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(57) ABSTRACT

[Problems] To provide a marker which is useful in diagnosing
leukemia and a method of using the same.

[Means for Solving Problems] A method of detecting a leu-
kemia cell which comprises detecting a CD34-positive cell
being negative in DOCK 180 expression from a blood speci-
men. According to this method, a DOCK180 expression pat-
tern specific to a tumor cell in leukemia, in particular, acute
leukemia is confirmed so that information which is useful in
diagnosing leukemia and monitoring and determining the
severity and degree of recovery of the same by a doctor can be
obtained by a convenient procedure using blood specimens
and thus provided.

10 Claims, 5 Drawing Sheets
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Fig. 3

Typs of disease Onsst / Recurrent DOCK180
1 ALL Onset 141
2 ALL Onset §
3 ALL Onset 0
4 ALL Recurrent 0
5 ALL Recurrent 1
6 ALL Recurrent 27
7 ALL Recurrent 0
8 AML Onset 751
9 AML Onsset 178
10 AML Onset 1488
11 AML Onset 30
12 AML Onset 7
13 AML Onset 0
14 AML Onset 1
15 AML Onsst 3
16 AML Onset 2
17 AML Onsst 68
18 AML Onset
18 AML Onset 1
20 AML Onset 7
21 AML Onset 273
22 AML Recurrent 4346
23 AML Recurrent 147
24 | CML, acute blastic crisis Recurrent 40
25 | CML. acute blastic crisis Recurrent 1740
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1
METHOD OF DETECTING LEUKEMIC CELL

TECHNICAL FIELD

The present invention relates to a method of detecting
leukemia, specifically acute leukemia, and a kit used in
detecting leukemia.

BACKGROUND ART

Leukemia is a disease which belongs to hematologic
malignancy, in which tumorigenic hemopoietic cells prolif-
erate unlimitedly and appear in the blood. The disease called
leukemia is mostly caused by tumorigenic leukoblasts, as
well as by tumorigenic erythron and thrombocytic cells. In
leukemia, there is a case that blood cells stop differentiation at
a certain stage of differentiation or maturation, and undiffer-
entiated blast cells in an upstream thereof proliferate to form
tumor, while there is another case that blood cells retain an
ability of differentiation or maturation despite deviation of
biological regulatory ability and sign of autonomous growth.
The former case corresponds to acute leukemia and the latter
case to chronic leukemia or myelodysplastic syndromes
(MDS). Though causes and pathogenic mechanisms are
mostly unknown, it is vital to detect and treat leukemia at an
early stage.

Leukemia is diagnosed e.g. by morphological observation
of ablood cell, chromosomal test, or surface antigen analysis
of ablood cell using flow cytometry. Meanwhile, concerning
leukemia having chromosomal aberration or genetic aberra-
tion, PCR using disease-specific primer or RT-PCR is per-
formed. It is also reported that the findings of quantitative
RT-PCR of Wilms tumor gene 1 (WT-1) reflect the amount of
tumor cells in leukemia (Non-Patent Document 1).

As stated above, leukemia treatment essentially requires
early identification/detection, specifically that of leukemia or
leukemia cells. Accordingly, this medical treatment heavily
involves information of residual tumor cells (minimal
residual disease (MRD)), found in e.g. the blood, particularly
a bone marrow fluid, and its volume to judge therapeutic
effects and determine required treatment policies.

Nevertheless, since morphological observation of a blood
cell can confirm the existence of a tumor cell when its volume
comes to a considerable amount, it is not appropriate for early
detection of leukemia or detection of residual tumor cells.
Surface antigen analysis of a blood cell using flow cytometry
is expected to be effective in e.g. early detection of a tumor
cell due to its favorable detection sensitivity and so on. Also,
this analysis technique needs selecting a combination of cell
surface antigens which are specific to a tumor cell and found
on the surface thereof to be diagnosed. According to a quan-
titative RT-PCR of Wilms tumor gene 1 (WT-1), some cases
demonstrated no expression level of the gene.

From the above observations, a method of examining leu-
kemia in an easy and correct manner, particularly a method of
examining leukemia having quantitativeness and less false
positive, which is common to many kinds of leukemia, is
constantly desired to be established.

