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DETECTION METHOD FOR MONITORING BETA
TUBULIN ISOTYPE SPECIFIC MODIFICATION

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] The present application is related to U.S. Pat. No.
5,880,151, issued Mar. 9, 1999; PCT 97/02926, filed Feb.
22,1997, PCT 97/12720, filed Jul. 18, 1997, PCT 98/16781,
filed Aug. 13, 1998, PCT 99/13759, filed Jun. 16, 1999; and
PCT 99/16032, filed Jul. 15, 1999, herein each incorporated
by reference in their entirety.

STATEMENT AS TO RIGHTS TO INVENTIONS
MADE UNDER FEDERALLY SPONSORED
RESEARCH AND DEVELOPMENT

[0002] Not applicable.
FIELD OF THE INVENTION
[0003] This invention relates to monoclonal antibodies

that recognize modified f-tubulin, methods of using such
antibodies to detect modified p-tubulin, methods of using
such antibodies to monitor p-tubulin modifying agents
administered to a patient, methods of using such antibodies
to isolate modified p-tubulin, and methods of detecting the
anti-modified p-tubulin antibodies.

BACKGROUND OF THE INVENTION

[0004] Microtubules are composed of a/f-tubulin het-
erodimers and constitute a crucial component of the cell
cytoskeleton. Furthermore, microtubules play a pivotal role
during cell division, in particular when the replicated chro-
mosomes are separated during mitosis. Interference with the
ability to form microtubules from ¢/f-tubulin heterodimeric
subunits generally leads to cell cycle arrest. This event can,
in certain cases, induce programmed cell death. Thus, natu-
ral products and organic compounds that interfere with
microtubule formation have been used successfully as che-
motherapeutic agents in the treatment of various human
cancers.

[0005] Pentafluorophenylsulfonamidobenzenes and
related sulfhydryl and disulfide modifying agents (see, ¢.g.,
compound 1; 2-fluoro-1-methoxy-4-pentafluorophenylsul-
fonamidobenzene; FIG. 1C) prevent microtubule formation
by selectively covalently modifying f-tubulin. For example,
compound 1 does not covalently modify all of the five
known B-tubulin isotypes. Instead, binding is restricted to
those B-tubulin isotypes that have a cysteine residue at
amino acid position 239 in f-tubulin. Such isotypes include
(1, f2 and P4-tubulin. The other two isotypes (B3 and 5)
have a serine residue at this particular position (Shan et al.,
Proc. Nar’l Acad. Sci USA 96:5686-5691 (1999)). It is
notable that no other cellular proteins are modified by
compound 1.

[0006] Although f-tubulin modification can be monitored
using the tritiated derivative of compound 1 or other f-tu-
bulin modifying agents, in many cases this method is either
impractical or not sensitive enough. Specific, sensitive meth-
ods of detecting f-tubulin modification are needed for
diagnostic applications and for dose monitoring in patients
receiving chemotherapeutic agents that modify f-tubulin.
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SUMMARY OF THE INVENTION

[0007] Thus, the present invention provides monoclonal
antibodies that selectively recognize modified f-tubulin and
new methods of detecting f-tubulin modification using such
monoclonal antibodies. These methods can be used to detect
modified p-tubulin in patient samples, to monitor and adjust
doses of p-tubulin modifying agents administered to
patients, to isolate modified p-tubulin, and to detect anti-
modified B-tubulin antibodies.

[0008] In one aspect, the present invention provides a
monoclonal antibody that specifically binds to modified
f-tubulin, the antibody selected from the group consisting of
1F6D8, 1B2C11, 3A1C11, 2C1H7, 3F2A4, 5F5C11, and
6D4D11.

[0009] In one embodiment, the antibody is covalently
linked to a detectable moiety. In another embodiment, the
antibody is covalently linked to a biotin moiety, an iodine
moiety, or an enzyme moiety.

[0010] In another aspect, the present invention provides a
method of detecting in a sample a modified p-tubulin
isotype, the method comprising the steps of: (2) providing a
sample treated with a 3-tubulin modifying agent; (b) con-
tacting the sample with an antibody that specifically binds to
a modified p-tubulin isotype; and (c) determining whether
the sample contains a modified p-tubulin isotype by detect-
ing the antibody.

[0011] In another aspect, the present invention provides a
method of monitoring the amount of p-tubulin isotype in a
patient treated with a p-tubulin modifying agent, the method
comprising the steps of: (a) providing a sample from the
patient; (b) contacting the sample with an antibody that
specifically binds to a modified p-tubulin isotype; and (c)
determining the amount of modified p-tubulin isotype in the
patient sample by detecting the antibody and comparing the
amount of antibody detected in the patient sample to a
standard curve, thereby monitoring the amount of modified
p-tubulin isotype in the patient.

[0012] 1In one embodiment, the B-tubulin is modified at
cysteine residue 239. In one embodiment, the antibody is a
monoclonal antibody. In another embodiment, the antibody
is selected from the group consisting of 1F6DS, 1B2Cl1,
3A1C11, 2C1H7, 3F2A4,-5F5C11, and 6D4D11.

[0013] In one embodiment, the method further comprises
the step of using a control antibody that recognizes both
modified and unmodified p-tubulins. In another embodi-
ment, the antibody is a monoclonal antibody selected from
the group consisting of 3D12D1, 4B6G6, 5F1D4, 6HSES3,
and 6H10C7.

[0014] In one embodiment, the method further comprises
the step of using a control antibody that recognizes only
unmodified f3-tubulins. In another embodiment, the antibody
is a monoclonal antibody selected from the group consisting
of 3E10A3, 6A7F9, and 6E7G1.

[0015] In one embodiment, the step of determining
whether the sample contains a modified f-tubulin isotype
comprises detecting the antibody in an assay selected from
the group consisting of an ELISA assay, a western blot, an
immunohistochemical assay, an immunofluorescence assay,
and a real time imaging assay. In another embodiment, the
step of determining whether the sample contains a modified
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[p-tubulin isotype further comprises quantitating the amount
of modified f-tubulin isotype in the sample. In another
embodiment, the antibody is bound to a solid substrate.

[0016] Inoneembodiment, the sample is selected from the
group consisting of an in vitro tubulin polymerization reac-
tion sample, a cultured cell, and a patient sample. In another
embodiment, the patient sample is a blood sample. In
another embodiment, the patient sample is from a cancer
patient receiving chemotherapy comprising a f-tubulin
modifying agent. In another embodiment, the agent is a
pentafluorobenzenesulfonamide. In another embodiment,
the agent is 2-fluoro-1-methoxy-4-pentafluorophenylsul-
fonamidobenzene. In another embodiment, the patient
sample is from a human patient. In another embodiment, the
method further comprises the step of adjusting the dose of
[-tubulin modifying agent administered to the patient.

[0017] In another aspect, the present invention provides a
method of isolating a modified B-tubulin isotype, the method
comprising the steps of: (a) providing a sample treated with
a B-tubulin modifying agent; (b) contacting the sample with
an antibody that specifically binds to a modified f-tubulin
isotype; and (c) isolating the modified f§-tubulin isotype by
isolating the antibody.

[0018] In one embodiment, the $3-tubulin is modified at
cysteine residue 239.

[0019] In another aspect, the present invention provides a
method of detecting anti-modified p-tubulin antibody, the
method comprising the steps of: (a) providing a sample; (b)
contacting the sample with a peptide that specifically binds
to anti-modified B-tubulin antibody; and (c) detecting the
anti-modified p-tubulin antibody.

[0020] In one embodiment, the peptide comprises cysteine
residue 239. In one embodiment, the peptide is ATMSGV'T-
TCLRFPGQLNA, GTMECVTTCLRFPGQLNA, or KAT-
MSGVTTCLRFPGQLNA. In another embodiment, the pep-
tide 1s bound to a solid substrate. In another embodiment, the
step of detecting the anti-modified f-tubulin antibody com-
prises an ELISA assay.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1. (A) Shown is the sequence in single letter
code of a human B2-tubulin derived peptide (amino acids
231 to 248) bound to compound 1 via Cys239 of f2-tubulin.
The amino acid K (*) is not part of the natural f2-tubulin
sequence. (B) Schematic presentation of the binding mecha-
nism of compound 1 to Cys239 of B2-tubulin. (C) The
chemical structure of compound 1 (2-fluoro-1-methoxy-4-
pentafluorophenylsulfonamidobenzene).

[0022] FIG. 2. Specificity of monoclonal antibodies raised
against compound 1-modified f2-tubulin. (A) ELISA data
against compound 1-modified B2-tubulin peptide (shown in
FIG. 1) and p2-tubulin peptide. Measurements were carried
out at OD ,45,400. The numbering of the individual clones is
indicated. (B) Summary of properties of monoclonal anti-
bodies.

