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Stellingen behorende bij het proefschrift 

Studies on ineffective erythropoiesis in myelodysplastic syndromes 

Het erythron in het myelodysplastisch syndroom heeft een ijzeren wil 
om effectief te zijn.(Dit proefschrift) 

2. De levensverwachting van de myelodysplastische voorlopercel daalt als 
hij uit zijn omgeving gehaald wordt. (Dit proefschrift) 

3. De erythropoietine-spiegel wordt mede gereguleerd door de 
proliferatieve activiteit van de erythroide voorlopercel. (Dit proefschrift) 

4. In gevallen waarbij middels morfologie en cytogenetica de diagnose 
myelodysplastisch syndroom niet gesteld kan worden biedt flow 
cytometrie uitkomst. (Blood 200 1 ;  98: 979) 

5. Bij patienten met een stero"id refractaire ITP neemt de kans op succes 

van een splenectomie toe indien er bij de thrombocytenkinetiek een 
verkorte overleving gevonden wordt. (Hematol J. 2002; 3: 148) 

6. Het heeft bijna een eeuw geduurd om de pluripotente visie over stam
cellen van Alexander Maximow te bewijzen. (Stem Cells 1 998; 16: 357) 

7. Een beenmergpunctie is een pijnlijk representatieve steekproef. 

(Sem Haematol 1 981; 18: 293) 

8. Bij hande1ingen rondom het levenseinde dient de intentie waarmee tot 
deze hande1ing is overgegaan de basis te zijn voor toetsing. 

9. Een van de voorde1en van het afronden van een promotie is dat a1s je 

eenmaa1 een rok aan hebt de kans toeneemt dat je minder achter de 

broek aangezeten wordt. 

1 0. Het volume van te bieden zorg wordt in het huidige zorgste1se1 
gekenmerkt door kaders en p1afonds, de vraag naar zorg daarentegen is 
bodemloos. 

II. In het kader van fusie van medische staven geldt dat zonder dwarsliggers 

er geen spoor getrokken kan worden. 

1 2. Verzekeraars verzekeren zichzelf. 
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General introduction and aim of this thesis 
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The myelodysplastic syndrome (MDS) 

Classification and prognostic factors 

A variety of primary hematological disorders were described, all characterized by ineffective 

erythropoiesis, peripheral blood cytopenias, and hypercellular bone marrow.'"' Since no uniform definition 

of these disorders existed, classification and prognosis of these disorders remained cumbersome. In 1 982 

the French-American-British cooperative group (FAB) proposed a new classification system for these bone 

marrow disorders: the myelodysplastic syndromes.' Based on cellular morphology and the number of blast 

cells in the peripheral blood and bone marrow five subtypes were defined. Refractory anemia (RA), 

refractory anemia with ringed sideroblasts (RARS), refractory anemia with excess of blasts (RAEB), 

RAEB in transformation (RAEB-t) and chronic myelomonocytic leukemia (CMML) (Table 1). The FAB-

F AB classification 

Refractory anemia: 
(RA) 

RA with ringed sideroblasts: 
(RARS) 

RA with excess of blasts: 
(RAEB) 

RAEB In transformation: 
(RAEB-t) 

Chronic myelomonocytic leukemia: 
(CMML) 

Blast cells(%) 

Peripheral blood 

<I 

<I 

<5 

>5 
± Auer rods 

<5 

> 1 . 1  o9tL monocytes 

Bone Marrow 

<5 

<5 
> 15% of all nuclear cell.: 

ringed sideroblasts 

5-20 

20-30 
± Auer rods 

<20 
Increase in promonocytes 

Table I. The FAB classification for myelodysplastic syndromes 

classification and subsequent classifying systems remained imprecise in predicting clinical outcome. 

RAEB-t has a uniformly poor prognosis in all classifying systems, but there is a wide variation in clinical 

performance and survival in the other subgroups. Therefore in 1 984 a prognostic scoring system was 

developed by Mufti et al: A score of I was assigned to each of the following hematological features; bone 

marrow blasts > 5%, platelets < 1 00 x 109/1, neutrophils < 2.5 x 1091 1  and Hb < 8 gr/1 (5 mmol/1). A 

significant difference in survival was observed between the cases that scored 0- 1 ,  2·3 and 4 points. In 1 997 

Greenberg et al. presented a new prognostic scoring system for myelodysplastic syndromes based on 

cytogenetic parameters, bone marrow blasts and cytopenias (Table 2).7 At the same time under the auspices 

of the World Health Organization (WHO) a new classification was discussed that resulted in the proposed 

WHO classification of neoplastic diseases of the hematopoietic and lymphoid tissues (Table 3).8• 9 The 
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Score value 

Prognostic variable 0 0.5 1.0 1.5 

BM blasts %: <5 5-10 1 1-20 

Karyotype: good intermediate poor 

Cytopenias: 011 213 

Karyotype: Risk category: Combined score: 
good: normal, -Y, del(5q), del(20q) Low : 0 
poor: complex (>3 abnormalities), intermediate I: 0.5-1.0 

chromosome 7 anomalies intermediate 2: 1.5-2.0 
intermediate: ali other abnormalities high: >2.5 

Table 2. The international scoring system for evaluating prognosis in 

myelodysplastic syndromes (IPSS) 

2.0 

2 1-30 

proposals of the WHO-panel are considered controversial by members of the International MDS-study 

group.10•1 1 However, the determination of the 5q- syndrome as an entity by itself is now widely accepted on 

the basis of clinical performance. Furthermore, it seems logical to divide the RAEB on blast numbers into 

RAEB I and RAEB II since it correlates well with the risk score in the IPSS. Recently a significant 

correlation was established between the expression of the WTI gene and the IPSS. 12 As new understanding 

of such critical molecular, immunologic and cytogenetic features of MDS will emerge, further 

improvement might be obtained from the prognostic scoring systems. 

Epidemiology 

Since the implementation of the F AS-classification in 1982 it is possible to register MDS cases. In the 

1 970s it was estimated that there would be approximately 1 500 new cases of MDS per year.< More recent 

reports however suggest 9.3- 12.6 cases per 1 00.000 annually.n•14 In the Netherlands an average of 1 0  cases 

per I 00.000 per year is observed. In the elderly population estimates range between 1 5  and 50 cases per 

1 00.000 per year especially in patients over the age of 70 years.1 5  It is believed that the incidence of MDS 

is increasing.16•19 However augmented awareness of the syndrome, earlier detection of high red cell mean 

corpuscular volume by automated hematology counters as well as changing demographics in industrialized 

nations might contribute to this belief. 14•15 In France, Sweden and recently in DUsseldorf on the contrary no 

evidence was found for an increase in MDS cases over time.!O.li.:U MDS incidence could be influenced in 

the future by the increasing use of cytostatic and radiotherapeutic therapies.23.24 
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Myelodysplastic syndromes 

Refractory Anemia 

With ringed sideroblasts (pure sideroblastic anemia) 

Without ringed siderob lasts 

Refractory cytopenia with multllineage dysplasi a 

Refractory anemia witt\ excess b lasts 

With 5-10% myeloblasts (RAEB-1) 

With 1 1-19% myeloblasts (RAEB-2) 

Sq· syndrome• 

Mye1odysp1astic syndrome, unclassiliable 

Mye1odysplastic/myeloproliferative S) nd romes 

Chronic myelomonocytic leukemia 

Atypical chronic myelogenous leukemia 

Juvenile myelomonocytic leukemia 

Relevant acute myeloid leukemia (AML) categories 

AML with multilineage dysplasia 

With prior myelodysplastic syndrome 

Without prior myelodysplastic syndrome 

AML and myelodysplastlc syndromes, therapy related 

Alkylating agent-related 

Epipodophyllotoxin-related 

Other types 

• Like RAEB, CMML can also be subdivided based on myeloblast count. The 
5q- syndrome is narrowly defined to include only cases with de novo Isolated 
del(5q) and the characteristic morphologic findings ofhypolobulated 
megakaryocytes and Jess than 5% marrow myeloblasts. 

Table 3. The proposed World Health Organization (WHO) classification of neoplastic 

diseases of the hematopoietic and lymphoid tissues: categories relevant 

to the myelodysplastic syndromes 



Diagnosis 

The diagnosis in myelodysplast ic syndromes is established on scrupulous examination of peripheral blood 

smear, bone marrow cytology and bone marrow histology. Furthermore, cytogenet ic examinat ion 

contributes to establishing myelodysplasia. The exclusion of other diseases or intoxications such as vitamin 

812 and/or folate deficiency, hypothyroidism, recent cytotoxic therapy, exposure to heavy metals or 

benzene, inflammatory diseases among which HIV -infect ion, the use of ant ibiotics, cancer and chronic 

liver disease or alcoholic diseases should be done by careful history taking, physical examination and 

laboratory evaluat ion. Dysplasia should at least be seen in over 1 0% of the 200 counted nucleated cells 

since dysplast ic morphology can be seen in a variety of react ive disorders and mild dysplast ic features are 

frequently seen in the marrow of healthy individuals?S·!7 Usually resolving underlying diseases will give a 

disappearance of myelodysplast ic features. Other clonal myeloid disorders should also be distinguished 

from MOS. 

I. History and examination 

A history should include informat ion on prior exposure to chemotherapy and/or radiat ion, recurrent 

infections or bruising and on a family history of myelodysplast ic or leukemic disease. At physical 

examination attent ion should be paid to pallor, infect ion, bruising and splenomegaly. Fat igue and weakness 

are presented in 30% of the pat ients?8 Due to the fact that pat ients are usually elderly, symptoms of 

underlying cardiac disease may be aggravated by MOS. Progressive hematopoiet ic failure leading to 

anemia, thrombocytopenia and leukopenia alone or in combination is the primarily clinical finding in 

myelodysplasia. Features resembling systemic lupus erythematosus, including arthralgias have been 

described.29·30 Weight loss and fever occur occasionally.3 1  However, approximately 50% of the pat ients are 

asymptomat ic at t ime of diagnosis, usually they are referred to the hospital because of abnormal results in a 

rout ine blood examination.JJ.ll In retrospect ion approximately 30% of the pat ients have a history of 

recurrent infect ions, due to granulocytopenia but also due to impaired chemotaxis and reduced phagocyt ic 

act ivity.34·l6 Signs of hemorrhagic diathesis are absent in the majority of pat ients.J 7 Splenomegaly, with 

except ion of the pat ients suffering from CMML, is usually absent .6.38 

Few cases of MDS are associated with skin disorders, especially acute neutrophilic dermatosis and 

pyoderma gangrenosum.l9 Sweet 's syndrome and cutaneous vasculitis have been described.'0·41 In CMML 

skin infiltrat ion of myeloid cells is somet imes observed.42,4J 

II. Full blood count and blood smear 

A full blood count and blood smear has to be performed to ident ify macrocytosis, cytopenia(s), 

neutrophilia, monocytosis, thrombocytosis and blast cells. Serum ferrit in, vitamin 812 and folate levels 

should also be assessed. Other explanat ions for dysplast ic diseases should be ruled out . 

Anemia is an almost universal finding at the t ime of diagnosis, with more than 80% of the pat ients 

presenting with a hemoglobin concentrat ion less than 6.0 mmol/1.6 A myelodysplasia diagnosis is unlikely 

in the absence of anemia. In blood smears the erythrocytes are usually normocyt ic or macrocyt ic, in RARS 

however erythrocytes might appear microcyt ic. Ret iculocyte counts are usually diminished. Leukocyte 
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counts are normal to moderately diminished. Leukocyte abnormalities are increasing with incrementing 

stage of myelodysplasia. CMML as seen before is an exception, patients usually present with augmented 

numbers of leukocytes.44 Thrombocytopenia is a common feature in myelodysplasia, varying from 40% in 

RARS to 65% in patients with RA, RAEB and RAEB-t. The platelets may be functionally and 

morphologically abnormaL 4l.46 Isolated leukopenia or thrombocytopenia at initial presentation occurs in 

less than 5% of the patients. Approximately 30% of the patients have a multilineage disorder.37 

Ill. Bone marrow aspirate and trephine biopsy 

Bone marrow aspirate is necessary to make a confident diagnosis in patients eligible for active treatment. 

Histologic examination of the bone marrow can increase the certainty of diagnosis by obtaining 

information on the presence of megakaryocyte dysplasia or the finding of a disordered marrow architecture 

with adverse prognostic implications such as abnormal localization of tmmature precursors (ALIP}.4749 

Furthermore, the assessment of cellularity and fibrosis may have an impact on therapy.50 

The bone marrow in myelodysplasia is usually hypercellular. Hypocellularity is found in less than 5% of 

the cases.ll In the erythropoietic compartment dysplastic features are observed such as megaloblastic, 

macronormoblastic or sideroblastic erythropoiesis (iron stain}. Dysplastic erythropoiesis comprises 

abnormalities such as bi- or multinuclearity, nuclear lobulation, nuclear fragmentation, increased numbers 

of Howell-Jolly bodies, internuclear bridging, gaps in nuclear membrane, increased pyknosis and 

gigantism.l2-l6 

The granulopoiesis may show Pelger-Hul!t anomaly, hypo- or hypergranular promyelocytes, hypogranular 

myelocytes, increased blast cells with or without Auer rods, increase in monocytes and promonocytes, lack 

of mature neutrophils and morphologically abnormal neutrophils.l6-l8 

A reduction or increase of megakaryocytes, mono- or binuclear micromegakaryocytes can be found in the 

thrombopoietic compartment of the bone marrow.l2,SS,S9 

lmmunophenotyping has been considered poorly relevant in the diagnosis of MOS. Recent reports however 

have shed a new light on immunophenotyping in MOS. Flow cytometry could detect immunophenotypic 

abnormalities in case combined morphology and cytogenetics were non-diagnostic. 60 Furthermore, it was 

recently shown that MDS patients could be clustered according to the immunophenotype of both CD4510 

blast cells and CD45h'/side scatter"' (SS"') granulocytes. This clustering correlated well with FAD

classification, cytogenetic data and percentage of blast cells in BM-smears.61 A relationship is suggested 

between immaturity of blast cells, IPSS-score and immunophenotypic abnormalities.49·62•63 

IV. Bone marrow cytogenetic analysis 

After morphological examination cytogenetic analysis of the marrow cells is the most important test for 

diagnosis and for determination of prognosis. A chromosomal abnormality confirms the presence of a 

clonal disorder and therefore is of aid in the distinction between MDS and reactive causes of dysplasia. 

