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Description

FIELD OF THE INVENTION

[0001] The present invention relates to an antibody
against the cleavage product of vimentin; a method for
detecting apoptosis using this antibody; and a use for
this antibody.

BACKGROUND OF THE INVENTION

[0002] Apoptosis is cell death in multicellular organ-
isms. Surplus cells generated during developmental
processes, cells no longer needed in an adult, cells
damaged by radiation or chemical substances, or dan-
gerous cells such as tumor cells are led to cell death by
apoptosis, thus removed from a body.
[0003] Caspases are proteolytic enzymes (protease)
that play a key role during apoptosis. Research on ap-
optosis has rapidly expanded since the 1990s. One of
the key factors to have promoted the research is the
identification of a caspase family of proteases that in-
volves execution of apoptosis (Thornberry, N. & Lazeb-
nik, Y, (1998) Science, 281, 1312-1316). At least 10 or
more members of the caspase family are identified in
mammals. Caspases are also shown to be present as
an inactive precursor in normal cells. When apoptosis
is initiated for a cell to die, an initiator caspase in the
caspase family activates itself by limited proteolysis
(processing). The activated initiator caspase activates
another caspase by partially cleaving it, the cleaved cas-
pase activates another caspase, and the process con-
tinues one after another. This amplification cascade
mechanism is thought to achieve the whole activation.
All caspases cleave the C-terminal side of a specific as-
partic acid residue in protein, but the cleavage efficiency
of each member of the caspase family varies depending
on amino acid sequences near the cleavage site.
[0004] Apoptosis triggered by the stimulation of the
anti-Fas antibody is the best analyzed apoptosis and
thought to play a central role among adults (Nagata, S.
(1997) Cell 88, 355-365). Caspase-8, involving execu-
tion of apoptosis is first activated among the caspase
family in cells after stimulation with the anti-Fas anti-
body, and functions as an initiator (Boldin, M. P., Gon-
charov, T.M., Goltsev, Y.V. & Wallach, D. (1996) Cell 85,
803-815; Muzio, M., Chinnaiyan, A. M., Kishkel, F.C.,
O'Rourke, K., Shevchenko, A., Ni, J., Scaffidi, C., Bretz,
J. D., Zhang, M., Gentz, R., Mann, M., Krammer, P. H.,
Peter, M. E. & Dixit, V. M. (1996) Cell, 85, 817-827).
[0005] Several methods for detecting activation of a
caspase have been employed, such as 1) detecting
processing of a caspase or activation using an antibody
recognizing a caspase; or 2) measuring protease activ-
ity using a substrate analog. Any of these methods, how-
ever, have a drawback in that the ability to distinguish
between members of caspase family is limited. In the
method of 1), production of a specific antibody capable

of recognizing both an inactive precursor and an active
type is often difficult.
[0006] MORISHIMA ('Changes in nuclear morpholo-
gy during apoptosis correlate with vimentin cleavage by
different caspases located either upstream or down-
stream of Bcl-2 action' GENES TO CELLS 1999, vol. 4,
pages 401-414) describes the cleavage of vimentin by
caspase-8 that occurs at multiple sites, e.g. between
Asp259 and Val260 of the protein at an early stage of
apoptosis. The detection of vimentin cleavage in apop-
totic cells is carried out by Western blot analysis using
a monoclonal anti-vimentin antibody that interacts with
both the intact protein and with its cleaved fragments.

SUMMARY OF THE INVENTION

[0007] It is the objective of the present invention to
provide an antibody against the cleavage product of vi-
mentin that is a main component of an intracellular skel-
etal protein; a method for detecting apoptosis using said
antibody; and the use of said antibody.
[0008] As a result of intensive and extensive research
toward the above-mentioned objective, the inventors
have finally found that vimentin in an apoptotic cell is
specifically cleaved by caspase-8, and they have suc-
ceeded in producing an antibody capable of detecting
the specific cleavage of vimentin.
[0009] That is, the present invention relates to an an-
tibody or a fragment thereof that recognises an Nor C-
terminal fragment of vimentin wherein, the N-terminal
fragment comprises at least 5 amino acid residues from
Asp259 to the N-terminus of vimentin, and wherein, the
C-terminal fragment comprises at least 5 amino acid
residues from Val260 to the C-terminus of vimentin,
characterised in that the antibody or the fragment there-
of reacts with the cleavage product of vimentin obtained
by the cleavage of intact vimentin between Asp259 and
Val260 but does not react with intact vimentin.
[0010] The cleavage product of said vimentin is one
cleaved by action of caspase-8.
[0011] The abovementioned antibody can be either a
polyclonal antibody or a monoclonal antibody
[0012] Said vimentin comprises the sequences set
forth as SEQ ID No. 1, SEQ ID No. 2, SEQ ID No. 3,
SEQ ID No. 4.
[0013] Further, the present invention relates to a
method for preparing a monoclonal antibody or a frag-
ment thereof that reacts with a cleavage product of vi-
mentin that is cleaved between Asp259 and Val260 but
does not react with intact vimentin, comprising the steps
of:

(a) eliciting an immune response in a non-human
mammal by immunisation with an antigen polypep-
tide comprising N- or C-terminal fragments of vi-
mentin wherein, the N-terminal fragment at least 5
amino acid residues from Asp259 to the N-terminus
of vimentin, and wherein, the C-terminal fragment
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comprises at least 5 amino acid residues from
Val260 to the C-teminus of vimentin;
(b) preparing a hybridoma from lymphoid cells of the
host;
(c) selecting a hybridoma which produces a mono-
clonal antibody reacting with a cleavage product of
vimentin but not reacting with intact vimentin and
(d) optionally, the monoclaonla antibody is proc-
essed into a fragment thereof and
(e) obtaining the antibody or the fragment thereof.