[0023] FIG. 3. Antibodies recognize compound 1-modi-
fied cellular B-tubulin in MCF7/ADR and MCF7 cells. (A)
Antibodies specific to compound 1-modified f-tubulin (see
FIG. 1B) recognize compound 1-modified cellular B-tubulin
in MCF7/ADR cells treated for 3 hour with 800 nM *H-com-
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pound 1 (upper panel), but not unmodified cellular tubulin
(lower panel). (B) The monoclonal antibody (2C1H7) can
discriminate between different levels of compound 1-modi-
fication. Human breast cancer MCF7 cells were treated with
150 nM (lanes 2-5), 400 oM (lanes 6-9), 3 uM (lanes 10-13)
and 6 uM (lanes 14-17). Cellular protein extracts were
prepared at 15 min. (lanes 2, 6, 10, 14), 30 min. (lanes 3, 7,
11, 15), 90 min. (lanes 4, 8, 12, 16) and 180 min. (lanes 5,
9, 13, 17) after adding compound 1 to the cells at the
indicated concentrations. Lane 1 shows untreated cellular
extract.

[0024] FIG. 4. The monoclonal antibody can discriminate
between different levels of *H-compound 1-modified brain
f-tubulin. Brain tubulin has been modified in an in vitro
reaction with *H-compound 1 (lane 11). Two-fold serial
dilution of reaction in lane 11 are shown in lanes 2 to 10.
Numbers indicate the concentration of >H-compound
1-modified p-tubulin in each lane. Dilutions of the extract
were made so that the concentration of o/f} tubulin was the
same as in lane 11. Lane 1 contains unmodified brain
tubulin. (A) Western blot using an antibody (2C1H7) spe-
cific to compound 1-modified B-tubulin. (B) Western blot
using an antibody specific to a/f-tubulin. (C) Autoradio-
gram of SDS-PAGE shown in panel A.

[0025] FIG. 5. Monitoring compound 1-tubulin modifica-
tion in white blood cells (“WB C”). (A) White blood cells
isolated from blood of a rat (lane 1), a human (lane 3), a rat
exposed to compound 1 at the indicated concentration for
three hours (lane 2) or human exposed to compound 1 at the
indicated concentration for three hours (lane 4) were sepa-
rated by SDS-PAGE and separated proteins were subjected
to western blot analyses using an antibody (2C1H7) specific
to compound 1-modified f-tubulin. The total amount of
o/p-tubulin in lanes 1-4 was visualized using anti-o/p-
tubulin antibodies. (B) Determination of the level of com-
pound 1-modified B-tubulin in human WBC exposed to
compound 1 (Panel A, lane 4). Lanes 2 to 6 contain a
two-fold serial dilution of *H-compound 1-modified brain
f-tubulin of reaction in lane 1. Brain tubulin had been
modified in vitro (see FIG. 4). The concentration of
*H-compound 1-modified p-tubulin is indicated above each
lane. Lane 7, human WBC sample as shown in Panel A (lane
4). Compound 1-modification was analysed by western blot
using an antibody (2C1H7) specific to compound 1-modi-
fied p-tubulin.

DETAILED DESCRIPTION OF THE
INVENTION

[0026] 1. Introduction

[0027] This invention provides antibodies that specifically
recognize modified P-tubulin isotypes, and methods of
detecting and isolating modified f-tubulin using such anti-
bodies. In a preferred embodiment, the f-tubulin is modified
at cysteine residue 239. In another preferred embodiment,
the antibody is a monoclonal antibody. The antibodies are
used in assays to detect modified f-tubulin in samples, to
monitor amounts of f-tubulin modifying agents in patients
who are receiving chemotherapy and if necessary to adjust
dosages of the p-tubulin modifying agent, and to isolate
modified f-tubulin. Finally,-the invention provides methods
of detecting anti-modified p-tubulin antibodies, using modi-
fied p-tubulin and antigenic fragments thereof. The inven-
tion also provides kits for performing the methods of the
invention.
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[0028] Preferred assays of the invention include an ELISA
assay, a western blot, an immunohistochemical assay, an
immuunofluorescence assay, and a real time imaging assay.
Samples in which modified §-tubulin is detected include in
vitro polymerization assays treated with a p-tubulin modi-
fying agent, cultured cells treated with a f-tubulin modify-
ing agent, and blood and tissue samples from mammalian
subjects, preferably humans, who have been treated with a
[p-tubulin modifying agent. Optionally, the p-tubulin modi-
fying agent is labeled with a detectable moiety, e.g., tritiated.
Using the assays of the invention, the amount of modified
[-tubulin in a sample can be quantitated. Preferably, when
the amount of modified p-tubulin is quantitated, it is com-
pared to a standard curve of known amounts of modified
[-tubulin in a sample.

[0029] The B-tubulin modifying agent of the invention can
be any sulfhydryl or disulfide modifying agent, ¢.g., one that
specifically reacts with the sulfur group on a cysteine residue
of a P-tubulin isotype, preferably cysteine residue 239.
Preferably, the p-tubulin modifying agents are substituted
benzene compounds, pentafluorobenzenesulfonamides,
arylsulfonanilide phosphates, and derivatives, analogs, and
substituted compounds thereof (see, e.g., U.S. Pat. No.
5,880,151; PCT 97/02926; PCT 97/12720; PCT 98/16781;
PCT 99/13759; and PCT 99/16032, herein incorporated by
reference). In one embodiment, the agent is 2-fluoro-1-
methoxy-4-pentafluorophenylsulfonamidobenzene  (com-
pound 1; FIG. 1C).

[0030] Preferred monoclonal anti-modified §-tubulin anti-
bodies of the invention include, e.g., 1F6DS8, 1B2C11,
3A1C11, 2C1H7, 3F2A4, 5F5C11, and 6D4D11. The anti-
bodies are optionally linked to detectable moieties such as
biotin, enzymes, or iodine. In addition to antibodies that
specifically bind to modified p-tubulin, the invention also
provides control antibodies such as those that bind to both
modified and unmodified tubulin. Such antibodies include,
e.g., 3D12D1, 4B6G6, SF1D4, 6H8E3, and 6H1C7. Other
control antibodies include those that specifically bind
unmodified p-tubulin. Such antibodies include, e.g.,
3E10A3, 6A7F9, and 6E7G1.

[0031] Anti-modified B-tubulin antibodies are detected
using immunoassays of the invention, such as ELISA assays,
where the antibody is captured by modified f-tubulin or an
immunogenic fragment thereof. In one embodiment, the
immunogenic fragments of modified human 2- and p4-tu-
bulin are ATMSGVTTCLRFPGQLNA or KATMSGVT-
TCLRFPGQLNA. In another embodiment, the immuno-
genic fragment of modified human pl-tubulin is
GTMECVTTCLRFPGQLNA. This method is used, e.g., to
detect anti-modified p-tubulin antibodies in patient samples
such as blood samples, or to titer antibodies of the invention.

[0032] The poly- or monoclonal antibodies or their modi-
fied derivatives can be used in “real time” imaging tech-
nologies to detect the spatial distribution or localization of
modified B-tubulin in living higher eukaryotes (e.g., mice,
dog, rat, primates or human) exposed to a B-tubulin modi-
fying agent or its tritiated derivative by infusion or bolus
injection.

[0033] The modified f2-tubulin peptide can be used in
ELISA or related assays to determine the level of antibodies
in the blood of higher eukaryotes that are directed against
modified p-tubulin after treatment with p-tubulin modifying
agents such as those described herein.
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[0034] II. Definitions

[0035] As used herein, the following terms have the mean-
ings ascribed to them unless specified otherwise.

[0036] “Modified p-tubulin or an antigenic fragment
thereof” refers to an isotype of p-tubulin, e.g., f1-, f2-, and
f4-tubulin, and alleles thereof, which contain a modified
amino acid residue, preferably a cysteine residue, preferably
the cysteine residue residing at position 239, or a peptide
fragment comprising the modified residue, preferably a
cysteine residue, preferably the cysteine at position 239.
f-tubulin modifying agents that specifically react with the
residue to be modified, preferably a cysteine residue, pref-
erably the cystine residue at position 239, are used to make
the modified p-tubulin. The agent can be administered to
cells or extracts using in vitro experiments (e.g., microtubule
polymerization assays), to cultured cells, and to patients via,
e.g., infusion or bolus injection. The agent is administered
using methods known to those of skill in the art (see, e.g.,
Example section). Optionally, the agent is labeled with a
detectable moiety, e.g., tritiated. Preferably, the p-tubulin
peptide is at least about 8 amino acids in length, optionally
10, 15, 18, 19, 20, 25, or more amino acids in length, and is
optionally conjugated to a carrier protein. Full length modi-
fied f-tubulin is also encompassed by this definition. Prior
to modification, the p-tubulin can be synthetic, naturally
occurring, or recombinant. The f-tubulin is eukaryotic,
typically from a mammal, preferably from a human. Simi-
larly, modified c-tubulin refers to an a-tubulin having a
modified amino acid residue.

