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Review article

Myelodysplastic syndromes: pathogenesis, functional
abnormalities, and clinical implications
A JACOBS

From the Department ofHaematology, University of Wales College of Medicine, Cardiff, Wales

SUMMARY The myelodysplastic syndromes represent a preleukaemic state in which a clonal
abnormality of haemopoietic stem cell is characterised by a variety of phenotypic manifestations
with varying degrees of ineffective haemopoiesis. This state probably develops as a sequence of
events in which the earliest stages may be difficult to detect by conventional pathological techni-
ques. The process is characterised by genetic changes leading to abnormal control of cell pro-
liferation and differentiation. Expansion of an abnormal clone may be related to independence
from normal growth factors, insensitivity to normal inhibitory factors, suppression of normal
clonal growth, or changes in the immunological or nutritional condition of the host.
The haematological picture is of peripheral blood cytopenias: a cellular bone marrow, and

functional abnormalities of erythroid, myeloid, and megakaryocytic cells. In most cases marrow
cells have an abnormal DNA content, often with disturbances of the cell cycle: an abnormal
karyotype is common in premalignant clones. Growth abnormalities of erythroid or
granulocyte-macrophage progenitors are common in marrow cultures, and lineage specific sur-
face membrane markers indicate aberrations of differentiation. Progression of the disorder may
occur through clonal expansion or through clonal evolution with a greater degree of malignancy.
Current attempts to influence abnormal growth and differentiation have had only limited success.
Clinical recognition of the syndrome depends on an acute awareness of the signs combined with
the identification of clonal and functional abnormalities.

Chronic refractory anaemia, often with a poor prog-
nosis, has been recognised for many years. It has
been described variously as "refractory anaemia"'
or "refractory normoblastic anaemia".2 Bjorkman
described "chronic refractory anaemia with siderob-
lastic bone marrow" and emphasised the peculiar
erythroblast morphology.3 The concept of pre-
leukaemia was first mentioned by Hamilton-
Paterson4 and Block et al,5 and this term came to be
used to describe any syndrome preceding the onset
of overt leukaemia. The diagnosis was usually made
retrospectively. Dameshek suggested that acquired
sideroblastic anaemia represented an early stage of
erythroleukaemia.6 Several slightly differing syn-
dromes were discussed in subsequent studies
describing slightly different groups of patients,
including those with "smouldering leukaemia",7
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"oligoblastic leukaemia"7, the dysmyelopoietic syn-
drome,9 and preleukaemia."' Different methods of
selecting patients and varying criteria hinder com-
parison of these various conditions. Saarni and Lin-
man,'0 Linman and Bagby," 12 and Greenberg and
Mara'3 attempted to define the syndrome more pre-
cisely and to separate groups at high risk from those
at low risk. In 1982 the French-American-British
(FAB) group proposed that all these conditions be
grouped together and described as the myelodysp-
lastic syndromes (MDS),'4 and it is now generally
accepted that this represents a clonal abnormality of
haemopoietic stem cells.'5-" The condition is
characterised by a diversity of phenotypic manifesta-
tions with varying degrees of ineffective
haemopoiesis and a high probability of eventual
leukaemic change.

Peripheral blood cytopenias together with a cellu-
lar marrow comprise the haematological picture.
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Characteristic morphological abnormalities of
dyserythropoiesis, abnormal granulopoiesis, and
megakaryocytes, are also a feature, and these have
been described in detail.'4 Most authors include only
patients with a hyperplastic or normally cellular
marrow in their descriptions, although with the
known patchy distribution of haemopoietic tissue
this may be a difficult criterion to establish without a
trephine biopsy. Idiopathic acquired sideroblastic
anaemia is included in this syndrome, although dis-
tinctions have been made between different types of
this disorder.'8 19 Similarly, chronic myelomonocytic
leukaemia is usually included, although this is
characterised by a proliferative rather than a
cytopenic disorder. Minimal haematological disor-
ders such as unexplained macrocytosis20 or mild
cytopenia affecting only one cell line may represent
either a limited form or an early stage of the disor-
der. Although specific chromosomal abnormalities
have been described in many patients,2' these are
not always related specifically to particular clinical
syndromes and do not necessarily affect the prog-
nosis.
The diversity of clinical and haematological mani-

festations reflects the basic abnormality that
cytogenetic2' and glucose 6-phosphate dehydrogen-
ase isoenzyme marker analyses22-24 indicate is a
clonal disorder of haemopoietic stem cells. In some
cases this has been shown to evolve through succes-
sive mutations progressing by stages to acute
leukaemia, which may occur at varying rates, and
different progenitors may be the target in different
patients. The nature of the defect will determine the
phenotypic expression of the disorder at any specific
time. In other cases progression may be due to the
gradual clonal expansion of the abnormal popula-
tion, with an increasing clinical expression of inef-
fective haemopoiesis and bone marrow failure.

Classification

Bennett etal originally defined two premalignant
syndromes, refractory anaemia with excess blasts
and chronic myelomonocytic leukaemia.25 Further
diagnostic groups in the current FAB classification'4
include idiopathic acquired sideroblastic anaemia,
refractory anaemia, and refractory anaemia with
excess blasts in transformation. Most of the other
reported syndromes can be roughly equated with
one of these, although the criteria usually differ
somewhat from those of the FAB group.26

Despite the value of the FAB classification the
demarcation between different clinical groups is
necessarily arbitrary, and the need for such a
classification has been questioned.2728 It is often
difficult to allocate a particular patient to a specific
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group as the clinical and haematological features
may not always correspond exactly to the definitions
given. The designation of patients with more than
15% sideroblasts as having "sideroblastic anaemia"
has to be seen in the context of a wide range of
sideroblast counts in patients with MDS from 1 to
86%.2o 2930 Many patients have different characteris-
tics at different times, suggesting an evolving process
rather than different disease entities. The underlying
disease mechanisms are related to the way in which
normal stem cells undergo a sequence of changes as
part of their transformation to a malignant clone,
and it might be valid to try and define this evolution.
In morphological terms this can be assessed by the
progression of pancytopenia and the percentage of
marrow blast cells. The functional characteristics of
progenitor cells and marrow precursor cells can be
measured by the pattern of clonal growth,203' 32
erythrokinetic studies,2033 or cell cycle abnor
malities.31 35 The genetic lesion can be investigated
by studies of karyotype and measurement of
DNA.34-38

Leukaemogenesis

The increasing number of studies into the mechan-
isms of malignant transformation39-45 needs to be
seen in the context of the massive number of reports
on the production of experimental tumours and
human carcinogenesis over several decades. The
classic description of skin cancer in chimney sweeps
two centuries ago by Percival Pott showed the
importance of a carcinogenic insult and the long
time lag between the insult and the resulting malig-
nancy.'68 More recent studies of the effect of car-
cinogenic hydrocarbons on skin suggested a process
in two stages, defined as initiation and promotion,
which resulted from two difficult stimuli.46b-48 Later
work on this model suggested that the promotion of
a tumour may occur in more than one stage and that
inhibition of the process was possible.49 A similar
multistage mechanism for the induction of malig-
nancy has been shown for various tumours in many
species.50 Many agents may behave as both
initiators and promotors, and in some cases it may
not be possible to differentiate between the stages of
development. The initiated cell is irreversibly
changed with regard to its susceptibility to a tumour
promoting agent, although this change may not be
detectable by conventional methods of examination.
Promotion is a reversible process, but when a
threshold exposure is exceeded this results in the
occurrence of recognisable malignant change. Such
malignancies may be multifocal, but even when a
single tumour emerges this may progress with the
evolution of multiple clones of aberrant cells with
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different genetic and phenotypic characteristics.
Initiation or promotion may result from a chemi-

cal insult, radiation, or infection with an oncogenic
virus. Susceptibility may be influenced by the
metabolic state of the target cell. In a few
instances-for example, retinoblastoma and Wilms' s
tumour-a specific hereditary factor has been impli-
cated.5' 52 The role that oncogenes may have in the
multistage stage process has recently been
shown.4053 The morphological manifestations of the
developing malignant process are seen in the various
types of precancer found in many organs,-4 and most
pathologists have accepted that these lesions repres-
ent a stage in the development of the malignant
state. The clinical recognition of precancer depends
entirely on the technique used, and experimental
studies may prove far more critical in establishing a
deviation from the normal than conventional cytol-
ogy.54 The experimental evidence that malignancy
develops as a multistage process is supported by
epidemiological data, and several models have been
proposed.55-51
The pathogenesis of leukaemia has been espe-

cially well studied, although the search for aetiologi-
cal factors has hardly resulted in a clearly defined
picture. In this respect the importance of myelodysp-
lastic syndromes has been considered only recently.
Recent data point to a considerable increase in the
incidence of leukaemia in both the United Kingdom
and Sweden, and clustering has been observed in
many countries.58 It has been suggested that chemi-
cal exposure" -61 or radiation61 62 may have an
important role. The incidence of myelodysplastic
syndrome and the factors entailed in its
pathogenesis are unknown, although preliminary
data (RA Cartwright, personal communication)
suggest an incidence similar to that of acute myelo-
blastic leukaemia. The preleukaemic nature of this
syndrome makes it reasonable to assume that the
same genetic or epigenetic factors implicated in
leukaemogenesis may also be relevant, although the
leukaemia eventually arising in patients with
myelodysplastic syndrome differs in its characteris-
tics and behaviour from leukaemia arising indepen-
dently.
The aberrations of growth and differentiation that

distinguish the leukaemic from the normal
haemopoietic cell are becoming well characterised.
In vitro culture of haemopoietic progenitor cells,
together with the purification of growth factors,6365
have added greatly to our knowledge of control
mechanisms. Cytogenetic techniques have helped to
uncover chromosomal abnormalities in both
leukaemic and preleukaemic states,3'66 and the use
of monoclonal antibodies has given a more precise
mapping of haemopoietic lineage.67 The abnormal
proliferation and failure of normal differentiation

seen in acute leukaemia are also seen, although to a
lesser extent, in myelodysplastic syndrome. Whether
this is the result of normal progenitor cells failing to
differentiate fully and thus maintaining a phenotype
"frozen" in a state of incomplete development" or
whether it results from a fundamental "misprog-
ramming' of the leukaemic stem cell with the resul-
tant confusion of lineage characteristics described by
McCulloch69 is not entirely clear. Similar uncertain-
ties arise regarding the mechanism whereby prolif-
eration and differentitation are linked, and there is
some evidence that specific differentiation factors70
and differentiation genes7' 72 may be affected by the
process of malignant transformation. The full
development of the leukaemic phenotype probably
entails several stages that need not necessarily occur
in any specific order. Activation of a gene may result
in the immortalisation of a target stem cell by chang-
ing cell cycle control. Autogenous production of
growth factor or an increase in receptors may make
cell cycle control less dependent on exogenous
growth factors, and the activation of a transforming
gene may make such a cell entirely autonomous.73 74
These events do not necessarily occur simultane-
ously. The interrelation between oncogenes, growth
factors, and cell cycle control is now emerging.