[0014] A monoclonal antibody or fragment thereof
otainable by the beforementioned method.
[0015] Further the present invention relates to a meth-
od for preparing a polyclonal antibody that reacts with a
cleavage product of vimentin that is cleaved between
Asp259 and Val260 but does not react with intact vimen-
tin, comprising the steps of:

(a) eliciting an immune response in a non-human
mammal by immunisation with an antigen polypep-
fide comprising N- or C-terminal fragments of vi-
mentin wherein, the N-terminal fragment at least 5
amino acid residues from Asp259 to the N-terminus
of vimentin, and wherein, the C-terminal fragment
comprises at least 5 amino acid residues from
Val260 to the C-terminus of vimentin;
(b) obtaining anti-serum from the blood of the non-
human mammal host; and
(c) obtaining the antibody or a fragment thereof.

[0016] A polyclonal antibody or fragment thereof ob-
tainable by the before mentioned method.
[0017] The cleavage product of vimentin is obtained
by the action of caspase-8 and vimentin comprises the
sequence set forth as SEQ ID No. 1, SEQ ID No. 2, SEQ
ID No. 3, SEQ ID No. 4.
[0018] Further the present invention relates to a meth-
od for detecting caspase activity in vitro or a method for
detecting apoptosis in vitro, comprising allowing the
above mentioned antibody or a fragment thereof to react
with cleavage product of vimentin and detecting the re-
sulting reaction product.
[0019] Furthermore, the present invention relates to
a kit for detecting apoptosis comprising the above men-
tioned antibody or a fragment thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

Figure 1 shows a schematic diagram of the cleav-
age site by caspase in vimentin.
Figures 2 and 3 show photographs of Western blot
analysis.
Figure 4 shows photographs of indirect immunoflu-
orescence staining of apoptotic cells.

DETAILED DESCRIPTION OF THE INVENTION

[0021] The present invention relates to an antibody
specifically recognizing cleavage product of vimentin
but not reacting with the whole vimentin (intact vimen-
tin), a substrate of a caspase (e.g., caspase-8) activated
at the initial stage of apoptosis. To detect the activity of
caspases, the present inventors have produced an an-
tibody reacting with a cleavage site of a substrate
cleaved by a caspase by focusing on changes in the
substrate (vimentin) not on the caspase itself. There-
fore, activation of a caspase can now be detected with
high sensitivity regardless of sample scale, such as tis-
sue and cell. Among amino acid sequences of vimentin
protein, the present inventors have identified an aspartic
acid residue at a specific site which is cleaved by cas-
pase-8. Oligopeptides having a sequence on N-terminal
side or C-terminal side of the aspartic acid residue are
chemically synthesized and used for immunizing a rab-
bit. After several times of immunization, anti-serum is
obtained. Then an antibody that binds strongly to the
oligopeptide used for immunization in anti-serum is pu-
rified. The purified antibody does not bind to an intact
vimentin protein, but specifically bind to a product
cleaved by caspase-8. By using this antibody in the
Western blot analysis and immunostaining of cells and
tissues, the detection of activation of caspse-8 becomes
possible through cleavage of vimentin either in vitro, in
tissue sample or in cell sample.
[0022] The term "antibody" in the present invention
represents the whole antibody molecule or its fragments
(e.g., Fab or F(ab')2 fragment), which can bind to the
cleavage product of vimentin as an antigen. This anti-
body of this invention may be a polyclonal or monoclonal
antibody.
[0023] Antibodies of the present invention can be pro-
duced by various methods. Such production methods of
antibodies are known in the art. (For example, see Har-
low E. & Lane D., Antibody, Cold Spring Harbor Labo-
ratory Press (1988))

1. Preparation of antibodies reacting with cleavage
products of vimentin

(1) Preparation of antigens

[0024] Vimentin on which caspases act is an interme-
diate filament protein, characteristics in mesenchymal
cells, such as fibroblasts and leukocytes.
[0025] Figure 1 is a scheme showing a site of an in-
termediate filament protein, vimentin, to be cleaved by
a caspase when apoptosis is initiated by treatment with
anti-Fas antibody. Caspases used in the present inven-
tion include caspase-8. Caspase-8 recognizes and
cleaves C terminal side of Asp-259 of an amino acid se-
quence of vimentin in a human or mouse (SEQ ID NO:
3 for a human, SEQ ID NO:4 for a mouse). According
to the present invention, the two types of antibody can
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be produced against vimentin protein or peptide which
is cleaved by caspase-8 between Asp-259 and Val-260:
an antibody recognizing the resulting N-terminal frag-
ment (referred to as V1 antibody) and an antibody rec-
ognizing the resulting C-terminal fragment (referred to
as V2 antibody). See Figure 1.
[0026] When the V1 antibody is produced, a protein
or peptide fragment that has the maximum of 259 amino
acid residues, preferably 6 amino acid residues, or more
preferably 5 amino acid residues, from Asp-259 to the
1st Met on the N-terminus among an amino acid se-
quence shown in SEQ ID NO:3 or 4 can be used as an
antigen. Similarly, when the V2 antibody is produced, a
protein or peptide fragment that has the maximum of
207 amino acid residues, preferably 6 amino acid resi-
dues, more preferably 5 amino acid residues, from Val-
260 to Glu-466 on the C-terminus among an amino acid
sequence shown in SEQ ID NO: 3 or 4 can be used as
an antigen. Further to improve the antigenicity, each of
the above protein or peptide fragment is preferably al-
lowed to perform coupling reaction at the terminus other
than the one resulted from the cleavage by a caspase.
It is preferable for facilitating the coupling reaction that
a Cys residue is bound to the protein or peptide terminal.

(2) Production of monoclonal antibodies against
cleavage product of vimentin

(i) Recovery of antibody-producing cells

[0027] Proteins or peptides as produced in (1) are ad-
ministered as antigens to mammals, such as a rat,
mouse, or rabbit. A dosage of the antigen per animal is
0.1 to 100 mg when no adjuvant is used, and 1 to 100
µg when an adjuvant is used. The adjuvants include Fre-
und's complete adjuvant (FCA), Freund's incomplete
adjuvant (FIA), and aluminum hydroxide adjuvant. Im-
munization is principally carried out by intravenous, sub-
cutaneous, or intraperitoneal injection. In addition inter-
vals of immunization are not particularly limited. Immu-
nization is carried out for 1 to 10 times, preferably 2 to
5 times, at intervals of from several days to several
weeks, preferably 2 to 5 week-intervals. One to 60 days,
preferably 1 to 14 days after the final immunization, an-
tibody-producing cells are recovered. Examples of an-
tibody-producing cells include spleen cells, lymph node
cells, peripheral blood cells, preferably spleen cells or
local lymph node cells.