[0037] An “anti-modified p-tubulin” antibody is an anti-
body or antibody fragment that specifically binds a f-tubulin
modified at an amino acid residue, preferably a cysteine
residue, preferably the cysteine residue at position 239, or a
subsequence thereof comprising the modified amino acid.
Similarly, anti-modified a-tubulin” refers to an antibody that
specifically binds to an a-tubulin having a modified amino
acid residue.

[0038] A “B-tubulin modifying agent” refers to an agent
that has the ability to specifically react with an amino acid
residue of B-tubulin, preferably a cysteine, more preferably
the cysteine residue at position 239 of a f-tubulin isotype
such as f1- p2- or P4-tubulin and antigenic fragments
thereof comprising the residue, preferably cysteine 239. The
f-tubulin modifying agent of the invention can be, ¢.g., any
sulfhydryl or disulfide modifying agent known to those of
skill in the art that has the ability to react with the sulfur
group on a cysteine residue, preferably cysteine residue 239
of a B-tubulin isotype. Preferably, the p-tubulin modifying
agents are substituted benzene compounds, pentafluoroben-
zenesulfonamides, arylsulfonanilide phosphates, and deriva-
tives, analogs, and substituted compounds thereof (see, ¢.g.,
U.S. Pat. No. 5,880,151; PCT 97/02926; PCT 97/12720;
PCT 98/16781; PCT 99/13759; and PCT 99/16032, herein
incorporated by reference; see also Pierce Catalogue, 1999/
2000, and Means, Chemical Modification of Proteins). In
one embodiment, the agent is 2-fluoro-1-methoxy-4-pen-
tafluorophenylsulfonamidobenzene (compound 1; FIG.
1C). Modification of a f-tubulin isotype at an amino acid
residue, e.g., cysteine 239, by an agent can be tested by
treating a f-tubulin peptide, described herein, with the
putative agent, followed by, e.g., elemental analysis for a
halogen, e.g., fluorine, reverse phase HPLC, NMR, or
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sequencing and HPLC mass spectrometry. Optionally com-
pound 1 described herein can be used as a positive control.
Similarly, an a-tubulin modifying agent refers to an agent
having the ability to specifically modify an amino acid
residue of an o-tubulin.

[0039] “Antibody” refers to a polypeptide comprising a
framework region from an immunoglobulin gene or frag-
ments thereof that specifically binds and recognizes an
antigen. The recognized immunoglobulin genes include the
kappa, lambda, alpha, gamma, delta, epsilon, and mu con-
stant region genes, as well as the various immunoglobulin
diversity/joining/variable region genes. Light chains are
classified as either kappa or lambda. Heavy chains are
classified as gamma, mu, alpha, delta, or epsilon, which in
turn define the immunoglobulin classes, IgG, IgM, IgA, IgD
and IgE, respectively.

[0040] An exemplary immunoglobulin (antibody) struc-
tural unit comprises a tetramer. Each tetramer is composed
of two identical pairs of polypeptide chains, each pair having
one “light” (about 25 kDa) and one “heavy” chain (about
50-70 kDa). The N-terminus of each chain defines a variable
region of about 100 to 110 or more amino acids primarily
responsible for antigen recognition. The terms variable light
chain (V) and variable heavy chain (V) refer to these light
and heavy chains respectively.

[0041] Antibodies exist, e.g., as intact immunoglobulins
or as a number of well-characterized fragments produced by
digestion with various peptidases. Thus, for example, pepsin
digests an antibody below the disulfide linkages in the hinge
region to produce F(ab)',, a dimer of Fab which itself is a
light chain joined to V4-Cyl by a disulfide bond. The
F(ab)', may be reduced under mild conditions to break the
disulfide linkage in the hinge region, thereby converting the
F(ab)', dimer into an Fab' monomer. The Fab' monomer is
essentially Fab with part of the hinge region (see Funda-
mental Immunology (Paul ed., 3d ed. 1993). While various
antibody fragments are defined in terms of the digestion of
an intact antibody, one of skill will appreciate that such
fragments may be synthesized de novo either chemically or
by using recombinant DNA methodology. Thus, the term
antibody, as used herein, also includes antibody fragments
either produced by the modification of whole antibodies, or
those synthesized de novo using recombinant DNA meth-
odologies (e.g., single chain Fv) or those identified using
phage display libraries (see, e.g., McCafferty et al., Nature
348:552-554 (1990)).

[0042] For preparation of monoclonal or polyclonal anti-
bodies, any technique known in the art can be used (see, ¢.g.,
Kohler & Milstein, Nature 256:495-497 (1975); Kozbor et
al., Immunology Today 4: 72 (1983); Cole et al., pp. 77-96
in Monoclonal Antibodies and Cancer Therapy (1985)).
Techniques for the production of single chain antibodies
(US. Pat. No. 4,946,778) can be adapted to produce anti-
bodies to polypeptides of this invention. Also, transgenic
mice, or other organisms such as other mammals, may be
used to express humanized antibodies. Alternatively, phage
display technology can be used to identify antibodies and
heteromeric Fab fragments that specifically bind to selected
antigens (see, e.g., McCafferty et al., Nature 348:552-554
(1990); Marks et al., Biotechnology 10:779-783 (1992)).

[0043] A “chimeric antibody” is an antibody molecule in
which (a) the constant region, or a portion thereof, is altered,
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replaced or exchanged so that the antigen binding site
(variable region) is linked to a constant region of a different
or altered class, effector function and/or species, or an
entirely different molecule which confers new properties to
the chimeric antibody, ¢.g., an enzyme, toxin, hormone,
growth factor, drug, etc.; or (b) the variable region, or a
portion thereof, is altered, replaced or exchanged with a
variable region having a different or altered antigen speci-
ficity.

[0044] The term “immunoassay” is an assay wherein an
antibody specifically binds to an antigen. The immunoassay
is characterized by the use of specific binding properties of
a particular antibody to isolate, target, and/or quantify the
antigen. In addition, an antigen can be used to capture or
specifically bind an antibody.

[0045] The phrase “specifically (or selectively) binds” to
an antibody or “specifically (or selectively) immunoreactive
with,” when referring to a protein or peptide, refers to a
binding reaction that is determinative of the presence of the
protein in a heterogeneous population of proteins and other
biologics. Thus, under designated immunoassay conditions,
the specified antibodies bind to a particular protein at least
two times the background and do not substantially bind in a
significant amount to other proteins present in the sample.
Specific binding to an antibody under such conditions may
require an antibody that is selected for its specificity for a
particular protein. For example, polyclonal antibodies raised
to modified p-tubulin from specific species such as rat,
mouse, or human can be selected to obtain only those
polyclonal antibodies that are specifically immunoreactive,
¢.g., with p-tubulin modified at cysteine 239 and not with
other proteins. This selection may be achieved by subtract-
ing out antibodies that cross-react with other molecules.
Monoclonal antibodies raised against modified p-tubulin
can also be used. A variety of immunoassay formats may be
used to select antibodies specifically immunoreactive with a
particular protein. For example, solid-phase ELISA immu-
noassays are routinely used to select antibodies specifically
immunoreactive with a protein (see, ¢.g., Harlow & Lane,
Aatibodies, A Laboratory Manual (1988), for a description
of immunoassay formats and conditions that can be used to
determine specific immunoreactivity). Typically a specific
or selective reaction will be at least twice background signal
or noise and more typically more than 10 to 100 times
background.

[0046] A“label” or a “detectable moiety” is a composition
detectable by spectroscopic, photochemical, biochemical,
immunochemical, or chemical means. For example, useful
labels include **P, fluorescent dyes, iodine, electron-dense
reagents, enzymes (¢.g., as commonly used in an ELISA),
biotin, digoxigenin, or haptens and proteins for which anti-
sera or monoclonal antibodies are available, ¢.g., by incor-
porating a radiolabel into the peptide.

[0047] A “labeled antibody or probe” is one that is bound,
either covalently, through a linker or a chemical bond, or
noncovalently, through ionic, van der Waals, electrostatic, or
hydrogen bonds to a label such that the presence of the
antibody or probe may be detected by detecting the presence
of the label bound to the antibody or probe.

