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DESCRIPTION

COMPOSITIONS AND METHODS RELATED TO ANTIBODIES TO
STAPHYLOCOCCAL PROTEIN A

[6001] This invention was made with government support under AI52747 and
3 Al92711 from the National Institute of Allergy and Infectious Diseases (NIAID) and 1-U54-Al-
057153 awarded by the National Institutes of Health. The government has certain rights in the

invention.

(0002} This application claims priority to U.S. Provisional Patent Applications
Sertal No. 61/523,751 filed on August 15, 2011, Serial No. 61/615,083 filed on March 23, 2012,
10 Serial No. 61/618,417 filed on March 30, 2012, and Serial No. 61/674,135 filed on July 20,

2012, all of which are incorporated herein by reference in their entirety.

I. FIELD OF THE INVENTION

[0003] The present invention relates generally to the fields of immunology,
microbiology, and pathology. More particularly, it concerns methods and compositions
15 1nvolving antibodics to bacterial proteins and bacterial peptides used to elicit such antibodies.

The proteins include Staphylococcal protein A (SpA).

11 BACKGROUND

[0004] The number of both community acquired and hospital acquired infections

have increased over recent years with the increased use of intravascular devices. Hospital

20 acquiréd (nosocomial) infections are a major cause of morbidity and mortality, more particularly
in the United States, where they affect more than 2 million patients annually. The most frequent
nosocomial Infections are urinary tract infections (33% of the infections), followed by

pneumonia (15.5%), surgical site infections (14.8%) and primary bloodstream infections (13%)

(Emorl and Gaynes, 1993).

25 [06005] Staphylococcus aureus, Coagulase-negative Staphylococci  (mostly
Staphylococcus epidermidis), enferococcus spp., £scherichia coli and Pseudomonas aeruginosa
are the major nosocomial pathogens. Although these pathogens almost cause the same number
of infections, the severity of the disorders they can produce combined with the frequency of
antibiotic resistant 1solates balance this ranking towards S. aureus and S. epidermidis as being the

30  most significant nosocomial pathogens.
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[0006] Staphylococcus can cause a wide variety of diseases in humans and other
animals through etther toxin production or invasion. Staphylococcal toxins are a common cause

of food poisoning, as the bacteria can grow in improperly-stored food.

[0007] Staphylococcus epidermidis 1s a normal skin commensal, which is also an

5 1important opportunistic pathogen responsible for infections of impaired medical devices and
infections at sites of surgery. Medical devices infected by S epidermidis include cardiac
pacemakers, cerebrospinal fluid shunts, continuous ambulatory peritoneal dialysis catheters,

orthopedic devices and prosthetic heart valves.

[0008] Staphylococcus aureus 1s the most common cause of nosocomial
10 infections with a significant morbidity and mortality. It is the cause of some cases of

osteomyelitis, endocarditis, septic arthritis, pneumonia, abscesses and toxic shock syndrome.

[0009] S. aureus can survive on dry surfaces, increasing the chance of
transmission. Any S. aureus infection can cause the staphylococcal scalded skin syndrome, a
cutaneous reaction to exotoxin absorbed into the bloodstream. 5. aureus can also cause a type of

15  septicemia called pyaemia that can be life-threatening. Methicillin-resistant Staphylococcus

aureus (MRSA) has become a major cause of hospital-acquired infections.

[0010] S. aureus and S. epidermidis infections are typically treated with
antibiotics, with penicillin being the drug of choice, but vancomycin being used for methicillin
resistant isolates. The percentage of staphylococcal strains exhibiting wide-spectrum resistance

20  to antibiotics has increased, posing a threat to effective antimicrobial therapy. In addition, the
recent appearance of vancomycin-resistant S. aureus strain has aroused fear that MRSA strains

tor which no etfective therapy 1s available are starting to emerge and spread.

[0011] An alternative approach to antibiotics in the treatment of staphylococcal

infections has been the use of antibodies against staphylococcal antigens in passive

25 1mmunotherapy. Examples of this passive immunotherapy involves administration of polyclonal

antisera (WO00/15238, WO00/12132) as well as treatment with monoclonal antibodies against
lipoteichoic acid (WQO98/57994).

[0012] The first generation of vaccines targeted against S. aureus or against the
exoproteins 1t produces have met with limited success (Lee, 1996) and there remains a need to

30  develop additional therapeutic compositions for treatment of staphylococcus infections.
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SUMMARY OF THE INVENTION

10013] Staphylococcus aureus 1s the most frequent cause of bacteremia and

hospital-acquired infection in the United States. An FDA approved vaccine that prevents

staphylococcal disease is currently unavailable.

5 [0014] In certain embodiments there are antibody compositions that inhibit,
ameliorate, and/or prevent Staphylococcal infection. In particular embodiments, there 1s a
polypeptide that is capable of binding a Staphylococcal SpA protein. The term polypeptide 1s
understood to mean one or more amino acid or polypeptide chains. For example, the term
polypeptide may refer to a single polypeptide chain comprising a heavy or light chain or a

10 coupled heavy and light chain. The term polypeptide may also refer to an immunoglobulin (Ig)
monomer, comprising four polypeptide chains; two heavy and two light chains. The term

polypeptide may also refer to dimeric, trimeric, tetrameric or pentameric Ig molecules.

[0015]} Moreover, in certain embodiments, this SpA-binding polypeptide 1s
distinguished from other SpA antibodies because it has properties that are based on being an

15  antibody or derived from an antibody generated using a SpA variant as an antigen—not a SpA
wild-type protein. The SpA variant has 1, 2, 3, 4, 5 or more alterations in 1, 2, 3, 4 andor 5 of the

A, B, C, D, and/or E domains. Furthermore, as discussed herein, these Spa binding polypeptides

are capable of specifically binding such SpA wvariants, including but not limited to a KKAA

domain variation 1n all five domains as discussed below.

