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(57) ABSTRACT

The present invention relates among other things to antibod-
ies that immunospecifically bind to at least one agent of
interest (e.g., an immunosuppressive agent), methods for pro-
ducing such antibodies, and immunoassays that employ said
antibodies. Additionally, the present invention also 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.
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IMMUNOSUPPRESSANT BINDING
ANTIBODIES AND METHODS OF
OBTAINING AND USING SAME

RELATED APPLICATION INFORMATION

[0001] This application claims priority to U.S. Application
No. 60/856,614 filed Nov. 3, 2006 and U.S. Application No.
60/794,370 filed Apr. 24, 2006 which is hereby incorporated
by reference in its entirety.

FIELD OF THE INVENTION

[0002] Among other things, the present invention relates to
antibodies that immunospecifically bind with a high binding
affinity to at least one agent of interest, e.g., an immunosup-
pressive 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

[0003] Tacrolimus, also known as FK506, is the generic
name for a macrolide immunosuppressant produced by the
bacterium Streptomyces tsukabaensis, in the soil (See, Ina-
mura, 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 tac-
rolimus (“M-1I""), and 15-O-demethylated tacrolimus (“M-
IIT”). Tacrolimus has been used intravenously and orally for
the prevention of organ rejection, particularly in patients
receiving liver, kidney or bone marrow transplantation.
[0004] 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).

[0005] 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 immuno-
suppressive effect of tacrolimus is similar to CsA and is
thought to be through the selective inhibition of the genera-
tion of cytotoxic T cells. Id. At the molecular level, tacrolimus
appears to selectively block the early transcriptional activities
in the T-cell response. Id. This action of tacrolimus is attrib-
uted to the binding of drug to specific cytosolic proteins called
immunophilins to form a complex. Id. This complex interacts
with calcium dependent calcineurin-calmodulin transloca-
tion pathways and inhibits the nuclear translocation of a tran-
scriptional factor (“NF-AT”), which binds to an enhancer
polynucleotide sequence of the IL-2 genes needed for the
transcription of IL-2 mRNA.

[0006] Clinically, tacrolimus is known to reduce rejection
episodes in transplant patients. Although therapeutically ben-
eficial, 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
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used to monitor the blood concentrations of tacrolimus in
patients receiving treatment with this drug.

[0007] A variety of different diagnostic immunoassays are
commercially available for monitoring the blood concentra-
tions of tacrolimus. Several of these immunoassays use
organic solvents to extract the tacrolimus from whole blood
samples. The organic solvent increases the equilibrium dis-
sociation constant (K,) 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 low-
ers accuracy and robustness. Attempts have been made to
increase assay sensitivity by reducing the amount of organic
solvent used during the extraction process. However, reduc-
ing the amount of the solvent was found to impact the extrac-
tion efficiency and hence the assay reproducibility.

[0008] Likewise, a variety of different diagnostic immu-
noassays 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 Cs A immunosuppres-
sant is critical for organ transplantation patients.

[0009] Therefore, there is a need in the art for new antibod-
ies that have improved binding characteristics (such as affin-
ity and specificity) that can be used in such diagnostic immu-
noassays. There also is a need for methods of screening for
and obtaining such antibodies.

SUMMARY OF THE INVENTION

[0010] 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 dissocia-
tion constant (K,) of less than 1.9x107'* M when said anti-
body has not been exposed to or incubated with at least one
selection diluent. Preferably, the antibody has K, of between
1.89x107'* M and 1.0x107** M, more preferably, a K, of
between 1.89x10™" M and 1.0x16-12 M.

[0011] 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 immuno-
suppressive antimetabolite.

[0012] Inanother aspect, the present invention relates to an
isolated antibody which specifically binds to an immunosup-
pressive agent with a K, of less than 1.52x107° M when said
antibody is incubated with, exposed to, or is in the presence of
at least one selection diluent.

[0013] Preferably, the antibody has K, of between 1.51x
107'° M and 1.0x10™'> M, more preferably, a K, of between
1.51x107'° M and 1.0x10"" M.

[0014] The immunosuppressive agent immunospecifically
bound by said antibody can be 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 immuno-
suppressive antimetabolite.

[0015] The at least one selection diluent can comprise a
buffer, salt, detergent, binding competitor, solvent or combi-
nations 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,
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hormone, drug, enzyme, receptor, protein, peptide, polypep-
tide, 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.

[0016] 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 2-5777)
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.

[0017] In yet still other aspects, the present invention
relates to a Chinese Hamster Ovary cell line 1-60-46 AM?2
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.

[0018] 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 determin-
ing region (“CDR”) 1, aheavy chain CDR 2 and a heavy chain
CDR 3, the variable light domain comprising a light chain
CDR 1, alight chain CDR 2 and a light chain CDR 3, wherein

[0019] (a)Heavy Chain CDR 1 has an amino acid sequence
of: Gly-Phe-Thr-Phe-Ser-Ser-Tyr-Gly-Met-Ser (SEQ 1D
NO:2);

[0020] (b)Heavy Chain CDR 2 has an amino acid sequence

having a formula of:

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

[0021] wherein Xaa, is selected from the group consisting
of threonine (Thr), alanine (Ala), lysine (Lys) and glutamic
acid (Glw);

[0022] wherein Xaa, is selected from the group consisting
of tyrosine (Tyr) and tryptophan (Trp); and

[0023] wherein Xaa, is selected from the group consisting
of threonine (Thr) and valine (Val);

[0024] (c)Heavy Chain CDR 3 has an amino acid sequence
of: Gln-Thr-Asp-Gly-Tyr-Ser-Trp-Phe-Pro-Tyr (SEQ 1D
NO:6);

[0025] (d) Light Chain CDR 1 has an amino acid sequence

having a formula of:

(SEQ ID NO:34)
Lys-Ser-Ser-Xaa4-Xaa5-Xaa6-Val-His-Ser-Thr-Gly-

Asn-Thr-Phe-Leu-Glu
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[0026] wherein Xaa, is selected from the group consisting
of’ glutamine (Gln), alanine (Ala) and glycine (Gly);

[0027] wherein Xaas is selected from the group consisting
of: serine (Ser) and glycine (Gly); and

[0028] wherein Xaa, is selected from the group consisting
of: isoleucine (Ile) and leucine (Leu);

[0029] (e) Light Chain CDR 2 has an amino acid sequence
having the formula of:

Lys-Ile-Ser-Asn-Arg-Phe-Ser

[0030] (D) Light Chain CDR 3 has an amino acid sequence
having a formula of:

(SEQ ID NO:11)

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

[0031] wherein Xaa, is selected from the group consisting
of: Serine (Ser) and Glycine (Gly);

[0032] wherein Xaa, is selected from the group consisting
of: histidine (His), arginine (Arg), valine (Val), threonine
(Thr), lysine (Lys) and serine (Ser); and

[0033] wherein Xaa, 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 Tyrand Xaa, is Thrand in the light
chain CDR Xaa, is Gln, Xaay is Ser and Xaa, is Ile, then in
light chain CDR 3 Xaa, is other than Val if Xaa, is Ser and
Xaa_is His, or Xaag is other than His if Xaa, is Ser and Xaa,
is Val or Xaa, is other than Ser if Xaa, is His and Xaa, is Val.
[0034] In the above-described antibody: (1) Xaa, is Thr,
Xaa2 is Trp, Xaa, is Thr, Xaa, is Gln, Xaa is Ser, Xaag is Ile,
Xaa, is Ser, Xaag is His and Xaa, is Val; (2) Xaa, is Ala, Xaa,
is Trp, Xaa, is Thr, Xaa, is Gln, Xaa, is Ser, Xaa, is Ile, Xaa,
is Ser, Xaag is His and Xaa, is Val; (3) Xaa, is Lys, Xaa, is Trp,
Xaa, is Val, Xaa, is Gln, Xaas is Ser, Xaa, is Ile, Xaa, is Ser,
Xaag is His and Xaa, is Val; (4) Xaa, is Glu, Xaa, is Trp, Xaa,
is Thr, Xaa, is Gln, Xaas is Ser, Xaag is Ile, Xaa, is Ser, Xaag
is His, and Xaa, is Val; (5) Xaa, is Thr, Xaa, is Tyr, Xaa, is
Thr, Xaa, is Gln, Xaas is Gly, Xaa, is Ile, Xaa, is Ser, Xaag is
His, and Xaa, is Val; (6) Xaa, is Thr, Xaa, is Tyr, Xaa, is Thr,
Xaa, is Ala, Xaas is Gly, Xaa, is lle, Xaa, is Ser, Xaag is His,
and Xaa, is Val; (7) Xaa, is Thr, Xaa, is Tyr, Xaa, is Thr, Xaa,
is Gly, Xaa, is Gly, Xaa, is Leu, Xaa, is Ser, Xaag is His, and
Xaa, is Val; (8) Xaa, is Thr, Xaa, is Tyr, Xaa, is Thr, Xaa, is
Gln, Xaa is Gly, Xaa, is Leu, Xaa, is Ser, Xaag is His, and
Xaa is Val; (9) Xaa, is Thr, Xaa, is Tyr, Xaa, is Thr, Xaa, is
Gln, Xaas is Ser, Xaag is Ile, Xaa, is Ser, Xaag is His and Xaa,
is Ala; (10) Xaa, is Thr, Xaa, is Tyr, Xaa, is Thr, Xaa, is Gln,
Xaays is Ser, Xaag is Ile, Xaa, is Ser, Xaag is Arg, and Xaa, is
Ala; (11) Xaa, is Thr; Xaa, is Tyr, Xaa, is Thr, Xaa, is Gln,
Xaa_is Ser, Xaag is Ile, Xaa, is Ser, Xaag is His, and Xaa, is
Asp; (12) Xaa, is Thr, Xaa, is Tyr, Xaa, is Thr, Xaa, is Gln,
Xaa, is Ser, Xaa, is lle, Xaa, is Ser, Xaa, is His, and Xaa, is
Cys; (13) Xaa, is Thr, Xaa, is Tyr, Xaa, is Thr, Xaa, is Gln,
Xaa_is Ser, Xaay is Ile, Xaa, is Ser, Xaag is His, and Xaa, is
Ser; (14) Xaa, is Thr, Xaa, is Tyr, Xaa, is Thr, Xaa, is Gln,
Xaa, is Ser, Xaay is lle, Xaa, is Gly, Xaag is Arg, and Xaa, is
Cys; (15) Xaa, is Thr, Xaa, is Tyr, Xaa, is Thr, Xaa, is Gln,
Xaa,_ is Ser, Xaa, is lle, Xaa, is Gly, Xaa, is Val, and Xaa, is
Cys; (16) Xaa, is Thr, Xaa, is Tyr; Xaa, is Thr, Xaa, is Gln,
Xaa, is Ser, Xaag is lle, Xaa, is Ser, Xaag is Thr and Xaa, is
Cys; (17) Xaa, is Thr, Xaa, is Tyr, Xaa, is Thr, Xaa, is Gln,
Xaa, is Ser, Xaa, is le, Xaa, is Ser, Xaay is Lys, and Xaa, is
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Cys; (18) Xaa, is Thr, Xaa, is Tyr, Xaa; is Thr, Xaa, is Gln,
Xaa, is Ser, Xaa, is lle, Xaa, is Ser, Xaas is Ser, and Xaa, is
Ser; (19) Xaa, is Ala, Xaa, is Trp, Xaa, is Thr, Xaa, is Gln,
Xaa,is Gly, Xaa is Leu, Xaa, is Ser, Xaay is Ser, and Xaa, is
Ser; (20) Xaa, is Ala, Xaa, is Trp, Xaa, is Thr, Xaa, is Gln,
Xaa, s Gly, Xaa6 is Leu, Xaa7 is Ser, Xaas is His, and Xaa, is
Ala (21) Xaa, is Ala, Xaa, is Trp, Xaa, is Thr, Xaa, is Gln,
Xaa, is Ser, Xaa, is lle, Xaa, is Gly, Xaay is Arg, and Xaa, is
Cys; (22) Xaa, is Ala, Xaa, is Trp, Xaa, is Thr, Xaa, is Gln,
Xaa, is Ser, Xaa6 is Ile, Xaa, is Ser, Xaa8 is Ser, and Xaa, is
Ser; (23) Xaa, is Ala, Xaa, is Trp, Xaa, is Thr, Xaa, is Gln,
Xaa, is Gly, Xaa, is Leu, Xaa, is Gly, Xaag is Arg, and Xaa, is
Cys; (24) Xaa, is Thr, Xaa, is Tyr, Xaa, is Thr, Xaa, is Gln,
Xaa_is Gly, Xaa, is Leu, Xaa, is Gly, Xaay is Arg, and Xaa, is
Cys; (25) Xaa, is Thr, Xaa, is Tyr, Xaa, is Thr, Xaa, is Gln,
Xaa_is Gly, Xaa, is Leu, Xaa, is Ser, Xaa, is Ser, and Xaa, is
Ser; (26) Xaa, is Lys, Xaa, is Trp, Xaa, is Val, Xaa, is Gln,
Xaa, is Gly, Xaas is Leu, Xaa, is Ser, Xaay is His, and Xaa, is
Ser; (27) Xaa, is Glu, Xaa, is Trp, Xaa, is Thr, Xaa, is Gln,
Xaa, is Gly, Xaag is Leu, Xaa, is Ser, Xaag is His, and Xaa, is
Ser; (28) Xaa, is Glu, Xaa, is Trp, Xaa, is Thr, Xaa, is Gln,
Xaa, is Ser, Xaa, is Ile, Xaa, is Gly, Xaay is Val, and Xaa, is
Cys; (29) Xaa, is Glu, Xaa, is Trp, Xaa, is Thr, Xaa, is Gly,
Xaa_ is Gly, Xaasis Leu, Xaa7 is Ser, Xaag is His and Xaa, is
Ser; or (30) Xaa, is Ala, Xaa, is Trp, Xaa, is Thr, Xaa, is Gln,
Xaas is Gly, Xaa, is Leu, Xaa, is Ser, Xaag is His, and Xaa, is
Ser.

[0035] The above-described antibody may have a K, of
between 1.89x107*! M and 1.0x107** M when said antibody
has not been exposed to or incubated with at least one selec-
tion diluent and a K, of between 1.51x10 M and 1.0x107** M
when said antibody is incubated with, exposed to, or is in the
presence of at least one selection diluent.

[0036] The above-described antibody can be monoclonal
antibody, a multispecific antibody, a human antibody, a fully
humanized antibody, a partially humanized antibody, an ani-
mal 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, a disulfide-
linked Fvs, an anti-idiotypic antibody, or a functionally active
epitope-binding fragment thereof.

[0037] Inyeta 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 immuno-
suppressive agent; or (2) an additional specific binding part-
ner for tacrolimus.

[0038] 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:

[0039] 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;

[0040] b) determining the equilibrium dissociation con-
stant (K,), disassociation rate constant (k,), association rate
constant (k,) or functional activity of the antibody; and
[0041] c) selecting an antibody based on the equilibrium
dissociation constant, dissociation rate constant, association
rate constant or functional activity determined in step b).
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[0042] Alternatively, the method can comprise the follow-
ing steps:
[0043] a)incubating at least one antibody in the presence of

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

[0044] 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;

[0045] c¢) determining the equilibrium dissociation con-
stant (K,), disassociation rate constant (k,), association rate
constant (k,) or functional activity of the antibody; and
[0046] d) selecting an antibody based on the equilibrium
dissociation constant, disassociation rate constant, associa-
tion rate constant or functional activity determined in step c).
[0047] 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 dehydroge-
nase, an inhibitor of dihydrofolic acid reductase, a corticos-
teroid or an immunosuppressive antimetabolite. Additionally,
in the above-described methods, the at least one selection
diluent can comprise a buffer, salt, detergent, binding com-
petitor, 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 polynucle-
otide. The solvent can be dimethylformamide, dimethy] sul-
foxide, polyethylene glycol, ethylene glycol, methanol, etha-
nol or combinations thereof.

