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DIAGNOSIS OF HEMATOLOGIC DISEASES

TECHNICAL FIELD

[0001] The present invention was supported by the Min-
istry of Health and Welfare of the Republic of Korea under
Project No. HI10C17400200, which was conducted in the
research project entitled “Advanced medical technology
development” within the project named “Research on effi-
cient differentiation and mechanism of stem cells into eryth-
roid progenitor cells” by the Industry-Academic Coopera-
tion Foundation, Yonsei University under the management
of the Korea Health Industry Development Institute, from
Apr. 1, 2013 to Mar. 31, 2014.

[0002] The present invention was also supported by the
Ministry of Health and Welfare of Republic of Korea under
Project No. HI12C0202, which was conducted in the
research project entitled “Advanced medical technology
development” within the project named “Development of
drugs for myelodysplastic syndrome through induction of
stem cell differentiation and maturation” by the Industry-
Academic Cooperation Foundation, Hanyang University,
under the management of the Korea Health Industry Devel-
opment Institute, from Aug. 1, 2013 to Jul. 31, 2014.
[0003] This application claims the benefit of priority to
Korean Patent Application No. 10-2014-0028399, filed on
Mar. 11, 2014, the disclosure of which is incorporated herein
by reference.

[0004] The present invention relates to a method for
screening a risk group of a hematologic disease and a
method for analyzing the prognosis of a hematologic disease
based on the measurement of the level of gelsolin mRNA in
buffy coat.

BACKGROUND ART
[0005] Hematologic Neoplastic Diseases
[0006] Hematologic neoplastic diseases of the blood and

bone marrow are broadly categorized into acute/chronic
leukemias, myeloproliferative neoplasms (MPN), and
myelodysplastic syndromes (MDS) (Vardiman J W 2008).
[0007] Acute/chronic leukemias are subdivided into myel-
ogenous leukemia and lymphocytic leukemia.

[0008] Myeloproliferative neoplasms are subdivided into
chronic myelogenous leukemia (CML), polycythemia vera
(P. vera), essential thrombocythemia (ET), primary myelo-
fibrosis (PMF), and others.

[0009] Myelodysplastic syndromes (MDS) are subdivided
into refractory cytopenia with unilineage dysplasia (RCUD),
refractory cytopenia with multilineage dysplasia (RCMD),
refractory anemia with excess blasts (RAEB-1 is defined as
having 5-10% myeloblasts and RAEB-2 is defined as having
11-19% myeloblasts in the bone marrow) (Brunning R D
2008).

[0010] Explanation of Myelodysplastic Syndromes,
Prevalence
[0011] Myelodysplastic syndromes are acquired, rare,

incurable hematologic diseases characterized by inefficient
hematopoiesis due to progressive pancytopenia and abnor-
mal cell differentiation/maturation. These diseases often
show chronic propagation over several years and transform
into acute leukemia. For these reasons, myelodysplastic
syndromes are sometimes called preleukemias.

[0012] Myelodysplastic syndromes are primary tumors of
bone marrow and their incidence is higher than that of
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general leukemias. However, the incidence of myelodys-
plastic syndromes is currently underestimated and it is
estimated that many patients are not diagnosed as having
myelodysplastic syndromes. Based on the statistical data
from the National Health Insurance Corporation, Republic
of Korea, 1,845 domestic patients suffered from myelodys-
plastic syndromes in 2005 and 500-600 new patients are
diagnosed as myelodysplastic syndromes annually in Korea.
In the United States, the incidence of myelodysplastic syn-
dromes is 1 per 500 individuals over the age of 60 (Newman,
Maness-Harris et al. 2012) and 15,000 new patients with
myelodysplastic syndromes are found annually and the
number is estimated to rise sharply (Barzi and Sekeres
2010).

[0013] Diagnostic Methods, Prognosis

[0014] Myelodysplastic syndromes are diagnosed based
on peripheral blood or bone marrow examination. The
degrees of dysplasia are evaluated based on three classifi-
cations of hemocytoblasts in the bone marrow, i.e. three
different lineages of myeloid cells, erythroid cells, and
platelet-forming megakaryocytes, to determine their range
and severity. Patients with myelodysplastic syndromes sur-
vive for an average of only 22 months, which is similar to
the median survival of lung cancer patients, and have a poor
4-5.7-year prognosis. Refractory cytopenia with unilineage
dysplasia (RCUD) and refractory anemia with ring sidero-
blasts (RARS) belong to low risk groups with relatively
good prognosis. In contrast, refractory cytopenia with mul-
tilineage dysplasia (RCMD) and refractory anemia with
excess blasts (RAEB-1 and RAEB-2) that progress to acute
leukemia within 9-30 months or reach death belong to
groups with poor prognosis. 25% of cases of RAEB-1 and
33% of cases of RAEB-2 progress to AML. Indicators
capable of continuously predicting the conditions of patients
with these diseases have never been, to our knowledge,
reported to date.

[0015] Current Therapies for Myelodysplastic Syndromes
[0016] At present, there are no effective therapeutic agents
for myelodysplastic syndromes. For this reason, patients at
the initial stage of the diseases are receiving no suitable
treatment for their diseases from the hospital. When the
diseases become worse, the patients receive traditional sup-
portive care. Anticancer chemotherapy and allogenic
hematopoietic stem cell transplantation are performed in the
patients at higher risk.

[0017] Over the past 5 years, new concepts of epigenetics
have led to an improvement in viability and are thus con-
sidered new therapies capable of replacing the best support-
ive care, which has been a therapeutic principle until now.
Continued efforts have been made to develop combination
therapies with various drugs. However, the proportion of
patients responding to therapeutic agents for myelodysplas-
tic syndromes does not exceed an average of 10% for even
the best therapeutic agent. Thus, there is a need in the near
future to develop fundamental therapeutic agents in response
to the causes of myelodysplastic syndromes and safe thera-
peutic agents/auxiliary therapeutic agents that are free from
side effects caused by protein irritations instead of
hematopoietic stem cell transplantation that is substantially
impossible to implement on aged patients.

[0018] Under these circumstances, the present inventors
have found that the dysplasia of erythroid cells caused by
culture of bone marrow cells and ex vivo culture of
hematopoietic stem cells from patients with myelodysplastic
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syndromes can be effectively suppressed by treatment of the
culture with a human recombinant gelsolin protein. Based
on this finding, the present inventors have investigated the
possible use of the plasma or intracellular levels of gelsolin
as diagnostic and prognostic markers for hematologic neo-
plastic diseases, including myelodysplastic syndromes.
[0019] Gelsolin

[0020] Gelsolin is an actin filament-binding protein and is
known to cut or cap actin filaments to regulate actin assem-
bly or disassembly (Gremm and Wegner 2000). Gelsolin
exists in two forms, cytoplasmic or plasma. Plasma gelsolin
differs from cytoplasmic gelsolin by the addition of 25
amino acids to the N-terminus of the molecule (Chauhan, Ji
et al. 2008). Plasma gelsolin is secreted from the cell.
Gelsolin is present at a high concentration of 200-250 mg/L.
in normal plasma (Kwiatkowski 1988). Plasma gelsolin is an
actin-scavenging protein. When cellular tissue is injured,
plasma gelsolin isolates and removes considerable amounts
of G-actin and F-actin released into the plasma to protect the
microcirculation (Lee and Galbraith 1992).