GROWTH CONTROL MECHANISMS
The control of cellular proliferation probably entails
the interaction of numerous different factors, many
as yet unidentified. Nevertheless, study of the
known growth factors and the intracellular events
they influence has shown some of the stages at which
control can occur. Fig. 1 gives some examples of
oncogene products that seem to be related to
specific steps in the sequence of events controlling
synthesis of DNA. There are certainly many other

Control of proliferation
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Fig. 1 Association ofsome known oncogenes with
stimulation and control ofceUl proliferation. Changes in
gene expression may be expected to alter growth
characteristics.
PDGF = platelet derived growth factor;
EGFR = epidermal growth factor receptor.
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such proteins that remain unknown. Current infor-
mation suggests that the c-sis gene probably codes
for a subunit of platelet derived growth factor"576
and c-erb B for the epidermal growth factor recep-
tor.77 The role of these gene products in the control
of cell proliferation has been studied mainly in
fibroblasts, and here it has been shown that platelet
derived growth factor primes the cell for synthesis of
DNA while epidermal growth factor, together with
other growth factors, are needed for progress
through the cell cycle. Stimulation of quiescent
NIH 3T3 fibroblasts with platelet derived growth
factor results in a rapid accumulation of c-myc
transcript that precedes synthesis of DNA.7879 In
cells that have been transformed by benzopyrene
c-myc transcript is present throughout the cell cycle,
and if it is assumed that the c-myc product is impor-
tant to the cell cycle control mechanism then these
cells are immortalised through having a facilitated
transit from GO to G1.80 In normal human myeloid
cells c-myc seems to be expressed after exposure to
colony stimulating activity and is associated mainly
with promyelocytes rather than more mature
granulocyte precursors.65 Although expression of
c-myc seems to be associated with the transition
from GO to Gi, it does not vary in expression
through the cell cycle from Gl to G2/M.8'

Related work in fibroblasts has shown that c-fos is
expressed transiently even earlier in the cell cycle
than c-myc.82-8 After stimulation of quiescent mac-
rophages, however, maximum concentration of c-fos
product occurs later than that of c-myc, suggesting
that it may have a different role in different cell
types.85 Evidence suggests that the c-fos protein may
play a specific part in the differentiation of
murine7184 or human85 myeloid leukaemia cell lines
in vitro.85 When differentiation of mouse ery-
throleukaemia cells86 of HL-60 cells72 87 is induced in
vitro expression of c-myc and cell proliferation are
suppressed. Conversely, removal of the differentiat-
ing agent allows re-expression of c-myc. Suppres-
sion of c-myc during cell differentiation is accom-
panied by increased expression of c-fos when TPA is
used as a differentiating agent but not when 1,25-
dihydroxycholecalciferol or retinoic acid is used.85
The full, and probably complicated, picture of

control of growth and the aquisition of a malignant
phenotype will not emerge for some time, but there
are clear indications that the multistage process of
transformation may result from a variety of stimuli.
Deuel and Huang suggested that any genes that
code for proteins mediating the cellular response to
growth factors may be potential oncogenes." Any
abnormality in the expression of these genes,
whether as a result of deletion, duplication, abnor-
mal activation, suppression, or mutation, can result
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in a change in the control of proliferation, which
may contribute to the malignant process. The
characteristics of the malignant cell include both
immortalisation and autonomy from exogenous
growth factors, both of which could result from
genetic lesions. Sporn and Todaro introduced the
concept of transforming growth factors; these are
produced by the cell and stimulate its growth by
binding to its own receptors.88 This autocrine
hypothesis has been extended to include possible
inhibitory factors, secretion of which may be absent
in the transformed cell,45 possibly as a result of a
gene deletion. An increase in exogenous growth fac-
tor or other stromal influences may also play a part
in the development of malignancy.73 Boettiger et al
produced an in vitro model of haemopoietic cell
immortalisation that could be considered to be
analogous to a preleukaemic state.89 In long term
marrow cultures infected with an RNA virus con-
taining the src oncogene there is a dramatic change
in the balance of early progenitors to mature
myeloid cells with an increase in the former and a
greater capacity for self renewal at the expense of
differentiation. Although this system permits the
continuous generation of stem cell clones in vitro,90
it does not result in malignant transformation.

Several systems for cell culture have now been
described in which single insults by themselves do
not produce malignant transformation but a succes-
sion of two such events may.40 An example of this is
the inability of the ras oncogene to transform mouse
embryo fibroblasts unless these have first become
immortalised. If, however, transfection of both the
ras gene and a myc gene are carried out together
malignant transformation results.9' Initial immortal-
isation of the target cell may be induced by treat-
ment with mutagenic chemicals or radiation.53
Acquisition of the malignant phenotype does not
signify that the genetic evolution of the stem cell has
ended. The process of tumour progression seen in
many cancers is similar to the clonal evolution of
leukaemia and occurs with changes in cellular and
clinical characteristics.

EXPERIMENTAL MYELODYSPLASIA
The pathogenesis of myelodysplastic states and their
relation to leukaemia may be seen during experi-
mental induction of leukaemia in animals. An acute
blast cell leukaemia can be rapidly induced in rats by
five successive doses of dimethylbenzathracene.92 If
only a single dose is given the initial marrow hyper-
plasia recovers, and the subsequent hyperplasia is
usually myeloid but may be erythroid in type.93
Dyserythropoiesis and neutrophil and monocyte
abnormalities occur, and death eventually results
from anaemia or septicaemia. A T cell leukaemia
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can be induced in mice by the administration of
butylnitrosourea, and in this case too a pre-
leukaemic phase occurs.94 Several such models exist,
and in some cases such as benzene tumours may be
induced outside the haemopoietic system.95

Other workers have used leukaemia induced by
viruses to study the developing disease. Ery-
throleukaemia induced by the Friend virus in mice is
characterised by two stages. Firstly, erythroid
hyperplasia and polychythaemia occur but no
leukaemic cell line can be isolated. At this point
there is an increase in circulating burst promoting
activity, and an increase in the erythroid progenitors
BFU-E and CFU-E, showing increased sensitivity to
burst promoting activity and erythropoietin, respec-
tively, and probably an increase in stem cells.96 The
second stage is overt malignancy. This picture was
interpreted as an initial production of burst promot-
ing activity induced by virus with a consequent
stimulation and expansion of BFU-E and the stem
cell population. This facilitates their infection with a
virus and a consequent increase in sensitivity to cir-
culating burst promoting activity and leukaemic
change. In vitro the Friend virus can transform eryt-
hroid9' or myeloid98 progenitors. Heard et al99
infected long term mouse marrow cultures and
defined three stages in the development of myelob-
lastic leukaemia.99 Firstly, an abnormal response of
progenitors to granulocye-macrophage colony
stimulating factor (GM-CSF), promoting prolifera-
tion rather than differentiation; secondly, autonom-
ous growth of progenitors in the absence of adherent
cells, possibly associated with autocrine production
of GM-CSF; and, finally, the ability of cells from the
cultures to form tumours when inoculated into suit-
able recipient mice. This type of model permits
further study of the nature of the cellular changes at
each stage. Although most of this work concentrates
on the transformation process in the potentially
leukaemic target cell, the effect of mutagenic insults
on the immune system with the consequent failure
of defence against an emerging malignant clone is of
unknown importance. The correlation of resistance
to the leukaemogenic effects of irradiation in mice
with their resistance to natural killer cell suppression
induced by radiation'00 suggests that this factor may
be important, but exactly how important has not yet
been determined.

LEUKAEMIA AND PRELEUKAEMIA INDUCED BY
TREATMENT
The carcinogenic potential of radiation and many of
the drugs used in human cytotoxic treatment are
well recognised,'0' 102 and permanent bone marrow
damage is not an uncommon complication in the
treatment of malignancy. Myelodysplastic syndrome
may occur after such treatment, and this in turn may

evolve into frank leukaemia.'02'-05 There are
analogies between this situation and the chemical
induction of preleukaemia in animals. Although
short term exposure to a cytotoxic drug reduces the
size of the pluripotential haemopoietic progenitor
compartment, recovery may occur at varying rates
and hypoplasia may be prolonged. Much will
depend on whether further exposure to the drug
occurs before the stem cells have fully recovered
from the initial insult. Return of the stem cells to
normal numbers does not necessarily mean that they
will behave normally. After treatment with busul-
phan the CFU-S in mice has a reduced capacity for
self replication'06 and a decreased ability to repopu-
late the marrow of an aplastic recipient.°'0 Morley
etal showed that mice given short term treatment
with busulphan apparently recover haematologically
only to die some time later from marrow hypo-
plasia.'08'-0 During the period of apparent normality
progenitor cells are reduced in number. Late
haemopoietic damage after treatment with cytotoxic
drugs always seems to be related to residual stem
cell abnormalities or a reduction in their number.
Whether such abnormalities are enough in them-
selves to cause progression to a myelodysplastic or
preleukaemic state is uncertain. Possibly, the dam-
aged stem cells are less able to deal with subsequent
toxic insults, respond abnormally to later physioligi-
cal stress, or have already proceeded part of the way
to malignant transformation and are awaiting the
final transforming event.
Of all the human malignancies related to previous

treatment for cancer, acute myeloblastic leukaemia
is the most common. Kapadia et al found nearly 6%
of all cases could be attributed to this cause."' The
median interval between initial treatment and the
occurrence of secondary leukaemia is about five
years."2 "3 Incidence depends on the type of drug
regimen, dosage, combination with radiotherapy,
and the duration of follow up, but secondary
leukaemia may occur in up to 7% of patients with
myeloma,'"4 10% of those with Hodgkin's dis-
ease,'03 1-5% of those with ovarian cancer,' '5 and
0 3% of those with breast cancer."6 Leukaemia is
commonly preceded by a myelodysplastic phase,
often with pancytopenia, and the bone marrow may
show the morphological features of refractory
anaemia with excess blasts with dyserythropoiesis
and abnormal megakaryocytes.'03 "' Karyotypic
abnormalities and impaired growth of
granulocyte-macrophage progenitors (CFU-GM) in
vitro are also common.'00 101

EVOLUTION OF THE MYELODYSPLASTIC
SYNDROMES
The stages in the development of the myelodysplas-
tic process (Fig. 2) evolve differently in different
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Fig. 2 Hypothetcal pathway for evolution of
myelodysplasia. Death may occur after expansion ofnormal
clone and suppression ofnormal haemopoiesis before gross
leukaemic changes are seen.

patients. The first mutation giving rise to an abnor-
mal clone may be more likely to occur in an

expanded and rapidly proliferating haemopoietic
system, but we have no evidence of this in man.
Expansion of the abnormal population and
emergence of a leukaemic cell line may become
more likely when failure of immune surveillance has
occurred.
New clones may emerge after initiation but before

clinical leukaemia is recognised, and clonal evolu-
tion may continue after the first overtly leukaemic
cells are recognised. Expansion of an abnormal
haemopoietic population may result from the
acquisition of "immortality" through a loss of nor-
mal control mechanisms for synthesis of DNA and
autonomy from normal growth or inhibitory factors.
The suppression of normal haemopoiesis may result
from inhibition by the abnormal cells. None of these
factors has yet been clearly shown in patients with
myelodysplastic syndrome. In clinical terms prog-
nosis is related to the haematological state as deter-
mined by examination of the blood and marrow,
cytogenetic abnormalities, and abnormal progenitor
cell behaviour. Many patients succumb to infection
or bleeding without any manifestations of frank
leukaemia, and it is not clear whether the variety of
haematological changes represent different disease
entities or stages in the development of malignant
change. Evidence in support of clonal evolution is
beginning to emerge. In a group of 65 patients in
whom serial observations were made36 six of 17
progressing to acute myeloblastic leukaemia showed
karyotypic evolution either before or at the time of
leukaemic change. Thirteen patients with no
leukaemic progression also showed karyotypic
change, but no record was made of any change in
their haematological state. Clonal evolution in
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myelodysplastic syndrome has been observed in
other patients, associated with both leukaemic trans-
formation9 "7 "9 and an aplastic phase in a pre-
existing refractory anaemia.9 120 Tricot et al sug-
gested that three patterns of evolution can be distin-
guished: a long period of stability with only occa-
sional karyotypic evolution; an abrupt change in a
stable state, often with karyotypic evolution and the
emergence of clinical acute myeloblastic leukaemia;
and a gradual increase in the percentage of bone
marrow blasts with increasing haemopoietic failure
but no new cytogenetic changes.'2' Those patients
with unstable clones and a high risk of sudden
emergence of acute myeloblastic leukaemia were
characterised by a high incidence of karyotypic
abnormalities when first seen.