Non-Patent Document 1
K. Inoue et al., Blood, 84 (9) 3071-3079 (1994)

DISCLOSURE OF THE INVENTION
Problem to be Solved by the Invention

The present invention provides a method of detecting leu-
kemiaora leukemia cell in an easy and correct manner having
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2

quantitativeness and less false positive, using a selectable
marker in leukemia, specifically in acute leukemia.

Means for Solving the Problem

The inventors found that concerning leukemia associated
with a tumorigenic CD34-positive cell, DOCK180 expres-
sion which is observed in a normal CD34-positive cell
declines or disappears and completed the following invention
based on the related findings.

(1) A method of detecting a leukemia cell, comprising a step
of detecting a CD34-positive cell whose expression of
DOCKI180 is negative in a blood specimen.

(2) The method of detecting a leukemia cell according to item
(1), wherein a CD34-positive cell whose expression of
DOCKI180 is negative is detected according to an immuno-
logical detection method using an anti-CD?34 antibody and an
anti-DOCK 180 antibody.

(3) The method of detecting a leukemia cell according to item
(1) or (2), wherein a leukemia cell is an acute leukemia cell.
(4) The method of detecting a leukemia cell according to item
(3), wherein an acute leukemia cell is an acute lymphocytic
leukemia cell.

(5) A kit for detecting a leukemia cell, comprising an anti-
DOCK180 antibody.

(6) The kit for detecting a leukemia cell according to (5),
furthermore comprising an anti-CD34 antibody.

(7) A method of examining the degree of progression or
regression of leukemia, comprising steps of detecting a
CD34-positive cell whose expression of DOCK180 is nega-
tivein a blood specimen and measuring the proportion of said
CD34-positive cells whose expression of DOCK180 is nega-
tiveto CD34-positive cells whose expression of DOCK180 is
normal.

(8) The method of examining the degree of progression or
regression of leukemia according to (7), wherein CD34-posi-
tive cells whose expression of DOCK180 is normal and
CD34-positive cells whose expression of DOCK 180 is nega-
tive are detected according to an immunological detection
method using an anti-CD34 antibody and an anti-DOCK 180
antibody.

(9) The method of examining the degree of progression or
regression of leukemia according to item (7) or (8), wherein
leukemia is acute leukemia.

(10) The method of examining the degree of progression or
regression of leukemia according to item (9), wherein acute
leukemia is acute lymphocytic leukemia.

(11) Akit for examining the degree of progression or recovery
of leukemia, comprising an anti-DOCK180 antibody.

(12) The kit for examining the degree of progression or recov-
ery of leukemia according to item (11), furthermore compris-
ing an anti-CD34 antibody.

(13) A method of detecting leukemia, furthermore compris-
ing a step of measuring an expression level of DOCK180ina
CD34-positive cell in a blood specimen.

(14) The method of detecting leukemia according to item
(13), wherein an expression level of DOCK180 in a CD34-
positive cell in a blood specimen is measured, using an
expression level of DOCK180 in a CD34-positive cell in a
healthy blood specimen as an index value.

(15) The method of detecting leukemia according to item (13)
or (14), wherein leukemia is acute leukemia.

(16) The method of detecting leukemia according to item
(15), wherein acute leukemia is acute lymphocytic leukemia.
(17) A kit for detecting leukemia, comprising a nucleic acid
that hybridizes with DNA encoding an anti-DOCK180 anti-
body or DOCK180.
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(18) The kit for detecting leukemia according to item (17),
furthermore comprising an anti-CD34 antibody.

(19) A method of examining the degree of progression or
regression of leukemia, comprising a step of measuring an
expression level of DOCK180 in a CD34-positive cell in a
blood specimen.

(20) The method of examining the degree of progression or
regression of leukemia according to item (19), wherein an
expression level of DOCK180 in a CD34-positive cell in a
blood specimen is measured, using an expression level of
DOCK180 in a CD34-positive cell in a healthy blood speci-
men as an index value.

(21) The method of examining the degree of progression or
regression of leukemia according to item (19) or (20),
wherein leukemia is acute leukemia.

(22) The method of examining the degree of progression or
regression of leukemia according to item (21), wherein acute
leukemia is acute lymphocytic leukemia.

Advantageous Effect of the Invention

The present invention can provide information useful for
diagnosis of leukemia, for consultation and diagnosis of the
severity and degree of recovery of leukemia by a doctor,
which can be obtained from blood specimens according to a
convenient procedure, through confirmation of a DOCK180
expression pattern specific to a tumor cell in leukemia, par-
ticularly in acute leukemia.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph showing the relative levels of DOCK180
mRNA expressionin each cell by defining an expression level
of DOCK 180 mRNA in 293T cells measured by quantitative
RT-PCR method as 1000 units. (Data as mean value and
standard deviation (only forward)).

