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Abstract

Myelodysplastic syndromes (MDS) are common malignant disorders with a poor prognosis.
MDS are a group of highly heterogeneous disorders but show certain universal findings
including a high incidence in the elderly population, cytopenia, dysplastic myeloid cells, and
frequent transformation to acute myeloid leukemia. Until recently, the vast majority of MDS
patients were treated with supportive therapy alone, such as transfusions. Allogeneic stem cell
transplantation (SCT) has the potential for cure, although due to the age and comorbidity of
MDS patients, the role of allogeneic SCT in MDS has been limited. Recently, research in MDS
has shown substantial advances that have deepened our understanding of MDS

pathophysiology and changed our approach to MDS patients. This review touches on some

recent developments in the diagnosis and pathophysiology of MDS.
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Introduction

Myelodysplastic syndromes (MDS) are malignant
disorders in which the bone marrow (BM) is
composed of clonal hematopoietic cells showing
differentiation into myeloid cells (neutrophilic cells,
erythroblasts, and megakaryocytes) to various
degrees in each case'. MDS show cytopenia (anemia,
neutropenia, and/or thrombocytopenia) and often
transform to acute myeloid leukemia (AML), which
is called secondary AML and has much worse
prognosis compared with de novo AML. MDS may
develop in individuals who have been exposed to
cancer chemotherapy (e.g., alkylating agents and

topoisomerase II inhibitors), excess ionizing radiation

(e.g., atomic bombs and radiotherapy for malignant
diseases), and other chemicals (e.g, benzene). In
particular, intensified cancer chemotherapy (such as
autologous stem cell transplantation [SCT]) has
increased the incidence of therapy-related MDS
Some congenital diseases (e.g, Down syndrome,
Fanconi anemia) are also associated with MDS
development. However, overall, the cause of a
majority of MDS cases, especially in adult patients, is
unknown (de novo MDS). MDS appears to be the
most common malignancy among a variety of
myeloid neoplasia, and the incidence of MDS
increases profoundly with age®. Therefore, MDS
may become a burden to the healthcare systems in
developed countries. Until recently, MDS had been

considered to be untreatable; only allogeneic SCT

Correspondence to Kiyoyuki Ogata, Division of Hematology, Department of Medicine, Nippon Medical School, 1-1-5

Sendagi, Bunkyo-ku, Tokyo 113-8603, Japan
E-mail: ogata@nms.ac.jp
Journal Website (http:;//www.nms.ac.jp/jnms/)

300

J Nippon Med Sch 2006; 73 (6)



Recent Progress in MDS

Table 1 WHO classification and criteria for MDS

Disease

Blood findings

BM findings

Refractory anemia (RA) Anemia

No or rare blasts
RA with RS (RARS) Anemia
No blasts
Refractory cytopenia with

multilineage dysplasia (RCMD)

RCMD and RS (RCMD-RS)

No or rare blasts, no Auer rods
<1 x10%1L monocytes

Cytopenias (bi- or pancytopenia)
No or rare blasts, no Auer rods
<1x10%L monocytes

Cytopenias (bi- or pancytopenia)

Erythroid dysplasia only

<5% blasts, <15% ringed sideroblasts (RS)
Erythroid dysplasia only

<5% blasts, >215% RS

Dysplasia in >10% of cells in 2 or 3
myeloid lineages*

<5% blasts, <15% RS, no Auer rods
Dysplasia in >10% of cells in 2 or 3
myeloid lineages

<5% blasts, 215% RS, no Auer rods

RA with excess blasts-1 (RAEB-1) Cytopenias, <5% blasts, no Auer rods Unilineage or multilineage dysplasia

<1 x10%L monocytes
Cytopenias, 5% to 19% blasts

RAEB-2

5% to 9% blasts, no Auer rods
Unilineage or multilineage dysplasia

Auer rods =, <1 x10%L monocytes 10% to 19% blasts, Auer rods =

MDS, unclassified (MDS-U) Cytopenias

No or rare blasts, no Auer rods

MDS associated with isolated del ~ Anemia, <5% blasts

(5q) Platelets normal or increased

Unilineage dysplasia in neutrophil lineage
cells or MKs

<5% blasts, no Auer rods

Normal to increased MKs  with
hypolobated nuclei

<5% blasts, no Auer rods, isolated del (5q)

MKSs: megakaryocytes. *Neutrophil lineage cells, erythroblasts, and MKs.
Adapted from the original publication in Blood® with permission from the American Society of Hematology.

had the potential for cure and probable survival
benefit. However, mainly due to the age and
comorbidity of MDS patients, the role of allogeneic
SCT in MDS has been limited. Recent advances in
MDS research have deepened our understanding of
MDS pathophysiology and changed our approach to
MDS patients'. This review touches on some recent
developments in the diagnosis and pathophysiology
of MDS.