Functional abnormalities

BLOOD AND MARROW CELLS
Most patients with myelodysplastic syndrome are
anaemic and have a normal or low reticulocyte
count. Red cells are usually normocytic or macrocy-
tic, although microcytosis may occur,'22 and abnor-
mal shapes, hypochromasia, and stippled cells and
nucleated red cells may be seen. These changes are
associated with gross dyserythropoietic appearances
in the bone marrow with both nuclear and cytop-
lasmic abnormalities. There may be erythroid
hyperplasia, and sideroblastic granules can usually
be found in a varying proportion of erythroblasts,
reflecting either ferritin aggregates or iron loaded
mitochondria. There does not seem to be a clear
demarcation between sideroblastic and non-
sideroblastic cases.2030 The mature red cells show a
wide variety of metabolic abnormalities,'23 124 which
may be associated with the reappearance of haemog-
lobin F,125 126 and changes in membrane anti-
gens.'26 127

The peripheral blood granulocyte count is usually
normal or low. Those patients with a raised mono-
cyte count are designated as having chronic
myelomonocytic leukaemia. Granulocytes may
show reduced segmentation (pseudo-Pelger
phenomenon) or reduced or absent granulation. A
few myelocytes and blast cells may be present, and
some cells may be difficult to classify as either
myeloid or monocytic. Cytochemical abnormalities
in granulocytes include reduced myeloperoxi-
dase'28 129 and the presence of increased monocyte
type esterase.'30 These cells also show defective
phagocytosis, bactericidal activity, adhesion, and
chemotaxis.'28 129 Clark et al showed abnormalities
of both myeloid and macrophage lineage surface
markers.'3'
Thrombocytopenia is common in myelodysplastic
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syndrome, and the platelets produced may be
abnormal in both morphology'32 and function.'33
Micromegakaryocytes are common in the bone mar-
row, and these are not only smaller than normal but
have poor formation of granules.'4 '3
The lymphoid system is affected in myelodysplas-

tic syndrome, and Prchal et al showed that the
abnormal cells may be derived from the same clone
as the pathological erythroid and myeloid cells.22
There is often a peripheral blood lymphopenia with
a reduced number of T helper cells.'35 T cells may
also show increased radiosensitivity, reduced
response to mitogens, and poor colony formation in
vitro.'36 B cells may be deficient in EBV recep-
tors.'37 Reduced natural killer activity is associated
both with reduced numbers of natural killer cells'38
and, possibly, with inadequate production of a
interferon and a failure of natural killer cells to
respond to interferon.'39

Proliferation of bone marrow cells
The "megaloblastoid" appearance of the erythroid
precursors in refractory anaemia with or without
sideroblasts indicates an underlying abnormality of
synthesis of DNA. Wickramasinghe reported on
bone marrow cells from normal subjects and
patients with idiopathic acquired sideroblastic
anaemia after estimation of cellular DNA content
and synthesis of DNA by incubation with tritiated
thymidine and Feulgen staining.'40 Polychromatic
erythroblasts from patients with idiopathic acquired
sideroblastic anaemia showed an increased number
of G2 cells and a reduced number in S phase, a
picture similar to that in vitamin B,2 deficient mar-
row. Mitrou and Fisher made similar observations in
six patients with refractory anaemia, those cells with
the most pronounced " megaloblastoid" change
showing the greatest deviation from normal.'4' A
parallel study of proliferating myeloid cells showed
similar abnormalities in the group as a whole, but
within the same marrow specimen it was possible for
severe myeloid abnormalities to be accompanied by
normal erythropoiesis. A low labelling index for
nucleated red cells and myeloid cells in patients with
myelodysplastic syndrome has been confirmed by
several workers.'42-'44 Those patients with the low-
est labelling index, indicating the greatest impair-
ment of synthesis of DNA, have the poorest prog-
nosis and the highest probability of leukaemic
change.
The application of flow cytometry to measure-

ments of DNA in whole marrow populations
confirms that those patients with myelodysplastic
syndrome with the highest proportion of cells in S
and G2 phases of the cell cycle have the best prog-
nosis and those with an increased proportion of cells

in GI have the greatest risk of leukaemic change.34
Patients with refractory anaemia have a greater
proportion of cells in G2/M than normal, while in
patients with refractory anaemia with excess blasts
there seems to be an increase in GI cells similar to
that seen in acute myeloblastic leukaemia.35
The evaluation of erythroid production by fer-

rokinetic techniques has developed from early
studies, showing that in refractory anaemia total
erythroblast numbers, erythrocyte production, and
lifespan are all reduced.'45 In 10 patients with
sideroblastic anaemia Singh et al found a progres-
sion from mild impairment of synthesis of haemog-
lobin through a phase of ineffective erythropoiesis
to eventual complete failure of red cell produc-
tion.'46 Barosi et al, using a mathematical model for
the interpretation of their data, showed convincingly
that ineffective erythropoiesis was the major factor
resulting in anaemia in patients with idiopathic
acquired sideroblastic anaemia.'47 In an extension of
this work quantitative data on total marrow iron
turnover, ineffective erythropoeisis, and red cell
lifespan in 43 patients with myelodysplastic syn-
drome were studied by cluster analysis.33 The data
resolved into three clusters, one consisting almost
entirely of patients with refractory anaemia with
excess blasts, one of patients with sideroblastic
anaemia, and the third a mixture of patients with
refractory anaemia and sideroblastic anaemia. Sur-
vival curves of these three groups were significantly
different, the poorest survival being in the first
group, with the lowest marrow iron turnover, and
the best survival in the second group with erythroid
hyperplasia and a high level of ineffective ery-
thropoiesis. More recent studies by May et al
showed major defects in erythropoiesis in all types
of myelodysplastic syndrome with ineffective ery-
thropoiesis being an early manifestation.20 There
was no correlation between erythroid output meas-
ured by ferrokinetics and reticulocyte count in the
peripheral blood, percentage erythroblasts in the
marrow, or the number of erythroid progenitors
measured by clonal assay in vitro; nor was increased
ineffective erythropoiesis related to morphological
evidence of dyserythropoiesis.

HAEMOPOIETIC PROGENITORS
In vitro culture of haemopoietic progenitors has
proved useful in diagnosing myelodysplastic syn-
drome and in predicting prognosis. Although varia-
tions in technique and the assessment of results
make a strict comparison of different data difficult, a
general consensus view has emerged. Milner et al
showed that in refractory anaemia, refractory
anaemia with excess blasts, chronic myelomonocytic
leukaemia, and CFU-GM cultures from bone mar-
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row displayed a reduction of colony and cluster
growth.3' This has been confirmed by many work-
ers.'3 32 148-150 The MD Anderson group showed that
the growth patterns of CFU-GM in vitro could be
classified into five categories, two of which they
described as non-leukaemic, and suggested that
these could be related to prognosis.32 149 In five of 19
patients with refractory anaemia they found a pat-
tern of leukaemic growth characterised by reduced
colony growth and increased numbers of microclus-
ters.32 This was observed in 48 of 65 patients with
"oligoleukaemia-that is, with up to 50% marrow
myeloblasts.'44 In both cases progression of the clin-
ical disease was associated with a progression of in
vitro growth to a pattern more representative of
leukaemia. Similar abnormalities of growth were

seen using a diffusion chamber technique in place of
agar culture.'5' In those cases in which repeated
marrow cultures have been carried out the abnor-
malities increased as the disease advanced.'50 Ruutu
et al found normal CFU-GM growth in vitro in half
of the 44 patients of myelodysplastic syndrome they
studied, and these included all the patients with
idiopathic acquired sideroblastic anaemia.'52 May
et al noted that six of 40 patients with myelodysplas-
tic syndrome had increased colony growth, four of
whom had sideroblastic anaemia.20 Normal growth
in sideroblastic anaemia has also been noted by
others.'53 154 Leukaemic cultures have an increased
proportion of low density progenitors, and this is
also seen in myelodysplastic syndrome.13
The abnormalities of in vitro growth are compat-

ible with the gradual replacement of normal
haemopoietic cells by an abnormal clone. This may
occur through an intrinsic stem cell defect giving the
new clone a growth advantage, either through insen-
sitivity to normal feedback regulation or by inhibit-
ing normal haemopoiesis. There may, of course, be
an abnormality of stromal or regulating cells with
abnormal suppression'55 or failure to produce
growth factors. Greenberg and Mara found that
patients with myelodysplastic syndrome had normal
marrow and urinary concentrations of colony
stimulating activity,'3 although Francis et al showed
that many patients had increased amounts of
endogenous marrow colony stimulating activity.'56
High colony stimulating activity was associated with
a high risk of early leukaemic transformation.

Erythroid colony growth is usually decreased in
most marrow0 3' '53 157 and peripheral blood cul-
tures,'58 although Koeffler et al found increased
growth in a few cases, together with normal sensi-
tivity of CFU-E to erythropoietin.'59 CFU-GEMM
also seemed to be reduced in patients with
myelodysplastic syndrome.'60 A technique for cul-
turing blast cell colonies in patients with acute
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leukaemia has been described, and similar colonies
have been grown from the peripheral blood of these
patients.'60 The clinical importance of these findings
is yet to be explored.

CYTOGENETIC ABNORMALITIES
Karyotype aberrations are common, and abnormal
clones are found in about 50% of cases.2' 36-38 161 In
a study of bone marrow cells in 35 patients with
myelodysplastic syndrome, using flow cytometry
after DNA staining, aneuploidy was confirmed in
over half the patients, and in two cases distinct popu-
lations of different DNA content were seen.35 Many
of the non-random chromosomal aberrations are
similar to those found in some cases of acute
myeloblastic leukaemia.
The common abnormalities in myelodysplastic

syndrome are monosomy 7 or 7q-, trisomy 8, mono-
somy 5 or 5q-, and loss of the Y chromosome. We
can speculate on the relevance of lost genes on these
chromosomes to the pathogenesis of the disorder
(Table). Chromosome 5 has two identified
oncogenes, c-fos and c-fms, on its long arm, and the
genes for leucocyte interferon and dihydrofolate
reductase are also found here.'62 Chromosome 7
contains the oncogene erb B, the genes for neut-
rophil membrane glycoprotein 130, and the /3 chain
of the T cell antigen receptor.'62 Trisomy lq, 9 and
21, 20q-, and iso 17q have also been reported.2'
Certain chromosomal aberrations found in acute
myeloblastic leukaemia are rarely found in
myelodysplastic syndrome, suggesting that patients
with these abnormalities have not developed their
disease from a pre-existing myelodysplastic syn-
drome. These include the 8:21 translocation often
found with acute myeloblastic leukaemia of FAB
type M2, the 15:17 translocation often found with
acute promyelocytic leukaemia (FAB type M3), and
the 19:22 of chronic granulocytic leukaemia.
The presence of chromosomal abnormalities

seems to be associated with leukaemic change and a
more rapid progression of the disease.2' 26 Sagar pre-
sented the hypothesis that an initiating preneoplastic

Table Interrelationship between chromosomal
abnormalites, clinical features, and gene deletons in the
myelodysplastic syndrome

Sq-(1S---30) Monosomy 7 Trisomy 8

Clinical defects:
Macrocytosis Pancytopenia
Anaemia Reduced leucotaxis
Thrombocytosis Infection
Abnormal megakaryocytes
Affected genes:
Leucocyte interferon Neutrophil GP130
c-fos erb B c-myc
Dihydrofolate reductase q 11-22 T antigen R (,8)
c-fms q34
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genetic event may predispose to an increasing inci-
dence of transpositions, which then occur in an
accelerated manner, and that the subsequent
chromosomal chaos is more important in the evolu-
tion of malignancy than the precise mutations pres-
ent.'63 This is consistent with the observations of
Tricot et al, who suggested that those myelodysplas-
tic patients who have cytogenetic abnormalities
when first seen are likely to have unstable clones
with an increased risk of further genetic changes and
the appearance of highly malignant growth charac-
teristics.'2' In those patients with no initial
chromosomal abnormalities but an independent
growth pattern the subsequent appearance of an
abnormal karyotype is rare but is usually associated
with the onset of acute myeloblastic leukaemia.
Patients developing myelodysplastic syndrome after
treatment with cytotoxic drugs and irradiation more
commonly show multiple chromosomal abnor-
malities, and such patients have a higher incidence
of subsequent leukaemic change. Anderson and
Bagby suggested that in patients with a single
chromosomal abnormality the incidence of
leukaemic change may not be especially high and
that in patients with no history of exposure to
alkylating agents cytogenetic abnormalities may not
indicate an appreciably higher risk of leukaemic
change.'" It is not entirely clear whether those
patients with some residual cells with a normal
karyotype have a better prognosis than those with
entirely abnormal cells.2' Rowley et al noted that in
23 of 26 patients with myelodysplastic syndrome or
acute myeloblastic leukaemia after previous treat-
ment for malignant disease there was loss of part or
the whole of chromosome 5 or 7, or both."8 Van
Den Berghe et al'65 and Mitelman et al'66 167 found
the same abnormalities in patients with a history of
occupational exposure to myelotoxic chemicals who
developed acute myeloblastic leukaemia de novo,
and this has prompted the suggestion that non-
random loss of chromosomes 5 and 7 may indicate
previous exposure to an environmental mutagen.

