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IMMUNOSUPPRESSANT BINDING ANTIBODIES AND
METHODS OF OBTAINING AND USING SAME
RELATED APPLICATION INFORMATION
This application claims priority to U.S. Application No. 60/856,614 filed

November 3, 2006, U.S. Application No. 60/794,370 filed April 24, 2006, and the U.S.
Application filed April 23, 2007 as Docket No. 8166US01 (Express Mail EV
959284219 US).

FIELD OF THE INVENTION

Among other things, the present inveﬁtion relates to antibodies that
immunospecifically bind with a high binding affinity to at least one agent of interest,
e.g., an immunosuppressive agent. The present invention also relates to methods for
producing antibodies to an agent of interest (e.g., an immunosuppressive agent) and
immunoassays that employ said antibodies. Additionally, the present invention relates
to methods for selecting an antibody for use in a diagnostic immunoassay and methods
for selecting an antigen for use in a diagnostic immunoassay. The present invention
further relates to the improvement of antibody recognition of an active parent drug in
the presence of one or more of its major metabolites.

BACKGROUND OF THE INVENTION

Tacrolimus, also known as FK506, is the generic name for a macrolide
immunosuppressant produced by the bacterium Streptomyces tsukabaensis, in the soil
(See, Inamura, N., et al., Transplantation, 45(1):206-209 (1988)). The first generation
major metabolites of tacrolimus are 13-O-demethylated tacrolimus (“M-I”), 31-O-
demethylated tacrolimus (“M-II""), and 15-O-demethylated tacrolimqs (“M-II1™).
Tacrolimus has been used intravenously and orally for the prevention of organ
rejection, particularly in patients receiving liver, kidney or bone marrow
transplantation.

Cyclosporine (“CsA”) is an immunosuppressive drug obtained from certain soil
fungi. While primarily used to prevent organ rejection after transplant, CsA also has
been used to treat other illnesses, such as aplastic anemia, or to prevent graft versus
host disease (GVHD).

Tacrolimus has an in vivo potency 50-100 times greater than cyclosporine CsA
(See, Murthy, J.N., et al., Clinical Biochemistry, 31(8):613-617 (1998)).' The

immunosuppressive effect of tacrolimus is similar to CsA and is thought to be through
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the selective inhibition of the generation of cytotoxic T cells. Id. At the molecular
lével, tacrolimus appears to selectively block the early transcriptional activities in the
T-cell response. Id. This action of tacrolimus is attributed to the binding of drug to
specific cytosolic proteins called immunophilins to form a complex. Id. This complex
interacts with calcium dependent calcineurin-calmodulin translocation pathways and
inhibits the nuclear translocation of a transcriptional factor (“NF-AT"”), which binds to
an enhancer polynucleotide sequence of the IL-2 genes needed for the transcription of
IL-2 mRNA.

Clinically, tacrolimus is known to reduce rejection episodes in transplant
patients. Although therapeutically beneficial, tacrolimus exhibits some toxicity similar
to that of CsA, which includes nephrotoxicity, gastrointestinal tract complications and
neurotoxicity. Id. Unlike CsA, tacrolimus does not cause hirsutism or
hypercholesterolemia. Id. In view of the toxicity issues related to tacrolimus,
immunoassays are used to monitor the blood concentrations of tacrolimus in patients
receiving treatment with this drug.

A variety of different diagnostic immunoassays are commercially available for
monitoring the blood concentrations of tacrolimus. Several of these immunoassays use
organic solvents to extract the tacrolimus from whole blood samples. The organic
solvent increases the equilibrium dissociation constant (Kp) and/or lowers the
functional activity of the antibody used in the assays. The reduced activity of the
antibody leads to lower assay sensitivity and potentially lowers accuracy and |
robustness. Attempts have been made to increase assay sensitivity by reducing the
amount of organic solvent used during the extraction process. However, reducing the
amount of the solvent was found to impact the extraction efficiency and hence the assay
reproducibility.

Likewise, a variety of different diagnostic immunoassays are commercially
available for monitoring the blood concentrations of CsA, e.g., utilizing an anti-
cyclosporine antibody. Current literature suggests that the generation of CsA
metabolites can mask the concentration of active parent drug (CsA). The appropriate
dosage of CsA immunosuppressant is critical for organ transplantation patients.

Therefore, there is a need in the art for new antibodies that have improved

binding characteristics (such as affinity and specificity) that can be used in such
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diagnostic immunoassays. There also is a need for methods of screening for and
obtaining such antibodies.
SUMMARY OF THE INVENTION

In one aspect, the present invention relates to an antibody (e.g., an isolated
antibody) which specifically binds to an immunosuppressive agent with an equilibrium
dissociation constant (Kp) of less than 1.9 x 10™"! M when said antibody has not been
exposed to or incubated with at least one selection diluent. Preferably, the antibody has
Kp of between 1.89 x 10" Mand1.0x 107 M, more preferably, a Kp of between 1.89
x 10" Mand 1.0 x 10" M.

The immunosuppressive agent immunospecifically bound by said antibody can
be a calcineurin inhibitor, a target of rapamycin, an interleukin-2 a-chain blocker, an
inhibitor of inosine monophosphate dehydrogenase, an inhibitor of dihydrofolic acid
reductase, a corticosteroid or an immunosuppressive antimetabolite.

In another aspect, the present invention relates to an isolated antibody which
specifically binds to an immunosuppressive agent with a Kp of less than 1.52 x 107" M

when said antibody is incubated with, exposed to, or is in the presence of at least one

selection diluent.

Preferably, the antibody has Kp of between 1.51 x 10" Mand 1.0x 102 M,
more preferably, a Kp of between 1.51 x 10”Mand 1.0x 10" M.

The immunosuppressive agent immunospecifically bound by said antibody can
be a calcineurin inhibitor, a target of rapamycin, an interleukin-2 a-chain blocker, an
inhibitor of inosine monophosphate dehydrogenase, an inhibitor of dihydrofolic acid
reductase, a corticosteroid or an immunosuppressive antimetabolite.

The at least one selection diluent can comprise a buffer, salt, detergent, binding
competitor, solvent or combinations thereof. The buffer can be MES, MOPS, HEPES,
TRIS, phosphate, citrate or borate. The salt can be NaCl, KCl or zinc sulfate. The
detergent can be an anionic detergent, a cationic detergent, a non-ionic detergent or a
zwitterionic detergent. The binding competitor can be a metabolite hapten, hormone,
drug, enzyme, receptor, protein, peptide, polypeptide, oligonucleotides, polynucleotide
or a cross-reactant having a lower affinity than an epitope of interest. The solvent can
be dimethylformamide, dimethyl sulfoxide, polyethylene glycol, ethylene glycol,

methanol, ethanol or combinations thereof.
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In other aspects, the present invention relates to a Chinese Hamster Ovary cell
line 1-60-46 AM2 CHO 2-577 (also known as "CHO Cell Line: Tacrolimus 1-60-46
AM2 CHO 2-577" or "Tacrolimus 1-60-46 AM2 CHO 2-577") having A.T.C.C.
Accession No. PTA-7436, an antibody made from DNA extracted from a Chinese
Hamster Ovary cell line 1-60-46 AM2 CHO 2-577 having A.T.C.C. Accession No.
PTA-7436, and a chimeric antibody or a tacrolimus binding fragment thereof produced
by a Chinese Hamster Ovary cell line 1-60-46 AM2 CHO 2-577, wherein said cell line
has A.T.C.C. Accession No. PTA-7436.

In yet still other aspects, the present invention relates to a Chinese Hamster
Ovary cell line 1-60-46 AM2 CHO 1-1157 (also known as "CHO Cell Line:

Tacrolimus 1-60-46 AM2 CHO 1-1157" or "Tacrolimus 1-60-46 AM2 CHO 1-1157"
or “1-1157”) having A.T.C.C. Accession No. PTA-7446, an antibody made from DNA
extracted from a Chinese Hamster Ovary cell line 1-60-46 AM2 CHO 1-1157 having
A.T.C.C. Accession No. PTA-7446 and a chimeric antibody or a tacrolimus binding
fragment thereof produced by a Chinese Hamster Ovary cell line 1-60-46 AM2 CHO 1-
1157, wherein said cell line has A.T.C.C. Accession No. PTA-7446.

In still yet another aspect, the present invention relates to an isolated antibody
which specifically binds to tacrolimus, wherein said antibody has a variable heavy
domain and a variable light domain, the variable heavy domain comprising a heavy
chain complementary determining region (“CDR”) 1, a heavy chain CDR 2 and a heavy
chain CDR 3, the variable light domain comprising a light chain CDR 1, a light chain
CDR 2 and a light chain CDR 3, wherein

(a) Heavy Chain CDR 1 has an amino acid sequence of: Gly-Phe-Thr-Phe-Ser-
Ser-Tyr-Gly-Met-Ser (SEQ ID NO:2);

(b) Heavy Chain CDR 2 has an amino acid sequence having a formula of:

Thr-Ile-Ser-Ser-Gly-Gly-Xaa;-Xaa,- Xaa3-Phe (SEQ ID NO:33)

wherein Xaa, is selected from the group consisting of threonine (Thr), alanine
(Ala), lysine (Lys) and glutamic acid (Glu);

wherein Xaa; is selected from the group consisting of tyrosine (Tyr) and
tryptophan (Trp); and

wherein Xaa; is selected from the group consisting of threonine (Thr) and valine
(Val);
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(c) Heavy Chain CDR 3 has an amino acid sequence of: Gln-Thr-Asp-Gly-Tyr-
Ser-Trp-Phe-Pro-Tyr (SEQ ID NO:6);

(d) Light Chain CDR 1 has an amino acid sequence having a formula of:

Lys-Ser-Ser-Xaas-Xaas-Xaag-Val-His-Ser-Thr-Gly-Asn-Thr-Phe-Leu-Glu
(SEQ ID NO:34)

wherein Xaay is selected from the group consisting of: glutamine (Gln), alanine
(Ala) and glycine (Gly);

wherein Xaas is selected from the group consisting of: serine (Ser) and glycine
(Gly); and

wherein Xaag is selected from the group consisting of: isoleucine (Ile) and
leucine (Leu);

(e) Light Chain CDR 2 has an amino acid sequence having the formula of:

Lys-Ile-Ser-Asn-Arg-Phe-Ser (SEQ ID NO:11)

(f) Light Chain CDR 3 has an amino acid sequence having a formula of:

Phe-GlIn-Gly- Xaa;-Xaag-Xaag-Pro-Leu-Thr (SEQ ID NO:35),

wherein Xaa; is selected from the group consisting of: Serine (Ser) and Glycine
(Gly);

wherein Xaag is selected from the group consisting of: histidine (His), arginine
(Arg), valine (Val), threonine (Thr), lysine (Lys) and serine (Ser); and

wherein Xaag is selected from the group consisting of: valine (Val), alanine
(Ala), aspartic acid (Asp), cysteine (Cys) and Serine (Ser);
with the proviso that if in heavy chain CDR 2 Xaa, is Thr, Xaa; is Tyr and Xaaz is Thr
and in the light chain CDR 1 Xaay is Gln, Xaas is Ser and Xaas is Ile, then in light chain
CDR 3 Xaag is other than Val if Xaa;is Ser and Xaag is His, or Xaag is other than His if

Xaayis Ser and Xaag is Val or Xaas is other than Ser if Xaag is His and Xaagis Val.

In the above-described antibody: (1) Xaa; is Thr, Xaa, is Trp, Xaa; is Thr, Xaa,
is Gln, Xaas is Ser, Xaag is Ile, Xaa;is Ser, Xaagis His and Xaagis Val; (2) Xaa, is Ala,
Xaa, is Trp, Xaa; is Thr, Xaa, is Gln, Xaas is Ser, Xaag is Ile, Xaas is Ser, Xaag is His
and Xaagis Val; (3) Xaa, is Lys, Xaa; is Trp, Xaas is Val, Xaa4 is Gln, Xaas is Ser, Xaag
is Ile, Xaa;is Ser, Xaagis His and Xaag is Val; (4) Xaa, is Glu, Xaa, is Trp, Xaajz is Thr,
Xaag is Gln, Xaas is Ser, Xaagis Ile, Xaayis Ser, Xaag is His, and Xaagis Val; (5) Xaa, is
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Thr, Xaa, isTyr, Xaaj is Thr, Xaas is Gln, Xaasis Gly, Xaag is Ile, Xaa;is Ser, Xaag is
His, and Xaagis Val; (6) Xaa, is Thr, Xaa; is Tyr, Xaa; is Thr, Xaa, is Ala, Xaasis Gly,
Xaag is Ile, Xaayis Ser, Xaag is His, and Xaagis Val; (7) Xaa, is Thr, Xaa; is Tyr, Xaas is
Thr, Xaa4 is Gly, Xaas is Gly, Xaagis Leu, Xaa;is Ser, Xaag is His, and Xaagis Val; (8)
Xaa, is Thr, Xaaz is Tyr, Xaaj is Thr, Xaa4 is Gln, Xaas is Gly, Xaag is Leu, Xaasis Ser,
Xaag is His, and Xaag is Val; (9) Xaa, is Thr, Xaa; is Tyr, Xaa3 is Thr, Xaa4 is Gln, Xaas
is Ser, Xaag is Ile, Xaa7is Ser, Xaag is His and Xaag is Ala; (10) Xaa, is Thr, Xaa, is Tyr,
Xaajyis Thr, Xaas is Gln, Xaas is Ser, Xaag is Ile, Xaa;is Ser, Xaagis Arg, and Xaagis
Alé‘l; (11) Xaa,; is Thr; Xaa;is Tyr, Xaaj is Thr, Xaa, is Gln, Xaas is Ser, Xaag is Ile,
Xaayis Ser, Xaag is His, and Xaagis Asp; (12) Xaa, is Thr, Xaa, is Tyr, Xaaj is Thr,
Xaay is Gln, Xaas is Ser, Xaag is lle, Xaa; is Ser, Xaag is His, and Xaag is Cys; (13) Xaa,
is Thr, Xaa; is Tyr, Xaas is Thr, Xaa,s is Gln, Xaas is Ser, Xaag is Ile, Xaa7is Ser, Xaag is
His, and Xaagis Ser; (14) Xaa, is Thr, Xaa, is Tyr, Xaa; is Thr, Xaa, is Gln, Xaas
is Ser, Xaag is Ile, Xaay is Gly, Xaag is Arg, and Xaagis Cys; (15) Xaa, is Thr, Xaa; is
Tyr, Xaaj is Thr, Xaasis Gln, Xaas is Ser, Xaag is Ile, Xaa; is Gly, Xaag is Val, and Xaay
is Cys; (16) Xaa, is Thr, Xaa; is Tyr; Xaa; is Thr, Xaa, is Gln, Xaasis Ser, Xaagis lle,
Xaayis Ser, Xaagis Thrand Xaagis Cys; (17) Xaa, is Thr, Xaa, is Tyr, Xaasis Thr,
Xaay is Gln, Xaas is Ser, Xaag is Ile, Xaayis Ser, Xaag is Lys, and Xaag is Cys; (18) Xaa,
is Thr, Xaa; is Tyr, Xaas is Thr, Xaa,s is Gln, Xaas is Ser, Xaag is Ile, Xaa; is Ser, Xaag is
Ser, and Xaag is Ser; (19) Xaa, is Ala, Xaa; isTrp, Xaaj is Thr, Xaa, is Gln, Xaas is Gly,
Xaag is Leu, Xaa7is Ser, Xaag is Ser, and Xaag is Ser; (20) Xaa; is Ala, Xaa, is Trp, Xaa;
is Thr, Xaa4 is Gln, Xaas is Gly, Xaas is Leu, Xaay is Ser, Xaag is His, and Xaag is Ala;
(21) Xaa, is Ala, Xaa; is Trp, Xaas is Thr, Xaa, is Gln, Xaas is Ser, Xaag is Ile, Xaa7 is
Gly, Xaag is Arg, and Xaagis Cys; (22) Xaa, is Ala, Xaaz is Trp, Xaaz is Thr, Xaa4is
Gln, Xaas is Ser, Xaag is Ile, Xaa;is Ser, Xaagis Ser, and Xaayis Ser; (23) Xaa, is Ala,
Xaay is Trp, Xaay is Thr, Xaas is Gln, Xaas is Gly, Xaag is Leu, Xaa; is Gly, Xaag is Arg,
and Xaag is Cys; (24) Xaa, is Thr, Xaa, isTyr, Xaa; is Thr, Xaa, is Gln, Xaasis Gly,
Xaagis Leu, Xaa;is Gly, Xaag is Arg, and Xaagis Cys; (25) Xaa, is Thr, Xaa, is Tyr,
Xaas is Thr, Xaas is Gln, Xaas is Gly, Xaag is Leu, Xaa;is Ser, Xaag is Ser, and Xaag is
Ser; (26) Xaa, is Lys, Xaa; is Trp, Xaas is Val, Xaas is Gln, Xaasis Gly, Xaagis Leu,
Xaayis Ser, Xaag is His, and Xaagis Ser; (27) Xaa, is Glu, Xaa; isTrp, Xaaz is Thr, Xaay
is Gln, Xaas is Gly, Xaag is Leu, Xaa;is Ser, Xaag is His, and Xaag is Ser; (28) Xaa, is
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Glu, Xaa, is Trp, Xaas is Thr, Xaas is Gln, Xaas is Ser, Xaag is Ile, Xaais Gly, Xaag is
Val, and Xaag is Cys; (29) Xaa, is Glu, Xaa; is Trp, Xaas is Thr, Xaa4is Gly, Xaasis
Gly, Xaag is Leu, Xaais Ser, Xaag is His and Xaag is Ser; or (30) Xaa, is Ala, Xaa; is
Trp, Xaaj is Thr, Xaas is Gln, Xaas is Gly, Xaa is Leu, Xaa;is Ser, Xaagis His, and
Xaagis Ser.

The above-described antibody may have a Kp of between 1.89 x 10" Mand 1.0

x 10" M when said antibody has not been exposed to or incubated with at least one

selection diluent and a Kpofbetween 1.51 x 10'°M and 1.0 x 10> M when said

antibody is incubated with, exposed to, or is in the presence of at least one selection
diluent.

The above-described antibody can be monoclonal antibody, a multispecific
antibody, a human antibody, a fully humanized antibody, a partially humanized
antibody, an animal antibody, a recombinant antibody, a chimeric antibody, a single-
chain Fv, a single chain antibody, a single domain antibody, a Fab fragment, a F(ab')
fragment,I a disulfide-linked Fvs, an anti-idiotypic antibody, or a functionally active
epitope-binding fragment thereof.

In yet a further aspect, the present invention relates to a diagnostic
immunoassay for tacrolimus, wherein said immunoassay comprises any of the
hereinbefore described antibodies. Additionally, said immunoassay can comprise: (1) a
single antibody that specifically binds to an immunosuppressive agent; or (2) an
additional specific binding partner for tacrolimus.

In yet still a further aspect, the present invention relates to a method for
selecting an antibody for use in a diagnostic immunoassay, wherein said antibody binds
to an epitope of interest. The method can comprise the following steps:

a) contacting at least one antibody with a sample in the presence of at least one
selection diluent, wherein said sample contains an epitope of interest to which said
antibody is believed to bind and further wherein said antibody is a present in a bio-
display format;

b) determining the equilibrium dissociation constant (Kp), disassociation rate

constant (kg), association rate constant (k,) or functional activity of the antibody; and
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c) selecting an antibody based on the equilibrium dissociation constant,
dissociation rate constant, association rate constant or functional activity determined in
step b).

Alternatively, the method can comprise the following steps:

a) incubating at least one antibody in the presence of at least one selection
diluent, wherein said antibody is present in a bio-display format;

b) contacting at least one antibody with a sample, wherein said sample contains
an epitope of interest to which said antibody is believed to bind;

c¢) determining the equilibrium dissociation constant (Kp), disassociation rate
constant (kg), association rate constant (k,) or functional activity of the antibody; and

d) selecting an antibody based on the equilibrium dissociation constant,
disassociation rate constant, association rate constant or functional activity determined
in step ¢).

In the above-described methods, the sample can contain an immunosuppressive
agent, such as, a calcineurin inhibitor, a target of rapamycin, an interleukin-2 o-chain
blocker, an inhibitor of inosine monophosphate dehydrogenase, an inhibitor of
dihydrofolic acid reductase, a corticosteroid or an immunosuppressive antimetabolite.
Additionally, in the above-described methods, the at least one selection diluent can
comprise a buffer, salt, detergent, binding competitor, solvent or combinations thereof.
The buffer can be MES, MOPS, HEPES, TRIS, phosphate, citrate or borate. The salt
can be NaCl, KCl or zinc sulfate. The detergent can be an anionic detergent, a cationic
detergent, a non-ionic detergent or a zwitterionic detergent. The binding competitor
can be a metabolite hapten, hormone, drug, enzyme, receptor, protein, peptide,
polypeptide, oligonucleotide or polynucleotide. The solvent can be
dimethylformamide, dimethyl sulfoxide, polyethylene glycol, ethylene glycol,
methanol, ethanol or combinations thereof. '

In another embodiment, the present invention relates to a method for selecting
an antibody for use in a diagnostic immunoassay, wherein said antibody binds to
tacrolimus. The method can comprise the steps of:

a) contacting at least one antibody with tacrolimus in the presence of at least

one selection diluent, wherein said antibody is a present in a bio-display format;
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b) determining the equilibrium dissociation constant (Kp), disassociation rate
constant (kg), association rate constant (k,) or functional activity of the antibody; and

c¢) selecting an antibody based on the equilibrium dissociation constant,
disassociation rate constant, association rate constant or functional activity determined
in step b).

Alternatively, the method can comprise the steps of:

a) incubating at least one antibody in the presence of at least one selection
diluent, wherein said antibody is present in a bio-display format;

b) contacting at least one antibody with tacrolimus in the presence of at least
one selection diluent;

¢) determining the equilibrium dissociation constant (Kp), disassociation rate
constant (kg), association rate constant (k,) or functional activity of the antibody; and

d) selecting an antibody based on the equilibrium dissociation constant,
disassociation rate constant, association rate constant or functional activity determined
in step c).

Additionally, in the above-described methods, the at least one selection diluent
can comprise a buffer, salt, detergent, binding competitor or solvent. The buffer can be
MES, MOPS, HEPES, TRIS, phosphate, citrate or borate. The salt can be NaCl, KCl
or zinc sulfate. The detergent can be an anionic detergent, a cationic detergent, a non-
ionic detergent or a zwitterionic detergent. The binding competitor can be a metabolite
hapten, hormone, drug, enzyme, receptor, protein, peptide, polypeptide, oligonucleotide
or polynucleotide. The solvent can be dimethylformamide, dimethyl sulfoxide,
polyethylene glycol, ethylene glycol, methanol, ethanol or combinations thereof.

In yet another aspect, the present invention relates to a method for selecting a
specific binding partner for detecting an analyte of interest in test sample for use in a
diagnostic immunoassay. The method can comprises the steps of:

a) contacting a specific binding partner with a sample in the presence of at
least one selection diluent, wherein said sample contains the epitope of interest and the
specific binding partner binds to the epitope of interest, and further wherein said

specific binding partner is present in a bio-display format;
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b) determining the equilibrium dissociation constant (Kp), disassociation rate
constant (kg), association rate constant (k,) or functional activity of the specific binding
partner; and

c) selecting a specific binding partner based on the equilibrium dissociation

constant, dissociation rate constant, association rate constant or functional activity of

-the specific binding partner determined in step b).

In the above-described method, the sample can contain an immunosuppressive
agent, such as, a calcineurin inhibitor, a target of rapamycin, an interleukin-2 a-chain
blocker, an inhibitor of inosine monophosphate dehydrogenase, an inhibitor of
dihydrofolic acid reductase, a corticosteroid or an immunosuppressive antimetabolite.
Additionally, in the above-described method, the at least one selection diluent can
comprise a buffer, salt, detergent, binding competitor or solvent. The buffer can be
MES, MOPS, HEPES, TRIS, phosphate, citrate or borate. The salt cén be NaCl, KCl
or zinc sulfate. The detergent can be an anionic detergent, a cationic detergent, a non-
ionic detergent or a zwitterionic detergent. The binding competitor can be a metabolite
hapten, hormone, drug, enzyme, receptor, protein, peptide, polypeptide, oligonucleotide
or polynucleotide. The solvent can be dimethylformamide, dimethyl sulfoxide,
polyethylene glycol, ethylene glycol, methanol, ethanol or combinations thereof.

In another embodiment, the invention relates to a method of screening for
antibodies having improved specificity for an agent using yeast display. The method
optionally comprises the steps of:

(a) obtaining a yeast display library comprising antibodies (e.g., scFvs,
optionally which are mutated) present on the surface of yeast cells;

(b) contacting the yeast cells with the agent in the presence of a binding
competitor;

(c) identifying yeast cells having antibodies displayed thereon which exhibit
binding to the agent in the presence of the binding competitor, wherein such binding
indicates an improved specificity for the agent.

Optionally the method is carried out with the binding competitor is present in
excess over the agent of interest (e.g., from about 5- to about 100-fold, from about 100-
fold to about 1000-fold, about 5-fold, about 10-fold, about 25-fold, about 100-fold, or
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about 200-fold in excess). Optionally the amount of excess is calculated on a molar
basis (e.g., nanomolar excess).

In one embodiment the agent comprises an immunosuppressive agent, and the
binding competitor is a metabolite of the immunosuppressive agent. Optionally the
immunosuppressive agent is selected from the group consisting of cyclosporines and
tacrolimus, and the metabolite is selected from the group consisting of M-I, M-1I, M-
III, M1, M8, M9, M13, M17, M18, M21 and combinations thereof.

In another embodiment the method of screening is carried out wherein the
binding competitor (e.g., metabolite) comprises a plurality of binding competitors (e.g.,
metabolites). Optionally, the plurality of binding competitors (e.g., metabolites) can
comprise two (e.g., metabolites, including but not limited to M17 and M1), three, four,
five six, seven, eight, nine or ten binding competitors (e.g., metabolites). When the
binding competitor is a metabolite, optionally the plurality of metabolites is selected
from the group consisting of M-I, M-II, M-III, M1, M8, M9, M13, M17, M18 and M21.

In yet another preferred embodiment, the method can be employed to obtain
antibodies having pfeferred characteristics (e.g., improved specificity) by carrying out
the screening in a stepwise fasﬁion. For instance, instead of comprising a plurality of
binding competitors (e.g., metabolites), screening can be carried out using one or more
binding competitors (e.g., metabolites) followed by one or more rounds of additional
screening using one or more binding competitors (e.g., metabolites).

Moreover, optionally the methods described herein of screening to obtain
antibodies having preferred characteristics (e.g., preferred binding characteristics, such
as preferred affinity or specificity) can be combined, and used in combination either
simultaneously, or sequentially. For example, the methods can relate to a method of
screening for antibodies having improved affinity for an epitope of interest. Such a
method can comprise the steps of:

(a) obtaining a library comprising antibodies present in a bio-display format
wherein said antibodies comprise mutations;

(b) contacting said antibodies with sample comprising said epitope in the
presence of at least one selection diluent; and

(c) identifying antibodies present in said bio-display format which exhibit

reduced dissociation rates in the presence of said selection diluent as compared to the
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dissociation rate of comparable antibody not comprising mutations, wherein such
reduced dissociation rates indicate an improved affinity for said epitope.

Alternatively, the method can comprise the steps of:

A method of screening for a specific binding partner having improved affinity for an
epitope of interest, said method comprising the steps of:

(a) obtaining a library comprising specific binding partners present in a bio-
display format wherein said specific binding partners comprise mutations;

(b) contacting said specific binding partners with sample comprising said
epitope in the presence of at least one selection diluent; and

(c) identifying specific binding partners present in said bio-display format
which exhibit reduced dissociation rates in the presence of said selection diluent as
compared to the dissociation rate of a comparable specific binding partner not
comprising mutations, wherein such reduced dissociation rates indicate an improved
affinity for said epitope.

In the above-described methods, the contacting of said antibodies with said
sample and said selection diluent can be done either simultaneously or sequentially.
Additionally, in the above-described methods, the at least one selection diluent can
comprise a buffer, salt, detergent, binding competitor or solvent. The buffer can be
MES, MOPS, HEPES, TRIS, phosphate, citrate or borate. The salt can be NaCl, KCl
or zinc sulfate. The detergent can be an anionic detergent, a cationic detergent, a non-
ionic detergent or a zwitterionic detergent. The binding competitor can be a metabolite
hapten, hormone, drug, enzyme, receptor, protein, peptide, polypeptide, oligonucleotide
or polynucleotide. The solvent can be dimethylformamide, dimethyl sulfoxide,
polyethylene glycol, ethylene glycol, methanol, ethanol or combinations thereof.
Additionally, in the above-described methods, the sample can contain an
immunosuppressive agent, such as, a calcineurin inhibitor, a target of rapamycin, an
interleukin-2 a-chain blocker, an inhibitor of inosine monophosphate dehydrogenase,
an inhibitor of dihydrofolic acid reductase, a corticosteroid or an immunosuppressive

antimetabolite.
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BRIEF DESCRIPTION OF THE FIGURES

Figure 1A shows the structure of tacrolimus. Figure 1B shows a schematic of
yeast cell surface displéy of scFv antibody. Figure 1C shows a bivariate plot showing
scFv expression versus antigen binding by wildtype (“WT”) 1-60-46 scFv yeast as
determined by a flow cytometric assay. Figure 1D shows a tacrolimus WT 1-60-46
scFv flow cytometric dissociation rate assay plot.

Figures 2A and 2B show the nucleic acid sequences of the tacrolimus 1-60-46
WT heavy chain variable (“VH”) sequence (SEQ ID NO:43) (Figure 2A) and the light
chain variable (“VL”) sequence (SEQ ID NO:45) (Figure 2B). Three letter codes
representing the amino acids encoded by the nucleic acid sequences are shown on top.

Figure 3 shows a schematic representation of tacrolimus 1-60-46 VH
complementary determining region (“CDR”) mutagenic libraries. Libraries names are
denoted to the left of each of the 3 amino acid sequences subjected to randomization.
The amino acid sequences of the tacrolimus 1-60-46 VH CDRs are shown below each
CDR.

Figure 4 shows a schematic representation of tacrolimus 1-60-46 VL CDR
mutagenic libraries. Libraries names are denoted to the left of each of the 3 amino acid
sequences subjected to randomization. The amino acid sequences of the tacrolimus 1-
60-46 VL CDRs are shown below each CDR.

Figures 5A-5C show bivariate plots of a representative tacrolimus 1-60-46
mutagenic CDR library during 3 rounds of selection. ScFv expression is denoted on
the X-axis and is plotted against antigen-binding which is shown on the Y-axis.
Representative sort gates isolated the brightest 0.1 % - 1.0 % of antigen-binding clones
and these are shown in each plot.