1. Historical Background and Classification

From the early 20th century, patients likely to
have had MDS based on the current criteria have
been reported’. Those patients showed refractory
cytopenia and cellular BM as well as dysplasia in
myeloid cells and died due to cytopenia or
transformation to acute leukemia. A variety of terms
were used for such patients, including preleukemic
anemia, leukanemia, refractory normoblastic anemia,
preleukemia, and hemopoietic dysplasia. In 1982,
seven of the leading authorities in this field

published diagnostic criteria (the French-American-
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British [FAB] classification) for this disease category
and proposed the term MDS®. Their report was the
underpinning of subsequent progress in MDS
research continuing to the present. In particular,
that report allowed investigators to exchange
information on patients diagnosed using the same
criteria, made MDS well known worldwide, and, by
making the target disease (patients) clearer,
recruited numerous investigators to MDS research.
MDS, which are defined by cytopenia, cellular BM,
and dysplastic myeloid cells, comprise heterogeneous
disorders in terms of a wide spectrum of
morphologic features, BM cytogenetics, clinical
outcomes, and probable pathogenesis. MDS are
classified into five subtypes in the FAB classification
and into eight subtypes in the recent World Health
Organization (WHO) classification’ that refined and
evolved the FAB classification. However, each
subtype is still heterogeneous; probably the “5g-
syndrome” is the only subtype that is a virtually
distinct disease. The heterogeneity of MDS is in
sharp contrast with chronic myelocytic leukemia,

which is virtually homogeneous in terms of genetic
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Fig. 1 Outline of analysis of CD34* cell-related parameters. This research was originally published in Blood?. Ogata K.
et al. Diagnostic application of flow cytometric characteristics of CD34* cells in low-grade myelodysplastic
syndromes. Blood. 2006; 108: 1037-1044 by the American Society of Hematology.

change and response to specific therapy". The WHO

classifications are summarized in Table 1.

2. Diagnosis

2-1. Issues in Diagnosis

Cytopenia (and/or elevated mean capsular volume
of erythrocytes), cellular BM, dysplastic myeloid
cells, and ruling out other diseases, especially
conditions causing dysplastic myeloid cells, are
cornerstones of MDS diagnosis. A substantial
proportion of MDS patients show abnormal BM
karyotypes and an increase in blasts and ringed
sideroblasts. The presence of these clearly objective
straightforward diagnosis.

findings leads to a

“Refractory anemia (RA),” “refractory cytopenia
with multilineage dysplasia (RCMD),” and “MDS,
unclassified (MDS-U),” in the WHO classification lack
the increase in blasts and ringed sideroblasts in all
cases by definition and show normal karyotypes in
more than 50% of cases (these three categories are
designated as MDS without ringed

sideroblasts [LGw/oRS] in this paper)?. Therefore,

low-grade

the diagnosis of LGw/0RS requires a broad range of
knowledge and experience in hematology including
cytomorphologic training. Even to the experts, there
are patients whose MDS diagnosis is uncertain,
mainly due to unclear dysplasia in spite of the
presence of unexplained cytopenia®™ This problem
has long been recognized and remains unresolved.
Clonal fluorescence in  situ

analyses  using
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hybridization with multiple probes and other
methods, e.g, examining random or nonrandom
on X

chromosomes, may have value, although these

inactivation patterns of genes located
analyses are not routinely performed in many
laboratories. Currently, it is recommended that
patients whose diagnosis is uncertain should be
followed wup and reevaluated at appropriate
intervals™. Also, the term “refractory cytopenia with
(RCUS)”,

appropriate for such patients” This is especially

undetermined  significance may be
important when considering the emotional impact on
patients; patients may be less stressed by a
diagnosis of RCUS rather than MDS (or “MDS,
suspected”), because the latter term indicates a poor

prognosis.