20 [0016] Certain embodiménts are directed to a recombinant peptide comprising 1,
2,3,4,5,6,7, 8,9, 10 or more amino acid segments comprising about, at least or at most 3, 6, 7,
8,90,10,11,12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 to 23, 26, 27, 28, 29, 30, 31, 32,
33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50 amino acids in length,
including all values and ranges there between, that are at least 80, 85, 90, 93, 96, 97, 98, 99, or

25 100% identical to amino acid segments of Staphylococcal SpA (SEQ ID NO:1). For example,

the amino acid segment(s) from a Staphylococcal SpA may be from a non-toxogenic SpA mutant
polypeptide (e.g., SpAxkaa). PCT Publication No. WO 2011/005341 and PCT Appln. No.

PCT/US11/42845, each incorporated herein by reference, provide a number of non-toxigenic
SpA mutant polypeptides and methods for using the same. In further aspects, there are

30  antibodies that specifically bind one or more of these particular amino acid segments.

[0017] Embodiments also provide for the use of SpA antibodies in methods and

compositions for the treatment of bacterial and/or staphylococcal infection. In certain

.3
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embodiments, compositions are used in the manufacture of medicaments for the therapeutic
and/or prophylactic treatment of bacterial infections, particularly staphylococcus infections.
Furthermore, in some embodiments there are methods and compositions that can be used to treat
(e.g., limiting staphylococcal abscess formation and/or persistence in a subject) or prevent

5  bactenal infection.

[0018] Certain aspects are directed to methods of reducing Staphylococcus
infection or abscess formation comprising administering to a patient having or suspected of
having a Staphylococcus infection an effective amount of one or more purified polypeptides or
proteins that specifically bind a Staphylococcal SpA polypeptide. It is contemplated that this

10 polypeptide (or protein) may be referred to as an antibody by virtue of it being a polypeptide or
protein with amino acid sequences of or derived from one or more CDR regions of an antibody.
Any embodiment discussed herein in the context of an antibody may be implemented with
respect to a polypeptide or protein so long as the polypeptide or protein has one or more amino
acid regions that has at least 60% identity or homology across the entire region of a CDR from
15 an antibody that is capable of specifically binding a SpA variant lacking specific Ig-binding
activity The Spa binding polypeptide can be a purified polyclonal antibody, a purified
monoclonal antibody, a recombinant polypeptide, or a fragment thereof. In certain aspects the
polypeptide is an antibody that is humanized, which means the nonvarnable portion of the
antibody has been altered in order to simulate the constant regions found in human antibodies.
20  Thus, it is contemplated that a humamzed éntibody is one that has the CDR sequences of a non-
human antibody (or at least amino acid sequences that are derived from such sequences, 1.e., are

at least 80% 1dentical).

[0019] In certain other embodiments, the antibody 1s a human antibody. In still

further aspects the antibody is a recombinant antibody segment. In certain aspects a monoclonal

25  antibody includes one or more of SA10, 8E2, 3A6, 7E2, 3F6, 1F10, 6D11, 3D11, 5A1l, 1B10,
4C1, 2F2, 8D4, 7D11, 2C3, 4CS5, 6B2, 4D5, 2B8 or 1H7 described in Tables 1-2 below and 1n
Table 5, incorporated herein by reference. An antibody or polypeptide can be administered at a

dose of 0.1, 0.5, 1, 5, 10, 50, 100 mg or pg/kg to 5, 10, 50, 100, 500 mg or pg/kg. The
recombinant antibody segment can be operatively coupled to a second recombinant antibody

30 segment. In certain aspects the second recombinant antibody segment binds a second
Staphylococcal protein. The method can further comprise administering a second antibody that

binds a second Staphylococcal protein. In certain aspects the method further comprises

administering an antibiotic.



CA 02845259 2014-02-13
WO 2013/025834 PCT/US2012/050991

[0020] Embodiments are directed to monoclonal antibody polypeptides,
polypeptides having one or more segments thereof, and polynucleotides encoding the same. In
certain aspects a polypeptide can comprise all or part of the heavy chain variable region and/or
the light chain variable region of SpA specific antibodies. In a further aspect, a polypeptide can

5  comprise an amino acid sequence that corresponds to a first, second, and/or third complementary
determining regions (CDRs) from the light variable chain and/or heavy variable chain of an
antibody, e.g., a SpA-specific antibody. Additionally an antibody or binding polypeptide may
have a binding region comprising an amino acid sequence having, having at least, or having at
most 70, 71, 72, 73, 74, 75, 76, 77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93,

10 94, 95, 96, 97, 98, 99, or 100% identity or homology (substitution with a conserved amino acid)
(or any range derivable therein) with 1, 2, 3, 4, S, or 6 CDR sequences discussed herein,
including any of SEQ ID NOs: 11-13, 21-23, 31-33, 41-43, 51-53, 61-63, 71-73, 81-83, 91-93,
06-98, 111-113, 116-118, 126-128, 131-133, 16-18, 26-28, 36-38, 46-48, 56-58, 66-68, 76-78,
86-88, 101-103, 106-108, 121-123, 136-138, 141-143. . In specific embodiments, an antibody
15 having all or part of one or more CDRs disclosed herein has been humanized in non-CDR
regions. In further embodiments, the CDR regions disclosed herein may be changed by 1,2 ,3 A4,
5, 6, 7 or 8 amino acids per CDR, which may be instead of or in addition to humanization. In
some embodiments, a change may be a deletion or addition of 1, 2, or 3 amino acids, or 1t may be
a substitution of any amino acid, which may or may not be with an amino acid that 15 a

20  conserved an amino acid.

[0021] In some embodiments, a SpA binding polypeptide or antibody has one,

two, three, four, five, six, or seven CDRs that have 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95,

06, 97, 98, 99, 100% identity with a consensus sequence identified for that CDR, such as 1s
shown in Tables 7-17. It is contemplated that in some embodiments, a SpA binding polypeptide

25  or antibody has an amino acid sequence corresponding to CDR1, CDR2, and CDR3 of a hght
chain variable region and a CDR1, CDR2, and CDR3 of a heavy chain variable region. As
discussed herein the amino acid sequence corresponding to a CDR may have a percent 1dentity

or homology to a CDR discussed herein. In certain embodiments, the consensus sequence 1s SEQ

ID NO:145, SEQ ID NO:146, SEQ ID NO:147, SEQ ID NO:148, SEQ ID NO:149, SEQ ID

30 NO:150, SEQ ID NO:151, SEQ ID NO:152, SEQ ID NO:153, SEQ ID NO:154, SEQ ID
NO:155, SEQ ID NO:156, SEQ ID NO:157, SEQ ID NO:158 or SEQ ID NO:159. In particular
embodiments, the SpA binding polypeptide or antibody has a consensus sequence from a
monoclonal antibody for CDR1, CDR2, and/or CDR3 of the light chain variable region.