[0021] Diagnostic Values of Gelsolin in Other Diseases
[0022] In recent years, a great deal of research has been
conducted on the relationship between plasma gelsolin and
disease. Plasma gelsolin is mainly produced in and secreted
from muscles (Kwiatkowski 1988) and has been investi-
gated in various diseases, such as burns, trauma, brain
ischemia/stroke, and respiratory failure. In some disease
groups (acute lung injury, septic shock, trauma, and myo-
necrosis groups) associated with acute cellular injuries and
necrosis, the gelsolin values decrease to about 50% of the
normal value (Suhler, Lin et al. 1997), and as a result,
defense systems by the actin-scavenger system fail to work,
which also fatally affects the prognosis of the patients.
Decreased gelsolin expression in various tumors, such as
colorectal cancer, gastric cancer, lung cancer, ovarian can-
cer, breast cancer, bladder cancer, prostate cancer, and renal
cancer, was reported to be closely associated with carcino-
genesis (Noske, Denkert et al. 2005).

[0023] Diagnostic Values of Gelsolin mRNA Level in
Myelodysplastic Syndromes

[0024] Little is known about the relevance of gelsolin in
myelodysplastic syndrome (MDS) patients. Most previous
studies have reported the measurement of decreased plasma
gelsolin by ELISA and Western blotting but did not verify
the suitability for the detection techniques. The measure-
ment of plasma protein levels in acute or chronic leukemia
patients was reported but no report has appeared on an
increase or decrease of gelsolin at a molecular level.
[0025] The results of gene array in bone marrow mono-
nuclear cells of patients with myelodysplastic syndromes
(MDS) and patients with bone marrow disease showed
patterns of decreasing gelsolin expression (Qi, Chen et al.
2008, Genetics and Molecular Research). However, the
expression of each gene was not identified or verified by
PCR based on the array results. Further, the mononuclear
cells do not reflect the entire cell situation due to the absence
of polymorphonuclear cells, which are found only in plate-
lets and buffy coat. Moreover, the mononuclear cells
obtained through long-term manual work with ficoll cannot
be practically used in a large quantity in environments for
patient diagnosis, making it difficult to use as biomarkers.
Bone marrow examination is performed only for initial
diagnosis and is not useful for prognosis and follow-up.
Furthermore, the role of the mononuclear cells as prognostic
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markers upon follow-up and diagnosis of patients with
hematologic tumors remains unknown.

[0026] The presence of gelsolin at a low concentration in
the bone marrow and peripheral blood serum of acute
myeloblastic leukemia patients was confirmed by protein
quantitative analysis based on 2-dimensional gel electropho-
resis (2DE) (Braoudaki, Lambrou et al. 2013). However, the
reasons for an increase in mRNA signal in response to a
certain intracellular demand for gelsolin production, the
proportion of intracytoplasmic gelsolin or plasma gelsolin
produced, and the degradation of gelsolin secreted into
plasma are not fully understood, making it difficult to predict
the correlation between mRNA and plasma gelsolin level.

[0027] Most of the current papers on plasma gelsolin in
patient groups by ELISA and Western blotting techniques
fail to exclude hemolysis of blood samples and overlook the
release of intracellular gelsolin into plasma upon hemolysis
of samples, making it impossible to measure the exact
amount of gelsolin. Also in the case where mononuclear
cells are isolated from whole blood samples, a considerable
amount of RBCs is difficult to remove, platelets are isolated
with the mononuclear cells, and as a result, it is impossible
to exclude the effect of gelsolin present at a high concen-
tration in the platelets. No study about gelsolin levels has
been reported in sample with erythrocytes and platelets
included. There has been no report checking plasma gelsolin
level affected by hemolysis in blood.

[0028] The present inventors have investigated gelsolin
gene expression in bone marrow and peripheral blood of
patients with hematologic neoplastic diseases in order to
determine the possible use of gelsolin as a factor for the
diagnosis and progression of the diseases or a prognostic
factor for the diseases. To this end, the present inventors
have conducted various experiments to determine whether
there are problems in gelsolin expression in patients with
myelodysplastic syndromes and various hematologic neo-
plastic diseases and whether to use the levels of intracyto-
plasmic protein and mRNA in bone marrow and peripheral
blood samples as markers for hematologic neoplastic dis-
eases through various experiments.

[0029] Papers and patent publications are referenced and
cited throughout the specification, the disclosure of which is
incorporated herein by reference in its entirety in order to
more clearly disclose the invention and the state of the art to
which the invention pertains.

[0030] The present inventors have earnestly and inten-
sively conducted research to develop a method for diagnos-
ing hematologic diseases and a method for analyzing the
prognosis of hematologic diseases using novel diagnostic
markers that are not affected by the levels of platelets and the
hemolysis of erythrocytes in subjects, and as a result, have
succeeded in diagnosing hematologic diseases and analyz-
ing the prognosis of the diseases by measuring the levels of
gelsolin mRNA in peripheral blood or bone marrow from the
subjects, accomplishing the present invention.

[0031] Therefore, it is one object of the present invention
to provide a method for screening a risk group of a hema-
tologic disease.

[0032] It is another further object of the present invention
to provide a method for analyzing the prognosis of a
hematologic disease.

[0033] Other objects and advantages of the invention will
become more apparent from the following detailed descrip-
tion, claims, and drawings.
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[0034] According to one aspect of the present invention,
there is provided a method for screening a risk group of a
hematologic disease, including (a) providing bufty coat of
peripheral blood or a bone marrow aspirate isolated from a
subject and (b) measuring the expression level of gelsolin
mRNA in the buffy coat as a marker for a hematologic
disease wherein when the expression level of gelsolin
mRNA is measured to be as low as 80% or less or as high
as 120% or more of that in a normal group, the subject is
diagnosed as being at risk of the hematologic disease.
[0035] The present inventors have earnestly and inten-
sively conducted research to develop a method for diagnos-
ing hematologic diseases and a method for analyzing the
prognosis of hematologic diseases using novel diagnostic
markers that are not affected by the levels of platelets and the
homolysis of erythrocytes in subjects, and as a result, have
succeeded in diagnosing hematologic diseases, including
aplastic anemia and hematologic neoplastic diseases, and
analyzing the prognosis of the diseases by measuring the
levels of gelsolin mRNA in peripheral blood or bone marrow
from the subjects, accomplishing the present invention.
[0036] The individual steps of the method will be
explained in detail.