Clonal cytogenetic aberrations are found in 30-50% of primary MDS and in 80% of secondary MDS.64-67 

The likelihood of karyotypic changes is increased in patients with a higher risk score.68 One of the 
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characteristics of cytogenetic abnormalities in MDS is that they are not specific for MDS but are also 

encountered in other myeloid disorders. Deletions of chromosome 7 and 5 are particularly characteristic of 

therapy related MOS. Furthermore, cytogenetic data have prognostic relevance. According to the IPSS data 

patients with normal karyotypes or -Y alone, del (5q) or del (20q) had a "good outcome". Patients with a 

"poor outcome" had complex karyotypes (three or more abnormalities, usually with chromosome 5 and/or 

7) or chromosome 7 abnormalities. 7 The presence of multiple chromosome abnormalities at presentation or 

emerging during the course of MDS are associated with a poor prognosis due to the likelihood of 

transforming to acute leukemia.67•68 Evolution to acute myeloid leukemia (AML) may be influenced by 

epigenetic events. In more than 70% of patients with MDS evolving to AML, methylation silencing of 

proto-oncogene p15ink4b is detected.
69·

70 

Chromosomal abnormality has a great impact on the degree of apoptosis seen in MOS. Especially defects 

of chromosome 8 were susceptible to Fas-mediated apoptosis.71 

A specific subgroup in patients with MDS is the 5q- syndrome. This syndrome is characterized by 

macrocytic anemia, normal to elevated platelet counts and absence of symptomatic neutropenia. The 

clinical course is usually benign extending over several years (median survival 63 months) and red cell 

transfusions are frequently needed.72"75 

By means of microarray analysis aberrant gene expression profiles can be detected. These profiles are 

strongly associated with different risk groups in MOS. Overexpression of DLKI for instance was described 

in patients with high-risk myelodysplasia suggesting a growth advantage of the abnormal clone. In low risk 

MDS retinoic-acid-induced gene (RAI3), the radiation-inducible, immediate early response gene (lEX!) 

and stress-induced phosphoprotein I (STIPI )  are downregulated leading to a reduced expression of certain 

defensive proteins, and as consequence an increased susceptibility to cell damage.76·17 

Diagnostic methods relevant to determine ineffective erythropoiesis 

l.Jn vivo: Ferrokinetic studies 

Marrow erythroblasts normally receive four-fifth of all iron passing through the plasma so that a 

relationship exists between erythroid marrow activity and iron turnover. Accurate quantitative information 

on erythropoiesis and red cell destruction can be obtained by radionuclide techniques. The synthesis of 

hemoglobin demands large quantities of iron. This iron is derived from the plasma and characterization of 

this transfer offers the prospect of a functional assessment of erythropoiesis. Ferrokinetic studies are 

undertaken with the aim of quantitating the rates and amounts of iron being transferred along the pathways 

linking the different iron pools. Huff et a!. were the first to use S9Fe in order to study the iron kinetics.78 The 

subsequent use of relatively simple measurements such as the S9Fe half clearance time, plasma iron 

turnover (PIT) and red cell utilization (RCU) to assess marrow erythroid activity has resulted in the 

widespread use of these assays. 

Nevertheless, the early promise of these convenient parameters has not been born out by clinical 

experience.79"81 Several attempts have been made to unravel the physiological mechanisms underlying iron 

kinetics by analysis of the plasma S9Fe clearance.
80

"86 From 1950 onward, compartmental modeling has 

been recognized to be an essential tool for mathematical analysis of the ferrokinetic data and for deriving 

13 



useful clinical parameters. A major item in the last two decades has been the recognition of the different 

forms of release of iron from the plasma-iron pool. The transferrin receptor (TIR) has a higher affinity for 

di-ferro-transferrin than for mono-ferro-transferrin. Therefore the disappearance rate of iron from the 

plasma is mainly determined by the saturation of transferrin and the amount of TIR's on the cell. 87 With 

these data combined with hematocrit, plasma-iron, iron-saturation and PIT it is possible to determine the 

erythron transferrin uptake (ETU).88 A correction should be made for iron leaving the vascular space; the 

tissue iron uptake (TIU). This is a constant amount determined by the blood volume of the patient. ETU 

proves to be an adequate instrument in measuring erythroid marrow activity.'9·90 High ETU's can be 

observed in hemolytic anemia reflecting the augmented erythropoietic marrow activity. Low ETU's are 

seen, for instance, in aplastic anemia. ETU in combination with RCU can be used as a tool for 

differentiating between iron taken up from the plasma by erythroid and non-erythroid tissues and 

distinguishing between marrow activity resulting in viable red cells (effective erythropoiesis) and non

viable red cells (ineffective erythropoiesis). 

In MDS in general a hyperproliferative marrow activity can be observed expressed by an increase in ETU

values.91'9� 

II. In vivo: Soluble Transferrin Receptor 

Iron is transported in plasma by transferrin (Tf), which can be incorporated in cells by binding to the 

transferrin receptor (TIR). A truncated fragment of TIR (sTIR) is shed from proliferating cells into the 

circulation."3"95 It has been demonstrated that the sTIR reflects the amount of erythropoiesis."6'98 As seen 

with ETU, sTIR levels correspond with different underlying disorders. In aplastic anemia sTIR levels are 

low in contrast to the hemolytic anemias.99 To assess whether erythropoiesis is effective or ineffective as in 

myelodysplasia, sTIR data should be combined with reticulocytes or RCU.100 

III. In vitro eythrold colony formation 

Erythropoiesis can be studied in vitro using erythroid colony forming assays. The presence of erythroid 

progenitor cells in bone marrow and peripheral blood can be demonstrated by isolating a mononuclear cell 

fraction, that is incubated with a growth factor containing medium.101'105 The cells are immobihzed in 

methylcellulose. The resulting colony formation is evaluated through an inverted microscope. Each colony 

is assumed to represent a single progenitor cell. Depending on the added growth factors and the type of 

progenitors present in the mononuclear cell preparation, three types of erythroid colonies can be identified. 

Immature progenitor cells require more time to develop into colonies than mature progenitor cells. 

Pluripotential progenitor cells are Identified after 12-16 days by partly hemoglobinized colonies that 

contain erythroid, granulocytic, megakaryocytic and monocytic elements (CFU-GEMM). Immature, but 

purely erythroid colonies are seen after 12-2 1 days as large multicentered hemoglobinized colonies 

containing up to 10.000 cells. termed burst forming units-erythroid (BFU-E). In general they are scored at 

day 14. BFU-E can be cultured from both normal bone marrow and peripheral blood mononuclear cells.106 

Colony forming units-erythroid (CFU-E), by contrast, are not normally present in peripheral blood and can 
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only be cultured from bone marrow cells.101 CFU-E's are clusters of less than I 00 hemoglobinized cells that 

are normally evaluated after seven days in culture. 

Pluripotent stem cells can be identified by expression of CD34 surface antigen.108 A mononuclear cell 

preparation from normal peripheral blood contains approximately 0.0 I% CD34+ cells from bone marrow 1 -

5%. Purification of the stem cell fraction can b e  achieved b y  various selection procedures. A n  u p  to 1 000 

times enriched more than 97% pure hematopoietic progenitor cell population can be obtained. Several in 

vitro studies in MDS have shown that BFU-E and CFU-E do not expand in response to erythropoietin 

(Epo) with or without additional growth factors stem cell factor (SCF), IL-3, Flt-3 ligand, thrombopoietin, 

G-CSF, GM-CSF).1 ... 113 However, in a subset of cultures responses were observed.114"1�0 Moreover, it has 

been shown that the transition of the BFU-E to CFU-E can be mimicked m vitro by culturing CD34�/CD36" 

cells in suspension with Epo and SCF, followed by Epo in the colony assay.1�1 These changes were 

associated with the loss of the CD34 antigen and the appearance of the CD36 antigen. 

A more recent report showed that MDS CD34+ erythroid progenitors could proliferate in a 2-step liquid 

culture with Epo, SCF, insulin like growth factor and steroid hormones. Terminal erythroid differentiation 

was induced in a medium containing Epo and insulin. 112 

IV. Ultrastructuraiiindings 

Data on ultrastructural examination of myelodysplastic cells are scarce. In one report of two patients large 

tubuloreticular structures in lymphocytes, plasma cells, macrophages and endothelial cells were seen. 

Furthermore, cylindrical confronting cisternae were observed in macrophages and endothelial cells.123 In 

MDS patients the erythroid progenitors show bizarre shaped nuclei, multinuclearity and iron deposits in the 

mitochondria.124 Myeloid disorders include hypogranulation and platelet phagocytosis can also be seen. 

Megakaryocytes show signs of immaturity and emperipolesis can seldom be observed.125 In contrast to 

normal bone marrow where cytoplasmic bridging of erythroblasts is observed there is a diminished or 

absent bridging in MDS.126 

Molecular biology of MDS and apoptosis 

I. Apoptosis 

Cell death can be thought of occurring either by necrosis or apoptosis. Necrosis is not genetically controlled 

in contrast with apoptosis or programmed cell death. Apoptosis is a process in which developmental or 

environmental stimuli activate a genetic program to implement a specific series of events that culminate in 

the death and efficient disposal of a cell. Apoptosis plays a central role in development and homeostasis of 

eukaryotic cell processes.127 Aberration of normal physiological apoptosis may be detrimental; failure of 

cells to initiate apoptosis after DNA damage may contribute to malignant transformation. Apoptosis is 

typified by cytoplasmic boiling, chromatin condensation and nuclear DNA-fragmentation. An essential 

difference with necrosis is that there is an absence of inflammatory response in the apoptotic process.128 

There are several ways to assess the amount of apoptosis: loss of cell viability (incompetence to exclude 

vital dye), DNA-fragmentation, in situ terminal transferase labeling (TUNEL), morphology by light or EM 

microscopy and annex in-V staining.129"133 Survival factors in vivo and in vitro are known to promote cell 
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viability and are a critical aspect of nonnal development. Factor deprivation can be a potent apoptotic 

signal.134 In addition to removal of survival factors, the presence of specific death factors also produces 

apoptosis (Figure I). Apoptosis is also regulated by environmental factors of which DNA-damage (for 

instance by means of cytostatic drugs) is a clear example. Several death signals or survival signals can 

detennine whether a cell will die an apoptotic death. Furthennore, regulation of cell survival can be 

influenced by survival promoters or death promoters. The execution of the triggered death program in the 

cell cycle is a process regulated by the caspase-cascade_m-u• 

Sofar, two different pathways can be recognized that trigger the apoptotic process. The caspase-8/3 

pathway is activated by different death receptors while the caspase-9/3 pathway is triggered by 

mitochondrial disruption.139 

Death receptors 

Death receptors and cell surface receptors that transmit apoptosis signals by specific ligands, play a central 

role in initiating apoptosis. These receptors belong to the tumor necrosis factor (TNF) receptor gene family 

among which are CD9S (Fas/APOI), TNFRI (pSS/CDI20A), Death Receptor (DR)-3 (AP03), DR4 and 

DRS (AP02).127•140 The ligands of the death receptors are structurally related molecules that belong to the 

TNF gene superfamily (CD9SL, TNF, AP03L, AP02L).141•143 CD9Siigation leads to clustering of receptor 

death domain FADD (Fas-associated death domain) which activates procaspase-8, a cysteine protease. 

Caspase-8 activates downstream effector caspases committing the cell to undergo apoptosis. TNF 

trimerizes TNFR I upon binding after which TRADD (TNFR-associated death domain) complexed to 

FADD-TNFR 1-TRADD activates procaspase-8 thereby initiating apoptosis. Furthennore, TRADD may 

bind with TNFR-associated factor-2 (TRAF2) and receptor interacting protein (RIP) to stimulate nuclear 

transcription factors such as nuclear factor- KB (NF- KB) and AP-I. DR3 triggers responses that resemble 

those of TNFRI. Signaling through DR4 and DRS to caspases appears distinct and has not yet been fully 

identified. Furthennore, TNF-related apoptosis-inducing ligand (TRAIL) is a member of the TNF-related 

proteins, which shows structural and functional similarities with CD9SL, including the use of F ADD as 

adaptor molecule.144•1S3 TRAIL acts in early nonnal erythropoiesis as a negative regulator of nonnal 

erythropoiesis.154 In MDS exposure to TRAIL leads to significant increases in apoptosis whereas nonnal 

marrow cells with an exception for the CD34• precursors did not. Moreover, TRAIL seems to have 

selective action on the abnonnal clone in MDS progenitors. Iss 

In nonnal hematopoiesis the development of the erythroid lineage is dependent on Epo and the presence of 

the Epo receptor (EpoR). The expression of the EpoR correlates with the biological responsiveness being 

low on primitive erythroid precursors, high on proerythroblasts and is down-regulated in the late basophilic 

erythroblast stage.156 With Epo deprivation erythroid progenitors undergo apoptosis which might be 

regulated by the expression of (proto)oncogenes such as Bcl-XL and Bcl-2 (see in detail below). High 

levels of Bcl-XL and Bcl-2 during later phases of erythroid differentiation may prevent erythroblasts from 

apoptosis. In addition, in nonnal hematopoiesis, Fas is rapidly upregulated in early erythroblasts and 

expressed at high levels through tenninal differentiation.157 
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Figure I. 

Apoptotic regulatory 
pathways 

In contrast, Fas-L is selectively induced in early differentiating Fas-insensitive erythroblasts. Fas-L bearing 

mature erythroblasts displayed a Fas-based cytotoxicity against immature erythroblasts which is abrogated 

by high levels of Epo.IS 7 These findings suggest a negative feedback apoptotic control mechanism between 

mature and immature erythroblasts dependent on Epo and thereby regulating erythrocyte production in 

physiologic erythropoiesis. Fas cross! inking on mature erythroblasts is not able to transduce a death signal 

even in the absence of Epo suggesting that Fas on mature erythroblasts is not coupled to the apoptotic 

machinery. In approximately 50% of patients with MDS, increased Fas and Fas-L expression in particularly 

erythroblasts were found compared to erythroblasts in normal individuals.ISR-I61 Blockade of the Fas-FasL 

pathway may be of benefit in restoring growth potential in myelodysplastic progenitors.1 18 A second 

possibility regarding the involvement of Fas/Fas-L in the apoptotic signaling in MDS might be an altered 
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funct ion of cells in the microenvironment. Fas-L expression has been demonstrated on CD68+-cells 

(reflect ing bone marrow macrophages) suggest ing that the bone marrow microenvironment might play a 

role in and/or initiating apoptosis of Fas+- erythroblast s. 159 A role for macrophages as one of the major 

cellular components m the bone marrow microenvironment. was further supported by stud ies 

demonstrating increased erythroid proliferation and terminal differentiation leading to enucleat ion mediated 

through macrophages. 164"165 In the absence of macrophages erythroid cells mature to late  erythroblasts, but 

fail to enucleate. A novel protein Emp (erythroblast macrophage protein) has now been fully characterized 

which med iates attachment of erythroblasts to  macrophages prevent ing apoptosis and potentiating further 

maturat ion.165 

These pathways are of importance in MDS since it has been shown that TNF levels were significantly 

elevated in patients with RA compared to pat ients with RAEB/RAEB-t . The presence of TNF inducible 

apoptotic DNA-fragmentat ion in MDS and a reduced number of apoptotic cells in the presence of anti

TNF-receptor antibodies supports its involvement. 166 

lmp/icatwn ofmitochondna in apoptosts 

It has long been assumed that mitochondria are not part of the apoptot ic process since mitochondria 

remained morphologically intact during the apoptot ic process. Furthermore, cells lacking mitochondrial 

DNA were fully competent to undergo apoptosis. Only recent ly, it became evident that mitochondria are 

main regulators of apoptosis. 167" 168 By using different fluorochromes (Rhodamme 1 23, DiOC6, JC I )  

measuring mitochond rial transmembrane potential (t.ljlm), 1 1  became evident that a decrease i n  t.ljlm i s  a 

d1st inct (early) feature of apoptosis in d ifferent cell types using different apoptosis inducers.'69 T he change 

in t.ljlm resembles the openmg of mitochondrial permeability transition pores (MPT) or mitochondrial 

megachanne1. 170 171 At high levels of conductance the MPT is permeable to molecules up to 1 .5 kDa 

culminat ing in large amplitude swelling of mitochondria matrix. After large amplitude swelling, rupture in 

the outer membrane permits the release of cytochrome c (apoptot ic protease factor-2; Apaf-2), a 12 kDa 

protein as well as other apoptotic inducing factors. 171" 174 Cyclosporine-A (CsA) blocks the onset of MPT, of 

cytochrome c release and apoptot ic cell death, showing that MPT is required for cytochrome c release and 

apoptosis. Subsequently, cytochrome c coupled to Apaf- 1  act ivates Apaf-3/caspase-9 initiating the 

proteolytic cascade lead ing to apoptosis. Recent ly, it has been demonstrated that a cross talk exists between 

the act ivat ion of the caspase-8/3 pathway and the cytochrome c release. 11S .I16 A cytosolic protein, caspase 

act ivat ing factor (CAF), which is activated by caspase-8, modulates the t.ljlm result ing in the release of 

cytochrome c176 Cytochrome c release could be demonstrated after mechanical d isrupt ion of the outer 

mitochond rial membrane.'71 Sofar no studies with regard to  the mitochondrial disrupt ion have been 

performed "ith erythroblasts of pat ients with MOS. It is conceivable that iron-accumulat ion in 

mitochondna of MDS pat ients damages the mitochondrial membrane result ing in the release of cytochrome 

c and act ivat ion of the caspase-9/3 s ignaling route. 
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Regulation of cytochrome c release 

It is shown that Bcl-2 enhances cell survival by modulating the membrane potentiaJ.177•118 At present I 5 

Bcl-2 family members have been identified in mammalian cells. Bcl-2 resides on the cytoplasmic face of 

the mitochondrial outer membrane, endoplasmic reticulum (ER) and nuclear envelope. Overexpression of 

Bcl-2 and Bel-XL prevents the release of cytochrome c. 179'181 Only recently it has been shown that Bcl-2 

may inhibit the generation of Apaf- I and thereby interfering the downstream signaling pathway.112 The 

Bcl-2 family is regulated by cytokines and death survival signals at different levels both transcriptionally 

and by posttranslational regulation.177•178 Competing dimer interactions of apoptosis-preventing (Bcl-2; 

Bel-XL) and apoptosis-inducing members (Bax; Bad; Bak; Bid; Bci-Xs) might be involved in the regulation 

of apoptosis.183 No binding of cytochrome c w ith Bcl-Xs could be demonstrated sofar. As mentioned, the 

expression of Bcl-XL and Bcl-2 during later phases of normal erythroid differentiation may prevent 

erythroblasts from apoptosis. 