Figure 6 shows a chart comparing the amino acid sequences of the tacrolimus
WT 1-60-46-VH regions (SEQ ID NOS:1-7) with mutant clones isolated from
mutagenic VH CDR libraries. Clone names are denoted on the left and the various
regions comprising the VH sequence are shown across the top. Amino acids that differ
from the WT 1-60-46 sequence are in bold and underlined. The CDR H2 regions of
various mutant clones are shown in SEQ ID NOS:15-18.

Figures 7A-7B show a chart comparing the amino acid sequences of the
tacrolimus WT 1-60-46 VL regions (SEQ ID NOS:8-14) with the mutant clones
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isolated from mutagenic VL CDR libraries. The clone names are denoted on the left
and the various regions comprising the VH sequence are shown across the top. Amino
acids that differ from the WT 1-60-46 sequence are in bold and underlined (Figure 7A).
The CDR L1 regions of the mutant clones are shown in SEQ ID NOS:19-22 (Figure
7B). The CDR L3 regions of the mutant clones are shown in SEQ ID NOS:23-32.

Figure 8 shows a chart comparing the affinity parameters of the tacrolimus WT
1-60-46 scFv clone to unique mutants. The clone names are denoted on the left.
Clones containing various mutational combinations are named by sequential listing of
the clones that contain the individual mutations. The affinity parameters tested (with or
without 10% methanol) are shown across the top. Improvement values were
determined using the ratio of the WT 1-60-46 scFv value to the mutant scFv value for
the parameter described.

Figures 9A-9B show an affinity analysis of tacrolimus 1-60-46 WT scFv and
the combinatorial mutant clones (H2 1A/L1 - 1B/L 3-2B, H2 - 1A/L1 - 1B/L3 -A, H2
-1A/L3 - 1B and H2 -1B/L1 - 1B/L3 -1B) in a selection diluent (composed of PBS,
1% BSA and 10% methanol). Figure 9A shows the dissociation rate analysis. Antigen-
binding signals were normalized against a no dissociation control rx for each clone and
plotted versus time as measured in seconds. Figure 9B shows the equilibrium
dissociation constant (Kp) analysis. Antigen-binding signals were normalized to the
maximal mean fluorescence intensity value at saturating antigen conditions for each
clone and plotted against concentration of antigen (which is referred to as “bt-tacro”).

Figure 10A shows a chart comparing the amino acid residues in all of the VH
and VL CDR regions from the tacrolimus 1-60-46 mutant clones converted into IgG
with the WT 1-60-46 (WT) sequence. The various mutational combinations present in
any given sequence are denoted on the left by sequential listing of the clones that
contain the individual mutations. The resulting nomenclature for each 1-60-46 mutant
IgG produced is shown on the right (namely, AM1, AM2, AM3, AM4 or AMS).
Amino acids that differ from the WT 1-60-46 sequence are in bold and underlined.
Figure 10B shows a graph showing immunoassay results comparing WT 1-60-46 IgG
with various 1-60-46 mutant IgG (AM1, AM2 or AM3) using an assay extraction
buffer (the assay extraction buffer contained 90% methanol, 10% ethylene glycol and

100'mM zinc sulfate). Microparticles coated with the denoted 1gGs were incubated
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with labeled tacrolimus antigen (which was used as a tracer) at various concentrations
of unlabeled tacrolimus antigen (0 ng/ml — 30 ng/ml). The ratio of the tracer signal
(which is shown on the X-axis) is plotted against the concentration of unlabeled
tacrolimus (which is shown on the Y-axis).

Figure 11 shows the nucleic acid sequence of the tacrolimus 1-60-46 AM2
murine heavy chain IgG (SEQ ID NO:39). The corresponding amino acid sequence
(SEQ ID NO:40) encoded by the nucleic acid sequence is shown on top.

Figure 12 shows the nucleic acid sequence of the tacrolimus 1-60-46 AM2
murine light chain (SEQ ID NO:41). The corresponding amino acid sequence (SEQ ID
NO:42) encoded by the nucleic acid sequence is on top.

Figures 13A and 13B show the nucleic acid sequences of the cyclosporine
hybridoma 29-56-14 WT heavy chain variable (VH) sequence (SEQ ID NO:55) and the
light chain variable (VL) sequence (SEQ ID NO:57). Three letter codes representing
the amino acids (SEQ ID NOS: 56 and 58; respectively) encoded by the nucleic acid
sequences are shown on top.

Figure 14 shows 29-56-14 WT and combinatorial mutant R2-9 CDR sequences.
Amino acid mutations that contribute to improved cross-reactivity were identified for
mutant R2-9 in CDR-H2, H3, L2, and L3. Mutated sequences that differed from CsA
29-56-14 WT are indicated in bold and underlined type.

Figures 15A and 15B show the IC50 data for 29-56-14 WT and mutant R2-9
yeast clones for bt-CsA binding measured with increasing concentrations of M17
metabolite assayed in either (a) a physiological diluent (composed of PBS, pH 7.4 and
1% BSA); or (b) a selection diluent (composed of PBS, 1% BSA and 10% methanol).

Figure 16 shows the structure of cyclosporine A (on the left) and a metabolite of
cyclosporine A (on the right), which is referred to herein as “AM1 or M17”. The
molecular formula and molecular weight of cyclosporine A and metabolite M17 (AM1)

are listed below the corresponding structure.

DETAILED DESCRIPTION OF THE INVENTION
Definitions
As used herein, the terms "antibody" and "antibodies" refer to monoclonal

antibodies, multispecific antibodies, human antibodies, humanized antibodies (fully or
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partially humanized), animal antibodies (such as, but not limited to a, a bird (for
example, a duck or goose), a shark or whale, a mammal, including a non-primate (for
example, a cow, pig, camel, llama, horse, goat, rabbit, sheep, hamsters, guinea pig, cat,
dog, rat, mouse, etc) or a non-human primate (for example, a monkey, such as a
cynomologous monkey, a chimpanzee, etc), recombinant antibodies, chimeric
antibodies, single-chain Fvs (“scFv”), single chain antibodies, single domain
antibodies, Fab fragments, F(ab') fragments, disulfide-linked Fvs (“sdFv”), and anti-
idiotypic (“anti-Id”) antibodies (including, for example, anti-Id antibodies to antibodies
of the present invention), and functionally active epitope-binding fragments of any of
the above. In particular, antibodies include immunoglobulin molecules and
immunologically active fragments of immunoglobulin molecules, namely, molecules
that contain an antigen binding site. Immunoglobulin molecules can be of any type (for
example, IgG, IgE, IgM, IgD, IgA and IgY), class (for example, IgG,, IgG,, 1gGs, 1gGa,
IgA| and IgA,) or subclass. An antibody whose affinity (namely, Kp, kq or k,) has been
increased or improved via the screening of a combinatory antibody library that has been
prepared using bio-display, is referred to herein as an “affinity maturated antibody”.

As used herein, “specific” or “specificity” in the context of an interaction
between members of a specific binding pair (as defined herein, e.g., an antigen and
antibody) refers to the selective reactivity of the interaction.

As used herein, the term “association rate constant”, “k,,” or ‘“k,” as used
interchangeably herein, refers to the value indicating the binding strength (degree) of an
antibody to its target antigen or the rate of complex formation between an antibody and
antigen as shown by the below:

Antibody (“Ab”) + Antigen (“Ag”)—Ab-Ag

Methods for determining association rate constants are well known in the art.
For example, a Biacore® (Sweden) assay can be used. Additionally, a KinExA®
(Kinetic Exclusion Assay) assay, available from Sapidyne Instruments (Boise, Idaho)
can also be used.

As used herein, the term “bio-display” or “bio-display format” refers to any in
vitro display system or methodology that couples the genotype of a gene of interest to
its encoded phenotype, thereby allowing the polynucleotide (DNA) sequence encoding

the protein exhibiting a trait of interest to be recovered. Examples of bio-display
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systems or methodologies include, but are not limited to, yeast display, phage display,
bacterial display, ribosomal/mRNA display, DNA display and in vitro
compartmentalization. More specifically, as described in more detail herein, a
tacrolimus 1-60-46 antibody was constructed, cloned into a plasmid thereby allowing
inducible expression on the surface of the yeast Saccharomyces cerevisiae and stably
transformed into said yeast host by virtue of an auxotrophic marker present on the
plasmid.

As used herein, the term “binding competitor” refers to any molecule that
competes or cross-reacts with a molecule containing an epitope of interest from
interacting or binding with its specific binding partner. Preferably, the molecule that
competes or cross-reacts with the molecule containing the epitope of interest binds to
the specific binding partner with a lower affinity (such as, but not limited to, a lower
Kbp, a higher kq or a lower k,) than the molecule containing the epitope of interest.
Examples of a binding competitor include, but are not lirhited to, metabolites (for
example, metabolites of drugs, including but not limited to immunosuppressive agents),
such as 13-O-demethylated tacrolimus (“M-I"), 31-O-demethylated tacrolimus (“M-
II’) and 15-O-demethylated tacrolimus (“M-III""), which are metabolites of tacrolimus
or M1, M8, M9, M13 M17, M18 or M21, which are the metabolites of cyclosporine,
haptens, hormones, drugs, enzymes, receptors, proteins, peptides, polypeptides,
oligonucleotides or polynucleotides. For example, cyclosporine antibody has Kp for
parent cyclosporine drug of 9.5 x 10"'° M and K for metabolite M17 of 1.45 x 10® M.

As used herein, the terms “cross-reacts” or “cross-reactivity” refers to the ability
of two epitopes, molecules or ligands to react with the same site on the same specific
binding partner, typically with different affinities.

As used herein, the term “disassociation rate constant”, “kog”” or “ky” as used
interchangeably herein, refers to the value indicating the disassociation strength
(degree) of an antibody from its target antigen or separation of Ab-Ag complex over
time into free Ab and antigen as shown by the below:

Ab + Ag—Ab-Ag
Methods for determining disassociation rate constants are well known in the art.

For example, a Biacore® (Sweden) assay can be used. Additionally, a KinExA®
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(Kinetic Exclusion Assay) assay, available from Sapidyne Instruments (Boise, Idaho)
can also be used.

As used herein, the term “inhibition constant”, “K;”, refers to the concentration
of binding competitor that would occupy 50% of the available binding sites of one
member of a specific binding pair (e.g., antibody) in the absence of the other member
of the specific binding pair (e.g., antigen specifically recognized by said antibody) as
shown by the equation below:

Ki=ICso/(1+([A]/KD))
where ICs, equals the concentration of binding competitor which displaces 50% of the
specific binding at a particular concentration of labeled antigen, [A] equals the
concentration of labeled antigen used in the assay, and KD equals the equilibrium
dissociation cbnstant of the members of the specific binding pair (e.g., antigen and
antibody) .

3% ¢¢

As used herein, the term “epitope”, “epitopes” or “epitopes of interest” refer to
a site(s) on any molecule that is recognized and is capable of binding to a
complementary site(s) on its specific binding partner. The molecule and specific
binding partner are part of a specific binding pair. For example, an epitope can be a
polypeptide, protein, hapten, carbohydrate antigen (such as, but not limited to,
glycolipids, glycoproteins or lipopolysaccharides) or polysaccharide and its specific
binding partner, can be, but is not limited to, an antibody.

As used herein, the term “equilibrium dissociation constant” or “Kp” as used
interchangeably, herein, refers to the value obtained by dividing the disassociation rate
constant (ko) by the association rate constant (ko). The association rate constant, the
disassociation rate constant and the equilibrium dissociation constant are used to
represent the binding affinity of an antibody to an antigen.

As used herein, the term "humanized" antibody refers to an immunoglobulin
variant or fragment thereof, which is capable of binding to a predetermined antigen and
which comprises framework regions having substantially the amino acid sequence of a
human immunoglobulin and CDRs having substantially the amino acid sequence of a
non-human immunoglobulin. Ordinarily, a humanized antibody has one or more amino
acid residues introduced into it from a source that is non-human. In general, the

humanized antibody will include substantially all of at least one, and typically two,
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variable domains (such as, Fab, Fab', F(ab"),, Fabc, Fv) in which all or substantially all
of the CDR regions correspond to those of a non-human immunoglobulin and all or
substantially all of the framework (“FR”) regions are those of a human immunoglobulin
consensus sequence. The humanized antibody optimally comprises at least a portion of
aﬁ immunoglobulin constant region (“Fc”), typically that of a human immunoglobulin.
Generally, the antibody will contain both the light chain as well as at least the variable
domain of a heavy chain. The humanized antibody can be selected from any class of
immunoglobulins, including IgM, IgG, IgD, IgA and IgE, and any isotype, including
IgG, 1gGy, IgGs and IgG4. The humanized antibody may comprise sequences from
more than one class or isotype, and selecting particular constant domains to optimize
desired effector functions is within those skilled in the art.

As used herein, the phrase "specifically binds to an immunosuppressive agent"
and analogous terms thereof refer to peptides, polypeptides, proteins, fusion proteins
and antibodies that specifically bind to an immunosuppressive agent (such as, but not
limited to, tacrolimus) and that do not specifically bind to other competitors (such as,
but not limited to, metabolites, peptides, polypeptides, proteins, agents or drugs). A
peptide, polypeptide, protein, or antibody that specifically binds to an
immunosuppressive agent may bind to other metabolites, peptides, polypeptides,
proteins, agents or drugs with lower binding affinity as determined by, for example,
diagnostic immunoassays, BIAcore®, KinExA® or other assays known in the art.
Antibodies or antibody fragments that immunospecifically bind to an
immunosuppressive agent can be identified, for example, by diagnostic immunoassays,
BIAcore®, KinExA® or other techniques known to those of skill in the art. An
antibody binds immunospecifically to an immunosuppressive agent with a higher
binding affinity than to any cross-reactive antigen as determined using experimental
techniques, such as, but not limited to, radioimmunoassays (“RIA”) and enzyme-linked
immunosorbent assays (“ELISAs”) (See, for example, Paul, ed., Fundamental
Immunology, 2nd ed., Raven Press, New York, pages 332-336 (1989)). For example, in
the present invention, an antibody binds immunospecifically to an immunosuppressive
agent when it exhibits, as an immunoglobulin, an equilibrium disassociation constant
(Kp) for the immunosuppressive agent of at less than 1.9 x 10! M in the absence of a

selection diluent (such as, a selection diluent containing phosphate buffered saline
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(“PBS”), 1% bovine serum albumin (“BSA”), and 10% methanol) or less than 1.52 x10
1% M when exposed to, incubated with or in the presence of a selection diluent (such as,
a selection diluent containing PBS, 1% BSA and 10% methanol) as determined by a
KinExA® assay under standard assay conditions (as proscribed by the manufacturer),
and in particular the KinExA® assay described in Example 10.

As used herein, the term “immunosuppressi\(e agent” refers to a drug that slows
or halts immune system activity in a subject. Immunosuppressive agents can be given
to a subject to prevent the subject’s immune system from mounting an immune
response after an organ transplant or for treating a disease that is caused by an
overactive immune system. Examples of immunosuppressive agents include, but are
not limited to, a calcineurin inhibitor, such as, but not limited to, cyclosporine,
ISA(TX) 247, tacrolimus or calcineurin, a target of rapamycin, such as, but not limited
to, sirolimus, everolimus, FK778 or TAFA-93, an interleukin-2 o-chain blocker, such
as, but not limited to, basiliximab and daclizumab, an inhibitor of inosine
monophosphate dehydrogenase, such as mycophenolate mofetil, an inhibitor of
dihydrofolic acid reductase, such as, but not limited to, methotrexate, a corticosteroid,
such as, but not limited to, prednisolone and methylprednisolone, or an
immunosuppressive antimetabolite, such as, but not limited to, azathioprine.

As used herein, the term "isolated" in the context of nucleic acid molecules
fefers to a nucleic acid molecule which is separated from other nucleic acid molecules
which are present in the natural source of the nucleic acid molecule. Moreover, an
"isolated" nucleic acid molecule, such as a cDNA molecule, can be substantially free of
other cellular material, or culture medium when produced by recombinant téchniques,
or substantially free of chemical precursors or other chemicals when chemically
synthesized.

As used herein, the phrase “physiological diluent” refers to any liquid or solid
material that can be used to mimic, approximate or simulate the in vivo physiological
conditions of the subject (preferably a human), from which said sample (such as a test
sample) is derived. The composition of the physiological diluent is not critical and will
vary depending on how the physiological diluent is to be used. For example, a
physiological diluent can comprise at least one buffer (the at least one buffer can be

used to modulate (increase or decrease) the pH of the sample), at least one salt (the at
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least one salt can be used to modulate (increase or decrease) the salt concentration of
the sample), at least one protein (the at least one protein can be used to prevent non-
specific binding or to stabilize other proteins contained in the sample), etc. Moreover,
a physiological diluent may comprise any combinations of at least one buffer, at least
one salt, at least one protein, etc.

For example, it is well known in the art that once a test sample is obtained from
a subject, said test sample is no longer considered to be under “physiological
conditions” or “non;physiological”. Prior to using said test sample in an assay, a
physiological diluent can be used and added to the test sample to mimic, approximate
or simulate the in vivo physiological conditions of the subject from whom the test
sample was derived, or, in other words, to make the test sample more “physiological-
like”. A test sample is considered to mimic, approximate or simulate physiological
conditions or to be “physiological-like” when said test sample (a) has a pH between
7.35 to 7.45; (b) contains sodium salt in the amount of 136 to 146 mmole/L; (c)
contains potassium salt in the amount of 3.5 to 5.1 mmole/L; (d) contains zinc in the
amount of 10.7 to 22.9 umole/L; (€) contains methanol in an amount less than 0.05
mmole/L; or (f) any combinations of (a)-(e). (The physiological conditions of test
samples is described in Tietz, ed., Clinical Guide to Laboratory Tests, WB Saunders,
Philadelphia, PA, page 695 (1983)), which is herein incorporated by reference).

Examples of buffers that can be used, include, but are not limited to, MES,
MOPS, HEPES, TRIS, phosphate, citrate, borate buffers or combinations thereof.

Examples of salts that can be used are sodium chloride, potassium chloride, zinc
sulfate or combinations thereof.

Examples of proteins that can be used are bovine serum albumin (“BSA”), fish
gelatin, bovine gamma globulin or combinations thereof.

As used herein, the term “selection diluent” refers to any liquid or solid material
that: (a) is known to one skilled in the art to alter the equilibrium dissociation constant
(Kp) of at least one antibody or is believed by one skilled in the art likely to alter the
Kp of at least one antibody if said antibody were incubated with, used with, or exposed
to said selection diluent; (b) known to one skilled in the art to alter the functional
activity of at least one antibody or is believed by one skilled in the art likely to alter the

functional activity of at least one antibody if said antibody were incubated with, used
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with, or exposed to said selection diluent; or (c) any combinations of (a)-(b) described
above. The selection diluent described herein can be used in a variety of ways,
preferably, however, the selection diluent is used to approximate, mimic or simulate the
reaction conditions of a diagnostic immunoassay. The composition of the selection
diluent is not critical and will vary depending on how the selection diluent is to be used.
For example, a selection diluent can comprise at least one buffer, at least one salt, at
least one detergent, at least one binding competitor, at least one solvent, etc. Moreover,
a selection diluent may comprise any combinations of at least one buffer, at least one
salt, at least one detergent, at least one binding competitor, at least one solvent, etc. By
way of another example, a selection diluent can comprise PBS (pH 7.4), 1% BSA and
10% methanol. By yet of another example, a selection diluent can comprise PBS (pH
7.4), 1% BSA and about 5 to about 200 nM of a binding competitor. However, as
indicated previously the amount of excess of binding competitor can vary, such that the
amount of binding competitor in the selection diluent can range, e.g., from about 5 to
about 100 nM, from about 100 to about 1000 nM, about 5 nM, about 10 nM, about 25
nM, about 100 nM, or about 200 nM.

An assay extraction buffer used in a diagnostic assay comprising a combination
of solvents and at least one salt, such as 90% methanol, 10% ethylene glycol and zinc
sulfate (such as 100 mM zinc sulfate), can be used to extract tacrolimus from the serum
proteins contained in a whole blood test sample obtained from a subject who is
receiving such an immunosuppressive agent as a part of the subject’s treatment. The
assay extraction buffer used to extract tacrolimus from whole blood test samples is
subsequently diluted before it encounters a detection reagent, such as an antibody.
Despite the dilution, a certain amount of the extraction buffer (for example, 10%
methanol) is still present (or remains) in the test sample and is known to increase the
Kp, lower the functional activity, or increase the Kp and lower the functional activity of
the antibodies used in diagnostic immunoassays for monitoring the blood
concentrations of tacrolimus in the above-described subjects. One skilled in the art
may expect that such extraction buffers containing these organic solvents would likely
increase the Kp (and thus decrease the k, and increase the ky), likely lower the
functional activity, or likely increase the Kp and lower the functional activity of future

antibodies developed for use in such diagnostic immunoassays. Therefore, a selection
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diluent, such as a selection diluent containing PBS, 1% BSA and 10% methanol, can be
used to mimic, approximate or simulate the reaction conditions of a diagnostic
immunoassay that are likely to increase the Kp, likely lower the functional activity, or
likely increase the Kp and lower the functional activity of an antibody to be tested.

By way of yet another example, a selection diluent comprising one or more
binding competitors can be used to compete with one or other molecules for binding to
an epitope of interest or that interferes with the binding of one or more other molecules
to bind to an epitope of interest in the test sample. Specifically, a selection diluent
comprising one or more binding competitors can alter the conditions of a test sample by
displacing or preventing binding of an analyte of interest to another component of the
test sample. Alternatively, a selection diluent comprising one or more binding
competitors can be used in order to test and/or isolate detection reagents (such as a
labeled antibody) having greater specificity for the analyte of interest. For example, a
selection diluent comprising one or more binding competitors can be used to determine
the degree of cross-reactivity an antibody has for one or more binding competitors or
can be used to provide conditions to isolate an antibody with improved (i.e. lowered)
cross-reactivity to one or more binding competitors. Along these lines, the present
invention provides among other things for the improvement of antibody recognition of
active parent drug (e.g., cyclosporine or tacrolimus) in the presence of one or more of
their respective major metabolites (e.g., M-I, M-1I, M-III, M1, M8, M9, M13, M17,
M18 and M21).

Examples of buffers that can be used, include, but are not limited to, MES,
MOPS, HEPES, TRIS, phosphate, citrate, borate buffers or combinations thereof.

Examples of salts that can be used are sodium chloride, potassium chloride, zinc
sulfate or combinations thereof.

Examples of detergents that can be used include, but are not limited to, anionic
detergents, cationic detergents, non-ionic detergents or zwitterionic detergents. A
selection diluent containing one or more detergents can be used to stabilize and/or
solubilize proteins or other analytes of interest contained within a sample, such as a test
sample, to prevent nonspecific binding during the course of a diagnostic immunoassay,
to rupture cells contained within a sample, etc. Anionic detergents include, but are not

limited to, chenodeoxycholic acid, chenodeoxycholic acid sodium salt, cholic acid,
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dehydrocholic acid, digitonin, digitoxigenin, N,N-dimethyldodecylamine N-oxide,
docusate sodium salt, glycochenodeoxycholic acid sodium salt, glycocholic acid
hydrate, glycocholic acid sodium salt hydrate, glycodeoxycholic acid monohydrate,
glycolithocholic acid 3-sulfate disodium salt, glycolithocholic acid ethyl ester, N-
lauroylsarcosine sodium salt, N-lauroylsarcosine solution, lithium dodecyl sulfate,
lugol solution, 1-octanesulfonic acid sodium salt, sodium 1-butanesulfonate, sodium 1-
decanesulfonate, sodium 1-dodecanesulfonate, sodium 1-heptanesulfonate anhydrous,
sodium 1-nonanesulfonate, sodium 1-propanesulfonate monohydrate, sodium 2-
bromoethanesulfonate, sodium cholate hydrate, sodium choleate, sodium deoxycholate,
sodium deoxycholate monohydrate, sodium dodecyl sulfate, sodium hexane sulfonate
anhydrous, sodium octyl sulfate, sodium pentanesulfonate anhydrous, sodium
taurocholate, taurochenodeoxycholic acid sodium salt, taurodeoxycholic acid sodium
salt monohydrate, taurodeoxycholic acid sodium salt hydrate, taurolithocholic acid 3-
sulfate disodium salt, tauroursodeoxycholic acid sodium salt, ursodeoxycholic acid or
combinations thereof, all available from Sigma-Aldrich, St. Louis, ML

Cationic detergents include, but are not limited to, alkyltrimethylammonium
bromide, benzalkonium chloride, benzyldimethylhexadecylammonium chloride,
benzyldimethylhexadecylammonium bromide, benzyltrimethylammonium
tetrachloroiodate, dimethyldioctadecylammonium bromide,
dodecylethyldimethylammonium bromide, dodecyltrimethylammonium bromide,
ethylhexadecyldimethylammonium bromide, Girard’s reagent T,
hexadecyltrimethylammonium bromide or combinations thereof, all available from
Sigma-Aldrich, St. Louis, ML

Non-ionic detergents, include, but are not limited, to BigCHAP,
bis(polyethylene glycol bis[imidazoyl carbonyl]), Brij®35, Brij®56, Brij®72,
Cremophor® EL, decaethylene glycol monododecyl ether, N-decanoyl-N-
methylglucamine, n-decyl a-D-maltoside, n-dodecyl B-D-maltoside, heptaethylene
glycol monodecyl ether, hexaethylene glycol monododecyl ether, octaethylene glycol
monodecyl ether, octaethylene glycol monodddecyl ether, octaethylene glycol
monohexadecyl ether, octaethylene glycol monooctadecyl ether, octaethylene glycol
monotetradecyl ether, pentaethylene glycol monodecyl ether, pentaethylene glycol

monododecyl ether, pentaethylene glycol monohexadecyl ether, pentaethylene glycol
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monohexyl ether, pentaethylene glycol monooctadecyl ether, polyethylene glycol
diglycidyl ether, polyethylene glycol ether W-1, polyoxyethylene 10 tridecy! ether,
polyoxyethylene 100 stearate, polyoxyethylene 20 isohexadecy] ether, saponin,
Span®20, Span®40, Span®60, Span®65, Span®80, Span®8S5, Terigol, Triton CF-21,
Triton CF-32, Triton DF-12, Triton DF-16, Triton GR-5M, Triton QS-15, Triton QS-
44, Triton X-100, Triton X-102, Triton X-15, Triton®X-100, Triton® X-114,
TWEEN®20, TWEEN®21, TWEEN®40, TWEEN®60, TWEEN®61, TWEEN®6S,
TWEEN®SO, TWEEN®S81, TWEEN®SS5 or combinations thereof, all available from
Sigma-Aldrich, St. Louis, ML ‘

Zwitterionic detergents include, but are not limited to, CHAPS, 3-
(Decyldimethylammonio)propanesulfonate inner salt,
(Dodecyldimethylammonio)propanesulfonate inner salt, 3-(IN,N-
Dimethylmyristylammonio)propanesulfonate, 3-(N,N-
Dimethyloctadecylammonio)propanesulfonate, 3-(N,N-
dimethyloctylammonio)propsanesulfonate inner salt, 3-(N,N-
dimethylpalmitylammonio)proposanesulfonate or combinations thereof, all available
from Sigma-Aldrich, St. Louis, ML

Examples of solvents that can be used are organic solvents. Examples of
organic solvents that can be used include, but are not limited to, dimethylformamide,
dimethyl sulfoxide, polyethylene glycol, ethylene glycol, methanol, ethanol or
combinations thereof. A preferred solvent is 90% methanol that can be reduced to 10%
prior to incubation with a detection reagent, such as, but not limited to, an antibody.

As used herein, the term "specific binding partner" means a member of a
specific binding pair. The members of a specific binding pair comprise at least two
molecules each of which have at least one structure complementary to a structure of the
other molecule, the at least two molecules being able to bind through a binding of the
complementary structures. The term molecule also includes molecule complexes such
as, for example, enzymes consisting of Apo enzyme and coenzyme, proteins consisting
of a plurality of subunits, lipoproteins consisting of protein and lipids, etc. Specific

binding partners may be substances which occur naturally or else have been prepared

~ for example by chemical synthesis, microbiological techniques and/or methods of

genetic manipulation. Examples of specific binding partners, include but are not
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limited to, antibodies, antigens, haptens, enzymes, lectins, nucleic acids, repressors,
oligo- and polynucleotides, protein A, protein G, avidin, streptavidin, biotin,
complement component Clg, nucleic acid-binding proteins, etc. Specific binding pairs,
include, but are not limited to, antibody-antigen, antibody-hapten, operator-repressor,
nuclease-nucleotide, biotin-avidin, lectin-polysaccharide, steroid-steroid-binding
protein, drug-drug receptor, hormone-hormone receptor, enzyme-substrate, IgG-protein
A, complementary oligo- or polynucleotides, etc.

As used herein, the term “stringent conditions” refers to hybridization to filter-
bound DNA in 6 x sodium chloride/sodium citrate (“SSC”) at about 45°C followed by
one or more washes in 0.2 x SSC/0.1% SDS at about 50-65°C. The term “under highly
stringent conditions”, refers to hybridization to filter-bound nucleic acid in 6 x SSC at
about 45°C followed by one or more washes in 0.1 x SSC/0.2% SDS at about 68°C, or
under other stringent hybridization conditions which are known to those skilled in the
art (see, for example, Ausubel, F. M. et al., eds., 1989, Current Protocols in Molecular

Biology, Vol. I, Green Publishing Associates, Inc. and John Wiley & Sons, Inc., New

- York at pages 6.3.1-6.3.6 and 2.10.3).

As used herein, the terms "subject" and "patient” are used interchangeably. As
used herein, the terms "subject" and "subjects” refer to an animal, in one aspect, a bird
(for example, a duck or goose), in another aspect, a shark or whale, or in a further
aspect, a mammal including, a non-primate (for example, a cow, pig, camel, llama,
horse, goat, rabbit, sheep, hamsters, guinea pig, cat, dog, rat, and mouse) and a primate
(for example, a monkey, such as a cynomolgous monkey, chimpanzee, and a human).

As used herein, the term “test sample” refers to a component of a subject's body
which is the source of the analyte (such as antibodies of interest or antigens of interest).
These components are well known in the art. For example, a test sample can be any
biological sample derived from serum, plasma, whole blood, lymph, CNS fluid, urine
or other bodily fluids of a subject. The test sample can be prepared using routine

techniques known to those skilled in the art.