[0048] The terms “isolated”“purified” or “biologically
pure” refer to material that is substantially or essentially free
from components which normally accompany it as found in
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its native state. Purity and homogeneity are typically deter-
mined using analytical chemistry techniques such as poly-
acrylamide gel electrophoresis or high performance liquid
chromatography. A protein that is the predominant species
present in a preparation is substantially purified. The term
“purified” denotes that a nucleic acid or protein gives rise to
essentially one band in an electrophoretic gel. Particularly, it
means that the nucleic acid or protein is at least 85% pure,
optionally at least 95% pure, and optionally at least 99%
pure.

[0049] The term “recombinant” when used with reference,
e.g., to a cell, or nucleic acid, protein, or vector, indicates
that the cell, nucleic acid, protein or vector, has been
modified by the introduction of a heterologous nucleic acid
or protein or the alteration of a native nucleic acid or protein,
or that the cell is derived from a cell so modified. Thus, for
example, recombinant cells express genes that are not found
within the native (non-recombinant) form of the cell or
express native genes that are otherwise abnormally
expressed, under expressed or not expressed at all.

[0050] An “expression vector” is a nucleic acid construct,
generated recombinantly or synthetically, with a series of
specified nucleic acid elements that permit transcription of a
particular nucleic acid in a host cell. The expression vector
can be part of a plasmid, virus, or nucleic acid fragment.
Typically, the expression vector includes a nucleic acid to be
transcribed operably linked to a promoter.

[0051]

[0052] Methods of producing polyclonal and monoclonal
antibodies that react specifically with modified f-tubulin are
known to those of skill in the art (see, e.g., Coligan, Current
Protocols in Immunology (1991); Harlow & Lane, supra;
Goding, Monoclonal Antibodies: Principles and Practice
(2d ed. 1986); and Kohler & Milstein, Nature 256:495-497
(1975). Such techniques include antibody preparation by
selection of antibodies from libraries of recombinant anti-
bodies in phage or similar vectors, as well as preparation of
polyclonal and monoclonal antibodies by immunizing rab-
bits or mice (see, ¢.g., Huse et al., Science 246:1275-1281
(1989); Ward et al., Nature 341:544-546 (1989)). Antibodies
are purified using techniques well known to those of skill in
the art.

[0053] A number of modified f-tubulin comprising immu-
nogens may be used to produce antibodies specifically
reactive with modified p-tubulin isotypes. For example,
naturally occurring p-tubulin or an antigenic fragment
thereof comprising a residue to be modified, e.g., the cys-
teine residue at amino acid position 239, is isolated using
methods well known to those of skill in the art. Alternatively,
synthetic p-tubulin or a synthetic peptide fragment thereof
derived from the sequences disclosed herein, optionally
conjugated to a carrier protein can be used as an immuno-
gen. In one embodiment, the following peptides are used to
produce antibodies specifically reactive with modified f-tu-
bulin: ATMSGVTTCLRFPGQLNA, GTMECVTTCLRF-
PGQLNA, and KATMSGVTTCLRFPGQLNA. Naturally
occurring protein may also be used either in pure or impure
form. Recombinant protein can also be expressed in eukary-
otic or prokaryotic cells, and purified using methods known
to those of skill in the art. The f-tubulin is modified with a
fp-tubulin modifying agent, such as compound 1, and then
injected into an animal capable of producing antibodies.

III. Preparation of Monoclonal Antibodies

Aug. 8,2002

Either monoclonal or polyclonal antibodies may be gener-
ated, for subsequent use in immunoassays to measure or
isolate the protein.

[0054] Methods of producing of polyclonal antibodies are
known to those of skill in the art. An inbred strain of mice
(c.g., BALB/C mice) or rabbits is immunized with the
protein using a standard adjuvant, such as Freund’s adju-
vant, and a standard immunization protocol. The animal’s
immune response to the immunogen preparation is moni-
tored by taking test bleeds and determining the titer of
reactivity to modified p-tubulin. When appropriately high
titers of antibody to the immunogen are obtained, blood is
collected from the animal and antisera are prepared. Further
fractionation of the antisera to enrich for antibodies reactive
to the protein can be done if desired (see Harlow & Lane,
supra).

[0055] Monoclonal antibodies may be obtained by various
techniques familiar to those skilled in the art. Briefly, spleen
cells from an animal immunized with a desired antigen are
immortalized, commonly by fusion with a myeloma cell (sce
Kohler & Milstein, Fur. J. Immunol. 6:511-519 (1976)).
Alternative methods of immortalization include transforma-
tion with Epstein Barr Virus, oncogenes, or retroviruses, or
other methods well known in the art. Colonies arising from
single immortalized cells are screened for production of
antibodies of the desired specificity and affinity for the
antigen, and the yield of the monoclonal antibodies pro-
duced by such cells may be enhanced by various techniques,
including injection into the peritoneal cavity of a vertebrate
host. Alternatively, one may isolate DNA sequences which
encode a monoclonal antibody or a binding fragment thereof
by screening a DNA library from human B cells according
to the general protocol outlined by Huse et al., Science
246:1275-1281(1989).

[0056] Monoclonal antibodies and polyclonal sera are
collected and titered against the immunogen protein in an
immunoassay, for example, a solid phase immunoassay with
the immunogen immobilized on a solid support. Typically,
polyclonal antisera with a titer of 10* or greater are selected
and tested for their cross reactivity against unmodified
f-tubulin or other proteins, using a competitive binding
immunoassay. Specific polyclonal antisera and monoclonal
antibodies will usually bind with a Kd of at least about 0.1
mM, more usually at least about 1 uM, optionally at least
about 0.1 uM or better, and optionally 0.01 uM or better.

[0057] Once modified p-tubulin specific antibodies are
available, modified p-tubulin can be detected by a variety of
immunoassay methods. For a review of immunological and
immunoassay procedures, see Basic and Clinical Immunol-
ogy (Stites & Terr eds., 7th ed. 1991). Moreover, the
immunoassays of the present invention can be performed in
any of several configurations, which are reviewed exten-
sively in Enzyme Immunoassay (Maggio, ed., 1980); and
Harlow & Lane, supra.

[0058]

[0059] Modified p-tubulin isotypes, e.g., those modified at
cysteine 239, can be detected, isolated, and/or quantified
using any of a number of well recognized immunological
binding assays (see, e.g., U.S. Patents 4,366,241; 4,376,110
4,517,288; and 4,837,168). For a review of the general
immunoassays, see also Methods in Cell Biology: Antibod-

IV. Immunoassays
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ies in Cell Biology, volume 37 (Asai, ed. 1993); Basic and
Clinical Immunology (Stites & Terr, eds., 7th ed. 1991).
Immunological binding assays (or immunoassays) typically
use an antibody that specifically binds to a protein or antigen
of choice (in this case the modified -tubulin or antigenic
subsequence thereof). The antibody (e.g., anti-modified
[-tubulin) may be produced by any of a number of means
well known to those of skill in the art and as described
above. For isolation of modified P-tubulin, typically the
antibody/antigen complex is dissociated by washing using
means known to those of skill in the art. In such applications,
typically the antibody is fixed to a substrate such as a plate
or a column via covalent or non-covalent linkages (e.g.,
steptavidin, protein A, protein G, secondary antibodies, and
the like). When the assay is used for monitoring and
adjusting the dose of f-tubulin modifying agent adminis-
tered to a patient, a standard curve of known concentrations
of modified p-tubulin is prepared, for comparison with test
results and for quantitating the amount of modified p-tubulin
in the sample. Typically, the standard curve is generated
using the same methodology as is used to detect modified
[-tubulin in the patient sample, e.g., ELISA, immunopre-
cipitation, and the like. Preferred immunoassays of the
invention include western blots, ELISA, immunoprecipita-
tion, in situ immunohistochemistry, and immunofluores-
cence assays.

[0060] In another embodiment, anti-modified B-tubulin
antibodies are detected using immunoassays of the inven-
tion, such as ELISA assays, where the antibody is captured
by modified B-tubulin or an immunogenic fragment thereof.
In one embodiment, the immunogenic fragments are ATMS-
GVTTCLRFPGQLNA, GTMECVTTCLRFPGQLNA, or
KATMSGVTTCLRFPGQLNA.

[0061] Samples used for immunoassays can be obtained,
e.g., from in vitro microtubule polymerization reactions
treated with a f-tubulin modifying agent; tissue culture cells
treated with a B-tubulin modifying agent; tissue, blood, or
other samples, e.g., tumor samples, from mammalian sub-
jects treated with a B-tubulin modifying agent by, e.g.,
infusion or injection (c.g., human patients treated with
f-tubulin modifying agent chemotherapy).