[0048] 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 tac-
rolimus. The method can comprise the steps of:

[0049] 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;

[0050] b) determining the equilibrium dissociation con-
stant (K,), disassociation rate constant (k,), association rate
constant (k) or functional activity of the antibody; and
[0051] c) selecting an antibody based on the equilibrium
dissociation constant, disassociation rate constant, associa-
tion rate constant or functional activity determined in step b).
[0052] Alternatively, the method can comprise the steps of:
[0053] 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;

[0054] b) contacting at least one antibody with tacrolimus
in the presence of at least one selection diluent;

[0055] c¢) determining the equilibrium dissociation con-
stant (K,), disassociation rate constant (k ), association rate
constant (k,) or functional activity of the antibody; and
[0056] d) selecting an antibody based on the equilibrium
dissociation constant, disassociation rate constant, associa-
tion rate constant or functional activity determined in step c).
[0057] Additionally, in the above-described methods, the at
least one selection diluent can comprise a buffer, salt, deter-
gent, binding competitor or solvent. The buffer can be MES,
MOPS, HEPES, TRIS, phosphate, citrate or borate. The salt
can be NaCl, KC1 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



US 2008/0176756 Al

metabolite hapten, hormone, drug, enzyme, receptor, protein,
peptide, polypeptide, oligonucleotide or polynucleotide. The
solvent can be dimethylformamide, dimethyl sulfoxide, poly-
ethylene glycol, ethylene glycol, methanol, ethanol or com-
binations thereof.

[0058] Inyetanother aspect, the present invention relates to
amethod 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:
[0059] 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;

[0060] b) determining the equilibrium dissociation con-
stant (K,), disassociation rate constant (k,), association rate
constant (k,) or functional activity of the specific binding
partner; and

[0061] 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).

[0062] Inthe above-described method, the sample can con-
tain an immunosuppressive agent, such as, a calcineurin
inhibitor, a target of rapamycin, an interleukin-2 o-chain
blocker, an inhibitor of inosine monophosphate dehydroge-
nase, an inhibitor of dihydrofolic acid reductase, a corticos-
teroid or an immunosuppressive antimetabolite. Additionally,
in the above-described method, the at least one selection
diluent can comprise a buffer, salt, detergent, binding com-
petitor or solvent. The buffer can be MES, MOPS, HEPES,
TRIS, phosphate, citrate or borate. The salt can be NaCl, KCl1
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, polypep-
tide, oligonucleotide or polynucleotide. The solvent can be
dimethylformamide, dimethyl sulfoxide, polyethylene gly-
col, ethylene glycol, methanol, ethanol or combinations
thereof.

[0063] In another embodiment, the invention relates to a
method of screening for antibodies having improved speci-
ficity for an agent using yeast display. The method optionally
comprises the steps of:

[0064] (a)obtaining a yeast display library comprising anti-
bodies (e.g., scFvs, optionally which are mutated) present on
the surface of yeast cells;

[0065] (b) contacting the yeast cells with the agent in the
presence of a binding competitor;

[0066] (c) identifying yeast cells having antibodies dis-
played thereon which exhibit binding to the agent in the
presence of the binding competitor, wherein such binding
indicates an improved specificity for the agent.

[0067] Optionally the method is carried out with the bind-
ing 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 about 200-fold in excess). Optionally the
amount of excess is calculated on a molar basis (e.g., nano-
molar excess).

[0068] In one embodiment the agent comprises an immu-
nosuppressive agent, and the binding competitor is a metabo-
lite of the immunosuppressive agent. Optionally the immu-
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nosuppressive agent is selected from the group consisting of
cyclosporines and tacrolimus, and the metabolite is selected
from the group consisting of M-I, M-I1, M-II1, M1, M8, M9,
M13, M17, M18, M21 and combinations thereof.

[0069] 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., metabo-
lites). 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-1I, M-1II, M1, M8, M9, M13, M17, M18 and M21.
[0070] In yet another preferred embodiment, the method
can be employed to obtain antibodies having preferred char-
acteristics (e.g., improved specificity) by carrying out the
screening in a stepwise fashion. For instance, instead of com-
prising a plurality of binding competitors (e.g., metabolites),
screening can be carried out using one or more binding com-
petitors (e.g., metabolites) followed by one or more rounds of
additional screening using one or more binding competitors
(e.g., metabolites).

[0071] Moreover, optionally the methods described herein
of screening to obtain antibodies having preferred character-
istics (e.g., preferred binding characteristics, such as pre-
ferred 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:

[0072] (a) obtaining a library comprising antibodies
present in a bio-display format wherein said antibodies com-
prise mutations;

[0073] (b) contacting said antibodies with sample compris-
ing said epitope in the presence of at least one selection
diluent; and

[0074] (c)identifying antibodies present in said bio-display
format which exhibit reduced dissociation rates in the pres-
ence 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.

[0075] 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 com-
prising the steps of:

[0076] (a) obtaining a library comprising specific binding
partners present in a bio-display format wherein said specific
binding partners comprise mutations;

[0077] (b) contacting said specific binding partners with
sample comprising said epitope in the presence of at least one
selection diluent; and

[0078] (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.

[0079] In the above-described methods, the contacting of
said antibodies with said sample and said selection diluent
can be done either simultaneously or sequentially. Addition-
ally, in the above-described methods, the at least one selection
diluent can comprise a buffer, salt, detergent, binding com-
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petitor or solvent. The buffer can be MES, MOPS, HEPES,
TRIS, phosphate, citrate or borate. The salt can be NaCl, KCl1
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, polypep-
tide, oligonucleotide or polynucleotide. The solvent can be
dimethylformamide, dimethyl sulfoxide, polyethylene gly-
col, 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.

BRIEF DESCRIPTION OF THE FIGURES

[0080] FIG. 1A shows the structure of tacrolimus. FIG. 1B
shows a schematic of yeast cell surface display of scFv anti-
body. FIG. 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. FIG. 1D
shows a tacrolimus WT 1-60-46 scFv flow cytometric disso-
ciation rate assay plot.

[0081] FIGS. 2A and 2B show the nucleic acid sequences
of the tacrolimus 1-60-46 WT heavy chain variable (“VH”)
sequence (SEQ ID NO:43) (FIG. 2A) and the light chain
variable (“VL”) sequence (SEQ ID NO:45) (FIG. 2B). Three
letter codes representing the amino acids encoded by the
nucleic acid sequences are shown on top.

[0082] FIG. 3 shows a schematic representation of tacroli-
mus 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.

[0083] FIG. 4 shows a schematic representation of tacroli-
mus 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.
[0084] FIGS. 5A-5C show bivariate plots of a representa-
tive 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.

[0085] FIG. 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.
[0086] FIGS. 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 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
(FIG. 7A). The CDR L1 regions of the mutant clones are
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shownin SEQID NOS:19-22 (FIG.7B). The CDR L3 regions
of the mutant clones are shown in SEQ ID NOS:23-32.
[0087] FIG. 8 shows a chart comparing the affinity param-
eters 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 val-
ues were determined using the ratio of the WT 1-60-46 scFv
value to the mutant scFv value for the parameter described.
[0088] FIGS. 9A-9B show an affinity analysis of tacroli-
mus 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). FIG. 9A shows the
dissociation rate analysis. Antigen-binding signals were nor-
malized against a no dissociation control rx for each clone and
plotted versus time as measured in seconds. FIG. 9B shows
the equilibrium dissociation constant (K ,) analysis. Antigen-
binding signals were normalized to the maximal mean fluo-
rescence intensity value at saturating antigen conditions for
each clone and plotted against concentration of antigen
(which is referred to as “bt-tacro”™).

[0089] FIG. 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 combi-
nations 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 AMS5). Amino acids that differ from the
WT 1-60-46 sequence are in bold and underlined.

[0090] FIG. 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). Micropar-
ticles coated with the denoted IgGs were incubated 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).

[0091] FIG. 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.

[0092] FIG. 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.
[0093] FIGS. 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.

[0094] FIG. 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
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mutant R2-9 in CDR-H2, H3, .2, and L3. Mutated sequences
that differed from Cs A 29-56-14 WT are indicated in bold and
underlined type.

[0095] FIGS. 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 (com-
posed of PBS, 1% BSA and 10% methanol).

[0096] FIG. 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 metabo-
lite M17 (AM1) are listed below the corresponding structure.

DETAILED DESCRIPTION OF THE INVENTION
Definitions

[0097] As used herein, the terms “antibody” and “antibod-
ies” refer to monoclonal antibodies, multispecific antibodies,
human antibodies, humanized antibodies (fully or 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, amonkey, such as acynomologous monkey, a chim-
panzee, etc), recombinant antibodies, chimeric antibodies,
single-chain Fvs (“scFv”), single chain antibodies, single
domain antibodies, Fab fragments, F(ab') fragments, disul-
fide-linked Fvs (“sdFv”), and anti-idiotypic (“anti-Id”) anti-
bodies (including, for example, anti-Id antibodies to antibod-
ies of the present invention), and functionally active epitope-
binding fragments of any of the above. In particular,
antibodies include immunoglobulin molecules and immuno-
logically 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, I1gG,,
1gG,, 1gGs, 1gG,, IgA, and IgA,) or subclass. An antibody
whose affinity (namely, K, k, 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”.

[0098] As used herein, “specific” or “specificity” in the
context of an interaction between members of a specific bind-
ing pair (as defined herein, e.g., an antigen and antibody)
refers to the selective reactivity of the interaction.

[0099] Asused 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(“45b”)+Antigen(“4g”)—>Ab-Ag

[0100] 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 Exclu-
sion Assay) assay, available from Sapidyne Instruments
(Boise, Id.) can also be used.

[0101] As used herein, the term “bio-display” or “bio-dis-
play format” refers to any in vitro display system or method-
ology that couples the genotype of a gene of interest to its
encoded phenotype, thereby allowing the polynucleotide

Jul. 24, 2008

(DNA) sequence encoding the protein exhibiting a trait of
interest to be recovered. Examples of bio-display 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 spe-
cifically, 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.

[0102] 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 mol-
ecule that competes or cross-reacts with the molecule con-
taining the epitope of interest binds to the specific binding
partner with a lower affinity (such as, but not limited to, a
lower K, a higher k, or a lower k,) than the molecule con-
taining the epitope of interest. Examples of a binding com-
petitor include, but are not limited to, metabolites (for
example, metabolites of drugs, including but not limited to
immunosuppressive agents), such as 13-O-demethylated tac-
rolimus (“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 K, for parent cyclospo-
rine drug of 9.5x107'° M and K, for metabolite M17 of
1.45x10 M.

[0103] 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 bind-
ing partner, typically with different affinities.

[0104] As used herein, the term “disassociation rate con-
stant”, “k,,/” or “k,” 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 com-
plex over time into free Ab and antigen as shown by the
below:

Ab+Ag—Ab-Ag

[0105] Methods for determining disassociation rate con-
stants are well known in the art. For example, a Biacore®
(Sweden) assay can be used. Additionally, a KinExA® (Ki-
netic Exclusion Assay) assay, available from Sapidyne Instru-
ments (Boise, 1d.) can also be used.

[0106] Asusedherein, 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 spe-
cifically recognized by said antibody) as shown by the equa-
tion below:

Ki=ICs./(1+([4]/KD))

[0107] 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 constant of the members
of the specific binding pair (e.g., antigen and antibody).
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[0108] 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 spe-
cific 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.

[0109] As used herein, the term “equilibrium dissociation
constant” or “K,” as used interchangeably, herein, refers to
the value obtained by dividing the disassociation rate constant
(k,z by the association rate constant (k,,,). The association
rate constant, the disassociation rate constant and the equilib-
rium dissociation constant are used to represent the binding
affinity of an antibody to an antigen.

[0110] 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,
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 substan-
tially all of the framework (“FR”) regions are those of a
human immunoglobulin consensus sequence. The human-
ized antibody optimally comprises at least a portion of an
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,, IgG,, IgG; and
IgG,. 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.

[0111] As used herein, the phrase “specifically binds to an
immunosuppressive agent” and analogous terms thereof refer
to peptides, polypeptides, proteins, fusion proteins and anti-
bodies that specifically bind to an immunosuppressive agent
(such as, but not limited to, tacrolimus) and that do not spe-
cifically bind to other competitors (such as, but not limited to,
metabolites, peptides, polypeptides, proteins, agents or
drugs). A peptide, polypeptide, protein, or antibody that spe-
cifically 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 frag-
ments that immunospecifically bind to an immunosuppres-
sive 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 immu-
nospecifically to an immunosuppressive agent with a higher
binding affinity than to any cross-reactive antigen as deter-
mined using experimental techniques, such as, but not limited
to, radioimmunoassays (“RIA”) and enzyme-linked immun-
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osorbent 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 immunosuppres-
sive agent when it exhibits, as an immunoglobulin, an equi-
librium disassociation constant (K,) for the immunosuppres-
sive agent of at less than 1.9x107'' M in the absence of a
selection diluent (such as, a selection diluent containing phos-
phate buffered saline (“PBS”), 1% bovine serum albumin
(“BSA™), and 10% methanol) or less than 1.52x107'° 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.

[0112] As used herein, the term “immunosuppressive
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 cal-
cineurin, a target of rapamycin, such as, but not limited to,
sirolimus, everolimus, FK778 or TAFA-93, an interleukin-2
a-~chain blocker, such as, but not limited to, basiliximab and
daclizumab, an inhibitor of inosine monophosphate dehydro-
genase, such as mycophenolate mofetil, an inhibitor of dihy-
drofolic acid reductase, such as, but not limited to, methotr-
exate, a corticosteroid, such as, but not limited to,
prednisolone and methylprednisolone, or an immunosup-
pressive antimetabolite, such as, but not limited to, azathio-
prine.

[0113] As used herein, the term “isolated” in the context of
nucleic acid molecules refers 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
c¢DNA molecule, can be substantially free of other cellular
material, or culture medium when produced by recombinant
techniques, or substantially free of chemical precursors or
other chemicals when chemically synthesized.

[0114] 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,
aphysiological 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 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. More-
over, a physiological diluent may comprise any combinations
of at least one buffer, at least one salt, at least one protein, etc.
[0115] 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
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assay, a physiological diluent can be used and added to the test
sample to mimic, approximate or simulate the in vivo physi-
ological 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 3.5to 5.1 mmole/L; (d) contains zinc in the amount
0f10.7 to 22.9 umole/L; (e) 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 incorpo-
rated by reference).

[0116] Examples of buffers that can be used, include, but
are not limited to, MES, MOPS, HEPES, TRIS, phosphate,
citrate, borate buffers or combinations thereof.

[0117] Examples of salts that can be used are sodium chlo-
ride, potassium chloride, zinc sulfate or combinations
thereof.

[0118] Examples of proteins that can be used are bovine
serum albumin (“BSA”), fish gelatin, bovine gamma globulin
or combinations thereof.

[0119] Asused 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 (K ,) of at
least one antibody oris believed by one skilled in the art likely
to alter the K, of at least one antibody if said antibody were
incubated with, used with, or exposed to said selection dilu-
ent; (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 with, or
exposed to said selection diluent; or (¢) 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 simu-
late 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 selec-
tion diluent can comprise PBS (pH 7.4), 1% BSA and about 5
to about 200 nM of a binding competitor. However, as indi-
cated 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.

[0120] Anassay 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 tacroli-
mus 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.
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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 K,, lower the func-
tional activity, or increase the K,, 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 K, (and thus decrease the k, and
increase the k), likely lower the functional activity, or likely
increase the K, and lower the functional activity of future
antibodies developed for use in such diagnostic immunoas-
says. Therefore, a selection 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 K,,,
likely lower the functional activity, or likely increase the K,
and lower the functional activity of an antibody to be tested.
[0121] 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. Alterna-
tively, a selection diluent comprising one or more binding
competitors can be used in order to test and/or isolate detec-
tion 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-1I1, M1, M8, M9, M13, M17, M18 and M21).
[0122] Examples of buffers that can be used, include, but
are not limited to, MES, MOPS, HEPES, TRIS, phosphate,
citrate, borate buffers or combinations thereof.

[0123] Examples of salts that can be used are sodium chlo-
ride, potassium chloride, zinc sulfate or combinations
thereof.

[0124] 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 inter-
est contained within a sample, such as a test sample, to pre-
vent 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, chenode-
oxycholic acid, chenodeoxycholic acid sodium salt, cholic
acid, dehydrocholic acid, digitonin, digitoxigenin, N,N-dim-
ethyldodecylamine N-oxide, docusate sodium salt, glyco-
chenodeoxycholic acid sodium salt, glycocholic acid hydrate,
glycocholic acid sodium salt hydrate, glycodeoxycholic acid
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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 cho-
late hydrate, sodium choleate, sodium deoxycholate, sodium
deoxycholate monohydrate, sodium dodecyl sulfate, sodium
hexane sulfonate anhydrous, sodium octyl sulfate, sodium
pentanesulfonate anhydrous, sodium taurocholate, tauro-
chenodeoxycholic acid sodium salt, taurodeoxycholic acid
sodium salt monohydrate, taurodeoxycholic acid sodium salt
hydrate, taurolithocholic acid 3-sulfate disodium salt, taur-
oursodeoxycholic acid sodium salt, ursodeoxycholic acid or
combinations thereof, all available from Sigma-Aldrich, St.
Louis, Mich.