II. Antibodies of the Present Invention

The present invention provides antibodies that immunospecifically bind to at

least one epitope on at least one immunosuppressive agent. More particularly, the
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present invention provides for antibodies that have a high binding affinity for least one
immunosuppressive agent. In one aspect, the antibodies described herein
immunospecifically bind to at least one epitope on at least one immunosuppressive

agent and may exhibit at least a 1.1-fold improvement, at least a 2-fold improvement, at

. least a 3-fold improvement, at least a 4-fold improvement, at least a 5-fold

improvement, at least a 6-fold improvement, at least a 7-fold improvement, at least a 8-
fold improvement, at least a 9-fold improvement, at least a 10-fold improvement, at
least an 11-fold improvement, at least a 12-fold improvement, at least a 13-fold
improvement, at least a 14-fold improvement, at least a 15-fold improvement, at least a
16-fold improvement, at least a 17-fold improvement, at least a 18-fold improvement,
at least a 19-fold improvement or at least a 20-fold improvement in their equilibrium
dissociation constant (Kp) or disassociation rate constant (kg or ko) when compared to
the Kp or kg of an antibody produced by mouse hybridoma cell line 1-60-46 (available
from Astellas Pharma, Inc., Tokyo, Japan) (which is also referred to herein as the
“wildtype”). The above described fold improvement in the Kp or k4 can be exhibited
when said antibodies have not been exposed to (such as in a diagnostic immunoassay)
or incubated with at least one selection diluent (such as, but not limited to, at least one
solvent). Additionally, these antibodies, as immunoglobulins, bind to at least one
immunosuppressive agent with a Kp of less than 1.9 x 10" M. Preferably, these
antibodies bind to at least one immunosuppressive agent with a Kp of between 1.89 x
10" M and 1.0 x 10> M. More preferably, these antibodies exhibit a Kp of between
1.89x 10" M and 1.0 x 10> M. Moreover, these antibodies, as scFvs, bind to at least
one immunosuppressive agent with a kg of less than 1.3 x 10 /sec. Preferably, these
antibodies bind to at least one immunosuppressive agent with a kq of between 1.29 x
10 /sec and 1.0 x 10 /sec. More preferably, these antibodies exhibit a kq of between
1.29 x 10™*/sec and 1.0 x 107 /sec.

When the above-described antibodies are exposed to (such as, prior to or during
a diagnostic immunoassay; the timing of the exposure of the antibody to the at least one
selection diluent is not critical), incubated with, or are in the presence of at least one
selection diluent (such as, but not limited to at least one selection diluent), then these
antibodies may exhibit at least a 1.1-fold improvement, at least a 2-fold improvement,

at least a 3-fold improvement, at least a 4-fold improvement, at least a 5-fold
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improvement, at least a 6-fold improvement, at least a 7-fold improvement, at least a 8-
fold improvement, at least a 9-fold improvement, at least a 10-fold improvement, at
least an 11-fold improvement, at least a 12-fold improvement, at least a 13-fold
improvement, at least a 14-fold improvement, at least a 15-fold improvement, at least a
16-fold improvement, at least a 17-fold improvement, at least a 18-fold improvement,
at least a 19-fold improvement or at least a 20-fold improvement in their Kp or kg when
compared to the Kp or kg of the wildtype after exposure to or incubation of the
wildtype with at least one selection diluent. Additionally, these antibodies, as
immunoglobulins, bind to at least one immunosuppressive agent with a Kp of less than
1.52 x 10 M. Preferably, these antibodies bind to at least one immunosuppressive
agent with a Kp of between 1.51 x 10" M and 1.0 x 102 M. More preferably, these
antibodies have a Kp of between 1.51 x 10°Mand 1.0x 10" M. Additionally, these
antibodies, as scFvs, bind to at least one immunosuppressive agent with a kg of less
than 9.38 x 10 /sec. Preferably, these antibodies bind to at least one
immunosuppressive agent with a kg of between 9.37 x 10*/sec and 1.0 x 10 /sec.
More preferably, these antibodies exhibit a kq of between 9.37 x 10*/sec and 1.0 x 107
/sec. |

In yet another aspect, the present invention provides antibodies produced by
Chinese hamster ovary (hereinafter “CHO”) cell line 1-60-46 AM2 CHO 2-577 or
CHO cell line 1-60-46 AM2 CHO 1-1157. Antibodies produced by each of these cell
lines immunospecifically bind to at least one epitope on tacrolimus. More specifically,
antibodies produced by each of these cell lines bind to at least one epitope on
tacrolimus with a Kp of less than 1.9 x 10" M, when said antibodies are have not been
exposed to (such as prior to or during a diagnostic immunoassay), incubated with or are
in the presence of at least one selection diluent (such as, but not limited to at least one
solvent). Preferably, these antibodies exhibit a Kp of 1.2 x 102 M. However, if said
antibodies are exposed to (such prior to or during a diagnostic immunoassay) or
incubated with at least one selection diluent, then said antibodies immunospecifically
bind to at least one epitope on tacrolimus with a Kp of less than 1.52 x 10" M.
Preferably, these antibodies exhibit a Kp of 1.3 x 10" M in 10% methanol
Additionally, the present invention also contemplates antibodies made from nucleic

acids (DNA) extracted from CHO cell line 1-60-46 AM2 CHO 2-577 or CHO cell line
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1-60-46 AM2 CHO 1-1157. Furthermore, the present invention also relates to a
chimeric antibody or binding fragment thereof produced by CHO cell line 1-60-46
AM?2 CHO 2-577 or CHO cell line 1-60-46 AM2 CHO 1-1157.

In another aspect, the antibodies of the present invention are derivatives or
variants of the antibodies produced by hybridoma cell line 1-60-46. More specifically,
the inventors of the present invention have discovered that antibodies that are
derivatives or variants of the antibodies produced by hybridoma cell line 1-60-46 can
be produced which exhibit a high binding affinity to at least one epitope on at least one
immunosuppressive agent, regardless of whether or not said antibodies are exposed to
or incubated with at least one selection diluent. More specifically, the antibodies of the
present invention, as immunoglobulins, bind to at least one epitope on at least one
immunosuppressive agent with a Kp of less than 1.9 x 10" M, preferably with a Kp
ranging from 1.89 x 10" M and 1.0 x 1073 M, and more preferably, with a Kp ranging
from 1.89 x 10" M and 1.0 x 10> M, when said antibodies are not exposed to,
incubated with or are in the presence of at least one selection diluent. As scFvs, the
antibodies of the present invention bind to at least one epitope on at least one
immunosuppressive agent with a kq of less than 1.3 x 10™*/sec, preferably with a k4
ranging from 1.29 x 10™*/sec and 1.0 x 10" /sec, and more preferably, with a kg ranging
from 1.29 x 10 /sec and 1.0 x 10 /sec.

In contrast, when these antibodies are exposed to, incubated with, or are in the
presence of at least one selection diluent, these antibodies, as immunoglobulins, bind to
at least one epitope on at least one immunosuppressive agent with a Kp of less than
1.52 x 1071 M, preferably with a Kp ranging from 1.51 x 10" M and 1.0 x 102 M,
and more preferably with a Kp ranging from 1.51 x 10 M and 1.0x 10" M. As
scFvs, these the antibodies of the present invention bind to at least one epitope on at
least one immunosuppressive agent with a kg of less than 9.38 x 10" /sec, preferably
with a kg ranging from 9.37 x 10™*/sec and 1.0 x 10 /sec, and more preferably with a ky
ranging from 9.37 x 10 /sec and 1.0 x 10 /sec. The derived or variant antibodies of
the present invention may comprise at least one mutation (such as at least one deletion,
addition, substitution or any combinations thereof) in at least one of the heavy chain
complementary determining (“CDR”) regions (for example, the heavy chain CDR 1,

heavy chain CDR 2 and/or heavy chain CDR 3), at least one mutation (such as at least
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one deletion, addition, substitution or any combinations thereof) in the light chain CDR
regions (for example, the light chain CDR 1, light chain CDR 2, and/or light chain
CDR 3) or at least one mutation (such as at least one deletion, addition, substitution or
any combinations thereof) in at least one of the heavy chain CDR regions and at least
one mutation in at least one of the light chain CDR regions when compared to the
amino acid sequence of the antibody produced by the wildtype. Moreover, the
antibodies of the present invention may also contain one or more other mutations (such
as at least one deletion, addition, substitution or any combinations thereof) in a part or
portion of the antibody other than the CDR, such as, but not limited to, the framework
region (“FR”) of an antibody. Methods for creating such derivatives are well known in
the art and include the use of site-directed mutagenesis and PCR-mediated mutagenesis,
which will be discussed in more detail infra.

More specifically, in another aspect, the antibody of the present invention
specifically binds to at least one epitope on at least one immunosuppressive agent and
comprises a heavy chain CDR 2 having an amino acid sequence of the formula of:

Thr-Ile-Ser-Ser-Gly-Gly-Xaa;-Xaa,- Xaa3-Phe (SEQ ID NO:33)

wherein Xaa, is selected from the group consisting of threonine (Thr), alanine
(Ala), lysine (Lys) and glutamic acid (Glu);

wherein Xaa; is selected from the group consisting of tyrosine (Tyr) and
tryptophan (Trp); and

wherein Xaaj is selected from the group consisting of threonine (Thr) and valine
(Val);

provided that Xaa, is other than threonine (Thr) when Xaa, is tyrosine (Tyr) and
Xaas is threonine (Thr).

In yet a further aspect, the antibody of the present invention specifically binds to
at least one epitope of at least one immunosuppressive agent and comprises a heavy
chain CDR 2 having the amino acid sequence shown in SEQ ID NOS:15, 16, 17 or 18.
In another aspect, the present invention relates to an antibody that specifically binds to
at least one epitope on at least one immunosuppressive agent and that comprises an
amino acid sequence that is at least 35%, preferably at least 40%, at least 45%, at least
50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%,
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at least 85%, at least 90%, at least 95%, or at least 99% identical to an amino acid
sequence of SEQ ID NOS:15, 16, 17 or 18.

In yet another aspect, the antibody of the present invention specifically binds to
at least one epitope on at least one immunosuppressive agent and comprises a light
chain CDR 1 that has an amino acid sequence having a formula of:

Lys-Ser-Ser-Xaas-Xaas-Xaag-Val-His-Ser-Thr-Gly-Asn-Thr-Phe-Leu-Glu (SEQ
ID NO:34)

wherein Xaay is selected from the group consisting of: glutamine (Gln), alanine
(Ala) and glycine (Gly);

wherein Xaas is selected from the group consisting of: serine (Ser) and glycine
(Gly); and

wherein Xaag is selected from the group consisting of: isoleucine (Ile) and
leucine (Leu);

provided that Xaay is other than glutamine (Gln) when Xaas is serine (Ser) and
Xaag is 1soleucine (Ile).

In yet a further aspect, the antibody specifically binds to at least one epitope on
at least one immunosuppressive agent and has a light chain CDR 1 having the amino
acid sequence of SEQ ID NOS:19, 20, 21 or 22. In another aspect, the present
invention relates to an antibody that specifically binds to at least one epitope on at least
one immunosuppressive agent and that comprises an amino acid sequence that is at
least 35%, preferably at least 40%, at least 45%, at least S0%, at least 55%, at least
60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%,
at least 95%, or at least 99% identical to an amino acid sequence of SEQ ID NOS:19,
20, 21 or 22. |

In yet another aspect, the antibody of the present invention specifically binds to
at least one epitope on at least one immunosuppressive agent and comprises a light
chain CDR 3 that has an amino acid sequence having a formula of:

Phe-GIn-Gly- Xa;c17-Xaag-Xaa9-Pro-Leu-Thr (SEQ ID NO:35),

wherein Xaaj is selected from the group consisting of: serine (Ser) and glycine
(Gly);

wherein Xaag is selected from the group consisting of: histidine (His), arginine
(Arg), valine (Val), threonine (Thr), lysine (Lys) and serine (Ser); and
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wherein Xaag is selected from the group consisting of: valine (Val), alanine
(Ala), aspartic acid (Asp), cysteine (Cys) and serine (Ser);

provided that Xaa; is other than serine (Ser) when Xaag is histidine (His) and
Xaagis valine (Val).

In yet a further aspect, the antibody specifically binds to at least one epitope on
at least one immunosuppressive agent and has a light chain CDR 3 having the amino
acid sequence of SEQ ID NOS: 23, 24, 25, 26, 27, 28, 29, 30, 31 or 32. In another
aspect, the present invention relates to an antibody that specifically binds to at least one
epitope on at least one immunosuppressive agent that comprises an amino acid
sequence that is at least 35%, preferably at least 40%, at least 45%, at least 50%, at
least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, or at least 99% identical to an amino acid sequence of
SEQ ID NOS: 23, 24, 25, 26, 27, 28, 29, 30, 31 or 32.

In yet a further aspect, the antibody of the present invention specifically binds to
at least one epitope on at least one immunosuppressive agent and has a heavy chain
CDR 1, heavy chain CDR 2, heavy chain CDR 3, a light chain CDR 1, a light chain
CDR 2 and a light variable CDR 3 comprising the following amino acid sequences:

(a) Heavy Chain CDR 1 has an amino acid sequence of: Gly-Phe-Thr-Phe-Ser-
Ser-Tyr-Gly-Met-Ser (SEQ ID NO:2);

(b) Heavy Chain CDR 2 has an amino acid sequence having a formula of:

Thr-Ile-Ser-Ser-Gly-Gly-Xaa;-Xaa,- Xaa3-Phe (SEQ ID NO:33)

wherein Xaa, is selected from the group consisting of threonine (Thr), alanine
(Ala), lysine (Lys) and glutamic acid (Glu);

wherein Xaa, is selected from the group consisting of tyrosine (Tyr) and
tryptophan (Trp); and

wherein Xaa; is selected from the group consisting of threonine (Thr) and valine
(Val);

(c) Heavy Chain CDR 3 has an amino acid sequence of: GIn-Thr-Asp-Gly-Tyr-
Ser-Trp-Phe-Pro-Tyr (SEQ ID NO:6);

(d) Light Chain CDR 1 has an amino acid sequence having a formula of:

Lys-Ser-Ser-Xaas-Xaas-Xaag-Val-His-Ser-Thr-Gly-Asn-Thr-Phe-Leu-Glu (SEQ
ID NO:34)
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wherein Xaa, is selected from the group consisting of: glutamine (Gln), alanine
(Ala) and glycine (Gly);

wherein Xaas is selected from the group consisting of: serine (Ser) and glycine
(Gly); and

wherein Xaag is selected from the group consisting of: isoleucine (Ile) and
leucine (Leu);

(e) Light Chain CDR 2 has an amino acid sequence having the formula of:

Lys-Ile-Ser-Asn-Arg-Phe-Ser (SEQ ID NO:11)

(f) Light Chain CDR 3 has an amino acid sequence having a formula of:

Phe-GIn-Gly- Xaa;-Xaag-Xaag-Pro-Leu-Thr (SEQ ID NO:35),

wherein Xaas is selected from the group consisting of:" Serine (Ser) and Glycine
(Gly);

wherein Xaag is selected from the group consisting of: histidine (His), arginine
(Arg), valine (Val), threonine (Thr), lysine (Lys) and serine (Ser); and

wherein Xaay is selected from the group consisting of: valine (Val), alanine
(Ala), aspartic acid (Asp), cysteine (Cys) and Serine (Ser);

with the proviso that if in heavy chain CDR 2 Xaa, is Thr, Xaa, is Tyr and Xaa3
is Thr and in the light chain CDR 1 Xaa4is Gln, Xaas is Ser and Xaag is Ile, then in light
chain CDR 3 Xaag is other than Val if Xaa;is Ser and Xaag is His, or Xaag is other than
His if Xaa;is Ser and Xaag is Val or Xaay is other than Ser if Xaag is His and Xaag is
Val.

Preferably, the antibodies having the above-described formulas comprise a
heavy chain CDR 1, heavy chain CDR 2, heavy chain CDR 3, light chain CDR 1, light
chain CDR 2 and light chain CDR 3 where Xaa,-Xaag in the above described formulas

have the amino acid residues shown below in Table A:
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Xaa Xaay Xaaj Xaay Xaas Xaag Xaay Xaag Xaag
Thr Trp Thr Gln Ser Ile Ser His Val
Ala Trp Thr Gln Ser Ile Ser His Val
Lys Trp Val Gln Ser Ile Ser His Val
Glu Trp Thr Gln Ser Ile Ser His Val
Thr Tyr Thr Gln Gly Ile Ser His Val
Thr Tyr Thr Ala Gly Ile Ser His Val
Thr Tyr Thr Gly Gly Leu Ser His Val
Thr Tyr Thr Gln Gly Leu Ser His Val
Thr Tyr Thr Gin Ser Ile Ser His Ala
Thr Tyr Thr Gln Ser Ile Ser Arg Ala
Thr Tyr Thr Gin Ser Ile Ser His Asp
Thr Tyr Thr Gln Ser Ile Ser His Cys
Thr Tyr Thr Gln Ser Ile Ser His Ser
Thr Tyr Thr Gln Ser Ile Gly Arg Cys
Thr Tyr Thr Gln Ser Ile Gly Val Cys
Thr Tyr Thr Gln Ser Ile Ser Thr Cys
Thr Tyr Thr Gln Ser Ile Ser Lys Cys
Thr Tyr Thr Gln Ser Ile Ser Ser Ser
Ala Trp Thr Gin Gly Leu Ser Ser Ser
Ala Trp Thr Gln Gly Leu Ser His Ala
Ala Trp Thr Gln Ser Ile Gly Arg Cys
Ala Trp Thr Gln Ser Ile Ser Ser Ser
Ala Trp Thr Gin Gly Leu Gly Arg Cys
Thr Tyr Thr Gln Gly Leu Gly Arg Cys
Thr Tyr Thr Gln Gly Leu Ser Ser Ser
Lys Trp Val Gln Gly Leu Ser His Ser
Glu Trp Thr Gln Gly Leu Ser His Ser
Glu Trp Thr Gln Ser Ile Gly Val Cys
Glu Trp Thr Gly Gly Leu Ser His Ser
Ala Trp Thr Gln Gly Leu Ser His Ser

Nucleic Acid Molecules

The present invention provides for one or more nucleic acid molecules,

generally isolated, encoding an antibody of the present invention that specifically binds

to at least one epitope on at least one immunosuppressive agent. In one aspect, the

invention provides an isolated nucleic acid molecule encoding an antibody that binds to

at least one epitope on at least one immunosuppressive agent and that may exhibit at

least a 1.1-fold improvement, at least a 2-fold improvement, at least a 3-fold

improvement, at least a 4-fold improvement, at least a 5-fold improvement, at least a 6-

fold improvement, at least a 7-fold improvement, at least a 8-fold improvement, at least

a 9-fold improvement, at least a 10-fold improvement, at least an 11-fold improvement,

at least a 12-fold improvement, at least a 13-fold improvement, at least a 14-fold
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improvement, at least a 15-fold improvement, at least a 16-fold improvement, at least a
17-fold improvement, at least a 18-fold improvement, at least a 19-fold improvement or
at least a 20-fold improvement in its Kp or kg when compared with an antibody
produced by the wildtype. The present invention also provides an isolated nucleic acid
molecule that comprises a polynucleotide sequence that hybridizes, under stringent
conditions, to the nucleic acid molecule described herein. The above described fold
improvement in the Kp or kg may be exhibited when said antibodies have not been
exposed to (such as prior to or during a diagnostic immunoassay) or incubated with at
least one selection diluent (such as, but not limited to, at least one solvent).

In another aspect, the invention provides an isolated nucleic acid molecule
encoding an antibody that binds to at least one epitope on at least one
immunosuppressive agent with at least one immunosuppressive agent and may exhibit
at least a 1.1-fold improvement, at least a 2-fold improvement, at least a 3-fold
improvement, at least a 4-fold improvement, at least a 5-fold improvement, at least a 6-
fold improvement, at least a 7-fold improvement, at least a 8-fold improvement, at least
a 9-fold improvement, at least a 10-fold improvement, at least an 11-fold improvement,
at least a 12-fold improvement, at least a 13-fold improvement, at least a 14-fold
improvement, at least a 15-fold improvement, at least a 16-fold improvement, at least a
17-fold improvement, at least a 18-fold improvement, at least a 19-fold improvement or
at least a 20-fold improvement, in its Kp or kg when compared with an antibody
produced by the “wildtype”. The present invention also provides an isolated nucleic
acid molecule that comprises a polynucleotide sequence that hybridizes, under stringent
conditions, to the nucleic acid molecule described herein. The above described fold
improvement in the equilibrium dissociation constant may be exhibited when said
antibodies have been or are exposed to (such as prior to or during a diagnostic
immunoassay) or incubated with at least one selection diluent (such as, but not limited
to, at least one solvent).

In yet still another aspect, the invention provides an isolated nucleic acid
molecule encoding an antibody that, as an immunoglobulin, specifically binds to at
least one epitope on at least one immunosuppressive agent and that has a Kp of at less
than 1.9 x 107! M, preferably, a Kp between 1.89 x 10" M and 1.0 x 10> M and more
preferably, a Kp between 1.89 x 10" M and 1.0 x 10" M. The present invention
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further provides an isolated nucleic acid molecule encoding an antibody that, as an
scFv, specifically binds to at least one epitope on at least one immunosuppressive agent
and that has a kq of less than 1.3 x 10™/sec, preferably with a k4 ranging from 1.29 x
10 /sec and 1.0 x 10 /sec, and more preferably, with a kg ranging from 1.29 x 10™*/sec
and 1.0 x 10°/sec. The present invention also provides an isolated nucleic acid
molecule that comprises a polynucleotide sequence that hybridizes, under stringent
conditions, to the nucleic acid molecules described herein. The above described K or
k4 values are exhibited when said antibodies have not been exposed to (such as in a
diagnostic immunoassay), incubated with or are in the presence of at least one selection
diluent (such as, but not limited to, at least one solvent).

In yet still another aspect, the invention provides an isolated nucleic acid
molecule encoding an antibody that, as an immunoglobulin, specifically binds to at
least one epitope on at least one immunosuppressive agent and that has a Kp of at less
than 1.52 x 107 M, preferably, a Kp between 1.51 x 10" M and 1.0 x 10"* M, and
more preferably, a Kp between 1.51 x 10" M and 1.0 x 10" M. The present invention
further provides an isolated nucleic acid molecule encoding an antibody that, as an
scFv, specifically binds to at least one epitope on at least one immunosuppressive agent
and that has a kg of less than 9.38 x 10™*/sec, preferably with a kq ranging from 9.37 x
10 /sec and 1.0 x 10" /sec, and more preferably with a kq ranging from 9.37 x 10 /sec
and 1.0 x 107 /sec. The present invention also provides an isolated nucleic acid
molecule that comprises a polynucleotide sequence that hybridizes, under stringent
conditions, to the nucleic acid molecules described herein. The above described Kp or
kg values are exhibited when said antibodies have been or are exposed to (such as in a
diagnostic immunoassay), incubated with or are in the presence of at least one selection
diluent (such as, but not limited to, at least one solvent).

In yet another aspect, the invention provides an isolated nucleic acid molecule
encoding an antibody that specifically binds to at least one epitope on at least one
immunosuppressive agent, wherein said nucleic acid molecule comprises the
polynucleotide sequence of antibody produced by CHO cell 1-60-46 AM2 CHO 2-577
or CHO cell line 1-60-46 AM2 CHO 1-1157. The present invention also provides an
isolated nucleic acid molecule that comprises a polynucleotide sequence that

hybridizes, under stringent conditions, to the nucleic acid molecule described herein.

36



10

15

20

25

30

WO 2008/054517 PCT/US2007/010076

In another aspect, the present invention provides an isolated nucleic acid
molecule that encodes antibodies that immunospecifically bind to at least one epitope
on at least one immunosuppressive agent, wherein said antibodies comprise derivatives
or variants of antibodies produced by mouse hybridoma cell line 1-60-46. As discussed
previously herein, the inventors of the present invention have discovered that antibodies
that are derivatives or variants of the antibodies produced by mouse hybridoma cell line
1-60-46 may be produced which exhibit a high binding affinity, specifically, as
immunoglobulins, with a Kp of less than 1.9 x 10™'' M, preferably, a Kp ranging from
1.89x 10" M to 1.0 x 10"* M, and more preferably, a Kp ranging from 1.89 x 10" M
to 1.0 x 102 M or as scFvs, with a kg of less than 1.3 x 10 /sec, preferably with a kg
ranging from 1.29 x 10™/sec and 1.0 x 10" /sec, and more preferably, with a kg ranging
from 1.29 x 10™*/sec and 1.0 x 107 /sec, when said antibodies are not exposed to,
incubated with or are in the presence of at least one selection diluent. In contrast, when
these antibodies are exposed to, incubated with, or are in the presence of at least one
selection diluent, these antibodies bind to at least one epitope on at least one
immunosuppressive agent, as immunoglobulins, with a Kp of less than 1.52 x 10710 M,
preferably, a Kp ranging from 1.51 x 107" M to 1.0 x 102 M, and, more preferably, a
Kpranging from 1.51 x 10" M to 1.0 x 10™"! M or as scFvs, with a kg of less than 9.38
x 10" /sec, preferably with a kg ranging from 9.37 x 10™* /sec and 1.0 x 10 /sec, and
more preferably with a kg ranging from 9.37 x 10™*/sec and 1.0 x 107 /sec.

The derived or variant antibodies of the present invention comprises at least one
mutation (such as at least one deletion, addition, substitution or any combinations
thereof) in at least one of the heavy chain CDR regions (for example, the heavy chain
CDR 1, heavy chain CDR 2, or heavy chain CDR 3), at least one mutation (such as at
least one deletion, addition, substitution or any combinations thereof) in the light chain
CDR regions (for example, the light chain CDR 1, light chain CDR 2, or light chain
CDR 3) or at least one mutation in at least one of the heavy chain CDR regions and at
least one mutation in at least one of the light chain CDR regions when compared to the
amino acid sequence the antibody produced by the wildtype. Standard techniques
known to those of skill in the art can be used to introduce mutations (such as at least
one deletion, addition, substitution or any combinations thereof) in the nucleic acid

molecule encoding an antibody of the present invention, including, for example, site-
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directed mutagenesis and PCR-mediated mutagenesis which results in amino acid
substitutions. In one aspect, the derivatives include less than 15 amino acid
substitutions or less than 10 amino acid substitutions or less than 7 amino acid
substitutions relative to the original antibody produced by the wildtype. In one aspect,
the derivatives have conservative amino acid substitutions are made at one or more
predicted non-essential amino acid residues (i.e., amino acid residues which are not
critical for the antibody to immunospecifically bind to at least one epitope on at least
one immunosuppressive agent). A "conservative amino acid substitution" is one in
which the amino acid residue is replaced with the amino acid residue having a side
chain with a similar charge. Families of amino acid residues having side chains with
similar charges have been defined in the art. These families include amino acids with
basic side chains (for example, lysine, arginine, histidine), acidic side chains (for
example, aspartic acid, glutamic acid), uncharged polar side chains (for example,
glycine, asparagine, glutamine, serine, threonine, tyrosine, cysteine), nonpolar side
chains (for example, alanine, valine, leucine, isoleucine, proline, phenylalanine,
methionine, tryptophan), beta-branched side chains (for example, threonine, valine,
isoleucine) and aromatic side chains (for example, tyrosine, phenylalanine, tryptophan,
histidine). Alternatively, mutations can be introduced randomly along all or part of the
coding sequence, such as by saturation mutagenesis, and the resultant mutants can be
screened for biological activity to identify mutants that exhibit enhanced binding
affinity to at least one epitope on at least one immunosuppressive agent. Following
mutagenesis, the encoded antibody can be expressed and the activity of the antibody
can be determined.

In another aspect, the present invention provides an isolated nucleic acid
molecule encoding an antibody that specifically binds to at least one epitope on at least
one immunosuppressive agent, said antibody having a heavy chain CDR 2 having an
amino acid sequence of the formula of:

a heavy chain CDR 2 having an amino acid sequence of the formula of:

Thr-Ile-Ser-Ser-Gly-Gly-Xaa;-Xaa,- Xaas-Phe (SEQ ID NO:33)

wherein Xaa, is selected from the group consisting of threonine (Thr), alanine

(Ala), lysine (Lys) and glutamic acid (Glu);
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wherein Xaa; is selected from the group consisting of tyrosine (Tyr) and
tryptophan (Trp); and

wherein Xaa; is selected from the group consisting of threonine (Thr) and valine
(Val);

provided that Xaa, is other than threonine (Thr) when Xaa is tyrosine (Tyr) and
Xaaj is threonine (Thr).

The present invention also provides an isolated nucleic acid molecule that
comprises a polynucleotide sequence that hybridizes, under stringent conditions, to the
nucleic acid molecule described herein that encodes an antibody having a heavy chain
CDR 2 having an amino acid sequence described above.

In another aspect, the invention provides an isolated nucleic acid molecule
encoding an antibody that specifically binds to at least one epitope on at least one
immunosuppressive agent, said antibody comprising (alternatively, consisting of) a
heavy chain CDR 2 having an amino acid sequence of SEQ ID NOS:15, 16, 17 or 18.
The present invention also provides an isolated nucleic acid molecule that comprises a
polynucleotide sequence that hybridizes, under stringent conditions, to the nucleic acid
molecule described herein that encodes an antibody comprising a heavy chain CDR 2
having the amino acid sequence of SEQ ID NOS:15, 16, 17 or 18.

In another aspect, the present invention provides an isolated nucleic acid
molecule encoding an antibody that specifically binds to at least one epitope on at least
one immunosuppressive agent, said antibody having a light chain CDR 1 that has an
amino acid sequence having a formula of:

Lys-Ser-Ser-Xaay-Xaas-Xaag-Val-His-Ser-Thr-Gly-Asn-Thr-Phe-Leu-Glu
(SEQ ID NO:34)

wherein Xaay is selected from the group consisting of: glutamine (Gln), alanine
(Ala) and glycine (Gly); |

wherein Xaas is selected from the group consisting of: serine (Ser) and glycine
(Gly); and

wherein Xaag is selected from the group consisting of: isoleucine (Ile) and

‘leucine (Leu);

provided that Xaay is other than glutamine (GIn) when Xaas is serine (Ser) and

Xaag is isoleucine (Ile).
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The present invention also provides an isolated nucleic acid molecule that
comprises a polynucleotide sequence that hybridizes, under stringent conditions, to the
nucleic acid molecule described herein that encodes an antibody having a light chain
CDR 1 having an amino acid sequence described above.

In another aspect, the invention provides an isolated nucleic acid molecule
encoding an antibody that specifically binds to at least one epitope on at least one
immunosuppressive agent, said antibody comprising (alternatively, consisting of) a
light chain CDR 1 having an amino acid sequence of SEQ ID NOS:19, 20, 21 or 22.
The present invention also provides an isolated nucleic acid molecule that comprises a
polynucleotide sequence that hybridizes, under stringent conditions, to the nucleic acid
molecule described herein that encodes an antibody comprising a light chain CDR 1
having the amino acid sequence of SEQ ID NOS:19, 20, 21 or 22.

In another aspect, the present invention provides an isolated nucleic acid
molecule encoding an antibody that specifically binds to at least one epitope on at least
one immunosuppressive agent, said antibody having a light chain CDR 3 that has an
amino acid sequence having a formula of:

Phe-GIn-Gly- Xaa;-Xaag-Xaag-Pro-Leu-Thr (SEQ ID NO:35),

wherein Xaa; is selected from the group consisting of: serine (Ser) and glycine
(Gly);

wherein Xaag is selected from the group consisting of: histidine (His), arginine
(Arg), valine (Val), threonine (Thr), lysine (Lys) and serine (Ser); and

wherein Xaay is selected from the group consisting of: valine (Val), alanine
(Ala), aspartic acid (Asp), cysteine (Cys) and serine (Ser);

provided that Xaa; is other than serine (Ser) when Xaag is histidine (His) and
Xaag is valine (Val).