Alternatively or additionally, the SpA binding polypeptide or antibody has a consensus sequence

-5 -
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from a monoclonal antibody for CDR1, CDR2, and/or CDR3 of a heavy chain variable region. It
is further contemplated that a SpA binding polypeptide or antibody may have a mix of CDRs

based on consensus sequence(s) and/or sequences with identity or homology to a particular CDR.

[0022] In some embodiments a SpA binding polypeptide or antibody has one or

5 more consensus sequences with respect to 3F6. In particular embodiments, the SpA binding
polypeptide or antibody has a consensus sequence from 3F6 for CDR1, CDR2, and/or CDR3 of

the light chain variable region. Alternatively or additionally, the SpA binding polypeptide or
antibody has a consensus sequence from 3F6 for CDR1, CDR2, and/or CDR3 of a heavy chain

variable region.

10 [0023] In certain embodiments, an SpA antibody or binding polypeptide
comprises an amino acid sequence that is at least 40% 1dentical to one or more antibody CDR
domains from a SpA-binding antibody wherein the polypeptide specifically binds at least two
Spa Ig binding domains A, B, C, D, and E of a a Staphylococcal protein A polypeptidé variant
that lacks non-specific Ig-binding activity. Further embodiments of this aspect are contemplated

15  below.

[0024] In yet other embodiments, a purified polypeptide that specifically binds to
a SpA variant polypeptide lacking specific Ig-binding activity and wherein the polypeptide has
an association constant of 0.5 x 10°M™ or greater for at least two and up to five Spa IgG binding
domains Axxaa, Brxaa, Ckraa, Drkkaa and Exxaa 18 contemplated. Further embodiments of this

20  embodiment are contemplated below.

[0025] In certain aspects, a polypeptide comprises all or part of an amino acid
sequence corresponding to the MAb 3D11 variable (VDJ) heavy chain amino acid sequence .
QSGPELMKPGASVKISCKASGYSFTSYYMHWVKQSHGKSLEWIGYIDPENGGTSYNQK
FKGKATLTVDKSSSTAYMHLSSLTSEDSAVYYCARYGYDGTFYAMDYWGQGTSVTVS

25 S. CDRs are indicated in bold underline, CDRs are regions within antibodies where the
antibody complements an antigen's shape. Thus, CDRs determine the protein's aflinity and
specificity for specific antigens. From amino to carboxy terminus the CDRs are CDR1, CDR2,
and CDR3. In certain aspects, a polypeptide can comprise 1, 2, and/or 3 CDRs from the variable
heavy chain of MAb 3DI1, for example, SEQ ID NO:81, SEQ ID NO:82, and/or SEQ ID

30 NO:83.. In further embodiments, an antibody may have CDRs that have 1, 2, and/or 3 amino
acid changes (addition of 1 or 2 amino acids, deletions or 1 or 2 amino acids or substitution) with
respect to these 1, 2, or 3 CDRs. In further embodiments, an antibody may be alternatively or

additionally humanized in regions outside the CDR(s) and/or variable region(s). In some aspects,

-6 -
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a polypeptide comprises additionally or alternatively, an amino acid sequence that 1s at least 60,
65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99, or 100% identical or homologous to the amino acid

sequence of the variable region that is not a CDR sequence, 1.e., the variable region framework.

[0026] In certain aspects, a polypeptide comprises all or part of an amino acid

5  sequence corresponding to the MADb 3D11 variable (VJ) light chain amino acid sequence
RIVLTQSPAITAASLGQKVTITCSASSSVSYMHWYQQKSGTSPKPWIY@KLASGVPAR

FSGSGSGTSYSLTISSMEAEDAAIYYCQQWSYPFTFGSGTKLEIK. CDRs are indicated in

bold underline. From amino to carboxy terminus the CDRs are CDR1, CDR2, and CDR3. In

certain aspects, a polypeptide can comprise 1, 2, and/or 3 CDRs from the variable light chain of
10 MADb 3D11, for example, SEQ ID NO:86, SEQ ID NO:87, and/or SEQ ID NO:88.. In further
embodiments, a polypeptide may have CDRs that have 1, 2, and/or 3 amino acid changes
(addition of 1 or 2 amino acids, deletions or 1 or 2 amino acids or substitution) with respect to
these 1, 2, or 3 CDRs. In further embodiments, an antibody may be alternatively or additionally
humanized in regions outside the CDR(s) and/or variable region(s). In some aspects, a
15  polypeptide comprises additionally or alternatively, an amino acid sequence that is at least 60,

65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99, or 100% identical or homologous to the amino acid

sequence of the variable region that is not a CDR sequence, 1.e., the variable region framework.

[0027] In other embodiments, a polypeptide or protein comprises 1, 2, 3,4, 5, 0r 6

CDRs from the either or both of the light and heavy variable regions of mAb 3D11, and 1, 2, 3,

20 4,5, or 6 CDRs may have 1, 2, and/or 3 amino acid changes with respect to these CDRs. In some
embodiments, parts or all of the antibody sequence outside the variable region have been
humanized. A protein may comprise one or more polypepitides. In some aspects, a protein may
contain one or two polypeptides similar to a heavy chain polypeptide and/or 1 or 2 polypeptides
similar to a light chain polypeptide. In further embodiments, a polypeptide may be a single chain

25  antibody or other antibody discussed herein so long as it at least 70% sequence identity or
homology to 1,2, 3,4, 5, or 6 CDRs of mAb 3D11.