[0125] Cationic detergents include, but are not limited to,
alkyltrimethylammonium bromide, benzalkonium chloride,
benzyldimethylhexadecylammonium chloride, benzyldim-
ethylhexadecylammonium bromide, benzyltrimethylammo-
nium tetrachloroiodate, dimethyldioctadecylammonium bro-
mide, dodecylethyldimethylammonium bromide,
dodecyltrimethylammonium bromide, ethylhexadecyldim-
ethylammonium bromide, Girard’s reagent T, hexadecyltri-
methylammonium bromide or combinations thereof, all
available from Sigma-Aldrich, St. Louis, Mich.

[0126] 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 3-D-maltoside, heptaeth-
ylene glycol monodecyl ether, hexaethylene glycol mon-
ododecyl ether, octaethylene glycol monodecyl ether, octa-
ethylene glycol monododecyl ether, octaethylene glycol
monohexadecyl ether, octaethylene glycol monooctadecyl
ether, octaethylene glycol monotetradecyl ether, pentaethyl-
ene glycol monodecyl ether, pentaethylene glycol mon-
ododecyl ether, pentaethylene glycol monohexadecyl ether,
pentaethylene glycol monohexyl ether, pentaethylene glycol
monooctadecyl ether, polyethylene glycol diglycidyl ether,
polyethylene glycol ether W-1, polyoxyethylene 10 tridecyl
ether, polyoxyethylene 100 stearate, polyoxyethylene 20 iso-
hexadecyl ether, saponin, Span®20, Span®40, Span®60,
Span®65, Span®80, Span®85, 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®65, TWEEN®80, TWEEN®S81, TWEEN®SS5 or
combinations thereof, all available from Sigma-Aldrich, St.
Louis, Mich.

[0127] Zwitterionic detergents include, but are not limited
to, CHAPS, 3-(Decyldimethylammonio)propanesulfonate

inner salt, (Dodecyldimethylammonio)propanesulfonate
inner salt, 3-(N,N-Dimethylmyristylammonio)propane-
sulfonate,  3-(N,N-Dimethyloctadecylammonio)propane-
sulfonate, 3-(N,N-dimethyloctylammonio)propsane-

sulfonate inner salt, 3-(N,N-dimethylpalmitylammonio)
proposanesulfonate or combinations thereof, all available
from Sigma-Aldrich, St. Louis, Mich.

[0128] Examples of solvents that can be used are organic
solvents. Examples of organic solvents that can be used
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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.
[0129] 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 struc-
ture of the other molecule, the at least two molecules being
able to bind through a binding of the complementary struc-
tures. 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, lipo-
proteins 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, microbio-
logical techniques and/or methods of genetic manipulation.
Examples of specific binding partners, include but are not
limited to, antibodies, antigens, haptens, enzymes, lectins,
nucleic acids, repressors, oligo- and polynucleotides, protein
A, protein G, avidin, streptavidin, biotin, complement com-
ponent Clq, nucleic acid-binding proteins, etc. Specific bind-
ing 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.

[0130] As used herein, the term “stringent conditions”
refers to hybridization to filter-bound DNA in 6x sodium
chloride/sodium citrate (“SSC”) at about 45° C. followed by
one or more washes in 0.2xSSC/0.1% SDS at about 50-65° C.
The term “under highly stringent conditions”, refers to
hybridization to filter-bound nucleic acid in 6xSSC at about
45° C. followed by one or more washes in 0.1xSSC/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).

[0131] Asusedherein, 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).

[0132] 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.

[0133] II. Antibodies of the Present Invention

[0134] The present invention provides antibodies that
immunospecifically bind to at least one epitope on at least one
immunosuppressive agent. More particularly, the present
invention provides for antibodies that have a high binding
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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 improve-
ment, 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 (K ,) or disassociation
rate constant (k, or k) when compared to the K, ork ;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 K, or k; can be exhibited
when said antibodies have not been exposed to (such as in a
diagnostic immunoassay) or incubated with at least one selec-
tion 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 K, of less than
1.9x107"* M. Preferably, these antibodies bind to at least one
immunosuppressive agent with a K, of between 1.89x107*
M and 1.0x107'* M. More preferably, these antibodies
exhibit a K,, of between 1.89x10™'' M and 1.0x107'> M.
Moreover, these antibodies, as scFvs, bind to at least one
immunosuppressive agent with ak ;of less than 1.3x10™/sec.
Preferably, these antibodies bind to at least one immunosup-
pressive agent with a k, of between 1.29x10™*sec and 1.0x
10~%/sec. More preferably, these antibodies exhibit a k, of
between 1.29x10™*/sec and 1.0x10™>/sec.

[0135] 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 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 leasta 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 improve-
ment or at least a 20-fold improvement in their K, ork , when
compared to the K, or k, 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 K, of less than
1.52x107'° M. Preferably, these antibodies bind to at least
one immunosuppressive agent with a K, of between 1.51x
107'° M and 1.0x10~> M. More preferably, these antibodies
have a K, of between 1.51x107'° M and 1.0x10™"" M. Addi-
tionally, these antibodies, as scFvs, bind to at least one immu-
nosuppressive agent with a k, of less than 9.38x10™*/sec.
Preferably, these antibodies bind to at least one immunosup-
pressive agent with a k, of between 9.37x10™%/sec and 1.0x
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10~%/sec. More preferably, these antibodies exhibit a k, of
between 9.37x10%/sec and 1.0x107>/sec.

[0136] Inyet 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 pro-
duced by each of these cell lines bind to at least one epitope on
tacrolimus with a K, of less than 1.9x10™"" 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 K, of 1.2x107*2 M. However, if said antibodies are
exposed to (such prior to or during a diagnostic immunoas-
say) or incubated with at least one selection diluent, then said
antibodies immunospecifically bind to at least one epitope on
tacrolimus with a K, of less than 1.52x107'° M. Preferably,
these antibodies exhibit a K, of 1.3x10™"! M in 10% metha-
nol 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
1-60-46 AM2 CHO 1-1157. Furthermore, the present inven-
tion also relates to a chimeric antibody or binding fragment
thereof produced by CHO cell line 1-60-46 AM2 CHO 2-577
or CHO cell line 1-60-46 AM2 CHO 1-1157.

[0137] In another aspect, the antibodies of the present
invention are derivatives or variants of the antibodies pro-
duced by hybridoma cell line 1-60-46. More specifically, the
inventors of the present invention have discovered that anti-
bodies that are derivatives or variants of the antibodies pro-
duced 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 K, of
less thar}lll.9><10"11 M, preferably with a K,, ranging from
1.89x10 M and 1.0x10~** M, and more preferably, with a
K ranging from 1.89x107* M and 1.0x107*> M, when said
antibodies are not exposed to, incubated with or are in the
presence of at least one selection diluent. As scFvs, the anti-
bodies of the present invention bind to at least one epitope on
at least one immunosuppressive agent with a k; of less than
1.3x107%/sec, preferably with a k, ranging from 1.29x107%/
sec and 1.0x107%/sec, and more preferably, with a k , ranging
from 1.29x10™%/sec and 1.0x107%/sec.

[0138] 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
K of less than 1.52x107'° M, preferably with a K, ranging
from 1.51x107'° M and 1.0x107'* M, and more preferably
with a K, ranging from 1.51x107'° M and 1.0x107'! M. As
scFvs, these the antibodies of the present invention bind to at
least one epitope on at least one immunosuppressive agent
with a k, of less than 9.38x10™%sec, preferably with a k,
ranging from 9.37x10~*sec and 1.0x10~%sec, and more
preferably with a k , ranging from 9.37x10™*/sec and 1.0x10~
s/sec. The derived or variant antibodies of the present inven-
tion may comprise at least one mutation (such as at least one
deletion, addition, substitution or any combinations thereof)
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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 muta-
tion (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, 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 anti-
body other than the CDR, such as, but not limited to, the
framework region (“FR”) of an antibody. Methods for creat-
ing 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.

[0139] 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:

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

[0140] wherein Xaa, is selected from the group consisting
of threonine (Thr), alanine (Ala), lysine (Lys) and glutamic
acid (Glu);

[0141] wherein Xaa, is selected from the group consisting
of tyrosine (Tyr) and tryptophan (Trp); and

[0142] wherein Xaa, is selected from the group consisting
of threonine (Thr) and valine (Val);

[0143] provided that Xaa, is other than threonine (Thr)
when Xaa, is tyrosine (Tyr) and Xaa, is threonine (Thr).
[0144] 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%, pref-
erably 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:15, 16,
17 or 18.

[0145] 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:

(SEQ ID NO:34)
Lys-Ser-Ser-Xaa,-Xaas-Xaac-Val-His-Ser-Thr-Gly-

Asn-Thr-Phe-Leu-Glu

[0146] wherein Xaa, is selected from the group consisting
of: glutamine (Gln), alanine (Ala) and glycine (Gly);
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[0147] wherein Xaas is selected from the group consisting
of: serine (Ser) and glycine (Gly); and

[0148] wherein Xaa, is selected from the group consisting
of: isoleucine (Ile) and leucine (Leu);

[0149] provided that Xaa, is other than glutamine (Gln)
when Xaaj is serine (Ser) and Xaag is isoleucine (Ile).
[0150] In yet a further aspect, the antibody specifically
binds to at least one epitope on at least one immunosuppres-
sive 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 immunosuppres-
sive 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%, 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.

[0151] 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:

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

[0152] wherein Xaa, is selected from the group consisting
of: serine (Ser) and glycine (Gly);

[0153] wherein Xaa, is selected from the group consisting
of: histidine (His), arginine (Arg), valine (Val), threonine
(Thr), lysine (Lys) and serine (Ser); and

[0154] wherein Xaa, is selected from the group consisting
of: valine (Val), alanine (Ala), aspartic acid (Asp), cysteine
(Cys) and serine (Ser);

[0155] provided that Xaa, is other than serine (Ser) when
Xaa_is histidine (His) and Xaa, is valine (Val).

[0156] In yet a further aspect, the antibody specifically
binds to at least one epitope on at least one immunosuppres-
sive 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.

[0157] 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, alight chain CDR 1,
alight chain CDR 2 and alight variable CDR 3 comprising the
following amino acid sequences:

[0158] (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);

[0159] (b) Heavy Chain CDR 2 has an amino acid sequence
having a formula of:

(SEQ ID NO:33)
Thr-Ile-Ser-Ser-Gly-Gly-Xaa,-Xaa,-Xaa,-Phe
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[0160] wherein Xaa, is selected from the group consisting
of threonine (Thr), alanine (Ala), lysine (Lys) and glutamic
acid (Glu);

[0161] wherein Xaa, is selected from the group consisting
of tyrosine (Tyr) and tryptophan (Trp); and

[0162] wherein Xaa, is selected from the group consisting
of threonine (Thr) and valine (Val);

[0163] (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);

[0164] (d)Light Chain CDR 1 has an amino acid sequence

having a formula of:

(SEQ ID NO:34)
Lys-Ser-Ser-Xaa4-Xaa5-Xaa6-Val-His-Ser-Thr-Gly-

Asn-Thr-Phe-Leu-Glu

[0165] wherein Xaa, is selected from the group consisting
of: glutamine (Gln), alanine (Ala) and glycine (Gly);

[0166] wherein Xaas is selected from the group consisting
of: serine (Ser) and glycine (Gly); and

[0167] wherein Xaa, is selected from the group consisting
of: isoleucine (Ile) and leucine (Leu);

[0168] (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)

[0169] (D) Light Chain CDR 3 has an amino acid sequence
having a formula of:

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

[0170] wherein Xaa, is selected from the group consisting
of: Serine (Ser) and Glycine (Gly);

[0171] wherein Xaag is selected from the group consisting
of: histidine (His), arginine (Arg), valine (Val), threonine
(Thr), lysine (Lys) and serine (Ser); and

[0172] wherein Xaa, is selected from the group consisting
of: valine (Val), alanine (Ala), aspartic acid (Asp), cysteine
(Cys) and Serine (Ser);

[0173] with the proviso that if in heavy chain CDR 2 Xaa,
is Thr, Xaa, is Tyr and Xaa, is Thr and in the light chain CDR
Xaa, is Gln, Xaas is Ser and Xaay is Ile, then in light chain
CDR 3 Xaa, is other than Val if Xaa, is Ser and Xaa, is His, or
Xaayg is other than His if Xaa, is Ser and Xaa, is Val or Xaa, is
other than Ser if Xaa, is His and Xaa, is Val.

[0174] Preferably, the antibodies having the above-de-
scribed 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:

TABLE A
Xaa, Xaa, Xaa, Xaa, Xaag Xaa, Xaa, Xaag Xaa,
Thr Trp Thr Gln Ser Ile Ser His Val
Ala Trp Thr Gln Ser Ile Ser His Val

12
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TABLE A-continued

Xaa, Xaa, Xaa, Xaa, Xaag Xaa, Xaa, Xaag Xaa,
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 Gln Ser Ile Ser His Ala
Thr Tyr Thr Gln Ser Ile Ser Arg Ala
Thr Tyr Thr Gln 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 sSer Ile Ser Lys Cys
Thr Tyr Thr Gln Ser Ile Ser Ser Ser
Ala Trp Thr Gln 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 Gln 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
[0175] TIII. Nucleic Acid Molecules

[0176] The present invention provides for one or more
nucleic acid molecules, generally isolated, encoding an anti-
body 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 mol-
ecule 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 improve-
ment, at least a 3-fold improvement, at least a 4-fold improve-
ment, at least a 5-fold improvement, at least a 6-fold improve-
ment, at least a 7-fold improvement, at least a 8-fold
improvement, at least a 9-fold improvement, atleast a 10-fold
improvement, at least an 11-fold improvement, at least a
12-fold improvement, at least a 13-fold improvement, at least
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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 improve-
ment or at least a 20-fold improvement in its K, or k, when
compared with an antibody produced by the wildtype. The
present invention also provides an isolated nucleic acid mol-
ecule that comprises a polynucleotide sequence that hybrid-
izes, under stringent conditions, to the nucleic acid molecule
described herein. The above described fold improvement in
the K, or k, 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).

[0177] Inanother 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,
atleasta 9-fold improvement, at least a 10-fold improvement,
at least an 11-fold improvement, at least a 12-fold improve-
ment, 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 K, or k, 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 equilib-
rium dissociation constant may be exhibited when said anti-
bodies 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).

[0178] Inyetstill 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 K, of
atless than 1.9x107'! M, preferably, a K, between 1.89x10~
11 M and 1.0x10™"* M and more preferably, a K, between
1.89x10" M and 1.0x107*2 M. The present invention further
provides an isolated nucleic acid molecule encoding an anti-
body that, as an scFv, specifically binds to at least one epitope
on at least one immunosuppressive agent and that has a k, of
less than 1.3x10™/sec, preferably with a k, ranging from
1.29x10~*sec and 1.0x10~%sec, and more preferably, with a
k,ranging from 1.29x10™%/sec and 1.0x10™>/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 k, values are exhibited
when said antibodies have not been exposed to (such as in a
diagnostic immunoassay), incubated with or are in the pres-
ence of at least one selection diluent (such as, but not limited
to, at least one solvent).

[0179] Inyet 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 K, of
at less than 1.52x107'° M, preferably, a K, between 1.51x
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107'°M and 1.0x107"*M, and more preferably, a K, between
1.51x107*° M and 1.0x10~** M. The present invention further
provides an isolated nucleic acid molecule encoding an anti-
body that, as an scFv, specifically binds to at least one epitope
on at least one immunosuppressive agent and that has a k, of
less than 9.38x10~%/sec, preferably with a k, ranging from
9.37x10™*/sec and 1.0x107%/sec, and more preferably with a
k, ranging from 9.37x10™%/sec and 1.0x10™>/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 k, values are exhibited
when said antibodies have been or are exposed to (such as in
adiagnostic immunoassay), incubated with or are in the pres-
ence of at least one selection diluent (such as, but not limited
to, at least one solvent).