The present invention also provides an isolated nucleic acid molecule that
comprises a polynucleotide sequence that hybridizes, under stringent conditions, to the
nucleic acid molecule described herein that encodes an antibody having a light chain
CDR 3 having an amino acid sequence described above.

In another aspect, the invention provides an isolated nucleic acid molecule
encoding an antibody that specifically binds to at least one epitope on at least one

immunosuppressive agent, said antibody comprising (alternatively, consisting of) a
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light chain CDR 3 having an amino acid sequence of SEQ ID NOS:23, 24, 25, 26, 27,
28, 29, 30, 31 or 32. The present invention also provides an isolated nucleic acid
molecule that comprises a polynucleotide sequence that hybridizes, under stringent
conditions, to the nucleic acid molecule described herein that encodes an antibody
comprising a light chain CDR 3 having the amino acid sequence of SEQ ID NOS:23,
24,25, 26, 27, 28, 29, 30, 31 or 32.

In another aspect, the invention provides an isolated nucleic acid molecule that
encodes an antibody that specifically binds to at least one epitope on at least one
immunosuppressive agent, said antibody comprising (alternatively, consisting) a heavy
chain CDR 2 having an amino acid sequence of SEQ ID NOS:15, 16, 17 or 18, a light
chain CDR 1 having an amino acid sequence of SEQ ID NOS:19, 20, 21 or 22, a light
chain CDR 3 having an amino acid sequence of SEQ ID NOS:23, 24, 25, 26, 27, 28,
29, 30, 31 or 32 or any combinations these amino acid sequences. The present
invention also provides an isolated nucleic acid molecule that comprises a
polynucleotide sequence that hybridizes, under stringent conditions, to the nucleic acid
molecule described herein that encodes an antibody comprising a heavy chain CDR 2
having an amino acid sequence of SEQ ID NOS:15, 16, 17 or 18, a light chain CDR 1
having an amino acid sequence of SEQ ID NOS:19, 20, 21 or 22, a light chain CDR 3
having an amino acid sequence of SEQ ID NOS:23, 24, 25, 26, 27, 28, 29, 30, 31 or 32
or any combinations these amino acid sequences.

In another aspect, the present invention provides an isolated nucleic acid
molecule encoding an antibody that specifically binds to at least one epitope on at least
one immunosuppressive agent, said antibody having a heavy chain CDR 1, heavy chain

CDR 2, heavy chain CDR 3, a light chain CDR 1, a light chain CDR 2 and a light

variable CDR 3 comprising the following amino acid sequences:

(a) Heavy Chain CDR 1 has an amino acid sequence of: Gly-Phe-Thr-Phe-Ser-
Ser-Tyr-Gly-Met-Ser (SEQ ID NO:2);

(b) Heavy Chain CDR 2 has an amino acid sequence having a formula of:

Thr-Ile-Ser-Ser-Gly-Gly-Xaa;-Xaa,- Xaas-Phe (SEQ ID NO:33)

wherein Xaa, is selected from the group consisting of threonine (Thr), alanine

(Ala), lysine (Lys) and glutamic acid (Glu);
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wherein Xaa, is selected from the group consisting of tyrosine (Tyr) and
tryptophan (Trp); and

wherein Xaa; is selected from the group consisting of threonine (Thr) and valine
(Val);

(c) Heavy Chain CDR 3 has an amino acid sequence of: Gln-Thr-Asp-Gly-Tyr-
Ser-Trp-Phe-Pro-Tyr (SEQ ID NO:6);

(d) Light Chain CDR 1 has an amino acid sequence having a formula of:

Lys-Ser-Ser-Xaay-Xaas-Xaag-Val-His-Ser-Thr-Gly-Asn-Thr-Phe-Leu-Glu
(SEQ ID NO:34)

wherein Xaay is selected from the group consisting of: glutamine (Gln), alanine
(Ala) and glycine (Gly);

wherein Xaas is selected from the group consisting of: serine (Ser) and glycine
(Gly); and

wherein Xaag is selected from the group consisting of: isoleucine (Ile) and
leucine (Leu);

(e) Light Chain CDR 2 has an amino acid sequence having the formula of:

Lys-Ile-Ser-Asn-Arg-Phe-Ser (SEQ ID NO:11)

(f) Light Chain CDR 3 has an amino acid sequence having a formula of:

Phe-Gln-Gly- Xaa;-Xaag-Xaag-Pro-Leu-Thr (SEQ ID NO:35),

wherein Xaay is selected from the group consisting of: Serine (Ser) and Glycine
Gly);

wherein Xaag is selected from the group consisting of: histidine (His), arginine
(Arg), valine (Val), threonine (Thr), lysine (Lys) and serine (Ser); and

wherein Xaag is selected from the group consisting of: valine (Val), alanine
(Ala), aspartic acid (Asp), cysteine (Cys) and Serine (Ser);

with the proviso that if in heavy chain CDR 2 Xaa, is Thr, Xaa, is Tyr and Xaaj
is Thr and in the light chain CDR 1 Xaa, is Gln, Xaas is Ser and Xaag is Ile, then in light
chain CDR 3 Xaag is other than Val if Xaa;is Ser and Xaag is His, or Xaag is other than
His if Xaa7is Ser and Xaagis Val or Xaaj is other than Ser if Xaag is His and Xaag is
Val.

The present invention also provides an isolated nucleic acid molecule that

comprises a polynucleotide sequence that hybridizes, under stringent conditions, to the
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nucleic acid molecule described herein that encodes an antibody having a heavy chain
CDR 1 region, a heavy chain CDR 2 region, a heavy chain CDR 3 region, a light chain
CDR 1 region, a light chain CDR 2 region and a light chain CDR 3 region having the
amino acid sequences described above.

Additionally, the present invention also provides an isolated nucleic acid
molecule encoding an antibody that specifically binds to at least one epitope on at least
one immunosuppressive agent wherein said antibodies comprises a heavy chain CDR 1,
a heavy chain CDR 2, a heavy chain CDR 3, a light chain CDR 1, a light chain CDR 2
and a light chain CDR 3 having the sequences described above and where Xaa;-Xaag
have the amino acid residues shown in Table A which was previously described herein.
The present invention also provides an isolated nucleic acid molecule that comprises a
polynucleotide sequence that hybridizes, under stringent conditions, to the nucleic acid
molecule described herein wherein that encodes an antibody having a heavy chain CDR
1 region, a heavy chain CDR 2 region, a heavy chain CDR 3 region, a light chain CDR
1 region, a light chain CDR 2 region and a light chain CDR 3 region having the amino

acid sequences described above and where Xaa;-Xaag have the amino acid residues

.shown in Table A.

In yet still another aspect, the present invention provides an isolated nucleic
acid molecule encoding an antibody that specifically binds to at least one epitope on at
least one immunosuppressive agent, wherein said antibody is produced by CHO cell
line 1-60-46 AM2 CHO 2-577 or CHO cell line 1-60-46 AM2 CHO 1-1157. The
present invention also provides an isolated nucleic acid molecule that comprises a
polynucleotide sequence that hybridizes, under stringent conditions, to the nucleic acid
molecule that encodes an antibody that specifically binds to at least one epitope on at
least one immunosuppressive agent, wherein said antibody is produced by CHO cell
line 1-60-46 M2 CHO 2-577 or CHO cell line 1-60-46 AM2 CHO 1-1157.

IV. Methods for Preparing the Antibodies of the Present Invention

The antibodies of the present invention can be prepared using routine
techniques known to those skilled in the art.
In one aspect, the antibodies of the present invention can be prepared by

recombinant expression of immunoglobulin light and heavy chain genes in a host cell.
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To express an antibody recombinantly, a host cell is transfected with one or more
recombinant expression vectors carrying nucleic acid molecules encoding the
immunoglobulin light and heavy chains of the antibody such that the light and heavy
chains are expressed in the host cell and, preferably, secreted into the medium in which
the host cells are cultures, from which medium the antibodies can be recovered.
Standard recombinant nucleic acid (DNA) methodologies are used to obtain antibody
heavy and light chain genes, incorporate these genes into recombinant expressions
vectors and introduce the vectors into host cells, such as those described in Sambrook,
Fritsch and Maniatis (eds), Molecular Cloning: A Laboratory Manual, Second Edition,
Cold Spring Harbor, New York, (1989), Ausubel, F. M. et al. (eds.) Current Protocols
in Molecular Biology, Greene Publishing Associates (1989) and in U.S. Patent No.
4,816,397.

To express the antibodies of the invention, nucleic acid molecules encoding the
light and heavy chain regions are first obtained. These nucleic acid molecules may be
obtained from the mouse hybridoma cell line expressing antibody 1-60-46 and
modified by means well known in the art (such as site-directed mutagenesis) to
generate antibodies of the present invention, including, for example, the antibodies
produced by CHO cell line 1-60-46 AM2 CHO 2-577 or CHO cell line 1-60-46 AM2
CHO 1-1157. A mouse hybridoma cell line expressing antibody 1-60-46 is available
from Astellas Pharma, Inc., Tokyo, Japan. The nucleic acid sequences of the VH and
VL genes of antibody 1-60-46 are shown in Figure 2 and SEQ ID NOS:43 and 45.

For example, once the 1-60-46 variable heavy (VH) and variable (VL) nucleic
acid fragments are obtained, these sequences or specific regions within these
sequences, such as the CDRs, can be mutated to encode the AM2 or AM2-related (See
Figures 6-7 and 10) amino acid sequences disclosed herein. The amino acid sequences
encoded by the 1-60-46 VH and VL DNA sequences are compared to the AM?2 or
AM2-related sequences to identify amino acid residues in the AM2-related sequences
that differ. The appropriate nucleotides of antibody 1-60-46 are mutated such that the
mutated sequence encodes the AM2 or AM2-related amino acid sequence, using the
genetic code to determine which nucleotide changes should be made. Mutagenesis of
1-60-46 sequences can be carried out by standard methods, such as PCR-mediated

mutagenesis (in which the mutated nucleic acids are incorporated into the PCR primers
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such that the PCR product contains the mutations) or site-directed mutagenesis.

Alternatively, in another aspect, nucleic acid molecules encoding the VH and
VL chains can be synthesized on a chemical synthesizer, using routine techniques
known to those in the art. For example, the VH and VL chains from the nucleic acid
molecules described in Section I1I can be chefnically synthesized using routine
techniques known in the art. Starting at the 3' terminal base which is attached to a
support, nucleotides are coupled in a step-wise fashion. Following the addition of the
most 5' nucleotide, the nucleotide is cleaved from the solid support and purified by
desalting followed by polyacrylamide gel electrophoresis (hereinafter “PAGE”)
(Midland Certified Reagents, Midland, TX).

Once nucleic acid fragments encoding AM2 or AM2-related VH and VL
segments are obtained (by amplification and mutagenesis of VH and VL genes, as
described above), these nucleic acid fragments can be further manipulated by standard
recombinant DNA techniques, for example to convert the variable region genes to an
antibody (such as, but not limited to, a full-length antibody chain genes, to Fab
fragment genes or to a scFv gene). In these manipulations, a VL- or VH-encoding
nucleic acid fragment is operatively linked to another nucleic acid fragment encoding
another protein, such as antibody constant region or a flexible linker. The term
“operatively linked”, as used in this context, is intended to mean that the two nucleic
acid fragments are joined such that the amino acid sequences encoded by the two
nucleic acid fragments remain in-frame.

In an alternative method, a scFv gene may be constructed with wildtype CDR
regions (such as those of antibody 1-60-46) and then mutated using techniques known
in the art.

The isolated nucleic acid molecule encoding the VH region can be converted to
a full-length heavy chain gene by operatively linking the VH-encoding nucleic acid
molecule to another nucleic acid molecule encoding heavy chain constant regions
(CH1, CH2 and CH3). The sequences of human heavy chain constant region genes are
known in the art (See for example, Kabat, E. A, et al., Sequences of Proteins of
Immunological Interest, Fifth Edition, U.S. Department of Health and Human Services,
NIH Publication No. 91-3242 (1991)). In another aspect, the present invention further

encompasses all known human heavy chain constant regions, including but not limited
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to, all known allotypes of the human heavy chain constant region. Nucleic acid
fragments encompassing these regions can be obtained by standard PCR amplification.
The heavy chain constant region can be an IgG1, IgG2, 1gG3, IgG4, IgA, IgE, IgM or
IgD constant region.

The isolated nucleic acid molecule encoding the VL region can be converted to
a full-length light chain gene (as well as a Fab light chain gene) by operatively linking
the VL-encoding nucleic acid molecule to another nucleic acid molecule encoding the
light chain constant region, CL. The sequences of human light chain constant region
genes are known in the art (see e.g., Kabat, E.A., et al., Sequences of Proteins of
Immunological Interest, Fifth Edition, U.S. Department of Health and Human Services,
NIH Publication No. 91-3242 (1991)). The present invention encompasses all known
human light chain constant regions, including but not limited to, all known allotypes of
the human light chain constant region. Nucleic acid fragments encompassing these
regions can be obtained by standard PCR amplification. The light chain constant region
can be a kappa or lambda constant region, but most preferably is a kappa constant
region.

It is to be understood that the specific designations of FR and CDR regions
within a particular heavy or light chain region may vary depending on the convention
or numbering system used to identify such regions (e.g. Chothia, Kabat, Oxford
Molecular’s AbM modeling software, all of which are known to those of ordinary skill
in the art). For the purposes of the present invention, the Oxford Molecular’s AbM
modeling software numbering system is used.

To create a scFv gene, the VH- and VL-encoding nucleic acid fragments are
operatively linked to another fragment encoding a flexible linker, such as, a linker that
is encoded by the amino acid sequence GPAKELTPLKEAKVS (SEQ ID NO:36).
Examples of other linker sequences that can be used in the present invention can be
found in Bird et al., Science 242:423-426 (1988), Huston et al., Proc. Natl. Acad. Sci.
USA 85:5879-5883 (1988) and McCafferty et al., Nature, 348:552-554 (1990).

To express the antibodies, or antibody portions of the invention, nucleic acid
molecules encoding partial or full-length light and heavy chains, obtained as described
above, are inserted into expression vectors such that the genes are operatively linked to

transcriptional and translational control sequences. In this context, the term
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“operatively linked” is intended to mean that an antibody gene is ligated into a vector
such that transcriptional and translational control sequences within the vector serve
their intended function of regulating the transcription and translation of the antibody
gene. The expression vector and expression control sequences are chosen to be
compatible with the expression host cell used. The antibody light chain gene and the
antibody heavy chain gene can be inserted into separate vectors or, more typically, both
genes are inserted into the same expression vector. The antibody genes are inserted
into the expression vector by standard methods (for example, ligation of
complementary restriction sites on the antibody gene fragment and vector, or blunt end
ligation if no restriction sites are present). Prior to the insertion of the light or heavy
chain sequences, the expression vector may already carry antibody constant region
sequences. For example, one approach to converting the VH and VL sequences to full-
length antibody genes is to insert them into expression vectors already encoding heavy
chain constant and light chain constant regions, respectively, such that the VH segment
is operatively linked to the CH “segment” within the vector and the VL segment is
operatively linked to the CL segment within the vector. Additionally or alternatively,
the recombinant expression vector can encode a signal peptide that facilitates secretion
of the antibody chain from a host cell. The antibody chain gene can be cloned into the
vector such that the signal peptide is linked in-frame to the amino terminus of the
antibody chain gene. The single peptide can be an immunoglobin signal peptide or a
heterologous signal peptide (i.¢., a signal peptide from a non-immunoglobulin protein).
In addition to the antibody chain genes, the recombinant expression vectors can
carry regulatory sequences that control the expression of the antibody chain genes in a
host cell. The term “regulatory sequence” is intended to include promoters, enhancers
and other expression control elements (e.g., polyadenylation signals) that control the
transcription or translation of the antibody chain genes. Such regulatory sequences are
described, for example, in Goeddel; Gene Expression Technology. Methods in
Enzymology 185, Academic Press, San Diego, Calif. (1990). It will be appreciated by
those skilled in the art that the design of the expression vector, including the selection
of regulatory sequences may depend on such factors as the choice of the host cell to be
transformed, the level of the expression of protein desired, etc. Preferred regulatory

sequences for mammalian host cell expression include viral elements that direct high
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levels of protein expression in mammalian ceils, such as promoters and/or enhancers
derived from cytomegalovirus (hereinafter “CMV”) (such as the CMV
promoter/enhancer), Simian Virus 40 (hereinafter “SV40”) (such as the SV40
promoter/enhancer), adenovirus, (such as the adenovirus major late promoter
(“AdMLP”)) and polyoma. For further description of viral regulatory elements, and
sequences thereof, see for example, U.S. Patent No. 5,168,062, U.S. Patent No.
4,510,245 and U.S. Patent No. 4,968,615.

In addition to the antibody chain genes and regulatory sequences, recombinant
expression vectors may carry additional sequences, such as sequences that regulate
replication of the vector in host cells (e.g., origins of replication) and selectable marker
genes. The selectable marker gene facilitates selection of host cells into which the
vector has been introduced (See, for example, U.S. Patent Nos. 4,399,216, 4,634,665
and 5,179,017). For example, typically the selectable marker gene confers resistance to
drugs, such as G418, hygromycin or methotrexate, on a host cell into which the vector
has been introduced. Preferred selectable marker genes include the dihydrofolate
reductase (hereinafter “DHFR”) gene for use in dhfr-host cells with methotrexate
selection/amplification and the neomycin (hereinafter “neo”) gene for G418 selection.

For expression of the light and heavy chains, the expression vector(s) encoding
the heavy and light chains are transfected into a host cell by standard techniques. The
various forms of the term “transfection” are intended to encompass a wide variety of
techniques commonly used for the introduction of exogenous DNA into a prokaryotic
or eukaryotic host cell, e.g., electroporation, calcium-phosphate precipitation, DEAE-
dextran transfection and the like. Although it is theoretically possible to express the
antibodies of the invention in either prokaryotic or eukaryotic host cells, expression of
antibodies in eukaryotic cells, and most preferably mammalian host cells, is the most
preferred because such eukaryotic cells, and in particular mammalian cells, are more
likely than prokaryotic cells to assemble and secrete a properly folded and
immunologically active antibody. Prokaryotic expression of antibody genes has been
reported to be ineffective for production of high yields of active antibody (See, Boss,
M. A. and Wood, C. R., Immunology Today 6:12-13 (1985)).

Preferred mammalian host cells for expressing the recombinant antibodies of

the invention include the CHO cells (including dhfr-CHO cells, described in Urlaub
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and Chasin, Proc. Natl. Acad. Sci. USA 77:4216-4220 (1980), used with a DHFR
selectable marker, for example, as described in R.J. Kaufman and P.A. Sharp, Mol.
Biol. 159:601-621 (1982)), NSO myeloma cells, COS cells, HEK-293 cells, and SP2
cells. When recombinant expression vectors encoding antibody genes are introduced
into mammalian host cells, the antibodies are produced by culturing the host cells for a
period of time sufficient to allow for expression of the antibody in the host cells or,
more preferably, secretion of the antibody into the culture medium in which the host
cells are grown. Antibodies can be recovered from the culture medium using standard
protein purification methods.

Host cells can also be used to produce portions of intact antibodies, such as Fab
fragments, F(ab’) fragments or scFv molecules. It will be understood that variations on
the above procedure are within the scope of the present invention. For example, it may
be desirable to transfect a host cell with nucleic acid molecule encoding either the light
chain or the heavy chain (but not both) of an antibody of the present invention.
Recombinant DNA technology may also be used to remove some or all of the nucleic
acid molecules encoding either or both of the light and heavy chains that are not
necessary for binding to at least one epitope on at least one immunosuppressive agent.
The molecules expressed from such truncated nucleic acid molecules also are
encompassed by the antibodies of the invention.

In a preferred system for recombinant expression of an antibody, or antigen
binding portion thereof, of the invention, a recombinant expression vector encoding
both the antibody heavy chain and the antibody light chain is introduced into dhfr-CHO
cells by liposome-mediated transfection. Within the recombinant expression vector, the
antibody heavy and light chain genes are each operatively linked to CMV
enhancer/AMLP promoter regulatory elements to drive high levels of transcription of
the genes. The recombinant expression vector also carries a DHFR gene, which allows
for selection of CHO cells that have been transfected with the vector. Cells were
cultured in medium without hypoxanthine and thymidine to obtain those CHO cells that
have acquired the DHFR gene from the transfecting vector. Antigen specific screening
methods were used to identify those clones that expressed the highest quantity of
antibody. Those individual clones were expanded and were routinely re-screened.

Two cell lines were chosen for further characterization, Tacrolimus 1-60-46 AM2 CHO
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2-577 and Tacrolimus 1-60-46 AM2 CHO 1-1157. The selected transformant host cells
are cultured to allow for expression of the antibody heavy and light chains and intact
antibody is recovered from the culture medium. Standard molecular biology techniques
are used to prepare the recombinant expression vector, transfect the host cells, select for
transformants, culture the host cells and recover the antibody from the culture medium.

In view of forgoing, another aspect of the invention pertains to nucleic acid,
vector and host cell compositions that can be used for recombinant expression of the
antibodies and antibody portions of the invention. The amino acid sequence encoding
the heavy chain CDR 2 region of AM2 and variants thereof is shown in SEQ ID
NO:16. The amino acid sequence encoding the AM2 light chain CDR 1 region is
shown in SEQ ID NO:22. The amino acid sequence encoding the AM2 light chain
CDR 3 is shown in SEQ ID NO:23.

V. Selection of Recombinant Antibodies

The antibodies of the present invention, including the AM2 or AM2-related
antibodies disclosed herein, can be isolated by screening of a combinatorial antibody
library. The combinatorial antibody library can be prepared using bio-display
techniques known in the art, such as, but not limited to, phage display, bacterial
display, ribosomal/mRNA display, DNA display and in vitro
compartmentalization. For example, the combinatorial antibody library is a
recombinant combinatorial library, such as a scFv yeast display library, prepared
using murine, chimeric, humanized or human VL and VH cDNAs. Methodologies for
preparing and screening such libraries are known in the art. In addition to commercially
available vectors for generating yeast display libraries (such as, the pYD1 vector,
Invitrogen, Carlsbad, California) examples of methods and reagents particularly
amenable for use in generating and screening antibody display libraries can be found in,
for example, Boder E.T. and Wittrup K.D., Yeast surface display for directed evolution
of protein expression, affinity, and stability, Methods Enzymol., 328:430-44 (2000),
Boder E.T. and Wittrup K.D., Yeast surface display for screening combinatorial
polypeptide libraries, Nat Biotechnol. 15(6):553-7 (June 1997) and Hawley and
Hawley, eds., Methods in Molecular Biology: Flow Cytometry Protocols, 2nd ed.,
Humana Press, Totowa, NJ, pages 311-332 (2004).
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In a preferred embodiment, to isolate antibodies with high binding affinity, such
as any of the antibodies described in Section II herein, an antibody that is known to
immunospecifically bind to at least one epitope on at least one immunosuppressive
agent is first used to generate murine heavy and light chain sequences expressed as
scFvs on the surface of yeast (preferably, Saccharomyces cerevisiae). These antibody
(such as antibody produced by hybridoma cell line 1-60-46) scFvs are analyzed to
determine the disassociation rate constant (namely, the ko or kg) of these antibodies.
Such constructs then are screened, preferably using biotinylated-tacrolimus antigen
(hereinafter referred to as “bt-tacro”). The disassociation rate constant data can then be
plotted as mean fluorescence intensity (“MFI”) versus time (in seconds). A first order
decay equation can be used to fit the data. An example of such a formula that can be
used is:

y=ml*exp(-m2*M0)+m3

where m1 is the maximum fluorescence at time zero (*= multiplication and exp
= exponential);

where m2 is the dissociation rate constant (the formula for determining off-rate
is well known to those skilled in the art);

where MO is time x (x being the time that is being measured); and

where m3 is the background being generated from the system.

The dissociation rate constant data can be used to identify antibodies of the
present invention with improved dissociation rates from mutagenic libraries.

The VH and VL segments of the preferred VH/VL pair(s) can be randomly
mutated, preferably within the CDR 2 region of VH, the CDR 1 region and/or CDR 3
region of VL in a process analogous to the in vivo somatic mutation process responsible
for affinity maturation of antibodies during a natural immune response. This in vitro
affinity maturation can be accomplished by replacing a portion of each CDR with a
degenerate single-stranded oligonucleotide encoding three amino acids within the CDR
being targeted. The replacement of a portion of each CDR with a new randomized
sequence (up to 8000 possibilities) can be accomplished by homologous recombination

in yeast (see, for example, Example 4). These randomly mutated VH and VL segments

can be analyzed for binding to at least one epitope on at least one immunosuppressive

agent in the context of a scFv. ScFvs exhibiting an improved fluorescence and that (a)
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in the presence of a physiological diluent (PBS (pH 7.4) and 1% BSA), bind to at least
one epitope on at least one immunosuppressive agent and have a kq of less than 1.3 x
107 /sec, preferably with a kg ranging from 1.29 x 10 /sec and 1.0 x 10 /sec, and more
preferably, with a kq ranging from 1.29 x 10 /sec and 1.0 x 10° /sec; or (b) in the
presence of at least one selection diluent, bind to at least one epitope on at least one
immunosuppressive agent and have a kq of less than 9.38 x 10 /sec, preferably with a
kq ranging from 9.37 x 10 /sec and 1.0 x 10 /sec, and more preferably with a kg
ranging from 9.37 x 10®/sec and 1.0 x 10° /sec, can then be isolated and the CDR
mutation identified by sequencing.

To further increase the binding affinity, individual mutations isolated from the
mutagenic libraries described above are combined. In a preferred embodiment, scFv
genes containing the different mutations obtained in CDR 2 region of the VH gene
coupled with different mutations obtained in CDR 1 region of the VL gene and/or
different mutations obtained in CDR 3 region of the VL gene are constructed. As
another embodiment, scFv genes containing different mutations obtained in CDR 1
region of the VL gene and different mutations obtained in CDR 3 region of the VL
gene are constructed. The genetic manipulations to create these mutant combinations
use techniques known in the art. The combination mutant scFv clones exhibiting an
improved fluorescence and that (a) in the presence of at least one physiological diluent
(PBS (pH 7.4) and 1% BSA), bind to at least one epitope on at least one
immunosuppressive agent and have a kg of less than 1.3 x 10" /sec, preferably with a kg
ranging from 1.29 x 10 /sec and 1.0 x 10" /sec, and more preferably, with a kq ranging
from 1.29 x 10™/sec and 1.0 x 107 /sec; or (b) in the presence of at least one selection
diluent, after exposure to at least one selection diluent, or after incubation with at least
one selection diluent, bind to at least one epitope on at least one immunosuppressive
agent and have a kg of less than 9.38 x 10 /sec, preferably with a kq ranging from 9.37
x 10™/sec and 1.0 x 10" /sec, and more preferably with a k4 ranging from 9.37 x 10*
/sec and 1.0 x 107 /sec, can then be characterized and the CDR mutations verified by
sequencing.

Following screening of a recombinant scFv display library, clones having the
desired characteristics are selected for conversion. Nucleic acid molecules encoding

the selected antibody can be recovered from the display package (for example, from the
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. yeast expression vector) and subcloned into other expression vectors by standard

recombinant DNA techniques. If desired, the nucleic acid can be further manipulated
to create other antibody forms of the invention (for example, linked to nucleic acid
encoding additional immunoglobulin domains, such as additional constant regions). To
express a recombinant human antibody isolated by screening of a combinatorial library,
the DNA encoding the antibody is cloned into a recombinant expression vector and
introduced into a mammalian host cells, as described in further detail in Section IV

above.

VL Diagnostic Immunoassays

In another aspect, the present invention relates to diagnostic immunoassays that
can be used for the qualitative and/or quantification of at least one immunosuppressive
agent (namely, an analyte) in a test sample. The diagnostic immunoassays of the
present invention can be conducted using any format known in the art, such as, but not
limited to, a competitive inhibition format (including both forward and reverse
competitive inhibition assays) or a fluorescence polarization format.

In diagnostic immunoassays for the qualitative detection of at least one
immunosuppressive agent in a test sample, at least one antibody that binds to at least
one epitope of at least one immunosuppressive agent thereof is contacted with at least
one test sample suspected of containing or that is known to contain at least one
immunosuppressive agent to form an antibody-immunosuppressive agent immune
complex. The antibodies described in Section II herein can be used in such
immunoassays to form such antibody-immunosuppressive agent immune complexes in
at least one test sample. These immune complexes can then detected using routine
techniques known to those skilled in the art. For example, the antibody of the present
invention can be labeled with a detectable label to detect the presence antibody-
immunosuppressive agent complex. Alternatively, at least one immunosuppressive
agent in the test sample can be labeled with a detectable label and the resulting
antibody-immunosuppressive agent immune complexes detected using routine
techniques known to those skilled in the art. Detectable labels and their attachment to

antibodies are discussed in more detail infra.
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The inventors have discovered that a diagnostic immunoassay can be performed
using the antibodies of the present invention. More specifically, the antibodies of the
present invention can be used in said immunoassay. Preferably, the antibody of the
present invention, as an immunoglobulin, specifically binds to at least one epitope on at
least one immunosuppressive agent with (a) a Kp less than 1.9 x 10" M, preferably a
Kp between 1.89 x 107! M to 1.0 x 10™"* M and most preferably, a Kp between 1.89 x
10" M to 1.0 x 10™'2 M when said antibody has not been exposed to, incubated with or
is in the presence of at least one selection diluent; or (b) a Kp less than 1.52 x 1010 M,
preferably a Kp between 1.51 x 10" M to 1.0 x 10! M, and, most preferably, a Kp
between 1.51 x 10" M to 1.0 x 10™"! M with a when said antibody has been exposed to,
incubated with or is in the presence of at least one selection diluent (the antibody may
be exposed to or incubated with at least one selection diluent either prior to or during
the immunoassay, the timing of the exposure or incubation is not critical). As an scFv,
the antibody of the present invention specifically binds to at least one epitope on at
least one immunosuppressive agent with (a) a kg of less than 1.3 x 10" /sec, preferably
with a kq ranging from 1.29 x 10 /sec and 1.0 x 10°®/sec, and more preferably, with a
kq ranging from 1.29 x 10™*/sec and 1.0 x 10”° /sec when said antibody has not been
exposed to, incubated with or is in the presence of at least one selection diluent; or (b) a
kg of less than 9.38 x 10 /sec, preferably with a kg ranging from 9.37 x 10™*/sec and
1.0 x 10" /sec, and more preferably with a kg ranging from 9.37 x 10*/sec and 1.0 x 10"
3 /sec when said antibody has been exposed to, incubated with or is in the presence of at
least one selection diluent (the antibody may be exposed to or incubated with at least
one selection diluent either prior to or during the immunoassay, the timing of the
exposure or incubation is not critical).