[0028] In certain aspects, a polypeptide comprises all or part of an amino acid
sequence corresponding to the MAb 3F6 variable (VDJ) heavy chain amino acid sequence
EVQLVETGGGLVQPKGSLKLSCAASGEFTFNTNAMNWVRQAPGKGLEWVARIRSKSNN

30 YATYYADSVKDRFSISRDDSQNMLSLOMNNLKTEDTAIYYCVIEHYDYDYYVMDYW
GQGTSVXSP(Q. CDRs are indicated in bold underline. From amino to carboxy terminus the

CDRs are CDR1, CDR2, and CDR3. In certain aspects, a polypeptide can comprise 1, 2, and/or
3 CDRs from the variable heavy chain of MADb 3F6, for example, SEQ ID NO:51, SEQ ID

-7 -



CA 02845259 2014-02-13
WO 2013/025834 PCT/US2012/050991

NQO:52, and/or SEQ ID NO:53.. In further embodiments, a polypeptide may have CDRs that have
1, 2, and/or 3 amino acid changes (addition of 1 or 2 amino acids, deletions or 1 or 2 amino acids
or substitution) with respect to these 1, 2, or 3 CDRs. In further embodiments, an antibody may
be alternatively or additionally humanized in regions outside the CDR(s) and/or variable
5  region(s). In some aspects, a polypeptide comprises additionally or alternatively, an amino acid
sequence that is at least 60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99, or 100% identical or
homologous to the amino acid sequence of the variable region that is not a CDR sequence, 1.e.,

the variable region framework.

[0029] In certain aspects, a polypeptide comprises all or part of an amino acid

10 sequence corresponding to the MAb 3F6 variable (VJ) light chain amino acid sequence
IVLTQSPASLAVSLGQRATISCRASESVEYSGASLMQWYQHKFGQPPKLLIY_A_&NVES

GVPARFSGSGSGTDFSLNIHPVEEDDIAMYFCQQSRKVPSTFGGGTKLEIK. CDRs are

indicated in bold underline. From amino to carboxy terminus the CDRs are CDR1, CDR2, and

CDR3. In certain aspects, a polypeptide can comprise 1, 2, and/or 3 CDRs from the variable
15  light chain of MAb 3F6, for example, SEQ 1D NO:56, SEQ ID NO:57, and/or SEQ 1D NO:58..
In further embodiments, a polypeptide may have CDRs that have 1, 2, and/or 3 amino acid
changes (addition of 1 or 2 amino acids, deletions or 1 or 2 amino acids or substitution) with
respect to these 1, 2, or 3 CDRs. In further embodiments, an antibody may be alternatively or
additionally humanized in regions outside the CDR(s) and/or variable region(s). In some aspects,
20  a polypeptide comprises additionally or alternatively, an amino acid sequence that is at least 60,
65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99, or 100% identical or homologous to the amino acid

sequence of the variable region that is not a CDR sequence, 1.¢., the variable region framework.

[0030] In other .embodiments, a polypeptide or protein comprises 1,2, 3,4, 5, 0r 6

CDRs from the either or both of the light and heavy variable regions of mAb 3F6, and 1, 2, 3, 4,

25 5, or 6 CDRs may have 1, 2, and/or 3 amino acid changes with respect to these CDRs. In some
embodiments, parts or all of the antibody sequence outside the variable region have been
humanized. A protein may comprise one or more polypeptides. In some aspects, a protein may
contain one or two polypeptides similar to a heavy chain polypeptide and/or 1 or 2 polypeptides
similar to a light chain polypeptide. In further embodiments, a polypeptide may be a single chain

30 antibody or other antibody discussed herein so long as i1t at least 70% sequence identity or

homology to 1,2, 3,4, 5, or 6 CDRs of mAb 3F6.

[0031] In certain aspects, a polypeptide comprises all or part of an amino acid

sequence corresponding to the MAb 5A10 vartable (VDIJ) heavy chain amino acid sequence
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EVKLVESGGGLVKPGGSLKLSCAASGFAFSNYDMSWVRQTPEKRLEWVATISSGGTYP
YYPDSVKGRFTISRDNAKNTLYLQLSSLRSEDTALYYCARGGFLITTRDYYAMDY WG
QGTSVTVSS. CDRs are indicated in bold underline. From amino to carboxy terminus the

CDRs are CDR1, CDR2, and CDR3. In certain aspects, a polypeptide can comprise 1, 2, and/or

5 3 CDRs from the variable heavy chain of MAb 5A10, for example, SEQ ID NO:11, SEQ 1D
NO:12, and/or SEQ ID NO:13.. In further embodiments, a polypeptide may have CDRs that have

1, 2, and/or 3 amino acid changes (addition of 1 or 2 amino acids, deletions or 1 or 2 amino acids

or substitution) with respect to these 1, 2, or 3 CDRs. In further embodiments, an antibody may

be alternatively or additionally humanized in regions outside the CDR(s) and/or variable

10 region(s). In some aspects, a polypeptide comprises additionally or alternatively, an amino acid
sequence that is at least 60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99, or 100% identical or
homologous to the amino acid sequence of the variable region that is not a CDR sequence, 1.e.,

the variable region framework.

[0032] ~ In certain aspects, a polypeptide comprises all or part of an amino acid

15  sequence corresponding to the MAb 5A10 variable (VJ) light chain amino acid sequence
TIVLTQSPAIMSASPGEKVTMTCSASSSVSYMYWYQQKPGSSPRLLIYDTSNLASGVPVR
FSGSGSGTSYSLTISRMEAEDAATYYCQOWSSYPPTFGGGTKLEIK. CDRs are indicated

in bold underline. From amino to carboxy terminus the CDRs are CDR1, CDR2, and CDR3. In

certain aspects, a polypeptide can comprise 1, 2, and/or 3 CDRs from the variable light chain of
20 MADb 5A10, for example, SEQ ID NO:16, SEQ ID NO:17, and/or SEQ ID NO:18.. In further
embodiments, a polypeptide may CDRs that have 1, 2, and/or 3 amino acid changes (addition of
1 or 2 amino acids, deletions or 1 or 2 amino acids or substitution) with respect to these 1, 2, or 3
CDRs. In further embodiments, an antibody may be alternatively or additionally humanized in
regions outside the CDR(s) and/or variable region(s). In some aspects, a polypeptide comprises
25  additionally or alternatively, an amino acid sequence that is at least 60, 65, 70, 75, 80, 83, 90, 95,
06, 97, 98, 99, or 100% identical or homologous to the amino acid sequence of the variable

region that is not a CDR sequence, 1.€., the variable region framework.