[0037] (a) Provision of Bufty Coat of Peripheral Blood or
a Bone Marrow Aspirate Isolated from a Subject

[0038] The diagnostic method of the present invention
uses bufly coat of peripheral blood or a bone marrow
aspirate isolated from a subject. As used herein, the term
“peripheral blood” means blood that circulates systemati-
cally and can be collected through the skin. As used herein,
the term “bone marrow aspirate” is a soft tissue located in
the inner cavity of the bone and refers to a biological sample
extracted from bone marrow as a hematopoietic organ by a
suitable aspiration method known in the art. For conve-
nience, the terms “bone marrow aspirate” and “bone mar-
row” are used interchangeably herein. The peripheral blood
or bone marrow aspirate is isolated from a subject before
use. The bone marrow aspirate is preferably used for initial
diagnosis but its isolation from a subject may be limited for
follow-up. The use of the peripheral blood isolated from a
subject is preferred as a diagnostic sample but this should
not be construed as limiting the use of the bone marrow
aspirate. The “buffy coat” collected from the peripheral
blood and bone marrow aspirate is a white, stripe-shaped
layer located between the erythrocyte layer and the plasma
layer isolated by concentration gradient centrifugation. The
buffy coat essentially contains leukocytes and platelets and
may further contain polymorphonuclear cells. The term
“gelsolin” refers to an actin-binding protein that is known as
a key regulator of actin filament assembly. The screening
method of the present invention uses the level of gelsolin
mRNA in the buffy coat of the subject.

[0039] (b) Measurement of the Expression Level of Gelso-
lin mRNA in the Buffy Coat as a Marker for a Hematologic
Disease

[0040] The present inventors have succeeded in demon-
strating the correlation between the level of gelsolin mRNA
in the bufy coat and the condition of a hematologic disease
and the relevance of the profile of gelsolin mRNA levels to
the relapse of the hematologic disease. Any known or future
method may be used without particular limitation to measure
the level of gelsolin mRNA in blood. The present invention
is characterized in that the level of gelsolin mRNA in the
buffy coat is used as a diagnostic marker for the hematologic
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disease. There is no restriction on the method for the
measurement of mRNA level.

[0041] In one embodiment of the present invention, the
expression level is measured by a technique selected from
the group consisting of quantitative real-time PCR (qPCR),
reverse transcription polymerase chain reaction (RT-PCR),
rapid amplification of cDNA ends (RACE-PCR), multiplex
RT-PCR, Northern blotting, nuclease protection assays, in
situ  hybridization, serial analysis of gene expression
(SAGE), RNA microarray, RNA microarray and gene chips,
and RNA sequencing (RNA-seq). Specifically, the level of
gelsolin mRNA in the buffy coat may be measured by qPCR
in accordance with a suitable method known in the art.
qPCR was used in the Examples section that follows.

[0042] In one embodiment of the present invention, the
hematologic disease is aplastic anemia or a hematologic
neoplastic disease. More specifically, the hematologic neo-
plastic disease is selected from the group consisting of acute
leukemias, chronic leukemias, myeloproliferative neo-
plasms, and myelodysplastic syndromes. The average gelso-
lin mRNA levels of biological samples (peripheral blood
and/or bone marrow samples) obtained from patients with
the above diseases are lower than those of healthy subjects,
as confirmed by the present inventors.

[0043] The acute leukemias include, but are not limited to,
acute myelogenous leukemia, acute lymphocytic leukemia,
chronic myelogenous leukemia, and chronic lymphocytic
leukemia. The myeloproliferative neoplasms include, but
are not limited to, chronic myelogenous leukemia, poly-
cythemia vera, essential thrombocythemia, and primary
myelofibrosis. The myelodysplastic syndromes include, but
are not limited to, refractory cytopenia with unilineage
dysplasia, refractory cytopenia with multilineage dysplasia,
refractory anemia with excess blasts-1 (RAEB-1), and
refractory anemia with excess blasts-2 (RAEB-2).

[0044] According to the method of the present invention,
when the expression level of gelsolin mRNA in the buffy
coat is measured to be 80% or less of that in a normal group,
the subject is diagnosed as being at risk of the hematologic
disease. Meanwhile, when the expression level of gelsolin
mRNA in the buffy coat is measured to be 120% or more of
that in a normal group, the subject is diagnosed as being at
risk of a hematologic neoplastic disease just before or
immediately after progression to other diseases.

[0045] More specifically, the expression level of gelsolin
mRNA in the buffy coat of the subject diagnosed as having
the hematologic disease is 80% or less, 70% or less, 60% or
less, 50% or less, 40% or less or 30% or less of that in a
healthy subject. The lower expression level means the higher
possibility that the subject will be diagnosed as having the
hematologic disease. Particularly, the expression level of
mRNA gelsolin in a leukemia patient is, on average, lower
than those in myelodysplastic syndrome and myeloprolif-
erative neoplasm patients.

[0046] In one embodiment of the present invention, the
subject may be a bone marrow dysplasia patient. In this
embodiment, when the mRNA expression level of gelsolin
in the subject is measured to be 120% or more of that in a
normal group, the bone marrow dysplasia is predicted to be
progressed to a pre-leukemic stage.

[0047] In one embodiment of the present invention, the
pre-leukemic stage is refractory anemia with excess blasts-2
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(RAEB-2). The RAEB-2 is interpreted to include acute
myelogenous leukemia (AML) immediately after develop-
ment from RAEB-2.

[0048] The levels of gelsolin in most risk groups of
hematologic diseases are measured to be 80% or less of
those in normal groups. Exceptionally, higher gelsolin
mRNA values are observed in patients during progression
from a disease to another, for example, from myelodysplas-
tic syndrome (MDS) to acute myelogenous leukemia
(AML), than those observed in healthy subjects.

[0049] More specifically, the levels of gelsolin mRNA in
buffy coats of patients with hematologic neoplastic diseases
just before or immediately after progression to other dis-
eases are measured to be 120% or more, 130% or more,
140% or more or 150% or more of those in healthy subjects.
High levels of gelsolin mRNA are diagnostic features of
patients during progression from myelodysplastic syndrome
(MDS) to acute myelogenous leukemia (AML), as men-
tioned earlier.

[0050] In one embodiment of the present invention, the
method is not affected by the level of platelets and the
hemolysis of erythrocytes in the sample. Attempts have been
made to use plasma gelsolin levels for disease diagnosis.
However, none of the attempts were successful in obtaining
consistent results because the levels of gelsolin in plasma are
greatly affected by various factors, such as platelet level and
erythrocyte hemolysis in samples, and sufficiently reflect the
conditions of diseases, making it impossible to use the levels
of gelsolin in plasma for disease diagnosis. The present
inventors have found that when bufty coat isolated from
peripheral blood or bone marrow is used, consistent results
can be obtained irrespective of the level of platelets and the
hemolysis of erythrocytes in samples. Based on this finding,
the present inventors have succeeded in finding a method for
the diagnosis of a hematologic neoplastic disease.

[0051] According to a further aspect of the present inven-
tion, there is provided a method for analyzing the prognosis
of'a hematologic neoplastic disease, including (a) measuring
a first expression level of gelsolin mRNA in bufly coat of
peripheral blood or a bone marrow aspirate isolated from a
subject and (b) measuring a second expression level of
gelsolin mRNA in another buffy coat of peripheral blood or
a bone marrow aspirate isolated from the subject after the
lapse of time when the condition of a disease is expected to
be ameliorated and comparing the first and second expres-
sion levels wherein when the second expression level is at
least 3 times higher than the first expression level, the
disease is considered to be relapsed.