[0062] Immunoassays also often use a labeling agent to
specifically bind to and label the complex formed by the
antibody and antigen. The labeling agent may itself be one
of the moieties comprising the antibody/antigen complex.
Thus, the labeling agent may be a labeled modified p-tubulin
or a labeled anti-modified f-tubulin antibody. Alternatively,
the labeling agent may be a third moiety, such a secondary
antibody, that specifically binds to the antibody/modified
[-tubulin complex (a secondary antibody is typically spe-
cific to antibodies of the species from which the first
antibody is derived). Other proteins capable of specifically
binding immunoglobulin constant regions, such as protein A
or protein G, may also be used as the label agent. These
proteins exhibit a strong non-immunogenic reactivity with
immunoglobulin constant regions from a variety of species
(see, e.g., Kronval et al.,J. Immunol. 111:1401-1406 (1973);
Akerstrom et al., J. Immunol. 135:2589-2542 (1985)). The
labeling agent can be modified with a detectable moiety,
such as biotin, to which another molecule can specifically
bind, such as streptavidin. A variety of detectable moieties
are well known to those skilled in the art.
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[0063] Throughout the assays, incubation and/or washing
steps may be required after each combination of reagents.
Incubation steps can vary from about 5 seconds to several
hours, optionally from about 5 minutes to about 24 hours.
However, the incubation time will depend upon the assay
format, antigen, volume of solution, concentrations, and the
like. Usually, the assays will be carried out at ambient
temperature, although they can be conducted over a range of
temperatures, such as 10° C. to 40° C.

[0064]

[0065] Immunoassays for detecting and/or isolating modi-
fied p-tubulin in samples may be either competitive or
noncompetitive. Noncompetitive immunoassays are assays
in which the amount of antigen is directly measured. In a
“sandwich” assay, for example, the anti-modified p-tubulin
antibodies can be bound directly to a solid substrate on
which they are immobilized. These immobilized antibodies
then capture modified p-tubulin present in the test sample.
Modified f-tubulin thus immobilized is then bound by a
labeling agent, such as a second antibody bearing a label.
Alternatively, the second antibody may lack a label, but it
may, in turn, be bound by a labeled third antibody specific
to antibodies of the species from which the second antibody
is derived. The second or third antibody is typically modified
with a detectable moiety, such as biotin, to which another
molecule specifically binds, e.g., streptavidin, to provide a
detectable moiety. Methods of binding molecules to a solid
support, either covaltently or non-covalently, are well
known to those of skill in the art. A variety of solid supports
known to those of skill in the art, e.g., plates, columns,
dipsticks, membranes, and the like, can be used with the
present invention.

[0066]

[0067] In competitive assays, the amount of modified
f-tubulin present in the sample is measured indirectly by
measuring the amount of a known, added (exogenous)
modified f-tubulin displaced (competed away) from an
anti-modified p-tubulin antibody by the unknown modified
[-tubulin present in a sample. In one competitive assay, a
known amount of modified f-tubulin is added to a sample
and the sample is then contacted with an antibody that
specifically binds to modified p-tubulin. The amount of
exogenous modified P-tubulin bound to the antibody is
inversely proportional to the concentration of modified
f-tubulin present in the sample. In one embodiment, the
antibody is immobilized on a solid substrate. The amount of
modified p-tubulin bound to the antibody may be deter-
mined either by measuring the amount of modified f-tubulin
present in a modified p-tubulin/antibody complex, or alter-
natively by measuring the amount of remaining uncom-
plexed protein. The amount of modified p-tubulin may be
detected by providing a labeled modified f-tubulin mol-
ecule.

[0068] A hapten inhibition assay is another competitive
assay. In this assay the known modified p-tubulin, is immo-
bilized on a solid substrate. A known amount of anti-
modified p-tubulin antibody is added to the sample, and the
sample is then contacted with the immobilized modified
f-tubulin. The amount of anti-modified $-tubulin antibody
bound to the known immobilized modified (-tubulin is
inversely proportional to the amount of modified p-tubulin
present in the sample. Again, the amount of immobilized

Non-competitive Assay Formats

Competitive Assay Formats
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antibody may be detected by detecting either the immobi-
lized fraction of antibody or the fraction of the antibody that
remains in solution. Detection may be direct where the
antibody is labeled or indirect by the subsequent addition of
a labeled moiety that specifically binds to the antibody as
described above.

[0069]

[0070] Immunoassays in the competitive binding format
can also be used for crossreactivity determinations. For
example, a polypeptide comprising at least an antigenic
subsequence of modified f-tubulin can be immobilized to a
solid support. Proteins (e.g., unmodified p-tubulin or f-tu-
bulin isotypes that lack, for example, a cysteine at position
239) are added to the assay that compete for binding of the
antisera to the immobilized antigen. The ability of the added
proteins to compete for binding of the antisera to the
immobilized protein is compared to the ability of modified
[-tubulin (e.g., p1, 2, or f4-tubulin or antigenic fragments
thereof comprising the cysteine at amino acid 239) to
compete with itself. The percent crossreactivity for the
above proteins is calculated, using standard calculations.
Those antisera with less than 10% crossreactivity with each
of the added proteins listed above are selected and pooled.
The cross-reacting antibodies are optionally removed from
the pooled antisera by immunoabsorption with the added
considered proteins, e.g., distantly related homologs.

[0071] The immunoabsorbed and pooled antisera are then
used in a competitive binding immunoassay as described
above to compare a second protein, thought to be perhaps a
modified p-tubulin, to the immunogen protein. In order to
make this comparison, the two proteins are each assayed at
a wide range of concentrations and the amount of each
protein required to inhibit 50% of the binding of the antisera
to the immobilized protein is determined. If the amount of
the second protein required to inhibit 50% of binding is less
than 10 times the amount of the immunogen protein that is
required to inhibit 50% of binding, then the second protein
is said to specifically bind to the polyclonal antibodies
generated to a modified f-tubulin immunogen.

[0072]

Cross-reactivity Determinations

Other Assay Formats

[0073] Western blot (immunoblot) analysis is used to
detect and quantify the presence of modified f-tubulin in the
sample. The technique generally comprises separating
sample proteins by gel electrophoresis on the basis of
molecular weight, transferring the separated proteins to a
suitable solid support, (such as a nitrocellulose filter, a nylon
filter, or derivatized nylon filter), and incubating the sample
with the antibodies that specifically bind modified p-tubulin.
The anti-modified p-tubulin antibodies specifically bind to
the modified p-tubulin on the solid support. These antibodies
may be directly labeled or, alternatively, may be subse-
quently detected using labeled antibodies (e.g., labeled
sheep anti-mouse antibodies) that specifically bind to the
anti-modified f-tubulin antibodies.

[0074] Other assay formats include liposome immunoas-
says (LIA), which use liposomes designed to bind specific
molecules (e.g., antibodies) and release encapsulated
reagents or markers. The released chemicals are then
detected according to standard techniques (see Monroe et
al., Amer. Clin. Prod. Rev. 5:34-41 (1986)).
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[0075]

[0076] One of skill in the art will appreciate that it is often
desirable to minimize non-specific binding in immunoas-
says. Particularly, where the assay involves an antigen or
antibody immobilized on a solid substrate it is desirable to
minimize the amount of non-specific binding to the sub-
strate. Means of reducing such non-specific binding are well
known to those of skill in the art. Typically, this technique
involves coating the substrate with a proteinaceous compo-
sition. In particular, protein compositions such as bovine
serum albumin (BSA), nonfat powdered milk, and gelatin
are widely used.

[0077] Labels

[0078] The particular label or detectable group used in the
assay is not a critical aspect of the invention, as long as it
does not significantly interfere with the specific binding of
the antibody used in the assay. The detectable group can be
any material having a detectable physical or chemical prop-
erty. Such detectable labels have been well-developed in the
field of immunoassays and, in general, most any label useful
in such methods can be applied to the present invention.
Thus, a label is any composition detectable by spectro-
scopic, photochemical, biochemical, immunochemical,
electrical, optical or chemical means. Useful labels in the
present invention include magnetic beads (e.g., DYNA-
BEADS™), fluorescent dyes (e.g., fluorescein isothiocyan-
ate, Texas red, rhodamine, and the like), radiolabels (e.g.,
°H, 2%, s, *C, or *2P), enzymes (e.g., horse radish
peroxidase, alkaline phosphatase and others commonly used
in an ELISA), and colorimetric labels such as colloidal gold
or colored glass or plastic beads (e.g., polystyrene, polypro-
pylene, latex, etc.).