Clinical progression of myelodysplastic syndrome
may be associated with the development of a new
clone with a greater growth advantage than the orig-
inal abnormal cells that gave rise to the syndrome.
The emergence of new clonal karyotypic abnor-
malities in patients with myelodysplastic syndrome
has been observed in relation to clinical leukaemic
change9'18 121 or non-leukaemic change in clinical
signs'20 or without any obvious change in clinical
condition."18 In the rare case in which myelodysplas-
tic syndrome terminates in the syndrome of chronic
granulocytic leukaemia this does not seem to be
associated with the Ph1 chromosome,'" although
one case of sideroblastic anaemia with one third of

the marrow mitoses possessing the Philadelphia
chromosome has been recorded.'69 In other cases
progression may simply be the clinical manifestation
of a gradually expanding abnormal clone or a
change in the balance between proliferation and dif-
ferentiation within the clone giving rise to a pre-
dominance of more primitive cells. It is not known
whether changes in the immune system or the pro-
duction of growth factors influence clinical evolution
or whether such changes that have been observed
are secondary phenomena.'56 170
Although the presence of clonal karyotype

abnormalities in patients with myelodysplastic syn-
drome is common and seems to be of prognostic
importance, it should be noted that the disappear-
ance of abnormal clones has been reported,'7' and
not all patients with a persistent abnormality pro-
ceed to a rapid leukaemic transformation.
5q- Syndrome The now classic syndrome of refrac-
tory anaemia associated with a deletion in the long
arm of chromosome 5 has been described by many
workers.2638 172-174 Patients usually have macrocytic
anaemia and erythroid hyperplasia in the bone mar-
row. Thrombocytosis and poorly lobed
megakaryocytes may occur, but granulocyte-
macrophage production is usually normal. Tinegate
et al found five such cases among 37 patients being
investigated for refractory or aplastic anaemia and
suggested that the condition may be underdiag-
nosed.'75 The suggestion that it is not a pre-
leukaemic condition'76 does not seem to have been
borne out, although it seems to follow a chronic
course with a low incidence of leukaemic change.26
The syndrome is more common in women than men.
The nature of the lesion is not known. Tinegate

et al found that the breakpoints on 5q were not con-
stant, although 5q- (15--+30) was always deleted.'75
A gene related to interferon has been located in this
region, and patients with 5q- or -5 have been
shown to have deficient leucocyte interferon produc-
tion.'77 Various syndromes, however, have been
described in patients with this chromosomal ano-
maly, including one with macrocytosis but no
anaemia20 and others with polycythaemia or
idiopathic acquired sideroblastic anaemia.'78 The
5q- anomaly may be found in combination with
other chromosomal abnormalities and in such cases
leukaemic change is common.26 It is also found as
one of the multiple aberrations in acute myeloblastic
leukaemia and lymphoblastic leukaemia.26 175
Monosomy 7 When monosomy 7 occurs together
with myelodysplastic syndrome a hypoproliferative
marrow with pancytopenia associated with defective
neutrophil chemotaxis and recurrent infection, fol-
lowed by progressive evolution into acute myelo-
blastic leukaemia, is the characteristic profile.'75 The
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condition may be found in children. Defective
chemotaxis in the monosomy 7 syndrome has been
well recognised,179 leading to the suggestion that a
gene on this chromosome may have a role in neut-
rophil function. Although this is supported by more
recent studies, it seems that peripheral blood neut-
rophils derived from residual normal progenitors in
such cases also show reduced chemotaxis, indicating
a less simple mechanism than a single clonal abnor-
mality.'80 Gahmberg et al noted a deficiency of a
neutrophil glycoprotein GP130 in the cells of a
patient with monosomy 7,181 although it is not
known whether this can be related either to defec-
tive chemotaxis or to defective control of
granulopoiesis. Leukaemic transformation in Fan-
coni' s anaemia may be associated with the
emergence of a clone characterised by _7,182 sug-
gesting a possible role for this deletion in the pro-
cess.

Therapeutic possibilides

Until fairly recently treatment for patients with
myelodysplastic syndrome relied largely on giving
blood components to remedy cytopenias, antibodies
to counter infection, and cytotoxic drugs in patients
with more obvious malignant manifestations.'83 184
Chemotherapy has not been conspicuously success-
ful either in the preleukaemic phase or in acute
myeloblastic leukaemia arising in such patients. The
suggestion that growth and differentiation may be
modified both in preleukaemic and possibly in
leukaemic patients by either specific biological fac-
tors or pharmacological means presents an exciting
prospect that has stimulated widespread clinical
activity.'85 186

Differentiation in suspension cultures has been
studied largely in leukaemic cell lines with myeloid
(HL-60, KG1, ML3), monocytic (U-937), or ery-
throid (K-562) characteristics. A wide variety of dif-
ferentiation inducers have been used, including
dimethylsulphoxide, tetradecanoylphenol acetate,
retinoic acid, 1,25-dihydroxycholecalciferol, interfe-
ron, and less well defined products of mononuclear
cells.'85-'87 Some of these may have physiological
importance, others are too toxic or carcinogenic for
systemic use in man.
The rationale for using differentiating agents in

treating myelodysplastic syndrome depends on a
view of the abnormal clone existing in a state of
arrested differentiation along a normal maturation
pathway.62 In some leukaemias poorly differentiated
cells from different lineages may be derived from a
common abnormal stem cell, sometimes called
"biphenotypic leukaemia" .188 The alternative
hypothesis that the abnormal clone arises from a

Jacobs

misprogrammed stem cell69 makes differentiation
induction less feasible. Lineage infidelity has been
described both in acute myeloblastic leukaemia69 189
and in leukaemic cell lines.'90191 The presence of
inappropriate surface markers on granulocytes and
monocytes in myelodysplastic syndrome suggests
that abnormal rather than arrested differentiation
may also occur in this condition.'31 Whatever the
mechanism, there is ample evidence that differentia-
tion can be induced experimentally in vitro and,
possibly, in vivo. Some agents, such as tetra-
decanoylphenol acetate, retinoic acid, and 1,25-
dihydroxycholecalciferol seem to accelerate dif-
ferentiation with the production of non-dividing
mature end cells. Inhibitors of synthesis of DNA
such as cytosine arabinoside (ara-C) may slow pro-
liferation while allowing differentiation to continue.

RETINOIDS
Retinoic acid is known to prevent chemically
induced skin cancer in mice, but other epithelial
tumours do not always respond so well. Many hun-
dreds of retinoid analogues have been tested for
their ability to cause regression of skin papillomas,
and interest in their capacity to reverse malignant
transformation has grown considerably.'92-'94 The
effect of retinoic acid on skin tumours appears to be
the inhibition of tumour promotion.'95 Retinoids are
known to inhibit proliferation of many cell types,
and this seems to be linked to their effect on dif-
ferentiation.'94 196 HL-60, a promyelocytic cell line,
and U-937, a histiocytic cell line, respond to retinoic
acid by differentiating into morphologically and
functionally mature cells similar to granulocytes and
monocytes, respectively,'9'-'99 although they stop
proliferating at the same time. The mechanism of
action is unknown but may be related to inhibition

200201foof ornithine decarboxylase, microfilament for-
mation, or the effect on cell membrane compo-
nents.'93 The importance of cellular retinoic acid
binding proteins is not known.202

In a few patients with promyelocytic leukaemia
differentiation of these cells has been induced by
retinoic acid both in vitro203 and vivo.2114 Clonal
growth of CFU-GM is usually inhibited by retinoic
acid, although some stimulation may occur at low
concentrations.205 Bradley et al found inhibition of
both proliferation and differentiation under these
conditions.'57 Bailey-Wood et al found that
CFU-GM from some patients with myelodysplastic
syndrome may have a greater sensitivity than nor-
mal to the inhibitory effect of retinoic acid in
vitro,207 suggesting that individual clinical responses
may vary.

Individual cases of clinical response to retinoic
acid in promyelocytic leukaemia have been
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recorded.204 208 Gold et al treated 15 patients with
myelodysplastic syndrome with oral retinoic acid
and found a haematological response in five, includ-
ing a reduction in marrow blasts and increases in
leucocyte count, platelets, and haemogloblin con-
centration.209 Hepatotoxicity, hyperkeratosis, and
hyperostosis may be limiting factors in prolonged
treatment.

VITAMIN D3
Proliferation of both murine and human myeloid
leukaemia cells2102' and normal murine myeloid-
macrophage progenitors (CFU-C)212 are suppressed
by 1,25-dihydroxycholecalciferol. The differentia-
tion of HL-60 by 1,25-dihydroxycholecalciferol is
associated with binding to a specific cytosol protein,
similar to that found in other vitamin D3 target tis-
sues, followed by transport to the nucleus.23 The
mechanism seems to be similar to that generally
associated with steroid hormone effects. Honma
et al were able to prolong the survival of mice inocu-
lated with murine myeloid leukaemia cells by giving
vitamin D3 analogues.211
The exposure of HL-60 to physiological concent-

rations of 1,25-dihydroxycholecalciferol results in
the acquisition of monocyte like features,215216 and
this is preceded by decreased expression of the
c-myc oncogene.Y Removing the vitamin results in
re-expression of the oncogene, showing a relation
between 1,25-dihydroxycholecalciferol and expres-
sion of c-myc, proliferation, and differentiation.
Both normal and leukaemic human myeloid stem
cells can be induced to macrophage differentiation
by 1,25-dihydroxycholecalciferol.27

CYTOTOXIC DRUGS
It has been suggested that low concentrations of
some cytotoxic drugs may induce differentiation of
leukaemic or preleukaemic cells.218 -220 The clinical
use of low dose ara-C in myelodysplastic syndrome,
however, usually results in considerable toxicity with
increased pancytopenia before any beneficial effect
is observed.22' When an abnormal clone can be
identified by specific cytogenetic changes treatment
with low dose ara-C results in suppression of this
clone rather than maturation,222 suggesting that the
effect of even low concentrations of drugs is due to
cytotoxicity rather than stimulated differentiation.

Wisch et al treated eight patients with myelodys-
plastic syndrome with seven to 21 day courses of
intravenous low dose ara-C and obtained delayed
remissions after eight of 13 courses had been
taken.22' Tricot et al administered 38 courses to 26
patients and found either a "good" or a "partiarl
response after 19 of the courses had been taken.223
The difficulty of evaluating a response combined

with the unpredictable course of the disorder does
not allow firm conclusions to be drawn at the
moment.

BIOLOGICAL DIFFERENTIATION FACTORS
In normal myelopoiesis proliferation and differenti-
ation occur together under the stimulus of several
colony stimulating factors. In myeloid leukaemia
cell lines, in which proliferation occurs in the
absence of differentiation, granulocyte colony
stimulating factor (G-CSF) appears to have a
specific differentiating effect not shown by other
colony stimulating factors. This is sometimes called
differentiating inducing factor.224225 There may be
several differentiating inducing factor proteins,
probably with molecular weights 20 000-40 000,
and these seem to be produced by macrophages, T
lymphocytes, and various cultured cells.226 Sachs
showed that in mice differentiating inducing factor,
also known as macrophage granulocytic inducer-2
(MGI-2), is produced by the myeloid cells them-
selves.227 Failure to differentiate in leukaemic states
might be due either to a failure of response to
MGI-2 or to a failure of production. This hypothesis
is not universally accepted.226 Differentiating induc-
ing factor may be induced by the adminstration of
endotoxin,228 although such treatment also results in
the production of tumour necrosis factor and
interleukin- 1. Possibly, the increasing number of
pure growth regulators becoming available may
have some therapeutic potential.

CURRENT PRACTICE
Therapeutic support for the patient with myelodys-
plastic syndrome has not changed radically despite
recent attempts to modulate the abnormal
haemopoiesis. The backbone of treatment remains
replacement treatment for anaemia and other
cytopenias, together with antibiotics when indicated.
Although individual and variable responses occur
with short courses of low dose ara-C, no good evi-
dence is available with regard to patient survival.
Similarly, there is little evidence to support the
routine administration of retinoids.