[0052] The present inventors have demonstrated that the
current condition of a disease can be diagnosed from the
expression level of gelsolin mRNA measured upon initial
diagnosis of a subject and the prognosis of a disease can be
analyzed through observation of the relative profile of
gelsolin mRNA expression levels upon follow-up of a
subject. The individual steps of the method will be explained
in detail.

[0053] (a) Measurement of a First Expression Level of
Gelsolin mRNA in Buffy Coat of Peripheral Blood or a Bone
Marrow Aspirate Isolated from a Subject

[0054] The analytical method and the diagnostic method
share the use of the level of gelsolin mRNA in buffy coat in
common. The same description of the diagnostic method is
applicable to the analytical method and is thus omitted to
avoid duplication.
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[0055] The analytical method of the present invention uses
two bufly coat samples isolated at different time points from
a subject 3. As used herein, the term “first expression level”
means the expression level of gelsolin mRNA in the buffy
coat sample isolated earlier from a subject. The first and
second expression levels of gelsolin mRNA can be repre-
sented as relative values based on the expression level of
gelsolin mRNA in a healthy subject.

[0056] The first expression level can be measured by the
same technique described in the diagnostic method.

[0057] (b) Measurement of a Second Expression Level of
Gelsolin mRNA in Another Buffy Coat of Peripheral Blood
or a Bone Marrow Aspirate Isolated from the Subject after
the Lapse of Time when the Condition of a Disease is
Expected to be Ameliorated and Comparison of the First and
Second Expression Levels

[0058] The analytical method of the present invention is to
predict and prospect a change of a disease. The analytical
method of the present invention optionally includes amelio-
rating the condition of a disease by proper treatment after
measurement of the first expression level and following-up
the therapeutic effect and the change of the condition. The
time when the condition of a disease is expected to be
ameliorated means the time taken until the condition of the
disease is generally expected to be ameliorated after proper
treatment and may vary depending on complex factors, such
as general health of the subject, type of the treatment, and
sensitivity to the treatment. The expression “time when the
condition of a disease is expected to be ameliorated” con-
siders the fact that a significant difference between the first
and second expression levels is generally difficult to expect
when the second expression level is measured in too short a
time after measurement of the first expression level but is not
necessarily premised on the amelioration of the condition. It
may take several hours or even several days depending upon
the kind of the disease or the therapeutic method.

[0059] Thereafter, the first expression level is compared
with the second expression level. When the second expres-
sion level is about 3 times or more, 4 times or more, 5 times
or more or 6 times or more higher than the first expression
level, the disease is judged to be relapsed.

[0060] When the second expression level is almost the
same as or lower than the first expression level, the disease
is determined to respond to the treatment or to progress
slowly. When the second expression level increases up to
about 3 times the first expression level, the disease is not
judged to be relapsed. However, when the second expression
level is 5 times or more the first expression level, the disease
is judged to be relapsed. In this case, for example, refractory
cytopenia with multilineage dysplasia (RCMD) is judged to
be relapsed into refractory anemia with excess blasts-1
(RAEB-1) or RAEB-1 is judged to be relapsed into acute
myelogenous leukemia (AML) (see FIG. 3).

[0061] In one embodiment of the present invention, the
buffy coat samples used in steps (a) and (b) are isolated from
peripheral blood. Alternatively, the buffy coat samples may
be isolated from bone marrow. However, the use of the buffy
coat samples isolated from peripheral blood is preferred for
the convenience of follow-up.

[0062] In one embodiment of the present invention, the
expression levels are measured by a technique selected from
the group consisting of quantitative real-time PCR (qPCR),
reverse transcription polymerase chain reaction (RT-PCR),
rapid amplification of cDNA ends (RACE-PCR), multiplex
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RT-PCR, Northern blotting, nuclease protection assays, in
situ  hybridization, serial analysis of gene expression
(SAGE), RNA microarray, RNA microarray and gene chips,
and RNA sequencing (RNA-seq). Specifically, the expres-
sion levels of gelsolin mRNA may be measured by the
selected technique in accordance with a suitable method
known in the art.

[0063] In one embodiment of the present invention, the
hematologic disease is aplastic anemia or a hematologic
neoplastic disease. More specifically, the hematologic neo-
plastic disease is selected from the group consisting of acute
leukemias, chronic leukemias, myeloproliferative neo-
plasms, and myelodysplastic syndromes. The present inven-
tors have demonstrated the correlation between the relapse
profiles of the hematologic neoplastic diseases and the
profiles of gelsolin mRNA.

[0064] According to the diagnostic method and the ana-
Iytical method of the present invention, physical and eco-
nomic burdens on patients can be reduced and consistent
diagnostic and analytical results can be obtained without
being affected by other ambient factors.

[0065] The features and advantages of the present inven-
tion are summarized as follows:

[0066] (a) the present invention is effective in screening a
risk group of a hematologic disease;

[0067] (b) the present invention is effective in analyzing
the prognosis of a hematologic disease;

[0068] (c) the use of the present invention enables con-
sistent screening of a risk group of a hematologic disease
while minimizing the influence of ambient factors; and (d)
the use of the present invention enables the analysis of
prognosis of a hematologic disease in a more accurate
manner.

BRIEF DESCRIPTION OF THE DRAWINGS

[0069] FIG. 1 shows the influence of the hemolysis of
peripheral blood or the incorporation of platelets on the
concentration of plasma gelsolin.

[0070] FIG. 2 shows differences in the expression level of
plasma gelsolin in peripheral blood and bone marrow, as
measured by ELISA and qPCR.

[0071] FIG. 3 shows changes in the level of gelsolin
mRNA expression in peripheral blood samples from patients
with hematologic diseases.

[0072] FIG. 4 shows changes in the level of gelsolin
mRNA expression in bone marrow aspirates from patients
with hematologic diseases.

[0073] FIG. 5 compares the levels of gelsolin mRNA
expression in peripheral blood and bone marrow of patients
who were initially diagnosed as having MDS.

[0074] FIG. 6 compares the levels of gelsolin mRNA
expression in peripheral blood bufly coats of patients who
were initially diagnosed as having hematologic diseases.

MODE FOR CARRYING OUT THE INVENTION

[0075] The present invention will be explained in more
detail with reference to the following examples. However, it
will be obvious to those skilled in the art that these examples
are provided for illustrative purposes only and are not to be
construed as limiting the scope of the invention.
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EXAMPLES
Experimental Methods

Example 1: Blood Collection

[0076] Bone marrow blood and peripheral blood (each
about 3 ml) were collected from patients with hematologic
tumors and stored in EDTA tubes. The samples were used
for diagnosis within 6 h after sampling and were wasted. The
samples were centrifuged at 227 g for 10 min to separate
buffy coats. Leukocytes were present in the buffy coats of
the peripheral blood and both leukocytes and erythroid cells
were present in the buffy coats of the bone marrow. The
expression levels of mRNA in the samples were measured
by qPCR. All patients had no history of recent platelet and
plasma transfusion to exclude the influence of blood trans-
fusion.