(ii) Cell fusion

[0028] The antibody-producing cells are allowed to
fuse with myeloma cells so as to obtain hybridomas. My-
eloma cells to be fused with the antibody-producing cells
may include generally available established cell lines of
animals, such as a mouse. Preferable established cell
lines used herein have drug selectivity and cannot sur-
vive in HAT selection medium containing hypoxanthine,

aminopterin, and thymidine when unfused, but can sur-
vive therein only when fused with the antibody-produc-
ing cells. Specific examples of myeloma cells include
mouse myeloma cell lines, such as X63Ag.8.653, NSI/
1-Ag4-1, and NS0/1; and rat myeloma cell lines, such
as YB 2/0.
[0029] Next, the myeloma cells are fused with the an-
tibody-producing cells. Briefly, 1 3 106 to 1 3 107cells/
ml of antibody-producing cells are mixed with 2 3 105

to 2 3 106 cells/ml of myeloma cells in an animal cell
culture medium such as serum-free DMEM or RPMI-
1640. Preferable cell ratio of the antibody-producing
cells to myeloma cells is 2 : 1 to 3 : 1. Then, fusion re-
action is performed in the presence of a cell fusion pro-
moter. The cell fusion promotor is, for example polyeth-
ylene glycol of an average molecular weight 1,000 to
6,000 daltons. Further, a commercially available cell fu-
sion device using electric pulse stimulation, e.g., elec-
troporation can be used to fuse antibody-producing cells
with myeloma cells.

(iii) Selection and cloning of the Hybridomas

[0030] Hybridomas of interest are selected from the
fused cells. First, cell suspension is appropriately diluted
with such as RPMI-1640 medium containing fetal calf
serum, about 3 3 105 cells/well are placed in microtiter
plate wells, selection medium is added to each wells,
and the cells are cultured while appropriately replacing
selection medium. Cells growing around 14 days after
the start of cultures in selection medium can be obtained
as hybridomas.
[0031] Next, supernatants from hybridoma cell cul-
tures are examined by screening for the presence of an-
tibody reacting with cleavage product of vimentin.
Screening of hybridomas may be performed by any of
the conventional methods and not particularly limited.
For example, a part of the culture supernatant contained
in a well in which a hybridoma has grown may be col-
lected and subjected to screening using an enzyme im-
munoassay, or radioimmunoassay.
[0032] Cloning of fused cells is performed by the lim-
iting dilution method or the like. Finally, hybridomas
which are cells producing monoclonal antibodies that re-
act with cleavage product of vimentin but not with intact
vimentin are established.

(iv) Recovery of monoclonal antibodies

[0033] Monoclonal antibodies can be recovered from
established hybridomas using conventional methods,
such as a cell culture method, and ascites formation
method.
[0034] In the cell culture method, hybridomas are
grown in culture media for animal cells, such as 10 %
fetal calf serum-containing RPMI-1640 or MEM medi-
um, or serum-free medium under conventional culture
conditions (for example, at 37 °C, under 5 % CO2) for 7

5 6



EP 1 067 142 B1

5

5

10

15

20

25

30

35

40

45

50

55

to 14 days. Then antibodies are recovered from the cul-
ture supernatants.
[0035] In the ascites formation method, about 1 3 107

cells of hybridomas are administered intraperitoneally
to animals belonging to the same species of the mam-
mals from which myeloma cells are derived so that a
large number of hybridomas are grown. After 1 to 2
weeks, ascitic fluid is collected.
[0036] When purification of antibodies is required in
the above described recovery methods, antibodies can
be purified by known methods such as an ammonium
sulfate method, ion exchange chromatography, gel fil-
tration, and affinity chromatography. These methods
may be used independently or in combination.

(3) Production of polyclonal antibodies against the
cleavage product of vimentin

[0037] Antigens prepared as described above are ad-
ministered to mammals, such as a rat, mouse, and rab-
bit. A dosage of antigens per animal is 0.1 to 100 mg
when no adjuvant is used, and 10 to 1,000 pg when ad-
juvant is used. The adjuvants used in this invention in-
clude Freund's complete adjuvant (FCA), Freund's in-
complete adjuvant (FIA), and aluminum hydroxide ad-
juvant. Immunization is principally carried out by intra-
venous, subcutaneous, or intraperitoneal injection. In-
tervals of immunization are not particularly limited. Im-
munization is carried out for 1 to 10 times, preferably 2
to 5 times, at intervals of from a few days to a few weeks,
preferably 2 to 5 week-intervals. Six to 60 days after the
final immunization, antibody titer is measured using ELI-
SA (enzyme-linked immunosorbent assay), EIA (en-
zyme immunoassay) or RIA (radioimmuno assay). On
a day that the maximum antibody titer is shown, blood
is collected to obtain anti-serum.
[0038] Subsequently, reactivity of polyclonal antibod-
ies in anti-serum against the cleavage product of vimen-
tin is measured by ELISA. Polyclonal antibodies show-
ing strong reactivity against the cleavage product of vi-
mentin but showing no reactivity against intact vimentin
are selected.
[0039] For example, polyclonal antibodies in anti-se-
rum are applied to an affinity column to which the cleav-
age product of vimentin is fixed, thereby recovering an-
tibodies (column adsorption fraction) reacting with the
cleavage product of vimentin. Then the resulting anti-
bodies are applied to an affinity column fixed with intact
vimentin, thereby recovering antibodies that do not ad-
sorb but flow out are recovered. Finally obtained anti-
bodies are subjected to ELISA to confirm whether they
react with the cleavage product of vimentin but do not
react with intact vimentin.