FIG. 2 is a diagram (photo) showing the results of immu-
noblotting to each cell prepared in Example using an anti-
DOCKI180 antibody. (293T cells as positive control and Jur-
kat cells as negative control)

FIG. 3 is a table showing the relative levels of DOCK180
mRNA expression in 25 cases of tumor cells, composed of 3
cases of initial CD34-positive acute lymphoblastic leukemia
(ALL) at onset, 4 cases of recurrent CD34-positive ALL, 14
cases of initial CD34-positive acute myeloid leukemia
(AML) at onset, 2 cases of recurrent CD34-positive AML, 2
acute blastic crisis cases of recurrent CD34-positive chronic
myeloid leukemia (CML) by defining an expression level of
DOCK180 mRNA in 293T cells as 1000 units measured by
quantitative RT-PCR method.

FIG. 4 is a graph showing the relative levels of DOCK180
mRNA expression in 25 cases of tumor cells, composed of 3
cases of CD34-positive ALL at onset, 4 cases of recurrent
CD34-positive ALL, 14 cases of CD34-positive AML at
onset, 2 cases of recurrent CD34-positive AML, 2 acute blas-
tic crisis cases of recurrent CD34-positive CML by defining
an expression level of DOCK180 mRNA in 293T cells as
1000 units measured by quantitative RT-PCR method.

FIG. 5 is a graph showing the results of changes in expres-
sion level of DOCK 180 in a CD34-positive cell of a leukemia
patient in remission with treatment for leukemia measured by
quantitative RT-PCR method.

BEST MODE FOR CARRYING OUT THE
INVENTION

The present invention relates to a method of using the
expression of a DOCK180 protein or a gene encoding the
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same as a marker for diagnosing leukemia, by defining a step
of confirming, detecting and quantifying the expression of
DOCK180 in a CD34-positive cell in a blood specimen as a
key factor. As such, one embodiment of this invention is a
method of detecting a leukemia cell, comprising a step of
detecting a CD34-positive cell whose expression of
DOCK180 is negative in a blood specimen. As stated above,
in many tumorigenic CD34-positive cells, DOCK 180 expres-
sion declines or disappears compared to that in a normal
CD34-positive cell. This means that a CD34-positive cell
whose expression of DOCKI180 is negative can be deter-
mined as a tumorigenic cell. Thus, the result that such a
tumorigenic CD34-positive cell was detected in a blood
specimen, particularly in a bone marrow specimen according
to the method of this invention provides information useful in
judging whether the specimen is affected by leukemia or not.

Another embodiment of this invention is a method of
examining the degree of progression or regression of leuke-
mia, comprising steps of detecting a CD34-positive cell
whose expression of DOCK180 is negative in a blood speci-
men, particularly in a bone marrow specimen and measuring
the proportion of said CD34-positive cells whose expression
of DOCKI180 is negative to CD34-positive cells whose
expression of DOCK180 is normal. For example, the results
concerning the proportion of CD34 cells whose expression of
DOCKI180 is negative to the total number of CD34-positive
cells contained per unit area of a blood specimen, particularly
of a bone marrow specimen represent the degree of progres-
sion or regression of leukemia in the specimen, and serve as
useful and objective information for a doctor to examine the
severity and degree of recovery of leukemia in a patient.

Also, the present invention provides a method of detecting
leukemia, comprising a step of measuring an expression level
of DOCK180 in a CD34-positive cell in a blood specimen,
particularly in a bone marrow specimen. This method is to
measure e.g., an expression level of DOCK180 per unit vol-
ume of the entire CD34-positive cell, instead of detecting a
CD34-positive cell whose expression of DOCK180 is nega-
tivein a blood specimen, particularly in a bone marrow speci-
men is negative. In particular, decline or subsequent increase
in the measured level using an expression level of DOCK180
in a CD34-positive cell in a healthy specimen as an index
value means that the examined specimen contains CD34-
positive cells whose expression of DOCK180 is negative, or
cells whose expression of DOCK180 is normal. Thus, such
results can give a doctor information useful in judging
whether a patient is affected by leukemia or not, or whether a
patient is in remission or not. In other words, the degree of
progression or regression of leukemia can be examined by
measuring an expression level of DOCK180 in a CD34-posi-
tive cell quantitatively. The test results can be fully useful and
objective information so that a doctor adequately diagnoses
the severity and degree of recovery of leukemia of a patient.