(Proto)oncogenes and apoptosis in MDS 

As described before, most abnormalities in MDS-patients are chromosomal deletions. Tumor suppressor 

genes important for normal hematopoiesis are present w ithin the region of these deletions. For instance, H

Ras, p53 and EVI- l .  

Ras-proto-oncogenes consist of closely related genes (H-ras,K-ras and N-ras) that encode 2 1-kD proteins 

functioning as molecular switches in intracellular signal transduction. Ras mutations are seen in 5- l 0% of 

the MDS patients. The expression of N-ras in erythroblasts leads to an impaired proliferative response and 

a possible block in differentiative capacity of these progenitors.111J An activating ras-mutation may exert its 

dysfunction through activation of SH2 containing tyrosine phosphatase-! (SHP- 1 ). SHP- 1 is thought to 

play an important role in the down modulation of signals by activated Epo receptors by dephosphorylating 

Epo activated Janus kinase 2 (JAK2).185'194 Ras-mutations are associated with transformation to AML and a 
195·198 

poor overall survival. 

The EVI- I gene encodes a zinc finger DNA-binding protein, originally described as the transforming gene 

associated with a common ecotropic viral insertion site in myeloid leukemias. This protein functions as a 

transcription factor. EVI-l is expressed in human leukemias (especially in leukemias with 3q26 

translocations), but not in normal blood or bone marrow cells.199 It is suggested that EVI-l blocks cellular 

differentiation by binding to GA TA-I ,  which is essential for erythroid cell development.200'201 Furthermore, 

EVI- I acts by repressing transcriptional activity, by interaction w ith histone deacetylase or by binding to 

other specific DNA sequences controlling gene expression.202'204 EVI-l represses transforming growth 

factor-P (TGF-P) signaling and antagonizes its growth-inhibitory effects.205 Transfection of EVI- I into a 

myeloid mouse cell-line blocked differentiation induced by G-CSF.206 In approximately 30-40% of MDS 

patients a differentiation block is observed at the level of the early erythroid progenitor which is frequently 

associated with the expression of EVI- I .  However, the translocation 3q26 is observed in a minority of these 

cases. 110•198.2°7 Mutat1ons in the p53 gene, a tumor suppressor gene involved in cell cycle regulation, are 

seen in a relatively small number ofMDS patients associated w ith 1 7p-deletions.208'21 1 
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By m v1vo labeling studies with thymidine analogues and by morphological examination of bone marrow 

cellularity, it is hypothesized that MDS is a highly proli ferative disorder, m contrast to the m vuro growth 

characteristics of colony forrning units."l!.m There is increasing evidence that increased intramedu llary 

apoptosis in MDS is involved in the observed pancytopenia.214'219 However, the degree of apoptosis 

observed in the bone marrow samples varies widely.213 ·�20'224 Some authors report on high estimates of 

apoptosis of over 75% of the cells while others observe less than 1 0% of apoptotic cells.214'219 ·225'�29 It is 

unlikely that these di fferences can be ascribed to a variety in patient samples. It is more likely that the used 

techniques as well as the preparation of the bone marrow material might be of importance. 

Augmented apoptot1c cell death of the erythroid lineage was restricted to early MDS subtypes (RA/RARS) 

in contrast to more advanced stages of MDS (RAEB/RAEB-t).'24•213 Apoptosis was shown to be largely 

restricted to the CD34• compartment reflecting the more primitive progenitor cells.211.1!4 The rat1o of 

expression of c-Myc (inducer of apoptosis) to Bcl-2 oncoproteins among CD34" cells was significantly 

increased for MDS (RA) as compared to CD34+ cells from norrnal and AML individuals.210 CD34• cells i n  

early MDS were also associated with a signi ficant higher ratio o f  pro- and anti-apoptotic Bcl-2 family 

proteins than in advanced disease.222•224•230 However, the degree of apoptosis could not be correlated to 

these ratios. 
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Therapy 

General 

There are no curative therapies for patients w ith MDS other than allogeneic stem cell transplantation. As a 

result numerous therapies have been initiated to improve the outlook of these patients. A working group has 

defined response criteria to resolve the problems resulting from the variability in definitions of the quality 

and quantity of response in MDS.231 Treatment aimed at altering the natural history of the disease needs 

other criteria than treatment aimed at hematological improvement. 

Supportive care 

Supportive care remains the most important aspect of management for patients with good prognosis MDS 

and in poor prognostic patients not eligible for more intensive forms of therapy over the age of 65 or in all 

patients with a poor performance score.21 

A period of wait and see can be applied to nearly all patients in order to assess the stability of the disease 

and the need to introduce spec1fic treatment. 

Since 80% of the patients With MDS have anemia, red cell transfusion should be considered in case of 

anemic symptoms.!.l2 Iron chelatiOn treatment is recommended in patients with longstanding regular 

transfusions and good prognosis. 

Bleeding due to thrombocytopenia and platelet functional abnormalities is a common, but also serious 

complication. Prophylactic platelet transfusions in reflex to the platelet count are not recommended.233•234 

Instead of a prophylactic strategy an individual therapeutic strategy has to be designed for each patient. The 

same applies to the use of anti fibrinolytic agents and danazol. 

There are no data supporting the prophylactic use of antibiotics in neutropenic MDS patients. Neutropenic 

sepsis in MDS should be treated with intravenous antibiotics as for other patients with febrile neutropenia. 

Hematopoietic colony-stimulating factors 

The use of low dose G-CSF might be considered in severe neutropenic pauents to maintain the neutrophil 

count >I x 1 09/1.235 Several studies have been performed w 1th erythropoietin (Epo) alone or Epo and G

CSF. Response rates in Epo alone varied from 1 6% to 58%. !.lt.-2<2 Only one study was performed in 

randomized double-blind placebo-controlled fashion.w Based on that study the use of Epo is 

recommended in patients w ith anemia associated w ith low-risk myelodysplasia according to the 

ASCO/ ASH-guidelines for the use of Epo.244 It should be noted that in part of these studies low-Epo-levels 

(<200 U/1) predicted response. Therefore symptomatic patients w ith RA or RAEB who are unsuitable to 

undergo more intensive treatment should be considered for a 6-week trial with recombinant Epo.m 

Erythroid response rates are higher when Epo is combined with G-CSF, rangmg from 36% tot 80%.m·245. 

249 Failures however have been described.25° Furthermore, a longer median duration of response was 

observed. Patients with a failure on Epo alone should be considered for adding G-CSF in mcrementing 

dosage. Patients with RARS are more likely to respond to the combination of Epo and G-CSF. 

In the IPSS risk-groups low and int- I ,  the use of Epo with or w ithout G-CSF should be considered in 

patients over the age of 65 or in patients of all age groups who are not eligible for an intensive form of 
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treatment, who are symptomatic of anemia, with no/low transfusion requirement (<2 units/month) and a 

basal Epo-level less than 200 U/1.�5 However, consideration should be given to the cost/effectiveness of the 

use of hematopoietic colony-stimulating factors versus the risks of irregular transfusional therapy in these 

groups. In patients with RARS with symptomatic anemia, with no/low transfusion requirement (<2 

units/month) and a basal Epo-level less than 500 U/1 upfront combination therapy of Epo and G-CSF 

should be considered.�5 Furthermore, recent studies have shown response on prolonged treatment up to one 
,., year.· -

Immunosuppression 

Several laboratory and clinical findings suggest that immune-mediated mechamsms similar to those seen in 

aplastic anem1a (AA) patients may also operate in hypoplastic MDS patients?11'151 In hypoplastic low-risk 

MDS and in patients with a paroxysmal nocturnal hemoglobinuria clone (PNH) the administration of anti 

thymocyte globulin (ATG) can induce an erythroid or even a bi- or trilineage response.254'257 Response, but 

in a lesser extent, can also be seen in patients w ith normo- or hypercellular marrow w ith low-risk MDS 

(IPSS $ INT- I ).21 When responses are achieved these seem to be durable.258 The overrepresentation of 

HLA-DR 15 (DR2) may predict a response to immunosuppression.219 However, the risk-benefit ratio of the 

use of A TG in an unselected group of MDS patients could be unfavorable and there is need for more 

antigens to be clarified to predict response.260 Twelve weeks of Cyclosporin A (CsA) in incrementing 

dosage of 3.0 mgfkg up to 6.0 mgfkg can induce similar responses as seen with ATG especially in RA 

patients. Moreover, responses on CsA were more frequently observed in good karyotype patients and in 

patients with HLA-DRB 1 * 1 50 1 .261 .262 

Intensive chemotherapJ� 

There are no randomized controlled trials evaluating intensive chemotherapy versus supportive care alone 

in MOS. It is suggested that high-risk MDS patients without the opportunity to be treated with an 

allogeneic transplantation scheme and patients older than 65 years, should receive intensive 'AML-type' 

chemotherapy.21 There is no superiority between schedules sofar.263'266 

Low dose chemotherapy 

Low dose chemotherapy (cytosine arabinoside, 5-azacytidine, 5-aza-2-deoxycytidine) has been evaluated in 

a number of clinical tnals. Low dose cytarabine has a low complete remission rate (<20%) and shows 

limited clinical benefit.267'269 

Azacytidine shows a better overall response compared to supportive care (60% vs. 5%) and a delay in 

progression to AML. No advantage was observed in the overall survivai.268•270.m 

5-aza-2'-deoxycytidine (decitabine), an inhibitor of DNA-methylation, shows promising results in phase II 

studies in elderly patients. The overall response rate was 25% for IPSS intermediate- ! ,  48% for 

intermediate-2 and 64% for high-risk patients. Median survival was considerably longer than the expected 

survivaJ.m·�74 Decitabine may exert its action on multiple proliferation-associated genes silenced by 

hypermethylation in myelodysplastic syndrome.275276 
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Stem cell transplantation (SCT) 

SCTs are at present the only treatment schedules that alter the nature of the myelodysplastic syndrome 

resulting in long-term event-free survival. Overall, approximately 30-40% of MDS patients can be cured 

with allogeneic transplantation.277·21'> Transplant related mortality however is approximately 40% but can 

reach higher percentages when transplants are performed with unrelated or non-identical family 

donors.279 ·�8° Factors associated with a better outcome following transplant include younger age, shorter 

disease duration, HLA-compatibility, primary MDS, < 1 0% blasts and good-risk cytogenetics.'8o.'8' At 

present no superior marrow ablative regimen has been defined and it is unclear when transplant should be 

timed in the course of MDS?83284 An early transplant might improve outcome.'79 The success of 

autologous stem cell transplantation is dependent on the success of harvesting, restoring or retaining a 

polyclonal stem cell population that can be used for transplantation purposes.281.�9 t Furthermore, peripheral 

blood stem cell transplants, allogeneic or autologous, are usually better tolerated.292.�93 However, relapse 

rates are high in the autologous transplants.�79 The use of non-myeloablative regimens is now under 

investigation, but might reduce the high treatment related mortality.29.,.,96 Recommendations for the 

management of IPSS int-I MDS patients :5 65 years are outlined in figure 2.25 Recommendations for mt-

2/high risk MDS patients :5 65 years are outlined m figure 3. 25 
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One of the hallmarks of MDS is that the neoplastic clone exhibits a maturation block, a fixed stage of 

differentiation beyond which the abnormal cells apparently cannot progress.�91 Therefore studies have been 

designed to investigate the use of dtfferenttation therapy in MDS. Moreover, since excessive apoptosis 

seems to contribute to the ineffective hematopoiesis in MDS studies are DO\\ ongoing with anti-apoptotic 

drugs.�•
' Furthermore, anti-angtogenic pathways and oncogene processing pathways are emerging new 

fields of therapeutic interest in MDS. 

Phase 1111 studies have been performed with amifostine. Amifostine, an antioxidant prodrug, exerts its 

functiOn by reducmg cellular free radtcals, which are thought to be medmtors of apoptosis and 

consequently stimulating hematopoiesis.:'lll The use of amtfostine showed single- or multilineage response 

in a majority of cases:••·'Ot The role of amifostine on leukemic transformation remains to be defined.30� 

Famesyl transferase inhibitors are targeted on the Ras mitogen activated pathway. FTI's exhibit anti

angiogemc, anti-proliferative and apoptotic effects m multiple tumor Jines. This drug is now being tested in 

phase I'l l  studies in MDS.1uJ.JtJ.I 

Arsenic trioxide has a unique mechanism of action that has tmpact on the apoptotic threshold, 

dtfferenttation and angtogeneic response. In phase 1/11 studies partial responses are observed. The 

observation by Raza that patients with expression of EVI- l seem to respond better to arsemc trioxide with 

or without thalidomide is of special interest.305•306 The precise action of thalidomide is up till now not 
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known. It is hypothesized that it acts through inhibition of apoptosis and/or angiogenesis, immune

modulation of the microenvironment, anti-inflammatory effects and other effects.307 However, the use of 

thalidomide in phase II  studies shows promising and enduring responses.308'3 13 Other immunomodulatory 

drugs (!mid's) and other antiangiogenic drugs including anti-VEGF are now in trial in selected subgroups 

of patients J••.m 

Course and survival 

Life limiting events in patients w ith MDS are progression to acute leukemia or death linked with infection 

or serious bleeding complications.316 Furthermore, there is the problem of complications of secondary 

hemochromatosis in the multiple transfused patient. 

Progression to acute leukemia occurs in 1 9% of the cases with MDS.J 1 1-l!2 However, there is a distinct 

difference in progression rate according to F AB-subtypes. RA and RARS have a l imited progression to 

acute leukemia, especially in RARS.31� RAEB and RAEB-t have a significant more unfavorable prognosis 

(Table 4). 