2. Method for detecting apoptosis

[0040] The above antibody may be used to detect (e.
g., quantify) the cleavage product of vimentin in the

present invention. For example, a sample containing the
cleavage product of vimentin may be incubated with the
monoclonal antibody or polyclonal antibody of the
present invention, followed by an anti-mouse IgG anti-
body labeled with an enzyme such as horseradish per-
oxidase (HRP). The amount of the cleavage product of
vimentin in the sample may be determined by measur-
ing the intensity of color developed during the enzymatic
reaction using a measuring device. The measured value
can be used as an indicator for detecting the activity of
caspase. A greater value measured represents an in-
creased activity of caspase, indicating that apoptosis of
the test cell has progressed.
[0041] The antibody of the present invention may also
be used to detect apoptosis by reacting the antibody
with cells in a biological sample. For example, the sam-
ple to be assayed may be incubated with the above an-
tibody. The cleavage product of vimentin present in the
sample may be detected and quantified by using an anti-
mouse IgG antibody labeled with horseradish peroxi-
dase (HRP) according to conventional methods.
[0042] A measured value greater than negative con-
trol indicates a higher activity of caspase. On the con-
trary, a measured value less than positive control indi-
cates a lower activity of caspase. These measured val-
ues can be used as data for determining the progression
of apoptosis. For example, they may be used as indica-
tors of the progression of autoimmune diseases such as
systemic lupus erythematosus (SLE), autoimmune
hemolytic anemia and Basedow's disease or acquired
immunodeficiency syndrome (AIDS).

3. Reagent containing the antibody of the present
invention

[0043] The antibody against the cleavage product of
vimentin may be used as various reagents in the present
invention. For example, when the antibody is used as a
reagent for detecting the cleavage product of vimentin,
the detection may be carried out using the procedure
shown in Section 2 above. The reagent according to the
present invention may include, for example, an anti-
mouse IgG antibody labeled with HRP, an anti-rabbit
IgG antibody labeled with HRP, a substrate for HRP and
a buffer, as well as the above antibody.
[0044] Alternatively, when the antibody of the present
invention is used as a reagent for immunohistochemical
staining, the detection may be carried out according to
a conventional procedure for immunohistochemical
staining. In this case, the reagent according to the
present invention may include, for example, an anti-
mouse IgG antibody labeled with HRP, a fluorescently
labeled anti-mouse IgG antibody, a substrate for HRP
and a buffer, as well as the above antibody. For example,
various tissue microscopic sections obtained by biopsy
of SLE patient may be prepared by conventional meth-
ods to react with the antibody of the present invention.
These sections may be incubated with an anti-mouse
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IgG antibody labeled with horseradish peroxidase
(HRP) as a secondary antibody and then treated with a
substrate 3,3'-diaminobenzidine to develop brown. The
brown area found in the section indicates that caspase
has become active in this area.

EXAMPLES

[0045] The present invention is further described in
the following examples. These examples are provided
for illustrative purposes only, and are not intended to lim-
it the scope of the invention.

Example 1: Preparation of Antibodies

(a) Materials

[0046] Peptides used for immunization were obtained
from Biologica Co. (Nagoya, Japan). Activated hemocy-
anin (Imject Maleimide-KLH) was obtained from Pierce
(Rockford, IL, USA). FMP-activated cellulofine was ob-
tained from Seikagaku Corp. (Tokyo, Japan). Other bi-
ochemical reagents were obtained from Sigma-Aldrich
Japan (Tokyo, Japan).

(b) Coupling of Chemically Synthesized Peptides to
Carrier Proteins

[0047] Synthesized peptides (2 mg) were dissolved in
Dulbecco's phosphate buffer (hereinafter referred to as
PBS; Harlow E. & Lane, D. (1988) "Antibody" Cold
Spring Harbor Laboratory Press, Cold Spring Harbor,
NY, USA). These peptides have the following sequenc-
es, respectively: Cys-Gln-Ile-Asp-Val-Asp (SEQ ID NO:
1; referred to as sequence V1) and Val-Ser-Lys-Pro-
Asp-Cys (SEQ ID NO: 2; referred to as sequence V2).
[0048] Sequences V 1 and V2 correspond to five ami-
no acid residues that are immediately N- and C-terminal
to the cleavage site by caspase-8 in vimentin protein,
respectively and each having Cys residue for coupling
reaction at the terminus other than the cleavage site by
caspase-8 (Figure 1). Sequences V1 and V2 were dis-
solved in 400 µl and 200 µl PBS, respectively. Each so-
lution was mixed with 200 µl of activated hemocyanin
(Imject Maleimide-KLH) to start coupling reaction. Each
reaction mixture was rotated gently at room temperature
for 2.5 hours. The reaction product was dialyzed against
PBS at 4 °C to remove unreacted peptides. The result-
ing peptide-carrier conjugate was diluted with PBS to a
final volume of 5 ml.

(c) Immunization

[0049] The above peptide-carrier conjugate was
mixed well with Freund's adjuvant (Harlow E. & Lane,
D. (1988) "Antibody" Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, NY, USA) and subcutane-
ously injected into a New Zealand white rabbit for im-

munization. The peptide-carrier conjugate containing
400 µg of the peptide was used per injection. The rabbit
was immunized for 4 times at days 1, 9, 22 and 31. The
circulating blood was collected after 8 days of the final
immunization to prepare antiserum by conventional
methods.