“Blood specimen” in this invention is a broad term cover-
ing bone marrow fluid, peripheral blood collected from a
vein, or blood-cell fraction specimen containing CD34-posi-
tive cells by centrifugal separation thereof and by a known
chemical treatment for preparing a blood-cell fraction in
accordance with a method described in Nishio et al. (Blood,
2005, Vol. 106, pp. 1012 to 1020). An embodiment of a blood
specimen in this invention is preferably a bone marrow fluid,
particularly a blood-cell fraction specimen fractionated from
a bone marrow fluid.

A CD34-positive cell is, by definition, a hemopoietic pro-
genitor cell having highly-expressed glycoprotein CD34 on
the surface of a cell. The CD34-positive cell is contained in
the blood, particularly in such as umbilical cord blood and
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bone marrow fluid, and can be detected and separated there-
from in accordance with a method described in Nishio et al.
(Exp. Hematology, 2001, Vol. 29, pp. 19 to 29). Also, the
CD34-positive cell can be separated using a separator from
blood, etc., such as ISOLEX™ 300i (TAKARA BIO INC).

A DOCKI180 in this invention is a type of protein for
controlling the proliferation of higher eukaryotic animal cells
that bind to a Crk protein which is protooncogene expression
product. The DOCK 180 is also known as a guaninenucleotide
exchange factor (GEF) that activates low-molecular weight G
protein called Rac. With a DNA encoding DOCK180 being
already cloned, its base sequence and DOCK180 amino acid
sequence are determined (see e.g. Patent Document 1: Japa-
nese Unexamined Patent Application Publication No.
08-196277).

Since the binding of Crk protein and DOCK180 activates
cell proliferation ability as conventionally shown, DOCK180
protein has received much attention as a diagnostic index of
cancer cell expressing Crk protein and as a target for missile
therapy, etc. by each anticancer agent. The inventors found
that leukemia cells, particularly many tumorigenic CD34-
positive cells are tumor cells whose expression of DOCK180
is negative, which was previously reported in a different
mannet.

“DOCK180 expression is negative in a CD34 cell” in this
invention means that DOCK 180 expression declines or dis-
appears, more specifically that DOCK 180 protein or mRNA
encoding DOCK 180 cannot be confirmed in a CD34-positive
cell using ordinary methods for confirming gene or protein
expression such as immunological detection method or
genetic engineering techniques such as hybridization or PCR,
even with a normal sensitivity. It also means that with a
standard value of an expression level of DOCK180 in a nor-
mal CD34-positive cell, the expression level of DOCK180
protein or mRNA encoding DOCK180 is 50% or less, pref-
erably 30% or less, more preferably 10% or less, much more
preferably 5% or less. Also, “normal CD34-positive cell” and
“DOCK180 expression is normal in a CD34 cell” in this
invention mean a non-leukemia affected, i.e. non-tumori-
genic CD34 cell, and a condition that DOCK 180 expression
is positive or an expression level thereof in said CD34-posi-
tive cell.

A term defined as DOCK180 in this invention denotes a
protein comprising an amino acid sequence specifically
described in said Patent Document 1, and a polymorphism-
form DOCK 180 as well when DOCK180 whose amino acid
sequence is partially substituted by “single nucleotide poly-
morphism” exists.

Leukemia or leukemia cell in this invention means acute
leukemia (both myeloid and lymphocytic), chronic leukemia
(both chronic myeloid leukemia (CML) and chronic lympho-
cytic leukemia (CLL)), erythroleukemia, or leukemia such as
thrombocythemia and its tumor cell, myelodysplastic syn-
dromes (MDS) and its cell, particularly acute myeloid leuke-
mia (AML), acute lymphocytic leukemia (ALL) and tumori-
genic leukocyte.

Means of detecting DOCK 180 expression or measuring its
expression level in this invention is not particularly limited as
long as it can exactly detect mRNA encoding DOCK180
protein and/or DOCK 180 in a CD34-positive cell or measure
its amount, but preferably an immunological detection means
for DOCK180 protein, or a genetic engineering detection
means for mRNA encoding DOCK180.