[0033} In other embodiments, a polypeptide or protein comprises 1,2, 3,4, 5,016

CDRs from the either or both of the light and heavy variable regions of mAb 5A10, and 1, 2, 3,

30 4,5, or 6 CDRs may have 1, 2, and/or 3 amino acid changes with respect to these CDRs. In some
embodiments, parts or all of the antibody sequence outside the variable region have been
humanized. A protein may comprise one or more polypeptides. In some aspects, a protein may
contain one or two polypeptides similar to a heavy chain polypeptide and/or 1 or 2 polypeptides

similar to a light chain polypeptide. In further embodiments, a polypeptide may be a single chain
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antibody or other antibody discussed herein so long as it at least 70% sequence identity or

homology to 1, 2, 3, 4, 5, or 6 CDRs of mAb 5A10.

[0034] In certain aspects, a polypeptide comprises all or part of an amino acid

sequence corresponding to the MAb 2F2 variable (VDJ) heavy chain amino acid sequence

5 VKLVESGGDLVKPGGSLKLSCAASRETFSSYVMSWVRQTPEKRLEWVASIGSGGTTYY
PDTVKGRFTISRDNARNILYLOMSSLRSDDTAMYYCTRGRGYGFAWYFDVWGAGTTV

TVSS. CDRs are indicated in bold underline. From amino to carboxy terminus the CDRs are

CDRI1, CDR2, and CDR3. In certain aspects, a polypeptide can comprise 1, 2, and/or 3 CDRs
from the variable heavy chain of MAb 2F2, for example, SEQ ID NO:96, SEQ ID NO:97, and/or
10 SEQ ID NO:98.. In further embodiments, a polypeptide may have CDRs that have 1, 2, and/or 3
amino acid changes (addition of 1 or 2 amino acids, deletions or 1 or 2 amino acids or
substitution) with respect to these 1, 2, or 3 CDRs. In further embodiments, an antibody may be
alternatively or additionally humanized in regions outside the CDR(s) and/or variable region(s).
In some aspects, a polypeptide comprises additionally or alternatively, an amino acid sequence
15  that is at least 60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99, or 100% 1dentical or homologous to
the amino acid sequence of the variable region that is not a CDR sequence, 1.e., the variable

region framework.

[0035] In certain aspects, a polypeptide comprises all or part of an amino acid

sequence corresponding to the MAb 2F2 wvariable (VJ) light chain amino acid sequence

20  TIVLTQSPAIMSASPGEKVTMTCSASSSVSYMYWYQQKPGSSPRLLIYDTSNLASGVPVR
FSGSGSGTSYSLTISRMEAEDAATYYCQOWSSYPPTFGGGTKLEIK. CDRs are indicated
1in bold underline. From amino to carboxy terminus the CDRs are CDR1, CDRZ, and CDR3. In

certain aspects, a polypeptide can comprise 1, 2, and/or 3 CDRs from the variable light chain of
MAD 2F2, for example, SEQ ID NO:101, SEQ ID NO:102, and/or SEQ 1D NO:103.. In further
25  embodiments, a polypeptide may have CDRs that have 1, 2, and/or 3 amino acid changes
(addition of 1 or 2 amino acids, deletions or 1 or 2 amino acids or substitution) with respect to
these 1, 2, or 3 CDRs. In further embodiments, an antibody may be alternatively or additionally
humanized 1n regions outside the CDR(s) and/or variable region(s). In some aspects, a
polypeptide comprises additionally or alternatively, an amino acid sequence that 1s at least 60,

30 65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99, or 100% 1dentical or homologous to the amino acid

sequence of the variable region that 1s not a CDR sequence, i.e., the variable region framework.

[0036] In other embodiments, a polypeptide or protein comprises 1, 2, 3,4, 5, or 6
CDRs from the either or both of the light and heavy variable regions of mAb 2F2, and 1, 2, 3, 4,
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5, or 6 CDRs may have 1, 2, and/or 3 amino acid changes with respect to these CDRs. In some
embodiments, parts or all of the antibody sequence outside the variable region have been
humanized. A protein may comprise one or more polypeptides. In some aspects, a protein may
contain one or two polypeptides similar to a heavy chain polypeptide and/or 1 or 2 polypeptides
5  similar to a light chain polypeptide. In further embodiments, a polypeptide may be a single chain

antibody or other antibody discussed herein so long as it at least 70% sequence identity or

homology to 1, 2, 3, 4, 5, or 6 CDRs of mAb 2F2.

[0037] In certain aspects, a polypeptide comprises all or part of an amino acid

sequence corresponding to the MAb 4CS variable (VJ) light chamn amino acid sequence

10 DIVLTQSPASLAVSLGQRATISCRASESVEYYGASLMOQWYQQKSGQPPKLLIYAASNVE
SGVPARFSGSGSGTDFSLNIHPVEEDDIAMYFCQOQSRKVPNTFGGGTKLEIK. CDRs are

indicated in bold underline. From amino to carboxy terminus the CDRs are CDR1, CDR2, and

CDR3. In certain aspects, a polypeptide can comprise 1, 2, and/or 3 CDRs from the variable
light chain of MAb 4C35, for example, SEQ ID NO:136, SEQ ID NO:137, and/or SEQ 1D
15 NO:138.. In further embodiments, a polypeptide may CDRs that have 1, 2, and/or 3 amino acid
changes (addition of 1 or 2 amino acids, deletions or 1 or 2 amino acids or substitution) with
respect to these 1, 2, or 3 CDRs. In further embodiments, an antibody may be alternatively or
additionally humanized in regions outside the CDR(s) and/or variable region(s). In some aspects,
a polypeptide comprises additionally or alternatively, an amino acid sequence that is at least 60,
20 65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99, or 100% identical or homologous to the amino acid

sequence of the variable region that is not a CDR sequence, i.e., the variable region framework.