(d) Preparation of Affinity Column for Purifying Specific
Antibodies

[0050] 0.3 g of an activated resin (FMP-activated cel-
lulofine) were swelled in distilled water (50 ml) and filled
into Econo-Column (Bio-Rad, Hercules, CA, USA). The
resin in the column was further washed with 10 ml dis-
tilled water. One milligram of the synthesized peptide
(sequence V 1 or V2) was dissolved in 10 ml coupling
buffer (50 mM Na2CO3/NaHCO3, pH 8.5) and mixed
with the resin in the column to start coupling reaction.
The coupling reaction continued overnight at 4 °C with
rotation. The resin was further incubated with 20 ml
blocking buffer (50 mM Tris-HCL, pH 8.0, 0.1 M mo-
noethanolamine) at room temperature for 4 hours with
rotation in order to block unreacted resin. Subsequently,
unreacted peptides were removed by washing sequen-
tially with the following solutions (20 ml each): 1) distilled
water; 2) 0.1M Gly-HCl (pH 2.5); 3) distilled water; 4)
washing buffer (20 mM Tris-HCl, pH 7.5, 1 M NaCl, 1%
Triton X-100) and 5) distilled water.
[0051] The affinity column prepared was washed with
10 ml elution buffer (0.1 M Gly-HCl, pH 2.5), 10 ml dis-
tilled water, followed by 20 ml TBS (20 mM Tris-HCl, pH
7.5, 0.15 M NaCl) immediately before used for affinity
purification.

(e) Affinity Purification of Specific Antibodies from
Antisera

[0052] The antiserum (3 ml for sequence V1, 6 ml for
sequence V2) was loaded on the above column and
mixed well with affinity resin therein. The column was
allowed to stand at room temperature for 1 hour to cause
binding the antibodies to the resin. To remove non-spe-
cifically bound proteins, the column was washed se-
quentially with the following solutions: 1) 10 ml TBS; 2)
30 ml washing buffer (supra); 3) 30 ml TBS and 4) 10
ml of 0.15 M NaCl. The specific antibodies were eluted
with 4 ml elution buffer (supra). The protein fraction elut-
ed from the column was mixed immediately with 1 M Tris
(0.2 ml) on ice to recover its pH to a neutral range.
[0053] Finally, 4 ml of anti-V1 antibody (2.75 mg/ml)
and anti-V2 antibody (0.15 mg/ml) were obtained, re-
spectively. These purified antibodies were divided into
aliquots and stored frozen at -20 °C.

Example 2: Western Blot Analysis Using Specific
Antibodies

[0054] Human T cell line Jurkat or SKW6.4 (4 3 105
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cells/ml) was induced to undergo apoptosis by treat-
ment with 200 ng/ml anti-Fas antibody (Medical & Bio-
logical Laboratories Co., Ltd., Nagoya, Japan). The
treatment continued for 0 to 8 hours at the longest du-
ration. The cells (2 3 106 each) were collected by cen-
trifugation (1,000 rpm/min, 5 min) and then suspended
in PBS. The cells were centrifuged again under the
same condition as defined above to remove culture me-
dium in the sample. Each cell sample was ultrasonically
treated for 20 seconds in 40 µl sample buffer (62.5 mM
Tris-HCl, pH 6.8, 6 M Urea, 2% sodium dodecylsulfate
(SDS), 10% glycerol, 0.003% bromophenol blue) for
SDS-polyacrylamide gel electrophoresis. Proteins in
each cell lysate sample were separated on 12% poly-
acrylamide gel electrophoresis (Laemmli, U.K. (1970)
Nature, 227, 680-685) and transferred onto a nitrocellu-
lose membrane using Semidry Blot transfer device (Ni-
hon EIDO, Tokyo, Japan) to form Western blots.
[0055] The Western blots were immunostained by en-
zyme chemiluminescence labelling method (ECL) (Har-
low E. & Lane, D. (1988) "Antibody" Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY, USA). A pri-
mary antibody was a commercially available anti-vimen-
tin antibody V9 (8.8 µg/ml, Sigma-Aldrich Japan, Tokyo,
Japan) or the anti-V1 or V2 antibody (0.2 µg/ml). A sec-
ondary antibody was an anti-mouse or rabbit IgG anti-
body labeled with horseradish peroxidase (1000-fold di-
lution, Cappel, Durham, NC, USA). Following incubation
with the secondary antibody, the Western blots were vis-
ualized using ECL Plus kit (Amersham Japan, Tokyo,
Japan). Immunostaining was carried out according to
the manufacturer's instruction. The results are shown in
Figs. 2 and 3.
[0056] Figure 2 shows Western blots of Jurkat cell
lysate treated with the anti-Fas antibody. Following elec-
trophoresis, the blots were immunostained with the anti-
vimentin antibody (V9). Upon treatment with the anti-
Fas antibody for several hours, caspases cleaved vi-
mentin (58 kDa) at the maximum of three sites into frag-
ments of different size.
[0057] When the lysate of cells undergoing apoptosis
was subjected to Western blot analysis using the anti-
V1 or V2 antibody, these antibodies specifically stained
only vimentin fragments generated by cleavage of the
sequence Ile-Asp-Val-Asp (Figure 3). The anti-V1 anti-
body detected 30 kDa and 19.5 kDa fragments, while
the anti-V2 antibody detected 27 kDa and 21 kDa frag-
ments because other caspases caused further fragmen-
tation almost simultaneously with or subsequently to the
fragmentation by caspase-8. On the other hand, neither
the anti-V1 nor V2 antibody reacted with intact vimentin
(58 kDa) that did not undergo cleavage (see Figure 3,
Lane of hour 0). Hence, Figure 3 shows that the antibody
of the present invention recognizes only vimentin frag-
ments found in cells undergoing apoptosis.