Clinical diagosis and investigation

The clinical diagnosis of fully developed myelodys-
plastic syndrome presents no problem, and the fea-
tures described by the FAB group are well recog-
nised.'4 For practical purposes it may be useful to
apply arbitrary threshold values for haemoglobin
concentration, neutrophil count, platelet count, etc,
to avoid misdiagnosis in patients with minimal,
and possibly irrelevant, morphological ab-
normalities20-namely, neutrophils less than 1-5
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x 109/l; circulating myelocytes, erythroblasts, or

blasts; monocytes greater than 1 0 x 109/l; haemog-
lobin less than 12-0 g/dl; mean cell volume greater
than 104 fl. Other diagnostic criteria should be mar-
row blasts less than 30% with or without ring
sideroblasts and non-response to hydroxocobalamin
1000,ug, with folic acid 5 mg for 21 days, and
pyridoxine hydrochloride 50 mg for 21 days.
The anaemia, or other cytopenia, that usually

draws attention to the disorder should be confirmed
as a persistent feature, unassociated with any other
systemic disorder such as renal or hepatic failure or

an excess alcohol intake. Some elderly patients with
cytopenias and normal serum B,2 and folate con-
centrations respond well to a short course of these
vitamins and occasionally to pyridoxine. Such occult
deficiencies should be excluded before making the
diagnosis. Such patients usually have the expected
morphological changes in the blood and marrow

associated with dyserythropoiesis and abnormal
granulocyte maturation, possibly with more specific
anomalies such as ring sideroblasts, micro-
megakaryocytes, or an increased number of blast
cells. Further investigation may show cytochemical
or surface antigen abnormalities in the bone marrow
or failure of progenitor cells to grow normally in
culture.
The potentially serious nature of this disorder

warrants a reasonably high index of suspicion and a
precise diagnosis in each patient. Confirmation of
the haematological diagnosis depends on the
facilities available, but the detection of
chromosomal abnormalities or aneuploidy in bone
marrow preparations gives direct evidence of a

genetic abnormality. Defective colony growth in cul-
ture confirms a functional change in haemopoiesis
that is not found in other haematological states.'48
All these abnormalities seem to relate to prognosis,
but whether they enable a more precise prediction
of outcome to be made than an assessment of
peripheral blood count alone229 remains to be seen.
In those patients with myelodysplastic syndrome
with minimal haematological changes such as mor-

phological changes but no cytopenia, the more
specialised investigations may be the only way to
confirm the diagnosis.

Unanswered questions

Myelodysplastic syndrome poses a fascinating and
important clinical and biological problem. It illus-
trates the way in which minor aberrations of growth
and differentiation can gradually evolve into a

leukaemic state and provides an opportunity to
study leukaemogenesis in man. There may well be
an opportunity to apply our newly found knowledge

Jacobs

of genetics and growth control mechanisms to the
study, and hopefully, to modify a clinical condition
that has not so far yielded to any form of treatment.
While the fully developed syndrome shows abnor-
malities in the haemopoietic stem cell and its prog-
eny, we remain unclear about the parts played by
growth factors, bone marrow stromal cells, and
immune mechanisms. We do not know whether the
observed abnormalities are linked to abnormal gene
function, and we have no knowledge regarding the
underlying factors initiating damage to stem cells.
We are probably unable to detect the earliest subtle
changes occurring in damaged stem cells, and this
prevents us from defining those at risk from further
evolution of the disease. We also do not know
whether any of the abnormalities can be reversed by
either biological or pharmacological agents, or
whether it is possible to prevent clonal evolution in
an already damaged cell population. We look for-
ward to the answers to at least some of these ques-
tions.

References

'Rhoads CP, Barker WH. Refractory anaemia: analysis of 100
cases. Journal of the American Medical Association
1938; 11&794-6.

2 Dacie JV, Smith MD, White JC, Mollin DL. Refractory nor-
moblastic anaemia: a clinical and haematological study of 7
cases. Br J Haematol 1959;5:56-82.

3Bjorkman SD. Chronic refractory anaemia with sideroblastic
bone marrow. A study of four cases. Blood 1956;11:250-9.

4Hamilton-Peterson JL. Preleukaemic anaemia. Acta Haemato-
logica 1949;2:309-16.

s Block M, Jacobson LO, Bethard WF. Preleukaemic acute
human leukaemia. JAMA 1953; 152:1018-29.

6 Dameshek W. Sideroblastic anaemia: is this a malignancy? Br J
Haematol 1965; 11: 52-8.

7Knospe WH, Gregory SA. Smouldering acute leukaemia. Arch
Intern Med 1971;127:910-8.

8Rheingold JJ, Kaufman R, Adelson E, Lear A. Smouldering
acute leukaemia. N Engl J Med 1963;268:812-9.

9 Streuli RA, Testa JR, Vardiman JW, Mintz U, Golomb HM,
Rowley JD. Dysmyelopoietic syndrome: sequential, clinical
and cytogenetic studies. Blood 1980;55:636-44.

10 Saarni MI, Linman JW. Preleukaemia: the haematologic syn-
drome preceding acute leukaemia.Am J Med 1973; 55:38-48.

Linman JW, Bagby GC. The preleukaemic syndrome: clinical
and laboratory features, natural course, and management.
Blood Cells 1976;2:11-31.

12 Linman JW, Bagby GC. The preleukaemic syndrome
(haemopoietic dysplasia). Cancer 1978;42:852-64.

Greenberg P, Mara B. The preleukaemic syndrome. Correlation
of in vitro parameters of granulopoiesis with clinical features.
Am J Med 1979;66 :951-8.

4 Bennett JM, Catovsky D, Daniel MT, etal. Proposals for the
classification of the myelodysplastic syndromes. Br J Haematol
1982;51: 189-99.

"Mayer RJ, Canellos GP. Preleukaemic syndromes and other
myeloproliferative disorders. In: Gunz FW, Henderson ES,
eds. 4th Ed. Leukaemia. New York: Grune and Stratton,
1983.

16 Greenberg PL. The smouldering myeloid leukaemic states.
Blood 1983;61:1035-44.

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jcp.bm
j.com

/
J C

lin P
athol: first published as 10.1136/jcp.38.11.1201 on 1 N

ovem
ber 1985. D

ow
nloaded from

 

http://jcp.bmj.com/


Myelodysplastic syndromes: pathogenesis, finctional abnormalities, and clinical implications

" Francis GE, Hoffbrand AV. The myelodysplastic syndromes
and preleukaemia. In: Hoffbrand AV, ed. Recent advances in
haematology 4. London: Churchill Livingstone, 1985.

"Cartwright GE, Deiss A. Sideroblasts, siderocytes, and sidero-
blastic anaemia. N Engl J Med 1975;292: 185-93.

'9 Hast R, Reizenstein P. Sideroblastic anaemia and development
of leukaemia. Blut 1981;42:203-7.

20 May SJ, Smith SA, Jacobs A, Williams A, Bailey-Wood R. The
myelodysplastic syndrome: analysis of laboratory characteris-
tics in relation to the FAB classification. Br J Haematol
1985;59:311-9.

21 Nowell PC. Cytogenetics of preleukaemia. Cancer Genet
Cytogenet 1982;5:265-78.

22Prchal JT, Throckmorton DW, Carroll AJ, Fuson EW, Gams
RA, Prchal JS. A common progenitor for human myeloid and
lymphoid cells. Nature 1978;274:590-1.

2 Abkowitz JL, Fialkow PJ, Niebruge DJ, Raskind WH, Adamson
JW. Pancytopenia as a clonal disorder of a multipotent
haemopoietic stem cell. J Clin Invest 1984;73:258-61.

24Raskind WH, Tirumali N, Jacobson R, Singer J, Fialkow PJ.
Evidence for a multistep pathogenesis of a myelodysplastic
syndrome. Blood 1984;63: 1318-23.

25 Bennett JM, Catovsky D, Daniel MT, etal. Proposals for the
classification of the acute leukaemias. Br J Haematol
1976;33:451-8.

26 Hoelzer D, Ganser A, Heimpel H. "Atypicar' leukaemias: pre-
leukaemia, smouldering leukaemia and hypoplastic leukaemia.
Recent Results Cancer Res 1984;93:69-101.

27 Spitzer TR, Goldsmith GH. Myelodysplastic syndromes: is
another classification necessary? Br J Haematol
1982;52:343-4.

28 Greenberg P, Bagby G. Biological rather than morphologic
markers in myelodysplastic syndromes. Br J Haematol
1983;53:532-4.

29 May A, De Souza P, Barnes K, Kaaba S, Jacobs A. Erythroblast
iron metabolism in sideroblastic marrows. Br J Haematol
1982;52:611-21.

30 Juneja SK, Imbert M, Sigauz S, Jouault H, Sultan C. Prevalence
and distribution of ringed sideroblasts in primary myelodys-
plastic syndromes. J Clin Pathol 1983;36:566-9.

3' Milner GR, Testa NG, Geary CG, etal. Bone marrow culture
studies in refractory cytopaenia and "smouldering leukaemia"P.
Br J Haematol 1977;35:251-61.

32 Verma DS, Spitzer G, Dicke KA, McCredie KB. In vitro agar
culture patterns in preleukaemia and their clinical significance.
Leuk Res 1979;3:41-9.

33 Cazzola AM, Barosi G, Berzuini, et al. Quantitative evaluation
of erythropoietic activity in dysmyelopoeitic syndromes. Br J
Haematol 1982;50: 55-62.

34 Montecucco C, Riccardi A, Traversi E, et al. Flow cytometric
DNA content in myelodysplastic syndrome. Cytometry
1983;4:238-43.

3S Peters SW, Clark RE, Hoy TG, Jacobs A. DNA content and cell
cycle analysis of bone marrow cells in myelodysplastic syn-
dromes. Br J Haematol (in press).

36 Second International Workshop on Chromosomes in
Leukaemia. Chromosomes in preleukaemia. Cancer Genet
Cytogenet 1980;2:108-13.

37 Sandberg AA. The chromosomes in human cancer and
leukaemia. Amsterdam: Elsevier, 1980.

38 Sokal G, Michaux JL, van den Berghe H. The karyotype in
refractory anaemia and preleukaemia. Clin Haematol
1980),9: 129-39.

39 Weinberg RA. A molecular basis of cancer. Sci Am
1983;249: 126-42.

40 Land H, Parada LF, Weinberg RA. Cellular oncogenes and
multistep carcinogenesis. Science 1983;2221 771-8.

41 Marshall CJ, Rigby PWJ. Viral and cellular genes involved in
oncogenesis. Cancer Surveys 1984;3: 183-214.

42 Willecke K, Schafer R. Human ocogenes. Human Genet

1984;66: 132-42.
43 Shubik P. Progression and promotion. Journal of the National

Cancer Institute 1984;73:1005-11.
4 Deuel TS, Huang JS. Roles of growth factor activities in

oncogenesis. Blood 1984;64:951-8.
45 Sporn MB, Roberts AB. Autocrine growth factors and cancer.

Nature 1985;313:745-7.
46a Pott P. Chirurgical observatons relative to the cataract, the

polypus of the nose, the cancer of the scrotum, the different
kinds of ruptures, and the mortification of the toes and feet.
London: Hanes, Clarke and Collins, 1775.

46b Rous P, Kidd JG. Conditional neoplasms and subthreshold
neoplastic states. J Ex Med 1941;73:365-90.

47 Mottram JC. A developing factor in experimental blastogenesis.
J Pathol Bacteriol 1944;56: 181-7.

48 Berenbulm I, Shubik P. A new, quantitative approach to the
study of the stages of chemical carcinogenesis in the mouse's
skin. Br J Cancer 1947;1:383-6.

49 Slaga TJ, Fischer SM, Weeks CE, Klein-Szanto AJP, Reiners J.
Studies on the mechanisms involved in multistage car-
cinogenesis in mouse skin. J Cell Biochem 1982; 18:99-119.

50 Pitot HC. Contributions to our understanding of the natural
history of neoplastic development in lower animals to the
cause and control of human cancer. Cancer Surveys
1983;2:519-37.

-, Knudson AG. Genetic predisposition to cancer. Cancer Detect
Prev 1984;7:1-8.