2-2. Role of Flow Cytometry
Immunophenotyping using flow cytometry (FCM)
is an objective and reliable method to identify
dysregulated antigen expression of neoplastic cells.
In acute leukemia and non-Hodgkin lymphoma, the
of FCM has been

established. In the past several years, several studies

diagnostic power firmly
have examined the diagnostic power of FCM in
MDsl&ZO

recognition approach: based on extensive knowledge

Initially, investigators used a pattern-

of the normal pattern of hematopoietic cells in FCM,
investigators identified abnormal patterns (such as
hypogranulation of neutrophils by orthogonal light

scatter) without establishing an objective definition

J Nippon Med Sch 2006; 73 (6)
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Models of AML development. (A and B) The most accepted models are based on the
notion that all hematopoietic cells are derived from PHSCs in a hierarchically ordered
fashion. In panel A, all events (black arrowheads) causing the transformation and loss
of lymphopoietic potential occur at PHSCs. In panel B, an event (open arrowhead)
“preleukemic” cells occurs at PHSCs. After the preleukemic PHSCs
commit to the myeloid lineage, additional oncogenic events (shaded arrowhead) occur
to create leukemic stem cells. (C) Our model based on data showing that HSCs consist
of heterogeneous populations, ie.,

that creates

PHSCs and myeloid- and lymphoid-restricted
HSCs. In this model, events causing the transformation occur at the myeloid-
restricted HSCs. LSC: leukemic stem cell, CMP: common myeloid progenitor, CLP:
common lymphoid progenitor, MyHSC: myeloid-restricted HSC, LyHSC: lymphoid-
restricted HSC. Reproduced from the original publication in Leukemia Research*!.

%17 Therefore, the usefulness

of this approach was debated®®. More recent studies
have tried to quantify flow abnormalities in MDS*™®.
Our group confirmed that MDS blasts show a
variety of abnormalities in FCM®. Based on this
finding, we showed that FCM analysis of CD34" cells
help to diagnose LGw/oRS patients®. Figure 1
shows the scheme of our FCM analysis method.
Establishing a diagnostic FCM strategy that is
usable and reproducible with ease by many
laboratories with high sensitivity/specificity will be
the next important mission in this field. Finally, I
would like to emphasize the points that are often
overlooked: FCM may be

pathophysiology and predict prognosis in MDS*™.

useful to reveal

J Nippon Med Sch 2006; 73 (6)

3. Pathophysiology

3-1. Cell Origin of MDS: Lessons from AML

Among myeloid neoplasia, the transformation site
(the neoplasm-initiating cells) in AML has been
intensively investigated. In general, myeloid cells
alone are involved in a malignant clone in AML
patients, and this is also true in MDS*¥. However,
the most accepted hypothesis is that the
transformation occurs in pluripotent hematopoietic
stem cells (PHSCs)®, which can differentiate into
both myeloid and lymphoid cells. This hypothesis is
mainly based on the following two key findings. 1)
CD34'CD38 cells, which are a well-documented cell
population containing human PHSCs*™, are often
clonal in AML patients®®. 2) Cells capable of

initiating human AML in nonobese diabetic/severe
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combined immunodeficiency (NOD/SCID) mice have
been confined within the CD34"CD38" cell fraction in
the majority of AML patients*®. The reason why
the transformed PHSCs in AML do not differentiate
into lymphoid cells can be explained by the concept
that specific leukemogenic mutations may inhibit the
lymphopoietic potential of transformed PHSCs®. An
alternative explanation is that the initial event
occurs in PHSCs to create “preleukemic” stem cells
that differentiate into myeloid lineage cells, and
additional oncogenic alterations occur in these
myeloid preleukemic cells to create leukemic stem
cells®. Meanwhile, recent data from multiple
laboratories have indicated the presence of myeloid
HSCs that have a similar immunophenotype to
PHSCs but virtually lack lymphopoietic potential
(MyHSCs)”™. Therefore, our group proposed the
hypothesis that MyHSCs may be the transformation
site in AML (Fig. 2)". Further investigations are
required to obtain a definitive answer on this issue.
The approaches that had been used for examining
AML stem cells were applied to MDS with limited
success. CD34°CD38 cells were reported to be
clonal in MDS®*® although probably due to the
defective or unstable hematopoietic potential of MDS
stem cells, MDS CD34°CD38  cells seldom
reconstitute hematopoiesis in NOD/SCID mice. A
recent report has indicated that NOD/SCID-B2
microglobulin-null mice might be more suitable for
examining the in vivo stem cell activity of MDS

cells*.