Example 2: Measurement of Changes in Gelsolin
Concentration after Mixing with Hemolyzed RBCs

[0077] First, plasma was isolated from blood by centrifu-
gation (227 g, 5 min, 4° C.). ARBC lysis buffer (Biol.egend,
San Diego, USA) was added to the plasma-free blood and
allowed to stand at room temperature for 10 min. The
supernatant was collected by centrifugation and stored at 4°
C. For ELISA, the hemolysed blood was diluted with plasma
until the total volume was 100 pl.

Example 3: Measurement of Changes in Gelsolin
Concentration after Mixing with Platelets

[0078] Platelets and plasma were isolated from normal
blood by centrifugation (227 g, 5 min, 4° C.). The concen-
trated plasma-free platelets were diluted with plasma to
different platelets/plasma concentrations. At this time, the
total volume was adjusted to 100 pl.

Example 4: mRNA-PCR

[0079] Buffy coat was collected from the samples by
centrifugation at 227 g. Trizol (Ambion) was added to the
buffy coat to extract total RNA. For RNA storage, the buffy
coat was mixed with a 5-fold volume of Trizol (Choi, Lee et
al. 2013); (Hofmann, de Vos et al. 2002). cDNA was
synthesized using a SuperScript III Reverse Transcriptase
c¢DNA synthesis kit (Invitrogen) and gene was amplified by
qPCR using SYBR Green. All gene expression levels were
measured by qPCR in duplicate and calibrated with
GAPDH. The sequences of primers used in the experiments
are as follows.

GSN,
5'-CTTTGCCTGCTCCAACAAGA-3'/
5'-CCGTCTCGATGTACCGCTTA-3!

GAPDH,
5'-GAAGGTGAAGGTCGGAGT-3'/
5'-GACAAGCTTCCCGTTCTCAG-3" .

Example 5: Enzyme-Linked ImmunoSpecific
#lmmunosorbant! Assay (ELISA)

[0080] The concentrations of plasma gelsolin in the bone
marrow and peripheral blood of patients were measured
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using an ELISA kit for human gelsolin (Life Science Inc.
hubei, China) according to the manufacturer’s manual.
[0081] The concentrations of gelsolin affected by the
hemolysis of erythrocytes and the levels of plasma and
platelets were measured by the following procedure.
Samples containing erythrocytes dissolved at various con-
centrations or plasma samples containing platelets at various
concentrations were placed in immune-coated 96 well plates
(Nunc Immunoplates, Thermo Scientific, Germany). After
standing at room temperature for 2 h, the plates were washed
three times with a washing buffer (0.05% Tween20 contain-
ing PBS) and 10% FBS in PBS was added thereto. After
standing for 1 h, the plates were washed three times with a
washing buffer and a primary antibody (Gelsolin antibody,
Abnova, Taipei, Taiwan) was added thereto. After standing
at room temperature for 1 h, the plates were washed five
times with a washing buffer. Then, a secondary antibody
(HRP-conjugated secondary Ab, Jackson ImmunoResearch
Antibody, USA) was added and allowed to stand at room
temperature for 1 h. The plates were washed seven times
with a washing buffer. 30 min after addition of a detection
solution (Biolegend, San Diego, Calif.), the plates were read
using an ELISA reader (Applied Biosystems, Foster City,
Calif.).

Example 6: Western Blotting

[0082] Plasma was isolated from bone marrow and periph-
eral blood collected from patients by centrifugation. Total
proteins were dissolved in a lysis buffer. 20 ug of the lysate
was quantified before use. Thereafter, the lysate was sub-
jected to electrophoresis on SDS-PAGE and transferred to a
Hybond-ELC nitrocellulose membrane. The protein-trans-
ferred membrane was allowed to stand in 5% skim milk (in
TBST: Tris buffer saline with Tween; 25 mM Tris, 140 mM
NaCl, 0.05% Tween-20, pH8.0) at room temperature for 1 h.
Thereafter, a primary antibody (gelsolin, Abeam, USA) was
allowed to react with the proteins at 4° C. for 12 h. The
membrane was washed three times with TBST (each for 10
min) and an HRP-conjugated secondary antibody (anti-
rabbit, Jackson ImmunoResearch Antibody, USA) was
added thereto. After standing at room temperature for 1 h,
the membrane was washed three times with TBST (each for
10 min). After addition of a detection reagent (ECL solu-
tion), the membrane was exposed to an X-ray film to identify
the expression of the respective proteins.

Example 7: Statistics

[0083] The statistical significance between the disease
groups was assessed using the Mann-Whitney test.

[0084] Experimental Results

[0085] 1. Problems Associated with Gelsolin Level Mea-
surement

[0086] Some patients with hematologic tumors suffer from

hemolysis upon blood collection and depending on their
conditions due to their weak blood vessels and erythroid
dysplasia. Particularly, most bone marrow aspirate samples
were accompanied by hemolysis. The levels of plasma
gelsolin (pGSN) in the bone marrow and peripheral blood
plasma of patients were measured by ELISA in accordance
with a suitable method known in the art. Since the levels of
plasma gelsolin in samples with suspected hemolysis were
excessively different, the samples were not determined to
reflect the actual blood gelsolin levels of patients. Also when
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the plasma gelsolin levels were measured by Western blot-
ting, the results showed large differences depending on the
degree of incorporation of RBCs and it was, therefore,
impossible to measure the actual pGSN levels. Thus, the
present inventors have found for the first time that the levels
of plasma gelsolin in hemolyzed samples may fluctuate very
much.

[0087] As a result, the present inventors were aware that
the exact pGSN concentrations cannot be measured until no
hemolysis in samples is confirmed every time (FIG. 1). The
present inventors have also found that the plasma gelsolin
level is affected by an increase in the amount of platelet
incorporated. Accordingly, it could be concluded that mea-
surement of the levels of pGSN in plasma by ELISA or
measurement of the levels of gelsolin in leukocytes by
Western blotting after isolation of buffy coat and mononu-
clear cells is not appropriate for the examination of general
patient samples.

[0088] The left panel of FIG. 1 shows the concentrations
of gelsolin in mixtures of hemolysed RBCs and hemolysis-
free plasma in given proportions in order to confirm the
influence of hemolysis, which is common when collection of
peripheral blood and bone marrow blood, on the concentra-
tion of gelsolin in plasma. The gelsolin concentrations were
measured by ELISA. As the amount of the hemolysed RBCS
increased, the gelsolin concentration increased, demonstrat-
ing that the plasma gelsolin concentration was greatly
affected by hemolysis. The right panel of FIG. 1 shows the
concentrations of gelsolin in mixtures of platelets and
plasma in different dilution ratios. The gelsolin concentra-
tions were measured by ELISA. The plasma gelsolin con-
centration decreased with increasing platelet dilution ratio,
demonstrating the relevance of the increased concentration
of platelets in plasma to the gelsolin concentration.