In a preferred embodiment, an aliquot of a labeled antigen of at least one
immunosuppressive agent of a known concentration is used to compete with at least
one immunosuppressive agent in a test sample for binding to an antibody (such as an
antibody of the present invention) in a forward competitive assay format. Antigens of
immunosuppressive agents and methods of making said antigens are well known in the
art and are commercially available. The immunosuppressive agent or antigen of said
immunosuppressive agent can be labeled with any detectable label known to those

skilled in the art. For example, but not limiting, the detectable label can be a
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radioactive label, such as, °H, '%1, *°S, e, 32P, 33P, an enzymatic label, such as
horseradish peroxidase, alkaline peroxidase, glucose 6-phosphate dehydrogenase, etc.,
a chemiluminescent label, such as, acridinium esters, luminal, isoluminol, thioesters,
sulfonamides, phenanthridinium esters, etc. a fluorescence label, such as, fluorescein
(5-fluorescein, 6-carboxyfluorescein, 3’6-carboxyfluorescein, 5(6)-carboxyfluorescein,
6-hexachloro-fluorescein, 6-tetrachlorofluorescein, fluorescein isothiocyanate, etc.),
rhodamine, phycobiliproteins, R-phycoerythrin, quantum dots (zinc sulfide-capped
cadmium selenide), a thermometric label or an immuno-polymerase chain reaction
label. An introduction to labels, labeling procedures and detection of labels is found in
Polak and Van Noorden, Introduction to Immunocytochemistry, 2™ ed., Springer
Verlag, N.Y. (1997) and in Haugland, Handbook of Fluorescent Probes and Research
Chemicals (1996), which is a combined handbook and catalogue published by
Molecular Probes, Inc., Eugene, Oregon For example, as described in the Examples
herein, biotinylated-tacrolimus or acridinium-tacrolimus antigen can also be used in
said competitive formats.

In a forward competition assay, an immobilized antibody (such as an antibody
of the present invention) can either be sequentially or simultaneously contacted with the
test sample and a labeled immunosuppressive agent or antigen of an
immunosuppressive agent. The immunosuppressive agent or antigen of said
immunosuppressive agent can be labeled with any detectable label known to those
skilled in the art. In this assay, the antibody of the present invention can be
immobilized on to a solid support. Moreover, if necessary, the solid support can be
derivatized to allow reactivity with various functional groups on the antibody. Such
derivatization requires the use of certain coupling agents such as, but not limited to,
maleic anhydride, N-hydroxysuccinimide and 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide. Alternatively, the antibody of the present
invention can be coupled to an antibody, such as an antispecies antibody, that has been
immobilized on to a solid support, such as a microparticle (See, Example 9).

The labeled immunosuppressive agent or antigen of said immunosuppressive
agent, the test sample and the antibody are incubated in order to allow for the formation
of an antibody (or multiple antibody)-immunosuppressive agent complex. The

incubation can be carried out at a pH of from about 4.5 to about 10.0, at a temperature
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of from about 2°C to about 45°C, and for a period from at least about one (1) minute to
about eighteen (18) hours, preférably from about 1-24 minutes, most preferably from
about 4-18 minutes. Two different species of antibody-immunosuppressive agent
complexes are then generated. Specifically, one of the antibody-immunosuppressive
agent complexes generated contains a detectable label while the other antibody-
immunosuppressive agent complex does not contain a detectable label. The antibody-
immunosuppressive agent complex can be, but does not have to be, separated from the
remainder of the test sample prior to quantification of the detectable label. Regardless
of whether the antibody-immunosuppressive agent complex is separated from the
remainder of the test sample, the amount of detectable label in the antibody-
immunosuppressive agent complex is then quantified. For example, if an enzymatic
label is used, the labeled complex is reacted with a substrate for the label that gives a
quantifiable reaction such as the development of color. If the label is a radioactive
label, the label is quantified using a scintillation counter. If the label is a fluorescent
label, the label is quantified by stimulating the label with a light of one color (which is
known as the “excitation wavelength”) and detecting another color (which is known as
the “emission wavelength”) that is emitted by the label in response to the stimulation.
If the label is a chemiluminescent label, the label is quantified detecting the light
emitted either visually or by using luminometers, x-ray film, high speed photographic
film, a CCD camera, etc. The concentration of at least one immunosuppressive agent in
the test sample can then be determined by comparing the quantity of detectable label in
the antibody-immunosuppressive agent complex to a standard curve. The standard
curve can be generated using serial dilutions of at least one immunosuppressive agent
of known concentration, by mass spectroscopy, gravimetrically and by other techniques
known in the art.

The antibody-immunosuppressive agent complex can be separated from the test
sample by binding the antibody to a solid support, such as the solid supports, and then
removing the remainder of the test sample from contact with the solid support. For
example, if the at least first antibody is bound to a solid support, such as a well or a
bead, separation can be accomplished by removing the fluid (from the test sample)

from contact with the solid support.
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In a reverse competition assay, an immobilized immunosuppressive agent or an
antigen of said immunosuppressive agent can either be sequentially or simultaneously
contacted with a test sample and at least one labeled antibody. An example of an
antibody that specifically binds to at least one epitope on at least one
immunosuppressive agent is the antibody produced by CHO cell line 1-60-4 6 AM2
CHO 2-577 or CHO cell line 1-60-46 AM2 CHO 1-1157. The antibody can be labeled
with any detectable label known to those skilled in the art. The detectable label can be
bound to the antibodies either directly or through a coupling agent. An example of a
coupling agent that can be used is EDAC (1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide, hydrochloride) that is commercially available from Sigma-Aldrich, St.
Louis, MO. Other coupling agents that can be used are known in the art. Methods for
binding a detectable label to an antibody are known in the art. Additionally, many
detectable labels can be purchased or synthesized that already contain end groups that
facilitate the coupling of the detectable label to the antibody, such as, N10-(3-
sulfopropyl)-N-(3-carboxypropyl)-acridinium-9-carboxamide, otherwise known as
CPSP-Acridinium Ester or N10-(3-sulfopropyl)-N-(3-sulfopropyl)-acridinium-9-
carboxamide, otherwise known as SPSP-Acridinium Ester.

The immunosuppressive agent or an antigen of said immunosuppressive agent
can be bound to a solid support, such as the solid supports discussed above in
connection with the forward competitive format.

The immobilized immunosuppressive agent or antigen of said
immunosuppressive agent, test sample and at least one labeled antibody are incubated
under conditions similar to those described above in connection with the sandwich
assay format. Two different species immunosuppressive agent-antibody complexes are
then generated. Specifically, one of the immunosuppressive agent-antibody complexes
generated is immobilized and contains a detectable label while the other
immunosuppressive agent-antibody complex is not immobilized and contains a
detectable label. The non-immobilized immunosuppressive agent-antibody complex
and the remainder of the test sample are removed from the presence of the immobilized
immunosuppressive agent-antibody complex through techniques known in the art, such
as washing. Once the non-immobilized immunosuppressive agent antibody complex is

removed, the amount of detectable label in the immobilized immunosuppressive agent-
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antibody complex is then quantified. The concentration of at least one
immunosuppressive agent in the test sample can then be determined by comparing the
quantity of detectable label in the immunosuppressive agent-complex to a standard
curve. The standard curve can be generated using serial dilutions of at least one
immunosuppressive agent of known concentration, by mass spectroscopy,
gravimetrically and by other techniques known in the art.

In a fluorescence polarization assay, in one embodiment, an antibody or
functionally active fragment thereof is first contacted with an unlabeled test sample
suspected of containing at least one immunosuppressive agent to form an unlabeled
immunosuppressive agent-antibody complex. The unlabeled immunosuppressive
agent-antibody complex is then contacted with a fluorescently labeled
immunosuppressive agent or antigen of said immunosuppressive agent. The labeled
immunosuppressive agent or antigen of said immunosuppressive agent competes with
any unlabeled at least one immunosuppressive agent in the test sample for binding to
the antibody or functionally active fragment thereof. The amount of labeled
immunosuppressive agent-antibody complex formed is determined and the amount of
immunosuppressive agent in the test sample determined via use of a standard curve.

Preferably, the antibody used in a fluorescence polarization assay specifically
binds to an at least one epitope on an immunosuppressive agent. An example of an
antibody that specifically binds to at least one epitope on at least one
immunosuppressive agent is the antibody produced by CHO cell line 1-60-46 AM?2
CHO 2-577 or CHO cell line 1-60-46 AM2 CHO 1-1157.

The antibody, labeled immunosuppressive agent or labeled antigen of said
immunosuppressive agent and test sample and at least one labeled antibody are
incubated under conditions similar to those described above in connection with the
forward competitive assay format.

Alternatively, in another embodiment, an antibody or functionally active
fragment thereof is simultaneously contacted with a fluorescently labeled
immunosuppressive agent or an antigen of an immunosuppressive agent and an
unlabeled test sample suspected of containing at least one immunosuppressive agent
thereof to form both labeled immunosuppressive agent-antibody complexes and

unlabeled immunosuppressive agent -antibody complexes. The amount of labeled
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immunosuppressive agent -antibody complex formed is determined and the amount of
immunosuppressive agent in the test sample determined via use of a standard curve.
The antibody used in this immunoassay specifically binds to at least one epitope on at
least one immunosuppressive agent. An example of an antibody that specifically binds
to at least one epitope on at least one immunosuppressive agent is the antibody
produced by CHO cell line 1-60-46 AM2 CHO 2-577 or CHO cell line 1-60-46 AM2
CHO 1-1157.

Alternatively, in yet another embodiment, an antibody (such as antibody of the
present invention, such as an antibody produced by CHO cell line 1-60-46 AM2 CHO
2-577 or CHO cell line 1-60-46 AM2 CHO 1-1157) or functionally active fragment
thereof is first contacted with a fluorescently labeled immunosuppressive agent or an
antigen from said immunosuppressive agent to form a labeled immunosuppressive
agent-antibody cbmplex. The labeled immunosuppressive agent-antibody complex is
then contacted with an unlabeled test sample suspected of containing an
immunosuppressive agent or an antigen of an immunosuppressive agent. Any
unlabeled at least one immunosuppressive agent in the test sample competes with the
labeled immunosuppressive agent or an antigen of an immunosuppressive agent for
binding to the antibody or functionally active fragment thereof. The amount of labeled
immunosuppressive agent-antibody complex formed is determined the amount of
immunosuppressive agent in the test sample determined via use of a standard curve.
The antibody used in this immunoassay specifically binds to at least one epitope on at
least one immunosuppressive agent. An example of an antibody that specifically binds
to at least one epitope on at least one immunosuppressive agent is the antibody
produced by CHO cell line 1-60-46 AM2 CHO 2-577 or CHO cell line 1-60-46 AM2
CHO 1-1157.

VII. Methods for Selecting Antibodies and Specific Binding Partners

The present invention also provides methods for selecting an antibody or a
specific binding partner. The selected antibody or specific binding partner selected
pursuant to the methods described herein can be used in a diagnostic immunoassay for

detecting an analyte in a test sample, quantifying the amount of analyte in a test sample,

59



10

15

20

25

30

WO 2008/054517 PCT/US2007/010076

or detecting an analyte in a test sample and quantifying the amount of analyte in a test
sample.

In one aspect, the present invention relates to methods for selecting an antibody
(such as, an affinity maturated antibody). The method involves contacting at least one
antibody with a sample in the presence of at least one selection diluent. Alternatively,
the method involves first incubating the at least one antibody with at least one selection
diluent and then contacting the at least one antibody with the sample. The order in
which the at least one antibody, sample and at least one selection diluent or, in the case
of a prior incubation, the at least one antibody and at least one selection diluent,
followed by the at least one antibody and the sample, are contacted is not critical and
can be performed sequentially or simultaneously. Additionally, the amount of
antibody, sample or both, used in the method is not critical. Optionally, before the
sample is exposed to the at least one selection diluent, at least one physiological diluent
may be added to the test sample (the amount of a physiological diluent to be added to a
test sample can be readily determined by those skilled in the art) in order to |
approximate, mimic or simulate the in vivo physiological conditions of the subject from
whom the sample was derived (in other words, to make the test sample more
“physiological like”). If said sample is exposed to at least one physiological diluent,
once the at least one selection diluent is added to the test sample or once the test sample
is exposed to the at least one selection diluent, it is expected that the at least one
selection diluent will change the conditions of the test sample and make it “non-
physiological”. For example, if at least one physiological diluent is added to a test
sample, the addition of at least one selection diluent to the test sample may raise or
lower the pH of the test sample, increase the amount of sodium or potassium salt in the
test sample, increase the amount of solvent in the test sample, etc.

The sample used in the method is the source of an analyte containing at least
one epitope of interest. The sample can be a test sample from a subject or may not be
derived from a subject but nonetheless comprises the analyte containing the at least one
epitope of interest. The sample may comprise, but not be limited to, antibodies,
antigens, haptens, hormones, drugs, enzymes, receptors, proteins, peptides,
polypeptides, oligonucleotides or polynucleotides of interest. For example, the sample

may be an immunosuppressive agent, such as tacrolimus or cyclosporine (namely, the
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drug itself). Alternatively, the sample may be a whole blood sample obtained from a
subject that contains tacrolimus or cyclosporine. Alternatively, the sample may contain
an avidin-labeled protein.

The at least one antibody selected for testing in the method described herein is
known by one skilled in the art to bind to at least one epitope of interest (Namely, the at
least one antibody is known to be a specific binding partner for the analyte (antigen)
containing the epitope of interest). Preferably, the antibody and the antigen are part of
a specific binding pair. For example, the sample may be tacrolimus (namely, the drug
itself). The antibody may be an antibody produced from hybridoma cell line 1-60-46,
CHO cell line 1-60-46 AM2 CHO 2-577 or CHO cell line 1-60-46 AM2 CHO 1-1157
as described herein, which binds to tacrolimus. It is preferred, although not necessary,
that prior to performing the method described herein, that the equilibrium dissociation
constant (Kp), disassociation rate constant (kg), association rate constant (k,) or
functional activity of the at least one antibody be tested in the method, in the presence
and absence of the selection diluent, be determined to serve as a baseline measurement.

Preferably, the selection diluent selected for use in the method described herein
(a) is known by one skilled in the art to increase the Kp (and thus decrease the k, and/or
increase the ky) of the at least one antibody being tested in the method or is believed by
said skilled person to likely increase the Kp of the at least one antibody being tested in
the method; (b) is known by one skilled in the art to lower the functional activity of the
at least one antibody being tested in the method or is believed by said skilled person
likely to lower the functional activity of the at least one antibody being tested in
method, if said at least one antibody were to be incubated with or used with or in the
presence of said selection diluent (such as, but not limited to, being used prior to or
during an diagnostic immunoassay); or (c) any combinations of (a)-(b).

Assay extraction buffers containing one or more organic solvents, such as a
combination of 90% methanol and 10% ethylene glycol (and optionally, 100 mM zinc
sulfate), are used to extract tacrolimus from a whole blood test sample obtained from a
subject receiving this immunosuppressive agent as a part of the subject’s treatment.
The inventors of the present invention discovered that these assay extraction buffers
that are employed in diagnostic immunoassays alter the Kp functional activity or both

the Kp and functional activity of one or more antibodies used in said immunoassay.
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Therefore, it is preferred that in the method described herein that the selection diluent
be used to approximate, simulate or mimic the reaction conditions of a diagnostic
immunoassay. By using the selection diluent to approximate, simulate or mimic the
reaction conditions of a diagnostic immunoassay, the method of the present invention
allows one skilled in the art to select an antibody that will exhibit a higher affinity or
functional activity in a diagnostic immunoassay than antibodies that are not selected
pursuant to this method.

In order to facilitate the method, all or only a portion of the at least one antibody
used in the method may be expressed using the techniques described in Sections IV and
V herein (such as bio-display) in such a way to couple the phenotype of said antibody
with the genotype of said antibody. Preferably, this allows the gene of said antibody
displaying a trait of interest (for example, decreased dissociation rate in presence of an
organic solvent) to be isolated after application of a selective pressure, namely
incubation with a selection diluent resulting in non-physiological conditions or

containing a binding competitor. Additionally, recombinant libraries introducing

_ various changes into the starting antibody gene sequence can be constructed using

methods known to those skilled in the art and also described in Sections IV and V
herein. The sample used in the method may be immobilized to a solid support, such as,
but not limited to, an absorbent polymer present in enzyme immunoassay (“EIA”) plate
or other matrices such as, but not limited to, Sepharose or glass; may be expressed
(such as in native or recombinant forms) on cell surface of natural or recombinant cell
line by means known to those skilled in the art. Alternatively, the sample may not be
immobilized but may simply be present in solution. Additionally, the at least one
antibody, sample or both can be labeled with a detectable label using the techniques
described in Section V1.

The at least one antibody, sample and at least one selection diluent or the at
least one antibody and sample (if the antibody is previously incubated with the at least
one selection diluent) are allowed to incubate in order to allow for the formation of
antibody (or multiple antibody)-analyte complexes, analyte-antibody complexes or
combinations of antibody(multiple antibody)-analyte and analyte-antibody complexes.

The incubation can be carried out at a pH of from about 4.5 to about 10.0, at a
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temperature of from about 2°C to about 45°C, and for a period from at least about one
(1) minute to about forty-eight (48) hours.

After incubation, those antibodies displaying phenotypic enhancements for the
desired trait are selectively enriched after removal of unwanted antibodies. Unwanted
antibodies can be removed by washing by virtue of their inability to bind immobilized
sample to the same degree as antibodies having enhanced phenotypic properties.
Alternatively, antibodies displaying phenotypic enhancements for the desired trait can
be enriched from unwanted antibodies using a reporter system as described in Section
VI to identify desired antibodies and enable subsequent separation from unwanted
antibodies. A preferred, but not limiting, embodiment uses fluorescence-activated cell
sorting (“FACS”), in conjunction with fluorescently labeled sample, to selectjvely
identify and isolate antibodies with desired phenotypic enhancements. Unlabeled
sample can also be used to identify and isolate antibodies with desired phenotypic
enhancements in conjunction with FACS if a second fluorescently labeled reagent
capable of binding to a non-overlapping epitope on the sample is available. Typically,
the enriched clones with the enhanced phenotypic trait are amplified and the selection
process is repeated for further enrichment and refinement.

After multiple rounds of selection as described above, the Kp, kg, k, or
functional activity of the at least one antibody or combinations thereof can be
determined using routine techniques known in the art. For example, the Kp, kq or k,
can be determined using KinExA® or Biacore® assays. Methods for determining the
functional activity of an antibody are also well known in the art and include, but are not
limited to, KinExA® and Biacore® assays, radioimmunoassays (“RIAs”), enzyme
immunoassays (“EIAs”), chemiluminescent immunoassays (‘“CIAs”), fluorescence
correlation spectroscopy (“FCS”), fluorescence-activated cell sorting (“FACS”) or
fluorescence polarization immunoassay (“FPIA”). The antibody that exhibits the best
Kb, kg or k, or functional activity in the presence of the selection diluent when
compared to the other antibodies tested (and optionally, the baseline measurement) will
be deemed to be an improved antibody (for example, an affinity maturated antibody)
and selected for further development, such as use in a diagnostic immunoassay.

In second aspect, the present invention relates to methods for selecting a

specific binding partner for detecting an analyte in a test sample. The method involves
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contacting a specific binding partner with a sample in the presence of at least one
selection diluent. The order in which the specific binding partner, sample and at least
one selection diluent are contacted is not critical and can performed sequentially or
simultaneously. Additionally, the amount of the specific binding partner, or sample
used in the method is not critical.

The sample used in the method is the source of an analyte containing at least
one epitope of interest. The sample can be a test sample from a subject or may not be
derived from a subject but nonetheless comprises the analyte containing the at least one
epitope of interest. The sample may comprise, but not be limited to, antibodies,
antigens, haptens, hormones, drugs, enzymes, receptors, proteins, peptides,
polypeptides, oligonucleotides or polynucleotides of interest. For example, the sample
may be an immunosuppressive agent, such as tacrolimus or cyclosporine (namely, the
drug itself). Alternatively, the sample may be a whole blood sample obtained from a
subject that contains tacrolimus or cyclosporine.

The at least one specific binding partner selected for testing in the method
described herein is known by one skilled in the art to bind to at least one epitope of
interest contained in analyte in the test sample. For example, the sample may be
tacrolimus or cyclosporine (namely, the drug itself). The specific binding partner may
be proteins present in a test sample (such as serum), such as, but not limited to,
cyclophilin or FK binding protein (“FKBP”). It is preferred, although not necessary,
that prior to performing the method described herein, that the equilibrium dissociation
constant (Kp), disassociation rate constant (kg), association rate constant (k,) or
functional activity of the at least one specific binding partner be tested in the method, in
the presence and absence of the selection diluent, be determined to serve as a baseline
measurement.

Preferably, the selection diluent selected for use in the method described herein
(a) is known by one skilled in the art to increase the Kp (and thus decrease the k, and/or
increase the kg) of the at least one antibody being tested in the method or is believed by
said skilled person to likely increase the K of the at least one antibody being tested in
the method; (b) is known by one skilled in the art to lower the functional activity of the
at least one antibody being tested in the method or is believed by said skilled person

likely to lower the functional activity of the at least one antibody being tested in
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method, if said at least one antibody were to be incubated with or used with or in the
presence of said selection diluent (such as, but not limited to, being used prior to or
during an diagnostic immunoassay); or (c) any combinations of (a)-(b).

As previously described herein, assay extraction buffers containing one or more
organic solvents, such as a combination of 90% methanol and 10% ethylene glycol (and
optionally, 100 mM zinc sulfate), are used to extract tacrolimus from a whole blood test
sample obtained from a subject receiving this immunosuppressive agent as a part of the
subject’s treatment. Therefore, it is preferred that in the method described herein that
the selection diluent be used to approximate, simulate or mimic the reaction conditions
of a diagnostic immunoassay. By using the selection diluent to approximate, simulate
or mimic the reaction conditions of a diagnostic immunoassay, the method of the
present invention allows one skilled in the art to select an improved specific binding
partner that can be further evaluated for use in a diagnostic immunoassay.

In order to facilitate the method, all or only a portion of the at least one specific
binding partner used in the method may be expressed using the techniques described in
Sections IV and V herein in such a way to couple the phenotype of said antibody with
the genotype of said antibody. Preferably, this allows the gene of said specific binding
partner displaying a trait of interest (for example, decreased dissociation rate in
presence of an organic solvent) to be isolated after application of a selective pressure,
namely incubation with a selection diluent resulting in non-physiological conditions or
containing a binding competitor. Additionally, recombinant libraries introducing '
various changes into the starting specific binding partner gene sequence can be
constructed using methods known to those skilled in the art and also described in
Sections IV and V herein. The sample used in the method may be immobilized to a
solid support, such as, but not limited to, an absorbent polymer present in enzyme
immunoassay (“EIA”) plate or other matrices such as, but not limited to, Sepharose or
glass; may be expressed (such as in native or recombinant forms) on cell surface of
natural or recombinant cell line by means known to those skilled in the art.
Alternatively, the sample may not be immobilized but may simply be present in
solution. Additionally, the at least one specific binding partner, sample or both can be

labeled with a detectable label using the techniques described in Section VI.
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The specific binding partner, sample and at least one selection diluent are
allowed to incubate in order to allow for the formation of specific binding partner (or
multiple specific binding partner)-analyte complexes. The incubation can be carried
out at a pH of from about 4.5 to about 10.0, at a temperature of from about 2°C to about
45°C, and for a period from at least about one (1) minute to about forty eight (48)
hours.

After incubation, those specific binding partners displaying phenotypic
enhancements for the desired trait are selectively enriched after removal of unwanted
specific binding partners. Unwanted specific binding partners can be removed by
washing by virtue of their inability to bind immobilized sample to the same degree as
specific binding partners having enhanced phenotypic properties. Alternatively,
specific binding partners displaying phenotypic enhancements for the desired trait can
be enriched from unwanted specific binding partners using a reporter system as
described in Section VI to identify desired specific binding partners and enable |
subsequent separation from unwanted specific binding partners. A preferred, but not
limiting, embodiment uses fluorescence-activated cell sorting (“FACS”), in conjunction
with fluorescently labeled sample, to selectively identify and isolate specific binding
partners with desired phenotypic enhancements. Unlabeled sample can also be used to
identify and isolate specific binding partners with desired phenotypic enhancements in
conjunction with FACS if a second fluorescently labeled reagent capable of binding to
a non-overlapping epitope on the sample is available. Typically, the enriched clones
with the enhanced phenotypic trait are amplified and the selection process is repeated
for further enrichment and refinement.

After multiple rounds of selection as described above, the Kp, kg, k, or
functional activity of the specific binding partners which have formed the specific
binding partner-analyte complexes can be determined using routine techniques known
in the art. For example, the Kp, kg or k, can be determined using KinExA® or
Biacore® assays. Methods for determining the functional activity of a specific binding
partner are also well known in the art and include, but are not limited to, KinExA® and
Biacore® assays, radioimmunoassays, enzyme immunoassays, chemiluminescent
immunoassays, fluorescence correlation spectroscopy, fluorescent-activated cell

sorting, fluorescence-activated cell sorting or fluorescence polarization immunoassay.
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The specific binding partner that exhibits the best Kp, kg or k, or functional activity in
binding to the analyte when compared to the other specific binding partners tested is
deemed to be improved and allows for a specific binding partner to be selected for
further development, such as for use in an diagnostic immunoassay.

Now by way of example, and not of limitation, examples of the present

invention shall now be given.

EXAMPLE 1
Identification of immunoglobulin genes

Messenger RNA was isolated from anti-tacrolimus 1-60-46 hybridoma cells
using commercially available kits. 1-60-46 mRNA was utilized in a reverse
transcriptase—polymerase chain reaction using a mouse Ig primer set kit purchased from
Novagen (Novagen (which is an Affiliate of Merck KGaA, Darmstadt, Germany), Cat
No. 69831-3) with immunoglobulin gene specific primers contained in the kit. The
resulting PCR products were sequenced and the immunoglobulin variable heavy and
variable light chain genes were identified (See Figures 2, 6, and 7A-7B and SEQ ID
NOS:1-14, 43 and 45).

EXAMPLE 2
Conversion of Tacrolimus 1-60-46 mAb into single-chain antibody fragment

(scFv)

A yeast display system was used to express unmutated (wild-type (“wt”)) anti-
tacrolimus proteins (described herein infra) and a library of anti-tacrolimus proteins on
the yeast surface as a fusion to the yeast mating protein, AGA2 (See, Boder and
Wittrup, Nature Biotechnology, 15:553-557 (June 1997)). PCR single overlap
extension (“SOE”) was used to combine the variable heavy (“VH”) and the variable
light genes (“VL”) via a flexible linker having the sequence GPAKELTPLKEAKYVS
(SEQ ID NO:36) to create the WT 1-60-46 scFv construct (See, Figure 1). The 1-60-46
VH gene (SEQ ID NO:43) was amplified using primers Tacro scFv VH forward -
(GCGGCCCAGCCGGCCATGGCCGAGGTGGAATTGGTGGAGTCTGGG (SEQ
ID NO:47)) and Tacro scFv VL reverse
(CGCCTCCTTCAGGGGCGTCAACTCCTTGGCGGGACCTGCAGAGACAGTGA
CCAGAGTCCC (SEQ ID NO:48)). The 1-60-46 VL gene (SEQ ID NO:45) was
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amplified using primers Tacro scFv VL forward -
(AAGGAGTTGACGCCCCTGAAGGAGGCGAAGGTCTCTGATGTTTTGATGAC
CCAAACTCCA (SEQ ID NO:49)) and Tacro scFv VL reverse -
(AGACTCGAGGGCGGCCGCCCGTTTCAGCTCCAGCTTGGTCCC (SEQID
NO:50)). The 1-60-46 scFv DNA was subsequently cloned into the yeast display
vector pYD1 (Invitrogen, Carlsbad, California) using standard molecular biology
techniques. This vector includes a galactose inducible promoter, a C-terminal V5
epitope tag, and tryptophan and ampicillin markers for EBY 100 and E. coli selection,
respectively. The tacrolimus WT 1-60-46 scFv_pYD vector was transformed into
DH5a E. coli and sequence verified.

The tacrolimus WT 1-60-46 scFv_pYD vector was transformed into the
tryptophan-deficient S. cerevisiae strain EBY 100 using Gietz and Schiestl Method
(See, Schiestl and Gietz, Current Genetics, 16(5-6):339-46 (Dec. 1989)). Dilutions of
the transformation reaction were plated on selective (lacking tryptophan) glucose plates
(2% glucose (0.67% yeast nitrogen base, 0.105% Hollenberg Supplement Media
(“HSM?”) —trp (tryptophan) —ura (uracil), 1.8% bacterial agar, 18.2% sorbitol, 0.86%
NaH,PO4 H,0, 1.02% Na,HPO4 7H,0)) and incubated at 30°C for 48-72 hours.
Selective glucose media was inoculated with individual colonies and grown shaking at
30°C for 16-20 hours. Protein expression was induced in colonies by transferring 0.5
OD600 of cells/ml (1 x 107 (“1e7cells”)/0.50D/ml)to selective galactose media.
Colonies were shaken at 20°C for 16-24 hours and then analyzed by flow cytometry for
binding to tacrolimus antigen with a biotin group attached to position 32 of the
molecule (referred to as “bt-tacro”) (Abbott Laboratories, Abbott Park, Illinois) and
anti-VS monoclonal antibody (Invitrogen, Carlsbad, California). For flow cytometry
assays, yeast cells expressing 1-60-46 scFv were incubated with bt-tacro and anti-VS5
monoclonal antibody followed by streptavidin: phycoerythrin (SA:PE, BD
Pharmingen) and goat anti-mouse immunoglobulin-Alexa Fluora 488 (GAM:488,
Molecular Probes (which is an Affiliate of Invitrogen, Carlsbad, California)). The
bivariate plots of the flow cytometric data as shown in Figure 1C illustrate full-length
surface expression of 1-60-46 scFv (anti-V5) and binding (SA:PE) of 1-60-46 scFv to

bt-tacro.
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EXAMPLE 3
Dissociation Rate Analysis for 1-60-46 scFv on yeast

Dissociation rate measurements of 1-60-46 scFv and 1-60-46 variants on yeast
were measured by saturating 0.050D yeast (1 x 10° cells) with 100 nM bt-tacro (10-
fold molar excess) and anti-VS5 antibody (2.5 ug/ml) for 30-60 minutes at room
temperature. Reactions were performed in: (a) a physiological diluent (composed of
phosphate buffered saline (“PBS”), pH 7.4 and 1% bovine serum albumin (“BSA”);
and (b) a selection diluent (composed of PBS, BSA and 10% methanol). Cells were
then washed twice and incubated at room temperature with 100-fold molar excess
unlabelled tacrolimus (Astellas Pharma, Inc., Tokyo, Japan) in the appropriate diluent
(the physiological diluent or the selection diluent described above). Individual samples
were withdrawn at various time points and analyzed by flow cytometry to determine
the amount of bound bt-tacro remaining after addition of secondary staining reagents,
SA:PE (1:200 dilution) and GAM:488 (1:100 dilution). Figure 1D shows the
dissociation rate data plotted as mean fluorescence intensity (“MFI”) versus time
(seconds) (See, Figure 1D). A first order exponential decay equation (y =m1 * exp (-
m2 * m0) + m3) was used to fit the data. The dissociation for the WT 1-60-46 scFv
was determined to be 1 x 10 (£ 2 x 10”%) /sec without 10% methanol and 9 x 107 (x2
X 104) /sec with 10% methanol. The 1-60-46 scFv half-life (t;,= In2/kys)) was 115

min in the absence of 10% methanol and 13 minutes in the presence of 10% methanol.