FAD l\·ledinn Survival in months o/o Leukemic Trnnsformution 

months runge % runge 

RA 25 37 19-64 I t  0-20 

RARS 18 -19 21-76 5 0-15 

RAEB 28 7-15 23 1 1·50 

RAEB-t 1 2  6 5-12 -18 1 1 -75 

CMML 17  22 8-60 20 3-55 

Table 4. Survival and leukemic transformation according to FAR-subtype 

Median survival for the overall group of MDS patients is 1 9  months, ranging from 49 months in RARS to 6 

months m RAEB-t. It is not possible to determine the exact course of MDS in advance. Some patients 

remain stable for many years, but others have a rapid progressive disease. Up to this time no identification 

of sub-groups is possible. The International Scoring System for Evaluating Prognosis in Myelodysplastic 
7 

Syndromes (IPSS) provides an improved method for evaluating prognosis in MOS. The IPSS is based on 

cytogenetic abnormalities, percentage of BM-blasts and cytopenias (Table 2). Progression time to acute 

leukemia ranged from 9.4 years in the low-risk group down to 0.2 years in the high risk group. Median 

overall survival ranged from 5.7 years for the low risk group to 0.4 year in the high risk group (Table 5). 

Therapeutic strategies for MDS patients should be based on the risk stratification according to IPSS and 

age. Assessment of LDH, P-2 microglobulin, A LIP and the number of CD34' cells in the bone marrow 

might further improve the quality of the prognostic index score_49•323•324 
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No. of Median No. of Died Died with Leukemia Died without 

Patients Sun-ivnl Patients (%) (%) Leukemia (%) 

Sub- groups In years 

Low 267 5.7 235 1 13 (48) 22 (19) 91 (81) 

Int-I 314 3.5 295 181 (61) 55 (30) 126 (70) 

Int-2 176 1.2 171 147 (86) 49 (33) 98 (67) 

High 59 0.4 58 51 (88) 23 (45) 28 (55) 

Toto I 816 759 492 (65) 149 (30) 343 (70) 

Table 5. Survival of MDS Patients and Survival With or Without AML Evolution: 

Leukemia-Free Survival7 

Aim of this thesis 

As indicated above MDS includes a diversity of clonal and potentially malignant bone marrow disorders 

characterized by an ineffective and an inadequate hematopoiesis in vivo but in general with a remarkable 

bone marrow hypercellularity. Results of in vitro culture assays with MDS bone marrow cells have yielded 

heterogeneous results. To address this question in more detail and especially, whether the dysfunctions 

observed in MDS might not only be ascribed to defects at the level of the early progenitor cells, but might 

also be a consequence of a disturbed transition of the BFU-E to CFU-E compartment, we analyzed the 

proliferative and differentiative capacity of CD34'/CD36- sorted bone marrow cells from patients with RA, 

RARS and RAEB in vitro in time in the presence of Epo and SCF. The results of these experiments are 

described in chapter 2 and 3. Besides the in vitro capacity of erythroid progenitors to proliferate and 

differentiate, we characterized the in vivo potential of erythroid progenitor cells to proliferate by 

performing in vivo ferrokinetic studies by means of measuring the erythron transferrin uptake (ETU) in 

patients with RA and RARS. In addition, the soluble transferrin receptor (sTfR) level was measured, which 

is also a parameter for determinmg the proliferative capacity of the erythroid lineage in v1vo. The results of 

these findings are described in chapter 4. Limited reports have demonstrated that ultrastructural 

abnormalities are present in the cytoplasm a and nucleus of MDS erythroblasts in the presence and absence 

of the characteristic signs of apoptosis. To further characterize the morphological features of erythroblasts 

in MDS we studied bone marrow samples of patients with all subtypes at the ultrastructural level. In 

addition, clinical data were coupled to morphological characteristics of erythroblasts in MDS. Results of 

this study are reported in chapter 5. Finally we analyzed the proliferative status and apoptotic index in fresh 

bone marrow specimens of patients with all subtypes of MDS in more detail. Especially to address the 

paradigm of a high proliferative status and a high loss of viable cells. We assessed simultaneously in situ 
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apoptosis with TdT-mediated dUTP-nick end labeling (TUNEL) by using immunohistochemical staining 

and measured the proliferation of these cells determining the expression level of Ki-67. In a subset of these 

MDS patients we studied the combined expression ofTUNEL and Ki-67 in the erythroid compartment. The 

results are reported in chapter 6. 
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Abstract 

In the present study, we analyzed the capacity of CD34+/CD36' sorted bone marrow cells of 

myelodysplasia patients (nE I4) to differentiate along the erythroid lineage m the presence of erythropoietin 

(Epo) and mast cell growth factor (MGF). Two subgroups could be identified. In 6 patients, a normal 

number of burst-forming units-erythroid (BFU-Es) were cultured from CD34./CD36 sorted cells. Cells 

from these patients did have the capacity to differentiate to colony-forming units-erythroid (CFU-Es) 

progenitors in cell suspension cultures with Epo plus MGF followed by Epo in the culture assay. Moreover, 

the cells became CD34'/CD36•/glycophorin A (GpAt after 7 days of culture with Epo plus MGF, a pattern 

comparable to that of normal progenitors. In contrast. in 8 patients, a different pattern was observed. No 

BFU-Es or a low number of BFU-Es were cultured from the CD34./CD36' sorted cell fraction that was, in 

most of the cases, incapable of differentiating to CFU-E progenitors. Flow cytometry of the sorted 

population showed that, after 7 days of culture with Epo plus MGF, a high proport1on of CD34'/CD36. 

cells persisted, whereas a low proportion of cells became CD34'/CD36./GpA •. The unresponsiveness is not 

caused by the used growth factor combination, because the addition of interleukin-3 did not correct the 

defect. EVI- l expression was stud1ed in 9 cases to show whether an aberrant EVI- l expression correlates 

with a disturbed erythroid development. EVI- l expression was shown in 4 of 9 cases, whereas 3 of 9 cases 

did have a disturbed erythroid differentiation. In summary, the results show that the defects in the erythroid 

development in a subpopulation of patients with myelodysplasia is localized at an early stage of the 

erythroid differentiation and is associated with the persistent expression of the CD34 antigen and, in some 

cases, with the expression of EVI-l 
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Introduction 

Myelodysplasia (MDS) is a preleukemic disorder affecting the erythroid, myeloid, and megakaryocytic 

lineages. The disorder is classified according to the French-American-British (FAB) classification and 

comprises refractory anemia (RA), RA with ring sideroblasts (RARS), RA with excess of blasts (RAEB), 

or RAEB in transformation (RAEB-t) 1 Particularly in RA and RARS, a differentiation block of the 

erythroid lineage is observed. Several in vitro culture studies with unsorted bone marrow cells from MDS 

patients have shown that burst-forming unit-erythroid (BFU-E) and colony-forming unit-erythroid (CFU-E) 

progenitors do not expand in response to erythropoietin (Epo) or Epo plus mast cell growth factor (MGF) 

and interleukin-3 (IL-3).2""' In addition, it has been shown that the defect can be detected at a very early 

stage in the differentiation pathway, i.e., in progenitor cells expanding in the blast colony assay, in which 

the differentiation along the erythroid lineage is most pronouncedly affected.5 The cause of the 

differentiation defect is unknown. Recent investigations have shown that the EVI-l gene might be activated 

in MDS, especially in RAEB and RAEB-t.6•7 In transfection experiments, it was shown that inappropriate 

activation of the EVI-l gene is associated with a disruption of the erythroid and myeloid development.8 

In the normal counterpart, BFU-E and CFU-E colony-forming cells can be distinguished from each other 

on the basis of differences in in vitro colony growth and antigen expression. BFU-Es emerge from 

CD34+/CD36" sorted cells, whereas CFU-Es originate from CD34"/CD36+ cells. Moreover, it has shown 

that the transition of the BFU-E to CFU-E can be mimicked in vitro by culturing CD34./CD36" cells in 

suspension with Epo and MGF, followed by Epo in the colony assay.9 These changes were associated with 

the loss of CD34 antigen and the appearance of the CD36 antigen. These results raise the possibility that 

dysfunctions observed in MDS might not only be ascribed to defects in early progenitor cells, but may also 

be caused by a disturbed transition of the BFU-E to CFU-E colony-forming cell. Therefore, CD34+/CD36" 

and CD34"/CD36+ sorted bone marrow cells from MDS patients were cultured in the presence of Epo and 

MGF and analyzed for the potential to form erythroid colonies and to modulate antigen expression. The 

results show that, in a subgroup of patients, a disturbed transition is noticed of the BFU-E colony-forming 

cell that is associated with persistent expression of CD34 antigen. 

Materials and methods 

Patients 

Bone marrow cells were obtained from 14 patients with MDS after informed consent was obtained. The 

patients were classified according FAB criteria as RA (n• l l  ), RARS (n=2), and RAEB (n2 l ). Clinical 

characteristics are summarized in Table I .  In addition, bone marrow cells from healthy controls were 

obtained after informed consent was obtained. 

Culture conditwns 

Mononuclear cells (MNCs) were isolated by density gradient centrifugation using Lymphoprep (Nycomed 

AS, Oslo, Norway). The MNCs were incubated overnight m RPM! 1 640 culture medium (Gibco Ltd, 

Paisley, UK) and 1 0"/o fetal bovine serum (FBS; Hyclone, Logan, UT) in a plastic culture disk at 37°C in 

5% C02 to allow adherence. Nonadherent cells were incubated with phycoerythrin-labeled anti-CD34 
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monoclonal antibody (MoAb;HPCA-2; Becton Dickinson, Sunnyvale, CA) and a fluorescein 

isothiocyanate (FITC)-labeled anti-CD36 MoAb (OKM-5; Ortho Diagnosticum, Raritan, NJ). After 

washing, the cells were sorted with a fluorescence-activated cell sorter (FACStar; Becton Dickinson) in 

CD34•/CD36· and CD34'/CD36+ subpopulations. The purity of the sorted cell fraction was greater than 

95%, as tested by reanalysis. BFU-E and CFU-E assays were performed according to Iscove as previously 

described.9'1° CD34•/CD36· ( I  x J 04) or CD34'/CD36+ sorted cell fractions were added to I mL of culture 

medium consisting of 1 . 1 %  methylcellulose (Dow Chemical Co., Midland, MI), 20% heat-inactivated FBS, 

1 0% deiOnized bovine serum albumin (BSA; Cohn Fraction V; Sigma Chemical Co, St. Louis, MO), 0. 1 %  

a-thioglycerol (Sigma), and lscove's modified Dulbecco's medium (Flow Laboratories, Rockville, MD). All 

cultures were performed in 24-well culture plates (Costar Co., Cambridge, MA) and kept at 37oc in 5% 

CO� in an air-humidified atmosphere. CFU-Es were scored on day 7 according to their characteristic 

morphology and BFU-E's were scored on day 14 using an inverted microscope. In a limited number of 

experiments, sodium butyrate (Sigma) was used. The concentration used was 0.5 mmol/L. A higher 

concentration was toxic for the cells, as shown in tests with the colony assay (data not shown). 

Suspension culwres 

CD34./CD36- cells ( I  x 1 04) were incubated in duplicates in 1 00 uL Iscove's medium (GIBCO) with 1 0% 

FBS with Epo plus MGF. After 7 days, the total cell numbers were reanalyzed regarding the expression of 

CD34, CD36, CD7 1 (Becton Dickinson), and glycophorin A (GpA; clone 1 43; CLB, Amsterdam, The 

Netherlands). In addition, the cells were washed three times in RPM! 1 640 medium and used for the in 

vitro CFU-E colony assay by culturing the cells in the presence of Epo. 

Growth factors 

The optimal proliferation of erythroid progenitors in the presence of Epo, MGF, and IL-3 was examined for 

the followmg concentrations: I U/mL recombinant human Epo (Amgen, Oakland, CA), I U/mL MGF 

(specific activity, I x 1 05 U/mg; Imunex, Seattle, WA), and 10 ng/mL IL-3 (Genetics, Cambridge, MA). 

mRNA extraction. reverse transccriptwn (RT), and po�vmerase chain reaction (PCR) 

In most experiments, total cellular RNA was isolated by the guanidium isothiocyanatefcesium chloride 

method. Total cellular RNA (3 J.lg) was resuspended in 7 uL diethyl pyrocarbonate (DEPC; Sigma) -treated 

H20 and incubated at 68°C for I 0 minutes. After cooling on ice, the samples were spun briefly in a 

microcentrifuge. Five microliters of 10 x RT mix ( 1 35 mmol/L Tris-HCI, Ph 8.3, 204 mmol/L KCI, 27 

mmoiiL MgCI2, 0.24 mg/mL BSA, 5.4 mmol/L of each dNTP, and 1 4.3% glycerol), I uL of 45 mmolfL 

dithothreitol, 0.2 J.lg of pd(N)6 (random 6-mer; Pharmacia, Uppsala, Sweden), and I 0 U of avian 

myeloblastosis virus RT (Pharmacia) was added to the samples for 60 minutes at 40°C. 

EVI- l and GAD PH primer pairs were synthesized on a Gene Assembler plus DNA synthesizer (Pharmacia) 

and purified using NAP I 0 columns (Pharmacia). One microliter of 50 J.lmolfL of EVI- l primers or I uL of 

50 j.lmol/L GAPDH primers was added to each RT reaction sample and DEPC H10 to a final volume of 50 

uL. The samples were heated for 3 minutes at 94°C and spun briefly in a m1crocentrifuge and placed on ice. 
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Taq DNA polymerase (0.5 uL of 5U/uL; Pharmacia) was added to each sample. The samples were overlaid 

with 50 uL paraffin oil. The tubes were placed in a thermal cycler. PCR was performed for 40 cycles: I 

minute of denaturation at 94°C, I minute of annealing at 60°C, and I minute of extension at 72°C. The 

EVI- l primers used in this study were 5'AGCAACGTCGAATCAAGACCTGCTTCAGAT, bp 2 1 1 0-

2 1 39; and 3'ACTGACTGTAAGAGCTCACTGGCCTCAGGT, bp 236 1 -2390. For GADPH, we used a 5 '  

primer AAGGCTGTGGGCAAGGTCAT and a TACTCCTTGGAGGCCATGTG primer spanning a 366-

nt fragment. After 40 PCR cycles, I 0 uL of the reaction mixture was run on a 1 .5% agarose gel containing 

0.2 11g/L ethidium bromide in I x TRE buffer. A I 00-bp ladder (Pharmacia) was used as the DNA marker. 

Clonmg of EVI-l PCR products 

To further confirm the identity of the PCR products as EVI-l sequences, both EVI- l products from the RT

PCR reactions using K562 and RNA from patients were ligated into the Sma I site of pUC- 1 8  (Sure clone 

ligation kit; Pharmacia). After transformation, clones containing the PCR fragments were identified. 

Plasmid DNA was sequenced from minipreparations using standard FITC-Up and FITC-Rp sequence 

primers, according to the thermosequenase protocol (Amersham, Amersham, UK), and analyzed on ALF 

system, an automated sequency device (Pharmacia). 

Results 

Patients ' characteristics 

Bone marrow cells were collected from 14 patients with MDS. The clinical charactenstics are depicted in 

Table I. In 3 of 13 cases, cytogenetic abnormalities were shown that included 5q- abnormalities in 2 cases. 

Five patients received red cell blood transfusions on a regular basis. The other cases were not transfusion 

dependent. 