[0089] The abbreviations used in the drawings and tables
are shown in Table 1.
TABLE 1

PB Peripheral blood

BM Bone marrow

MDS Myelodysplastic syndrome

PLT Platelet

RA Refractory anemia

RCMD Refractory cytopenia with multilineage dysplasia

RCMD-RS RCMD with ringed sideroblasts

RAEB-1 Refractory anemia with excess blasts-1

RAEB-2 Refractory anemia with excess blasts-2

CMML Chronic myelomonocytic leukemia

AML Acute myeloid leukemia

AMML Acute myelomonocytic leukemia

ALL Acute lymphoblastic leukemia

CLL Chronic lymphoblastic leukemia

APL Acute promyelocytic leukemia

MPN Myeloproliferative neoplasms

CML Chronic myelogenous leukemia

P-vera Polycythemia vera

ET Essential thrombocythemia

AA Aplastic anemia

CR Complete remission
[0090] 2. Significance of Measurement of mRNA in Buffy
Coat
[0091] Generally, the concentration of protein and the

level of mRNA expression do not have the same meaning.
The present inventors have measured for the first time the
concentration of gelsolin in buffy coat at a molecular level
instead of the concentration of protein, which is affected by
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the concentration of platelets and hemolysis of erythrocytes
in samples. The level of gelsolin in buffy coat was thought
to be more consistent than the level of plasma protein
affected by other factors of samples and become an indicator
rapidly reflecting the condition of disease.

[0092] Thus, the present inventors have conducted experi-
ments to determine whether the expression level of gelsolin
mRNA in buffy coat containing platelets as well as blood
leukocytes and erythroblasts from blood and bone marrow
of patients with hematologic neoplastic diseases, including
myelodysplastic syndromes and acute or chronic leukemia,
is of significance in the diagnosis and the analysis of
prognosis of the diseases. Particularly, this examination
method is simple to perform and minimizes errors between
operators compared to methods based on the isolation of
mononuclear cells by density gradient centrifugation, which
are difficult to use in clinical laboratory, demonstrating its
high applicability.

[0093] Hemolysis of bone marrow aspirates is common in
patients with hematologic neoplastic diseases compared to
in normal groups. Accordingly, the levels of mRNA in bone
marrow aspirates from patients with hematologic neoplastic
diseases were higher than those from healthy subjects, as
measured by ELISA. In contrast, the levels of mRNA in
buffy coat of patients with hematologic neoplastic diseases
were mostly lower than those of healthy subjects, as exam-
ined by qPCR.

[0094] 3. Changes in the Expression Level of Gelsolin
mRNA in Peripheral Blood According to Disease Progres-
sion

[0095] In peripheral blood samples from 11 patients with
myelodysplastic syndromes and hematologic neoplastic dis-
eases, the correlation between the conditions of the diseases
and the expression of gelsolin was examined. In FIG. 3, the
bars of the same color indicate the results obtained from the
same patient and the Y-axis shows changes in the condition
of the diseases with the passage of time.

[0096] The expression levels of gelsolin mRNA in the
samples were lower by an average of 1/86.6-fold (1/425.
7~1/4.3) at follow-up than at initial diagnosis. Cases 2, 3, 4,
5, and 9 responded to the treatment and showed slow disease
progression. Although the expression levels of Cases 1 and
5 were 3.4 and 2.1 times higher than the respective initial
values, no relapse of the diseases was found. In contrast, the
mRNA values of some cases increased by 5 times or more
after the initial diagnosis. They did not respond to the
treatment and were relapsed. Specifically, Case 6 (6.2-fold)
was relapsed from RCMD into RAEB-1 or Case 7 (6.7-fold)
was relapsed from RAEB-1 into AML. Case 8 (11.4-fold)
who had received chemotherapy after relapse from myelo-
dysplastic syndrome into AML showed a reduced gelsolin
value. Thereafter, Case 8 did not respond to the treatment
and finally died. Case 10 who had been diagnosed as ALL
effectively responded to the treatment and was completely
cured. Thereafter, reoccurrence of the disease was detected
in Case 10. At this time, the expression level of gelsolin
mRNA in Case 10 increased by 5.1 times. To sum up, when
MDS and acute leukemia was relapsed, the expression levels
of gelsolin mRNA increased significantly by an average of
7.36-fold (5.1~11.4-fold). Case 11 had suffered from a solid
cancer of unknown origin that metastasized into bone mar-
row. The gelsolin level of Case 11 decreased sharply just
before death, unlike those of the patients with hematologic
neoplastic diseases.
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[0097] In summary, gelsolin mRNA profiles in buffy coat
of peripheral blood from patients with hematologic neoplas-
tic diseases, such as myelodysplastic syndromes and leuke-
mia, are useful as diagnostic and prognostic factors for the
treatment and relapse of the diseases, demonstrating their
possible use as prognostic factors for the progression of
hematologic neoplastic diseases, particularly, myelodysplas-
tic syndromes.

[0098] 4. Changes in the Expression Level of Gelsolin
mRNA in Bone Marrow

[0099] Bone marrow samples were collected from 5
patients with myelodysplastic syndromes and hematologic
neoplastic diseases in the same manner as in the peripheral
blood collection. The bone marrow samples were used for
clinical follow-up to examine the correlation between gelso-
lin expression and the diseases. In FIG. 4, the bars of the
same color indicate the samples of the same patient and the
Y-axis shows changes in the condition of the diseases with
the passage of time.

[0100] The increased or decreased expression levels of
gelsolin in the bone marrow samples were confirmed to be
similar to those in the peripheral blood samples. Case 8
showed decreased cellularity of bone marrow after chemo-
therapy, leading to a remarkable reduction in the expression
level of gelsolin. The expression levels of gelsolin in Case
5 and Case 13 increased by only 3.2- and 3.3-fold, respec-
tively. Case 12 who had recovered from CML after diagnosis
showed a decreased expression level of gelsolin.

[0101] The myelodysplastic syndrome and leukemia
groups were compared using Case 14 with aplastic anemia
(AA). Case 14 had a low value and showed no significant
change even after initial diagnosis. These results, together
with the results of the peripheral blood examination, reveal
that increased or decreased expression levels of gelsolin
mRNA are helpful in determining the effects on the treat-
ment of hematologic neoplastic diseases, particularly myelo-
dysplastic syndromes and leukemia, and the progression and
relapse of the diseases.

[0102] The left panel of FIG. 5 shows low expression
levels of gelsolin in the PB samples of patients with myelo-
dysplastic syndromes RA, RCMD, and RAEB-1 corre-
sponding to low/intermediate states (medians were 0.07,
0.49, and 0.49 for RA, RCMD, and RAEB-1, respectively).
In contrast, the RAEB-2 patients showed higher values
(median 2.38) than healthy subjects. 33% of the RAEB-2
patients were relapsed into leukemia within 18 months.
These results are in good agreement with the increased
gelsolin values when the diseases were relapsed upon fol-
low-up diagnosis using peripheral blood from the patients
(FIG. 3).