EXAMPLE 4
Generation of 1-60-46 CDR mutagenic libraries

All 6 CDRs of anti-tacrolimus antibody 1-60-46 (See, Figures 3, 4, 6, and 7A-
7B and SEQ ID NOS:2, 4, 6,9, 11 and 13) were subjected to mutagenesis. Individual
libraries composed of 8000 members, in which 3 successive CDR amino acid positions
are randomly mutated, were generated (See, Figures 3 and 4). It is to be understood
that the specific designation of CDR regions within a particular heavy or light chain
variable region may vary depending on the convention or numbering system used to
identify such regions (e.g., Chothia, Kabat, Oxford Molecular’s AbM modeling
software, IMGT V-quest, all of which are known to those of ordinary skill in the art).

Such designations, however, are not critical. Linearized pYD1 vectors missing specific
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regions of each CDR were prepared by PCR and the “gap” was replaced by a
degenerate single-stranded oligonucleotide, encoding all 19 amino acid possible
replacements within the 3 amino acids mutagenic window in the CDR being targeted,
using the homologous recombination system inherent in yeast using the Gietz library
transformation protocol (See, Schiestl and Gietz, Current Genetics,16(5-6):339-46
(Dec 1989)). Transformed yeast cells were selectively recovered using the auxotrophic
tryptophan marker present on reconstituted vectors. A total of 50 libraries were

generated and are schematically represented in Figures 3 and 4.

EXAMPLE 5§
Selection of 1-60-46 mutagenic libraries

A dissociation rate sorting strategy was used to identify 1-60-46 variants from
all 50 mutagenic libraries with improved binding characteristics in a selection diluent
(composed of PBS, 1% BSA and 10% methanol). Individual libraries within each CDR
region were pooled prior to selection (e.g., H1 libraries 1-8 were combined to generate
a H1 master library); however, each CDR master library was kept separate from one
another during the selection process. The 1-60-46 mutagenic libraries were first
saturated with bt-tacro in the selection diluent at room temperature for 20 minutes and
chilled on ice for 10 minutes. Cells were washed and then incubated at room
temperature with 100-fold molar excess for 65-72 minutes (5x WT scFv ty;) in the
selection diluent in order to select for variants with improved binding relative to the
parental wt 1-60-46 scFv. After the dissociation incubation, the cell were again chilled,
washed, and labeled. The amount of the bt-tacro antigen remaining on each individual
cell was detected using SA:PE (1:200 dilution). Antigen binding was normalized to the
amount of scFv expression on each individual cell using anti-V5 mAb (2 ug/ml) and
GaM-488 (1:100 dilution). Control samples were prepared to set fluorescence
compensation and monitor non-specific binding. Samples incubated in a physiological
diluent (composed of PBS, pH 7.4 and 1% BSA) were also prepared for comparison.
Populations of variants with desired binding properties were selectively enriched using
fluorescence-activated cell sorting (“FACS”) on a FACSAria cell sorter (Becton
Dickinson, San Jose, CA).
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Three rounds of selection were performed on each library sample with a
representative library are shown in Figure 5. Each round of selection consisted of
selectively gating 0.1% - 1% of cells with the highest degree of fluorescence in the
SA:PE (antigen-binding) channel plotted against the scFv expression signal. Selected
cells were collected, and re-grown in media containing dextrose (selection round
output), which inhibits expression from the galactose promoter thereby preventing scFv
expression, at 30°C for 2-3 days. An aliquot from each library would be removed for
each round output for preservation. The output was then induced for scFv expression
with media containing galactose at 20°C for 12-24 hrs and the selection process was
repeated. Libraries containing mutations that decreased the dissociation rate in the
selection diluent became progressively brighter throughout each round of selection (H2,
L1 and L3), whereas libraries lacking beneficial changes did not and were not further
analyzed. An aliquot of cells after the third round of sorting were plated on selective

media to obtain individual clones for further analysis.

EXAMPLE 6

Analysis of Selected 1-60-46 Variants

PCR was used to amplify the scFv region from a number of individual clones from
each master CDR library (H2, L1 and L3) that showed improvements in binding to bt-
tacro in a selection diluent (composed of PBS, 1% BSA and 10% methanol) from the
selection above. The scFv genes were amplified and sequenced using vector specific
primers (pYD41 forward -TAGCATGACTGGTGGACAGC (SEQ ID NO:37) and
pYD41reverse-CGTAGAATCGAGACCGAG (SEQ ID NO:38)) to identify the amino
acid substitutions. Figures 6 and 7 highlight the sequencing results for each unique
clone obtained.

Each unique clone was induced for scFv expression and the binding properties
of the selected mutant scFv were assessed using flow cytometry. The dissociation rate
(kofr) for each mutant was determined as outlined above in both the presence and
absence of 10% methanol during the reaction (See, Figure 8). All mutant clones had 2-
to 8-fold improvements in ko relative to the WT 1-60-46 scFv in both reaction
conditions with the best clone (L3-1A) having a dissociation rate of 1.2x10™/sec in

10% methanol.
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Those clones that had the greatest improvement in dissociation rate from each
master CDR library were further characterized. Equilibrium dissociation constants
(Kp) for bt-tacro antigen were determined in both (a) a physiological diluent (composed
of PBS, pH 7.4 and 1% BSA); and (b) a selection diluent (composed of PBS, 1% BSA
and 10% methanol). Yeast clones induced for scFv expression were mixed with
various concentrations of bt-tacro (range of antigen concentration) and allowed to reach
equilibrium (4-18 hrs) in the appropriate diluent. Reactions were quenched on ice,
washed, and labeled for flow cytometric measurement as described previously (See, for
example, Hawley and Hawley, eds., Methods in Molecular Biology: Flow Cytometry
Protocols, 2nd ed., Humana Press, Totowa, NJ, pages 311-332 (2004)). The antibody-
normalized, antigen-binding mean fluorescence intensity was plotted against antigen
concentration and a non-linear least squares fit (y =m1l + m2 * m0 / (m3 + m0)) was
used to determine Kp. Mutants contained 2- to 8-fold improvements relative to the WT
1-60-46 scFv with the highest affinity clone (H2-1A) having aKp=1.3 x 10" M in
10% methanol.

EXAMPLE 7
Generation and analysis of Tacrolimus 1-60-46 combinatorial mutant clones

Clones having the greatest improvement in dissociation rate from each master
CDR library were used to construct scFv genes containing different pairings of the
individual mutations. This approach enabled determination of whether the binding
properties were further enhanced upon combining individual mutations. Combinatorial
clones containing various mutations in the H2 (H2-1A, H2-1B, H2-3B), L1 (Ll -1B,
L1-4A) and L3 (L3-A, L3-1A, L3-2A, L3-1B, L3-2B) CDR regions were constructed
by PCR amplification and combined using routine techniques known to those skilled in
the art. Combinatorial mutant clones were sequence-verified, and transformed into
yeast as described above for further characterization. Each combinatorial mutant clone
was induced for scFv expression (as previously described herein) and the binding
properties were assessed using flow cytometry.

The dissociation rate for each clone was determined with a selection diluent
(composed of PBS, 1% BSA and 10% methanol). Additionally, several clones were
also analyzed in a physiological diluent (composed of PBS, pH 7.4 and 1% BSA) (See,
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Figures 8 and 9). Many of the tacrolimus 1-60-46 combination mutant clones
exhibited greater than 10-fold improvements in kyg with the best clone (H2-1A / L3-
1A) having a dissociation rate of 5.5 x 10° / sec in 10% methanol, a substantial
improvement relative to any of the original tacrolimus 1-60-46 mutations, in general,
and the WT 1-60-46 clone, in particular. Equilibrium dissociation constants for bt-
tacro antigen were also determined in the selection diluent as previously described.
Most combinatorial pairings of mutations show improved affinities relative to both the
original tacrolimus 1-60-46 mutations and the WT 1-60-46 clone (See, Figures 8 and
9). The clone H2-1A / L1-1B/ L3-A had a Kp of 3.8 x 10" M.

EXAMPLE 8
Cloning and expression of yeast display-derived antibodies

Select tacrolimus 1-60-46 mutant scFv clones (See, Figure 10) were converted
into murine Ig2a/k antibodies (IgG) by PCR amplification of the variable domains,
followed by ligation of these domains to an intact IgG2a constant region or x region
present in the pBOS vector (Mizushima and Nagata, Nucleic Acids Research, 18:5322,
(1990)). Select 1-60-46 mutant VH genes were amplified by PCR using Tacro VH
IgG2a forward -
(TTCTTGTCGCGATTTTAAAAGGTGTCCAGTGCGAGGTGGAATTGGTGGAGT
CT (SEQ ID NO:51)) and Tacro VH IgG2a reverse -
(TGTTTTAGCGCTTGCAGAGACAGTGACCAGAGT (SEQ ID NO:52)). Select 1-
60-46 mutant VL genes were amplified by PCR using Tacro VL mCk forward -
(CCCGGCTCGCGATGCGATGTTTTGATGACCCAAACT (SEQ ID NO:53)) and
Tacro VL Ck reverse- (AGCATCAGCGCTCGCCCGTTTCAGCTCCAGCTT (SEQ
ID NO:54)). pBOS plasmids encoding both heavy and light chain regions were
transiently transfected into HEK-293 or COS cells and the resulting supernatants from
cell cultures were purified over a protein A Sepharose column. Tacrolimus 1-60-46
AM1 IgG contains the H2-1A, L1-1B and L3-2B mutations. Tacrolimus 1-60-46 AM2
IgG contains the H2-1A, L1-1B and L3-A mutations. Tacrolimus 1-60-46 AM3 IgG
contains the H2-1A and L3-2B mutations.” Tacrolimus 1-60-46 AM4 IgG contains the
H2-1A, L1-1B and L3-1A mutations. Tacrolimus 1-60-46 AMS IgG contains the H2-
1B, L1-1B and L3-1B mutations. Purified IgG were dialyzed into phosphate buffered
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saline (“PBS”) and quantitated by measuring absorbance at 280 nm. Purified

antibodies were then evaluated by assay performance and affinity measurements.

EXAMPLE 9
Tacrolimus 1-60-46 mutant IgG immunoassay evaluation

The affinity-matured anti-tacrolimus antibodies (AM1, AM2, AM3) were
individually immobilized to goat anti-mouse IgG (“GAM?”) coated paramagnetic
microparticles. To prepare these particles, the GAM was coupled covalently to the
particles, and then the particles were combined with a buffering and stabilizing solution
containing the anti-tacrolimus antibody. The GAM and the anti-tacrolimus formed a
stable complex on the microparticle surface. These anti-tacrolimus-GAM-
paramagnetic microparticles were tested in an automated tacrolimus assay using a
competitive format on the ARCHITECT® instrument (Abbott Laboratories, Abbott
Park, Illinois).

In the assay, the instrument mixes the test sample containing the assay
extraction buffer (namely 90% methanol, 10% ethylene glycol and 100 mM zinc
sulfate) with the microparticles and a tracer reagent. The tracer molecule contains
tacrolimus attached covalently to acridinium through a linker at position 32 (Abbott
Laboratories, Abbott Park, Illinois). The tracer and tacrolimus from the sample
compete for the limited number of anti-tacrolimus binding sites on the
microparticles. After an incubation period, the microparticles are attracted to a
magnet, and then washed to remove unbound materials. The instrument then adds
triggering solutions to initiate chemiluminescence in the acridinium portion of the
bound tracer. The chemiluminescence is measured by a photometer; the amount of
chemiluminescence signal is inversely proportional to the amount of tacrolimus in
the sample.

The ability of the assay to detect low concentrations of tacrolimus is related
directly to the ability of tacrolimus to displace the tracer from the anti-tacrolimus
antibody, which in turn, is directly related to the affinity of the antibody for the drug.
The results in Figure 10 show that, with the wildtype antibody, a sample with a
tacrolimus concentration of 3 ng/mL was able to displace approximately 40% of the

tracer. For the three affinity-matured antibodies (AM 1-3), the same 3 ng/mL
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tacrolimus sample produced 78 — 80% displacement. This greater displacement will

allow the detection of lower tacrolimus concentrations using the recombinant antibody.

EXAMPLE 10
Affinity determination of Tacrolimus 1-60-46 mutant IgG antibodies

The equilibrium dissociation constants for both the 1-60-46 AM2 IgG and the 1-
60-46 WT mAD IgG produced from the murine hybridoma cell line 1-60-46 were
determined using Kinetic Exclusion Assay (KinExA®), available from Sapidyne
Instruments (Boise, Idaho) (See, Darling and Brault, ASSAY and Drug Development
Technologies, 2(6):647-657 (2004)). A constant amount of IgG antibody (AM2 or WT)
was incubated with various concentrations (10'8 M to 107" M) of tacrolimus drug
(commercially available from Astellas Pharma, Inc., Tokyo, Japan) and allowed to
come to equilibrium (2 hours to 14 hours) before sampling. The amount of free binding
sites was determined by injecting the antibody:tacrolimus reaction mixture over bt-
tacro immobilized to a solid-phase. Tacrolimus IgG antibody bound to the bt-tacro
immobilized to the solid-phase was subsequently detected by injecting goat anti-mouse
polyclonal antibody conjugates (GAM) to Cy5 (GAM-Cy5) fluorescent dye. The
degree of GAM-CyS bound was proportional to the amount of tacrolimus IgG bound to
the immobilized bt-tacro and was detected after excitation with the appropriate
wavelength. The Kp was determined by analyzing the amount of free binding sites
versus the amount of antigen present in the reaction sample using software provided by
the manufacturer (Sapidyne Instruments; Boise, Idaho). Experiments were performed in
either (a) a physiological diluent (composed of PBS, pH 7.4 and 1% BSA); and (b) a
selection diluent (composed of PBS, 1% BSA and 10% methanol) and the results are
summarized below in Table B. The Kp of the 1-60-46 AM2 IgG in the physiological
diluent was 1.2 x 10> M, which is a 16-fold improvement relative to the 1-60-46 WT
IgG value of 1.9 x 10" M. The Kp of the 1-60-46 AM2 IgG in the selection diluent
was 1.3 x 10™"! M which is a 12-fold improvement relative to the 1-60-46 WT IgG
value of 1.5 x 107" M.
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Table B
KD Fold Kd Fold
(mo MeOH) Improvement (10% MeOH) Improvement
1-60-46 WT IgG 1.9x10"' M Ix 1.52x10"'M Ix
1-60-46 AM2 IgG 1.2x102 M 16x 1.3x10" M 12x

EXAMPLE 11
Tacrolimus 1-60-46 AM2 IgG stable mammalian cell line development

Chinese Hamster Ovary cells were transfected with a plasmid containing
Tacrolimus 1-60-46 AM2 IgG heavy chain (“HC”) (See, Figure 11 (SEQ ID NO:39))
and IgG light chain (“LC”) (Figure 12 (SEQ ID NO:41)) gene sequences using
techniques known to those skilled in the art. Stable cell lines were identified after
restoration of dihydrofolate reductase function in media lacking certain nutrients (See,
Urlaub et al., Cell, 33:405-412 (1983)). A Chinese Hamster Ovary cell line designated
tacrolimus 1-60-46 AM 2 CHO 2-577 was deposited with the American Type Culture
Collection (“A.T.C.C”) (Manassas, VA) in accordance with the Budapest Treaty on
March 15, 2006 and assigned A.T.C.C. Accession No. PTA-7436. A Chinese Hamster
Ovary cell line designated tacrolimus 1-60-46 AM 2 CHO 1-1157 was deposited with
A.T.C.C (Manassas, VA) in accordance with the Budapest Treaty on March 27, 2006
and assigned A.T.C.C. Accession No. PTA-7446.

EXAMPLE 12
Identification of anti-Cyclosporine (“CsA”) hybridoma 29-56-14 immunoglobulin
genes and conversion into single-chain antibody fragment (scFv)

Figure 16 shows the structure of CsA and a metabolite of CsA, which is referred
to herein as “AM1 or M17”. CsA and its metabolites are described in detail in Kahan
et al., “Consensus Document: Hawk’s Cay Meeting on Therapeutic Drug Monitoring
of Cyclosporine,” Clin. Chem., 36/8:1510-1516 (1990), which is herein incorporated by
reference.

Immunoglobulin genes for CsA were identified and converted into scFv using
the procedures described in Examples 1 and 2. Messenger RNA was isolated from
anti-CSA 29-56-14 mouse hybridoma cells (Novartis, Basel, Switzerland) using

commercially available kits. 29-56-14 hybridoma mRNA was utilized in a reverse
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transcriptase-polymerase chain reaction using a mouse Ig primer set kit purchased from
Novagen (Novagen (which is an Affiliate of Merck KGaA, Darmstadt, Germany), Cat
No. 69831-3) with immunoglobulin gene specific primers contained in the kit. The
resulting PCR products were sequenced and the immunoglobulin variable heavy and
variable light chain genes were identified (See Figures 13A and 13B).

A yeast display system was used to express unmutated (wild-type (“WT”)) and
mutated anti-cyclosporine variable light and heavy chain proteins on the yeast surface
as a fusion to the yeast mating protein, AGA2 (See Figure 1B and Boder and Wittrup,
Nature Biotechnology, 15:553-557 (June 1997)). PCR single overlap extension
(“SOE”) was used to combine the variable heavy (“VH”) and the variable light genes
(“VL”) via a flexible linker having the sequence GPAKELTPLKEAKYVS (SEQ ID
NO:36) to create the WT Cyclosporine 29-56-14 scFv construct.

The 29-56-14 VH gene (Figure 13A, SEQ ID NO:55) was amplified using the
following primers: CsA scFv VH forward -
GGCCCAGCCGGCCATGGCCGAGGTCCAGCTGCAACAGTCTGG (SEQID
NO:59)

CsA scFv VH 40 reverse-
CTTCGCCTCCTTCAGGGGCGTCAACTCCTTGGCGGGACCTGAGGAGAC
GGTGACTGAGGTTCC (SEQ ID NO:60)

The 29-56-14 VL gene (Figure 13B, SEQ ID NO:57) was amplified using primers:
CsA scFv VL 40 forward -
CAAGGAGTTGACGCCCCTGAAGGAGGCGAAGGTCTCTGACATTGTACT
GACCCAATCTCC (SEQID NO:61)

CsA scFv VL reverse -
TCTAGACTCGAGGGCGGCCGCCCGTTTGATTTCCAGGTTGGTGC (SEQ
ID NO:62). |

The 29-56-14 scFv DNA was subsequently cloned into the yeast display vector
pYD1 (Invitrogen, Carlsbad, California) using standard molecular biology techniques.
This vector includes a galactose inducible promoter, a C-terminal V5 epitope tag, and
tryptophan and ampicillin markers for EBY 100 and E. coli selection, respectively. The
cyclosporine WT 29-56-14 scFv_pYD vector was transformed into DHSd E. coli and

sequence verified.
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The cyclosporine WT 29-56-14 scFv_pYD vector was transformed into the
tryptophan-deficient S. cerevisiae strain EBY 100 using Gietz and Schiestl Method
(See, Schiestl and Gietz, Current Genetics, 16(5-6):339-46 (Dec. 1989)). Dilutions of
the transformation reaction were plated on selective (lacking tryptophan) glucose plates
(2% glucose (0.67% yeast nitrogen base, 0.105% Hollenberg Supplement Media
(“HSM”) —trp (tryptophan) —ura (uracil), 1.8% bacterial agar, 18.2% sorbitol, 0.86%
NaH,PO,4 H,0, 1.02% Na,HPO,4 7H,0)) and incubated at 30°C for 48-72 hours.
Selective glucose media was inoculated with individual colonies and grown shaking at
30°C for 16-20 hours. Protein expression was induced in colonies by transferring 0.5
OD600 of cells/ml (1 x 107 (“1e7cells”)/0.50D/ml) to selective galactose media.
Colonies were shaken at 20°C for 16-24 hours and then analyzed by flow cytometry for
binding to cyclosporine antigen with a biotin group attached to position 1 of the cyclic
undecapeptide (referred to as “bt-CsA”) and anti-V5. For flow cytometry assays, yeast
cells expressing 29-56-14 scFv were incubated with bt-CsA and anti-VS5 antibody
followed by streptavidin: phycoerythrin (SA:PE, BD Pharmingen) and goat anti-mouse
immunoglobulin-Alexa Fluora 488 (GAM:488, Molecular Probes (which is an Affiliate
of Invitrogen, Carlsbad, California)). Bivariate plots of flow cytometric data similar to
those shown in Figure 1C were obtained to illustrate full-length surface expression of
29-56-14 scFv (anti-V5) and binding (SA:PE) of 29-56-14 scFv to bt-CsA.

EXAMPLE 13
Affinity Measurement for CsA of 29-56-14 scFv expressed on yeast cells
Equilibrium dissociation constant (Kp) for bt-CsA antigen was determined in a
physiological diluent (composed of PBS, pH 7.4 and 1% BSA). Yeast clones induced
for scFv expression were mixed with various concentrations of bt-CsA and allowed to
reach equilibrium (4-18 hrs) in either (a) a physiological diluent (composed of PBS, pH
7.4 and 1% BSA); and (b) a selection diluent (composed of PBS, 1% BSA and 10%
methanol), chilled on ice, washed, and labeled for flow cytometric measurement. The
antibody-normalized, antigen-binding mean fluorescence intensity was plotted against
antigen concentration and a non-linear least squares fit (y=ml + m2 * m0/(m3 +
m0)) was used to determine Kp. WT CsA 29-56-14 scFv Kp was 5.6 x 107'°M in the
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physiological diluent and 2.0 x 10°M in the selection diluent. The Kp value for bt-CsA

was used for screening of mutagenic libraries in the presence of excess competitor.

EXAMPLE 14
Generation of 29-56-14 CDR mutagenic libraries

All 6 CDRs of anti-cyclosporine antibody 29-56-14 were subjected to
mutagenesis using the procedure described previously in Example 4. Individual
libraries composed of 8000 members, in which 3 successive CDR amino acid positions
are randomly mutated. Linearized pYD1 vectors missing specific regions of each
CDR were prepared by PCR and the “gap” was replaced by a degenerate single-
stranded oligonucleotide, encoding all 19 amino acid possible replacements within the
3 amino acids mutagenic window in the CDR being targeted, using the homologous
recombination system inherent in yeast using the Gietz library transformation protocol
(Schiestl and Gietz, Current Genetics,16(5-6):339-46 (Dec 1989)). Transformed yeast
cells were selectively recovered using the auxotrophic tryptophan marker present on
reconstituted vectors. A total of 53 CDR mutagenic libraries were generated and
individual CDR mutagenic libraries were combined to generate 8 CDR pooled libraries.
Individual libraries within each CDR region were pooled prior to selection (e.g. H1
libraries 1-8 were combined to generate a H1 master library); however, each CDR

master library was kept separate from one another during the selection process.

EXAMPLE 15 ‘
Selection of 29-56-14 mutagenic libraries in the presence of M17 competitor

A competitive selection strategy using flow cytometric sorting was used to
identify 29-56-14 variants from the 8 pools of CDR mutagenic libraries with improved
binding characteristics for bt-CsA in the presence of 20 — 100 fold molar excess of CsA
metabolite (M17). For the initial round of library screening, the 29-56-14 mutagenic
libraries were incubated overnight with 1nM bt-CsA + 20nM M17 in a selection diluent
(composed of PBS, 1% BSA and 10% methanol) at room temperature. Cells were
washed and the amount of the bt-CsA antigen remaining on each individual cell was
detected using SA:PE (1:200 dilution). Antigen binding was normalized to the amount

of scFv expression on each individual cell using anti-V5 mAb (2.5 ug/ml) and GaM-
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488 (1:200 dilution). Control samples were prepared to set fluorescence compensation
and monitor non-specific binding. Populations of variants with improved bt-CsA
binding were selectively enriched using fluorescence-activated cell sorting (FACS) on a
FACSAria cell sorter (Becton Dickinson, San Jose, CA).

Four rounds of selection were performed on each library pool with each round
of selection consisting of selectively gating 0.1% - 0.5% of cells with the highest
degree of fluorescence in the SA:PE (antigen-binding) channel plotted against the scFv
expression signal. Selected cells were collected, and re-grown in media containing
dextrose (selection round output), which inhibits expression from the galactose
promoter thereby preventing scFv expression, at 30°C for 2-3 days. An aliquot from
each library would be removed for each round output for preservation. The output was
then induced for scFv expression with media containing galactose at 20°C for 12-24 hrs
and the selection process was repeated with 100nM (100 fold molar excess) of M17
metabolite competitor. Libraries containing mutations that increased the binding of bt-
CsA in the presence of M17 competitor became progressively brighter throughout each
round of selection. An aliquot of cells after the fourth round of sorting were plated on

selective media to obtain individual clones for further analysis.

EXAMPLE 16
Sequence Analysis of Selected 29-56-14 Variants with Reduced Cross-Reactivity to
M17 Metabolite

PCR was used to amplify the scFv region from a number of individual clones
from each master CDR library (H1, H2, H3-1, H3-2, L1-1, L1-2, L2, and L3) that
showed improvements in binding to bt-CsA in the presence of excess M17 metabolite
from the selection described in Example 15. The scFv genes were amplified and
sequenced using vector specific primers (pYD41 forward —
TAGCATGACTGGTGGACAGC (SEQ ID NO:37) and pYD41 reverse-
CGTAGAATCGAGACCGAG (SEQ ID NO:38)) to identify the CDR amino acid

substitutions.

EXAMPLE 17
Generation and Analysis of Cyclosporine 29-56-14 Combinatorial Mutant Clones
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CDR mutant sequences identified after four rounds of flow cytometric selection
from each master CDR library were used to construct scFv genes containing different
pairings of the individual mutations. Combinatorial clones containing various mutations
in the Hl,. H2, H3, L2, and L3 CDR regions were constructed by PCR amplification
and corhbined using techniques known to those skilled in the art. Combinatorial mutant
clones were sequence-verified, and transformed into yeast as described above for
additional selection by flow cytometry in the presence of 100 nM (100 fold molar
excess) M17 competitor as previously described in Example 15. Only one round of
competitive sorting was required to enrich for combinatorial mutant clones with
improved specificity for bt-CsA in the presence of M17 metabolite.

The scFv genes were amplified and sequenced using vector specific primers
(pYD41 forward -TAGCATGACTGGTGGACAGC (SEQ ID NO:37) and pYD41
reverse-CGTAGAATCGAGACCGAG (SEQ ID NO:38)) to identify the multiple CDR
amino acid substitutions. Sequence analysis identified a population consisting of only
four combinations encoding mutations in CDRs H2, H3, L2, and L3 (See Figure 14).
Mutant combinatorial clone R2-9 was selected as the best clone based upon IC50 data.
WT and mutant éombinatorial clones were incubated overnight with 0.5nM bt-CsA in
the presence of M17 competitor concentrations ranging from 0 to SuM. The IC50 data
for clone R2-9 tested in either (a) a physiological diluent (composed of PBS, pH 7.4
and 1% BSA); and (b) a selection diluent (composed of PBS, 1% BSA and 10%
methanol) is shown in Figure 15. The mutations encoded in clone R2-9 increase the
IC50 for M17 metabolite 30~100 fold compared to WT CsA 29-56-14.

EXAMPLE 18

Selection of 29-56-14 mutagenic libraries in the presence of M17 and M1
competitors
This example describes a screening method using yeast display to select for

CDR (complimentarity-determining region) mutations encoded by anti-cyclosporine
antibodies that improve selection for cyclosporine parent drug and reduces specificity
for major metabolites (lowered cross-reactivity).

The anti-cyclosporine mouse hybridoma 29-56-14 was the model system from

which a single chain construct (scFv) comprised of the immunoglobulin heavy and light
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chains was expressed on the surface of yeast cells. scFv yeast libraries encoding
mutations at multiple antigen binding sites utilizing a CDR scanning approach were
screened by flow cytometry for improved binding to biotinylated CsA in the presence
of 5 ~ 200 fold molar excess of AM1 (M17) and AM9 (M1) metabolites together as
binding competitors. Distinct yeast clones encoding mutations in several heavy and
light chain CDRs were isolated and exhibited up to a 1,000 fold increase of K;
(inhibition constant) for AMl (M17) and greater than 5 fold K; for AM9 (M1)
compared to CsA wildtype yeast control. Minimal change in the affinity for CsA was
observed for the mutants that demonstrated decreased binding for AM1 (M17) and
AMY9 (M1). These results confirm that the screening approach employed in this and
preceding Examples establishes a method by which an antibody with improved
specificity for an immunosuppressive agent and more favorable cross-reactivity (lower
binding) to metabolites can be developed and ultimately utilized in diagnostic
immunoassays.

One skilled in the art would readily appreciate that the present invention is well
adapted to carry out the objects and obtain the ends and advantages mentioned, as well
as those inherent therein. The compositions, formulations, methods, procedures,
treatments, molecules, specific compounds described herein are presently
representative of preferred embodiments, are exemplary, and are not intended as
limitations on the scope of the invention. It will be readily apparent to one skilled in the
art that varying substitutions and modifications may be made to the invention disclosed

herein without departing from the scope and spirit of the invention.

All patents and publications mentioned in the specification are indicative of the
levels of those skilled in the art to which the invention pertains. All patents and
publications are herein incorporated by reference to the same extent as if each
individual publication was specifically and individually indicated to be incorporated by
reference.

The invention illustratively described herein suitably may be practiced in the
absence of any element or elements, limitation or limitations which is not specifically
disclosed herein. Thus, for example, in each instance herein any of the terms

fnn

"comprising," "consisting essentially of" and "consisting of" may be replaced with

either of the other two terms. The terms and expressions which have been employed are
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used as terms of description and not of limitation, and there is no intention that in the
use of such terms and expressions of excluding any equivalents of the features shown
and described or portions thereof, but it is recognized that various modifications are
possible within the scope of the invention claimed. Thus, it should be understood that
although the present invention has been specifically disclosed by preferred
embodiments and optional features, modification and variation of the concepts herein
disclosed may be resorted to by those skilled in the art, and that such modifications and
variations are considered to be within the scope of this invention as defined by the

appended claims.
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WHAT IS CLAIMED IS:

1. An isolated antibody which specifically binds to an immunosuppressive
agent with an equilibrium dissociation constant (Kp) less than 1.9 x 10" M when said

antibody has not been exposed to or incubated with at least one selection diluent.