[0180] Inyetanother aspect, the invention provides an iso-
lated nucleic acid molecule encoding an antibody that spe-
cifically binds to at least one epitope on at least one immu-
nosuppressive 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 pro-
vides an isolated nucleic acid molecule that comprises a poly-
nucleotide sequence that hybridizes, under stringent condi-
tions, to the nucleic acid molecule described herein.

[0181] 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 K, of less than 1.9x107'° M,
preferably, a K, ranging from 1.89x107'' M to 1.0x107'3 M,

and more preferably, a K, ranging from 1.89x107'' M to
1.0x10" M or as scFvs, with a k, of less than 1.3x10™%/sec,

preferably with a k ; ranging from 1.29x10~%/sec and 1.0x10~
s/sec, and more preferably, with a k; ranging from 1.29x10~
4/sec and 1.0x10~%/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 immu-
noglobulins, with a K, of less than 1.52x107'° M, preferably,
a K, ranging from 1.51x107'° M to 1.0x107'2 M, and, more
preferably, a K, ranging from 1.51x107'° M to 1.0x10™'* M
or as scFvs, with a k, of less than 9.38x10™/sec, preferably
with a k, ranging from 9.37x10~%sec and 1.0x10~%/sec, and
more preferably with a k, ranging from 9.37x10~*/sec and
1.0x107%/sec.

[0182] 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
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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 anti-
body 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-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, tryp-
tophan), 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.
[0183] 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 immu-
nosuppressive agent, said antibody having a heavy chain
CDR 2 having an amino acid sequence of the formula of:
[0184] a heavy chain CDR 2 having an amino acid
sequence of the formula of:

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

[0185] wherein Xaa, is selected from the group consisting
of threonine (Thr), alanine (Ala), lysine (Lys) and glutamic
acid (Glu);

[0186] wherein Xaa, is selected from the group consisting
of tyrosine (Tyr) and tryptophan (Trp); and

[0187] wherein Xaa, is selected from the group consisting
of threonine (Thr) and valine (Val);

[0188] provided that Xaa, is other than threonine (Thr)
when Xaa, is tyrosine (Tyr) and Xaa, is threonine (Thr).
[0189] 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 anti-
body having a heavy chain CDR 2 having an amino acid
sequence described above.

[0190] Inanother aspect, the invention provides an isolated
nucleic acid molecule encoding an antibody that specifically
binds to at least one epitope on at least one immunosuppres-
sive agent, said antibody comprising (alternatively, consist-
ing 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 con-
ditions, 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.
[0191] 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 immu-
nosuppressive agent, said antibody having a light chain CDR
1 that has an amino acid sequence having a formula of:

(SEQ ID NO:33)
Lys-Ser-Ser-Xaa,-Xaa;-Xaa,-Val-His-Ser-Thr-Gly-

Asn-Thr-Phe-Leu-Glu

[0192] wherein Xaa, is selected from the group consisting
of: glutamine (Gln), alanine (Ala) and glycine (Gly);

[0193] wherein Xaas is selected from the group consisting
of: serine (Ser) and glycine (Gly); and

[0194] wherein Xaa, is selected from the group consisting
of: isoleucine (Ile) and leucine (Leu);

[0195] provided that Xaa, is other than glutamine (Gln)
when Xaajs is serine (Ser) and Xaag is isoleucine (Ile).
[0196] 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 anti-
body having a light chain CDR 1 having an amino acid
sequence described above.

[0197] Inanother aspect, the invention provides an isolated
nucleic acid molecule encoding an antibody that specifically
binds to at least one epitope on at least one immunosuppres-
sive agent, said antibody comprising (alternatively, consist-
ing 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 con-
ditions, 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.
[0198] 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 immu-
nosuppressive agent, said antibody having a light chain CDR
3 that has an amino acid sequence having a formula of:

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

[0199] wherein Xaa, is selected from the group consisting
of: serine (Ser) and glycine (Gly);

[0200] 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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[0201] wherein Xaa, is selected from the group consisting
of: valine (Val), alanine (Ala), aspartic acid (Asp), cysteine
(Cys) and serine (Ser);

[0202] provided that Xaa, is other than serine (Ser) when
Xaa, is histidine (His) and Xaa, is valine (Val).

[0203] 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 anti-
body having a light chain CDR 3 having an amino acid
sequence described above.

[0204] 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 immunosuppres-
sive agent, said antibody comprising (alternatively, consist-
ing of) alight 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 mol-
ecule that comprises a polynucleotide sequence that hybrid-
izes, 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.

[0205] Inanother aspect, the invention provides an isolated
nucleic acid molecule that encodes an antibody that specifi-
cally binds to at least one epitope on at least one immunosup-
pressive agent, said antibody comprising (alternatively, con-
sisting) a heavy chain CDR 2 having an amino acid sequence
of SEQIDNOS: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 combina-
tions these amino acid sequences. The present invention also
provides an isolated nucleic acid molecule that comprises a
polynucleotide sequence that hybridizes, under stringent con-
ditions, 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.
[0206] 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 immu-
nosuppressive 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:

[0207] (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);

[0208] (b)Heavy Chain CDR 2 has an amino acid sequence
having a formula of:

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

[0209] wherein Xaa, is selected from the group consisting
of threonine (Thr), alanine (Ala), lysine (Lys) and glutamic
acid (Glu);

[0210] wherein Xaa, is selected from the group consisting
of tyrosine (Tyr) and tryptophan (Trp); and
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[0211] wherein Xaa, is selected from the group consisting
of threonine (Thr) and valine (Val);

[0212] (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);

[0213] (d) Light Chain CDR 1 has an amino acid sequence

having a formula of:

(SEQ ID NO:234)
Lys-Ser-Ser-Xaa,-Xaas-Xaa,-Val-His-Ser-Thr-Gly-

Asn-Thr-Phe-Leu-Glu

[0214] wherein Xaa, is selected from the group consisting
of: glutamine (Gln), alanine (Ala) and glycine (Gly);

[0215] wherein Xaas is selected from the group consisting
of: serine (Ser) and glycine (Gly); and

[0216] wherein Xaay is selected from the group consisting
of: isoleucine (Ile) and leucine (Leu);

[0217] (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

[0218] (f) Light Chain CDR 3 has an amino acid sequence
having a formula of:

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

[0219] wherein Xaa, is selected from the group consisting
of: Serine (Ser) and Glycine (Gly);

[0220] wherein Xaag is selected from the group consisting
of: histidine (His), arginine (Arg), valine (Val), threonine
(Thr), lysine (Lys) and serine (Ser); and

[0221] wherein Xaa, is selected from the group consisting
of: valine (Val), alanine (Ala), aspartic acid (Asp), cysteine
(Cys) and Serine (Ser);

[0222] with the proviso that if in heavy chain CDR 2 Xaa,
is Thr, Xaa, is Tyr and Xaa, is Thr and in the light chain CDR
Xaa, is Gln, Xaa, is Ser and Xaa, is Ile, then in light chain
CDR 3 Xaa, is other than Val if Xaa, is Ser and Xaay is His, or
Xaayg is other than His if Xaa,, is Ser and Xaa, is Val or Xaa, is
other than Ser if Xaag is His and Xaa, is Val.

[0223] 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 anti-
body 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.
[0224] 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 immu-
nosuppressive agent wherein said antibodies comprises a
heavy chain CDR 1, aheavy chain CDR 2, aheavy 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 com-
prises a polynucleotide sequence that hybridizes, under strin-
gent conditions, to the nucleic acid molecule described herein
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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.

[0225] Inyet still another aspect, the present invention pro-
vides 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 pro-
vides an isolated nucleic acid molecule that comprises a poly-
nucleotide sequence that hybridizes, under stringent condi-
tions, 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.

[0226] IV. Methods for Preparing the Antibodies of the
Present Invention

[0227] The antibodies of the present invention can be pre-
pared using routine techniques known to those skilled in the
art.

[0228] Inoneaspect, the antibodies of the present invention
can be prepared by recombinant expression of immunoglo-
bulin light and heavy chain genes in a host cell. 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 recombi-
nant nucleic acid (DNA) methodologies are used to obtain
antibody heavy and light chain genes, incorporate these genes
into recombinant expressions vectors and introduce the vec-
tors into host cells, such as those described in Sambrook,
Fritsch and Maniatis (eds), Molecular Cloning: A Laboratory
Manual, Second Edition, Cold Spring Harbor, N.Y., (1989),
Ausubel, F. M. et al. (eds.) Current Protocols in Molecular
Biology, Greene Publishing Associates (1989) and in U.S.
Pat. No. 4,816,397.

[0229] 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 pro-
duced 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 FIG. 2
and SEQ ID NOS:43 and 45.

[0230] 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 FIGS. 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 AM2 or AM2-
related sequences to identify amino acid residues in the AM2-
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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 incorpo-
rated into the PCR primers such that the PCR product con-
tains the mutations) or site-directed mutagenesis.

[0231] Alternatively, in another aspect, nucleic acid mol-
ecules 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 III can be chemi-
cally 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, Tex.).

[0232] Once nucleic acid fragments encoding AM2 or
AM2-related VH and VL segments are obtained (by amplifi-
cation and mutagenesis of VH and VL genes, as described
above), these nucleic acid fragments can be further manipu-
lated 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.

[0233] In an alternative method, a scFv gene may be con-
structed with wildtype CDR regions (such as those of anti-
body 1-60-46) and then mutated using techniques known in
the art.

[0234] Theisolated 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 to, all known allotypes of the human
heavy chain constant region. Nucleic acid fragments encom-
passing these regions can be obtained by standard PCR ampli-
fication. The heavy chain constant region can be an 1gG1,
1gG2, 1gG3, 1gG4, IgA, IgE, IgM or IgD constant region.
[0235] Theisolated 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.
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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 con-
stant 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.
[0236] 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 num-
bering 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.

[0237] To create a scFv gene, the VH- and VL-encoding
nucleic acid fragments are operatively linked to another frag-
ment 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 beused 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).

[0238] 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 con-
trol sequences. In this context, the term “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 expres-
sion vector. The antibody genes are inserted into the expres-
sion vector by standard methods (for example, ligation of
complementary restriction sites on the antibody gene frag-
ment and vector, or blunt end ligation ifno 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 encod-
ing 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. Addi-
tionally 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.e., a signal peptide from a
non-immunoglobulin protein).

[0239] In addition to the antibody chain genes, the recom-
binant expression vectors can carry regulatory sequences that
control the expression of the antibody chain genes in a host

Jul. 24, 2008

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, Aca-
demic 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 levels of
protein expression in mammalian cells, 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. Pat. No. 5,168,062, U.S. Pat. No. 4,510,245
and U.S. Pat. No. 4,968,615.

[0240] In addition to the antibody chain genes and regula-
tory sequences, recombinant expression vectors may carry
additional sequences, such as sequences that regulate repli-
cation 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. Pat. Nos. 4,399,216,
4,634,665 and 5,179,017). For example, typically the select-
able 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.

[0241] 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 vari-
ous forms of the term “transfection” are intended to encom-
pass a wide variety of techniques commonly used for the
introduction of exogenous DNA into a prokaryotic or eukary-
otic host cell, e.g., electroporation, calcium-phosphate pre-
cipitation, 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 pref-
erably 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 anti-
body (See, Boss, M. A. and Wood, C. R., Immunology Today
6:12-13 (1985)).

[0242] Preferred mammalian host cells for expressing the
recombinant antibodies of the invention include the CHO
cells (including dhfr-CHO cells, described in Urlaub 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
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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.

[0243] 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.

[0244] Inapreferred system for recombinant expression of
an antibody, or antigen binding portion thereof, of the inven-
tion, a recombinant expression vector encoding both the anti-
body 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/AdAMLP promoter regulatory elements to
drive high levels of transcription of the genes. The recombi-
nant 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 character-
ization, Tacrolimus 1-60-46 AM2 CHO 2-577 and Tacroli-
mus 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, trans-
fect the host cells, select for transformants, culture the host
cells and recover the antibody from the culture medium.
[0245] 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.

[0246] V. Selection of Recombinant Antibodies

[0247] 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 dis-
play, DNA display and in vitro compartmentalization. For
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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 commer-
cially available vectors for generating yeast display libraries
(such as, the pYDI1 vector, Invitrogen, Carlsbad, Calif.)
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. Biotech-
nol. 15(6):553-7 (June 1997) and Hawley and Hawley, eds.,
Methods in Molecular Biology: Flow Cytometry Protocols,
2nd ed., Humana Press, Totowa, N.J., pages 311-332 (2004).
[0248] 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 disas-
sociation rate constant (namely, the k,or k) of these anti-
bodies. 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
(inseconds). A first order decay equation can be used to fit the
data. An example of such a formula that can be used is:

y=ml1*exp(-m2*MO0)+m3

[0249] whereml is the maximum fluorescence at time zero
(*=multiplication and exp=exponential);

[0250] where m2 is the dissociation rate constant (the for-
mula for determining off-rate is well known to those skilled in
the art);

[0251] where MO is time x (x being the time that is being
measured); and

[0252] where m3 is the background being generated from
the system.
[0253] The dissociation rate constant data can be used to

identify antibodies of the present invention with improved
dissociation rates from mutagenic libraries.

[0254] 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 homolo-
gous recombination in yeast (see, for example, Example 4).
These randomly mutated VH and VL segments can be ana-
lyzed 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) in the pres-
ence of a physiological diluent (PBS (pH 7.4) and 1% BSA),
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bind to at least one epitope on at least one immunosuppressive
agent and have a k ; of less than 1.3x10™%/sec, preferably with
ak, ranging from 1.29x10~*/sec and 1.0x10~%sec, and more
preferably, with a k ; ranging from 1.29x10™*/sec and 1.0x10~
s/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 k; of less than 9.38x10™*/sec, preferably
with a k, ranging from 9.37x10~%sec and 1.0x10~%/sec, and
more preferably with a k; ranging from 9.37x10™*/sec and
1.0x107%/sec, can then be isolated and the CDR mutation
identified by sequencing.

[0255] 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 muta-
tions 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 combina-
tion 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
k, of less than 1.3x10%/sec, preferably with a k, ranging
from 1.29x10~*/sec and 1.0x10~%/sec, and more preferably,
withak ranging from 1.29x10™%sec and 1.0x10™>/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 k; of less than
9.38x10™*/sec, preferably with a k, ranging from 9.37x10™%/
sec and 1.0x10~%sec, and more preferably with a k , ranging
from 9.37x10~*/sec and 1.0x10™>/sec, can then be character-
ized and the CDR mutations verified by sequencing.

[0256] 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 yeast expression vector) and subcloned
into other expression vectors by standard recombinant DNA
techniques. If desired, the nucleic acid can be further manipu-
lated to create other antibody forms of the invention (for
example, linked to nucleic acid encoding additional immu-
noglobulin 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.

[0257] VI. Diagnostic Immunoassays

[0258] 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 polar-
ization format.
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[0259] 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 com-
plex. The antibodies described in Section II herein can be
used in such immunoassays to form such antibody-immuno-
suppressive 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-immu-
nosuppressive agent complex. Alternatively, at least one
immunosuppressive agent in the test sample can be labeled
with a detectable label and the resulting antibody-immuno-
suppressive 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.

[0260] 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. Prefer-
ably, the antibody of the present invention, as an immunoglo-
bulin, specifically binds to at least one epitope on at least one
immunosuppressive agent with (a) a K, less than 1.9x107""
M, preferably a K, between 1.89x107" M to 1.0x107"* M
and most preferably, a K, between 1.89x107** M to 1.0x10~
12 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 1.52x107'° M, preferably a K, between
1.51x10 M to 1.0x107*' M, and, most preferably, a K,
between 1.51x107'° M to 1.0x10™"' 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 anti-
body of the present invention specifically binds to at least one
epitope on at least one immunosuppressive agent with (a)ak;
of less than 1.3x10™%/sec, preferably with a k, ranging from
1.29x10™*/sec and 1.0x10~%/sec, and more preferably, with a
k, ranging from 1.29x10™%/sec and 1.0x10~>/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 k, of less
than 9.38x10%/sec, preferably with a k , ranging from 9.37x
10~*sec and 1.0x10~%sec, and more preferably with a k,
ranging from 9.37x10#/sec and 1.0x10~%/sec when said anti-
body 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).