The effects of Epo plus MGF on MDS progenitors 

Bone marrow cells of MDS patients were sorted in CD34+/CD36' and CD34'/CD36+ cell fractions and 

cultured in the colony assay in the presence of Epo plus MGF. In 8 cases, the CD34+/CD36' cells contained 

low amounts to no BFU-Es (patients no. I through 8), whereas CFU-E colony-forming cells did not emerge 

from this cell fraction. In patients no. 9 through 1 4, normal BFU-E colony numbers were cultured from the 

CD34+/CD36. sorted cells compared with the results of normal bone marrow progenitors. CFU-Es could 

not be shown in any of these 6 patients in the in vitro colony assay. In 6 cases, CD34'/CD36+ sorted cells 

were cultured in the presence of Epo plus MGF. In I of 6 cases, CD34'/CD36+ cells contained normal 

numbers of CFU-Es, whereas in the additional cases, no or a low number of CFU-Es were shown. 

To demonstrate whether the BFU-E colony-forming cell can differentiate along the erythroid lineage, cell 

suspension cultures were performed with CD34+/CD36' sorted cells for 7 days in the presence of Epo plus 

MGF followed by Epo in the colony assay. As shown in Table 2, a high number (>900) of CFU-Es was 
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Patient Hb Leukocytes Platelets Diagnosis Chromosomal 
No. (giL) (x 109/L) (X 109/L) abnormalities 

Dep 4.0 370 RA 

76 7.0 267 RARS 

3 Dep 5.0 40 RAEB + 

4 105 5.7 237 RA 

Dep 4.9 205 RA 

6 104 12.1 124 RA 

100 3.6 153 RA 

8 Dep 3.0 66 RA + 

9 Dep 4.1 96 RA 

10 90 3.0 100 RARS + 

I I  100 4.6 360 RA 

12 87 4.7 200 RARS NO 

13 106 7.0 299 RA 

14 100 8.5 498 RA 
Abbreviations: Hb, hemoglobin; Dep. transfusion-dependent; NO, not determ�ned. 

Table 1.  Patient characteristics of the studied population 

cultured in 8 of 14 patients (no.7 through 1 4) in the CFU-E assay. In 4 patients (no.2 through 5), no CFU

Es were cultured from CD34'/CD36' sorted cells, whereas, in patients no. I and 6, a reduced number of 

CFU-Es was shown. 

Experiments were next performed to study whether an aberrant expression of CD34 and CD36 antigen is 

associated with a disturbed proliferation and/or differentiation of the CD34 '/CD36' sorted cells. Sorted 

MDS cells were cultured in suspension with Epo plus MGF and, after 7 days, the antigen profile was 

studied (Table 3 and Fig I ). The results were compared with CD34-/CD36' sorted cells from normal bone 

marrow cultured under the same experimental conditions. Reanalysis of the sorted cell population at day 0 

showed a purity of 90% or greater. In patients no. I through 8, a population of cells persisted that was 

characterized by a high proportion of CD34+/CD36 and a low proportion of CD34'/CD36+ cells. A 

different pattern was observed in patients no.9 through 14. Reanalysis of the sorted cell population after 7 

days of culture showed a low proportion of CD34./CD36' and a high proportion of CD34'/CD36' cells, a 

pattern comparable with that of normal bone marrow progenitor cells (Fig I ). Finally, the antigen profile 

was studied on CD34 sorted cells after 7 days of culture with regards to the expression of CD36 and GpA. 

As shown in Table 4, there is a high degree of similarity in the antigen expression for CD36 and GpA, 

except in patients no.2 and 6. In patten! no.2, a high proportion of cells developed with the antigen profile 

of CD34'/CD36·. Additional analysis on the same cell population with the CD71 MoAb showed that I O'l-o 
of the cells were CD34'/CD7 1·, 9% were CD34'/CD7 1 ', I I% were CD34'/CD7 1', and 70% were CD34. 

/CD7 1 ' . In patient no.6, the cells became CD36' without the expression of the GpA antigen. 
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Effects ofEpo in combmation with MGF and /L-3 or sodtum butyrate 

Additional eKperiments were performed with I L-3 in combination with Epo and MGF to eKclude the 

possibility that the lack of proliferation and differentiation was due to insufficient stimulation of MGF. 

CD34+ sorted cells of patients no. 2, 3, and 5 were cultured in the colony assay in the presence of Epo plus 

MGF and IL-3. Similar results were obtained, as shown in Table 2, with the combination of Epo plus MGF, 

i.e., a low number of BFU-Es ( 1 0  BFU-Es11 04 CD34+ cells) to no BFU-Es, whereas CD34+ sorted bone 

marrow cells showed a high number of BFU-Es in combination with Epo plus MGF that further increased 

by the addition of IL-3 ( 1 30 ± 30 v 260 ± 40/ 104 CD34+ cells). In addition, FACS analysis was performed 

after 7 days of suspension culture with Epo plus MGF and IL-3 and compared with the results of Epo plus 

MGF. In the patients, no change in the percentage ofCD36+ and GpA + cells was observed as a result of the 
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Figure 1 .  

Flow cytometry analysis of CD34, 
CD36, CD71, and GpA expression on 
CD34./CD3o sorted cells of patient 
no.9 (upper panel) and patient no. l 
(lower panel) after 0 and 7 days of 
suspension culture in the presence of 
Epo plus MGF . 
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Dov o· 

CD34'/CD36' CD34'/CD36' Do�7t 

Patient No. BFU-E CFU-E CFU-E CFU-E 

I I  13 

I I  0 0 0 

3 0 0 0 

4 0 0 

5 0 0 ND 0 

6 ND 0 ND 1 17 

60 0 ND >1000 

8 49 ND 990 

229 0 304 >1000 

10 167 0 6 >1000 

I I  132 0 ND >1000 

12  167 ND >1000 

13 132 0 ND 990 

14 148 0 ND >1000 

Normal bone marrowt 

(n:4; x ± SD) 159 ±  17 0 180 ± 1 12 >1000 

Abbrev1at10n: ND, not done. 
• CD34' ICD36' or CD34-ICD36' cells were cultured in the presence of Epo and MGF. CFU-Es colony number (x I O' cells) 
were counted after 7 and 14 days, respectively 
t CD34' ICD36' cells ( 1 04/ I OOuL) were cultured m suspensiOn wuh Epo plus MGF for 7 days followed by cell-culture assay 
m the presence of Epo. After 7 days, the CFU-Es were counted. 
t CD34'/CD36' sorted cells (I 04/ 1 00 uL) from normal bone marrow were cultured under the dtfferent experimental 
conditions. The results are deptcted as the mean (x) ± standard devtatlon. 

Table 2. Results of cell-culture assays from CD34'/CD36' and CD34'/CD36' sorted 

bone marrow cells of MDS patients. 

addition of IL-3 (data not shown). Finally cell suspension cultures were performed with Na butyrate (0.5 

mmol/L) in combination with Epo plus MGF to show whether Na butyrate could induce differentiation. No 

distmct change was observed with regard to the percentage of CD34./CD36' and CD34'/CD36' cells. 

Differences were observed within a range of 5%. Similar experiments were performed with sorted CD34 • 

bone marrow cells and showed a high percentage of CD34'/CD36- (56% ± 5%) in the presence of Na 

butyrate (0.5 mmol/L). In the absence of Na butyrate, 3% ± 3% CD34'/CD36 were observed. In addition, 

Na butyrate did not enhance the proliferation in the presence of Epo plus MGF (0, I 0 BFU-E/1 o• CD34' 

cells). 
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CD34./CD36' CD34'/CD3� CD34'/CD36' CD34./CD36+ 

Patient no. (%) ("/o) (%) ("/o) 

43 39 16 

13 21 53 13 

3 37 37 9 I S  

5 5 1  3 5 39 

6 37 34 5 23 

8 43 25 1 0  20 

9 3 91  3 

10  90 

II 4 83 5 5 

12 90 5 5 

13 4 84 10  5 

14 84 3 

Normal bone marrow cells 

(n=3; x + SD 4 + I  84 + 4 5 + 2 8 + 2 
Bone marrow cells of MDS patients or normal controls were soned in a CD34"/CD36 cell fraction and cultured in the 

presence of Epo and MGF. After 7 days, reanalysiS was performed regardmg d1fferent CD341CD36 subpopulations. 

Table 3. 

Patient No. 

5 

6 

8 

1 0  

14 

Facs analysis of CD34+ /CD36' sorted bone morrow cells after 7 days of 

culture with Epo plus MGF. 

CD34+ CD34' CD34' CD34+ 

CD36' G�A- CD36• G�A· CD36' G�A- CD36• G�A· 

43 78 39 4 16  9 

13 18 21  16  53 62 13 4 

51  40 3 5 39 57 

37 81  34 4 5 6 23 9 

43 45 25 25 10 13 20 I S  

3 6 91 88 3 

NO ND 90 88 3 

14 83 75 3 9 4 

Normal bone marrow cells 

I + 0.5 0.9 + 0.3 92 + 2  90 + 3  3 +1 3 + 0.8 3 + 0.8 5 + 1  (n-3; x + SD! 
CD34'1CD36 soned bone marrow cells were cultured m suspension with Epo plus MGF. After 7 days of culture, reanalysis 
was performed regardmg the expression of CD34, CD36, and GpA. The results reflect the percentage of positive and 
negative cells. Simtlar experiments were perfonned with normal bone marrow cells. 
Abbreviation; ND, not done. 

Table 4 .  CD36 and GpA expression on CD34./CD36" sorted cells after 7 days of 

culture with Epo plus MGF. 
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Expression of the EVI-l gene 

The expression of EVI-l was studied in 9 patients (Fig 2). The K562 cell line was used as the positive 

control, whereas the HL-60 cell line functioned as a negative control.6 In 3 patients, EVI- l expression was 

shown (no. I ,  7, and 8), whereas in patient no. 1 2. a faint band was observed. All 3 of these patients had a 

d1sturbed development of the erythro1d lineage. The PCR products of the K562 cell line and patients who 

had positive results were cloned and sequenced and then compared with the published EVI-l sequences. 

The EVI-l sequences of all PCR products were identical with alternate EVI-l RNA transcripts. ' 

Moreover, it was shown that EVI- l expression was present in the erythroid lineage. BFU·Es from patient 

no. 7 were cultured on large scale in the presence of Epo plus MGF and analyzed for the expression of EVI

l .  As shown in Fig 28, EVI- l expressiOn could be shown m the erythroid lineage. 

A 

fW-1 

GAI'DH 

Figure 2 

Discussion 

B 

7 10 11 12 1 13 2 3 

EVI-l expression in 9 cases with MDS. The specific band is located at 251 bp. 

The last two lines represent a positive (KS62 cell line) and negative (HL60 

cell line) control. GAPDH was used as control for the RNA loading (A). In 

addition, RT-PCR was performed with RNA isolated from the BFU-Es of 

patient no.7 (B). Lane I ,  patient; lane 2, negative control; lane 3, positive 

control. 

In the present study, we analyzed the growth characteristics of CD34'/CD36' and CD34'/CD36' sorted cell 

fractions from MDS patients in response to Epo plus MGF stimulation. A distinct difference in growth 

patterns was observed between the different MDS patients. In 8 cases, a reduced or absent BFU-E colony 

formation was observed from CD34 'iCD36' sorted cells, whereas m the additional cases, a normal 

erythroid colony formation was shown. The unresponsiveness to Epo plus MGF could not be ascribed to 

the growth factor combination because the addition of IL-3 to Epo plus MGF did not correct the reduced 

erythroid colony formation. The reduced m vitro erythrmd colony formation was associated with a 

disturbed erythroid differentiation. CD34-/CD36. cells cultured in suspension in the presence of Epo plus 
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MGF did not differentiate to CFU-E colony-forming cells. In addition, flow cytometry showed that the 

CD34 antigen persisted on the sorted cell population during the cell suspension phase or demonstrated a 

slight erythroid commitment reflected by the appearance of CD34+/CD36+ or CD34+/GpA + cells. These 

data are in contrast to normal progenitors that differentiate tot CFU-E colony-forming cells in the presence 

of Epo plus MGF and become CD34"/CD36+/GpA +.9 The results indicate that, in a subpopulation of MDS 

patients, a differentiation defect is located in the early stem cell compartment, resulting in an incapability to 

differentiate along the erythroid lineage. 

Recent investigations with cell lines have shown that an aberrant expression of the EVI-l gene is associated 

with a differentiation defect along the myeloid and erythroid lineages. EVI- l  gene expression especially 

occurred in cases with the chromosomal abnormality t(3,3)(q2 l ;q26) or inv(3,)(q2 1 -22;q26).6·H.t� However, 

in cases without chromosomal abnormalities, EVI- l might also be expressed.6 13 In the present study, we 

observed that EVI- l mRNA was expressed in 3 of the 9 cases. The results are in accordance with findings 

of Dreyfus et a1. 13 They observed EVI- l expression in l of9 patients with RA or RARS, whereas a higher 

frequency was noticed in patients with RAEB or RAEB-t. Their results suggest that the expression of EVI

l gene is acquired during the course of the disease. In all cases of the present study, the EVI-l expression is 

associated with a disturbed erythroid differentiation. 

The persistent expression of CD34 on the progenitor cell population is of interest. Recent studies have 

shown that different {proto-)oncogenes regulate the expression of CD34. In particular, proteins encoded by 

the Ets-2 and c-myb genes can bind to the CD34 promoter region, resulting in an enhanced 

transactivation. 14 Moreover, persistent expression of c-myb is associated with a disturbed differentiation of 

erythroid cell lines. 15 In light of these data, it is conceivable that the persistent expression of CD34 is 

caused by continuous transactivation of the CD34 promoter as a result of oncogene activation. Whether this 

is due to c-myb or might be caused by additional oncogenes requires further study. Alternatively, additional 

defects might have occurred in the regulation of the CD34 gene. Transfection experiments with genes 

encoding the full-length or truncated CD34 gene have shown that the differentiation program is blocked in 

cells transfected with the full-length CD34.16 This was not the case in cells transfected with the truncated 

form, indicating that the type of CD34 transcript is of importance for the differentiation program of 

hematopoietic cells. 

Finally, the results show that transfusion dependency is more frequently associated with a disturbed 

erythroid differentiation (50% v 16%). However, a larger sample size is required to show the statistical 

significance of the observation. 

In summary, the data show a disturbed differentiation of erythroid progenitors in a subgroup of MDS 

patients that is associated with a persistent expression of the CD34 antigen and in some cases in 

conjunction with expression of EVI- l .  
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Abstract 

Myelodysplasia (MDS) is mostly characterized by a normal or increased number of normoblasts in the 

bone marrow and an impaired in vitro colony formation. In the present study we analyzed whether this 

might be due to a disconnection between proliferation and differentiation. CD34' /CD36' sorted bone 

marrow cells of 1 8  MDS patients were cultured in a clonogenic and suspension culture assay in the 

presence of erythropoietm (Epa) and mast cell growth factor (MGF). Burst-forming units erythroid (BFU

E, 75 + 8811 0• CD34. cells. X ±  s.d.) and colony-forming units E (CFU-E) were observed in eight of the 1 3  

cases (62"o) with refractory anemia with or without rmg sideroblasts (RA and RARS) and one o f  five cases 

with RA with excess of blasts or in transformation (RAEB and RAEB-t). Suspension cultures with 

CD34./CD36 sorted cells with Epa plus MGF demonstrated an 8.9 � 6.5-fold expansion after 7 days in 

cases with > 1 0  BFU-E/ l o• CD34'1CD36. cells while cases with < 1 0  BFU-EI I OJ CD34'/CD36" cells 

demonstrated 1 .0 :: 0.8-fold expansion especially in cases with RAEB/RAEB-t. FACS and morphology 

analysis after 7 days of suspension culture demonstrated partial differentiation along the erythroid lineage 

in cases with RA/RARS (75%) and RAEB/RAEB-t (66%) reflected by the presence of erythroblasts and 

normoblasts With vanable express JOn of CD34, CD36 and Glycophorin A (GpA). In cases with erythroid 

colony formation 69 ± 24% of the cells were CD34'/CD36' and in cases with < 1 0  BFU-E/l o• 

CD34'/CD36. cells 1 8 .:: 1 6"� of cells were CD34'/CD36' . Iron staining showed the presence of ring 

sideroblasts in two cases with RARS mdicating that the cells originate from the abnormal erythroid clone. 