A method of detecting a DOCK180 protein using immu-
nological detection means or a method of measuring its
expression level is preferably used with an anti-DOCK180
protein antibody, particularly in combination with an anti-
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DOCK180 protein antibody and an anti-CD34 protein anti-
body. As such an antibody, all biomolecules can be used as
long as they are understood by those skilled in the art as
“antibody” such as polyclonal antibody, monoclonal anti-
body and Fab fragment, preferably monoclonal antibody in
particular.

A monoclonal antibody can be produced using various
monoclonal antibody production techniques known to those
skilled in the art. As a common technique, a recombinant
DOCK180 protein and a recombinant CD34 protein is pro-
duced according to genetic engineering technique known to
those skilled in the art using sequence information described
in said Patent Document 1. From an antibody-producing cell
obtained according to an ordinary method of inoculating an
animal therewith as an antigen and a myeloma cell, hybri-
doma is prepared to produce a monoclonal antibody. In addi-
tion, a polypeptide composed of partial sequence of an amino
acid sequence of a DOCK180 protein and that of a CD34
protein may be used as an antigen. Existing commercially
available anti-DOCK180 protein antibody and anti-CD34
protein antibody may also be used.

An antibody used in this invention using an immunological
detection means is preferably labeled with a labeled sub-
stance. The labeled substance may be a substance which
produces a detectable signal alone, or by reaction with other
substances, e.g., enzymes such as horseradish peroxidase,
alkaline phosphatase, p-D-galactosidase, glucose oxidase,
glucose-6-phosphate dehydrogenase, alcohol dehydroge-
nase, malate dehydrogenase, penicillinase, catalase, apoglu-
cose oxidase, urease, luciferase or acetylcholine esterase,
fluorescent substances such as fluorescein isothiocyanate,
phycobiliprotein, rare-earth metal chelate, dansyl chloride or
tetramethylrhodamine isothiocyanate, radioisotopes such as
1257 14C and *H, chemical substances such as biotin, avidin or
digoxigenin, or chemically luminescent materials. A method
of labeling an anti-DOCK 180 antibody with one or more of
these labeled substances may be a known method according
to a type of labeled substance to be selected.

This invention can employ the above antibody (incl.
labeled ones) as an immobilized antibody which is immobi-
lized on an insoluble carrier. Commonly used insoluble car-
riers include plates such as microplate in particular, test tube,
tube, beads, bowl, filter, membrane, or cellulosic carrier, aga-
rose carrier, polyacrylamide-based carrier, dextran-based
carrier, polystyrene-based carrier, polyvinyl alcohol carrier,
polyamino acid carrier, or insoluble carriers used in affinity
chromatography such as porous silica-based carrier. A
method of immobilizing an antibody on any one of these
insoluble carriers may be a method conventionally estab-
lished by each insoluble carrier.

A method of detecting DOCK 180 protein or measuring an
expression level thereof using an immunological detection
means includes enzyme immunoassay method, radioimmu-
noassay method, flow cytometry analysis or western blott
method. A principle, detailed test conditions and operational
procedures thereof and a method of detecting an antigen-
antibody complex are widely known to those skilled in the art,
other than changes in a used antibody according to DOCK180
protein to be detected. In this invention, each of the above
methods can be employed based on such conditions and pro-
cedures.

In this invention, immunoassay using an anti-CD34 anti-
body and an anti-DOCK180 antibody, particularly immu-
noassay using flow cytometry based on the two antibodies is
preferable. Using flow cytometry, a CD34-positive cell
whose expression of DOCK180 is negative and a CD34-
positive cell whose expression of DOCK180 is normal are
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correctly distinguished and readily separated from each other.
Also, a method in this invention or part thereof can be auto-
mated or semiautomated. The flow cytometry method is spe-
cifically described e.g. in Yamashita (Flow cytometory,
Meneki-Kenkyuho (Immunization Research Method) Hand
book, 1996, 2nd edition, pp. 247-262, Chugai-Igakusha), all
of whose descriptions are included in this application.

A method of detecting DOCK 180 expression or measuring
an expression level thereof using genetic engineering detec-
tion means may be a method of detecting or quantifying
mRNA encoding DOCK180 expressed in a blood specimen,
and Southern hybridization, PCR techniques such as RT-
PCR, real-time PCR and quantitative PCR can be used. A
preferable method is PCR, and a particularly preferable
method is quantitative is PCR by RT-PCR.