3-2. Cytogenetics, Genetics, and Epigenetics

About a half of de novo MDS patients have
abnormal BM cytogenetics. No universal cytogenetic
abnormality exists in MDS, and the predominant
abnormalities are nonrandom chromosomal deletions
that include monosomy 7 and partial deletions of
chromosome arms 5q, 7q, 11q, and 20q”. Trisomy &
is also common and interestingly associated with a
good response to immunosuppressive therapy®.
Similarly, a variety of genetic alterations have been
reported which include mutations in RAS, p53, and
FLT3® Hopefullyy, more advanced searches for
genetic alterations, such as the Cancer Genome

Atlas project under the auspices of the US National
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Institutes of Health”, will identify fairly universal
genetic changes. Identification of such changes is
expected to lead to the development of an effective
targeted therapy. Epigenetic abnormalities are also
reported in MDS. Many tumor-suppressor genes are
often inactivated by hypermethylation of their
promoter sequences in a variety of human cancers®.
A gene of a cyclin-dependent kinase inhibitor, the
pl51INK4B gene, is hypermethylated in MDS,
especially in advanced stages®. In clinical trials, the
demethylating agents b5-aza-cytidine (azacytidine)
and 5-aza-2’-deoxycitidine (decitabine) improved
cytopenia and have been approved for MDS
treatment by the US Food and Drug Administration

*' In accordance with the

in the last two years
hypermethylation status, the clinical effect of these
drugs is more marked in advanced stages of MDS

compared with early stages.

3-3. Apoptosis

MDS exhibit cytopenia in spite of cellular BM.
This finding may be explained by two major
mechanisms: MDS hematopoietic cells in the myeloid
lineage have a defect in differentiation capability and
undergo excess apoptosis. The latter mechanism,
which was formally hypothesized in 1993% has been
confirmed by multiple groups™™. Apoptosis is more
marked in early stages of MDS compared with
advanced stages and with MDS transformed into
AML. Cytopenia in the early stages of MDS may
reflect a balance between the capability of cell
production and degree of cell apoptosis.
Furthermore, a decrease in the apoptosis of MDS
clonal cells, especially CD34" cells, may be one of the
mechanisms leading to disease progression in MDS.
Combined therapy with granulocyte colony-
stimulating factor and erythropoietin improves
cytopenia in a substantial proportion of MDS
patients and this clinical effect is reported to be
associated with a decrease in the apoptosis of BM
cells”. A recent paper has reported that a molecule,
p38 mitogen-activated protein kinase (MAPK), that is
involved in regulating apoptosis and controlling the
cell cycle was overactivated in early stages of MDS,
but not in advanced stages® p38 MAPK

overactivation and apoptosis were observed in the

J Nippon Med Sch 2006; 73 (6)
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same cells in MDS BM, and inhibitors of p38 MAPK,
such as SCIO-469, improved the hematopoiesis of
MDS BM cells in vitro.

3-4. Immunology

Although lymphocytes are not clonal in a majority
of MDS patients, lymphopenia, especially a decrease
in T lymphocytes, is a common finding in MDS*®.
Furthermore, a variety of lymphocyte functions are
impaired in MDS, often involving functions of T

61-65

lymphocytes and natural killer cells Usually,
immunologic defects are more marked in advanced
stages of MDS compared with early stages. The
circulating level of the soluble interleukin-2 receptor
(sIL-2R), which is a soluble form of the IL-2R a-chain
(CD25) and has the capability to bind and neutralize
IL-2, is often elevated in MDS patients, especially in
the advanced stages®. One hypothesis is that sIL-
2R is created by cleaving CD25 expressed on MDS
blasts and plays a role in immunologic defects in
MDS. The immunologic competence of hosts is
considered to be important to defend against MDS
clones, which 1is supported by the following
Although

therapies, such as anti-thymocyte globulin (ATG)

observations. immunosuppressive
and cyclosporin therapies, increase myeloid cell
counts in some cases of MDS, the increased myeloid
cells are thought to be clonal in origin®. MDS clones
develop in a substantial proportion of patients with
aplastic anemia who were treated with ATG
therapy®. Therefore, elucidating the mechanisms by
which immunologic defects occur and their

correction may have clinical value.