[0261] 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 immuno-
suppressive 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 immunosup-
pressive agent or antigen of said immunosuppressive agent
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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 radioactive label, such as, *H, 1 *°1, 23S, 1*C, 2P,
33P, an enzymatic label, such as horseradish peroxidase, alka-
line peroxidase, glucose 6-phosphate dehydrogenase, etc., a
chemiluminescent label, such as, acridinium esters, luminal,
isoluminol, thioesters, sulfonamides, phenanthradinium
esters, etc. a fluorescence label, such as, fluorescein (5-fluo-
rescein, 6-carboxyfluorescein, 3'6-carboxyfluorescein, 5(6)-
carboxyfluorescein, 6-hexachloro-fluorescein, 6-tetrachlo-
rofluorescein, fluorescein isothiocyanate, etc.), rhodamine,
phycobiliproteins, R-phycoerythrin, quantum dots (zinc sul-
fide-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 Immunocytochemis-
try, 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 pub-
lished by Molecular Probes, Inc., Eugene, Oreg. For example,
as described in the Examples herein, biotinylated-tacrolimus
or acridinium-tacrolimus antigen can also be used in said
competitive formats.

[0262] 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 anti-
gen 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 vari-
ous 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. ~Alterna-
tively, 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).

[0263] The labeled immunosuppressive agent or antigen of
said immunosuppressive agent, the test sample and the anti-
body 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 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, preferably from about
1-24 minutes, most preferably from about 4-18 minutes. Two
different species of antibody-immunosuppressive agent com-
plexes are then generated. Specifically, one of the antibody-
immunosuppressive agent complexes generated contains a
detectable label while the other antibody-immunosuppres-
sive 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. Regard-
less of whether the antibody-immunosuppressive agent com-
plex is separated from the remainder of the test sample, the
amount of detectable label in the antibody-immunosuppres-
sive 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
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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 “exci-
tation 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 chemilu-
minescent 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 con-
centration 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 immunosup-
pressive agent of known concentration, by mass spectros-
copy, gravimetrically and by other techniques known in the
art.

[0264] 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 remov-
ing 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.

[0265] In a reverse competition assay, an immobilized
immunosuppressive agent or an antigen of said immunosup-
pressive 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, hydro-
chloride) 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-carbox-
ypropyl)-acridinium-9-carboxamide, otherwise known as
CPSP-Acridinium Ester or N10-(3-sulfopropyl)-N-(3-sulfo-
propyl)-acridinium-9-carboxamide, otherwise known as
SPSP-Acridinium Ester.

[0266] 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.

[0267] Theimmobilized immunosuppressive agent or anti-
gen 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-



US 2008/0176756 Al

immobilized immunosuppressive agent-antibody complex
and the remainder of the test sample are removed from the
presence of the immobilized immunosuppressive agent-anti-
body 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-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 concentra-
tion, by mass spectroscopy, gravimetrically and by other tech-
niques known in the art.

[0268] Ina fluorescence polarization assay, in one embodi-
ment, 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 immunosuppres-
sive agent or antigen of said immunosuppressive agent. The
labeled immunosuppressive agent or antigen of said immu-
nosuppressive 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.

[0269] 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 AM2 CHO 2-577 or CHO cell line 1-60-46
AM2 CHO 1-1157.

[0270] 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.

[0271] Alternatively, in another embodiment, an antibody
or functionally active fragment thereof'is simultaneously con-
tacted with a fluorescently labeled immunosuppressive agent
or an antigen of an immunosuppressive agent and an unla-
beled test sample suspected of containing at least one immu-
nosuppressive agent thereof to form both labeled immuno-
suppressive agent-antibody complexes and unlabeled
immunosuppressive agent-antibody complexes. 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. The antibody used in this immunoassay specifically
binds to at least one epitope on at least one immunosuppres-
sive 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.

[0272] Alternatively, in yet another embodiment, an anti-
body (such as antibody of the present invention, such as an
antibody produced by CHO cell line 1-60-46 AM2 CHO
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2-577 or CHO cell line 1-60-46 AM2 CHO 1-1157) or func-
tionally active fragment thereof is first contacted with a fluo-
rescently labeled immunosuppressive agent or an antigen
from said immunosuppressive agent to form a labeled immu-
nosuppressive agent-antibody complex. The labeled immu-
nosuppressive agent-antibody complex is then contacted with
an unlabeled test sample suspected of containing an immu-
nosuppressive agent or an antigen of an immunosuppressive
agent. Any unlabeled at least one immunosuppressive agent
in the test sample competes with the labeled immunosuppres-
sive 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 immu-
nosuppressive 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 immu-
nosuppressive agent. An example of an antibody that specifi-
cally binds to at least one epitope on at least one immunosup-
pressive 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.

[0273] VII. Methods for Selecting Antibodies and Specific
Binding Partners

[0274] The present invention also provides methods for
selecting an antibody or a specific binding partner. The
selected antibody or specific binding partner selected pursu-
ant to the methods described herein can be used in a diagnos-
tic immunoassay for detecting an analyte in a test sample,
quantifying the amount of analyte in a test sample, or detect-
ing an analyte in a test sample and quantifying the amount of
analyte in a test sample.

[0275] In one aspect, the present invention relates to meth-
ods for selecting an antibody (such as, an affinity maturated
antibody). The method involves contacting at least one anti-
body 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, fol-
lowed by the at least one antibody and the sample, are con-
tacted 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
atest 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.
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[0276] 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). Alterna-
tively, the sample may be a whole blood sample obtained
from a subject that contains tacrolimus or cyclosporine. Alter-
natively, the sample may contain an avidin-labeled protein.

[0277] 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). Prefer-
ably, the antibody and the antigen are part of a specific bind-
ing 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 (K,), disassociation rate constant (k ), 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.

[0278] Preferably, the selection diluent selected for use in
the method described herein (a) is known by one skilled in the
art to increase the K,, (and thus decrease the k, and/or
increase the k ;) 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 func-
tional 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 diag-
nostic immunoassay); or (¢) any combinations of (a)-(b).

[0279] 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 buff-
ers that are employed in diagnostic immunoassays alter the
K, functional activity or both the K, and functional activity
of one or more antibodies used in said immunoassay. There-
fore, 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 func-
tional activity in a diagnostic immunoassay than antibodies
that are not selected pursuant to this method.
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[0280] Inorder 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 anti-
body. Preferably, this allows the gene of said antibody dis-
playing 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 anti-
body 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 solu-
tion. Additionally, the at least one antibody, sample or both
can be labeled with a detectable label using the techniques
described in Section VI.

[0281] 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 selec-
tion diluent) are allowed to incubate in order to allow for the
formation of antibody (or multiple antibody)-analyte com-
plexes, analyte-antibody complexes or combinations of anti-
body (multiple antibody)-analyte and analyte-antibody com-
plexes. 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.

[0282] After incubation, those antibodies displaying phe-
notypic 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. Alterna-
tively, 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, embodi-
ment uses fluorescence-activated cell sorting (“FACS”), in
conjunction with fluorescently labeled sample, to selectively
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 enrichnient and refinement.

[0283] After multiple rounds of selection as described
above, the K, k;, 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 K, k;
ork, can be determined using KinExA® or Biacore® assays.
Methods for determining the functional activity of an anti-
body are also well known in the art and include, but are not
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limited to, KinEXA® and Biacore® assays, radioimmunoas-
says (“RIAs”), enzyme immunoassays (“EIAs”), chemilumi-
nescent immunoassays (“CIAs”), fluorescence correlation
spectroscopy (“FCS”), fluorescence-activated cell sorting
(“FACS”) or fluorescence polarization immunoassay
(“FPIA”). The antibody that exhibits the best K, k,ork, 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.

[0284] 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 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 bind-
ing partner, or sample used in the method is not critical.
[0285] 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). Alterna-
tively, the sample may be a whole blood sample obtained
from a subject that contains tacrolimus or cyclosporine.
[0286] 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 spe-
cific 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 nec-
essary, that prior to performing the method described herein,
that the equilibrium dissociation constant (K,,), disassocia-
tion rate constant (k ), association rate constant (k) or func-
tional 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 mea-
surement.

[0287] Preferably, the selection diluent selected for use in
the method described herein (a) is known by one skilled in the
art to increase the K, (and thus decrease the k, and/or
increase the k ;) 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 func-
tional 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 diag-
nostic immunoassay); or (¢) any combinations of (a)-(b).
[0288] As previously described herein, assay extraction
buffers containing one or more organic solvents, such as a
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combination of 90% methanol and 10% ethylene glycol (and
optionally, 100 mM zinc sulfate), are used to extract tacroli-
mus from a whole blood test sample obtained from a subject
receiving this immunosuppressive agent as a part of the sub-
ject’s treatment. Therefore, it is preferred that in the method
described herein that the selection diluent be used to approxi-
mate, simulate or mimic the reaction conditions of a diagnos-
tic immunoassay. By using the selection diluent to approxi-
mate, 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.

[0289] Inorder 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 contain-
ing 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 Sec-
tions 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 part-
ner, sample or both can be labeled with a detectable label
using the techniques described in Section VI.

[0290] 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.

[0291] After incubation, those specific binding partners
displaying phenotypic enhancements for the desired trait are
selectively enriched after removal of unwanted specific bind-
ing partners. Unwanted specific binding partners can be
removed by washing by virtue of their inability to bind immo-
bilized sample to the same degree as specific binding partners
having enhanced phenotypic properties. Alternatively, spe-
cific binding partners displaying phenotypic enhancements
for the desired trait can be enriched from unwanted specific
binding partners using a reporter system as described in Sec-
tion VI to identify desired specific binding partners and
enable subsequent separation from unwanted specific binding
partners. A preferred, but not limiting, embodiment uses fluo-
rescence-activated cell sorting (“FACS”), in conjunction with
fluorescently labeled sample, to selectively identify and iso-
late specific binding partners with desired phenotypic
enhancements. Unlabeled sample can also be used to identify
and isolate specific binding partners with desired phenotypic
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enhancements in conjunction with FACS if a second fluores-
cently labeled reagent capable of binding to a non-overlap-
ping epitope on the sample is available. Typically, the
enriched clones with the enhanced phenotypic trait are ampli-
fied and the selection process is repeated for further enrich-
ment and refinement.

[0292] After multiple rounds of selection as described
above, the K, k,, k, or functional activity of the specific
binding partners which have formed the specific binding part-
ner-analyte complexes can be determined using routine tech-
niques known in the art. For example, the K, k,or k, can be
determined using KinExA® or Biacore® assays. Methods for
determining the functional activity of a specific binding part-
ner are also well known in the art and include, but are not
limited to, KinEXA® and Biacore® assays, radioimmunoas-
says, enzyme immunoassays, chemiluminescent immunoas-
says, fluorescence correlation spectroscopy, fluorescent-acti-
vated cell sorting, fluorescence-activated cell sorting or
fluorescence polarization immunoassay. The specific binding
partner that exhibits the best K, k ;ork, 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 devel-
opment, such as for use in an diagnostic immunoassay.
[0293] Now by way of example, and not of limitation,
examples of the present invention shall now be given.

EXAMPLE 1
Identification of Immunoglobulin Genes

[0294] 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-poly-
merase chain reaction using a mouse Ig primer set kit pur-
chased 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 immu-
noglobulin variable heavy and variable light chain genes were
identified (See FIGS. 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)

[0295] A yeast display system was used to express unmu-
tated (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
GPAKELTPLKEAKVS (SEQ ID NO:36) to create the WT
1-60-46 scFv construct (See, FIG. 1). The 1-60-46 VH gene
(SEQ ID NO:43) was amplified using primers Tacro scFvVH
forward-(GCGGCCCAGCCGGCCATGGCCGAGGTG-
GAATTGGTGGAGTCTGGG (SEQ ID NO:47)) and Tacro
scFv VL reverse (CGCCTCCTTCAGGGGCGTCAACTC-
CTTGGCGGGACCTGCAGAGACAGTGAC-
CAGAGTCCC (SEQ ID NO:48)). The 1-60-46 VL gene
(SEQ ID NO:45) was amplified using primers Tacro scFv VL
forward-(AAGGAGTTGACGCCCCTGAAGGAGGC-
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GAAGGTCTCTGATGTTTTGATGACCCAAACTCCA
(SEQ ID NO:49)) and Tacro scFv VL reverse-(AGACTC-
GAGGGCGGCCGCCCGTTTCAGCTC-
CAGCTTGGTCCC (SEQ ID NO:50)). The 1-60-46 scFv
DNA was subsequently cloned into the yeast display vector
pYD1 (Invitrogen, Carlsbad, Calif.) using standard molecular
biology techniques. This vector includes a galactose induc-
ible promoter, a C-terminal V5 epitope tag, and tryptophan
and ampicillin markers for EBY100 and E. coli selection,
respectively. The tacrolimus WT 1-60-46 scFv_pYD vector
was transformed into DHS5a E. coli and sequence verified.
[0296] The tacrolimus WT 1-60-46 scFv_pYD vector was
transformed into the tryptophan-deficient S. cerevisiae strain
EBY100 using Gietz and Schiestl Method (See, Schiestl and
Gietz, Current Genetics, 16(5-6):339-46 (December 1989)).
Dilutions of the transformation reaction were plated on selec-
tive (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,H,O, 1.02% Na,HPO,
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 (1x107 (“le7cells”)/0.5 OD/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, I11.) and anti-V5 monoclonal antibody (Invitro-
gen, Carlsbad, Calif.). For flow cytometry assays, yeast cells
expressing 1-60-46 scFv were incubated with bt-tacro and
anti-V5 monoclonal antibody followed by streptavidin: phy-
coerythrin (SA:PE, BD Pharmingen) and goat anti-mouse
immunoglobulin-Alexa Fluora 488 (GAM:488, Molecular
Probes (which is an Affiliate of Invitrogen, Carlsbad, Calif.)).
The bivariate plots of the flow cytometric data as shown in
FIG. 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.

EXAMPLE 3
Dissociation Rate Analysis for 1-60-46 scFv on Yeast

[0297] Dissociation rate measurements of 1-60-46 scFv
and 1-60-46 variants on yeast were measured by saturating
0.05 OD yeast (1x10° cells) with 100 nM bt-tacro (10-fold
molar excess) and anti-V5 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 incu-
bated at room temperature with 100-fold molar excess unla-
belled 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 addi-
tion of secondary staining reagents, SA:PE (1:200 dilution)
and GAM:488 (1:100 dilution). FIG. 1D shows the dissocia-
tion rate data plotted as mean fluorescence intensity (“MFI”)
versus time (seconds) (See, FIG. 1D). A first order exponen-
tial decay equation (y=m1*exp(-m2*m0)+m3) was used to
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fit the data. The dissociation for the WT 1-60-46 scFv was
determined to be 1x10™* (x2x107>)/sec without 10% metha-
nol and 9x10~* (£2x10~*)/sec with 10% methanol. The 1-60-
46 scFv half-life (t, /2:1n2/kof)) was 115 min in the absence of
10% methanol and 13 minutes in the presence of 10% metha-
nol.

EXAMPLE 4
Generation of 1-60-46 CDR Mutagenic Libraries

[0298] All 6 CDRs of anti-tacrolimus antibody 1-60-46
(See, FIGS. 3,4, 6,and 7A-7B and SEQ IDNOS: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, FIGS. 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 soft-
ware, 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 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 (December 1989)).
Transformed yeast cells were selectively recovered using the
auxotrophic tryptophan marker present on reconstituted vec-
tors. A total of 50 libraries were generated and are schemati-
cally represented in FIGS. 3 and 4.

EXAMPLE 5
Selection of 1-60-46 Mutagenic Libraries

[0299] A dissociationrate sorting strategy was used to iden-
tify 1-60-46 variants from all 50 mutagenic libraries with
improved binding characteristics in a selection diluent (com-
posed of PBS, 1% BSA and 10% methanol). Individual librar-
ies 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 (SxWT scFv t, ,) 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 incuba-
tion, 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 bind-
ing 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 fluo-
rescence 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 compari-
son. Populations of variants with desired binding properties
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were selectively enriched using fluorescence-activated cell
sorting (“FACS”) on a FACS Aria cell sorter (Becton Dickin-
son, San Jose, Calif.).

[0300] Three rounds of selection were performed on each
library sample with a representative library are shown in FIG.
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 out-
put), 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 through-
out each round of selection (H2, L1 and [.3), whereas libraries
lacking beneficial changes did not and were not further ana-
lyzed. An aliquot of cells after the third round of sorting were
plated on selective media to obtain individual clones for fur-
ther analysis.