52 Sparkes RS. Cytogenetics of retinoblastoma. Cancer Surveys
1985;3:479-96.

'3 Newbold RF, Overell RW. Fibroblast immortality is a prerequis-
ite for transformation by EJ c-Ha-ras oncogene. Nature
1983;304:648-51.

S4 De Cosse JJ. Precancer-an overview. Cancer Surveys
1983;2:347-57.

5S Armitage P, Doll R. A two-stage theory of carcinogenesis in
relation to the age distribution of human cancer. Br J Cancer
1957; 11: 161-9.

56 Fisher JC. Multiple mutation theory of carcinogenesis. Nature
1958; 181:651-2.

S7 Moolgavkar SH, Knudson AG. Mutation and cancer: a model
for human carcinogenesis. Journal ofthe National Cancer Insti-
tute 1981;66:1037-52.

S8 Anonymous. Epidemiology of leukaemia [Leading article] Lan-
cet 1980 ii;727-8.

S9 Blair A, Fraumeni JF, Mason TJ. Geographic patterns of
leukaemia in the United States. J Chronic Dis 1980;33:251-
60.

6Brandt L, Nilsson PG, Mitelman F. Occupational exposure to
petroleum products in men with acute non-lymphocytic
leukaemia. Br Med J 1978;1:553.

61 Brandt L. Environmental factors and leukaemia. Medical
Oncology and Tumour Pharmacotherapy 1985;2:7-10.

62 Smith PG. Current assessment of "case clustering!' of lym-
phomas and leukaemias. Cancer 1978;42 1026-34.

63Golde DW. Haematopoiesis. Methods in haematology. Vol II.
London: Churchill-Livingstone, 1984.

6"Burgess A. Growth factors and oncogenes. Immunology Today
1985;6: 107-12.

6Dexter TM. The message in the medium. Nature
1984;309:746-7.

"Pennington DF. Cytogenetics and haematology. Clin Haematol
1980-,9: 1-219.

67 Beverley PL. Monoclonal Antibodies. Methods in haematology.
Vol 13. London: Churchill-Livingstone, 1985.

"Greaves MF. Leukaemogenesis and differentiation: a commen-
tary on recent progress and ideas. Cancer Surveys
1982; 1: 189-204.

"McCulloch EA. Stem cells in normal and leukaemia
haemopoiesis. Blood 1983;62: 1-13.

70 Weisinger G, Sachs L. DNA-binding protein that induces cell

1213

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jcp.bm
j.com

/
J C

lin P
athol: first published as 10.1136/jcp.38.11.1201 on 1 N

ovem
ber 1985. D

ow
nloaded from

 

http://jcp.bmj.com/


1214

differentiation. EMBO Journal 1983;2:2103-7.
71 Gonda TJ, Metcalf D. Expression of myb, myc and fos proto-

oncogenes during the differentiation of a murine myeloid
leukaemia. Nature 1984;31&249-51.

72 Muller R, Muller D, Guilbert L. Differential expression of c-fos
in haematopoietic cells: correlation with differentiation of
monomyelocytic cells in vitro. The EMBO Journal
1984;3:1887-90.

7" Dexter TM, Alien TD. The regulation of growth and develop-
ment of normal and leukaemic cells. J Pathol 1983;141:415-
33.

74 Schrader JW. Role of a single haemopoietic growth factor in
multiple proliferative disorders of haemopoietic and related
cells. Lancet 1984;i: 133-36.

75 Doolittle RF, Hunkapiller MW, Hood LE, et al. Simian sarcoma
virus oncogene v-cis is derived from the gene (or genes) encod-
ing a platelet-derived growth factor. Science 1983;221:275-6.

76 Waterfield MD, Scrace GT, Whittle N, etal. Platelet derived
growth factor is structurally related to the putative transform-
ing protein p28s5s of simian sarcoma virus. Nature
1983;304:35-9.

77 Downward J, Yarden Y, Mayes E, et al. Close similarity of epi-
dermal growth factor receptor and v-erb-B oncogene protein
sequences. Nature 1984;307:521-7.

18 Kelly K, Cochran BH, Stiles CD, Leder P. Cell specific regula-
tion of the c-myc gene by lymphocyte mitogens and platelet
derived growth factor. Cell 1983;35:603-10.

79 Campisi J, Gray HE, Pardee AB, Dean M, Sonenshein GE. Cell
cycle control of c-myc but not c-ras expression is lost following
chemical transformation. Cell 1984;36:241-7.

80 Gouda SD, Bagby GC. c-myc oncogene expression (CME) dur-
ing CSA-stimulated growth and differentiation of normal
human myeloid cells in vitro. Blood 1984;64(Suppl 1): 141a.

Thompson CB, Challoner PB, Neiman PE, Grondine M. Levels
of c-myc oncogene mRNA are invariate throughout the cell
cycle. Nature 1985;314:363-6.

32 Greenberg ME, Ziff EB. Stimulation of 3T3 cells induces trans-
cription of the c-fos proto-oncogene. Nature 1984;311:433-
42.

83 Kruijer W, Cooper JA, Hunter T, Verma IM. Platelet derived
growth factor induces rapid but transient expression of the
c-fos gene and protein. Nature 1984;312:711-6.

84 Muller R, Bravo R, Burckhardt J, Curran T. Induction of c-fos
gene and protein by growth factors precedes activation of
c-myc. Nature 1984;312:716-20.

85 Muller R, Curran T, Muller D, Guilbert L. Induction of c-fos
during myelomonocytic differentiation and macrophage pro-
liferation. Nature 1985;314:546-8.

L6Lachman HM, Skoultchi Al. Expression of c-myc changes dur-
ing differentiation of mouse erythroleukaemia cells. Nature
1984;310:592-4.

87 Reitsma PH, Rothberg PG, Astrin SM, et al. Regulation of myc
gene expression in HL-60 leukaemia cells by a vitamin D
metabolite. Nature 1983;306:492-4.

8 Sporn MB, Todaro GJ. Autrocrine secretion and malignant
transformation of cells. N Engl J Med 1980;303;878-80.

8 Boettiger D, Anderson S, Dexter TM. Effect of src infection on
long term marrow cultures: increased self-renewal of
haemopoietic progenitor cells without leukaemia. Cell
1984;36:763-73.

90 Spooncer E, Boettiger D, Dexter TM. Continuous in vitro gen-
eration of multipotential stem cell clones from src-infected
cultures. Nature 1984;310: 228-30.

91 Land H, Parada LF, Weinberg RA. Tumorigenic conversion of
primary embryo fibroblasts requires at least two co-operating
oncogenes. Nature 1983;304:596-602.

92 Huggins CB, Grand L, Oka H. Hundred day leukaemia: prefer-
ential induction in rat by pulse doses of 7, 8, 12-
trimethylbenz(a)anthracine. J Ex Med 1970; 131:321-30.

93 Fohlmeister I, Schafer HE, Fischer R. On the pathogenesis of

Jacobs
preleukaemic myelodysplastic syndromes. J Cancer Res Clin
Oncol 1982;1@4:249-61.

Seidel HJ, Pfeiffer S, Kreja L. Stem cells and immunological
parameters in mice during the latency period and after the
development of chemically induced leukaemia. Internatonal
Journal of Cell Cloning 1983; 1:324-42.

9S Snyder CA, Goldstein BD, Sellakumar AR, Albert RE. Evi-
dence for haematotoxicity and tumourigenesis in rats exposed
to 100ppm benzene. Am J Indust Med 1984;5:492-34.

96 Peschle C, Rossi GB, Covelli A, Migliaccio G, Migliaccio AR,
Mastroberardino G. Virus erythroleukaemias: mechanisms
underlying BPA-"independent' in vitro growth of BFU. In:
Neth R, Gallo R, Greaves MF, Moore MAS, Winkler A, eds.
Berlin: Springer-Verlag, 1983.

97 Dexter TM, Allen TD, Testa NG, Scolnick E. Friend disease in
vitro. J Ex Med 1981; 154:594-608.

98 Dexter TM, Scott D, Teich NM. Infection of bone marrow cells
in vitro with FLV: effects on stem cell proliferation, differenti-
ation and leukaemogenic capacity. Cell 1977; 12:355-64.

99 Heard JM, Fichelson S, Sola B, Martial MA, Varet B, Levy JP.
Multistep virus-induced leukaemogenesis in vitro: description
of a model specifying three steps within the myeloblastic
malignant process. Mol Cell Biol 1984;4:216-20.

'°° Gorellk E, Rosen B, Copeland D, Weatherly B, Heberman RB.
Evaluation of role of natural killer cells in radiation-induced
leukaemogenesis in mice. Journal ofthe National Cancer Inst-
tute 1984;72: 1397-403.

'°' Whitehouse JMA. Risk of leukaemia associated with cancer
chemotherapy. Br Med J 1985;290:261-2.

102 Meytes D, Ramot B. Chemotherapy-related leukaemogenesis.
Arch Toxicol 1983;6:13-20.

103 Pedersen-Bjergaard J, Larsen SO. Incidence of acute non-
lymphocytic leukaemia, preleukaemia, and acute myelo-
proliferative syndrome up to ten years after treatment of
Hodgkin's disease. N Engl J Med 1982;307:965-71.

04 Zaccaria A, Rosti G, Testoni N, Mazza P, Cantore M, Tura S.
Acute nonlymphocytic leukaemias and dysmyelopoietic syn-
dromes in patients treated for Hodgkin's lymphoma. Cancer
Genet Cytogenet 1983;9:217-26.

"05 Gyger M, Forest L, Vuong TE, et al. Therapy induced pre-
leukaemia in patients treated for Hodgkin's lymphoma: clini-
cal and therapeutic elements of sequential chromosome band-
ing studies. Br J Haematol 1984; 58:61-9.

,06 Schofield R. The relationship between the spleen colony-
forming cell and the haemopoietic stem cell. A hypothesis.
Blood Cells 1978;4:7-25.

07 Botnick LE, Hannon EC, Hellman S. Limited proliferation of
stem cells surviving alkylating agents. Nature 1976; 162:68-70.

'08 Morley A, Blake J. An animal model of chronic aplastic marrow
failure, I. Late marrow failure after Busulphan. Blood
1974;44:49-56.

'09 Morley A, Trainor K, Blake J. A primary stem cell lesion in
chronic hypoplastic marrow failure. Blood 1977;45:681-8.

110 Morley A, Seshadri RS. Chronic hypoplastic marrow failure and
residual injury. Blood Cells 1978;4:253-66.

Kapadia SB, Krawse JR, Ellis LD, Pan SD, Wald N. Induced
acute nonlymphocytic leukaemia following long-term
chemotherapy. A study of 20 cases. Cancer 1980-,45: 1315-21.

112 Rosner F, Grunewald HW. Cytotoxic drugs and
leukaemogenesis. Clin Haematol 1980;9:663-81.

1"3 Court-Brown WH, Doll R. Mortality from cancer and other
causes after radiotherapy for ankylosing spondylitis. Br Med J
1965;ii: 1327-32.

"' Law IP, Blom J. Second malignancies in patients with multiple
myeloma. Oncology 1980;34:20-4.

Pedersen-Bjergaard J, Nissen NI, Sorensen HM, et al. Acute
non-lymphocytic leukaemia in patients with ovarian carcinoma
following long term treatment with Treosulfan (x Dihydroxy-
busulphan). Cancer 1980-,45:19-29.

Rosner F, Carey RW, Zarrabi MH. Breast cancer and acute

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jcp.bm
j.com

/
J C

lin P
athol: first published as 10.1136/jcp.38.11.1201 on 1 N

ovem
ber 1985. D

ow
nloaded from

 

http://jcp.bmj.com/


Myelodysplastic syndromes: pathogenesis, functional abnormalities, and clinical implications

leukaemia: report of 24 cases and review of the literature. Am
J Hematol 1978;4:151-72.

'7 Pedersen-Bjergaard J, Philip P, Pedersen NT, et al. Acute non-
lymphocytic leukaemia, preleukaemia and acute myelo-
proliferative syndrome secondary to treatment of other malig-
nant diseases. Cancer 1984;52:452-62.
Rowley JD, Golomb HM, Vardiman JW. Non-random chromo-
some abnormalities in acute leukaemia and dysmyelopoietic
syndromes in patients with previously treated malignant dis-
ease. Blood 1981;58:759-67.