4. Concluding Remarks

The history of MDS illustrates the importance of
establishing usable diagnostic criteria and of
elucidating disease pathophysiology. That has led to
the development of effective therapies for MDS (for
therapies of MDS, please refer to other reviews'®).
It is expected that therapies such as intensive
chemotherapies and SCT that eliminate both
malignant and normal cells will become old-fashioned
and replaced with more sophisticated, targeted

therapies based on disease pathophysiology.

J Nippon Med Sch 2006; 73 (6)

Meanwhile, the current diagnostic approach and

understanding of  pathophysiology are  still

unsatisfactory in MDS. Much work remains to be
done in this field.

References

1. Steensma DP, Bennett JM: The muyelodysplastic
syndromes: diagnosis and treatment. Mayo Clin Proc
2006; 81: 104-130.

2. Smith MT, Linet MS, Morgan GJ: Causative agents
in the etiology of myelodysplastic syndromes and
the acute myeloid leukemias. In The Myelodysplastic
Syndromes: Pathobiology and Clinical Management
(Bennett JM, ed), 2002; pp 29-63, Marcel Dekker,
New York.

3. Miller JS, Arthur DC, Litz CE, Neglia JP, Miller W],
Weisdorf DJ: Myelodysplastic syndrome after
autologous bone marrow transplantation: an
additional late complication of curative cancer
therapy. Blood 1994; 83: 3780-3786.

4. Hamblin TJ: Epidemiology of the myelodysplastic
syndromes. In The Myelodysplastic Syndromes:
Pathobiology and Clinical Management (Bennett JM,
ed), 2002; pp 15-27, Marcel Dekker, New York.

5. Aul C, Giagounidis A, Germing U: Epidemiological
features of myelodysplastic syndromes: results from
regional cancer surveys and hospital-based statistics.
Int J Hematol 2001; 73: 405—410.

6. Hofmann WK, Lubbert M, Hoelzer D, Koeffler PH:
Myelodysplastic syndromes. Hematol J 2004; 5: 1-8.

7. Phelan JTII, Kouides PA, Bennett JM:
Myelodysplastic syndromes: historical aspects. In
The Myelodysplastic Syndromes: Pathobiology and
Clinical Management (Bennett JM, ed), 2002; pp 1-14,
Marcel Dekker, New York.

8. Bennett JM, Catovsky D, Daniel MT, et al.: Proposals
for the classification of the myelodysplastic
syndromes. Br ] Haematol 1982; 51: 189-199.

9. Vardiman JW, Harris NL, Brunning RD: The World
Health Organization (WHO) classification of the
myeloid neoplasms. Blood 2002; 100: 2292-2302.

10. Mathew P, Tefferi A, Dewald GW, et al: The 5g-
syndrome: a single-institution study of 43
consecutive patients. Blood 1993; 81: 1040-1045.

11. Inokuchi K: Chronic myelogenous leukemia: from
molecular biology to clinical aspects and novel
targeted therapies. ] Nippon Med Sch 2006; 73: 178—
192.

12. Sole F, Espinet B, Sanz GF, et al: Incidence,
characterization and prognostic significance of
chromosomal abnormalities in 640 patients with
primary myelodysplastic syndromes. Br J Haematol
2000; 108: 346-356.

13. Hamblin T: Minimal diagnostic criteria for the
myelodysplastic syndrome in clinical practice. Leuk
Res 1992; 16: 3.

14. Bowen D, Culligan D, Jowitt S, et al: Guidelines for
the diagnosis and therapy of adult myelodysplastic
syndromes. Br ] Haematol 2003; 120: 187-200.

15. Valent P, Horny HP, Bennett JM, et al. Definitions
and standards in the diagnosis and treatment of

305



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

K. Ogata

myelodysplastic syndromes: consensus statements
and report from a working conference. Leuk Res (in
press).