[0079] The label may be coupled directly or indirectly to
the desired component of the assay according to methods
well known in the art. As indicated above, a wide variety of
labels may be used, with the choice of label depending on
sensitivity required, ease of conjugation with the compound,
stability requirements, available instrumentation, and dis-
posal provisions.

[0080] Non-radioactive labels are often attached by indi-
rect means. Generally, a ligand molecule (e.g., biotin) is
covalently bound to the molecule. The ligand then binds to
another molecules (e.g., streptavidin) molecule, which is
either inherently detectable or covalently bound to a signal
system, such as a detectable enzyme, a fluorescent com-
pound, or a chemiluminescent compound. The ligands and
their targets can be used in any suitable combination with
antibodies that recognize modified p-tubulin, or secondary
antibodies that recognize anti-modified f-tubulin.

[0081] The molecules can also be conjugated directly to
signal generating compounds, €.g., by conjugation with an
enzyme or fluorophore. Enzymes of interest as labels will
primarily be hydrolases, particularly phosphatases, esterases
and glycosidases, or oxidotases, particularly peroxidases.
Fluorescent compounds include fluorescein and its deriva-
tives, rhodamine and its derivatives, dansyl, umbelliferone,
etc. Chemiluminescent compounds include luciferin, and
2,3-dihydrophthalazinediones, ¢.g., luminol. For a review of
various labeling or signal producing systems that may be
used, see U.S. Pat. No. 4,391,904,

[0082] Means of detecting labels are well known to those
of skill in the art. Thus, for example, where the label is a

Reduction of Non-specific Binding
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radioactive label, means for detection include a scintillation
counter or photographic film as in autoradiography. Where
the label is a fluorescent label, it may be detected by exciting
the fluorochrome with the appropriate wavelength of light
and detecting the resulting fluorescence. The fluorescence
may be detected visually, by means of photographic film, by
the use of electronic detectors such as charge coupled
devices (CCDs) or photomultipliers and the like. Similarly,
enzymatic labels may be detected by providing the appro-
priate substrates for the enzyme and detecting the resulting
reaction product. Finally simple calorimetric labels may be
detected simply by observing the color associated with the
label. Thus, in various dipstick assays, conjugated gold often
appears pink, while various conjugated beads appear the
color of the bead.

[0083] Some assay formats do not require the use of
labeled components. For instance, agglutination assays can
be used to detect the presence of the target antibodies. In this
case, antigen-coated particles are agglutinated by samples
comprising the target antibodies. In this format, none of the
components need be labeled and the presence of the target
antibody is detected by simple visual inspection.

[0084] V. Kits

[0085] The present invention also provides Kkits for detect-
ing and isolating modified f-tubulin, as well as kits for
detecting anti-modified p-tubulin antibodies. For example,
such kits can comprise any one or more of the following
materials: anti-modified B-tubulin, reaction tubes, and
instructions for detecting modified p-tubulin. Optionally, for
detection of anti-modified p-tubulin, the kit contains modi-
fied p-tubulin peptide. When the kit is used for monitoring
and adjusting the dose of a f-tubulin modifying agent
administered to a patient, a standard curve of a known
concentration of modified B-tubulin can be included in the
kit, for comparison with test results and for quantitating the
amount of modified p-tubulin in the sample. Typically, the
standard curve is generated using the same methodology as
is used to detect modified p-tubulin in the patient sample,
e.g., ELISA, immunoprecipitation, and the like. A wide
variety of kits and components can be prepared according to
the present invention, depending upon the intended user of
the kit and the particular needs of the user.

[0086] All publications and patent applications cited in
this specification are herein incorporated by reference as if
each individual publication or patent application were spe-
cifically and individually indicated to be incorporated by
reference.

[0087] Although the foregoing invention has been
described in some detail by way of illustration and example
for purposes of clarity of understanding, it will be readily
apparent to one of ordinary skill in the art in light of the
teachings of this invention that certain changes and modi-
fications may be made thereto without departing from the
spirit or scope of the appended claims.

EXAMPLES

[0088] The following examples are provided by way of
illustration only and not by way of limitation. Those of skill
in the art will readily recognize a variety of noncritical
parameters that could be changed or modified to yield
essentially similar results.
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[0089] 1. Methods

[0090] A. Generation of Anti-compound 1-modified
[2-tubulin Peptide

[0091] As an immunogen a peptide derived from human
p2-tubulin ((H]-A,;;ATMSGVTTCLRFPGQLNA,, -
[OH]) was synthesized on an lysine residue phase Fmoc
chemistry (Fmoc-Ala-Wang-Resin, Midwest Bio-Tech Inc.)
with HBTUHOBT activation, giving a peptide of the fol-
lowing sequence [H]-KATMSGVTTCLRFPGQLNA-[OH].
After completion of the synthesis, the peptide was depro-
tected and cleaved at room temperature from the solid
support using a mixture of 2.5% ethanedithiol, 5% thioani-
sole, 5% water, 5% phenol, and 82.5% trifluoroacetic acid
over a period of 2 hours. The peptide was purified by C18
reverse phase HPLC. After modification of the peptide with
compound 1 (see FIG. 1C) under alkaline reaction condi-
tions (pH 8.5) at room temperature, the resulting peptide
(FIG. 14) was purified by reverse phase HPLC. The correct
coupling of compound 1 to Cys,;, was determined by
F°-NMR-spectroscopy (FIG. 1B).

[0092]

[0093] Monoclonal antibodies were generated by conju-
gating the compound 1-modified peptide through the amino
terminal lysine residue to the carrier protein KLLH essential
as described by Harlow & Lane, Antibodies: A Laboratory
Manual, (1988). Spleen cells from immunized Balb/c mice
were fused to P3x63.Ag8.653 cells essential as described by
Koehler & Milstein Nature 256:495-497 (1975) and Harlow
& Lane, supra.

[0094]

[0095] The generation of polyclonal antibodies was based
on a standard procedure as described in Harlow & Lane,
supra.

[0096]

[0097] ELISA assays were performed under conditions
described in Harlow & Lane, with the following modifica-
tions. Compound 1-modified P2-tubulin peptide or the
unmodified P2-tubulin peptide were conjugated to goat
gamma globulin (GGG) through the amino terminal lysine
residue. Immulon IT 96-well plates were incubated with the
conjugate for 30 min at 37° C. before a well was incubated
with one particular tissue culture supernatant, derived from
a single hybridoma line, at 37° C. for 30 min. Binding of
monoclonal antibodies to the substrate was visualized with
goat anti mouse IgG conjugated to horseradish peroxidase
(HRP) at OD 445/ 400

[0098] E. Labeling of Cellular Tubulin in MCF7 and
MCF7/ADR Cell with Compound 1 and *H-compound 1,
Respectively

[0099] MCF7/ADR cells (2x10° cells) were plated in
Dulbecco’s Modified Eagle’s Medium F12 (DMEM/F12;
Mediatech) containing 10% fetal calf serum (FCS) 24 h
prior to treatment. Following a 3 h incubation with 800 nM
*H-compound 1 (20 Ci/mmol, 1 mCi/ml) at 37° C./5% C0,
cells were harvested by centrifugation (2500 rpm/10 min)
and the cell pellet was resuspended in 30 ul of IEF-buffer
(9M urea, 2% NP40 (v/v), 200 mM 2-mercaptocthanol) and
subsequently mixed with an equal volume of 2x Lacmmli
SDS-sample buffer. Extracts from untreated cells were pre-

B. Generation of Monoclonal Antibodies

C. Generation of Polyclonal Antibodies

D. ELISA Assay
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pared in the same manner. Cellular proteins were analyzed
by SDS-PAGE by loading 30 ul of the sample per lane
(Sambrook, et al., Molecular cloning: A Laboratory Manual
(1989)). After transfer of the proteins to nitrocellulose
membrane, the membrane bound proteins were stained with
PonceauS solution. The membrane was then cut in to ten
strips of equal size. Western blot analyses was performed
essentially as described by Harlow & Lane supra. Tubulin
was detected with mouse anti-ot/B-tubulin antibody (Bio-
genex, 1:100 dilution in PBS containing 3% dry milk (w/v),
0.1% Tween 20 (v/v)), whereas *H-compound 1-modified
f-tubulin was detected with antibodies directed against
compound 1-modified monoclonal antibodies. When mono-
clonal antibodies were used the tissue culture supernatant
was used directly. The membrane was incubated for 12 h at
4° C. with the primary antibodies. The western blots were
developed using anti-mouse IgG antibodies conjugated to
HRP (1:10,000 in PBS/3% dry milk (w/v), 0.1% Tween 20
(v/v)) and the ECL detection system by incubating the
membrane with the secondary antibodies for 1 h at room
temperature.