Example 3: Indirect Immunofluorescence Staining of
Apoptotic Cells with Specific Antibodies

[0058] Human T cell line Jurkat (4 3 105 cells/ml) was
induced to undergo apoptosis by treatment with 200 ng/
ml anti-Fas antibody (Medical & Biological Laboratories
Co., Ltd., Nagoya, Japan). Following the treatment for
6 hours, the cells (1.5 3 106) were collected by centrif-
ugation (1,000 rpm/min, 5 min) and then suspended in
PBS. The cells were centrifuged again under the same
condition as defined above to remove culture medium
in the sample.
[0059] The collected cells were fixed in cold methanol
at -20 °C for 2 min. The fixed cells were washed with
PBS and subjected to indirect immunofluorescence
staining (Harlow E. & Lane, D. (1988) "Antibody" Cold
Spring Harbor Laboratory Press, Cold Spring Harbor,
NY, USA). First, the cells were incubated with the anti-
V1 or V2 antibody (0.2 µg/ml, in PBS containing 3% bo-
vine serum albumin) at room temperature for 1 hour and
washed with PBS to remove unbound antibodies. Next,
a fluorescently labeled anti-rabbit IgG antibody (Alexa
448, Molecular Probes, Eugene, Oregon, USA) was
used as a secondary antibody, which was diluted
500-fold and added to the above cells for incubation at
room temperature for 30 min. The cells were washed
with PBS to remove unbound secondary antibodies.
PBS had contained a DNA-staining reagent DAPI (0.1
µg/ml, Sigma-Aldrich) in order to visualize nuclear chro-
mosomes. The cells were then examined by Fluores-
cence Microscope IX70 (Olympus Optical Co., Ltd., To-
kyo, Japan).
[0060] The results are shown in Figure 4. Figure 4
shows a photograph of the cells are fluorescently
stained with the anti-V2 antibody. The apoptotic cells
could be identified by condensation and fragmentation
of their nucleus when visualized using DAPI (see small
arrows in Figure 4). The anti-V2 antibody was found to
specifically stain only cells undergoing apoptosis. Cells
that do not undergo apoptosis (see large arrows in Fig-
ure 4) are not stained with the anti-V2 antibody. As a
control, Jurkat cells untreated with the anti-Fas antibody
were similarly examined, indicating that none of these
cells were stained with the anti-V2 antibody.
[0061] The antibody of the present invention was
shown to react only with the cleavage product of vimen-
tin, but not with intact vimentin.
[0062] The present invention can achieve the detec-
tion of the actual cleavage of substrates by caspase re-
gardless of sample scale such as protein, cell or tissue.
Hence, the present invention enables one 1) to observe
the conversion of caspase-8 from its precursor into its
active form; 2) to find the active form of caspase-8 to
actually function in place within the cell; and 3) to selec-
tively distinguish the cells in which caspase-8 has be-
come active in cell populations.
[0063] The present invention provides the antibody
that react with the cleavage product of vimentin, but not
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with intact vimentin. By using the antibody of the present
invention, the initiator caspase that is in active form and
is cleaving proteins can be identified by detecting the
cleavage product of vimentin.
[0064] Vimentin is highly expressed in various devel-
oping tissues. Also, increased expression of vimentin is
often observed when the tissue becomes cancerous.
Accordingly, the antibody of the present invention can
be a useful reagent for examining caspase activity in de-
veloping tissues or cancer cells, for detecting apoptosis,
or for deciding therapeutic regimens for apoptosis-relat-
ed disease.

Free text of Sequence Listing

[0065]

SEQ ID NO.: 1: Synthetic peptide
SEQ ID NO.: 2: Synthetic peptide

Claims

1. An antibody or a fragment thereof that recognises
an N- or C-terminal fragment of vimentin

wherein, the N-terminal fragment comprises
at least 5 amino acid residues from Asp259 to the
N-terminus of vimentin,

and wherein, the C-terminal fragment com-
prises at least 5 amino acid residues from Val260
to the C-terminus of vimentin,

characterised in that the antibody or the
fragment thereof reacts with the cleavage product
of vimentin obtained by the cleavage of intact vi-
mentin between Asp259 and Val260 but does not
react with intact vimentin.

2. The antibody or a fragment thereof according to
claims 1 wherein the cleavage product of vimentin
is obtained by the action of caspase-8.

3. The antibody or a fragment thereof or the fragment
thereof according to claim 1 or claim 2 wherein vi-
mentin comprises the sequence set forth as SEQ
ID No.1, SEQ ID No.2, SEQ ID No.3 or SEQ ID No.
4.

4. The antibody or the fragment thereof according to
any one of claims 1 to 3, wherein the antibody is a
polyclonal antibody or a monoclonal antibody.

5. A method for preparing a monoclonal antibody or a
fragment thereof that reacts with a cleavage prod-
uct of vimentin that is cleaved between Asp259 and
Val260 but does not react with intact vimentin, com-
prising the steps of:

(a) eliciting an immune response in a non-hu-

man mammal by immunisation with an antigen
polypeptide comprising N- or C-terminal frag-
ments of vimentin

wherein, the N-terminal fragment com-
prises at least 5 amino acid residues from
Asp259 to the N-terminus of vimentin,

and wherein, the C-terminal fragment
comprises at least 5 amino acid residues from
Val260 to the C-terminus of vimentin;

(b) preparing a hybridoma from lymphoid cells
of the host;

(c) selecting a hybridoma which produces a
monoclonal antibody reacting with a cleavage
product of vimentin but not reacting with intact
vimentin; and

(d) optionally, the monoclonal antibody is proc-
essed into a fragment thereof; and

(e) obtaining the antibody or the fragment
thereof.

6. A method for preparing a polyclonal antibody that
reacts with a cleavage product of vimentin which is
cleaved between Asp259 and Val260 but does not
react with intact vimentin, comprising the steps of:

(a) eliciting an immune response in a non-hu-
man mammal by immunisation with an antigen
polypeptide comprising N- or C-terminal frag-
ments of vimentin cleaved between Asp259
and Val260

wherein, the N-terminal fragment com-
prises at least 5 amino acid residues from
Asp259 to the N-terminus of vimentin,

and wherein, the C-terminal fragment
comprises at least 5 amino acid residues from
Val260 to the C-terminus of vimentin;

(b) obtaining anti-serum from the blood of the
non-human mammal host; and

(c) obtaining the antibody or the fragment there-
of.

7. A method according to claim 6 wherein the cleav-
age product of vimentin is obtained by the action of
a caspase-8.

8. A method according to claim 6 or claim 7 wherein
vimentin comprises the sequence set forth as SEQ
ID No. 1, SEQ ID No. 2, SEQ ID No.3 or SEQ ID
No.4.