[0103] The right panel of FIG. 5 shows lower expression
levels of gelsolin in the BM samples of patients with
MDS-RA, RCMD, and RAEB-1 than those of normal
groups (medians were 0.09, 0.83, and 0.80 for RA, RCMD,
and RAEB-1, respectively). In contrast, the median for
RAEB-2 was higher (1.63) than that for the normal group.
Considering the increased expression levels of gelsolin in
RAEB-2, which is considered a preliminary stage of acute
leukemia, the expression of gelsolin mRNA would be an
auxiliary criterion in determining the relapse of the disease.
[0104] 5. Expression Levels of Gelsolin mRNA in Buffy
Coat of Peripheral Blood

[0105] The expression levels of gelsolin mRNA in periph-
eral blood samples collected from 5 different patient groups



US 2017/0114408 Al

with myelodysplastic syndromes (MDS) and hematologic
neoplastic diseases, including leukemia, lymphoma, myelo-
proliferative neoplasm (MPN), etc., upon initial diagnosis
were measured by qPCR and compared with that (“1”) in
healthy subjects. The sub-diseases and the number of cases
are shown in Table 2.

TABLE 2
Number of

Group Diagnosis cases
Healthy donor — 3

RA, RCMD, RAEB-1, RAEB-2 1632

AML, AMML, ALL, CLL, APL, Periph- 52222

eral T-cell leukemia

NK/T cell lymphoma, follicular lymphoma 11

CML, ET, P-vera 421
Etc. Aplastic anemia, thrombotic thrombocy- 3111

topenic purpura (TTP), premature babies

associated with BM of metastatic cancer
[0106] The MDS, leukemia, lymphoma, and MPN groups

showed lower median expression levels of gelsolin mRNA
than the healthy subjects. Particularly, the leukemia group
had a lower median and was statistically significantly dif-
ferent from the other groups (P values were 0.016, 0.040,
and 0.005 for MDS, MPN, and etc., respectively) (see FIG.
6). Irrespective of whether the diseases were acute or
chronic or myeloid or lymphoid, the expression levels of
gelsolin were very low in all of the AML, ALL, and CLL
groups.

[0107] Very low expression levels of gelsolin were also
observed in the MPN group, including essential thrombo-
cythemia (ET) accompanied by an increased number of
platelets and polycythemia vera (PV) accompanied by
increased numbers of erythrocytes and bone marrow cells as
well as CML accompanied by an increased number of
leukocytes, erythrocytes or platelets. These results indicate
that an increased number of blood cells, including platelets,
does not simply lead to an increase in the expression level
of gelsolin mRNA. Relapse of CML led to a significant
increase in the expression level of gelsolin.

[0108] In the Etc group, the expression levels of gelsolin
mRNA were low for aplastic anemia, a disease where few
cells are present in bone marrow, and hypocellular marrow.
The expressions of gelsolin mRNA in premature babies were
high compared to those in healthy adults.

[0109] Considering that the expression levels of gelsolin
in acute leukemia were very significantly low compared to
those in the MDS group, it is determined that the expression
level of gelsolin would be helpful in screening and diag-
nosing MDS, particularly RAEB-2, that progresses to acute
leukemia.

[0110] 6. Comparison of Expression Levels of Gelsolin
mRNA in Bufty Coat of Bone Marrow

[0111] The expression levels of gelsolin mRNA in bone
marrow aspirates collected from 5 different patient groups
with myelodysplastic syndromes (MDS) and hematologic
neoplastic diseases, including leukemia, lymphoma, myelo-
proliferative neoplasm (MPN), etc., for initial diagnosis
were measured by qPCR and compared with that (“1”) in
healthy subjects. The patient groups were divided through
bone marrow examination. The sub-diseases are shown in
Table 2.
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TABLE 3
Number of
Group Diagnosis cases
Healthy donor — 2
RA, RCMD, RAEB-1, RAEB-2 2452

AML, AMML, ALL, CLL, APL, Periph-
eral T-cell leukemia
BM involvement NK/T cell lymphoma 3
of lymphoma

512111

CML, ET, P-vera 533
Etc. Aplastic anemia, thrombotic thrombocy- 1114

topenic purpura (TTP), premature babies

associated with BM of metastatic cancer

[0112] The expression levels and profiles of gelsolin
mRNA in the bone marrow samples were similar to those in
the peripheral blood samples. The MDS, leukemia, lym-
phoma, and MPN groups showed lower expression levels of
gelsolin mRNA than the healthy subjects. Particularly, the
leukemia group had a lower median and was significantly
different from the other groups (P values were 0.024, 0.030,
and 0.019 for MDS, MPN, and Etc., respectively) (see FIG.
7). As in the results obtained in the peripheral blood samples,
the leukemia group, including AML, ALL, and CLL,
showed very low expression levels of gelsolin (median
0.05). The patients with bone marrow involvement of lym-
phoma showed low expression levels of gelsolin mRNA
(median 0.12) when diagnosed. Particularly, like the results
obtained in the peripheral blood samples, low gelsolin levels
were observed in the MPN group, including CML, p-vera,
and ET, which are diseases accompanied by significantly
increased numbers of leukemic cells, erythroid cells, and
platelets. The gelsolin levels in aplastic anemia and hypo-
cellular marrow belonging to the Etc group showed a
tendency to decrease. These results are contrary to the
results obtained in the peripheral blood samples. The expres-
sion levels of gelsolin in aplastic anemia (AA) as a hema-
tologic disease were lower (0.36+/-0.18) than the control.
Therefore, in the hematologic neoplastic diseases with bone
marrow involvement that do not belong to the Etc group, the
same expression patterns of gelsolin mRNA were obtained
in both peripheral blood and bone marrow for the respective
diseases. In conclusion, this method enables precise tracing
of the progress of hematologic neoplastic diseases using
peripheral blood collected for regular examination, com-
pared to conventional methods requiring invasive bone
marrow collection only when a diagnosis is made.

[0113] Inthe present invention, bufty coat of bone marrow
or peripheral blood was used to demonstrate the correlation
between the expression of gelsolin mRNA and diseases.
Based on this correlation, it can be conclude that the
expression of gelsolin mRNA is useful as a marker or can be
used for the treatment of diseases.

[0114] While specific embodiments of the invention have
been described in detail, will be appreciated by those skilled
in the art that such detailed descriptions are merely preferred
embodiments and the scope of the present invention is not
limited thereto. Therefore, the true scope of the present
invention should be defined by the appended claims and
their equivalents.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 5