As a common technique, total RNAs extracted from a
blood specimen according to a known method or mRNAs
selected from all RNAs are subjected to PCR, for example to
RT-PCR, using a polynucleotide corresponding to a base
sequence encoding DOCK180 as an amplifying primer to
amplify cDNA encoding DOCK180, and confirmation of an
obtained amplification product and quantification of its vol-
ume are performed. The above PCR technique, including the
design of a base sequence for amplifying a primer, based on a
base sequence described in said Patent Document 1, is widely
known to those skilled in the art. Accordingly, this invention
can employ such a well-known method. As a technique for
detecting or quantifying gene expression by PCR method, a
number of PCR methods having various technological
approaches have been reported in many researches, which
may be employed in this invention.

The present invention also provides a kit containing anti-
DOCKI180 protein antibody and/or a nucleic acid that spe-
cifically hybridizes with DNA encoding DOCK180 for each
of the above-described methods. Preferably, the kit further
contains an anti-CD34 antibody. A kit of this invention may
comprise a secondary antibody, a labeled substance and other
substances useful in performing immunological detection
means, or a buffer solution, DNA polymerase and other sub-
stances useful in performing genetic engineering detection
means as kit constituents.

The present invention will be described in more detail
using Example, but a technical scope thereof is not limited to
the Example.

EXAMPLE

<Reagents>

Recombinant human granulocyte colony stimulatory fac-
tor (rhG-CSF) was purchased from Chugai Pharmaceutical
Co., Ltd. Interleukin-3 (IL-3) and stem cell factor (SCF) were
purchased from PeproTech. Phycoerythrin (PE)-labeled anti-
human CD14 antibody was prepared by Beckman Coulter,
fluorescein-isothiocyanate (FITC)-labeled anti-human CD34
antibody by BD Biosciences. As a negative control, an anti-
body in a class corresponding thereto was purchased from
DakoCytomation. Anti-DOCK180 antibody, goat anti-mouse
1gG-HRP antibody and goat anti-rabbit IgG-HRP were pur-
chased from Santa Cruz Biotechnology, and anti-f-actin anti-
body was purchased from SIGMA-ALDRICH.

Example 1

(1) Collection of Mononuclear Cells and Human
CD34-Positive Cells

A bone marrow fluid-derived mononuclear cell (BM-
MNC) and a peripheral blood-derived mononuclear cell (PB-
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MNC) were separated from a bone marrow fluid and a periph-
eral blood, respectively, which were collected from healthy
subjects with their consent under ethical provisions, based on
Ficoll-Hypaque (Amersham) gradient centrifugation. 5 pg/kg
rhG-CSF was subcutaneously administered to healthy adult
subjects with their consent under ethical provisions for 5
consecutive days to collect peripheral blood after mobilizing
human CD34-positive cells and leukocyte fraction using
blood corpuscle separating apparatus, and cryopreserve it
with liquid nitrogen. A collected leukocyte fraction is denoted
as apheresis product (AP). Subsequently, a mononuclear cell
(AP-MNC) was separated from cryopreserved AP based on
Ficoll-Hypaque (Amersham) gradient centrifugation.

Using an anti-CD34 magnetic beads antibody (Miltenyi
Biotech) and magnetic cell separating system (Miltenyi Bio-
tec), a human CD34-positive cell (BM-CD34) was purified
and collected from BM-MNC. Likewise, a human CD34-
positive cell (AP-CD34) was purified and collected from
AP-MNC.

Furthermore, peripheral blood of healthy subjects col-
lected with their consent under ethical provisions was mixed
with 1% dextran physiological saline according to a method
described in Yuo (Neutrophil, Department of Blood and
Tumor, 2000, Vol. 40, pp. 10-16, Kagakuhyoronsha) and
allowed to stand at room temperature for 30 minutes. Then,
after fractionated granulocyte and erythrocyte in separated
upper-layer suspensions were separated and collected
according to Ficoll-Hypaque (Amersham) gradient centrifu-
gation using Ficoll-Hypaque, erythrocyte was hemolyzed and
removed to collect only granulocyte (GC).