EXAMPLE 6
Analysis of Selected 1-60-46 Variants

[0301] 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
(pYDA41 forward-TAGCATGACTGGTGGACAGC (SEQID
NO:37) and pYD4lreverse-CGTAGAATCGAGACCGAG
(SEQ ID NO:38)) to identify the amino acid substitutions.
FIGS. 6 and 7 highlight the sequencing results for each
unique clone obtained.

[0302] 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 (k) for
each mutant was determined as outlined above in both the
presence and absence of 10% methanol during the reaction
(See, FIG. 8). All mutant clones had 2-to 8-fold improve-
ments in krelative 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.

[0303] Those clones that had the greatest improvement in
dissociation rate from each master CDR library were further
characterized. Equilibrium dissociation constants (K,) 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 anti-
gen 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 Proto-
cols, 2nd ed., Humana Press, Totowa, N.J., pages 311-332
(2004)). The antibody-normalized, antigen-binding mean
fluorescence intensity was plotted against antigen concentra-
tion and a non-linear least squares fit (y=m1+m2*m0/(m3+
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m0)) was used to determine K,,. Mutants contained 2- to
8-fold improvements relative to the WT 1-60-46 scFv with
the highest affinity clone (H2-1A) having a K ,,=1.3x107° M
in 10% methanol.

EXAMPLE 7

Generation and Analysis of Tacrolimus 1-60-46
Combinatorial Mutant Clones

[0304] Clones having the greatest improvement in disso-
ciation rate from each master CDR library were used to con-
struct scFv genes containing different pairings of the indi-
vidual mutations. This approach enabled determination of
whether the binding properties were further enhanced upon
combining individual mutations. Combinatorial clones con-
taining various mutations in the H2 (H2-1A, H2-1B, H2-3B),
L1 (L1-1B, L1-4A) and L3 (L3-A, L3-1A, L3-2A, L3-1B,
[.3-2B) 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.

[0305] Thedissociation 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, FIGS. 8 and 9). Many of the tacrolimus 1-60-46
combination mutant clones exhibited greater than 10-fold
improvements ink,,-with the best clone (H2-1A/L.3-1A) hav-
ing a dissociation rate of 5.5x107>/sec in 10% methanol, a
substantial improvement relative to any of the original tac-
rolimus 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 origi-
nal tacrolimus 1-60-46 mutations and the WT 1-60-46 clone
(See,FIGS.8and9). Theclone H2-1A/[L.1-1B/L3-Ahad aK,,
of3.8x107'* M.

EXAMPLE 8

Cloning and Expression of Yeast Display-Derived
Antibodies

[0306] Select tacrolimus 1-60-46 mutant scFv clones (See,
FIG. 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 IgGG2a constant region or
K 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-(TTCTTGTCGCGATTTTAAAAGGTGTC-
CAGTGCGAGGTGGAATTGGTGGAGTCT (SEQ 1D
NO:51)) and Tacro VH IgG2a reverse-(TGTTTTAGCGCT-
TGCAGAGACAGTGACCAGAGT (SEQ ID NO:52)).
Select 1-60-46 mutant VL genes were amplified by PCR
using Tacro VL mCk forward-(CCCGGCTCGCGATGC-
GATGTTTTGATGACCCAAACT (SEQ ID NO:53)) and
Tacro VL  Ck  reverse-(AGCATCAGCGCTCGC-
CCGTTTCAGCTCCAGCTT (SEQIDNO:54)). pBOS plas-
mids encoding both heavy and light chain regions were tran-
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siently 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 L.3-2B 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 [.3-2B 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 [.3-1B mutations.
Purified IgG were dialyzed into phosphate buffered 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

[0307] The affinity-matured anti-tacrolimus antibodies
(AM1, AM2, AM3) were individually immobilized to goat
anti-mouse IgG (“GAM”) coated paramagnetic micropar-
ticles. To prepare these particles, the GAM was coupled
covalently to the particles, and then the particles were com-
bined 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 Laborato-
ries, Abbott Park, Il1.).

[0308] In the assay, the instrument mixes the test sample
containing the assay extraction buffer (namely 90% metha-
nol, 10% ethylene glycol and 100 mM zinc sulfate) with the
microparticles and a tracer reagent. The tracer molecule con-
tains tacrolimus attached covalently to acridinium through a
linker at position 32 (Abbott Laboratories, Abbott Park, I11.).
The tracer and tacrolimus from the sample compete for the
limited number of anti-tacrolimus binding sites on the micro-
particles. 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 pho-
tometer; the amount of chemiluminescence signal is inversely
proportional to the amount of tacrolimus in the sample.
[0309] 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 FIG. 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/mlL 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

[0310] The equilibrium dissociation constants for both the
1-60-46 AM2 IgG and the 1-60-46 WT mAb IgG produced
from the murine hybridoma cell line 1-60-46 were deter-
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mined using Kinetic Exclusion Assay (KinExA®), available
from Sapidyne Instruments (Boise, Id.) (See, Darling and
Brault, 4SSAY and Drug Development Technologies, 2(6):
647-657 (2004)). A constant amount of IgG antibody (AM2
or WT) was incubated with various concentrations (10~° 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 immobi-
lized 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-CyS5) fluorescent dye. The
degree of GAM-Cy5 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 K, 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, 1d.). Experiments were per-
formed in either (a) a physiological diluent (composed of
PBS, pH 7.4 and 1% BSA); and (b) a selection diluent (com-
posed of PBS, 1% BSA and 10% methanol) and the results are
summarized below in Table B. The K, of the 1-60-46 AM2
IgG in the physiological diluent was 1.2x107'2 M, which is a
16-fold improvement relative to the 1-60-46 WT IgG value of
1.9x107"" M. The K, of the 1-60-46 AM2 IgG in the selection
diluent was 1.3x107'* M which is a 12-fold improvement
relative to the 1-60-46 WT IgG value of 1.5x107'° M.

TABLE B
KD Fold Kd Fold
(no MeOH)  Improvement (10% MeOH) Improvement
1-60-46 1.9% 1071 M 1x 1.52x1071°M 1x
WT IgG
1-60-46 1.2x 10712 M 16x 1.3x1071 M 12x
AM2 1gG
EXAMPLE 11

Tacrolimus 1-60-46 AM2 IgG Stable Mammalian
Cell Line Development

[0311] Chinese Hamster Ovary cells were transfected with
a plasmid containing Tacrolimus 1-60-46 AM2 IgG heavy
chain (“HC”) (See, FIG. 11 (SEQ ID NO:39)) and IgG light
chain (“LC”) (FIG. 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 reduc-
tase 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 Mar. 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 Mar. 27, 2006 and assigned A.T.C.C. Accession No.
PTA-7446.

EXAMPLE 12

Identification of Anti-Cyclosporine (“CsA”) Hybri-
doma 29-56-14 Immunoglobulin Genes and Conver-
sion into Single-Chain Antibody Fragment (scFv)

[0312] FIG. 16 shows the structure of CsA and a metabolite
of CsA, which is referred to herein as “AM1 or M17”. CsA
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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.
[0313] 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 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 immu-
noglobulin variable heavy and variable light chain genes were
identified (See FIGS. 13A and 13B).

[0314] A yeast display system was used to express unmu-
tated (wild-type (“WT”)) and mutated anti-cyclosporine vari-
able light and heavy chain proteins on the yeast surface as a
fusion to the yeast mating protein, AGA2 (See FIG. 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 GPA-
KELTPLKEAKVS (SEQ ID NO:36) to create the WT
Cyclosporine 29-56-14 scFv construct.

[0315] The 29-56-14 VH gene (FIG. 13A, SEQ ID NO:55)
was amplified using the following primers: CsA scFv VH
forward-GGCCCAGCCGGCCATGGCCGAGGTC-
CAGCTGCAACAGTCTGG (SEQ ID NO:59)

GsA scFv VH 40 reverse-
(SEQ ID NO:60)
CTTCGCCTCCTTCAGGGGCGTCAACTCCTTGGCGGGACCTGAGGAGACGG

TGACTGAGGTTCC

[0316] The 29-56-14 VL gene (FIG. 13B, SEQ ID NO:57)
was amplified using primers:

CsA scFv VL 40 forward-
(SEQ ID NO:61)
CAAGGAGTTGACGCCCCTGAAGGAGGCGAAGGTCTCTGACATTGTACTGA

CCCAATCTCC

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

[0317] The 29-56-14 scFv DNA was subsequently cloned
into the yeast display vector pYD1 (Invitrogen, Carlsbad,
Calif.) using standard molecular biology techniques. This
vector includes a galactose inducible promoter, a C-terminal
V5 epitope tag, and tryptophan and ampicillin markers for
EBY100 and E. coli selection, respectively. The cyclosporine
WT 29-56-14 scFv_pYD vector was transformed into DH5a.
E. coli and sequence verified.

[0318] 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, Schi-
estl and Gietz, Current Genetics, 16(5-6):339-46 (December
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
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Media (“HSM”)-trp (tryptophan)-ura (uracil), 1.8% bacterial
agar, 18.2% sorbitol, 0.86% NaH,PO,H,0, 1.02% Na,HPO,
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 (1x107 (“le7cells”)/0.5 OD/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-V5 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, Calif.)). Bivariate plots of flow cytometric data
similar to those shown in FIG. 1C were obtained to illustrate
full-length surface expression 0of 29-56-14 scFv (anti-V5) and
binding (SA:PE) 0f 29-56-14 scFv to bt-CsA.

EXAMPLE 13

Affinity Measurement for CsA of 29-56-14 scFv
Expressed on Yeast Cells

[0319] Equilibrium dissociation constant (K,) 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) aselection 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=m1+m2*m0/(m3+m0)) was used to determine K. WT
CsA 29-56-14 scFv K, was 5.6x107'°M in the physiological
diluent and 2.0x10~°M in the selection diluent. The K, 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

[0320] 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 posi-
tions are randomly mutated. Linearized pYD1 vectors miss-
ing specific regions of each CDR were prepared by PCR and
the “gap” was replaced by a degenerate single-stranded oli-
gonucleotide, encoding all 19 amino acid possible replace-
ments within the 3 amino acids mutagenic window in the
CDR being targeted, using the homologous recombination
system inherent in yeast using the Gietz library transforma-
tion protocol (Schiestl and Gietz, Current Genetics, 16(5-6):
339-46 (December 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
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to generate a H1 master library); however, each CDR master
library was kept separate from one another during the selec-
tion process.

EXAMPLE 15

Selection of 29-56-14 Mutagenic Libraries in the
Presence of M17 Competitor

[0321] A competitive selection strategy using flow cyto-
metric 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 1 nM bt-CsA+20 nM 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 bind-
ing was normalized to the amount of scFv expression on each
individual cell using anti-V5 mAb (2.5 ug/ml) and GaM-488
(1:200 dilution). Control samples were prepared to set fluo-
rescence 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, Calif.).

[0322] Four rounds of selection were performed on each
library pool with each round of selection consisting of selec-
tively 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 col-
lected, 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
at20° C. for 12-24 hrs and the selection process was repeated
with 100 nM (100 fold molar excess) of M17 metabolite
competitor. Libraries containing mutations that increased the
binding of bt-Cs A 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 analy-
sis.

EXAMPLE 16

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

[0323] 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-TAGCATGACTGGTG-
GACAGC (SEQ ID NO:37) and pYD41 reverse-CGTA-
GAATCGAGACCGAG (SEQ ID NO:38)) to identify the
CDR amino acid substitutions.



US 2008/0176756 Al

EXAMPLE 17

Generation and Analysis of Cyclosporine 29-56-14
Combinatorial Mutant Clones

[0324] CDR mutant sequences identified after four rounds
of flow cytometric selection from each master CDR library
were used to construct scFv genes containing different pair-
ings of the individual mutations. Combinatorial clones con-
taining various mutations in the H1, H2, H3, .2, and L3 CDR
regions were constructed by PCR amplification and com-
bined 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.

[0325] ThescFv genes were amplified and sequenced using
vector specific primers (pYD41 forward-TAGCATGACTG-
GTGGACAGC (SEQIDNO:37)and pYD41 reverse-CGTA-
GAATCGAGACCGAG (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, [.2, and L3 (See FIG.
14). Mutant combinatorial clone R2-9 was selected as the best
clone based upon IC50 data. WT and mutant combinatorial
clones were incubated overnight with 0.5 nM bt-CsA in the
presence of M17 competitor concentrations ranging from O to
5 uM. 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) aselection diluent (composed of PBS, 1% BSA
and 10% methanol) is shown in FIG. 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

[0326] This example describes a screening method using
yeast display to select for CDR (complementarity-determin-
ing region) mutations encoded by anti-cyclosporine antibod-
ies that improve selection for cyclosporine parent drug and
reduces specificity for major metabolites (lowered cross-re-
activity).

[0327] 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
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
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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 AM1 (M17) and
greater than 5 fold K, for AM9 (M1) compared to CsA wild-
type yeast control. Minimal change in the affinity for Cs A was
observed for the mutants that demonstrated decreased bind-
ing for AM1 (M17)and AM9 (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 metabo-
lites can be developed and ultimately utilized in diagnostic
immunoassays.

[0328] 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 com-
pounds described herein are presently representative of pre-
ferred 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.

[0329] All patents and publications mentioned in the speci-
fication 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 indi-
cated to be incorporated by reference.

[0330] The invention illustratively described herein suit-
ably may be practiced in the absence of any element or ele-
ments, limitation or limitations which is not specifically dis-
closed herein. Thus, for example, in each instance herein any
of the terms “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 used as terms of description and not of limitation, and
there is no intention that in the use of such terms and expres-
sions 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 varia-
tion of the concepts herein disclosed may be resorted to by
those skilled in the art, and that such modifications and varia-
tions are considered to be within the scope of this invention as
defined by the appended claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 62

<210> SEQ ID NO 1
<211> LENGTH: 25

<212> TYPE: PRT

<213> ORGANISM: Murine
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-continued

<400> SEQUENCE: 1

Glu Val Glu Leu Val Glu Ser Gly Gly Asp Leu Val Lys Pro Gly Gly
1 5 10 15

Ser Leu Lys Leu Ser Cys Ala Ala Ser
20 25

<210> SEQ ID NO 2
<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Murine

<400> SEQUENCE: 2

Gly Phe Thr Phe Ser Ser Tyr Gly Met Ser
1 5 10

<210> SEQ ID NO 3
<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Murine

<400> SEQUENCE: 3

Trp Val Arg Gln Thr Pro Asp Lys Arg Leu Glu Trp Val Ala Thr
1 5 10 15

<210> SEQ ID NO 4
<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Murine

<400> SEQUENCE: 4

Thr Ile Ser Ser Gly Gly Thr Tyr Thr Phe
1 5 10

<210> SEQ ID NO 5
<211> LENGTH: 39

<212> TYPE: PRT

<213> ORGANISM: Murine

<400> SEQUENCE: 5

Tyr Pro Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala
1 5 10 15

Lys Asn Thr Leu Ser Leu Gln Met Ser Ser Leu Lys Ser Ala Asp Thr
20 25 30

Ala Met Tyr Tyr Cys Ser Arg
35

<210> SEQ ID NO 6
<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Murine

<400> SEQUENCE: 6

Gln Thr Asp Gly Tyr Ser Trp Phe Pro Tyr
1 5 10

<210> SEQ ID NO 7
<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Murine



US 2008/0176756 Al Jul. 24, 2008
31

-continued

<400> SEQUENCE: 7

Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ala
1 5 10

<210> SEQ ID NO 8
<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Murine

<400> SEQUENCE: 8

Asp Val Leu Met Thr Gln Thr Pro Leu Ser Leu Pro Val Ser Leu Gly
1 5 10 15

Asp Gln Ala Ser Ile Ser Cys
20

<210> SEQ ID NO 9
<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Murine

<400> SEQUENCE: 9

Lys Ser Ser Gln Ser Ile Val His Ser Thr Gly Asn Thr Phe Leu Glu
1 5 10 15

<210> SEQ ID NO 10
<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Murine

<400> SEQUENCE: 10

Trp Phe Leu Gln Lys Pro Gly Gln Ser Pro Lys Leu Leu Ile Tyr
1 5 10 15

<210> SEQ ID NO 11
<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Murine

<400> SEQUENCE: 11

Lys Ile Ser Asn Arg Phe Ser
1 5

<210> SEQ ID NO 12
<211> LENGTH: 32

<212> TYPE: PRT

<213> ORGANISM: Murine

<400> SEQUENCE: 12

Gly Val Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr
1 5 10 15

Leu Lys Ile Ser Arg Val Glu Ser Glu Asp Leu Gly Val Tyr Tyr Cys
20 25 30

<210> SEQ ID NO 13
<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Murine

<400> SEQUENCE: 13

Phe Gln Gly Ser His Val Pro Leu Thr
1 5



US 2008/0176756 Al Jul. 24, 2008
32

-continued

<210> SEQ ID NO 14
<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Murine

<400> SEQUENCE: 14

Phe Gly Ala Gly Thr Lys Leu Glu Leu Lys Arg Ala
1 5 10

<210> SEQ ID NO 15
<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Murine

<400> SEQUENCE: 15

Thr Ile Ser Ser Gly Gly Thr Trp Thr Phe
1 5 10

<210> SEQ ID NO 16
<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Murine

<400> SEQUENCE: 16

Thr Ile Ser Ser Gly Gly Ala Trp Thr Phe
1 5 10

<210> SEQ ID NO 17
<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Murine

<400> SEQUENCE: 17

Thr Ile Ser Ser Gly Gly Lys Trp Val Phe
1 5 10

<210> SEQ ID NO 18
<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Murine

<400> SEQUENCE: 18
Thr Ile Ser Ser Gly Gly Glu Trp Thr Phe

1 5 10

<210> SEQ ID NO 19
<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Murine

<400> SEQUENCE: 19
Lys Ser Ser Gln Gly Ile Val His Ser Thr Gly Asn Thr Phe Leu Glu

