’), Fd, Fv, dAb, and complementarity determining region (CDR) fragments,
single-chain antibodies (scFv), chimeric antibodies, diabodies and polypeptides that contain
at least a portion of an antibody that is sufficient to confer specific anti<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>