2. The antibody of claim 1, wherein the immunosuppressive agent is a
calcineurin inhibitor, a target of rapamycin, an interleukin-2 a-chain blocker, an
inhibitor of inosine monophosphate dehydrogenase, an inhibitor of dihydrofolic acid

reductase, a corticosteroid or an immunosuppressive antimetabolite.

3. An isolated antibody which specifically binds to an immunosuppressive
agent with an equilibrium dissociation constant (Kp) less than 1.52 x 10™'° M when said
~ antibody is incubated with, exposed to, or is in the presence of at least one selection

diluent.

4. The antibody of claim 3, wherein the selection diluent comprises a

buffer, salt, detergent, binding competitor, solvent or combinations thereof.

5. The antibody of claim 3, wherein the immunosuppressive agent is a
calcineurin inhibitor, a target of rapamycin, an interleukin-2 a-chain blocker, an
inhibitor of inosine monophosphate dehydrogenase, an inhibitor of dihydrofolic acid

reductase, a corticosteroid or an immunosuppressive antimetabolite.

6. A Chinese Hamster Ovary cell line 1-60-46 AM2 CHO 2-577 having
A.T.C.C. Accession No. PTA-7436.

7. An antibody made from DNA extracted from a Chinese Hamster Ovary
cell line 1-60-46 AM2 CHO 2-577 having A.T.C.C. Accession No. PTA-7436.

8. A chimeric antibody or a tacrolimus binding fragment thereof produced
by a Chinese Hamster Ovary cell line designated tacrolimus 1-60-46 AM2 CHO 2-577,

wherein said cell line has A.T.C.C. Accession No. PTA-7436.
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9. A Chinese Hamster Ovary cell line designated tacrolimus 1-60-46 AM?2
CHO 1-1157 having A.T.C.C. Accession No. PTA-7446.

10.  An antibody made from DNA extracted from a Chinese Hamster Ovary
cell line designated tacrolimus 1-60-46 AM2 CHO 1-1157 having A.T.C.C. Accession
No. PTA-7446.

11. A chimeric antibody or a tacrolimus binding fragment thereof produced
by a Chinese Hamster Ovary cell line designated tacrolimus 1-60-46 AM2 CHO 1-
1157, wherein said cell line has A.T.C.C. Accession No. PTA-7446.

12.  Anisolated antibody which specifically binds to tacrolimus, wherein
said antibody has a variable heavy domain and a variable light domain, the variable
heavy domain comprising a heavy chain complementary determining region (“CDR”)
1, a heavy chain CDR 2 and a heavy chain CDR 3, the variable light domain
comprising a light chain CDR 1, a light chain CDR 2 and a light chain CDR 3, wherein

(a) Heavy Chain CDR 1 has an amino acid sequence of: Gly-Phe-Thr-Phe-Ser-
Ser-Tyr-Gly-Met-Ser (SEQ ID NO:2);

(b) Heavy Chain CDR 2 has an amino acid sequence having a formula of:
Thr-Ile-Ser-Ser-Gly-Gly-Xaa,-Xaa,- Xaa;-Phe (SEQ ID NO:33)

wherein Xaa| is selected from the group consisting of threonine (Thr), alanine

(Ala), lysine (Lys) and glutamic acid (Glu);

wherein Xaa; is selected from the group consisting of tyrosine (Tyr) and

tryptophan (Trp); and
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wherein Xaa; is selected from the group consisting of threonine (Thr) and valine

(Val);

(c) Heavy Chain CDR 3 has an amino acid sequence of: Gln-Thr-Asp-Gly-Tyr-
Ser-Trp-Phe-Pro-Tyr (SEQ ID NO:6);

(d) Light Chain CDR 1 has an amino acid sequence having a formula of:

Lys-Ser-Ser-Xaas-Xaas-Xaag-Val-His-Ser-Thr-Gly-Asn-Thr-Phe-Leu-Glu
(SEQ ID NO:34)

wherein Xaa, is selected from the group consisting of: glutamine (Gln), alanine

(Ala) and glycine (Gly);

wherein Xaas is selected from the group consisting of: serine (Ser) and glycine
(Gly); and

wherein Xaag is selected from the group consisting of: isoleucine (Ile) and

leucine (Leu);

(e) Light Chain CDR 2 has an amino acid sequence having the formula of:
Lys-Ile-Ser-Asn-Arg-Phe-Ser (SEQ ID NO:11)

(f) Light Chain CDR 3 has an amino acid sequence having a formula of:

Phe-Gln-Gly- Xaa;-Xaag-Xaag-Pro-Leu-Thr (SEQ ID NO:35),

wherein Xaay is selected from the group consisting of: Serine (Ser) and Glycine

(Gly);

wherein Xaag is selected from the group consisting of: histidine (His), arginine

(Arg), valine (Val), threonine (Thr), lysine (Lys) and serine (Ser); and

86



WO 2008/054517 PCT/US2007/010076

wherein Xaag is selected from the group consisting of: valine (Val), alanine

(Ala), aspartic acid (Asp), cysteine (Cys) and Serine (Ser);

with the proviso that if in heavy chain CDR 2 Xaa, is Thr, Xaa; is Tyr and Xaaj is Thr
and in the light chain CDR 1 Xaay is Gln, Xaas is Ser and Xaag is Ile, then in light chain
CDR 3 Xaag is other than Val if Xaa;is Ser and Xaag is His, or Xaag is other than His if-

Xaaj is Ser and Xaagis Val or Xaa; is other than Ser if Xaagis His and Xaag is Val.

13. A diagnostic immunoassay for tacrolimus, wherein said immunoassay

comprises an antibody of claims 1, 3, 7, 8, 10, 11 or 12.

14.-  The immunoassay of claim 13, wherein said immunoassay comprises a

single antibody that specifically binds to an immunosuppressive agent.

15.  The immunoassay of claim 13, wherein said immunoassay further

comprising an additional specific binding partner for tacrolimus.

16. A method for selecting an antibody for use in a diagnostic immunoassay,
wherein said antibody binds to an epitope of interest, the method comprising the steps
of:

"a) contacting at least one antibody with a sample in the presence of at least one
selection diluent, wherein said sample comprises an epitope of interest to which said
antibody is believed to bind and further wherein said antibody is present in a bio-

display format;

b) determining the equilibrium dissociation constant (Kp), disassociation rate

constant (kg), association rate constant (k,) or functional activity of the antibody; and
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¢) selecting an antibody based on the equilibrium dissociation constant,
dissociation rate constant, association rate constant or functional activity determined in

step b).

17.  The method of claim 16, wherein the selection diluent comprises a

buffer, salt, detergent, binding competitor, solvent or combinations thereof.

18.  The method of claim 16, wherein the sample contains an

immunosuppressant agent.

19.  The method of claim 18, wherein the immunosuppressive agent is a
calcineurin inhibitor, a target of rapamycin, an interleukin-2 a-chain blocker, an
inhibitor of inosine monophosphate dehydrogenase, an inhibitor of dihydrofolic acid

reductase, a corticosteroid or an immunosuppressive antimetabolite.

20. A method for selecting an antibody for use in a diagnostic immunoassay,
wherein said antibody binds to an epitope of interest, the method comprising the steps
of:

a) incubating at least one antibody in the presence of at least one selection

diluent, wherein said antibody is present in a bio-display format;

b) contacting said antibody with a sample, wherein said sample contains an

epitope of interest to which said antibody is believed to bind;

¢) determining the equilibrium dissociation constant (Kp), disassociation rate

constant (kq), association rate constant (k,) or functional activity of the antibody; and
d) selecting an antibody based on the equilibrium dissociation constant,

disassociation rate constant, association rate constant or functional activity determined

in step ).
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21.  The method of claim 20, wherein the selection diluent comprises a

buffer, salt, detergent, binding competitor, solvent or combinations thereof.

22. The method of claim 20, wherein the test sample contains an

immunosuppressant agent.

23. The method of claim 22, wherein the immunosuppressive agent is a
calcineurin inhibitor, a target of rapamycin, an interleukin-2 a-chain blocker, an
inhibitor of inosine monophosphate dehydrogenase, an inhibitor of dihydrofolic acid

reductase, a corticosteroid or an immunosuppressive antimetabolite.

24, A method for selecting a specific binding partner for detecting an
analyte of interest in test sample for use in a diagnostic immunoassay, the method

comprising the steps of:

a) contacting a specific binding partner with a sample in the presence of at least
one selection diluent, wherein said sample contains the epitope of interest and the
specific binding partner binds to the epitope of interest, and further wherein said

specific binding partner is present in a bio-display format;

b) determining the equilibrium dissociation constant (KD), disassociation rate
constant (kg), association rate constant (k,) or functional activity of the specific binding

partner; and
c) selecting a specific binding partner based on the equilibrium dissociation
constant, dissociation rate constant, association rate constant or functional activity of

the specific binding partner determined in step b).

25.  The method of claim 24, wherein the selection diluent comprises a

buffer, salt, detergent, binding competitor, solvent or combinations thereof.
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26.  The method of claim 24, wherein the analyte is an immunosuppressant

agent.

27.  The method of claim 26, wherein the immunosuppressive agent is a
calcineurin inhibitor, a target of rapamycin, an interleukin-2 a-chain blocker, an
inhibitor of inosine monophosphate dehydrogenase, an inhibitor of dihydrofolic acid

reductase, a corticosteroid or an immunosuppressive antimetabolite.

28. A method of screening for antibodies having improved specificity for an
agent using yeast display wherein said method comprises:

(a) obtaining a yeast display library comprising antibodies present on the
surface of yeast cells;

(b) contacting said yeast cells with said agent in the presence of a binding
competitor;

(c) identifying yeast cells having antibodies displayed thereon which exhibit
binding to said agent in the presence of said binding competitor, wherein such binding

indicates an improved specificity for said agent.

29.  The method of claim 28, wherein said binding competitor is present in

€XCESS.

30.  The method of claim 28, wherein said agent comprises an

immunosuppressive agent.

31.  The method of claim 29, wherein said binding competitor is a metabolite

of said immunosuppressive agent.

32.  The method of claim 30, wherein said immunosuppressive agent is

selected from the group consisting of cyclosporines and tacrolimus.
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33.  The method of claim 31, wherein said metabolite is selected from the
group consisting of M-I, M-I, M-11I, M1, M§, M9, M13, M17, M18 M21 and

combinations thereof.

34. The method of claim 33, wherein said metabolite comprises M17 and

M1.

35. A method of screening for antibodies having improved affinity for an

epitope of interest, said method comprising the steps of:

(a) obtaining a library comprising antibodies present in a bio-display format

wherein said antibodies comprise mutations;

(b) contacting said antibodies with sample comprising said epitope in the

presence of at least one selection diluent; and

(c) identifying antibodies present in said bio-display format which exhibit
reduced dissociation rates in the presence of said selection diluent as compared to the
dissociation rate of comparable antibody not comprising mutations, wherein such

reduced dissociation rates indicate an improved affinity for said epitope.

36.  The method of claim 35, wherein said contacting of said antibodies with

said sample and said selection diluent is done either simultaneously or sequentially.

37.  The method of claim 35, wherein the selection diluent comprises a

buffer, salt, detergent, binding competitor, solvent or combinations thereof.

38.  The method of claim 35, wherein the sample contains an

immunosuppressant agent.

39.  The method of claim 38, wherein the immunosuppressive agent is a

calcineurin inhibitor, a target of rapamycin, an interleukin-2 o-chain blocker, an
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inhibitor of inosine monophosphate dehydrogenase, an inhibitor of dihydrofolic acid

reductase, a corticosteroid or an immunosuppressive antimetabolite.

40. A method of screening for a specific binding partner having improved

affinity for an epitope of interest, said method comprising the steps of:

(a) obtaining a library comprising specific binding partners present in a bio-

display format wherein said specific binding partners comprise mutations;

(b) contacting said specific binding partners with sample comprising said

epitope in the presence of at least one selection diluent; and

(c) identifying specific binding partners present in said bio-display format
which exhibit reduced dissociation rates in the presence of said selection diluent as
compared to the dissociation rate of a comparable specific binding partner not
comprising mutations, wherein such reduced dissociation rates indicate an improved

affinity for said epitope.

41.  The method of claim 40, wherein said contacting of said antibodies with

said sample and said selection diluent is done either simultaneously or sequentially.

92



PCT/US2007/010076

WO 2008/054517

1/18

D
2 hﬂz/‘.... -




PCT/US2007/010076

WO 2008/054517

2/18

Kessy sjey uoneoossig A49S

ai 614

(s23s) IwiL
OLL 018 ,019 ,0bY ,0L2 0 L0 T
1 1 T I O
B m — —i-Dad
: : : : uoissaldxa A49s
|| HosWwoLAds —g- | TN I <
n.v_cmm._o ou >.H_ow —e— . V-oLl4
VN 85666 0 g | | =
--{VN 55521 bsyo |-+~ -—or Z
8068v°0__| 80089 Ew =
50-05985°Z | ¥1¥560000 | zw “ N
| | zvie60 | zseus | g B P qu
Jou3 anjep X o
gW+(ou,Zw-)dxe, W = A : o]
T T T H =
: i ; : =
- | wN 618660 Y et i A
WN 902 9€ bsiug |
| _| o0-eeseeg | 129810000 few | il - 001 :
S8ve'e 5668 pw X ;
Jou3 anjep ! !
EW+{OW,ZWw)0Xe, L W = A w :
T z T _ i 0zl

9} b4

V-3d

ONIONIE OV



PCT/US2007/010076

WO 2008/054517

3/18

YY2LODIYD
LLOVYOD9LD
TeAlTona]
YYVYLOOOLL
LLLYDDOVY
aygbavyusy
LYDVYYLOOL
YI9L1IYDO9OY
TBASTIxSS

LODOVYOVY

¥09LIL

BTYIA3S
DLOLODYDVY
JYOVYIOLOL
dsye1vaas
YIVOYVYOOL
IYLOLIOOY
IA19Ydayy
YOLOVYVYOL
IOYIOLLLOY
IsgaydayL

YLODLOYOVY
LYDDVYILOL
dsynioassg
OOYVYVYLLLL
OOLLLYVYYY
I989TISAT
JLOVYIOLYOY
OYOIOYLOL
uToI=SIOS

OYOYIILOVD
DI9LOYILY
TeAIyLiIeA
DLIDYOYOL
OYYOHLOLOV
sATnaTaag
SLVYVOLYID
OYIIOVIOD
IALIYLATO
HYYLIDYOY
DLIU991DL
aygA1oass

0900092LLL
DDODOHOHIOVYYY
eTybaysit
JLOOVYILOL
OVYOIOLIOVYOVY
nioteabay
HLVYOVYILOVYD
OVYLOLYDLO
IA19TINOT
LILODOYVOY
YYYOOLLOL
sA1shpass

DYOYOHLIDD
5LO1LOY¥999
noTIYLATO
HOLOYLILILY
DOYHLYYYD
I9SIBWUTD
¥DOVYOLYIL
L99IOYILOV
A1oassaag
99D1LHIYIY
209YD9LOL
BTYRTYSAD

J¥9HILIOIVYD
9L09¥DOLO
nanTonag
92LOYLOLL
D09YDLYOYY
I98aTISAT
OYOILLLOD
JLOOHYYYID
naTsAToag
OYILOOYODD
JOLY¥DDLDOD
9TII=aseTV

AR lelelele) 4
YYO09999L
uroA1odaL
O¥99DYIVYD
OLIOD2DLOLD
najIagnat
YYILO99LLOD
LLYOOVYYOD
STIIYLRTVY
OOVOVOLLL
J0LOLOYVYY
IagnaTsAT

OLLODLIODD ¥DDVYDDOOVY
DYYIIYH9D LODLOODDLL
sATIYLATD eTYATDaUd
OVYIOILOLOVYY YILOLOLDOOD
JLOYOYOLL IVOVYIOVYIOD
neTIyraud dsvayriAio
YOVILODDD LOODDLLIOLO
LOLOVYDD9D ¥DDOVYYOYD
JIDSUTHATD oagsATurd
LIOYLOLOD VYV¥OVUYILOVD
YYILYOYID LIOLOVILO
uToHdsyATD NOTISSTRA
YIVYVYOOYYY DOVDOVYOLY
LYLIDOLLL 99IDDIOYL
1h1oxgayg darassihy
99LOLLIOLL 99J¥ILOLD
DOVYIOYVYOYY DDODIVYOVD
IYLUSYSAT eTvusydsy
SYIDOYILD D¥DDDLOLL
J199915YD DLIDOVOVYY
Teadainiod naTbaysAT
JY9HHYIID LOIJV¥IDHIDLL
9LI3DDLO9D ¥9ILIDOVY
naT1I9gATo AT90adgsiT
(AT

0919¥9099
DIOVYILIDDD
IYyLno1oag
LOVYLOOVYOL
YOLYDDLOVY
aaghk19ass
OYVYYYVYDOVY
SLLLLLODOL
nagaygdag
¥DOIVDOOY
LDD91L222L
oxgnaTass

YOOVYLID99L
LODOLYODOVY
ATodsyaylL
LOLDOYOVYL
¥OVYIOLOLY
bagassgoTl
DLOLOD0DL
JVDYDODDOVY
dsyoxgayy
DOVYIOLYYDLO
DLOVLLOVYD
Teana1dsy

YYOVLIOLOV
LISLYOVOL
TeASTHaSS
9HIOYILOVY
299I9¥OLL
A1naegayq
LIDIVYVYVYY
YYOVYLILLL
nronaTaud
HYDILOOVOL
ohife) telehiRe) 4
naToaxdayl

21910115Y
OYOVOYYIL
urobayass
99ILOYYDID
oo teMAelole)
Iyraygbavy
D19909YYD
9YID9ILLO
urobavren
hfelelelele) 5174
¥99999101L
AT9h1938s

YOO LLOVYY
LO99VYVYILLL
ATouiosug
22I910199
99YIVIYID
baydsyoag
99IOLILOD
DOYIVYYYD9
IYLUSYATO
LI999LOYL
YYDIIYOLY
UTDAYLISNW

YOVYDLVYVYILY
LOLOYILLVYL
shpak1aky
0DD31LLOVYD
DDDOVYVYOLD
A19sATTRA
DOOVYVYOVYIOVYL
9DLLOLOLY
daxrxssaisn
johRee) f0)0) 4 4
OVDILODLL
nTHTeANa]

OOVDLVYVYLY
ODLOVYLIVL
sADIARTIAL
Rl eelele) )4
2L999DL0L
TeAATOaSS
¥OLVYOLYLD
LOVYILOVYIYD
IYLISSSTH
OUYVYVYYIOVYLD
SLLILLOLVYD
nag1eAdsy

=4

OYLODDLOL
PIA feloha) fe) 4
ISNeTYIUL
¥OLOLIO199
LOYOVYOVYOD
195dsyoag
D00YLVYYOL
D99ILVLILOVY
K19akgass
LLOJY¥D21LO
YY991LODYD
nToTeAnTd

14



PCT/US2007/010076

WO 2008/054517

4/18

Add 8—-€H ALX 8—-CH SWO 8-TH

ddM L-€H LAL L-CH WOX L-TH

AMS 9-tH ALD 9-¢H DAS 9-TH

MSX S-tH LOD G-¢CH ASS S-TH

SAD F-€H 09S F—-CH SSd V—-TH

ADd €-¢tH 0SS £€-CH SdL €-TH

2dlL <Z-¢tH SSI ¢-CH ALd  Z-TH

ard T-¢€H SIL T-¢H LAD T-TH
XdAMSZHAL0 ALALDDSSIL SWOASSALAD

¢H ¢H IH

€ 314




PCT/US2007/010076

WO 2008/054517

5/18

CHI|
TAdL
ALN
LND
NOL
O.LS
LSH
SHA
L1d L-€T1 HAT
TdA 9-¢1 ATS
dAH G-¢€1 SAd G-¢'1 1s0
AHS p-€1 AN 7-Z1 SOs
HSD €-¢1 dNS €-C'1 0ss
SO0 <¢-¢€1 NSI <¢-Z71 SSI
504 1-€1 SIM 1-<71 SIX
LTdAHSO0L SAANSTI HTAINDLSHAISOSSIN
¢1 1 [T

y 31

PI-T1
ET-T1
¢I-T1
TI-T1
0T-T1
6-T'1
8-T'1
L-TT
9-11
G-T1
P-T11
€-T1
AN
¢-T11
T-11



PCT/US2007/010076

WO 2008/054517

6/18

,0b

NOISSTAdX3 8V

uoissaldx3 A40S

uonos|es €y

96 "bi4

Buipuig by

Vc—‘ AAS

uoissaldx3 A4os

uonoa|es 2y

a6 'bi4

Buipuig by

O

uoissaldx3 A40S

Buipuig by

uono9les Ly

Vs ‘b4

ONIGNIE NIOLLNV



PCT/US2007/010076

WO 2008/054517

7/18

(L:ON ar 0ds) | (9:0N aI 0as) (S:ON QI Bds)
YSALATIO0OM AdAMSZOALD | YSOAXWYILAYSHTSSHOTSTINIYNAYSILIMOMASAX 1-CH
(L:ON 4I 03S) | (9:0N A1 BdS) (S:ON g1 O3S)
YSALATIO0OM AdAMSAOALD [ YSORAWYIAYSHTSSHOTSTINMYNAYSILIYONASAR g¢-CH
(L:ON aI 03Ss) | (9:0N aI Bds) (S:ON aI 0O3S)
YSALATIO0OM AdAMSXOALO | YSOAXWYIAYSHTSSWOTSTINIYNGES I LIYONASAdX d1-CH
(L:ON ar 03s) | (9:0N aI OIS) (S:ON QI 03S)
YSALATIO0OM AdAMSAOALD | ¥SOXXAWYIAYSMTSSHOTSTINYYNAISILANOMASAdA VI-CH
(L:ON aI 03s) | (9:0ON 4I 03Ss) (S:ON a1 03s)
YSALATIO0OM AdIMSZ9ALD | ¥SOAAWYIAYSITISSWOTSTINMYNAYSILIYDMASAdX 1-CH
(L:ON 4I 03Ss) | (9:ON 4I 0dS) (S:ON a1 03s)
YSALATIO0OM AdAMSAOALD | ¥SOXAWYIAYSITS SWOTSTINMYNAYSIIIIONASAR | LM 94-09-1
12:E €H-4AD €A duo)
(8T:0N_d1 0O3s) (€:ON aI 03s) | (z:ON a1 0ds) (1:ON QI 0ds)
AIMIADOSSIL | LVAMATINAA LOYAM SWOASSALAD | SYYISTITSOOINATADISHATHAT g¢-tH
(LT:ON_dI 0as) (€:ON a1 03s) | (z:ON aI BaS) (T:0N ar 0a3s)
AAMMOOSSIL | IYAMITINAA LOYAM SWOASSALAD | SYYISTITSOOIMATADOSIATIAH d1-cH
(9T:0N_a1 Oas) (e:ON a1 03s) | (Z:ON a1 3as) (1:0N a1 Oas)
JIMVOOSSIL | LYAMATINAL LOYAM SWOASSALAD | SYYISTITSOOINATADISTATIAT VI-TH
(ST:ON_aI O3s) | (g:0N qI 0as) | (z:ON a1 0as) (1:O0N a1 03s)
JIMIOOSSIL | IVAMITINAL LOUAM SWOASSALAD | SYYISTITSOOINATADISTATIAT 1-CH
(v:ON QI 03S) (€E:ON QI 0ds) | (z:ON dI 03FS) (I:ON 41 03S)
JIAIO9SSIL | IYAMITINA LO¥AM SWOASSALAD | SYYOSTITISOONATADDSAATIAT | LM 99-09-1
ZHIAD (4:L | TH-4dD §: € auo[)
9 314




PCT/US2007/010076

WO 2008/054517

8/18

(TT:ON QI 0ds) (0T:ON a1 0ds) (6:ON ax 0ds) (8:ON aI Jas)

SIUNSIM | AITTIMASOOANOTAM | HTIINOLSHAISOSSH | DSISYOADTSAITSTAdIOINTIAQ q47-¢€1
(TT:ON 41 0ds) (0T:0ON aI Jds) (6 :ON a1 03s) (8:ON ax 0ds)

SAUNSIM | ATTINASODAMOTAM | HTIINDLSHATISOSSH | OSISYOADTSAITSTAIOINTAQ V¢l
(IT:ON aI 03S) (0T:ON a1 0as) (6:ON QI 0dS) (8:ON QI 0ds)

SAYUNSIMV | AITTIMISODINOTIM | TTIINDLSHAISOSSH | DSISYOUDTSAATSTALOINTIAA ve-€l
(IT:ON aI 03Ss) (0T:ON QI 0dS) (6:ON aI 0ds) (8:0N aI 03s)

SAUNS IV | AITTIHISODANDTAM | ITIINOLSHAISOSSY | OSISYOADTSAdTSTALOINIAQ V€1
(IT:ON aI 03FS) (0T:ON QI 0dSs) (6:ON QI 0ds) (8:ON aI 0ds)

SIUNSIM | AITTMASODANOTAM | HTIINOLSHAISOSSH | 0SISYOADTSAITSTALOIWIAG VI-¢1
(TT:ON QI 03S) (0T:ON aI 0ds) (6:0N a1 0as) (8:O0N aI Jas)

SIUNS IV | ATTINASOOANDTAM | HTIINOLSHAISOSSH | DSISYOADTSAITSTALOINTIAQ qa1-¢1
(IT:ON 4I 0FS) (0T:ON aI 0ds) (6 :ON QI 0dS) (8:0ON Q@I 03s)

SAMNSIM | AITTINASOOINDTAM | HTAINOLSHAISOSSY | DSISYOADTSAdTISTALOINTIAQ a-¢1
(IT:ON a1 0FS) (0T:ON ar 0as) (6 :ON QI Ods) (8:ON a1 Jds)

SIUNSIM | AITIMASODHANOTAM | ITIINDLSHAISOSSH | DSISYOADTSAdTSTILOINTIAA -¢1
(IT:ON dI 0ds) (0T:ON QI 0dSs) (6:O0N a1 0ds) (8:ON a1 Ods)

SAMNSIM | ATTTMASODAMOTIM | ITILNDLSHAISOSSY | OSISYOADTSAdTSTdLOIWIAG qg-¢1
(IT:ON dI 03S) (0T:ON aI 33s) (6 :ON QI OdS) (8:ON aI 03s)

SIYNSIM | AITIMASOOINDTIM | HTILNOLSHAISOSSH | OSISYOADTSAITISTAIOIWIAG v-¢1
(TT:ON aI 03s) | (0T:ON QI 03S) (zz:0N aI_0as) (8:0N ar 0as)

SAYNSIM | AITTEASOOINDTAM | ITILNDLSHATOOSSH | 0SISYOADTSAITISTAIOINTIAL q1-11
(TT:ON aI 03s) | (0T:ON a1 D3S) (Tz:ON aI_0as) (8:ON QI 0as)

SIYUNSIM | AITINASOOANOTIM | ITIINOLSHATOOSSH | DSISYOUDTSAITSTALOINIAA ga-171
(TT:ON QI 03s) | (0T:ON aI 03S) (0z:ON aI_0as) (8:0ON 41 0as)

SIYUNSIM | ATTTINASOOANOTAM | ITIINOLSHAIODVYSSH | DSISVOADTSAITSTILOINTIAA V11
(TT:0N a1 03s) | (0T:ON QI 03S) (6T:ON ar_0as) (8:0N a1 Das)

SIUNSIM | ATTINASODOANOTAM | ITIINOLSHAIDOSSY | DSISVOADTSAITSTILOINTIAA I-11
(TT:ON aI 0zS) (0T:ON aI 0a3s) (6:0N a1 03S) (8:0N QI 0ds)

SIINSIM | AITIMASOOINOTIM | FTILNOLSHAISOSSH | OSISYOADTSAdTSTILOINTIAG | IM 94-09-1

71:4dD (4:L I'1-4a) 12: €1 auop)

VL 8




PCT/US2007/010076

WO 2008/054517

9/18

(rT:ON aI 03S)

(ze:ON aI_0as)

(ZT:ON a1 03s)

YN TITILIOVOL 1T1dSSS904 | DXAADTAISIAYSINTIIALISDSDSINAIAD gz-¢1
(vT:ON ar 3as) | (1€:0N dI_03s) (ZT:ON QI Oas)
VINTETILOVOS 1TdONS90d | DAXADTAISHAYSINTILIALOSOSOSIYAJAD Virel
(vi:ON ar 03s) | (0€:ON aI_0as) (ZT:ON QI 0as)
VIMTITILOVO 1TdOLSO04 | DXAADTAISIANYSINTIIAIOSDSDSIUAIAD VeeT
(vI:ON gI 03s) | (62:ON 4I_0as) (zt:ON a1 Oas)
TINTITIIOVO ITdDA9904 | DXAADTAISIAISINTLIALOSOSDSIIAdAD Vel
(vT:ON a1 0as) | (8z:ON aI_0as) (zT:ON arI 0as)
VINTITILIOYOA 174099904 | DAAADTAISIAISINTLIGLOSOSOSIIAAAD VI-¢1
(v1:ON a1 03s) | (LZ:ON dI 03S) (zT:ON ar B3S)
VINTITILIOVOL LTdSHSO0A | DAXADTAISIANISINTLIALOSDSOSIIAJAD g1-¢1
(vI:ON QI 03s) | (9Z2:0N 4I O3S) (ZT:ON QI 0aS)
VEMTATILOVOI LTdDHSO0 | DXAADTAISIAYSINTLIALOSOSOSIIAJAD a1
(v1:ON a1 0as) | (s2:ON aI Oas) (Z1:ON a1 0as)
VUM TITILOYOI I1TdaHSO0d | DAXAADTAISIAYSINTIIALOSOSDSIYAIAD o-¢1
(vT:ON a1 03s) | (yZ:ON dI_O3S) (zT:ON aI 0as)
VINTITHIOVO 1T7dv8SD04 | DXAADTAESTAYSINTLIIAIOSDSDSINAIAD g-¢1
(vI:ON aI 0ds) | (€2:ON dI 0as) (ZT:ON QI 0as)
YENTITIIOVOI L1TdVHSD0d | DXAADTAESIAYSINTLIALOSOSOSIIAIAD V-¢1
(vi:ON a1 33s) | (ET:ON ar 0as) (Z1:0N a1 Oas)
VINTITILOVO LTdAHSO0d | DXAADTAISIAYSINTIIALOSOSDSIUAIAD !
(vi:ON ar 03s) | (ET:ON ar 03s) (Z1:0N QI 03S)
VIMTITILIOVOI LTdAHSO0d | DXAADTAISHAYSINTLIALOSOSOSIIAdAD a1
(v1:ON aI 03s) | (ET:ON ar 0as) (ZT:0N a1 B3S)
TIMTITILIOVO ITdAHSO0 | DXAADTAISIAISINTLIALOSOSOSIIAdAD 448!
(vI:ON aI 03s) | (ET:ON QI 0as) (zT:0N aI 03s)
VM TITILIOVOI LTdAHSO0A | DXXADTAISIAISINTLIALOSOSDSIYAdAD !
(v1:ON QI O3s) | (ET:ON aI O3S) (ZT:ON QI 03s)
VIMTITEIOVO ITdAHSO0 | DXAADTAISIAYSINTLIALISOSDSIYAJAD | LM 97-09-1
2: € £1-9ad 2: € duor)

4L "s1g




PCT/US2007/010076

WO 2008/054517

10/18

g€l S0-306°9 ve-€1/ 8€-¢H
9¢ 01-309°L L'y 6¢ $0-30€°C S0-30S°¥ gc-€1/4at-11
90 60-300°1 8't 0¢ ¥0-306°C¢  SO-30v'¥ Vi-€1/8L-11
¢6 Li-30€°9 8L €€ $0-30¢°L  G0-306°€ g¢-€1/VI-¢H
8L Li-3v'L (A% 8¢ G0-36°S S0-39'v YI-€1/VL-¢H
8Ll L1-306°v cvi G0-309°9 gl-€7/8L-11/VI-¢H
€9 $0-30G°1 g1-€1/vy-11/8¢€-¢H
v'6 ¥0-300°1 g1-€7/91-171/9¢€¢H
601 L1-30€°G 6'Sl G0-306°G glL-€1/4d1-11/91-¢H
158°13 11-308°€ S¢ClL v's 60-30S5°2L S0-30¥'¢ Vv-€1/8L-11/VI-¢H
56 L1-31'9 'L £t G0-36'8 S0-36'€ 8c¢-€1/9l-L1/VI-¢H
Vi oL-3L'v A2 o€ y0-3€°L SO0-3¥'y Vvi-€1/49l-11/Vi-¢H
9L 6l 0L-39°€ 0i-327¢ 4> L'e y0-30°€ S0-3¢'v g¢-€1
L 8¢ y0-36°€ S0-3Lv g1-€1
6V 9¢ ¥0-36°L S0-30°S Y€1
S'S 9¢ v0-3L°L G0-30°S Vve-£l
€9 (VX% ¥0-35°L S0-3¢Y VZ-€1
Sl o'l oL-30v 01-397¢ 8L L€ ¥0-3¢°L G0-36°¢ Vi-€1
0¢ ¢ yo-3aLlv G0-30°9 v-€1
4 oec oy-3L¢ ol-3¥’L 6'Y 9'v y0-36°1L S0-38°¢ al-i1
(4 6'¢ y0-3€°¢ G0-3€°€ V-1
154 0'Ss ¥0-3¢¢ G0-39°¢ V-1
6V g'e ¥0-36°L G0-3.°¢ 9€-¢H
8¢t 8'€ ¥0-36°¢ S0-3av’e g1-¢H
Sy 6L oL-3¢°4 b1-3€°S 6'G Sy ¥0-39°L S0-36¢C Vi-¢H
0¢ S¢ v0-3Lv S0-3¢°S L-¢H
0l 01 01-308'G  0L-I8L'V 0l 0l $0-38€'6  ¥0-30€°L 1M

juswaroidw gy

juswanosdwi Joy

auo|d

8 31



PCT/US2007/010076

WO 2008/054517

11/18

(W) by

a0l 0L 701

+

TR R lugsr ey g

-.::::..E b 8z--§IV~ & === HOO|

m:._.. 11

T T T | S T ™ ™
. i v
H b

D gl- SVEE- LVEL- T -=4--

COV- €281 LIVL-H =0
. 82€ VEk- LIVL-H —B-
: : ._.>>|..®|

) CNTI - ) T -}

“Y
g6 ‘b4

ONIANIE OV G3ZITVYINYON

{2 sG'} .l .S

Y |G T T T I v T T

o Iﬂn.uﬂ o Eﬂ.ﬂn”ﬂ.ﬂ e o
I e I St Y
! g
| ¥

gl- €18L- L18l-H-=+~=-
al- €IVl- H=oN==

gc-¢ vdl- LvL-H—8-
5 IM=——

H V- €V8L- VIVL-H=0 s [ .................... .