Stetler-Stevenson M, Arthur DC, Jabbour N, et al.:
Diagnostic utility of flow cytometric
immunophenotyping in myelodysplastic syndrome.
Blood 2001; 98: 979-987.

Kussick SJ, Wood BL: Using 4-color flow cytometry
to identify abnormal myeloid populations. Arch
Pathol Lab Med 2003; 127: 1140-1147.

Cherian S, Moore ], Bantly A, et al.: Peripheral blood
MDS score: a new flow cytometric tool for the
diagnosis of myelodysplastic syndromes. Cytometry
B (Clin Cytom) 2005; 64: 9-17.

Malcovati L, Della Porta MG, Lunghi M, et al.: Flow
cytometry evaluation of erythroid and myeloid
dysplasia in patients with myelodysplastic syndrome.
Leukemia 2005; 19: 776-783.

Ogata K, Kishikawa Y, Satoh C, Tamura H, Dan K,
Hayashi A: Diagnostic application of flow cytometric
characteristics of CD34+ cells in low-grade
myelodysplastic syndromes. Blood 2006; 108: 1037-
1044.

Elghetany MT: Diagnostic utility of flow cytometric
immunophenotyping in myelodysplastic syndrome.
Blood 2002; 99: 391.

Stetler-Stevenson M, Rick M, Arthur D: Diagnostic
flow cytometric immunophenotyping in
myelodysplastic ~ syndrome: the  US-Canadian
consensus recommendations on the
immunophenotypic  analysis of hematological
neoplasia by flow cytometry apply. Blood 2002; 99:
392.

Ogata K, Nakamura K, Yokose N, et al: Clinical
significance of phenotypic features of blasts in
patients with myelodysplastic syndrome. Blood 2002;
100: 3887-3896.

Ogata K, Yoshida Y: Clinical implications of blast
immunophenotypes in myelodysplastic syndromes.
Leuk Lymphoma 2005; 46: 1269-1274.

Wells DA, Benesch M, Loken MR, et al.: Myeloid and
monocytic dyspoiesis as determined by flow
cytometric scoring in myelodysplastic syndrome
correlates with the IPSS and with outcome after
hematopoietic stem cell transplantation. Blood 2003;
102: 394-403.

van Kamp H, Fibbe WE, Jansen RP, et al. Clonal
involvement of granulocytes and monocytes, but not
of T and B lymphocytes and natural killer cells in
patients with myelodysplasia: analysis by X-linked
restriction fragment length polymorphisms and
polymerase chain reaction of the phosphoglycerate
kinase gene. Blood 1992; 80: 1774-1780.

Kibbelaar RE, van Kamp H, Dreef E]J, et al:
Combined immunophenotyping and DNA in situ
hybridization to study lineage involvement in
patients with myelodysplastic syndromes. Blood
1992; 79: 1823-1828.

Passegue E, Jamieson CH, Ailles LE, Weissman IL:
Normal and leukemic hematopoiesis: are leukemias a
stem cell disorder or a reacquisition of stem cell
characteristics? Proc Natl Acad Sci USA 2003; 100
(Suppl 1): 11842-11849.

Warner JK, Wang JC, Hope KJ, Jin L, Dick JE:
Concepts of human leukemic development.

306

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Oncogene 2004; 23: 7164-7177.

Civin CI, Almeida-Porada G, Lee M], Olweus ],
Terstappen LW,  Zanjani ED:  Sustained,
retransplantable, multilineage engraftment of highly
purified adult human bone marrow stem cells in
vivo. Blood 1996; 88: 4102-4109.

Bhatia M, Wang JC, Kapp U, Bonnet D, Dick JE:
Purification of primitive human hematopoietic cells
capable of repopulating immune-deficient mice. Proc
Natl Acad Sci USA 1997; 94: 5320-5325.

Haase D, Feuring-Buske M, Konemann S, et al:
Evidence for malignant transformation in acute
myeloid leukemia at the level of early hematopoietic
stem cells by cytogenetic analysis of CD34+
subpopulations. Blood 1995; 86: 2906-2912.

Mehrotra B, George TI, Kavanau K, et al:
Cytogenetically aberrant cells in the stem cell
compartment (CD34+lin—) in acute myeloid
leukemia. Blood 1995; 86: 1139-1147.