9. A monoclonal antibody or a fragment thereof ob-
tainable by the method according to any one of
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claim 5.

10. A polyclonal antibody or a fragment thereof obtain-
able by the method according to any one of claims
6 to 8.

11. A method for detecting caspase activity in vitro,
wherein the caspase recognises and cleaves vi-
mentin between Asp259 and Val260, comprising
the steps of:

(a) allowing the antibody or the fragment there-
of of any one of claims 1 to 4 to react with a
cleavage product of vimentin; and

(b) detecting the resulting reaction product.

12. A method for detecting apoptosis in vitro comprising
the steps of:

(a) allowing the antibody or the fragment there-
of of any one of claims 1 to 4 to react with a
cleavage product of vimentin that is cleaved be-
tween Asp259 and Val260 by a caspase; and

(b) detecting the resulting reaction product.

13. A kit for detecting apoptosis comprising the anti-
body or the fragment of any one of claims 1 to 4.

14. A kit according to claim 13 comprising a first anti-
body, a second antibody labelled with an enzyme,
substrate and buffer.

Patentansprüche

1. Antikörper oder ein Fragment davon, der ein N-
oder C-terminales Fragment von Vimentin erkennt,
wobei das N-terminale Fragment wenigstens 5 Ami-
nosäurereste von Asp259 bis zu dem N-Terminus
von Vimentin umfaßt
und wobei das C-terminale Fragment wenigstens 5
Aminosäurereste von Val260 bis zu dem C-Termi-
nus von Vimentin umfaßt,
dadurch gekennzeichnet, daß der Antikörper
oder das Fragment davon mit dem Spaltprodukt von
Vimentin, das durch die Spaltung von intaktem Vi-
mentin zwischen Asp259 und Val260 erhalten wird,
reagiert, aber nicht mit intaktem Vimentin reagiert.

2. Antikörper oder ein Fragment davon nach Anspruch
1, wobei das Spaltprodukt von Vimentin durch die
Wirkung von Caspase-8 erhalten wird.

3. Antikörper oder ein Fragment davon oder das Frag-
ment davon nach Anspruch 1 oder Anspruch 2, wo-
bei Vimentin die als SEQ ID No. 1, SEQ ID No. 2,

SEQ ID No. 3 oder SEQ ID No. 4 angegebene Se-
quenz umfaßt.

4. Antikörper oder Fragment davon nach einem der
Ansprüche 1 bis 3, wobei der Antikörper ein poly-
klonaler Antikörper oder ein monoklonaler Antikör-
per ist.

5. Verfahren zur Herstellung eines monoklonalen An-
tikörpers oder eines Fragmentes davon, der mit ei-
nem Spaltprodukt von Vimentin, das zwischen
Asp259 und Val260 gespalten ist, reagiert, aber
nicht mit intaktem Vimentin reagiert, mit den Stufen,
in denen man

(a) durch Immunisierung mit einem antigenen
Polypeptid mit N- oder C-terminalen Fragmen-
ten von Vimentin eine Immunantwort in einem
nicht-menschlichen Säuger auslöst,
wobei das N-terminale Fragment wenigstens 5
Aminosäurerestevon Asp259 bis zu dem N-Ter-
minus von Vimentin umfaßt
und wobei das C-terminale Fragment wenig-
stens 5 Aminosäurereste von Val260 bis zu
dem C-Terminus von Vimentin umfaßt,

(b) ein Hybridom aus Lymphoidzellen des Wirts
herstellt,

(c) ein Hybridom auswählt, welches einen mo-
noklonalen Antikörper produziert, der mit ei-
nem Spaltprodukt von Vimentin aber nicht mit
intaktem Vimentin reagiert, und

(d) optional den monoklonalen Antikörper zu ei-
nem Fragment davon verarbeitet und

(e) den Antikörper oder das Fragment davon
gewinnt.

6. Verfahren zur Herstellung eines polyklonalen Anti-
körpers, der mit einem Spaltprodukt von Vimentin,
welches zwischen Asp259 und Val260 gespalten
ist, aber nicht mit intaktem Vimentin reagiert, mit
den Stufen, in denen man

(a) durch Immunisierung mit einem antigenen
Polypeptid, das N- oder C-terminale Fragmen-
te von Vimentin, welches zwischen Asp259 und
Val260 gespalten ist, umfaßt, eine Immunant-
wort in einem nicht-menschlichen Säuger aus-
löst,
wobei das N-terminale Fragment wenigstens 5
Aminosäurerestevon Asp259 bis zu dem N-Ter-
minus von Vimentin umfaßt,
und wobei das C-terminale Fragment wenig-
stens 5 Aminosäurereste von Val260 bis zu
dem C-Terminus von Vimentin umfaßt,
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(b) Antiserum aus dem Blut des nicht-mensch-
lichen Säugers gewinnt und

(c) den Antikörper oder das Fragment davon
gewinnt.

7. Verfahren nach Anspruch 6, wobei das Spaltpro-
dukt von Vimentin durch die Wirkung von Caspase-
8 erhalten wird.

8. Verfahren nach Anspruch 6 oder Anspruch 7, wobei
Vimentin die als SEQ ID No. 1, SEQ ID No. 2, SEQ
ID No. 3 oder SEQ ID No. 4 angegebene Sequenz
umfaßt.

9. Monoklonaler Antikörper oder Fragment davon, er-
hältlich nach dem Verfahren gemäß Anspruch 5.

10. Polyklonaler Antikörper oder Fragment davon, er-
hältlich nach dem Verfahren gemäß einem der An-
sprüche 6 bis 8.

11. Verfahren zum Detektieren von Caspase-Aktivität
in vitro, wobei die Caspase Vimentin erkennt und
zwischen Asp259 und Val260 spaltet, mit den Stu-
fen, in denen man

(a) den Antikörper oder das Fragment davon
nach einem der Ansprüche 1 bis 4 mit einem
Spaltprodukt von Vimentin reagieren läßt und

(b) das resultierende Reaktionsprodukt fest-
stellt.