Miller BA, Weinstein HJ, Nell M, Henkle CT, Dillon PL, Tan-
travahi R. Sequential development of distinct clonal chromo-
some abnormalities in a patient with preleukaemia. Br J
Haematol 1985;59:411-8.

120 Tomonaga M, Tomonaga Y, Kusano M, Ichimaru U. Sequential
karoyotypic evolutions and bone marrow aplasia preceding
acute myelomonocytic transformation from myelodysplastic
syndrome. Br J Haematol 1984; 58: 53-60.

121 Tricot G, Boogaerts MA, De Wolf-Peeters C, Van den Berghe
H, Verwhilgen RL. The myelodysplastic syndromes: different
evolution patterns based on sequential morphological and
cytogenetic investigations. Br J Haematol 1985;S9:659-70.

322 Tulliez M, Testa U, Rochant H. Reticulocytosis, hypochromia
and microcytosis: an unusual presentation of preleukaemic
syndrome. Blood 1982;59:293-9.

323 Valentine WN, Konrad PN, Paglia DE. Dyserythropoiesis,
refractory anaemia and "preleukaemia" . Metabolic features of
the erythrocytes. Blood 1973;59:857-75.

Cetto GL, Vettore L, De Matteis MC, Piga A, Perona G. Ery-
throcyte cation content, globin chain synthesis and glucose
metabolism in dysmyelopoietic syndromes. Acta Haematol
1982;68: 124-30.

325 Rochant H, Dreyfus B, Bouguerra M, Tan-Hot H. Refractory
anaemia, preleukaemic conditions and fetal erythropoiesis.
Blood 1972;39:721-6.

126 Ricard MF, Sigaux F, Imbert M, Sultan C. Complementary
investigations in myelodysplastic syndromes. In: Schmalzl F,
Hellriegel K-P, eds. Preleukaemia. Berlin: Springer-Verlag,
1979.

327 Levine MN, Kuhns WK, Bolk TA, Beyer TA, Rosse WF.
Acquired alteration in the expression of blood groups in a
patient with sideroblastic anaemia and chronic renal failure.
Transfusion 1984;24:8-12.

328 Martin S, Baldock SC, Ghoneim ATM, Child JA. Defective
neutrophil function and microbicidal mechanisms in the
myelodysplastic disorders. J Clin Pathol 1983;36: 1120-8.

329 Boogaerts MA, Nelissen V, Roelant C, Goossens W. Blood
neutrophil function in primary myelodysplastic syndromes. Br
J Haematol 1983;55:217-27.

130 Scott CS, Cahill A, Bynoe AG, Ainley MJ, Hough D, Roberts
BE. Esterase cytochemistry in primary myelodysplastic syn-
dromes and megaloblastic anaemias: demonstration of abnor-
mal staining patterns associated with dysmyelopoiesis. Br J
Haematol 1983;55:411-8.

3'' Clark RE, Hoy TG, Jacobs A. Granulocyte and monocyte sur-
face membrane markers in the myelodysplastic syndromes. J
Clin Pathol 1985;38:301-4.

132 Maldonado JE, Pierre RV. The platelets in preleukaemia and
myelomonocytic leukaemia: ultrastructural cytochemistry and
cytogenetics. Mayo Clin Proc 1975;54.573-87.

33 Lintula R, Rasi V, Ikkala E, Borgstrom GH, Vuopio P. Platelet
function in preleukaemia. Scand J Haemaol 1981;96: 65-71.

'3 Wiesneth M, Pfleiger H, Kubanek B, Heimpel H. Micro-
megakaryocytes in human bone marrow. Acta Haematol
1980;64:65-71.

1'S Bynoe AG, Scott CS, Ford P, Roberts BE. Decreased T-helper
cells in the myelodysplastic syndromes. Br J Haematol
1983;54:97-102.

136 Knox SJ, Greenberg BR, Anderson RW, Rosenblatt LS. Studies
of T-lymphocytes in preleukaemic disorders and acute non-

lymphocytic leukaemia: in vitro radiosensitivity, mitogenic
responsiveness, colony formation, and enumeration of lym-
phocytic subpopulations. Blood 1983;61:449-55.

'37 Anderson RW, Volsky DJ, Greenburg B, etal. Lymphocyte
abnormalities in preleukaemia-1. Decreased NK activity,
anomalous immunoregulatory cell subsets and deficient EBV
receptors. Leuk Res 1983;7:389-95.

138 Kerndup G, Mayer K, Ellegard J, Hokland P. Natural killer
(NK) activity and antibody-dependent cellular cytotoxicity
(ADCC) in primary preleukaemia syndrome. Leuk Res
1984;8:239-47.

139 Takagi S, Kitagawa S, Takeda A, Minato N, Takaku F, Miura Y.
Natural killer-interferon system in patients with pre-
leukaemic states. Br J Haematol 1984; 58: 71-81.

140 Wickramasinghe SN. Human bone marrow.Oxford: Blackwell
Scientific Publications, 1975.

4'4 Mitrou PS, Fischer M. Cell proliferation in refractory anaemia
with hyperplastic bone marrow (preleukaemia). In: Schmalzl
F, Hellreigel, K-P, eds. Preleukaemia. Berlin: Springer-
Verlag, 1979.

142 Hast R, Reizenstein P. Studies on human preleukaemia. I. Ery-
throblast and iron kinetics in aregenerative anaemia with
hypercellular bone marrow. Scand J Haematol 1977; 19:347-
54.

'3 Seigneurin D, Hollard D. Use of the tritiated thimidine-labelling
index of the myeloblast-promyelocyte pool for the
identification of the leukaemic population in oligoblastic
leukaemia. Acta Haematol 1981;66: 181-6.

44 Karsdorf A, Dresch C, Metral J, Najean Y. Prognostic value of
the combined suicide level of granulocyte progenitors in the
labelling index of precursors in preleukaemic states and oligo-
blastic leukaemias. Leuk Res 1983;7:279-86.

45 Reizenstein P, Lagerlof B, Skarberg KO, Carlmark B, Kock Y,
Jores S. Alternations in erythropoiesis preceding leukaemia.
Acta Haematol 1975;54:152-8.

146 Singh AK, Shinton NK, Williams JDF. Ferrokinetic abnor-
malities and their significance in patients with sideroblastic
anaemia. Br J Haematol 1970; 18:67-77.

47 Barosi G, Cazzola M, Morandi S, Stefanelli M, Perugini S. Esti-
mation of ferrokinetic parameters by a mathematical model in
patients with primary acquired sideroblastic anaemia. Br J
Haematol 1978;39:409-23.

'8Beran M, Hast R. Studies on human preleukaemia. II. In vitro
colony forming capacity in a regenerative anaemia with hyper-
cellular bone marrow. Scand J Haematol 1978;21: 139-49.

49 Spitzer G, Verma DS, Dickie KA, Smith T, McCredie KB.
Sub-groups of oligoletikaemia as identified by vitro agar cul-
ture. Leuk Res 1979;3:29-39.

150 Mertelsmann R, Moore MAS, Clarkson BD. Sequential marrow
culture studies and terminal deoxynucleotidyl transferase
activities in myelodysplastic syndromes. In: Schmalzl F, Hell-
riegel K-P, eds. Preleukaemia. Berlin: Springer-Verlag, 1979.

,s, Rosenthal DS, Moloney WC. Refractory dysmyelpoietic
leukaemia and acute leukaemia. Blood 1984;63:314-8.

352 Ruutu T, Partanen S, Lintula R, Teerenhovi L, Knuutila S.
Erythroid and granulocyte-macrophage colony formation in
myelodysplastic syndromes. Scand J Haematol 1984; 32: 395-
402.

IS3 Greenberg P, Mara B, Bax I, Brossel R, Schrier S. The myelo-
proliferative disorders: correlation between clinical evolution
and alterations in granulopoiesis. Am J Med 1976;61:878-91.

'M-Senn JS, Curtis PE, Pinkerton PH, Till iE, McCulloch EA,
Toronto Area Preleukaemia Group. The distribution of mar-
row granulopoietic progenitors among patients with pre-
leukaemia. Leuk Res 1980-,4:409-13.

55 Kagan WA, Fialk MA, Coleman M, Ascensao JL, Good RA,
Valera E. Studies on the pathogenesis of refractory anaemia.
Am J Med 1980,68:381-5.

156 Francis GE, Wing MA, Miller EJ, Berney JJ, Wonke B, Hoff-
brand AV. Use of bone marrow culture in prediction of acute

1215

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jcp.bm
j.com

/
J C

lin P
athol: first published as 10.1136/jcp.38.11.1201 on 1 N

ovem
ber 1985. D

ow
nloaded from

 

http://jcp.bmj.com/


1216
leukaemic transformation in preleukaemia. Lancet
1983;i: 1409-12.

57 Amato D, Khan NR. Erythroid burst formation in cultures of
bone marrow and peripheral blood from patients with refrac-
tory anaemia. Acta Haematol 1983;70: 1-10.

158 Chui DHK, Clarke BJ. Abnormal erythroid progenitor cells in
human preleukaemia. Blood 1982;60:362-7.

Koeffler HP, Cline MJ, Golde DW. Erythropoiesis in pre-
leukaemia. Blood 1978;51: 1013-9.

Senn JS, Messner AJ, Pinkerton PH, et al. Peripheral blast cell
progenitors in human preleukaemia. Blood 1982;59: 106-9.

161 Nowell PC. Prognostic value of marrow chromosome studies in
human "preleukaemia". Arch Pathol 1965;80:205-8.

162 McKusick VA. The human gene map, 1 December 1984. Clin
Genet 1985;27:207-39.

163 Sagar R. Genetic instability, suppression and human cancer.
Cancer Surveys 1984;3:321-34.

1' Anderson RL, Bagby GC. The prognostic value of chromosome
studies in patients with the preleukaemic syndrome
(haemopoietic dysplasia). Leuk Res 1982;6:175-81.

165 Van den Berghe H, Louwagie A, Broechaert-Van Orshovan A,
David G, Verwilghen R. Chromosome analysis in two unusual
malignant blood disorders presumably induced by benzene.
Blood 1979;53:558-66.

1' Mitelman F, Brandt L, Nilsson PG. Relation among occupa-
tional exposure to potential mutagenic/carcinogenic agents,
clinical findings and bone marrow chromosomes in acute non-
lymphocytic leukaemia. Blood 1978;52: 1229-37.

167 Mitelman F. Cytogenetics of experimental neoplasms and non-
random chromosome correlations in man. Clin Haematol
1980;9: 195-219.

'8Economopoulos T, Papageorgiou E, Hadjioannou J. Refractory
anaemia with excess of blasts terminating as Ph' negative
chronic myeloid leukaemia. Scand J Haematol 1984;32:493-5.

169 Berrebi A, Bruck R, Shtalrid M, Chernke J. Philadelphia
chromosome in idiopathic acquired sideroblastic anaemia.
Acta Haematol 1984;72:343-5.

17 Metcalf D. The haemopoiedc colony stimulating factors. Ams-
terdam: Elsevier, 1984.

Kamada N. Anonymous. [Discussion] Blood Cells 1977;2:104.
172 Van den Berghe H, Cassiman J, David G, Fryns J-P, Michaux J,

Sokal G. Distinct haematological disorder with deletion of
long arm of No 5 chromosome. Nature 1974;251:437-8.

73 Kerkhofs H, Hagemeijer A, Leeksma CHW, et al. The 5q-
chromosome abnormality in haematological disorders: a col-
laborative study of 34 cases from The Netherlands. Br J
Haematol 1982;52:365-81.

Wisniewski LP, Hirschhorn K. Acquired partial deletions of the
long arm of chromosome 5 in haematological disorders. Am J
Haematol 1983; 15: 295-310.

17S Tinegate H, Gaunt L, Hamilton PJ. The 5q- syndrome: an
underdiagnosed form of macrocytic anaemia. Br J Haematol
1983;54: 103-10.

176 Mahmood T, Robinson WA, Hamstra RD, Wallner SS. Mac-
rocytic anaemia, thromobocytosis and non-lobulated
megakaryocytes. The 5q- syndrome, a distinct entity. Am J
Med 1974;66:946-50.