Lapidot T, Sirard C, Vormoor J,etal: A cell

initiating human acute myeloid leukaemia after
transplantation into SCID mice. Nature 1994; 367
645-648.

Bonnet D, Dick JE: Human acute myeloid leukemia
is organized as a hierarchy that originates from a
primitive hematopoietic cell. Nat Med 1997; 3: 730~
737.

Reya T, Morrison SJ, Clarke MF, Weissman IL: Stem
cells, cancer, and cancer stem cells. Nature 2001; 414:
105-111.

Takano H, Ema H, Sudo K, Nakauchi H: Asymmetric
division and lineage commitment at the level of
hematopoietic  stem  cells: inference from
differentiation in daughter cell and granddaughter
cell pairs. ] Exp Med 2004; 199: 295-302.

Sudo K, Ema H, Morita Y, Nakauchi H: Age-
associated characteristics of murine hematopoietic
stem cells. ] Exp Med 2000; 192: 1273-1280.
Muller-Sieburg CE, Cho RH, Thoman M, Adkins B,
Sieburg HB: Deterministic regulation of
hematopoietic ~ stem  cell  selfrenewal and
differentiation. Blood 2002; 100: 1302-1309.
Muller-Sieburg CE, Cho RH, Karlsson L, Huang JF,
Sieburg HB: Myeloid-biased hematopoietic stem cells
have extensive self-renewal capacity but generate
diminished lymphoid progeny with impaired IL-7
responsiveness. Blood 2004; 103: 4111-4118.

Satoh C, Ogata K: Hypothesis: myeloid-restricted
hematopoietic stem cells with self-renewal capacity
may be the transformation site in acute myeloid
leukemia. Leuk Res 2006; 30: 491-495.

Nilsson L, Astrand-Grundstrom I, Arvidsson I, et al.
Isolation and characterization of hematopoietic
progenitor/stem cells in 5g-deleted myelodysplastic
syndromes: evidence for involvement at the
hematopoietic stem cell level. Blood 2000; 96: 2012—
2021.

Nilsson L, Astrand-Grundstrom I, Anderson K, et al.
Involvement and functional impairment of the CD34
(+) CD38 (-) Thy-1 (+) hematopoietic stem cell pool
in myelodysplastic syndromes with trisomy 8. Blood
2002; 100: 259-267.

Thanopoulou E, Cashman J, Kakagianne T, Eaves A,
Zoumbos N, Eaves C: Engraftment of NOD/SCID-
betaZz microglobulin null mice with multilineage

J Nippon Med Sch 2006; 73 (6)



45.

46.

47.

48.

49.

50.

51.

52.

53.

4.

55.

56.

57.

Recent Progress in MDS

neoplastic cells from patients with myelodysplastic
syndrome. Blood 2004; 103: 4285—4293.

Fenaux P: Chromosome and molecular abnormalities
in myelodysplastic syndromes. Int J Hematol 2001;
73: 429-437.

Sloand EM, Mainwaring L, Fuhrer M, et al:
Preferential suppression of trisomy 8 compared with
normal hematopoietic cell growth by autologous
lymphocytes in  patients with trisomy 8
myelodysplastic syndrome. Blood 2005; 106: 841-851.
Kaiser ]J: First pass at cancer genome reveals
complex landscape. Science 2006; 313: 1370.

Esteller M: Epigenetics provides a new generation of

oncogenes and tumour-suppressor genes. Br ]
Cancer 2006; 94: 179-183.

Quesnel B, Guillerm G, Vereecque R, et al:
Methylation of the pl5 (INK4b) gene in

myelodysplastic syndromes is frequent and acquired
during disease progression. Blood 1998; 91: 2985-
2990.

Silverman LR, Demakos EP, Peterson BL, et al:
Randomized controlled trial of azacitidine in patients
with the myelodysplastic syndrome: a study of the
Cancer and Leukemia Group B. J Clin Oncol 2002; 20:
2429-2440.

Wijermans P, Lubbert M, Verhoef G, et al.. Low-dose
5-aza-2’-deoxycytidine, a DNA hypomethylating
agent, for the treatment of high-risk myelodysplastic
syndrome: a multicenter phase II study in elderly
patients. J Clin Oncol 2000; 18: 956-962.