(2) Flow Cytometry Analysis

BM-CD34 and AP-CD34 collected in (1), and a bone mar-
row blood-derived CD34-positive cell (AML-CD34) in a
patient diagnosed with acute myeloid leukemia were each
suspended in 0.5% cow serum albumin-added deficient
RPMI 1640 medium (SIGMA-ALDRICH) with a concentra-
tion of 1x10° cell/mL. Afterward, 20 pg/mL PE anti-human
CD14 antibody, 20 ug/mL FITC anti-human CD34 antibody
and mouse IgG1 negative controls corresponding to each
antibody were added to the medium and reacted on ice for 30
minutes. After the reaction, an unbound antibody was
removed by centrifugal separation and resuspended in 200 plL
of said medium to be analyzed using FACSCalibur (BD Bio-
sciences) and BD Cell Quest™ Pro version5.2 (BD Bio-
sciences). As a result, the rates of human CD34-positive cells
of BM-CD34 and AP-CD34 after purification were 90% or
more. The rate of CD34-positive cells in AML-CD34 was
70% or more.

(3) Measurement of DOCK 180 Expression by Quantitative
RT-PCR Method

Total RNAs were extracted from PB-MNC, GC, AP-MNC,
AP-CD34, BM-MNC and BM-CD34 obtained in (1) (each
cell numbered at 5x10°) using RNeasy Mini Kit (QIAGEN).
After treating them with RQl RNase free DNAse 1
(Promega), cDNAs were synthesized using SuperScript™
First-Strand Synthesis System for RT-PCR (Invitrogen). 6 ul,
of cDNAs obtained was mixed with a primer specific to a
human DOCK180 or glyceraldehyde 3-phosphate dehydro-
genase (GAPDH) (TagMan Gene Expression Assays,
Applied Biosystems) and TagMan Universal PCR Master
Mix (Applied Biosystems) so that the total volume was 25 L.
After initial denaturation (at 95° C. for 10 minutes), PCR
reaction whose 1 cycle is composed of one at 95° C. for 15
seconds and one at 60° C. for 1 minute was performed 40
times. An expression level of DOCK180 mRNA in each
sample was corrected by an expression level of mRNA of
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GAPDH, and using an expression level of 293T cells as 1000
units, the relative levels thereto were calculated.

As a result, detected mRNAs of DOCK180 in PB-MNC,
GC, AP-MNC and BM-MNC were extremely little, 5647
units (mean+SD, n=10), 71269 units (mean+SD, n=3), 6957
units (mean+SD, n=2) and 37£35 units (mean+SD, n=3),
respectively. Meanwhile, those in AP-CD34 and BM-CD34
showed highly expression at 1455+689 units (mean+SD,
n=4) and 1263+783 units (mean+SD, n=9), respectively (see
FIG. 1).

(4) Measurement of DOCK180 Expression by Immunoblot-
ting

After lysing each cell type equivalent to that of AP-CD34,
BM-CD34, AP-MNC and BM-MNC in (3) with lysis buffer
containing 1% NP-40, supernatants were collected by cen-
trifugal separation at 14000 rpm at 4° C. for 15 minutes to
prepare protein extracts. After electrophoresis of each sample
by SDS-PAGE using 7.5 to 15% polyacrylamino gradient gel
(BIO-RAD), electrophoretic pattern was transferred to a
nitrocellulose membrane (PALL). After blocking of the trans-
ferred membrane with 5% skim milk-added 1% Tween-phos-
phate buffered saline for 30 minutes, it was reacted with each
primary antibody at room temperature for 2 hours. As a pri-
mary antibody, an anti-DOCK180 antibody and an anti-f-
actin antibody were used. After washing the membrane, the
anti-DOCK 180 antibody and the anti-f-actin antibody were
reacted with secondary antibodies corresponding thereto,
respectively, at room temperature for 30 minutes, and each
antibody was colored using ECL, Western blotting detection
reagent (Amersham) and imaged by LAS1000 (Fujifilm).

As aresult, as in (3), DOCK180 expression was confirmed
only in AP-CD34 and BM-CD34, but no DOCK180 expres-
sion was observed in AP-MNC and BM-MNC (see FIG. 2).
From these observations, a bone marrow and a peripheral
blood showed DOCK 180 expression only in a human CD34-
positive cell.

(5) DOCK180 Expression in Acute Leukemia Cell

The total 25 cases of bone marrow fluids, composed of 3
cases of CD34-positive ALL at onset, 4 cases of recurrent
CD34-positive ALL, 14 cases of CD34-positive AML at
onset, 2 cases of recurrent CD34-positive AML and 2 acute
blastic crisis cases of recurrent CD34-positive CML, were
collected from patients with their consent under ethical pro-
visions to extract total RNAs from the cells and examine an
expression level of DOCK180 mRNA by quantitative RT-
PCR method as in said (3). The results are shown in FIGS. 3
and 4.