<210> SEQ ID NO 1

<211> LENGTH: 2349

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

atggecteege accgeceege gecegegetyg ctttgegege tgteccetgge getgtgegeg 60

ctgtegetge cegtecgege ggecactgeg tegegggggg cgtceccagge gggggegece 120

caggggeggy tgcccgagge geggeccaac ageatggtgg tggaacacce cgagttecte 180
aaggcaggga aggagcctgg cctgcagate tggegtgtgg agaagttega tetggtgece 240
gtgcccacca acctttatgg agacttctte acgggegacyg cctacgtcat cctgaagaca 300
gtgcagctga ggaacggaaa tctgcagtat gaccteccact actggetggg caatgagtge 360
agccaggatyg agagegggge ggcegecate tttaccgtge agetggatga ctacctgaac 420
ggcegggecyg tgcagcacceg tgaggtccag ggcttegagt cggecacctt cctaggetac 480
ttcaagtctyg gectgaagta caagaaagga ggtgtggcat caggattcaa gcacgtggta 540
cccaacgagyg tggtggtgea gagactctte caggtcaaag ggcggegtgt ggtcegtgece 600
accgaggtac ctgtgtectg ggagagette aacaatggeg actgcettcat cctggacctyg 660
ggcaacaaca tccaccagtg gtgtggttcce aacagcaatc ggtatgaaag actgaaggcece 720
acacaggtgt ccaagggcat ccgggacaac gagcggagtg gecgggecceg agtgcacgtyg 780
tctgaggagyg gecactgagece cgaggegatg ctecaggtge tgggccccaa gecggetetyg 840
cctgecaggta ccgaggacac cgccaaggag gatgeggcca accgcaagcet ggccaagete 900
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-continued

tacaaggtct ccaatggtgc agggaccatg tcegtcteee tegtggetga tgagaaccce 960
ttecgecccagg gggccectgaa gtcagaggac tgcttcatcce tggaccacgg caaagatggg 1020
aaaatctttyg tctggaaagg caagcaggca aacacggagg agaggaaggc tgccctcaaa 1080
acagcctetg acttcatcac caagatggac taccccaagce agactcaggt ctecggtectt 1140
cctgagggceg gtgagacccece actgttcaag cagttcttca agaactggceg ggacccagac 1200
cagacagatg gcctgggcett gtecctacctt tccagccata tecgccaacgt ggagcecgggtg 1260
cecttegacyg ccgecaccct gcacacctece actgecatgg cegeccagea cggcatggat 1320
gacgatggca caggccagaa acagatctgg agaatcgaag gttccaacaa ggtgcccegtg 1380
gaccctgeca catatggaca gttctatgga ggcgacagcet acatcattct gtacaactac 1440
cgccatggtg gecgecaggg gcagataatce tataactgge agggtgccca gtctacccag 1500
gatgaggtcg ctgcatctge catcctgact gectcagcectgg atgaggagct gggaggtacce 1560
cctgtecaga gecgtgtggt ccaaggcaag gageccgecce acctcatgag cctgtttggt 1620
gggaagccca tgatcatcta caagggcgge acctcecegeg agggcgggca gacagccect 1680
gecagcacee gectetteca ggtecgegece aacagegetg gagccacceg ggetgttgag 1740
gtattgccta aggctggtge actgaactcc aacgatgcct ttgttctgaa aaccccctca 1800
geegectace tgtgggtggg tacaggagcece agcgaggcag agaagacggg ggceccaggag 1860
ctgctecaggg tgctgeggge ccaacctgtg caggtggcayg aaggcagcega gccagatgge 1920
ttetgggagg ccctgggegyg gaaggctgece taccgcacat cceccacgget gaaggacaag 1980
aagatggatg cccatcctece tegectettt gectgcteca acaagattgg acgttttgtg 2040
atcgaagagg ttcctggtga gctcatgcag gaagacctgg caacggatga cgtcatgett 2100
ctggacacct gggaccaggt ctttgtctgg gttggaaagg attctcaaga agaagaaaag 2160
acagaagcct tgacttctge taagcggtac atcgagacgg acccagccaa tcgggatcgg 2220
cggacgccca tcaccgtggt gaagcaaggce tttgagectce cctcectttgt gggectggtte 2280
cttggcetggg atgatgatta ctggtctgtg gaccccttgg acagggccat ggctgagetg 2340
gctgectga 2349
<210> SEQ ID NO 2

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 2

ctttgcctge tccaacaaga 20
<210> SEQ ID NO 3

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 3

ccgtctegat gtaccgctta 20

<210> SEQ ID NO 4
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-continued
<211> LENGTH: 18
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 4

gaaggtgaag gtcggagt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 5

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 5

gacaagctte ccgttctcag

18

20

1. A method for screening a subject at risk for a hema-
tologic disease, comprising (a) providing buffy coat of
peripheral blood or a bone marrow aspirate isolated from the
subject and (b) measuring the expression level of gelsolin
mRNA in the buffy coat as a marker for a hematologic
disease wherein when the expression level of gelsolin
mRNA is measured to be as low as 80% or less or as high
as 120% or more of that in a normal group, the subject is
diagnosed as being at risk for the hematologic disease.

2. The method according to claim 1, wherein the expres-
sion level is measured by a technique selected from the
group consisting of quantitative real-time PCR (qPCR),
reverse transcription polymerase chain reaction (RT-PCR),
rapid amplification of cDNA ends (RACE-PCR), multiplex
RT-PCR, Northern blotting, nuclease protection assays, in
situ  hybridization, serial analysis of gene expression
(SAGE), RNA microarray, RNA microarray and gene chips,
and RNA sequencing (RNA-seq).

3. The method according to claim 1, herein the hemato-
logic disease is aplastic anemia or a hematologic neoplastic
disease.

4. The method according to claim 3, wherein the hema-
tologic neoplastic disease is selected from the group con-
sisting of acute leukemias, chronic leukemias, myeloprolif-
erative neoplasms, and myelodysplastic syndromes.

5. The method according to ¢ herein the subject is a bone
marrow dysplasia patient and wherein when the mRNA
expression level of gelsolin in the subject is measured to be
120% or more of that in a normal group, the bone marrow
dysplasia is predicted to be progressed to a pre-leukemic
stage.

6. The method according to claim 5, herein the pre-

leukemic stage is refractory anemia with excess blasts-2
(RAEB-2).

7. The method according to claim 1, wherein the method
is not affected by the level of platelets and the hemolysis of
erythrocytes in the sample.

8. A method for analyzing the prognosis of a hematologic
neoplastic disease, comprising (a) measuring a first expres-
sion level of gelsolin mRNA in buffy coat of peripheral
blood or a bone marrow aspirate isolated from a subject and
(b) measuring a second expression level of gelsolin mRNA
in another bufly coat of peripheral blood or a bone marrow
aspirate isolated from the subject after the lapse of time
when the condition of a disease is expected to be ameliorated
and comparing the first nd second expression levels wherein
when the second expression level is at least 3 times higher
than the first expression level, the disease is considered to be
relapsed.

9. The method according to claim 8, wherein the huffy
coat samples used in steps (a) and (b) are isolated from
peripheral blood.

10. The method according to claim 8, wherein the expres-
sion levels are measured by a technique selected from the
group consisting of quantitative real-time PCR (qPCR),
reverse transcription polymerase chain reaction (RT-PCR),
rapid amplification of cDNA ends (RACE-PCR), multiplex
RT-PCR, Northern blotting, nuclease protection assays, in
situ  hybridization, serial analysis of gene expression
(SAGE), RNA microarray, RNA microarray and gene chips,
and RNA sequencing (RNA-seq).

11. The method according to claim 8, wherein the hema-
tologic disease is aplastic anemia or a hematologic neoplas-
tic disease.

12. The method according to claim 11, wherein the
hematologic neoplastic disease is selected from the group
consisting of acute leukemias, chronic leukemias, myelo-
proliferative neoplasms, and myelodysplastic syndromes.
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