Finally, it was shown that cases with an impaired proliferative response demonstrate an enhanced binding 

of Annex in-V on CD34' cells during the first days of the cell suspensiOn culture phase. These results 

suggest that a defect in the proliferative response is most pronouncedly expressed in MDS whereas a 

subpopulation of cells retain the capacity to differentiate between trans1t1on to a terminated stage. 
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Introduction 

Myelodysplasia is a pre-leukemic disorder affecting the erythroid, myeloid, and megakaryocytic lineage. 

The disorder is classified according to the FAB classification and mcludes refractory anemia (RAJ, 

refractory anemia with ring sideroblasts (RARS) and refractory anemia with excess of blasts (RAEB). In 

particular in RA and RAEB, a differentiation block is observed in the erythroid lineage. '� In vitro culture 

assays with CD34+ sorted bone marrow cells of MDS patients have shown a reduced to absent number of 

BFU-E and CFU-E in response to erythropoietin (Epo) or Epo plus mast cell growth factor (MGF) and 

interleukin-3 (IL-3) stimulation.3'5 In addition, a differentiation defect can be seen at the level of BFU-E 

precursors.• In spite of the proliferative capacity of erythroid progenitors, bone marrow morphology of 

MDS patients frequently demonstrates a normal to slightly increased number of normoblasts at different 

stages of differentiation. These findings suggest that the erythroid progenitor cell has the persistent 

potential to differentiate to a certain degree along the erythroid lineage in response to growth factor 

stimulation whereas it has limited capacity to proliferate. To srudy whether such a disconnection between 

proliferation and differentiation can be observed in MDS, in vitro clonogenic and suspension culture assays 

with CD34./CD36. sorted bone marrow cells of MDS patients were performed in the presence of Epo and 

MGF. The results demonstrate that CD34./CD36- sorted cells are strongly impaired in proliferative 

response in the presence of Epo and MGF, whereas the cells retain the capacity to differentiate. 

Materials and methods 

Patients 

Bone marrow cells were obtained from 1 8  patients with MDS after informed consent. The patients were 

classified according FAB criteria as RA, RARS, RAEB and RAEB-t.7 In addition, bone marrow cells from 

healthy controls were obtained after informed consent. 

Culture conditions 

Mononuclear cells (MNC) were isolated by density gradient centrifugation using Lymphoprep (Nycomed, 

Oslo, Norway). The MNC were incubated overnight in RPMI 1 640 culture med1um (BioWh1ttaker, 

Walkersville, MD, USA) and 1 0% fetal bovine serum (FBS; Hyclone, Logan, UT, USA) in a plastic culture 

disk at 37DC in 5% CO" to allow adherence. Nonadherent cells were incubated with phycoerythrin-labeled 

anti-CD34 monoclonal antibody (MoAb) HPCA-2; Becton Dickinson, Sunnyvale, CA, USA) and a 

fluorescein isothiocyanate-labeled anti-CD36 MoAb (CD36, IQP, Groningen, The Netherlands). Aller 

washing, the cells were sorted with a fluorescence-activated cell sorter (FACStar; Becton Dickinson) in a 

CD34•/CD36- subpopulation. The purity of the sorted cell fraction was greater than 95%, as tested by 

reanalysis. BFU-E assays were performed in duplicate according to lscove as previously described." 

CD34•/CD36- (I x 1 04) or CD34"/CD36+ sorted cell fractions were added to I ml of culture medium 

consisting of 1 . 1 %  methylcellulose (Fiuka Chemie, Buchs, Switzerland), 20% heat-inactivated FBS, I 0% 

deionized bovine serum albumin (BSA) (Cohn Fraction V; Sigma Chemical Co, St. Louis, MO, USA), 

0. 1 %  a-thioglycerol (Sigma), and lscove's medium (IMDM; Flow Laboratories, Rockville, MD, USA) in 

the presence of Epo (I Ulml, specific activity I x l 05 U/mg; lmmunex, Seatlle, WA, USA). All cultures 
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were perfonned in 24-well culture plates (Costar Co., Cambridge, MA, USA) and kept at J70C in a 5% 

CO! air humidified atmosphere. BFU-E were scored on day 14 according to their characteristic morphology 

by using an inverted microscope. 

Suspension cultures 

CD34+/CD36- cells ( I  x 1 04) were incubated in duplicates in 1 00 uL Iscove's medium (GIBCO, 

Gaithersburg, MD, USA) with 1 0% FBS with Epo (I U/ml) plus MGF { I U/ml). After 7 days the cells 

numbers were reanalyzed regarding the cell number, cell morphology (including nonnoblasts at different 

stages of differentiation), and the expression of CD34 and CD36 and glycophorin A (GpA; Clone lc I 59; 

Dako, Glostrup, Denmark). For the FACS analysis the cells were resuspended in RPMI 1 640 and washed 

once followed by staining with the different monoclonal antibodies. The cell pellet was resuspended in I 00 

ul RPMI 1 640 and analyzed using the FACSstar flow cytometer. Generally, data of 1 04 cells were obtained 

but in cases with impaired proliferation a minimum of 2500 cells was analyzed. Data analysis was 

perfonned with F ACSstar lysis software. The Naegeotte hemocytometer was used to count the cell number 

after 7 days of culture." In addition, the washed cells were used for the in vitro CFU-E colony assay by 

culturing the cells in the presence of Epo ( I  U/ml) as described above. After 7 days the CFU-E were scored 

according to their characteristic morphology by using an inverted microscope. 

Annexm-V assay 

The CD34'/CD36. sorted cells were collected directly after sorting (day 0) or incubated in a microtiterplate 

in the presence of 1 00 ul Iscove's medium with 1 0% FBS with Epo ( I  U/ml) plus MGF ( I  U/ml). After the 

incubation period, cells were stained for 15 min at room temperature with FITC-labeled Annexin-V 

(Bender Med System. Vienna, Austria) at a final concentration of 3 J.lg/ml. Cells were washed once, 

resuspended in 50 ul RPM! 1640 and put on coverslip slides. The number of positive cells was detennined 

by using a Leitz Orthoplan (Wetzlar, Gennany) microscope. A minimum number of I 00 cells was counted 

in duplicate and scored as apoptotic cells if the cells showed membrane fluorescence. In conjunction with 

this assay, viability of cells was analyzed by means oftrypan blue staining. 

Statistical analysis 

Statistical analysis was perfonned on data of the cell suspension assay by using the Student's t-test. 

Statistical significance of the data was set at P< 0.05. 

Results 

Patients 'charactenstics 

Bone marrow cells were collected from 1 8  patients with MOS. Bone marrow cytology categorized the 

patients as RA (n�S), RARS (n-5) and RAEB or RAEB-t (n=5). The percentage of erythroid cells in the 

bone marrow varied for the different cases between 1 7  and 7 1% (38 :!. 1 3%). However, distinct signs of 

dyserythropoiesis were observed in all cases. Transfusion dependency was observed in 30% of the cases 

with RA/RARS and in 80% of the cases with RAEB/RAEB-t. 
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The effects of Epa plus MGF on CD34 progenitors 

First, the number of erythroid progenitor cells was determined in the clonogenic assay. CD34./CD36" 

sorted bone marrow cells of MDS patients were cultured in the colony assay in the presence of Epo and 

MGF. In 62% of the cases with RA and RARS the sorted CD34./CD36. cells contained low numbers of 

BFU-E (75 ± 88 BFU-E/104 CD34./CD36" cells). In most cases (77%) with BFU-E, CFU-E were also 

demonstrated from the CD34./CD36- sorted cell population afier the suspension culture phase (Table 1) .  In 

contrast, in most of the cases (80%) with RAEB or RAEB-t no BFU-E or CFU-E colony formation was 

demonstrated. 

Secondly, we questioned whether the degree of impairment in the erythroid colony formation was 

associated with disturbed proliferation and differentiation in the suspension culture assay. For erythroid 

differentiation CD36 and GpA were used. The combination of Epo and MGF triggers CD34./CD36" sorted 

cells selectively along the erythroid lineage without differentiation along the myeloid and monocytic 

lineage." Normal bone marrow CD34./CD36. cells are CD34"/CD36+/GpA + afier 7 days of culture with 

Epo plus MGF.7 Subsequently, CD34./CD36. sorted cells of MDS patients were cultured in suspension in 

the presence of Epo and MGF. Afier 7 days the total cell number was counted in combination with 

morphology and FACS analysis. In all cases with >I 0 BFU-E, the number of CD34+/CD36. cells expanded 

to a certain degree although great variability existed (8.9 ± 6.5-fold expansion). FACS analysis afier 7 days 

of culture demonstrated that in five out of eight cases the cells became CD34"/CD36+ including patient 7 

who had > 1 000 CFU-E/104 CD34"/CD36+ cells. The erythroid origin was confirmed by Glycophorin-A 

expression (Table I ). However, in two cases (Nos I and 1 5) a partial differentiation was noticed. In these 

cases a high percentage of CD34./CD36. persisted. Cell morphology afier 7 days of culture demonstrated 

in all cases extensive erythroid differentiation reflected by the presence of erythroblasts and normoblasts at 

different stages of differentiation. In the 10 cases with less than 10 BFU-E, a significant difference was 

observed in the proliferative response (p< 0
.
0 1 )  compared to the cases with more than 10 BFU-E. In three 

cases a 1 .9-fold or more expansion of the CD34 •tCD36. cells was demonstrated whereas the additional 

cases demonstrated a decline in the cell number in time (0.5 ± 0.2-fold expansion). The latter was 

especially so in cases with RAEB/RAEB-t. FACS analysis afier 7 days of culture demonstrated a variable 

pattern (Table I ;  Figure 1 ). In four cases a high percentage of CD34./CD36. cells (>50%) was observed 

which was frequently associated with a low percentage of CD34"/CD36' cells. In the additional cases a 

mixture of CD34./CD36. and CD34"/CD36• cells was observed indicating that a subset of patients 

demonstrated a partial differentiation along the erythroid lineage. Cell morphology afier 7 days of culture 

demonstrated in five out of nine cases minimal (<10% erythroblasts and normoblasts) to limited erythroid 

differentiation ( 1 0-50% erythroblasts and normoblasts) and in 44% of the cases extensive differentiation 

along the erythroid lineage (>50% erythroblasts and normoblasts). The lack of proliferation and/or 

differentiation was not related to the Epo dose used since htgher concentration of Epo ( I  0 U/ml) in the 

assays gave similar results (data not shown). To exclude the possibility that the erythroid cells belonged to 

a clone of normal cells, iron staining was performed in two cases with RARS. In all the studied cases a high 

number of ring-sideroblasts was observed. 
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Patient Diagnosis In vitro clonogenlc Cell' CD34'/ 

No. assay (x tO') CD36' 

2 

3 

4 

s 
6 

7 

1 0  

I I  

I2  

I3 

I4 

IS 

I6 

I7 

I8 

RA 

RA 

RA 

RA 

RA 

RA 

RA 

RA 

RARS 

RARS 

RARS 

RARS 

RARS 

RAEB 

RAEB 

RAEB 

RAEB·t 

RAEB·t 

Normal bone 

marrow 

(X ± sd/n=4) 

CFU-E BFU-E 

3 

0 

0 

604 

>1000 

0 

>1000 

0 

64 

>1000 

>1000 

36 

0 

0 

0 

>1000 

16 

0 

0 

84 

34 

270 

NO 

0 

0 

94 

102 

0 

14 

0 

0 

0 

159 

± 17 

48.4 

4.6 

1.1 

59.0 

214 

I40 

43.2 

23.I 

I9.3 

26.6 

6.5 

128 

79.8 

6.5 

I I.7 

6.I 

5.6 

6.9 

I27 

± 40 

% 

22 

NO 

3 

7 

I6 

30 

7 

54 

I O  

I2  

27 

87 

64 

65 

4.8 

± 5.6 

CD34'/ CD34'/ Giycophorln- Erythroid 

CD36+ CD36' A • % differentiation• 

% 

22 

NO 

I6  

30 

6 

4 

3 

I3 

s 
IO 
28 

3I  

4 

% 

7I 

3I 

ND 

93 

93 

42 

75 

6 

37 

4I 

I2  

64 

88 

32 

26 

79 

± 9.6 

7I 

53 

NO 

74 

85 

I7 

53 

3 

34 

44 

6 

7I 

86 

NO 

6 

0.8 

NO 

0.8 

80 

E 

1\1 
1\1 
E 

E 

E 

E 

NO 

E 

E 

L 

E 

E 

E 

E 

L 

L 

E 

E 

CFU-E and BFU-E were cuhures in m v1tro clonogenic assay in the presence of Epo and MGF. 
'Cell numbers were counted after a 7 day culture penod m the suspension assay m the presence of Epo and MGF startmg 
with I x 1 0' CD34'/CD36' cells. 
The percentage of CD34'/CD36 , CD34'/CD36', CD34'/CD36', Glycophorin-A' cells were measured after 7 days 
suspension culture period in the presence of Epa and MGF. 
"Erythrotd dtfferenttation was studied on cytospm sltdes after a 7 day culture period of CD34'1CD36' cells wtth Epo plus 
MGF. Minimal erythroid differentiation (M) included <10% erythroblasts and nonnoblasts, limtted ( 1 0-50%, L); extensive 
erythroid differentiation (E) implied >50% erythroblasts and nonnoblasts; ND, not done. 

Table 1 .  In vitro proliferation and differentiation o f  erythroid progenitors i n  the 
presence of Epo plus MGF. 

Finally we analyzed whether the impaired expansion of CD34'/CD36' cells in response to Epo and MGF 

stimulation was due to an enhanced tendency of apoptosis. CD34+/CD36' sorted cells from cases with a 

strong impairment in the proliferation (Nos I I ,  1 4  and 1 6), with a moderate proliferation (Nos 7, 9 and 1 2) 

and normal bone marrow (n-3) were studied with regard to the binding of Annexin-V at days 0 and 2-3 of 

the suspension culture phase in the presence of Epo plus MGF. In addition, the viability of the cells was 

tested at the same time point by means of trypan blue exclusion assay. In all cases tested more than 95% of 

the cells were viable. At day 0 the percentage of Annexin-V-positive cells was in all cases <1%. After 2-3 

days of culture, the percentage of Annexin-V-positive cells on normal CD34+ bone marrow cells was < 1 0% 
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(n-3); the percentage of Annexin-V-positive cells varied between 8 and 1 7% m cases 7, 9 and 12 while the 

percentage of Annexin-V-positive cells varied between 17 and 35% in case l l ,  14 and 16 with an impaired 

proliferation. 

, , . 
� .· 

Discussion 

,lz 

Figure I .  

FACS analysis o f  CD34./CD36-
cells after 7 days of culture in 
suspension wlth Epo plus MGF. 
Patients 2 and 4 correspond with 
patients 2 and 4 in Table I .  