In said 25 cases of bone marrow specimens in comparison
with a normal BM-CD34, DOCK180 mRNA expression was
low (see FIGS. 3 and 4), except for in 2 cases of CD34-
positive AML at onset (No. 8 and No. 10 in FIG. 3), I case of
recurrent CD34-positive AML (No. 22 in FIG. 3) and 1 acute
blastic crisis case of recurrent CD34-positive CML (No. 25 in
FIG. 3). In particular, DOCK 180 mRNA expression was low
in all CD34-positive ALL cases, whether at onset or recurrent.
Among low-DOCK180 mRNA expression cases, 4 cases of
CD34-positive AML (M0, M2, M4 or M7 case according to
French-American-British classification, corresponding to
No. 18, No. 23, No. 17 and No. 19 in FIG. 3) were analyzed
by immunoblotting according to said (4), and no DOCK180
protein expression was found in the bone marrow specimens
thereof.

(6) Changes in DOCK 180 Expression Level Associated with
Leukemia Remission

Patients diagnosed with CD34-positive acute myeloid leu-

kemia as a result of diagnosis for bone-marrow biopsy were
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subjected to remission-induction therapy of idamycin and
cylocide for 7 days. Prior to the therapy, bone marrow in said
patients contained 80% or more leukemia cells, all showing
CD34-positive. DOCK180 of the bone marrow cell was mea-
sured as described above. Also, bone marrow specimens were
collected from patients having certain therapeutic effects
using bone-marrow biopsy having corpuscles in recovery as
an index, and an expression level of DOCK180 in CD34-
positive cells in remission was measured by quantitative RT-
PCR as described above. As a result, patients in remission due
to remission-induction therapy of idamycin and cylocide for
leukemia demonstrated DOCK 180 expression in CD34-posi-
tive cells (see FIG. 5).

The invention claimed is:

1. A method of detecting a leukemia cell in a blood speci-
men, comprising the steps of:

a) obtaining the blood specimen from an animal,

b) analyzing the blood specimen to detect a CD34-positive

cell,

¢) isolating the CD34-positive cell from the blood speci-

men, and

d) analyzing the CD34-positive cell to detect if it is

DOCK180-negative, wherein a  CD34-positive-
DOCK180-negative cell is a leukemia cell.

2. The method of claim 1, wherein the CD34-positive-
DOCK180-negative cell is detected using an anti-CD34 anti-
body and an anti-DOCK 180 antibody.

3. The method of claim 1, wherein the leukemia cell is an
acute leukemia cell.

4. The method of claim 3, wherein the acute leukemia cell
is an acute lymphocytic leukemia cell.

5. A method of detecting leukemia, comprising the steps of:

a) obtaining a blood specimen from an animal,

b) analyzing the blood specimen to detect a CD34-positive

cell,

¢) isolating the CD34-positive cell from the blood speci-

men, and

d) measuring an expression level of DOCKI180 in the

CD34-positive cell in the blood specimen to detect leu-
kemia.

6. The method of claim 5, wherein the expression level of
DOCK180 in the CD34-positive cell in the blood specimen is
compared to an expression level of DOCK180 in non-tum-
origenic CD34-positive cells, and determining whether the
expression level of DOCK180 protein or mRNA encoding
DOCK180 in the blood specimen is 50% or less compared to
that in non-tumorigenic CD34-positive cells.

7. The method of claim 5, wherein leukemia is acute leu-
kemia.

8. The method of claim 7, wherein acute leukemia is acute
lymphocytic leukemia.

9. The method of claim 1, wherein the blood specimen is
selected from the group consisting of a peripheral blood
sample, abone marrow sample, a centrifugal separated blood-
cell fraction sample containing CD34-positive cells, and a
chemical treatment separated blood-cell fraction sample con-
taining CD34-positive cells.

10. The method of claim 5, wherein the blood specimen is
selected from the group consisting of a peripheral blood
sample, abone marrow sample, a centrifugal separated blood-
cell fraction sample containing CD34-positive cells, and a
chemical treatment separated blood-cell fraction sample con-
taining CD34-positive cells.
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