[0038] In other embodiments, a polypeptide or protein comprises 1, 2,3, 4, 5, 0r 6

CDRs from the either or both of the light and heavy variable regions of mAb 4C5, and 1, 2, 3, 4,

5, or 6 CDRs may have 1, 2, and/or 3 amino acid changes with respect to these CDRs. In some

25  embodiments, parts or all of the antibody sequence outside the variable region have been
humanized. A protein may comprise one or more polypeptides. In some aspects, a protein may
contain one or two polypeptides similar to a heavy chain polypeptide and/or 1 or 2 polypeptides
similar to a light chain polypeptide. In further embodiments, a polypeptide may be a single chain

antibody or other antibody discussed herein so long as it at least 70% sequence identity or

30 homology to 1,2, 3, 4, 5, or 6 CDRs of mAb 4CS5.

[0039] In certain aspects, a polypeptide comprises all or part of an amino acid

sequence corresponding to the MADb 4DS5 variable (VI) light chain amino acid sequence

EIVLTQSPAITAASLGQKVTITCSASSSVSYMHWYHQKSGTSPKPWIYETSKLASGVPVR
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FSGSGSGTSYSLTISSMEAEDAAIYYCQOWSYPFTFGSGTKLEIK. CDRs are indicated 1n
bold underline. From amino to carboxy terminus the CDRs are CDR1, CDR2, and CDR3. In

certain aspects, a polypeptide can comprise 1, 2, and/or 3 CDRs from the variable light chain of
MADb 4D8, for example, SEQ ID NO:141, SEQ ID NO:142, and/or SEQ 1D NO:143.. In further

5  embodiments, a polypeptide may have CDRs that have 1, 2, and/or 3 amino acid changes
(addition of 1 or 2 amino acids, deletions or 1 or 2 amino acids or substitution) with respect to

these 1, 2, or 3 CDRs. In further embodiments, an antibody may be alternatively or additionally
humanized in regions outside the CDR(s) and/or varable region(s). In some aspects, a
polypeptide comprises additionally or alternatively, an amino acid sequence that is at least 60,

10 65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99, or 100% identical or homologous to the amino acid

sequence of the variable region that is not a CDR sequence, 1.€., the variable region framework.

[0040} In certain aspects, a polypeptide comprises all or part of an amino acid
sequence corresponding to the MAb 5A11 variable (VDIJ) heavy chain amino acid sequence
EVQLVESGGGLVKPGGSLKLSCAASGFTFSDYYMYWVRQTPEKRLEWVATISDGGTY

15 TYYPDSVKGRFTISRDNAKNNLYLOQMSSLKSEDTAMYYCARDRDDYDEGPYFDYWG
QGTTLTVSS. CDRs are indicated in bold underline. From amino to carboxy terminus the

CDRs are CDRI, CDR2, and CDR3. In certain aspects, a polypeptide can comprise 1, 2, and/or
3 CDRs from the variable heavy chain of MAb 5A11, for example, SEQ ID NO:91, SEQ ID
NO:92, and/or SEQ ID NO:93. In further embodiments, a polypeptide may have CDRs that have
20 1, 2, and/or 3 amino acid changes (addition of 1 or 2 amino acids, deletions or 1 or 2 amino acids
or substitution) with respect to these 1, 2, or 3 CDRs. In further embodiments, an antibody may
be alternatively or additionally humanized in regions outside the CDR(s) and/or variable
region(s). In some aspects, a polypeptide comprises additionally or alternatively, an amino acid
sequence that is at least 60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99, or 100% identical or
25  homologous to the amino acid sequence of the variable region that is not a CDR sequence, 1.¢.,

the variable region framework.

10041] In certain aspects, a polypeptide comprises all or part of an amino acid
sequence corresponding to the MAb 6B2 variable (VJ) light chain amino acid sequence
DIVLTQSPASLAVSLGQRATISCRASESVDYSGASLMQWYQHKPGQPPRLLIYAASNVE

30 SGVPARFSGSGSGTDFSLNIHPVEEDDIAMYFCQQSRKVPSTFGGGTKLEIK. CDRs are

indicated in bold underline . From amino to carboxy terminus the CDRs are CDR1, CDR2, and

CDR3. In certain aspects, a polypeptide can comprise 1, 2, and/or 3 CDRs from the variable
light chain of MAb 6B2, for example, SEQ ID NO:121, SEQ ID NO:122, and/or SEQ 1D
NO:123. In further embodiments, a polypeptide may have CDRs that have 1, 2, and/or 3 amino
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acid changes (addition of 1 or 2 amino acids, deletions or 1 or 2 amino acids or substitution) with
respect to these 1, 2, or 3 CDRs. In further embodiments, an antibody may be alternatively or
additionally humanized in regions outside the CDR(s) and/or variable region(s). In some aspects,
a polypeptide comprises additionally or alternatively, an amino acid sequence that 1s at least 60,
5 65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99, or 100% identical or homologous to the amino acid

sequence of the variable region that is not a CDR sequence, i.€., the variable region framework.

[0042] In certain aspects, a polypeptide comprises all or part of an amino acid

sequence corresponding to the MAb 8E2 variable (VDJ) heavy chain amino acid sequence

KVQLQQSGAGLVKPGASVKLSCKASGYTFTEYSIHWVKQSSGQGLEWIGWEYPGSGY
10 IKYNEKFKDKATLTADKSSSTVYMEFSRLTSEDSAVYFCARHGYGNYVGYAMDYWG
QGTSVTVSS. CDRs are indicated in bold underline. From amino to carboxy terminus the

CDRs are CDR1, CDR2, and CDR3. In certain aspects, a polypeptide can comprise 1, 2, and/or
3 CDRs from the variable heavy chain of MAb 8E2, for example, SEQ ID NO:21, SEQ ID
NQ:22, and/or SEQ ID NO:23.. In further embodiments, a polypeptide may have CDRs that have
15 1,2, and/or 3 amino acid changes (addition of 1 or 2 amino acids, deletions or 1 or 2 amino acids
or substitution) with respect to these 1, 2, or 3 CDRs. In further embodiments, an antibody may
be alternatively or additionally humanized in regions outside the CDR(s) and/or variable
region(s). In some aspects, a polypeptide comprises additionally or alternatively, an amino acid
sequence that is at least 60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99, or 100% 1identical or
20  homologous to the amino acid sequence of the variable region that 1s not a CDR sequence, 1.e.,

the variable region framework.