Yoshida Y: Hypothesis: apoptosis may be the
mechanism  responsible for the  premature
intramedullary cell death in the myelodysplastic
syndrome. Leukemia 1993; 7: 144-146.

Raza A, Gezer S, Mundle S, et al: Apoptosis in bone
marrow biopsy samples involving stromal and
hematopoietic  cells in 50 patients  with
myelodysplastic syndromes. Blood 1995; 86: 268-276.
Bogdanovic AD, Trpinac DP, Jankovic GM,
Bumbasirevic VZ, Obradovic M, Colovic MD:
Incidence and role of apoptosis in myelodysplastic
syndrome: morphological and  ultrastructural
assessment. Leukemia 1997; 11: 656-659.

Bouscary D, De Vos ], Guesnu M, et al: Fas/Apo-1
(CD95) expression and apoptosis in patients with
myelodysplastic syndromes. Leukemia 1997; 11: 839-
845.

Parker JE, Mufti GJ, Rasool F, Mijovic A, Devereux
S, Pagliuca A: The role of apoptosis, proliferation,
and the Bcl-2-related proteins in the myelodysplastic
syndromes and acute myeloid leukemia secondary to
MDS. Blood 2000; 96: 3932-3938.

Hellstrom-Lindberg E, Kanter-Lewensohn L, Ost A:
Morphological changes and apoptosis in bone
marrow from patients with myelodysplastic

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

syndromes treated with granulocyte-CSF and
erythropoietin. Leuk Res 1997; 21: 415-425.

Navas TA, Mohindru M, Estes M, et al.: Inhibition of
overactivated p38 MAPK can restore hematopoiesis
in myelodysplastic syndrome progenitors. Blood (in
press).

Bynoe AG, Scott CS, Ford P, Roberts BE: Decreased
T helper cells in the myelodysplastic syndromes. Br
J Haematol 1983; 54: 97-102.
Hamblin T: Immunologic
myelodysplastic syndromes.
North Am 1992; 6: 571-586.
Porzsolt F, Heimpel H: Impaired T-cell and NK-cell
function in patients with preleukemia. Blut 1982; 45:
243-248.

Knox SJ, Greenberg BR, Anderson RW, Rosenblatt
LS: Studies of T-lymphocytes in preleukemic
disorders and acute nonlymphocytic leukemia: in
vitro radiosensitivity, mitogenic responsiveness,
colony formation, and enumeration of lymphocytic
subpopulations. Blood 1983; 61: 449-455.

Justesen J, Hokland P, Hokland M: The interferon/2-
5A synthetase system in primary preleukaemia
patients. Prog Clin Biol Res 1985; 202: 439-447.
Baumann MA, Milson TJ, Patrick CW, Libnoch JA,
Keller RH: Immunoregulatory abnormalities in
myelodysplastic disorders. Am ] Hematol 1986; 22:
17-26.

Ogata K, Tamura H, Yokose N, et al. Effects of
interleukin-12 on natural killer cell cytotoxicity and
the production of interferon-gamma and tumour
necrosis factor-alpha in patients with
myelodysplastic syndromes. Br J] Haematol 1995; 90:
15-21.

Yokose N, Ogata K, Ito T, et al: Elevated plasma
soluble interleukin 2 receptor level correlates with
defective natural killer and CD8+ T-cells in
myelodysplastic syndromes. Leuk Res 1994; 18: 777-
782.

Ogata K, Yokose N, An E, et al: Plasma soluble
interleukin-2 receptor level in patients with primary
myelodysplastic syndromes: a relationship with
disease subtype and clinical outcome. Br ] Haematol
1996; 93: 45-52.

Socie G, Henry-Amar M, Bacigalupo A, et al:
Malignant tumors occurring after treatment of
aplastic anemia. N Engl ] Med 1993; 329: 1152-1157.
List AF, Vardiman ], Issa JP, DeWitte TM:
Myelodysplastic syndromes. Hematology (Am Soc
Hematol Educ Program) 2004; 297-317.

abnormalities  in
Hematol Oncol Clin

(Received,  October 30, 2006)
(Accepted, November 6, 2006)

J Nippon Med Sch 2006; 73 (6)

307