Bone marrow examination i n  MDS patients frequently demonstrates a norrnal o r  mcreased number of 

erythroblasts at different stages of differentmtion. These results are in contrast to findings obtained with in 

vitro culture assays demonstrating an impaired erythroid colony forrnation m response to Epo and 

additional growth factor stimulation.2• 10 The data suggest an uncoupling between the proliferative and 

differentiating capacity of erythroid progenitor cells. To study this aspect in more detail CD34./CD36" 

sorted cells of MDS patients were cultured under different experimental conditions. The results 

demonstrate that different response patterns can be recognized. A minority of the patients shows a pattern 

comparable to norrnal erythroid progenitor cells.K Erythroid colony forrnation was observed in response to 

Epo plus MGF whereas the CD34./CD36" cells differentiated to CD34"/CD36+ /GpA' after 7 days in the 

suspension culture assay. 

In the majority of the MDS patients an impaired erythroid colony forrnation was observed in the presence 

of Epo plus MGF in conjunction with a decline in the cell number in the cell suspension assay. The decline 

in cell number was not in all cases associated with a lack of differentiation. In different cases the CD34' 

cells demonstrated a persistent capacity to differentiate reflected by the appearance of CD34"/CD36+/Gpa; 

cells. However, the degree of differentiation varied between a transition to a terrninal differentiated stage. 

Moreover, it appeared that the antigen expression on erythroid cells was not in all cases parallel with the 

morphology. The discrepancy is not specific for MDS but has also been observed in acute myeloid 

leukemia where a discordant antigen expression is frequently noticed as a result of the malignant character 

of the disorder. 1 1 The data suggest that the most prominent defect in MDS is a lack in the proliferative 
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capacity of CD34./CD36" cells. The cause is unknown but might be related to a defect in the intracellular 

signaling. An impaired DNA binding of STAT -5 in response to Epo activation has been demonstrated in 

MDS. 12 Transfection studies with different mutated Epo receptor constructs have shown that the inability of 

Epo to induce STAT-5 binding is associated with an impaired proliferation. ll However, the impaired 

proliferation in the experiments was especially observed at a low dose of Epo while a higher Epo dose 

could partially correct the proliferative defect in conjunction with a slight induction of STAT-5 DNA 

binding activity. In MDS, however, an additional defect has to be present since no defects in the Epo 

receptor complex have so far been demonstrated. 12 Furthermore, it is conceivable that an aberrant 

expression of EVI- l might interfere in these interactions. 4 EVI- l  is frequently expressed in MDS, also in 

cases without a chromosomal abnormality t(3,3)(q2 I ;q26).3· 1 l  EVI- l interferes with the function of GAT A

I proteins resulting in an impaired proliferation of the erythroid progenitor cells.1' Despite the lack of 

proliferation in several cases, differentiation along the erythroid lineage was frequently observed as tested 

with cell morphology and FACS analysis. The observed uncoupling between proliferation and 

differentiation is not specific for MDS but has also been observed in cell lines. Fairbairn et al.16 

demonstrated that FDPC- 1 cells transfected with bcl-2 did have the capacity to differentiate in serum-free 

medium in the absence of cell division. 

Recently, it was shown that an increased percentage of apoptotic cells can be observed in the bone marrow 

of MDS patients. 17 The cause is not elucidated but some findings suggest that an increased expression of 

Fas and Fas ligand might be involved as well as an augmented activity of the interleukin- I converting 

enzyme (ICE). '1·19 In addition, an altered balance between c-myc and bcl-2 oncoproteins has been 

demonstrated. :!f) It is conceivable that the aberrant activities of these factors are contributory especially 

since an inhibitor of ICE activity could partially block the apoptotic process. 19 In the present study we also 

observed an augmented tendency of apoptosis of CD34'/CD36" cells especially in cases with an impaired 

proliferative response to growth factor stimulation. However, the enhanced binding of Annex in-V was 

especially observed during the cell culture phase. These data support the notion that the intracellular 

signaling pathway in response to Epo stimulation is insufficiently activated. This might indicate that Epo is 

unable to act as a survival factor in these cases. 

Finally, the results demonstrate that the most pronounced defects were observed in RAEB or RAEB-t. In 

these cases a defect in proliferation and differentiation was observed in the erythroid l ineage suggesting 

that the ongoing transformation is associated with an extension of cellular defects. Whether such a finding 

has prognostic value at presentation requires study in larger numbers of patients. 
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Abstract 

In refractory anemia {RA) and refractory anemia with ringed sideroblasts (RARS) a discrepancy is 

observed between the decreased in vrtro erythroid colony formation and the normal or increased number of 

normoblasts in the bone marrow. To study the m vivo and in vitro erythropoiesis in more detail erythron 

transferrin uptake {ETU), soluble transferrin receptor (sTfR) and erythroid in vitro colony formation were 

performed in 24 patients with RA and 5 patients with RARS. These results were correlated with bone 

marrow morphology and transfusion dependency. Increased (mean: 1 24.9, range 74-225 J.lmol/1 blood/d) 

and normal (mean: 60.6 range 50- 7 1 )  ETU values were observed in 5 1 %  and 28% of the cases, whereas 

2 I %  of the cases demonstrated a diminished ETU-value (mean: 35.8 range 28-46), which correlated 

significantly with sTfR in cases with RA (p<0.05,r=0.64). A significant dtfference in ETU values was 

observed between RA (mean: 77.6, range 28-! 89) and RARS (mean: 144.0 range 59-225, p<0.05). Most of 

the cases (73%) with increased ETU values showed an augmented percentage of erythroblasts in the bone 

marrow, which was inversely related with the serum Epo levels (p<0.05, r=0.5 1 ). However no correlation 

was found between the ETU values and the in vitro erythroid colony formation. Transfusion dependency 

was associated with normal to increased ETU-Ievels (p<0.05) and cytogenetic abnormalities (p<0.05). 

These observations demonstrate that different patterns of defects can be observed in the erythropoiesis of 

RA and RARS patients whereby normal to mcreased ETU levels and the presence of cytogenetic 

abnormalities differentiates between cases of RA with ineffective erythropoiesis associated with regular 

transfusions and cases who are relatively transfusion independent. 
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Introduction 

Myelodysplasia (MDS) is a preleukemic disorder affecting the erythroid, myeloid and megakaryocytic 

lineage. The disorder is classified according the FAB classification and includes refractory anemia (RA) 

and refractory anemia with ringed sideroblasts (RARS). 1 In particular in RA and RARS a differentiation 

block is observed of the erythroid lineage. Several in vitro studies have shown that BFU-E and CFU-E do 

not expand in response to erythropoietin (Epo) or Epo plus mast cell growth factor (MGF).2'8 Moreover a 

differentiation block is observed at the level of early erythroid progenitor cell which is frequently 

associated with the aberrant expression of EVI- 1 .9 The EVI-l gene encodes a zinc finger protein that 

functions as transcription factor. It is suggested that EVI- l blocks cellular differentiation by binding to 

GATA-1 or other specific DNA sequences controlling gene expression. '"·" Despite the limited in vitro 

proliferative capacity of the erythroid clonogenic cell, a normal or increased number of normoblasts are 

observed in the bone marrow suggesting that in vivo the differentiation pathway is not totally blocked. In 

view of these findings it will be of interest to compare the in vitro and in vivo behavior of erythroid 

precursor cells. Ferrokinetic studies can be used to study the in vivo proliferation of erythroid progenitors 

by measuring the erythron transferrin uptake (ETU). 12' 14 In addition the soluble transferrin receptor (sTfR) 

can be used to study the proliferative capacity of the erythroid lineage in vivo. Previous studies have 

demonstrated that soluble transferrin receptor measurement reflects the degree of erythropoiesis. 15' 17  To 

study the relevance of the in vivo and in vitro parameters in MDS 24 RA and 5 RARS patients were 

studied with regard to clinical behavior, in vitro erythroid colony formation, ferrokinetic measurement and 

sTfR. 

Material and methods 

Bone marrow cells were obtained after informed consent from 29 patients with MOS. The patients were 

classified according FAB criteria as RA (n=24) and RARS (n�5). Affected cell lineages were scored 

according to the Bournemouth scoring system 18 (bone marrow blasts > 5%, Hb < 6.3 mmol/1, platelet 

count < I 00 x I 0911 and neutrophil count < 2.5 x I 0911). The total bone marrow hematopoietic cellularity 

versus fat spaces was examined on bone marrow specimens in 23 cases (2 1 RA, 2 RARS). 19 

Ferrokinetic studies 12•13 

After incubation of 370-550 kBq 59Fe-citrate with donorplasma for 30 minutes at 37°C, 59Fe not bound to 

transferrin, was removed by passing the mixture through an amon exchange resin column. After passing 

through a sterile 0.22 urn millipore filter the eluate was drawn into a I 0 ml syringe. 

Blood samples were taken at regular intervals of I 0, 20, 30, 60, 90 and 1 20 minutes after injection of the 

patients with radiolabeled iron. Plasma iron disappearance rate was determined for all points from the 

plasma radio-activity by the least-squares method. The plasma iron turnover (PIT) was calculated 

according the following formula: 

0.693 x 24 x60 x plasma iron (IJ.mo/1/) x (100- Hct(%) 
P/T(IJ.mol/1 blood/day): 

r., (min) 
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Transferrin iron uptake (TIU) and erythron transferrin uptake (ETU) were calculated using the following 

formula: 

- TIU (11molll bloodlda.1� = PIT - plasmairon x (1-0.9 x Her) 

-ETU (11molll blood/day)- Tl U x 

Culture conditions 

(200 + 2.2 x sentm transferrin saturation) 

(200 + 6. 4 x sentm transferrin saturatton) 
-II  

Bone marrow mononuclear cells (MNCs) were isolated by density gradient centrifugation using 

Lymphoprep (Nycomed AS, Oslo, Norway). The MNCs were incubated overnight in RPMI 1 640 culture 

medium (Gibco Ltd, Paisley, UK) and 10% fetal bovine serum (FBS; Hyclone, Logan, USA) in a plastic 

culture disk at 370C in 5% C02 to allow adherence. Nonadherent cells were incubated with phycoerythrin

labeled anti-CD34 monoclonal antibody (MoAb;HPCA-2; Becton Dickinson, Sunnyvale, USA) and a 

fluorescein isothiocyanate (FITC)-labeled anti-CD36 MoAb (OKM-5; Ortho Diagnosticum, Raritan, 

USA). After washing, the cells were sorted with a fluorescence-activated cell sorter (FACStar; Becton 

Dickinson) in a CD34•/CD36· subpopulation. The purity of the sorted cell fraction was greater than 95%, 

as tested by reanalysis. BFU-E assays were performed according to lscove as previously described.20.21 

CD34+/CD36- ( 1 x 1 04) sorted cell fractions were added to 1 mL of culture medium consisting of l . l %  

methylcellulose (Dow Chemical Co., St.Louis, USA), 0 . 1% a-thioglycerol (Sigma, Bornem, Belgium), and 

Iscove's modified Dulbecco's medium (Flow Laboratories, Rockville, USA). All cultures were performed 

in 24-well culture plates (Costar Co., Cambridge, USA) and kept at 370C in 5% C02 in an air-humidified 

atmosphere. BFU-E's were scored on day 14 using an mverted microscope. 

Cytogenetic examination 

Bone marrow cells were cultured for 24 and 48 hours in RPMI- 1 640 (Life Technologies, Breda, The 

Netherlands) supplemented with 1 5% FCS (Bodinco, Alkmaar, The Netherlands), glutamine and 

antibiotics (Life Technologies, Breda, The Netherlands). The cultures were harvested and chromosome 

preparations were made according to standard cytogenetic techniques. The chromosomes were G-banded 

using trypsin (Difco, Detroit, USA) or pancreatin (Sigma, Bornem, Belgium) and karyotypes described 

according to the ISCN'95 guidelines for Cancer Cytogenetics.22 

Soluble transferrin receptor 

M icrotitre strips coated with anti-sTfR (Ramco Laboratories Inc., Houston, USA) are incubated with 

patient blood samples. After washing a second monoclonal anti-sTfR-antibody conjugated to horseradish 

peroxidase (Ramco Laboratories Inc., Houston, USA) is incubated. Following a second washing the 

formed complex is detected using a tetramethylbenzidin/peroxide substrate. Samples are read at 450 nm in 

the MRX Revelation (Dynex Technologies, Denkendorf, Germany). 
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Erythropoietin 

Serum Epo levels were determined with the Epo-radioimunnoassay ( lncstar Corporation, Stillwater, 

USA). Normal values are 1 0-30 IU /1. 

Statistical analysis 

Linear regression analysis was used for figure I ,  2 and 3 by Graphpad Prism version 1 .03 (Graphpad 

Software Inc.). Statistical analysis of differences between RA and RARS and transfusion dependency were 

performed by the independent samples T-test by SPSS, release 6.0 (SPSS Inc.). Results with p < 0.05 were 

considered significant. 

Results 

Patient characteristics 

29 patients with MDS were included in the study. Mean age was 6 1  years (range 1 9-80). In all cases the 

erythroid lineage was involved. In 12 cases (4 1 %) different cell lineages were affected according to the 

Boumemouth scoring system (Table I ). Bone marrow examination at time of diagnosis demonstrated a 

great variability in the percentage of normoblasts. In 14% of the cases a decreased percentage of 

erythropoiesis was observed, i.e. < 1 3% normoblasts (normal 13-34% (2 1 ,22), mean : IO%, range 7-1 3%); in 

34% of the cases a normal percentage of erythropoiesis was observed ( 13-34% normoblasts, mean: 26%, 

range 15-33%), whereas in 52% of the cases an increased percentage of erythropo1es1s was found (> 34% 

normoblasts, mean: 45%,range 35-60%). Ber-.veen RA and RARS no significant difference could be 

established (p=0.99). When the percentage of erythropoiesis was corrected for overall marrow cellularity 

by multiplying the overall bone marrow cellularity with the percentage of erythropoiesis, also no 

significant difference (p=0.44) could be observed. Cytogenetic examination of bone marrow samples was 

performed in 76% of the patients. In 9 patients cytogenetic abnormalities were observed mcludmg tnsomy 

chromosome 8 (n=4), partial or total deletion of the long arm of chromosome 7 (n=4), deletion of the long 

arm of chromosome 5 (n=3) and deletion of the Y chromosome (n=2) (Table 2.). The additional patients 

demonstrated normal karyotypes. 

Ferrokinetic studies 

Ferrokinetic studies were performed in all patients. An increase in ETU values was observed in 1 5  cases 

(mean: 1 24.9, range: 74-225 J.lmol/1 blood/day) compared to normal controls (range: 48-72 J.lmol/1 

blood/day). A normal ETU was measured in 8 cases (mean: 60.6, range: 50-71 J.lmol/1 blood/day), whereas 

in 6 cases the ETU-value was diminished (mean: 35.8, range 28-46 J.lmoVI blood/day). A significant 

difference was observed between cases with RARS (mean ETU: 144.0, range 59-225 J.lmol/1 blood/day) 

versus RA (mean: 77.6, range 28- 1 89) (p < 0.05). Next we studied whether the different patterns of ETU's 

corresponded with the percentage of erythropoiesis in bone marrow. In cases with a low ETU 20% 

demonstrated a decreased percentage of erythropoiesis, 40% a normal and 40% an augmented percentage. 