[0043] In certain aspects, a polypeptide comprises all or part of an amino acid
sequence corresponding to the MAb 8E2 variable (VJ) light chain amino acid sequence
DIQMTQSPASLSASVGETVTITCRASEIYSYLAWYQQKQGKSPQLLVYFAKTLAEGVPS

25  RFSGSGSGTQFSLKINSLQPEDFGIYYCQHHYGTPYTFGGGTKLEIK. CDRs are indicated
in bold underline. From amino to carboxy terminus the CDRs are CDR1, CDR2, and CDR3. In

certain aspects, a polypeptide can comprise 1, 2, and/or 3 CDRs from the variable light chain of
MADb 8E2, for example, SEQ ID NO:26, SEQ ID NO:27, and/or SEQ ID NO:28.. In tfurther
embodiments, a polypeptide may have CDRs that have 1, 2, and/or 3 amino acid changes
30  (addition of 1 or 2 amino acids, deletions or 1 or 2 amino acids or substitution) with respect to
these 1, 2, or 3 CDRs. In further embodiments, an antibody may be alternatively or additionally
humanized in regions outside the CDR(s) and/or variable region(s). In some aspects, a

polypeptide comprises additionally or alternatively, an amino acid sequence that is at least 60,
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65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99, or 100% identical or homologous to the amino acid

sequence of the variable region that is not a CDR sequence, i.€., the variable region framework.

[0044] In other embodiments, a polypeptide or protein comprises 1,2, 3,4, 5,0r 6

CDRs from the either or both of the light and heavy variable regions of mAb 8E2, and 1, 2, 3, 4,

5 5, or 6 CDRs may have 1, 2, and/or 3 amino acid changes with respect to these CDRs. In some
embodiments, parts or all of the antibody sequence outside the variable region have been
humanized. A protein may comprise one or more polypeptides. In some aspects, a protein may
contain one or two polypeptides similar to a heavy chain polypeptide and/or 1 or 2 polypeptides
similar to a light chain polypeptide. In further embodiments, a polypeptide may be a single chain

10 antibody or other antibody discussed herein so long as it at least 70% sequence 1dentity or

homology to 1, 2, 3,4, 5, or 6 CDRs ot mAb 8E2.

[0045] In certain aspects, a polypeptide comprises all or part of an amino acid

sequence corresponding to the MAb 3A6 variable (VDJ) heavy chain amino acid sequence
QIQLVQSGPELKKPGETVKISCKASGYNFITDYSMHWVKQAPGKGLKWVGWINTETAE

15 STYADDFKGRFAFSLETSASTAYLQINSLKDEDTATFFCAHFDCWGQGTTLTVSS.

CDRs are indicated in bold underline. From amino to carboxy terminus the CDRs are CDRI,
CDR2, and CDR3. In certain aspects, a polypeptide can comprise 1, 2, and/or 3 CDRs from the
variable heavy chain of MAb 3A6, for example, SEQ ID NO:31, SEQ ID NO:32, and/or SEQ ID
NO:33.. In further embodiments, a polypeptide may have CDRs that have 1, 2, and/or 3 amino
20  acid changes (addition of 1 or 2 amino acids, deletions or 1 or 2 amino acids or substitution) with
respect to these 1, 2, or 3 CDRs. In further embodiments, an antibody may be alternatively or
additionally humanized in regions outside the CDR(s) and/or variable region(s). In some aspects,
a polypeptide comprises additionally or alternatively, an amino acid sequence that 1s at least 60,
65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99, or 100% identical or homologous to the amino acid

25  sequence of the variable region that is not a CDR sequence, 1.€., the variable region framework.

[0046] In certain aspects, a polypeptide comprises all or part of an amino acid

sequence corresponding to the MAb 3A6 variable (VJ) light chain ammo acid sequence
DVVMTQISLSLPVTLGDQASISCRASOSLVHSNGNTYLNWYLQKPGQSPKLLIHKYSNR

FSGVPDRFSGSGSGTDFTLKISRVEAEDLGVYFCSQITYVPWTFGGGTKLEIK. CDRs are
30 indicated in bold underline. From amino to carboxy terminus the CDRs are CDR1, CDR2, and

CDR3. In certain aspects, a polypeptide can comprise 1, 2, and/or 3 CDRs from the variable
light chain of MAb 3A6, for example, SEQ ID NO:36, SEQ ID NO:37, and/or SEQ ID NO:38..
In further embodiments, a polypeptide may have CDRs that have 1, 2, and/or 3 amino acid

-14 -



CA 02845259 2014-02-13
WO 2013/025834 PCT/US2012/050991

changes (addition of 1 or 2 amino acids, deletions or 1 or 2 amino acids or substitution) with
respect to these 1, 2, or 3 CDRs. In further embodiments, an antibody may be alternatively or
additionally humanized in regions outside the CDR(s) and/or variable region(s). In some aspects,
a polypeptide comprises additionally or alternatively, an amino acid sequence that 1s at least 60,

5 65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99, or 100% identical or homologous to the amino acid

sequence of the variable region that is not a CDR sequence, i.e., the variable region framework.

[0047] In other embodiments, a polypeptide or protein comprises 1,2, 3,4, 5, 0r 6

CDRs from the either or both of the light and heavy variable regions of mAb 3A6, and 1, 2, 3, 4,

5, or 6 CDRs may have 1, 2, and/or 3 amino acid changes with respect to these CDRs. In some

10  embodiments, parts or all of the antibody sequence outside the variable region have been
humanized. A protein may comprise one or more polypeptides. In some aspects, a protein may
contain one or two polypeptides similar to a heavy chain polypeptide and/or 1 or 2 polypeptides
similar to a light chain polypeptide. In further embodiments, a polypeptide may be a single chain

antibody or other antibody discussed herein so long as it at least 70% sequence identity or

15 homologyto 1,2, 3,4, 5, or 6 CDRs of mAb 3A6.