1 5 10 15

<210> SEQ ID NO 20
<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Murine

<400> SEQUENCE: 20

Lys Ser Ser Ala Gly Ile Val His Ser Thr Gly Asn Thr Phe Leu Glu
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<210>
<211>
<212>
<213>

<400>

SEQ ID NO

LENGTH: 16

TYPE: PRT
ORGANISM:

SEQUENCE :

5 10 15

21

Murine

21

Lys Ser Ser Gly Gly Leu Val His Ser Thr Gly Asn Thr Phe Leu Glu

1

<210>
<211>
<212>
<213>

<400>

SEQ ID NO

LENGTH: 16

TYPE: PRT
ORGANISM:

SEQUENCE :

Lys Ser Ser Gln

1

<210>
<211>
<212>
<213>

<400>

SEQ ID NO
LENGTH: 9
TYPE: PRT
ORGANISM:

SEQUENCE :

Phe Gln Gly Ser

1

<210>
<211>
<212>
<213>

<400>

SEQ ID NO
LENGTH: 9
TYPE: PRT
ORGANISM:

SEQUENCE :

Phe Gln Gly Ser

1

<210>
<211>
<212>
<213>

<400>

SEQ ID NO
LENGTH: 9
TYPE: PRT
ORGANISM:

SEQUENCE :

Phe Gln Gly Ser

1

<210>
<211>
<212>
<213>

<400>

SEQ ID NO
LENGTH: 9
TYPE: PRT
ORGANISM:

SEQUENCE :

Phe Gln Gly Ser

1

<210>
<211>
<212>
<213>

<400>

SEQ ID NO
LENGTH: 9
TYPE: PRT
ORGANISM:

SEQUENCE :

5 10 15

22

Murine

22

Gly Leu Val His Ser Thr Gly Asn Thr Phe Leu Glu
5 10 15

23

Murine

23

His Ala Pro Leu Thr
5

24

Murine
24

Arg Ala Pro Leu Thr
5

25

Murine
25

His Asp Pro Leu Thr
5

26

Murine

26

His Cys Pro Leu Thr
5

27

Murine

27
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Phe Gln Gly Ser
1

<210> SEQ ID NO
<211> LENGTH: 9
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Phe Gln Gly Gly
1

<210> SEQ ID NO
<211> LENGTH: 9
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Phe Gln Gly Gly
1

<210> SEQ ID NO
<211> LENGTH: 9
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:
Phe Gln Gly Ser

1

<210> SEQ ID NO
<211> LENGTH: 9
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:
Phe Gln Gly Ser

1

<210> SEQ ID NO
<211> LENGTH: 9
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:
Phe Gln Gly Ser

1

<210> SEQ ID NO

<211> LENGTH: 10

<212> TYPE: PRT
<213> ORGANISM:
<220> FEATURE:

His Ser Pro Leu Thr
5

28

Murine

28

Arg Cys Pro Leu Thr
5

29

Murine

29

Val Cys Pro Leu Thr
5

30

Murine
30

Thr Cys Pro Leu Thr
5

31

Murine

31

Lys Cys Pro Leu Thr
5

32

Murine

32

Ser Ser Pro Leu Thr
5

33

Murine

<221> NAME/KEY: MISC FEATURE

<222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: Xaa= Thr, Ala, Lys or Glu
<220> FEATURE:

<221> NAME/KEY: MISC FEATURE

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: Xaa= Tyr or Trp
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: Xaa= Thr or Val
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<400> SEQUENCE: 33

Thr Ile Ser Ser Gly Gly Xaa Xaa Xaa Phe
1 5 10

<210> SEQ ID NO 34

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Murine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: Xaa= Qln, Ala or Gly
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: Xaa= Gln, Ala or Gly
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: Xaa= Ser or Gly
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: Xaa= Ile or Leu

<400> SEQUENCE: 34

Lys Ser Ser Xaa Xaa Xaa Val His Ser Thr Gly Asn Thr Phe Leu Glu
1 5 10 15

<210> SEQ ID NO 35

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Murine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: Xaa = Ser or Gly

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: Xaa = His, Arg, Val, Thr, Lys or Ser
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: Xaa = Val, Ala, Asp, Cys or Ser

<400> SEQUENCE: 35

Phe Gln Gly Xaa Xaa Xaa Pro Leu Thr
1 5

<210> SEQ ID NO 36

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized

<400> SEQUENCE: 36

Gly Pro Ala Lys Glu Leu Thr Pro Leu Lys Glu Ala Lys Val Ser
1 5 10 15

<210> SEQ ID NO 37

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized
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<400> SEQUENCE: 37

tagcatgact

ggtggacagc

<210> SEQ ID NO 38
<211> LENGTH: 18

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Chemically synthesized

<400> SEQUENCE: 38

cgtagaatcg

agaccgag

<210> SEQ ID NO 39
<211> LENGTH: 1350

<212> TYPE:

<213> ORGANISM: Murine

DNA

<400> SEQUENCE: 39

gaggtggaat
tcectgtgeag
ccagacaaga
ccagacagtg
ctgcaaatga
gatggttact
gctaaaacaa
tcecteggtga
tggaactctg
ctctacacce
acctgecaatg
gggcccacaa
ccatecegtet
atagtcacat
tttgtgaaca
agtactctece
gagttcaaat
aaacccaaag
atgactaaga
tacgtggagt
ctggactetg
gtggaaagaa

actaagagct

tggtggagtc
cctetggatt
ggctggagtyg
tgaaggggcy
gcagtctgaa
cectggtttec
cagccecate
ctctaggatyg
gatcecctgte
tcagcagetce
tggcccacce
tcaagcectyg
tcatcttceccee
gtgtggtggt
acgtggaagt
gggtggtcag
gcaaggtcaa
ggtcagtaag
aacaggtcac
ggaccaacaa
atggttctta
atagctactc

tcteccggac

<210> SEQ ID NO 40
<211> LENGTH: 450

<212> TYPE:

<213> ORGANISM: Murine

PRT

tgggggagac
cactttcagt
ggtegcaace
cttcaccate
gtctgcagac
ttattgggge
ggtctatcca
cctggtcaag
cagtggtgtg
agtgactgta
ggcaagcage
tectecatge
tccaaagatce
ggatgtgage
acacacagct
tgccctecce
caacaaagac
agctccacag
tctgacctge
cgggaaaaca
cttcatgtac
ctgttcagtyg

tcegggtaaa

ttagtgaage
agttatggca
attagtagtg
tccagagaca
acagccatgt
caagggacte
ctggececty
ggttatttee
cacaccttee
acctcgagea
accaaggtgg
aaatgcccag
aaggatgtac
gaggatgacc
cagacacaaa
atccagcacce
ctecccagege
gtatatgtet
atggtcacag
gagctaaact
agcaagctga

gtccacgagyg

ctggagggtc
tgtcttgggt
gtggtgectg
atgccaagaa
attactgtte
tggtcactgt
tgtgtggaga
ctgagccagt
cagctgtect
cctggeccag
acaagaaaat
cacctaacct
tcatgatcte
cagatgtcca
ccecatagaga
aggactggat
ccatcgagag
tgectecace
acttcatgee
acaagaacac
gagtggaaaa

gtctgcacaa

cctgaaacte
tecgecagacy
gacgttctat
caccctgtee
aagacagacc
ctetgcaage
tacaactgge
gaccttgace
gcagtctgac
ccagtcecate
tgagcccaga
cttgggtgga
cctgagecce
gatcagctygyg
ggattacaac
gagtggcaag
aaccatctca
agaagaagag
tgaagacatt
tgaaccagtce
gaagaactgg

tcaccacacyg

20

18

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1350
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<400> SEQUENCE: 40

Glu Val Glu Leu Val Glu Ser Gly Gly Asp Leu Val Lys Pro Gly Gly
1 5 10 15

Ser Leu Lys Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Gly Met Ser Trp Val Arg Gln Thr Pro Asp Lys Arg Leu Glu Trp Val
Ala Thr Ile Ser Ser Gly Gly Ala Trp Thr Phe Tyr Pro Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Thr Leu Ser
65 70 75 80

Leu Gln Met Ser Ser Leu Lys Ser Ala Asp Thr Ala Met Tyr Tyr Cys
85 90 95

Ser Arg Gln Thr Asp Gly Tyr Ser Trp Phe Pro Tyr Trp Gly Gln Gly
100 105 110

Thr Leu Val Thr Val Ser Ala Ser Ala Lys Thr Thr Ala Pro Ser Val
115 120 125

Tyr Pro Leu Ala Pro Val Cys Gly Asp Thr Thr Gly Ser Ser Val Thr
130 135 140

Leu Gly Cys Leu Val Lys Gly Tyr Phe Pro Glu Pro Val Thr Leu Thr
145 150 155 160

Trp Asn Ser Gly Ser Leu Ser Ser Gly Val His Thr Phe Pro Ala Val
165 170 175

Leu Gln Ser Asp Leu Tyr Thr Leu Ser Ser Ser Val Thr Val Thr Ser
180 185 190

Ser Thr Trp Pro Ser Gln Ser Ile Thr Cys Asn Val Ala His Pro Ala
195 200 205

Ser Ser Thr Lys Val Asp Lys Lys Ile Glu Pro Arg Gly Pro Thr Ile
210 215 220

Lys Pro Cys Pro Pro Cys Lys Cys Pro Ala Pro Asn Leu Leu Gly Gly
225 230 235 240

Pro Ser Val Phe Ile Phe Pro Pro Lys Ile Lys Asp Val Leu Met Ile
245 250 255

Ser Leu Ser Pro Ile Val Thr Cys Val Val Val Asp Val Ser Glu Asp
260 265 270

Asp Pro Asp Val Gln Ile Ser Trp Phe Val Asn Asn Val Glu Val His
275 280 285

Thr Ala Gln Thr Gln Thr His Arg Glu Asp Tyr Asn Ser Thr Leu Arg
290 295 300

Val Val Ser Ala Leu Pro Ile Gln His Gln Asp Trp Met Ser Gly Lys
305 310 315 320

Glu Phe Lys Cys Lys Val Asn Asn Lys Asp Leu Pro Ala Pro Ile Glu
325 330 335

Arg Thr Ile Ser Lys Pro Lys Gly Ser Val Arg Ala Pro Gln Val Tyr
340 345 350

Val Leu Pro Pro Pro Glu Glu Glu Met Thr Lys Lys Gln Val Thr Leu
355 360 365

Thr Cys Met Val Thr Asp Phe Met Pro Glu Asp Ile Tyr Val Glu Trp
370 375 380

Thr Asn Asn Gly Lys Thr Glu Leu Asn Tyr Lys Asn Thr Glu Pro Val
385 390 395 400



US 2008/0176756 Al

38

-continued

Jul. 24, 2008

Leu Asp Ser Asp Gly Ser Tyr Phe Met Tyr Ser
405 410 415

Lys Lys Asn Trp Val Glu Arg Asn Ser Tyr Ser
420 425 430

Glu Gly Leu His Asn His His Thr Thr Lys Ser
435 440 445

Gly Lys
450

<210> SEQ ID NO 41

<211> LENGTH: 663

<212> TYPE: DNA

<213> ORGANISM: Murine

<400> SEQUENCE: 41

gatgttttga tgacccaaac tccactctee ctgectgtea
atctcttgca aatctagtca ggggttggtce catagtactg
tttttgcaga agccaggcca gtctccaaag ctcectgatcet
tectggggtec cagacaggtt cagtggcagt ggatcaggga
agcagagtgg agtctgagga tctgggagtt tattactget
ctcacgtteg gtgetgggac caagctggag ctgaaacggg
actgtatecca tetteccace atccagtgag cagttaacat
tgcttettga acaacttcta ccccaaagac atcaatgtea
gaacgacaaa atggegtect gaacagttgg actgatcagg
agcatgagca gcaccctcac gttgaccaag gacgagtatg
tgtgaggeca ctcacaagac atcaacttca cccattgtea
tgt

<210> SEQ ID NO 42

<211> LENGTH: 221

<212> TYPE: PRT

<213> ORGANISM: Murine

<400> SEQUENCE: 42

Asp Val Leu Met Thr Gln Thr Pro Leu Ser Leu
1 5 10

Asp Gln Ala Ser Ile Ser Cys Lys Ser Ser Gln
20 25 30

Thr Gly Asn Thr Phe Leu Glu Trp Phe Leu Gln
35 40 45

Pro Lys Leu Leu Ile Tyr Lys Ile Ser Asn Arg
50 55 60

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp
Ser Arg Val Glu Ser Glu Asp Leu Gly Val Tyr
85 90 95

Ser His Ala Pro Leu Thr Phe Gly Ala Gly Thr
100 105 110

Arg Ala Ser Ala Asp Ala Ala Pro Thr Val Ser
115 120 125

Lys Leu Arg Val Glu

Cys Ser Val Val His

Phe Ser Arg Thr Pro

gtcttggaga tcaagcctce
gaaacacctt tttagaatgyg
acaaaatttc caaccgattt
cagatttcac actcaagatce
ttcaaggttc acatgetecyg
cgagcegetga tgetgeacca
ctggaggtge ctcagtegtyg
agtggaagat tgatggcagt
acagcaaaga cagcacctac
aacgacataa cagctatacc

agagcttcaa caggaatgag

Pro Val Ser Leu Gly

15

Gly Leu Val His Ser

Lys Pro Gly Gln Ser

Phe Ser Gly Val Pro

Phe Thr Leu Lys Ile

Tyr Cys Phe Gln Gly

Lys Leu Glu Leu Lys

Ile Phe Pro Pro Ser

60

120

180

240

300

360

420

480

540

600

660

663
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Ser Glu Gln Leu Thr Ser Gly Gly Ala Ser Val Val Cys Phe Leu Asn
130 135 140

Asn Phe Tyr Pro Lys Asp Ile Asn Val Lys Trp Lys Ile Asp Gly Ser
145 150 155 160

Glu Arg Gln Asn Gly Val Leu Asn Ser Trp Thr Asp Gln Asp Ser Lys
165 170 175

Asp Ser Thr Tyr Ser Met Ser Ser Thr Leu Thr Leu Thr Lys Asp Glu
180 185 190

Tyr Glu Arg His Asn Ser Tyr Thr Cys Glu Ala Thr His Lys Thr Ser
195 200 205

Thr Ser Pro Ile Val Lys Ser Phe Asn Arg Asn Glu Cys
210 215 220

<210> SEQ ID NO 43
<211> LENGTH: 357
<212> TYPE: DNA

<213> ORGANISM: Murine

<400> SEQUENCE: 43

gaggtggaat tggtggagtc tgggggagac ttagtgaage ctggagggtce cctgaaactce 60
tectgtgeag cetetggatt cactttcagt agttatggea tgtettgggt tegecagacyg 120
ccagacaaga ggctggagtg ggtcgcaacce attagtagtg gtggtactta caccttetat 180
ccagacagtyg tgaaggggcyg cttcaccate tccagagaca atgccaagaa caccctgtec 240
ctgcaaatga gcagtctgaa gtctgcagac acagcecatgt attactgtte aagacagace 300
gatggttact cctggtttce ttattgggge caagggacte tggtcactgt ctetgea 357