[0100] Cellular B-tubulin in MCF7 cells was labeled with
150 nM, 400 nM, 3 uM and 6 uM compound 1 as described
above. Cells were harvested at the indicated time points.
Cells were lysed and proteins (7.5 ul aliquot) were separated
by SDS-PAGE and compound 1-modified p-tubulin was
visualized by western blot analyses as outlined above.

[0101] F. In vitro Labeling of Bovine Brain Tubulin with
*H-compound 1

[0102] Purified bovine brain tubulin (20 ug in BRB8O
buffer (80 mM PIPES (pH 6.8), 0.5 mM MgCl,, 1 mM
EGTA)/10% glycerol, Cytoskeleton) supplemented with
488 ul of BRB8O0 buffer was incubated at 37° C. with 10 uCi
of *H-compound 1. After 3 h the sample was mixed with 500
4l of BRB8O0 buffer containing 2M urea. Subsequently the
sample was mixed with an equal volume of 2x SDS-sample
buffer. A serial dilution of the *H-compound 1-modified
[p-tubulin was made by mixing an aliquot 1:1, 1:2, 1:4 etc.
with 1x SDS-sample buffer containing 10 ul/ml unmodified
bovine brain tubulin, resulting in a solution that has the same
concentration of o/f-tubulin (10 gg/ml) but various concen-
trations of compound 1-modified p-tubulin. 100 ng of tubu-
lin solution were resolved by SDS-PAGE and the amount of
modified B-tubulin was analyzed by western blotting (sce
above) or autoradiography of SDS-PAGE. The degree of
*H-compound 1-tubulin modification was determined by
cutting out the proteins from the gel and measuring the
radioactivity in a scintillation counter.

[0103] G. Analyses of Blood Samples

[0104] White blood cells (“WBC”) were isolated from
blood samples (5 ml) taken immediately after a 3 h infusion
of compound 1 sodium salt from rats or a human patient
treated at 20 mg/kg and 220 mg/m?2, respectively, as follows.
The samples were mixed with 5 ml of PBS and layered on
a Ficoll cushion (10 ml, “Lymphoprep” (density is ~1.077
and osmolality 280 mOsm, Gibco/BRL). After centrifuga-
tion (1000 rpm, 30 min (Sorvall RC3C centrifuge)) at room
temperature WBC were isolated from the cushion and the
sample was diluted 1:5 with PBS. After centrifugation (2000
rpm for 10 min) the liquid was discarded and the cell pellet
was resuspended in 1 ml of PBS. The solution was trans-
ferred to an Eppendorf tube and the cells were collected by
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centrifugation (3000 rpm, 5 min). After the supernatant was
discarded the cell pellet was stored at -80° C. or processed
as follows. Rat WBC-pellet was resuspended in 15 ul of
IEF-buffer and mixed with 15 gl of 2x SDS sample buffer.
The human sample was mixed immediately with an equal
volume (10 ul) of SDS sample buffer. Protein samples (2.5
11, human; 2 ul, rat) were analyzed by SDS-PAGE and
subjected to western blot analyzes as outlined above.

[0105] As a standard 10 ug of purified brain tubulin was
mixed with 489 ul. of BRB8O0 buffer and incubated with 10
ul of *H-compound 1 (10 4Ci) in a 500 a4l reaction at 377°
C. for 2 h. Afterwards the solution was mixed with 500 ul of
2x SDS-sample buffer containing 2 M urea. A 1: 1, 1:2 etc.
dilution was made by mixing one volume of tubulin solution
with 1 volume, 2 volume etc. of 1x SDS-sample buffer. For
Western blot analyses 10 ul of sample solution were used.

[0106] II. Results

[0107] A novel set of seven monoclonal antibodies was
generated (FIG. 2) that specifically recognize compound
1-modified p2-tubulin peptides but not unmodified p2-tu-
bulin peptides (FIG. 2A). A second set of five novel mono-
clonal antibodies specifically recognize the compound
1-modified p2-tubulin peptide as well as its unmodified
derivative has been isolated (FIG. 2A). Furthermore, a third
class of novel monoclonal antibodies that specifically rec-
ognize the unmodified human f2-tubulin peptide was iso-
lated (FIG. 2A). The recognition specificity and the Ig
isotypes of the three classes of antibodies is summarized in
FIG. 2B.

[0108] The recognition specificity of the first class of
antibodies is not restricted to the compound 1-modified
p2-tubulin peptide since they also specifically recognize
cellular compound 1-modified p-tubulin. As shown in FIG.
3A, when proteins derived from breast cancer MCF7/ADR
cells treated with 800 uM of *H-compound 1, for 3 hours,
the monoclonal antibodies (2C1H7, 5F5C11, 3A1C 11C,
3F2A4, 6D4D11 and 1F6DS8) identified a single band, con-
sistent of the size of p-tubulin. When untreated MCF7/ADR
cells were used no bands were visible (FIG. 3A). Note that
in MCF7/ADR cells the f2-and p4-tubulin isotypes are both
labeled, and to a lesser degree, fl-tubulin (Shan et al,
supra).

[0109] Binding of compound 1 to cellular tubulin is time-
and concentration-dependent (Shan et al., supra). To dem-
onstrate that the monoclonal antibodies can monitor differ-
ent levels of compound 1-modified f-tubulin, human breast
cancer MCF7 cells were treated with different concentra-
tions of compound 1 (150 nM, 400 nM, 3 uM and 6 uM).
Cells were harvested at 15, 30, 90 and 180 min after the
adding compound 1 at the different concentrations to the
tissue culture media. Extracted proteins were subjected to
western blot analyzes using the monoclonal antibody
2C1H7 (FIG. 1B). As shown in FIG. 3B, the monoclonal
antibody 2C1H7 can detect different levels of cellular u-tu-
bulin modification (compare, for example, 90 min treatment
at 0.15, 0.4 and 3 uM ; lanes 4, 8, and 12, FIG. 3B). The
antibody could also discriminate levels of compound
1-modification over time at a constant drug concentration
(compare lanes 1 to 5).

[0110] Likewise, when purified brain tubulin was modified
with *H-compound 1 in an in vitro reaction, the monoclonal
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antibody 2C1H7 can discriminate between different levels of
compound 1-modified p-tubulin (FIGS. 4 A-C). Since the
radioactivity associated with each protein band was deter-
mined the degree of B-tubulin modification by *H-com-
pound 1 was quantitated (FIG. 4A). It is notable that the
antibody detection method is significantly more sensitive
than the radioactive detection methods (compare FIG. 4A to
FIG. 4C). Such a standard curve of a known concentration
of compound 1-modified p-tubulin is an essential tool to
determine the degree of f-tubulin modification in cells or
tissues derived from higher eukaryotes exposed to com-
pound 1.

[0111] FIG. 5 shows an example of determining the
degree of p-tubulin modification in cells or tissues derived
from higher eukaryotes exposed to T13806. White blood
cells were isolated from blood derived from rats or a human
patient that were exposed to compound 1 or from control
groups that were not exposed to compound 1. As shown in
FIG. 5A, when proteins derived white blood cells from rats
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or a human control group (lanes 1 and 3) were subjected to
western blot analyzes using the monoclonal 2C1H7 anti-
body no protein bands were visible. In contrast, when
proteins from white blood cells isolated from rats or a human
exposed to compound 1 were analyzed a protein consistent
of the size of p-tubulin was visible. The results indicate that
specific p-tubulin isotype modification can be detected using
the monoclonal antibodies.