77 Pedersen-Bjergaard J, Haahr S, Philip P, et al. Abolished pro-
duction of interferon by leucocytes of patients with the
acquired cytogenetic abnormalities 5q- or -5 in secondary and
de novo acute non-lymphocytic leukaemia. Br J Haematol
1980;46:211-23.

178 Dezza L, Cazzola M, Bergamaschi G, et al. Myelodysplastic
syndrome with monosomy 7 in adulthood: a distinct pre-
leukaemia disorder. Haematologica 1983;68:723-5.

79 Ruutu P, Ruutu T, Repo H. Defective neutrophil migration in
monosomy -7. Blood 1981;58:739-45.

80 Pedersen-Bjergaard J, Vindelov L, Philip P, etal. Varying
involvement of peripheral granulocytes in the clonal abnormal-
ity -7 in bone marrow cells in preleukaemia secondary to

Jacobs
treatment of other malignant disorders: cytogenetic results
compared with results of flow cytometric DNA analysis and
neutrophil chemotaxis. Blood 1982;60 171-9.

181 Gahmberg CG, Andersson LC, Ruutu P, et al. Decrease in the
major high molecular weight surface glycoprotein of human
granulocytes in monosomy-7 associated with defective
chemotaxis. Blood 1979;54:401-6.

182 Stivrins TJ, Davis RB, Sanger W, Fritz J, Purtilo DT. Transfor-
mation of Fanconi's anaemia to acute non-lymphocytic
leukaemia associated with emergence of monosomy 7. Blood
1984;64: 173-6.

183 Joseph AK, Cinkotal KI, Hunt L, Geary CG. Natural history of
smouldering leukaemia. Br J Cancer 1982;46: 160-6.

'8Galton DAG. The myelodysplastic syndromes. Clin Lab
Haematol 1984;6:99-112.

18 Koeffler HP. Induction of differentiation of human acute
myelogenous leukaemia cells: therapeutic implications. Blood
1983;62:709-21.

136 Moore MAS, Gabrilove J, Sheridan AP. Myeloid leukaemic cell
differentiation induced by human post-endotoxin serum and
vitamin analogues. In: Neth R, Gallo R, Greaves MF, Moore
MAS, Winkler A, eds. Modern trends in human leukaemia V.
Berlin: Springer Verlag, 1983.

1 Ferrero D, Pessano S, Pagliardi GL, Rovera G. Induction of
differentiation of human myeloid leukaemias: surface changes
probed with monoclonal antibodies. Blood 1983;61: 171-9.

Anonymous. Biphenotypic leukaemia. [Leading article]. Lancet
1983;ii: 1178-9.

189 Smith LJ, Curtis JE, Messner HA, Senn JS, Furthmayr H,
McCulloch EA. Lineage infidelity in acute leukaemia. Blood
1983;61:1138-45.

'90 Fioritoni G, Bertolini L, Toriotao G, Revoltella R. Cytochemi-
cal characteristics of leukopoietic differentiation in murine
eythroleukaemic (Friend) cells. Cancer Res 1980;40.866-72.

9' Columbo A, Minowada J, Erikson J, Croce CM, Rovera G.
Lineage infidelity of a human myelogenous leukaemia cell line.
Blood 1984;64: 1059-63.

192 Bollag W. Vitamin A and retinoids: from nutrition to phar-
macotherapy in dermatology and oncology. Lancet
1983;i:860-3.

93 Bertram JF. Inhibition of neoplastic transformation in vitro by
retinoids. Cancer Surveys 1983;2:243-62.

'4Sporn MB, Roberts AB. Role of retinoids in differentiation and
carcinogenesis. Cancer Res 1983;43:3034-40.

9 Verma AK, Conrad EA, Boutwell RK. Differential effects of
retinoic acid and 7,8-benzoflavone on the induction of mouse
skin tumours by the complete carcinogenesis process and by
the initiation-promotion regimen. Cancer Res
1982;42:3519-25.

196 Schroder EW, Rapaport E, Brack PH. Retinoids and cell prolif-
erations. Cancer Surveys 1983;2:223-42.

97 Breitman TR, Selonick SE, Collins SJ. Induction of differentia-
tion of the human promyelocytic leukaemia cell line (HL-60)
by retinoic acid. Proc Nat Acad Sci USA 1980;77:2936-40.

19 Olsson IL, Breitman TR. Induction of differentiation of the
human histiocytic lymphoma cell line U-937 by retinoic acid
and cyclic adenosine 3';5'-monophosphate-inducting agents.
Cancer Res 1982;42:3924-7.

99 Breitman TR, Keene BR, Hemmi H. Retinoic acid-induced dif-
ferentiation of fresh leukaemia cells and the human
myelomonocytic cell line, HL-60, U-937 and THP-1. Cancer
Surveys 1983;2:263-92.

263 Luk GD, Civin CI, Weissman RM, Baylin SB. Ornithine decar-
boxylase: essential in proliferation but not differentiation of
human promyelocytic leukaemia cells. Science 1982;216:75-7.

201 Niskanen EO, Kallio A, McCann PP, Pou G, Lyda S, Thornhill
A. Divergent effects of ornithine decarboxylase inhibition on
murine erythropoietic precursor cell proliferation and dif-
ferentiation. Cancer Res 1983;43: 1536-40.

202 Trown PW, Palleroni AV, Bohoslawec 0, et al. Relationship

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jcp.bm
j.com

/
J C

lin P
athol: first published as 10.1136/jcp.38.11.1201 on 1 N

ovem
ber 1985. D

ow
nloaded from

 

http://jcp.bmj.com/


Myelodysplastic syndromes: pathogenesis, functional abnormalities, and clinical implications

between binding affinities to cellular retinoic acid-binding pro-
tein and in vivo and in vitro properties for 18 retinoids. Cancer
Res 1980,40:.21-220.

203 Breitman TR, Collins SJ, Keene BR. Terminal differentiation of
human promyelocytic leukaemia cells in primary culture in
response to retinoic acid. Blood 1981;57: 1000-4.

204 Nilsson B. Probably in vivo induction of differentiation by
retinoic acid of promyelocytes in acute promyelocytic
leukaemia. Br J Haematol 1984;57:365-71.

205 Douer D, Koeffier HP. Retinoic acid enhances colony stimulat-
ing factor-induced clonal growth of normal human myeloid
progenitor cells in vitro. Ex Cell Res 1982; 13& 193-8.

206 Bradley EC, Ruscetti FW, Steinberg H, Paradise C, Blaine K.
Inhibition of differentiation and proliferation of colony-
stimulating factor induced clonal growth of normal human
marrow cells in vitro by retinoic acid. Journal of the National
Cancer Inrstiate 1983;71: 1189-92.

207 Bailey-Wood R, May S, Jacobs A. The effect of retinoids on
CFU-GM from normal subjects and patients with myelodys-
plastic syndrome. Br J Haematol 1985;59: 15-20.

201 Flynn PJ, Miller WJ, Weisdorf DJ, Brunning AR, Branda RF.
Retinoic acid treatment of acute promyelocytic leukaemia: in
vitro and in vivo observations. Blood 1983;62: 1211-7.

209 Gold EJ, Mertelsmann RH, Itri LM, et al. Phase 1 clinical trial
of 13-cis-retinoic acid in myelodysplastic syndromes. Cancer
Treatnent Rep 1983;67:981-6.

210 Abe E, Miyaura C, Sakagami H, et al. Differentiation of mouse
myeloid leukaemia cells induced by 1,25-dihydroxy vitamin
D3. Proc Nat Acad Sci USA 1981;78:4990-4.

211 Miyaura C, Abe E, Kuribayashi T, et al. 1,25-dihydroxy vitamin
D3 induces differentiation of human myeloid leukaemia cells.
Biochem Biophys Res Commun 1981;102@937-43.

212 Miyaura C, Abe E, Nomura H, Nishii Y, Suda T. 1,25-
dihydroxy vitamin D3 suppresses proliferation of murine
granulocyte,macrophage progenitor cells (CFU-C). Biochem
Biophys Res Commun 1982; 108: 1728-33.

23 Tanaka H, Abe E, Miyaura C, etal. 1,25-
dihydroxycholecalciferol and a human myeloid leukaemia cell
line (HL-60). Biochem J 1982;204:713-9.

214 Honma Y, Hozumi M, Abe E, et al. la,25-dihydroxy vitamin D3
and la-hydroxy vitamin D, prolong survival time of mice
inoculated with myeloid leukaemia. Proc Nat Acad Sci USA
1983;St.201-4.

212 Bar-Shavitz Z, Teitelbaum SL, Reitsma P, et al. Induction of
monocyte differentiation and bone resorption by 1,25-
dihydroxy vitamin D3. Proc Nat Acad Sci USA
1983;805907-11.

226 McCarthy DM, San Miguel JF, Freake NC, et al. 1,25-dihydroxy
vitamin D3 inhibits proliferation of human promyelocytic
leukaemia (HL60) cells induces monocyte-macrophage dif-
ferentiation in HL60 and normal human bone marrow cells.
Leuk Res 1983;7:51-5.

227 Koeffler HP, Amatruda T, Ikekawa N, Kobayashi Y, De Luca
HF. Induction of macrophage differentiation of the human
normal and leukaemic myeloid stem lines by 1,25-dihydroxy
vitamin D3 and its fluorinated analogues. Cancer Res
1984;44:5624-8.

210 Hosset M, Daniel T, Degos L. Small doses of ARA-C in the
treatment of acute myeloid leukaemia: differentiation of
myeloid leukaemia cells? Br J Haematol 1982;51: 125-9.

229 Castaigne S, Daniel M-T, Tilly H, Herait P, Degos L. Does
treatment with AraC in low dosage cause differentiation of
leukaemic cells? Blood 1983;62:85-6.

220 Michalewicz R, Lotem J, Sachs L. Cell differentiation and
therapeutic effect of low doses of cytosine arabinoside in
human myeloid leukaemia. Leuk Res 1984;8:783-90.

221 Wisch JS, Griffin JD, Kufe DW. Response of pre-leukaemic
syndromes to continuous infusion of low dose cytarabine. N
Engl J Med 1983;309: 1599-602.

222 Spiers ASD, Chikkappa G, Lorch CA. Myelodysplastic syn-
drome: cytogenetic changes before and after response to low-
dose ARAC. Blood 1984; 64:(Suppl 1) 174a.

223 Tricot G, De Boc R, Dekker AW, etal. Low dose cytosine
arabinoside (Ara-C) in myelodysplastic syndromes. Br J
Haematol 1984;58:231-40.

224 Olsson I, Olofsson T, Mauritzon N. Characterisation of mono-
nuclear blood cell-derived differentiation inducing factors for
the human promyelocyte leukaemia cell line HL-60. Journal
of the National Cancer Institute 1981;67: 1225-30.

225 Chiao J, Frestag W, Stienmetz J, Andreeff M. Changes of cellu-
lar markers during differentiation of HL-60 promyelocytes to
macrophages as induced by T-lymphocyte conditioned
medium. Leuk Res 1981;5:477-89.

220 Metcalf D. Regulation of self replication in normal and
leukaemic stem cells. In: Golde DW, Marks PA, eds. Normal
and neoplastic haematopoiesis. New York: Alan R Liss, 1983.

227 Sachs L. Control of growth and normal differentiation in
leukaemic cells. Regulation of the developmental programme
and restoration of the normal phenotype in myeloid
leukaemia.J Cell Physiol 1982;(Suppl 1):151-64.

220 Moore MAS, Gabrilove J, Sheridan AP. Therapeutic implica-
tion of serum factors inhibiting proliferation and inducing dif-
ferentiation of myeloid leukaemic cells. Blood Cells
1983;9: 125-37.

229 Mufti GJ, Stevens JR, Oscier DG, Hamblin TJ, Machin D.
Myelodysplastic syndromes: a scoring system with prognostic
significance. Br J Haematol 1985;59:425-33.

Requests for reprints to: Professor A Jacobs, Department
of Haematology, University Hospital of Wales, Heath
Park, Cardiff CF4 4XN, Wales.

1217

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jcp.bm
j.com

/
J C

lin P
athol: first published as 10.1136/jcp.38.11.1201 on 1 N

ovem
ber 1985. D

ow
nloaded from

 

http://jcp.bmj.com/