31V NOILVIOOSSIa

v6 b4

(174

(1)4

09

08

00l

izl

ONIGNIgG OV A3ZITVINYON



PCT/US2007/010076

WO 2008/054517

12/18

TN/ON) OHOVL

0¢ 02 Zl 9 g 0
1 1 1 ) 1 OOO
L 020 W
m
|
m
(W)
L 0¥V 0 >
<
=
@
L 000 T
' <
%]
L 080 8
ENVY 10T —m— ,Wc
NV 107 —»— . m
- 001
LAV 107 —m— S
IMIOT —o— re)
0c'1 .
ININTIA TONVHLIW HLIM AVYSSYONNINNI SNININOYIVL mc F m_u_
SNV LIdSHSOOA SAUNSIM FTIINOLSHATOOSSM AdIMSADALD JAMADDSSIL SWOXSSALID| gi-g/gl-17/dL-cH
1A\ I1d399904 SJUNSIN FTAINDLSHATOOSSM AJAMSADALO JIMUDODSSIL SWOASSALAODL V|-€7/9)-1VI-¢H
ENY LTdSSSO04 SJUNSIN FTIINOLSHAISOSSM AdAMSADALO ALMYDOSSIL SWOASSJLAD ge€vi-cH
A\ IIdVHSO0A SJUNSIM FTIIINOLSHATOOSSM AJdIMSADALD JIMUODOSSIL SWOASSALADY V-€1/8L-1IVI-¢CH
LAY - IIdS§SO04 SJMNSIM FTIINOLSHATOOSSYM AdIMSADALD JIMEDDSSIL SWOASSALIOf 9¢-€1/8L-11VI-CH
IM ITAAHSO0A SJINSIN HTIINDISHAISOSSM AdJAMSADALD JALALOOSSIL SWOASSALID 1M 9%-09-1
IHNLYIONINON €71-4ad FARYf) 171-4ad €H-4a0 ZH-9a0 LH-¥a2 SNOILV.LNW
99|

vol 614



PCT/US2007/010076

WO 2008/054517

13/18

LLLYDD299
YVYYLD9920
skA1901g
J0VYOLLIOLL
9DIIOVYOVY
dagusysiq
I9LLLLOJD
YOVVYYYO9D
ayLsA1h1o
JLDLLOLLD
DHYOVYOVYD
nionTonis
OLOLLIIOLL
JYOUVYOVY
dsysAusy
DLIDLYYID
OVVYIVLILIYD
usyakrdsy
lehne) o) A fe}
JDVYOLOLYD
IesTeAdSY
itele) felole) 4 4
¥OOLO99LL
A19h19n97
9219JLLOD
09YIOVYYID
I95198°TY
9LOVOVYILD
J¥OLOIOYD
dsyasasuid
JLLOYIIVYD
OYVYILODLD
sATTeaAnsT
9JLLOJYDVY
09YYIILIL
I95BTYISS
9LOLOOVOY
J¥OHYIOLIOL
dsyeryasas
YIVOVYIOL
IYIDL193Y
1A reydayr
¥YOLOVYVYOL
LOYDLLLOY
I959YdaylL

¥9100999Y
LOV992D201
ayrbayassg
OLLLLIODOYD
OYYYYOILD
sAniotea
OLLOLLOOL
el a"fo) 4 fale) 4
USYUSYIYL
1O9199Y9D
Lol elifele]
0314014014
SL19¥IDLIL
JYVYILODYY
USYTeASAT
JLDIOLYLD
OYOYOVIYD
a1obaysTH
jo)-fole) fole) fo}
OL991991D
TeATBATRA
OYIDLIVOD
OLDJOYYLOD
nafqusyoad
0999519990
9020¥0209
OI4STHeTY
JVOOYIYDD
910219129
na1ieaeTy
9IOYLIDLYD
09LYOOYLD
skpA1oneg
DYIVYILIOVI
J1910¥JLD
TeAIULTIRA
JLLI¥OYOL
DOYYOLIOLOV
sArnoTaes
jole) 1ahle) fe 0]
9591009199
dize1vA1o
OYYLIDOYOY
JLIV991OL
sygA1oass

OYYOOLIOLL
JLLO9YOVY
ENEREINY G
LOLOVODLL
YOVOLIOVY
payna1sAq
jsje) ol fele) o]
9919Y991LS
dagniotea
OVVYOVIVLIY
[AMRONASNA-AN
naTTRAIAL
9IYILLOVY
09LYVYYOLL
shoshTouyg
99ILLILOIOL
olel 44 o) f0) 4
IYLUTDHIYL
¥YOVIOLOVD
IOLVYOVYILO
sAoaygrtea
halehfaloble) 4
¥IO9YO2I5L
eryoadsiy
OYIVILOOVY
OLOLYYIOL
TeAusysiAn
LOODYVYOOL
¥ODOLLOOY
oxgaydaylL
¥OLOYIDO9Y
LOVOHIOODL
aYyrieprss
J¥9YDIIID
21L0LOY999
e TIYIATS
921OY1LILD
JDYOLYYYO
ID9GIAIBWUTD
¥IO¥2IVIL
I99IOYIOV
A19asgaag
RRIeARe) o) 4
209Y091OL
eTyeTysAd

V51291919
LOYOOYOYD
IYLIYLSTH
ODLOLYVOVYL
JDVYIOVYLOLY
PEIF VR BTN
OIVVYYILOLD
OVLLLYDYD
a1k1o11dsy
I¥OD19199
YI19DYOVYID
TeAuTooag
jshrolodmAs e
OVOOYYIOO
a19sATATO
J1O¥D219L
OYILIDVYIOVY
uroeIvIylL
IYL199959501
YLYOIO329%
aTioagass
LLLOOYLIOD
YYVYIOLYID
sAh1skpyoag
99LOYLOOY
J0VILVYDOL
IYlraTiies
9LOIO¥YIYID
O¥I519199
STHTRAATO
DIYDIIYIL
J00109910¥
195ATOHIYL
L1990200¥
YYI09099L
uroh1odag
JYOOOVYIYD
OL23219LD
narqiasnaT
YYIOOLLIOD
LLYIOVVID
9TIIYLeIVY
O9VYIVYILLL
J0LOLOVVY
198NaTSAT

S1LOVILOLD
JOYOLYYOVD
STHUSVYSTH
OVVOIVYOY
JLLOYLLOL
aydakrass
LLOYODOVL
¥¥OIDDDLY
NTO0IJIBMN
¥OILOLLYD
LOOVOYVYLD
etybayiea
¥YOLOVYILOOY
LOYOLVYOOL
Iag3onday
OIOILYOLLD
OVIYIOVYD
STHTeANTSD
JOVDOOVYOVYL
D1222121Y
narIagaTl
¥ODVYOVODD
LOJL21L332
oagskpoag
219921999
Blielen) felee]
ulHIBSOId
YOLO9DVOVD
LOVYIODLOLD
IagI9asnaT
LOIVLOLOD
YOVLIVOVOD
ayzidsyA1o
YIVVYOOVYY
IVILODOLLL
a1kjoagsyd
99191L01LL
J0¥IOVVYOvY
ayrusysiT
) felele) iok e}
31D9919YD
Teadaginio
o) RL) felele]
912221999
naTaagshk1o

O¥OYIIILD
9IL21999Y9
na1A19NTO
YOOVLOVOY
I991YOLOL
A1odsvyiss
OYYHILIOLOL
OLLOVOVYIY
ayadsviyy
IOYI021ILL
¥2I999VVVY
I9gh19sA1
910019919
ol ) feje) fe]
dsyuToSTH
J¥IOLLOLL
DIOIYYOYY
TBAUSYUSY
JOYIOVDLYD
OLVOLIOYID
JOWNSTITRA
OLIOVLIOL
OYYILYYIOY
sApatIayy
JJV9DLOOL
99LOOWIIV
dagayrass
oL Aele) H5) 4
J0L¥9DLOL
Iagh1oass
\-fo fo) o) 010
ARaRRoNA N Aele]
skpyTepoag
JO¥9OVOLY
99LIDIOVL
dagaasaky
99IVLIOLD
elo kA 4 t0) 1]
eryusydsy
J¥9IIILOLL
9LIO9DOVYOVY
naTbaysi1
LOJY9DDLL
¥9DIL009VY
K1ooadsi

11 *Si4

ARSI ) ele)fe]
JY¥D219919
STHTBAT®EA
9LIDVOOVD
JVHOLIDLD
dsynartea
) -fele) Afale) 4
J199IVYIDL
TeAIBWSAD
999LILLLOV
J2DVVYYVYOL
oxgsitassg
J199Y1D9D
O¥IILY¥IDD
uroaTioad
J¥IOVYYYIOV
SIDLLLODL
Teasygadag
¥100119VL
LYOIVYILY
dsysATaT1
999020101
022999YDY
oxghtobay
J9V¥99LLIYD
S0LOOYVYID
I8SIYLTCA
OLLIODVIOL
JYY9HDILIOOY
usydagayyg,
992I¥9LID
0099LIO¥ID
eryneIoad
¥OOYLI99L
R AA Llele) 4
A1odsvyayr
LOLOOYOVL
¥OVOOLOLY
bayaagaTl
91199091
J¥OYID90Y
dsyozdayy
OVYOLYVYOLD
9ILOYLLIVO
Teana1dsy

LOVVYOYOOV
Lo RMAIRACISAN
135sADass
LODLIOYDL
¥OOVYVYHLOY
0xgnToayL
SOLIOVOYIL
O0VOLIOLOY
IYLNDTIYL
OYIHOLLOL
JLYIOVYOY
aTIIYLbaY
D¥O990¥IL
JLODD9LOY
naTeIvIss
9019YLIOLO
D09YIIYOVD
I3GITIUTO
JLLIOOVYOD
OVYYYIO2.LOD
sAhTo1doag
999210YVL
elelela) G AMA -
0Ign19sTlI
¥DLOVYOLOV
LOVDIOVIOL
IYLTeAISS
JYVOOLIOVD
SLIOOYOLD
naTIYLIeA
YIYOVIDOVY
LYLO1990L
IK1TeNIDS
J319L01L1S5Y
OVIVDYYOL
ursbayass
D9LOVVYOID
JOV¥OLLI9D
ayraydbay
JLO9IDYYD
9Y209011D
uTobayiea
ffeleieiele) £3) 4
¥9999910L
ISGISGEE

OLYDDIVLL
ol Afe o) AR 4 4
1h395Usy
SLLOLLOLY
OVYOVYIVL
usysATIAL
5YJJ1911L
J199YIOVYVY
TeAuTosAT
J109v¥1999
OYODIVYIID
nio9e1I101d
9¥20Y¥0229
219919990
TeaTeabay
OYIOVLIOIOD
JLHLYDOYID
Teadsyoag
OYYOVLIOVY
JLLOLVYIOLL
|ygarIaud
IILOLIOLD
YYYOYYIOVD
sA1shn1dsy
92190L9¥D
09¥I9HYILD
I9s3I98NST
199010¥99
¥I09¥91L0D
oigninoag
199990191
L ololeleo) fe) 4
oxgeTyiyr
YOVOLYVYLY
LOLOVLIVL
shoakraky
00301L12¥D
9999VYILD
A19sh1ten
JOYYOVIVL
99LLOLILY
dagIi9539W
ol Aele) fele)'y 4
OVYODLOOLL
n1oTeAns]

LOLLLOOYD
¥OVVYYIDLO
baynt9otea
O9LLIVODLD
JYVYVYLIOOYD
usynanio
CAMA-ORRe)-AN
OVVIIOVOLY
SATayLISW
0901999¥9
909Y¥III21LO
eTY0IgnNaT
OYOVIOLYOL
JLD01JYLOY
na7IYLISg
9LOVYILIOJ2LD
JYDIVYDIVD
dsydsynTo
O¥I99YLOD
JLO2DLYDD
Tepassoxd
J¥I211991
S199YVIIY
TeasA1ayg
O2LOLYDYD
OJ¥OVWILILD
ayrakrneg
OYVYIYYID
OLLIYLLOD
CLECNAS {]
ILOLLILY9D
YOVVYVYLOD
IyrsATery
JYLO92191
RBAN-fele3) je) 4
IBWRTYIYL
YOLOLOLOD
LOVYOVOYDD
zagdsyoxg
900YLVVYOL
J99LVIILIOVY
A19akgass
IILOJVODLD
YYOOLOOVD
aT9TeAnTd



PCT/US2007/010076

WO 2008/054517

14/18

LOVYYOLIOY
YOLLOVYYDL
I38IYLIASg
OLY9OLOOL
jo)-finele) - s010) 4
IALIYLISS
DILOLLLOODD
JVYOYYVYIID
dsysAToag
LOOLOIVYOD
¥YOOV¥DODLIOD
oxdelvety
\'A-ehifeieie) 1)
LLOYDOOLD
TeAATONST
YYYLOOOLL
LLLYDDOYY
aydbayusy
OYOJYVYIID
JL99LLODD
TeAnaTATD

LOLDOLLOLD
YOVUDVYYIVD
IYLsATISTH
OLOLLLOOL
OVOVYVYYOOVY
dsysATass
DLVOVYVOLL
OYILOLLOVYVY
A Laygusy
YLOYDI2DDL
LVYDLODDOVY
dsyeivasas
YLOJLOVYDOY
LYODVYDILOL
dsynToass
DOVVYVYLLLL
D0LLLVYVYYY
I989TISAT
JLOVYOLYOVY
OYILOVYLOL
uT9HIaSIIS

¥919920LD
LOVYO0D5YD
IYreTvnTd
DLODLOVYLD
JV¥ODOVYILYD
dsyutodsy
OLIOVYOVYY
OUVYHLLOLL
usynaIayd
29030091LLL
909990V YVY
e1vbaysA1
johfele) foRAGAN
OVDILOVOVY
nToTRADIY
OLVYOYILOVYD
OVLDOLVYSLD
IAro1INn97
LILLOOVYYOVY
YYVYOOLLOL
sAIshpaasg

YOV9OLYIY
LOLOJVLYL
SADayLIAL
¥YOLOOYYOL
LOVY99LLOVY
ayrdazass
Rje) o) fo13) f0)
09191901LD
SADTBRATRA
O¥HIDLIDOYD
OLODYIDLD
nanTonag
92LOYIOLL
DOVYILVYOYY
1989TISAT
DVYS0LLIIOD
JLOOYYVYDD
natsAToad
OYILODVYODD
DL¥20LDDD
9TIISgeIVY

9OIOLIYLYD ID9LIOVIY
DOYIVYYIVD ¥OHIVYDHILVL
I9SUSYSTH baynionall
9LLOYOOYD DIIVILLILO
JYYDIIDLY D9OIVYYYD
usynaITeA ATOUSYUID
LOYOHODYID LIOVOVILOL
¥OILOD9199 ¥9OLIOIVOY
I9SRIVYATS ATDIBSIYL
DLLODLIID ¥OIYIIOYY
9YYIOVI9D ID9L99DLL
SATIYLATO eTvATo9uUd
DYHIODIOVY ¥YIDLOIDDD
JIOYDYILL IUYOYIYOOD
no1ayrayd dsvayriio
¥OYDLO9DD 199DIIDLO
IOIOYII9D ¥DIIIVYOYD
I2GUTHATD 0adsATurd
LIOYLOLOD YYOYIILOVD
YYOLYOYOS LIDILOVILYO
uTodsyATO NaTISSTEBA
7181

YOV¥DOLD

LOLOVYD

sADonio
JLODLODLL
O¥OHIVOIVY
nTodsysAT
LOOLLOVYDL
¥OOYVYOLOVY
baynroassg
LYVYOLOOLD
YILLOVOOVD
naTuToOnNTd
09LOVYOD9D
DOVYOLODID
ayrneToad
LOVYIOOVYOL
YO1V¥9DLOV
195k T19a98
OYYVYVYVYIIVY
SLILLLLOOL
nagaygday,
¥ODIOVIOOVY
LDDDLIODIL
0IgnarTiag

YLIODIOLL
IYY9IYIVY
usybayusy
99LOYYIOL
olo)toNMAJe)"4
IyrnaTayg
9IOYIIVYL
099ILYSLLY
A1o5dsysTI
¥OLI99YLOD
IOVIILYDD
I283950a4d
¥OIVYIOLOV
LO9IYIYIL
BTYSTHISS
9IOVYILOVY
29919VIOLL
ISRECIELE
LIDIVVYYY
YVYOVLIILL
nionagayd
HYHIOOYOL
olife) (ololre)"s
naToadgayl

DOYVYIILOLL
JLLOOYOVYY
aygIassA
O¥99DLODL
olifelele) s013) 4
naTIYLISS
JLLOOYIOLL
OYVYODIOVY
sATdarsAT
LODOVVYOVL
YO22LILOLY
0xd49ydaTI
YOOLLOVVYVY
LOOVYVYOLLL
A1outroayg
JDLOLOLOD
PR 0L ) ie)e]
paydsyoad
99I9LLLID
DJOYOVYYVYOD
IYLUSYATD
LI999LOYL
YVYODOIV¥OLY
UTDIYLISH

OYIOVYVYLODD
JLOLLYDDD
TeaAa®TIoad
9IDIOVIDIL
DOVYDLVYIOY
I9G39WISS
OYIOYLLOYL
JLOLYYOLY
TeAUSYSTI
DOVYILVYIOYDL
OOLYLOLOY
ADSTRAIUL
DIVDILVYVYLY
09LOYLLVYL
shDak1aky
Bliselei) o) 4
DILD9D9LIOL
TenAATDIdS
YOLVYOLYID
IIOVYILOVYLIVYD
AYLISSSTH
JUYYYYIVYLD
9LLLILOIYD
nagreadsy



PCT/US2007/010076

WO 2008/054517

15/18

AR o) AMAJe)
LYIOIYYID
TAL3eWeTY
99YLIDLLY
DDLYODOVYD
I95ATHUTH
YLOYVOVYDL
I¥9LIOLOY
dsyTeAIas

9D1LOVILOVY
JOV¥YDLOYIL
IYLTeAISS
SLOJ21LOVOY
O¥99IYOLIL
dsynioassg
SLYYLLVYDL
OYLLVYYLOY
TAgusyayy
UOLOVYLIOVY
LOYJLIYOL
Iyraydass

¥OLYIDOV.LD
LOYIYOLYD
ayrdsydsy
D2199YL9DD
DOYIILYDID
I198I9SeTVY
LLLODOLODD
YYVYIHVYIDD
shTaaseTy

991L00LLY
DOVVYOOVYD
IYLATOUTD
D9ILIVYOYOL
9JVYHLILOVY
IYLNaTISS
¥OOWYIOOVLL
I9951991LVYY
A19A19UsSY
9IYYIIYOY
OYIIOOLOL
IALAT9a98

2922029

509990

eTybay
JLODJLODOVYL
HYHIYIDLY
nIoNTOIBN
VOOVILVYOVYL
L09IVIOLY
BIYIALSTI
LDILODYOOY

¥OVYD9LIO3L
baygsApass

\-felelele)-ONA 4
LODDOLOYL
A1odaraky
DVYIIYDIILD
JL2J21LD9YD
narnarInTo
OLVYVYOOVLY
OYLLODIYL
aKkroadaky
¥OOIOLLOOY

LOOIVYYIOL
eTYsSATSAD

LLLOYLLLD
YYYILYVYVYD
SATSTINTO
¥OOVLOOVL
LODOIVYOIOLY
OIdSTHSTI
DVOOVOLLL
JLODLOYYY
naTnaTsAT
OYLODLODD
JLYDDOYIDD
STIIYLeTY

9LIIOYLYOD
DYODIVLID
dsyilone1v
OYLOLYDDD
9IYIVYIIID
I9NIALRTY
YYIYVYOLOD
LIYIIOY99
STIN®TATH
9HYYYIILL

OOLLLYOVYY
I989TISAT

JVODLLOOL 9DDLODYID
DLIOJYYIIOY DDOVYODLOD
noTusyayL AT9ATOHATD
92IOYODDL OVYVDIIOLOL
JOVYILIODOY DLLOVOYOVY
IognaTIas aygdsvayyl
99919901LD ILOOILOOLLL
DJ2D¥DDDVYD V¥DHOVIIOVYVYY
0xgoagury AT9HoadsAT
J0LDOLODJD LV¥DVYDVYIOVD
9OVYOVYIOOD YIDLDLOLD
BaguToi1D naTassTRA
YIVOLYVYOD VOILVIOLIDD
LYLOVYLLOD LOVLOVVYOD
IA1xA10ad IYLIYLATO
ILOLODLOOVY LOVILLOLD
YOVDOVIIDL YOLOVYIUD
IYLIDSIDS I19gsATdsy
YVYILDOYIOLD YVYOOLLOLL
LILYODLOVYD LLOOVVYIOVY
9T7IdaLnTH NOTUSYSAT
OVLLOVYDD LIODOVODILL
DLYYDLLOD ¥OODLOOOVYY
I9NIDSeTY AT901gsAT
€1 31

DYYIOILIOY
DIIOIYODL
sygayrdag
DD0Y¥OYIID
999101999
A19198A TS
DIOLILOOVY
HYIVYIILL
uToHUTHSUd
L flelolaraioLd
I1D99LLIDL
BIYNaTISS

SLVYDILYYDD
OYILOVYLLOD
IK13kLATO
o) 401 ONA 444
OLOLOVYLLL
TeaayrLayd
ifele)- 0N
¥ODLOD2DDY
K190x3a9s
O¥OIOV¥DOLO
DIL991IO0Y¥D
Teanaidsy

099DYVYIIID
D00LLODYD
0xIdTeAnTsd
¥YOLODOYOL
IOVYIO9LOVY
xaghk1oass
J0YOLLOVL
9OLIOVYILY
dazusyaisn
¥DOLOOVYOVY
LD9HYIIIDOL
BRIY0Idaas

YY22D1LLOD
LLOO9OYVYOD
TeabaveTy
LOLODDILL
YOVYID9OVYY
IyreTysAi
DLODDLIOVYD
DVYDIIVYIILD
uTobaviea
¥OODILODOV¥OY
LOOVYHDIDL
oxdAToass

JLLYOLOLD
DYYILOVOYD
SATI9SSTH
¥YYI2L99D
LLLO99DYD0D
aygbavety
YYVYYOLYYL
LLLLOVLILIY
aydIasaTll
LILO9DHLOVYD
¥YI3D20¥9OLD
urosayrnsg

YOVUDLVYVYLVY
LOLOVLIVL
sADIKR1ak]
9LO9LLOVYY
JYDIVVILL
dsyusyayd
JDV¥OLLOVD
DOLIOVYVYILD
dagusyna
JILOLIOIYD
OYIVYYIILO
urouTsHnag

2I9YIYOVYY
SYILOLOLL
ut9sApaygd
¥99DYIIID
L22219999
OIJTeAATD
lele) AR A AR
099LYIIVL
A19ak1alky
LYIYYIOLD
YIOLIYOYD
TeAa11dsy

del

LOVYODVYOYD
YOLODLOLO
I9SIDSTRA
OYIOLOIVYOVY
JOLOVIOLOL
Teae1vass
LLLOLOOLL
YYYDOVYDIOYY
SATUTHUSY
299LOLYDIL
olo)-f0) - ANOLD) 4
ayrakrass
OLO9DVYIDLD
OYIILODOVYD
UTSTeAnTd

Vel



PCT/US2007/010076

WO 2008/054517

16/18

LMJADINSHD

SVRIMSYY

NWISIODAAQASHSYY

jueiniy 6-cy

LMdAINSHO

NIWASIDAAGASHSYY

LM v1-95-6¢

0 e

SODSSVYY
T 1A

17-¥ad

auo[H

AQWVAAMSdOAADA

NLOONdTHI

N1LASLISAD

jueniy 6-cd

AGWYAAALIDAON

NLOONAdAI

NILASLISAD

1M V1-99-62

€H-¥AD.

LH¥AJ

auoj)

140




PCT/US2007/010076

WO 2008/054517

17/18

(W] YOLIGIHNI ZLIN

0l

Ol

0l

1000 10000 Q0L O

| ALRASLEN

| AR RN

70 S ON I —=-|.
OB ON 6-gH—o-1:

bowss v heaeas o hay

weaas b

FoTTTY

proTT T

H
havies s o

H : : : :
PRV W [ ST OSSR T ST SR S (S UG WO W00 (N0 YD VORS TN U0 S ST WU U S S

(HO®W oN) 0591

asl ‘b4

o0l

0¢

oy

09

08

001

0cl

[W] MOLIGIHNI LI

0l

1000 10000 QOI 0l

P

08

HO S ON IM —=1

HO®N ON 6-gH—e—f _

00}

N

Btk Ot L
TN B N m
S H g H b
[ XN ]
- e ] 09
hun ”.: i ln " “::..

0cl
(HO®W oN) 0591

vl b1



PCT/US2007/010076

WO 2008/054517

18/18

19°81CI YBIOM IR[NOS[ON 19°20T1 YB1ap IBNI3[OIN
n—o :Z _:I Nwo ‘B[MULIO] JR[NOS[O N_o :Z :_m ~oU ‘B[nuoy HN—;OO—OE
(Vs ‘v uuodso[o£) ‘y suuiodso]o£D)
AMOqERI LIW/TINV auuiodsopAd
(LIW 10 [NV ‘7) Ajoqerdw- v dunrodso]ds£) (1) v sunodso[aL)




patsnap

ERATROF) SENFHNEERERERESNERS E
DF(RE)F EP2019842A4 DF(E)A 2010-02-24
RiES EP2007861291 RiER 2007-04-24

FRIERE(RFRN)AGE) HELF

al

RF(EFR)AGE) Irk:=3

HATRB(RRP)AR) WiE

[#R1& B8 A SIEGEL ROBERT W
TYNER JOAN D
NAKAGAWA TERRY Y
EBHA SIEGEL, ROBERT, W.
TYNER, JOAN, D.
NAKAGAWA, TERRY, Y.
IPCH %5 CO07K16/44 C12N5/16 GO1N33/53 GO1N33/531 GO1N33/577 C07K14/47 CO7K16/12 CO7K16/18
CPCH¥%E CO07K14/4702 AB1K38/00 A61K2039/505 C07K16/1292 CO7K16/18
£ 5 11/788949 2007-04-23 US
60/794370 2006-04-24 US
60/856614 2006-11-03 US
H N FF sk EP2019842B1
EP2019842A2
SAEREE$E Espacenet
HE(R)

FEALESRGEEFRUESEL —HENET ( flmGEmMEIF )
B, FEXRREN T ENERMRR N 2RIRE. 54 FX
BRIE Rk R A T 10 M Se B RE Y U4k B9 5 A MR 3R A T2 i R B TE
MNARNTG L. ARAESRE-—HHSHERREBNEE THAERS
&M RHMAZS Y B


https://share-analytics.zhihuiya.com/view/e9250110-be69-4d5c-a4a7-d4a91a924e94
https://worldwide.espacenet.com/patent/search/family/039344804/publication/EP2019842A4?q=EP2019842A4