[0112] A comparison of the signal of the human sample
with a *H-compound 1-B-tubulin standard curve (FIG. 5B)
shows that close to 7.5 fmol of the loaded tubulin is modified
by compound 1. This number can be put in perspective by
determining the total amount of f-tubulin in these cells.
Once this amount is determined it is possible to calculate the
total amount of B-tubulin isotypes that are modified by
compound 1 relative to the total amount of tubulin. Thus, it
is possible to determine how the degree of compound
1-modified p-tubulin changes in response to different com-
pound 1 dose regiments.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 4

<210> SEQ ID NO 1

<211> LENGTH: 18

«212> TYPE: PRT

<213> ORGANISM: Artificial Segquence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:immunogenic

fragment of modified beta2 and betad4 tubulin

<400> SEQUENCE: 1

Ala Thr Met Ser Gly Val Thr Thr Cys Leu Arg Phe Pro Gly Gln Leu

1 5 10

Asn Ala

<210> SEQ ID NO 2

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Segquence
<220> FEATURE:

15

<223> OTHER INFORMATION: Description of Artificial Sequence:immunogenic

fragment of modified betal tubulin

<400> SEQUENCE: 2

Gly Thr Met Glu Cys Val Thr Thr Cys Leu Arg Phe Pro Gly Gln Leu

1 5 10

Asn Ala

<210> SEQ ID NO 3

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Artificial Segquence
<220> FEATURE:

15

<223> OTHER INFORMATION: Description of Artificial Sequence:immunogenic
fragment of modified beta2 and betad tubulin with

Lys from lysine residue phase Fmoc chemistry

<400> SEQUENCE: 3

Lys Ala Thr Met Ser Gly Val Thr Thr Cys Leu Arg Phe Pro Gly Gln

1 5 10

15
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-continued

Leu Asn Ala

<210> SEQ ID NO 4

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:immuncgenic

fragment of modified beta2 and betad tubulin with

Lys from lysine residue phase Fmoc chemistry
modified by compond 1

<221> NAME/KEY: MOD_RES

<222> LOCATION: (10)

<223> OTHER INFORMATION: Xaa = Cys modified by compound 1
(2-fluoro-1-methoxy-4-pentafluorophenylsulfonamido

benzene)

<400> SEQUENCE: 4

Lys Ala Thr Met Ser Gly Val Thr Thr Xaa Leu Arg Phe Pro Gly Gln

1 5 10

Leu Asn Ala

15

What is claimed is:

1. A method of detecting in a sample a p-tubulin isotype
modified at cysteine residue 239, the method comprising the
steps of:

(a) providing a sample treated with a -tubulin modifying
agent,

(b) contacting the sample with an antibody that specifi-
cally binds to a f-tubulin isotype modified at cysteine
residue 239; and

() determining whether the sample contains a modified
[-tubulin isotype by detecting the antibody.

2. The method of claim 1, wherein the antibody is a
monoclonal antibody.

3. The method of claim 2, wherein the antibody is selected
from the group consisting of 1F6DS, 1B2C11, 3A1Cl11,
2C1H7, 3F2A4, 5F5C11, and 6D4D11.

4. The method of claim 1, further comprising the step of
using a control antibody that recognizes both modified and
unmodified p-tubulins.

5. The method of claim 4, wherein the control antibody is
a monoclonal antibody selected from the group consisting of
3D12D1, 4B6G6, 5F1D4, 6H8E3, AND 6H10C7.

6. The method of claim 1, further comprising the step of
using a control antibody that recognizes only unmodified
[-tubulins.

7. The method of claim 6, wherein the control antibody is
a monoclonal antibody selected from the group consisting of
3E10A3, 6A7F9, and 6E7G1.

8. The method of claim 1, wherein the step of determining
whether the sample contains a modified f-tubulin isotype
comprises detecting the antibody in an assay selected from
the group consisting of an ELISA assay, a western blot, an
immunohistochemical assay, an immunofluorescence assay,
and a real time imaging assay.

9. The method of claim 1, wherein the step of determining
whether the sample contains a modified f-tubulin isotype
further comprises quantitating the amount of modified p-tu-
bulin isotype in the sample.

10. The method of claim 1, wherein the antibody is bound
to a solid substrate.

11. The method of claim 1, wherein the sample is selected
from the group consisting of an in vitro tubulin polymer-
ization reaction sample, a cultured cell, and a patient sample.

12. The method of claim 11, wherein the patient sample
is a blood sample.

13. The method of claim 11, wherein the patient sample
is from a cancer patient receiving pentafluorobenzene-
sulfonamide chemotherapy.

14. The method of claim 11, wherein the patient sample
is from a cancer patient receiving 2-fluoro-1-methoxy-4-
pentafluorophenylsulfonamidobenzene chemotherapy.

15. The method of claim 11, wherein the patient sample
is from a human patient.

16. The method of claim 1, wherein the antibody is
covalently linked to a detectable moiety.

17. The method of claim 16, wherein the antibody is
covalently linked to a biotin moiety, an iodine moiety, or an
enzyme moiety.

18. A monoclonal antibody that specifically binds to a
f-tubulin isotype modified at cysteine residue 239, the
antibody selected from the group consisting of 1F6DS,
1B2C11, 3A1C11, 2C1H7, 3F2A4, 5F5C11, and 6D4D11.

19. The monoclonal antibody of claim 18, wherein the
antibody is covalently linked to a detectable moiety.

20. The monoclonal antibody of claim 19, wherein the
antibody is covalently linked to a biotin moiety, an iodine
moiety, or an enzyme moiety.

21. A method of monitoring the amount of modified
f-tubulin isotype in a patient treated with an agent that
modifies cysteine residue 239 in a f-tubulin isotype, the
method comprising the steps of:

(2) providing a sample from the patient treated with the
f-tubulin modifying agent;

(b) contacting the sample with an antibody that specifi-
cally binds to a modified f-tubulin isotype; and
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(¢) determining the amount of modified f-tubulin isotype
in the patient sample by detecting the antibody and
comparing the amount of antibody detected in the
patient sample to a standard curve, thereby monitoring
the amount of modified f-tubulin isotype in the patient.

22. The method of claim 21, further comprising the step
of adjusting the dose of the P-tubulin modifying agent
administered to the patient.

23. The method of claim 21, wherein the agent is a
pentafluorobenzenesulfonamide.

24. The method of claim 21, wherein the agent is 2-fluoro-
1-methoxy-4-pentafluorophenylsulfonamidobenzene.

25. The method of claim 21, wherein the sample is a blood
sample.

26. The method of claim 21, wherein the antibody is a
monoclonal antibody.

27. The method of claim 26, wherein the monoclonal
antibody is selected from the group consisting of 1F6DS,
1B2C11, 3A1C11, 2C1H7, 3F2A4, 5F5C11, and 6D4D1.

28. The method of claim 21, wherein the antibody is
covalently linked to a detectable moiety.

29. The method of claim 28, wherein the antibody is
covalently linked to a biotin moiety, an iodine moiety, or an
enzyme moiety.

30. The method of claim 21, wherein the antibody is
bound to a solid substrate.

31. A method of isolating a f-tubulin isotype modified at
cysteine residue 239, the method comprising the steps of:

(a) providing a sample treated with a -tubulin modifying
agent,

(b) contacting the sample with an antibody that specifi-
cally binds to a modified f-tubulin isotype; and

(c) isolating the modified B-tubulin isotype by isolating

the antibody.

32. The method of claim 31, wherein the antibody is a
monoclonal antibody.

33. The method of claim 32, wherein the monoclonal
antibody is selected from the group consisting of 1F6DS,
1B2C11, 3A1C11, 2C1H7, 3F2A4, 5F5C11, and 6D4D11.

34. The method of claim 31, wherein the antibody is
covalently linked to a biotin moiety, an iodine moiety, or an
enzyme moiety.
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35. The method of claim 33, wherein the antibody is
covalently linked to a biotin moiety, an iodine moiety, or an
enzyme moiety.

36. The method of claim 31, wherein the antibody is
bound to a solid substrate.

37. A method of detecting an antibody that specifically
binds to p-tubulin modified at cysteine residue 239, the
method comprising the steps of:

(2) providing a sample;

(b) contacting the sample with a peptide that specifically
binds to the antibody; and

(c) detecting the antibody.

38. The method of claim 37, wherein the peptide is
ATMSGVTTCLRFPGQLNA, GTMECVTTCLRF-
PGQLNA, or KATMSGVTTCLRFPGQLNA.

39. The method of claim 37, wherein the step of detecting
the antibody comprises an ELISA assay.

40. The method of claim 37, wherein the peptide is bound
to a solid substrate.

41. A method of detecting in a sample a modified tubulin,
the method comprising the steps of:

(2) providing a sample treated with a tubulin modifying
agent,

(b) contacting the sample with an antibody that specifi-
cally binds to a modified tubulin isotype; and

(c) determining whether the sample contains a modified
tubulin by detecting the antibody.
42. A method of monitoring the amount of modified
tubulin in a patient treated with an agent that modifies
tubulin, the method comprising the steps of:

(2) providing a sample from the patient treated with the
tubulin modifying agent;

(b) contacting the sample with an antibody that specifi-
cally binds to a modified tubulin; and

(c) determining the amount of modified tubulin in the
patient sample by detecting the antibody and compar-
ing the amount of antibody detected in the patient
sample to a standard curve, thereby monitoring the
amount of modified tubulin in the patient.
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