[0048] In certain aspects, a polypeptide comprises all or part of an amino acid

sequence corresponding to the MAb 6D11 variable (VDJ) heavy chain amino acid sequence
QVQLQQSGAELVRPGTSVKVSCKASGNAFTNYLIEWIKQRPGQGLEWIGVINPGSGITN

YNEKFKGKATLTADKSSNTAYMQLSSLSSDDSAVYFCSGSANWFEAYWGQGTLVTVSA.

20  CDRs are indicated in bold underline. From amino to carboxy terminus the CDRs are CDRI,
CDR2, and CDR3. In certain aspects, a polypeptide can comprise 1, 2, and/or 3 CDRSs from the
variable heavy chain of MAb 6D11, for example, SEQ ID NO:71, SEQ ID NO:72, and/or SEQ
ID NO:73.. In further embodiments, a polypeptide may have CDRs that have 1, 2, and/or 3
amino acid changes (addition of 1 or 2 amino acids, deletions or 1 or 2 amino acids or

25  substitution) with respect to these 1, 2, or 3 CDRs. In further embodiments, an antibody may be
alternatively or additionally humanized in regions outside the CDR(s) and/or variable region(s).
In some aspects, a polypeptide cdmprises additionally or alternatively, an amino acid sequence
that is at least 60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99, or 100% identical or homologous to
the amino acid sequence of the variable region that is not a CDR sequence, i.e., the variable

30  region framework.

[0049] In certain aspects, a polypeptide comprises all or part of an amino acid

sequence corresponding to the MAb 6DI11 variable (VJ) light chain amino acid sequence

HCAHPSPASLAVSLGQRASISCRASESVEYSGASLMQWYQHKPGQPPKLLIYAASNVES
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GVPVRFSGSGSGTDFSLNIHPVEEDDIAMYFCOQQSRKVPSTFGGGTKLEIK. CDRs are
indicated in bold underline. From amino to carboxy terminus the CDRs are CDR1, CDR2, and
CDR3. In certain aspects, a polypeptide can comprise 1, 2, and/or 3 CDRs from the variable

light chain of MAb 6D11, for example, SEQ ID NO:76, SEQ ID NO:77, and/or SEQ ID NO:78..

5  In further embodiments, a polypeptide may have CDRs that have 1, 2, and/or 3 amino acid
changes (addition of 1 or 2 amino acids, deletions or 1 or 2 amino acids or substitution) with
respect to these 1, 2, or 3 CDRs. In further embodiments, an antibody may be alternatively or
additionally humanized in regions outside the CDR(s) and/or variable region(s). In some aspects,

a polypeptide comprises additionally or alternatively, an amino acid sequence that is at least 60,

10 65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99, or 100% identical or homologous to the amino acid

sequence of the variable region that is not a CDR sequence, i.e., the variable region framework.

[0050] In other embodiments, a polypeptide or protein comprises 1,2, 3,4, 3, 0r 6

CDRs from the either or both of the light and heavy variable regions of mAb 6D11, and 1, 2, 3,

4, 5, or 6 CDRs may have 1, 2, and/or 3 amino acid changes with respect to these CDRs. In some

15  embodiments, parts or all of the antibody sequence outside the variable region have been
humanized. A protein may comprise one or more polypeptides. In some aspects, a protein may
contain one or two polypeptides similar to a heavy chain polypeptide and/or 1 or 2 polypeptides
similar to a light chain polypeptide. In further embodiments, a polypeptide may be a single chain

antibody or other antibody discussed herein so long as it at least 70% sequence identity or
20 homologvto 1, 2,3,4,5, or 6 CDRs of mAb 6D11.

0051} In certain aspects, a polypeptide comprises all or part of an amino acid
sequence corresponding to the MAb 8D4 variable (VDJ) heavy chain amino acid sequence
QVQLQQSGAELVRPGASVKISCKAF_(__}STFTNHHINWVKQRPGQGLDWIGYLNPYNI_)_X
TNYNQKFKGKATLTIDKSSSTAYLELSSLTSEDSAVYYCATITFDSQXQ. CDRs are

25  indicated in bold underline. From amino to carboxy terminus the CDRs are CDR1, CDR2, and
CDR3. In certain aspects, a polypeptide can comprise 1, 2, and/or 3 CDRs from the variable
heavy chain of MAb 8D4, for example, SEQ ID NO:111, SEQ ID NO:112, and/or SEQ ID
NQ:113.. In further embodiments, a polypeptide may have CDRs that have 1, 2, and/or 3 amino
acid changes (addition of 1 or 2 amino acids, deletions or 1 or 2 amino acids or substitution) with

30  respect to these 1, 2, or 3 CDRs. In further embodiments, an antibody may be alternatively or
additionally humanized in regions outside the CDR(s) and/or variable region(s). In some aspects,
a polypeptide comprises additionally or alternatively, an amino acid sequence that 1s at least 60,
65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99, or 100% identical or homologous to the amino acid

sequence of the variable region that 1s not a CDR sequence, 1.€., the variable region framework.
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[0052] In certain aspects, a polypeptide comprises all or part of an amino acid

sequence corresponding to the MAb 1F10 variable (VDJ) heavy chain amino acid sequence
KELISSKSEEEKWPGTSVKVSCKASGNAFTNYLIEWIKQRPGQGLEWIGVINPGNGITNY

NEKFKGKATLTADKSSNTAYMQLSSLSSDDSAVYFCSGSANWFAY WGQGTLVTVSA.

5  CDRs are indicated in bold underline. From amino to carboxy terminus the CDRs are CDRI,
CDR2, and CDR3. In certain aspects, a polypeptide can comprise 1, 2, and/or 3 CDRs from the
variable heavy chain of MAb 1F10, for example, SEQ ID NO:61, SEQ ID NO:62, and/or SEQ
ID NO:63.. In further embodiments, a polypeptide may have CDRs that have 1, 2, and/or 3
amino acid changes (addition of 1 or 2 amino acids, deletions or 1 or 2 amino acids or

10 substitution) with respect to these 1, 2, or 3 CDRs. In further embodiments, an antibody may be
alternatively or ad<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>