<210> SEQ ID NO 44
<211> LENGTH: 119
<212> TYPE: PRT

<213> ORGANISM: Murine

<400> SEQUENCE: 44

Glu Val Glu Leu Val Glu Ser Gly Gly Asp Leu Val Lys Pro Gly Gly
1 5 10 15

Ser Leu Lys Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr

Gly Met Ser Trp Val Arg Gln Thr Pro Asp Lys Arg Leu Glu Trp Val
35 40 45

Ala Thr Ile Ser Ser Gly Gly Thr Tyr Thr Phe Tyr Pro Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Thr Leu Ser
65 70 75 80

Leu Gln Met Ser Ser Leu Lys Ser Ala Asp Thr Ala Met Tyr Tyr Cys
85 90 95

Ser Arg Gln Thr Asp Gly Tyr Ser Trp Phe Pro Tyr Trp Gly Gln Gly
100 105 110

Thr Leu Val Thr Val Ser Ala
115

<210> SEQ ID NO 45
<211> LENGTH: 342
<212> TYPE: DNA

<213> ORGANISM: Murine
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<400> SEQUENCE: 45

gatgttttga tgacccaaac tccactctcc ctgcctgtca gtettggaga tcaagectcec 60
atctcttgca aatctagtca gagcattgta catagtactg gaaacacctt tttagaatgg 120
tttttgcaga agccaggcca gtctccaaag ctectgatcect acaaaatttce caaccgattt 180
tctggggtece cagacaggtt cagtggcagt ggatcaggga cagatttcac actcaagatce 240
agcagagtgg agtctgagga tctgggagtt tattactget ttcaaggttce acatgttecg 300
ctcacgtteg gtgctgggac caagctggag ctgaaacggg cg 342

<210> SEQ ID NO 46
<211> LENGTH: 114
<212> TYPE: PRT

<213> ORGANISM: Murine
<400> SEQUENCE: 46

Asp Val Leu Met Thr Gln Thr Pro Leu Ser Leu Pro Val Ser Leu Gly
1 5 10 15

Asp Gln Ala Ser Ile Ser Cys Lys Ser Ser Gln Ser Ile Val His Ser
20 25 30

Thr Gly Asn Thr Phe Leu Glu Trp Phe Leu Gln Lys Pro Gly Gln Ser
35 40 45

Pro Lys Leu Leu Ile Tyr Lys Ile Ser Asn Arg Phe Ser Gly Val Pro
50 55 60

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys Ile
Ser Arg Val Glu Ser Glu Asp Leu Gly Val Tyr Tyr Cys Phe Gln Gly
85 90 95

Ser His Val Pro Leu Thr Phe Gly Ala Gly Thr Lys Leu Glu Leu Lys
100 105 110

Arg Ala

<210> SEQ ID NO 47
<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Murine

<400> SEQUENCE: 47

gcggeccage cggecatgge cgaggtggaa ttggtggagt ctggg 45

<210> SEQ ID NO 48
<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Murine

<400> SEQUENCE: 48

agactcgagg gcggccgeccec gtttcagcte cagecttggte cc 42
<210> SEQ ID NO 49

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Murine

<400> SEQUENCE: 49

aaggagttga cgcccctgaa ggaggcgaag gtctcetgatg ttttgatgac ccaaactcca 60
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<210> SEQ ID NO 50
<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Murine

<400> SEQUENCE: 50

cgcectectte aggggcgtca actccttgge gggacctgca gagacagtga ccagagtccce

<210> SEQ ID NO 51
<211> LENGTH: 53

<212> TYPE: DNA

<213> ORGANISM: Murine

<400> SEQUENCE: 51

ttettgtege gattttaaaa ggtgtccagt gcgaggtgga attggtggag tet

<210> SEQ ID NO 52
<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Murine

<400> SEQUENCE: 52

tgttttagcg cttgcagaga cagtgaccag agt

<210> SEQ ID NO 53
<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Murine

<400> SEQUENCE: 53

cceggetege gatgegatgt tttgatgace caaact

<210> SEQ ID NO 54
<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Murine

<400> SEQUENCE: 54

agcatcagcg ctcgccegtt tcagctccag ctt

<210> SEQ ID NO 55

<211> LENGTH: 369

<212> TYPE: DNA

<213> ORGANISM: Murine
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(369)

<400> SEQUENCE: 55

gag gtc cag ctg caa cag tct
Glu Val Gln Leu Gln Gln Ser
1 5

tca atg aag att tcc tgc aag
Ser Met Lys Ile Ser Cys Lys
20 25

acc ctg aac tgg gtg agg cag
Thr Leu Asn Trp Val Arg Gln
35 40

gga ctt att tat cct tac aat
Gly Leu Ile Tyr Pro Tyr Asn
50 55

gga
Gly

get
Ala

age
Ser

ggt
Gly

cct
Pro

tct
Ser

cect
Pro

ggt
Gly

gac
Asp
10

ggt
Gly

gga
Gly

act
Thr

ctg
Leu

tac
Tyr
30

aag
Lys
45

aat
Asn
60

gtg
Val

tca
Ser

aac
Asn

tac
Tyr

aag
Lys

tte
Phe

ctt
Leu

aac
Asn

cct
Pro

act
Thr

gag
Glu

cag
Gln

gga
Gly
15

agc

Ser

tgg
Trp

aaa
Lys

gct
Ala

tac
Tyr

att
Ile

tte
Phe

60

53

33

36

33

48

96

144

192
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aac gac aag gcc aca ttt act gtg gac aag tca tcec age aca gcc tac 240
Asn Asp Lys Ala Thr Phe Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr
65 70 75 80

atg gag ctc ctc agt ctg acg tct gag gac tct gca gte tat tac tgt 288
Met Glu Leu Leu Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys
85 90 95

gca agg gtt ggt tac tac gga act act cct tac tat get atg gac tac 336
Ala Arg Val Gly Tyr Tyr Gly Thr Thr Pro Tyr Tyr Ala Met Asp Tyr
100 105 110

tgg ggt caa gga acc tca gtc acc gtc tce tceca 369
Trp Gly Gln Gly Thr Ser Val Thr Val Ser Ser
115 120

<210> SEQ ID NO 56
<211> LENGTH: 123
<212> TYPE: PRT

<213> ORGANISM: Murine

<400> SEQUENCE: 56

Glu Val Gln Leu Gln Gln Ser Gly Pro Asp Leu Val Lys Pro Gly Ala
1 5 10 15

Ser Met Lys Ile Ser Cys Lys Ala Ser Gly Tyr Ser Phe Thr Ser Tyr
20 25 30

Thr Leu Asn Trp Val Arg Gln Ser Pro Gly Lys Asn Leu Glu Trp Ile
35 40 45

Gly Leu Ile Tyr Pro Tyr Asn Gly Gly Thr Asn Tyr Asn Gln Lys Phe
50 55 60

Asn Asp Lys Ala Thr Phe Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr
65 70 75 80

Met Glu Leu Leu Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Val Gly Tyr Tyr Gly Thr Thr Pro Tyr Tyr Ala Met Asp Tyr
100 105 110

Trp Gly Gln Gly Thr Ser Val Thr Val Ser Ser
115 120

<210> SEQ ID NO 57
<211> LENGTH: 339

<212> TYPE: DNA

<213> ORGANISM: Murine
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(339)

<400> SEQUENCE: 57

gac att gta ctg acc caa tct cca geot tet ttg get gtg tet cta ggg 48
Asp Ile Val Leu Thr Gln Ser Pro Ala Ser Leu Ala Val Ser Leu Gly
1 5 10 15

cag agg gcc acc atc tcc tge aga gcc age aaa agt gtt gat tat tat 96
Gln Arg Ala Thr Ile Ser Cys Arg Ala Ser Lys Ser Val Asp Tyr Tyr
20 25 30

ggce att agt ttt atg aac tgg ttc caa cag aaa cca gga cag cca ccc 144
Gly Ile Ser Phe Met Asn Trp Phe Gln Gln Lys Pro Gly Gln Pro Pro

aaa ctc cte atc tat get gca tec age caa gga tee ggg gtce cct gee 192
Lys Leu Leu Ile Tyr Ala Ala Ser Ser Gln Gly Ser Gly Val Pro Ala
50 55 60
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agg ttt agt ggc agt ggg tct ggg aca gac ttc agce ctc agec atc cat 240
Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Ser Leu Ser Ile His
65 70 75 80

cct atg gag gag gat gat act gca atg tat ttc tgt cag cac agt aag 288
Pro Met Glu Glu Asp Asp Thr Ala Met Tyr Phe Cys Gln His Ser Lys
85 90 95

gag gtt ccg tgg acg ttc ggt gga ggc acc aac ctg gaa atc aaa cgg 336
Glu Val Pro Trp Thr Phe Gly Gly Gly Thr Asn Leu Glu Ile Lys Arg
100 105 110

gcg 339
Ala

<210> SEQ ID NO 58
<211> LENGTH: 113
<212> TYPE: PRT

<213> ORGANISM: Murine

<400> SEQUENCE: 58

Asp Ile Val Leu Thr Gln Ser Pro Ala Ser Leu Ala Val Ser Leu Gly
1 5 10 15

Gln Arg Ala Thr Ile Ser Cys Arg Ala Ser Lys Ser Val Asp Tyr Tyr
20 25 30

Gly Ile Ser Phe Met Asn Trp Phe Gln Gln Lys Pro Gly Gln Pro Pro
35 40 45

Lys Leu Leu Ile Tyr Ala Ala Ser Ser Gln Gly Ser Gly Val Pro Ala
50 55 60

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Ser Leu Ser Ile His

Pro Met Glu Glu Asp Asp Thr Ala Met Tyr Phe Cys Gln His Ser Lys
85 90 95

Glu Val Pro Trp Thr Phe Gly Gly Gly Thr Asn Leu Glu Ile Lys Arg
100 105 110

Ala

<210> SEQ ID NO 59

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized

<400> SEQUENCE: 59

ggcccageeg gecatggeeg aggtccaget gcaacagtcet gg 42
<210> SEQ ID NO 60

<211> LENGTH: 63

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized

<400> SEQUENCE: 60

cttegectee ttcaggggeg tcaactectt ggegggaccet gaggagacgg tgactgaggt 60
tce 63
<210> SEQ ID NO 61

<211> LENGTH: 60
<212> TYPE: DNA
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Chemically synthesized

<400> SEQUENCE: 61

caaggagttg acgcccctga aggaggcgaa ggtctctgac attgtactga cccaatctcece 60

<210> SEQ ID NO 62

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized

<400> SEQUENCE: 62

tctagacteg agggeggcecg ccegtttgat ttecaggttg gtge

44

What is claimed is:

1. An isolated antibody which specifically binds to an
immunosuppressive agent with an equilibrium dissociation
constant (K,) less than 1.9x107'* 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 immunosuppres-
sive agent is a calcineurin inhibitor, a target of rapamycin, an
interleukin-2 c.-chain blocker, an inhibitor of inosine mono-
phosphate dehydrogenase, an inhibitor of dihydrofolic acid
reductase, a corticosteroid or an immunosuppressive antime-
tabolite.

3. An isolated antibody which specifically binds to an
immunosuppressive agent with an equilibrium dissociation
constant (K,,) less than 1.52x107'° 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, sol-
vent or combinations thereof.

5. The antibody of claim 3, wherein the immunosuppres-
sive agent is a calcineurin inhibitor, a target of rapamycin, an
interleukin-2 a.-chain blocker, an inhibitor of inosine mono-
phosphate dehydrogenase, an inhibitor of dihydrofolic acid
reductase, a corticosteroid or an immunosuppressive antime-
tabolite.

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 des-
ignated tacrolimus 1-60-46 AM2 CHO 2-577, wherein said
cell line has A.T.C.C. Accession No. PTA-7436.

9. A Chinese Hamster Ovary cell line designated tacroli-
mus 1-60-46 AM2 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 des-

ignated tacrolimus 1-60-46 AM2 CHO 1-1157, wherein said
cell line has A. T.C.C. Accession No. PTA-7446.

12. An isolated antibody which specifically binds to tac-
rolimus, wherein said antibody has a variable heavy domain
and a variable light domain, the variable heavy domain com-
prising 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:

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

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); (¢) 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:

(SEQ ID NO:34)
Lys-Ser-Ser-Xaa,-Xaas-Xaa,-Val-His-Ser-Thr-Gly-

Asn-Thr-Phe-Leu-Glu

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

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

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 Xaa, 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 Xaa, is Ile, then in light chain CDR 3
Xaa, is other than Val if Xaa, is Ser and Xaag is His, or Xaag
is other than His if Xaa, is Ser and Xaa, is Val or Xaa, is other
than Ser if Xaa, is His and Xaa, 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 immu-
noassay comprises a single antibody that specifically binds to
an immunosuppressive agent.

15. The immunoassay of claim 13, wherein said immu-
noassay further comprising an additional specific binding
partner for tacrolimus.

16. A method for selecting an antibody for use in a diag-
nostic 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 (K,),
disassociation rate constant (k,), association rate con-
stant (k) or functional activity of the antibody; and

¢) selecting an antibody based on the equilibrium dissocia-
tion 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, sol-
vent or combinations thereof.

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

19. The method of claim 18, wherein the immunosuppres-
sive agent is a calcineurin inhibitor, a target of rapamycin, an
interleukin-2 a.-chain blocker, an inhibitor of inosine mono-
phosphate dehydrogenase, an inhibitor of dihydrofolic acid
reductase, a corticosteroid or an immunosuppressive antime-
tabolite.

20. A method for selecting an antibody for use in a diag-
nostic 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;
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¢) determining the equilibrium dissociation constant (K ),
disassociation rate constant (k;), association rate con-
stant (k,) or functional activity of the antibody; and

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

21. The method of claim 20, wherein the selection diluent
comprises a buffer, salt, detergent, binding competitor, sol-
vent or combinations thereof.

22. The method of claim 20, wherein the test sample con-
tains an immunosuppressant agent.

23. The method of claim 22, wherein the immunosuppres-
sive agent is a calcineurin inhibitor, a target of rapamycin, an
interleukin-2 a.-chain blocker, an inhibitor of inosine mono-
phosphate dehydrogenase, an inhibitor of dihydrofolic acid
reductase, a corticosteroid or an immunosuppressive antime-
tabolite.

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 (K ,,),
disassociation rate constant (k,), association rate con-
stant (k,) or functional activity of the specific binding
partner; and

c) selecting a specific binding partner based on the equi-
librium 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, sol-
vent or combinations thereof.

26. The method of claim 24, wherein the analyte is an
immunosuppressant agent.

27. The method of claim 26, wherein the immunosuppres-
sive agent is a calcineurin inhibitor, a target of rapamycin, an
interleukin-2 c.-chain blocker, an inhibitor of inosine mono-
phosphate dehydrogenase, an inhibitor of dihydrofolic acid
reductase, a corticosteroid or an immunosuppressive antime-
tabolite.

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 pres-
ence of a binding competitor;

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

29. The method of claim 28, wherein said binding com-

petitor is present in excess.

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

31. The method of claim 29, wherein said binding com-
petitor is a metabolite of said immunosuppressive agent.
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32. The method of claim 30, wherein said immunosuppres-
sive agent is selected from the group consisting of cyclospo-
rines and tacrolimus.

33. The method of claim 31, wherein said metabolite is
selected from the group consisting of M-I, M-1I, M-III, M1,
M8, M9, M13, M17, M18 M21 and combinations thereof.

34. The method of claim 33, wherein said metabolite com-
prises 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 for-
mat which exhibit reduced dissociation rates in the pres-
ence of said selection diluent as compared to the disso-
ciation rate of comparable antibody not comprising
mutations, wherein such reduced dissociation rates indi-
cate 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, sol-
vent or combinations thereof.
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38. The method of claim 35, wherein the sample contains
an immunosuppressant agent.

39. The method of claim 38, wherein the immunosuppres-
sive agent is a calcineurin inhibitor, a target of rapamycin, an
interleukin-2 a-chain blocker, an inhibitor of inosine mono-
phosphate dehydrogenase, an inhibitor of dihydrofolic acid
reductase, a corticosteroid or an immunosuppressive antime-
tabolite.

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 com-
pared 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.
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