12. Verfahren zum Feststellen von Apoptose in vitro mit
den Stufen, in denen man

(a) den Antikörper oder das Fragment davon
nach einem der Ansprüche 1 bis 4 mit einem
Spaltprodukt von Vimentin, das von einer Cas-
pase zwischen Asp259 und Vat260 gespalten
ist, reagieren läßt und

(b) das resultierende Reaktionsprodukt fest-
stellt.

13. Kit für die Detektion von Apoptose, welches den An-
tikörper oder das Fragment nach einem der Ansprü-
che 1 bis 4 umfaßt.

14. Kit nach Anspruch 13, welches einen ersten Anti-
körper, einen zweiten Antikörper, der mit einem En-
zym markiert ist, Substrat und Puffer umfaßt.

Revendications

1. Anticorps ou un de ses fragments qui reconnaît un

fragment N- ou C-terminal de la vimentine
le fragment N-terminal comprenant au moins

5 résidus d'aminoacides de Asp259 jusqu'à l'extré-
mité N-terminale de la vimentine,

et le fragment C-terminal comprenant 5 rési-
dus d'aminoacides de Val260 jusqu'à l'extrémité C-
terminale de la vimentine,

ledit anticorps ou son fragment étant carac-
térisé en ce qu'il réagit avec le produit de clivage
de la vimentine obtenu par clivage de la vimentine
intacte entre Asp259 et Val260, mais ne réagit pas
avec la vimentine intacte.

2. Anticorps ou un de ses fragments suivant la reven-
dication 1, le produit de clivage de la vimentine étant
obtenu par l'action de la caspase-8.

3. Anticorps ou un de ses fragments ou son fragment
suivant la revendication 1 ou la revendication 2, la
vimentine comprenant la séquence indiquée en tant
que SEQ ID N° 1, SEQ ID N° 2, SEQ ID N° 3 ou
SEQ ID N° 4.

4. Anticorps ou un de ses fragments suivant l'une
quelconque des revendications 1 à 3, ledit anticorps
étant un anticorps polyclonal ou un anticorps mo-
noclonal.

5. Procédé pour la préparation d'un anticorps mono-
clonal ou d'un de ses fragments qui réagit avec le
produit de clivage de la vimentine qui est clivée en-
tre Asp259 et Val260 mais qui ne réagit pas avec la
vimentine intacte, comprenant les étapes
consistant :

(a) à engendrer une réponse immunitaire chez
un mammifère non humain par immunisation
avec un polypeptide antigénique comprenant le
fragment N-terminal ou le fragment C-terminal
de la vimentine

le fragment N-terminal comprenant au
moins 5 résidus d'aminoacides de Asp259 jus-
qu'à l'extrémité N-terminale de la vimentine,

et le fragment C-terminal comprenant au
moins 5 résidus d'aminoacides de Val260 jus-
qu'à l'extrémité C-terminale de la vimentine ;
(b) à préparer un hybridome à partir de cellules
lymphoïdes de l'hôte ;
(c) à sélectionner un hybridome qui produit un
anticorps monoclonal réagissant avec un pro-
duit de clivage de la vimentine mais ne réagis-
sant pas avec la vimentine intacte ; et
(d) facultativement, à transformer l'anticorps
monoclonal en un de ses fragments ; et
(e) à obtenir l'anticorps ou son fragment.

6. Procédé pour la préparation d'un anticorps polyclo-
nal qui réagit avec un produit de clivage de la vi-
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mentine qui est clivée entre Asp259 et Val260 mais
qui ne réagit pas avec la vimentine intacte, compre-
nant les étapes consistant :

(a) à engendrer une réponse immunitaire chez
un mammifère non humain par immunisation
avec un polypeptide antigénique comprenant
un fragment N-terminal ou un fragment C-ter-
minal de la vimentine clivée entre Asp259 et
Val260,

le fragment N-terminal comprenant au
moins 5 résidus d'aminoacides de Asp259 jus-
qu'à l'extrémité N-terminale de la vimentine,

et le fragment C-terminal comprenant au
moins 5 résidus d'aminoacides de val260 jus-
qu'à l'extrémité C-terminale de la vimentine ;
(b) à obtenir un antisérum à partir du sang du
mammifère hôte non humain ; et
(c) à obtenir l'anticorps ou son fragment.

7. Procédé suivant la revendication 6, dans lequel le
produit de clivage de la vimentine est obtenu par
l'action de la caspase-8.

8. Procédé suivant la revendication 6 ou la revendica-
tion 7, dans lequel la vimentine comprend la sé-
quence indiquée en tant que SEQ ID N° 1, SEQ ID
N° 2, SEQ ID N° 3 ou SEQ ID N° 4.

9. Anticorps monoclonal ou un de ses fragments pou-
vant être obtenu par le procédé suivant l'une quel-
conque des revendications 5 à 8.

10. Anticorps polyclonal ou un de ses fragments pou-
vant être obtenu par le procédé suivant l'une quel-
conque des revendications 6 à 8.

11. Méthode pour la détection de l'activité de caspase
in vitro, dans laquelle la caspase reconnaît et clive
la vimentine entre Asp259 et Val260, comprenant
les étapes consistant :

(a) à laisser l'anticorps ou son fragment suivant
l'une quelconque des revendications 1 à 4 réa-
gir avec un produit de clivage de la vimentine ;
et
(b) à détecter le produit de réaction résultant.

12. Méthode pour détecter une apoptose in vitro, com-
prenant les étapes consistant :

(a) à laisser l'anticorps ou son fragment suivant
l'une quelconque des revendications 1 à 4 réa-
gir avec un produit de clivage de la vimentine
qui est clivée entre Asp259 et Val260 par une
caspase ; et
(b) à détecter le produit de réaction résultant.

13. Kit pour la détection d'une apoptose, comprenant
l'anticorps ou son fragment suivant l'une quelcon-
que des revendications 1 à 4.

14. Kit suivant la revendication 13, comprenant un pre-
mier anticorps, un second anticorps marqué avec
une enzyme, un substrat et un tampon.
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