In cases with a normal ETU decreased, normal and increased percentages of erythropoiesis was observed 
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0 FAD Hb Hct woe Platelets Retl<ulocytes Affected 
mmol/1 X 109/) X 1 09/J "" cell 

lineages 

RA 3.3 0.16 3.5 461 4 

RA 4.8 0.23 7.5 520 8 

3 RA 4.7 0.25 4.6 228 17  

4 RA 6.7 0.33 4.1 206 nd 

RA 7.2 0.33 7.2 299 3 

6 RA 7.1 0.34 7.0 246 

RA 6.8 0.34 5.4 373 nd 

8 RA 6.1 0.30 8.5 245 6 

9 RA 7.1 0.32 8.0 349 

10 RA 7.2 0.33 3.7 259 I I  

I I  RA 7.0 0.35 3.2 222 nd 

12  RA 4.3 0.20 4.0 194 9 

13 RA 6.3 0.33 3.2 251 7 

14 RA 6.0 0.28 2.8 320 6 

IS RARS 6.6 0.31 3.1 167 0 

16 RARS 6.6 0.32 6.4 333 

17  RARS 5.9 0.30 4.S 426 

1 8  RA 4.9 0.24 3.2 86 

1 9  RA 6.2 0.29 4.6 90 6 

20 RA 6.7 0.33 3.9 S3 

21  RA 7.2 0.34 2.5 187 3 

22 RA 7.2 0.34 0.9 1 13 4 

23 RA 7.3 0.33 3.4 14 14 

24 RA 5.6 0.25 3.0 40 I I  

2S RARS 6.7 0.31 2.9 44 I I  

26 RA 5.6 0.30 4.9 18 25 

27 RA 4.0 0.19 1.1 95 30 3 

28 RA 5.1 0.24 2.5 I I  3 

29 RARS 5.1 0.25 2.5 97 nd 

Normal 7.5-11 .3 0.37-0.52 4.3-10.8 130-400 8-26 

RA. refractory anem1a. RARS, refractory anemm with ringed sidcroblasts; nd, not determmed. 

Table I. Basic hematologic values of the studied patients. 
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No FAD % Total bone ETU Cytogenetics Transfusion Epo 
Erythropoiesis marrow dependency 

in bone marrow cellularily 
% 

RA 7 65 30 normal yes 185 

RA 1 0  70 141 normal yes 42 

3 RARS I I  nd 74 (del7q) yes 68 

4 RA 13 76 71 (-Y) yes 250 

RA IS nd 57 normal yes 270 

6 RARS 17 nd 131 nd no 260 

7 RA 24 60 69 nd no 7260 

8 RA 26 60 46 normal no 59 

9 RA 27 nd 63 (-Y) yes 120 

10 RA 27 73 74 normal ) CS 74 

I I  RA 28 6 1  39  normal no 6.9 

12  RA 31 62 55 normal yes 25 

13 RA 31 54 51  (+8,-Sq) yes 120 

14 RA 33 58 38 normal no 14.5 

IS RA 35 57 34 nd no 94 

16 RA 37 75 1 89 normal no 30 

17 RA 38 45 28 (-7,del5q,-20) yes nd 

18 RA 40 II  so normal no nd 

19  RA 40 62 75 normal yes 165 

20 RA 41 66 83 (+8) yes 37.5 

2 1  RA 42 54 1 1 8  nd no 19.5 

22 RARS 43 55 133 normal yes 32 

23 RA 45 nd 83 normal no nd 

24 RA 48 70 129 (deiSq,+H,-20) yes 94 

25 RA 48 3 1  84 normal yes 64 

26 RARS 48 nd 157 nd yes 38.5 

27 RARS 49 62 225 normal yes nd 

28 RA 59 95 187 (+8,-7,der 1 ;7) yes 60 

29 RA 60 61 69 (del7q,der51(3q ;Sq) no 16.5 

Normal 13-34 33-50 48-72 1 0-30 

RA, refractory anemia; RARS, refractory anem1a with ringed sideroblasts; nd, not determmcd. Erythron Transferrm Uptnke 
(ETU) m fimoi/1 blood/day, serum Epo levels m lUll . 

Table 2. Clinical and laboratory characteristics of the studied patients according 
to F AB-clnssilicntion. 
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in I 0%, 67% and 22% respectively. In contrast in 73% of the cases with a high ETU an increased 

percentage of erythropoiesis was observed (p=0.07). No difference could be observed between the 

percentage of erythropoiesis corrected for overall bone marrow cellularity versus ETU (p=0.056, r-0.42, 

n-2 1 ,  llslope=9.73) compared to the percentage of erythropoiesis alone versus ETU (p=0.095, r-0.34, 

n=24, l lslope=9.36). In addition, the in 1•11ro erythroid colony formation was studied by culturing 

CD34•1CD36· sorted cells in the presence of Epo and MGF. In 53% of the cases less than 10 BFU-E/1 04 

CD34- cells were observed (81 15)  in the in vitro culture assay, while the additional cases showed values 

ranging from I I  to 293 BFU-E/1 04 CD34" cells including 3 cases with normal values (> ! 59 BFU-EII 04 

CD34+ cells). No distinct relation existed between the in 1•11ro BFU-E colony formation and the measured 

ETU values (p=O.I I ). 

Soluble transferrm receptor 

In 1 3  cases with RA sTfR levels were measured. The sTfR levels showed a distinct relationship with the 

ETU values in cases with RA (p<0.05, r-0.64, fig. I )  In contrast in RARS higher ETU values were found 

with the corresponding sTfR levels in comparison to RA. The limited data however do not permit 

statistical analysis. 

Serum Erythrop01etm levels 

Serum Epo levels were measured m 25 of the cases with RA and RARS. 72% of the cases had an 

appropriate Epo response to the degree of anemia. Epo response was calculated by the formula described 

by Cazzola and Beguin (fig. 3).4� In cases who were transfusion dependent Epo levels were higher 

compared to the cases who were transfusion independent ( 1 02.8 ::!:. 77.23 vs 84.5 :t 1 03 . 1 2, Table 3.). A 

significant inverse correlation was found between the serum Epo levels, hematocrit and the percentage of 

erythropoiesis in bone marrow (fig. 2). However no relation existed between serum Epo levels and ETU 

(p•0.66) or serum Epo levels and sTfR (p=0.50). The serum Epo levels m the transfusion dependent group 

were determined at least 14 days after the latest blood transfusion. 

Transfitswn dependency 

Finally we analyzed whether the studied parameters correlated with transfusion dependency or 

independency. 59% of the patients were red blood cell transfusion dependent ( 1 7129). All patients with a 

decreased percentage of erythropoiesis in the bone marrow required regular transfusions (p<0.05), while 

50% of the cases with a normal and 47% of the patients with an increased percentage of erythropoiesis 

received regular transfusions (n.s.). Transfusions had to be administered more frequently in cases with 

normal or increased ETU values compared to the group with diminished ETU values (75% vs 1 7%, 

p<0.05). MoreO\er it appeared that in cases with more than 1 0  BFU-E! I Q4 CD34• cells transfusion 

dependency was less pronounced compared to the cases with no colony formation (33% vs 67%, p=0.32). 

Finally it was shown that cases with cytogenetic abnormalities were significantly more transfusion 

dependent (p<0.05, Table 3). 
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Figure I. 

Relation of soluble transferrin 
receptor (sTfR In J.lg/ml) and Erythron 
Transferrin Uptake (ETU in J.lmoUI 
bloodld) in RA (n=l3, p<O.OS, r=0.64) 
and RARS. e, RA, 0, RARS 

Figure 2. 

Relation of serum Epo-Jevels (lUll, 
n=25) with hematocrit ( o) in %, 
(p<O.OS,r=0.69) and with percentage 
of erythropoiesis (•) in bone marrow 
specimens (normal 13-34%, 
p<O.OS,r=O.S I). 

Figure 3. 

Relation between observed 
erythropoietin levels and 
erythropoietin levels derived from 
the hematocrit according the 
formula: Jog(EPO) = 4.746 - (0.093-
hct(%)) with 95% CJ.42 +, serum 
epo; 0 calculated epo. 
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Transfusion independent dependent 

mean :!; SD n mean :!; SD n p-values normal 

o/o el) thropoiesis in BM 35.2 :!: 1 1 .75 1 2  32.6 :!: 15.97 17  0.88 13-34 

ETU RA 57.4 :!: 27.70 10  92. 1 :!: 49.89 14 <0.05 48-72 
(fimoUI blood/d) 

RARS 133 147 :!: 62.47 4 ND 

<10 BFU-E /104 CD34- cells (%) 33% 6 67o/D 9 0.32 >159 

Epo (lUll) 84.5 :!: 103.12 10 102.8 :!: 7.23 15  0.14 10-30 

sTIR (fig/ml) 5.43 ±.2.40 14 4.41 ::, 1 .62 7 0.44 2.8-8.4 

C) togenctic abnormalil) (%) 14% 47% 17 <0.05 

n, number of perfonned expenments; NO, not done. 

Table 3. Characteristics of the transfusion independent and dependent group in 

refractory anemia and refractory anemia with ringed sideroblasts. 

Discussion 

In MDS anemia is usually the presenting symptom, whereby transfusion of red blood cells is frequently 

needed, in spite of the hyperplasia of the erythroid lineage in bone marrow. The cause of this ineffective 

erythropoiesis is not well defined. Several m vitro studtes have shown that erythroid progenitors in vttro do 

not expand in response to Epo or Epo plus MGF stimulation.2'8 Also the m vivo treatment of MDS pattents 

with rhEPO is of limited benefit.l!·2' However, in spite of the limited 111 vitro proliferative capacity of the 

erythroid progenitor cell, a normal or increased number of normoblasts are observed in the bone marrow 

suggesting that in vivo the differentiation pathway is not totally blocked. These findings prompted us to 

compare the m l'tvo and i11 vitro behavior of erythroid precursor cells m MOS. Ferrokinetic studies can be 

used to determine the proliferative status of erythroid progenttors in vtvo by measuring the ETU. 12'14 In 

addition the soluble transferrm receptor (sTIR) can be used to study the proliferative capacity of the 

erythroid lineage m vivo.ts-n Decreased sTIR levels are observed in patients with erythroid hypoplasia as 

result of aplastic anemia, chronic renal failure or after intensive chemotherapy. Increased levels are 

detected in cases with erythroid hyperplasia due to hemolytic anemta and thalassemia. Moreover it has 

been demonstrated that sTIR correlates with plasma iron tumover.28 The present study demonstrates that m 
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RA a normal or increased ETU correlates with the sTIR level and with an increased percentage of 

erythroblasts in the bone marrow. When corrected for overall bone marrow cellulari ty similar results were 

obtained. In contrast, in vitro studies did not confirm the high proliferative status of erythroid progenitors 

and demonstrated an impaired in vitro erythroid colony formation. This might suggest that the proli ferative 

and differentiative capacity of erythroid precursors are uncoupled. This is supported by a recent study 

demonstrating that CD34+ sorted bone marrow cells of RA patients demonstrated limited proli ferati ve 

response to Epo plus MGF stimulation, but retained the capacity to differentiate.29 Alternatively the used in 

vitro culture assay is not adequate for MDS erythroid progenitors in providing an adequate proliferative 

signal, resulting in an enhanced tendency for apoptosis.30•31 This notion is also supported by ferrokinetic 

studies demonstrating normal or enhanced ETU values reflecting the proli ferative status of erythroid 

progenitors at the level of erythroblasts. It is also conceivable that a defect is localized at the level of 

erythroblastic denucleation. An impaired denucleation might also imply an accumulation of erythroblasts 

in the bone marrow. 

In a subgroup of RA patients low ETU values were observed which was associated with transfusion 

independency. In addition higher 8FU-E values were observed in this group suggesting that the erythroid 

progenitor cell is less affected. These might be the characteristics of the group that are sensitive for the in 

vivo effects of Epo, e.g. transfusion independency and low Epo serum levels.26•27 

In RARS ETU values are significantly increased in all cases. The high ETU values might be related to a 

disturbed handling and sequestering of Fe at the mitochondrial level in the sideroblasts n This might 

explain that in contrast to RA no correlation is observed with sTIR. The data suggest that sTIR is a more 

sensitive assay in this subcategory of MDS patients to measure the erythroid proli ferative capacity in vivo. 

The stimulation for Epo release is generally assumed to be diminished oxygen delivery to peritubular Epo 

producing cells. This can be evoked by hypoxia or anemia.33'35 Interestingly, increased serum Epo levels 

decline after 48 hours fol lowing the occurrence of anemia and return to normal levels w ithin a week, 

despite the continued presence of anemia.16.l7 Persistent anemia, however, due to iron deficiency, vitamm 

812 deficiency or aplastic anemia is associated with the continued presence of increased Epo levels. 

Immediately upon start of iron/vitamin 812 administration or after recovery from aplastic anemia Epo 

levels fall before any increase in blood hemoglobin concentration has been noticed.38"'1 The finding in this 

study that Epo levels are inversely correlated with the percentage of erythropoiesis in the bone marrow 

suggests that Epo synthesis is not only correlated to the degree of anemia or hypoxia but might also be 

reflected by the proliferative status of the erythroid precursor. 

In summary these data demonstrate that different patterns of defects in the erythropoiesis can be observed 

in RA and RARS whereby normal to increased ETU levels and the presence of cytogenetic abnormalities 

differentiates between cases of RA with ineffective erythropoiesis associated with regular transfusions and 

cases who are relatively transfusiOn mdependent in time. The in vitro colony formation and erythroid bone 

marrow cellularity are insensitive to differentiate between these two groups. 
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Abstract 

Aims: To investigate the ultrastructural characteristics of erythroblasts in myelodysplasia (MDS) which 

might be of additional importance in understanding its pathogenesis. 

Methods and results: 22 patients were classified according to FAB (French-American-British 

classification), IPSS (international prognostic score system), cytogenetic risk factors and transfusion 

dependency. Using electron microscopy, in 77% of the cases, nuclear abnormalities consisting of disrupted 

membranes and cystic/dilated perinuclear spaces were noted. In a limited number of patients (n=7), a low 

percentage of apoptosis in the erythroid lineage (mean 3 . 1 ± 1 .6%; median 3%: range l -6)(normal controls: 

<0.5%) could be noted, primarily in mature erythroblasts and significantly associated with spongiform 

nuclear features. In all patients extensive cytoplasmic vacuolization and myelin figures in erythroblasts 

were demonstrated. In 55% of the cases, enlarged and abnormal mitochondria were observed, significantly 

associated with iron-accumulation. A significant inverse relation existed between the absence of apoptosis 

and more advanced, or high risk disease and cytogenetic risk factors. Mitochondrial abnormalities were 

significantly correlated with high risk disease as well with an increase in transfusion dependency. 

Conclusions: These data indicate that in MDS apoptosis may play a role in early stages of disease. The 

overall prominent defects in mitochondria might be an additional defect that is involved in ineffective 

erythropoiesis. 
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Introduction 

The myelodysplastic syndrome (MDS) is a clonal hematopoietic disorder characterized by ineffective 

erythropoiesis associated with morphological evidence of marrow cell dysplasia resulting in refractory 

pancytopenia despite normal or hypercellular bone marrow. Different pathogenetic mechanism have been 

defined, whereby augmented apoptosis in MDS patients is a prominent phenomenon. 1 "2 Ineffective 

erythropoiesis in MDS might be the result of an increased apoptosis of erythroblasts and/or a decreased 

proliferative potential of in vitro erythroid colony formation in response to erythropoietin (Epo) and stem 

cell factor (SCF) stimulation.1 "8 An impaired proliferation of erythroid progenitors in response to growth 

factor stimulation (SCF, Epo) was shown despite the fact that in some patients a differentiation along the 

erythroid lineage could be observed.7"8 By ferrokinetic studies in MDS, a normal or increased erythron 

transferrin uptake, indicating the proliferative status of erythroid progenitors in vivo could be demonstrated. 

The presence of cytogenetic abnormalities was shown to differentiate between cases with refractory anemia 

(RA) with regular transfusions and cases who are relatively transfusion independent.9 

Sparse reports have been shown that at the ultrastructural level significant abnormalities are present in the 

cytoplasma and nucleus of MDS erythroblasts in the presence and absence of the characteristic signs of 

apoptosis. 10"12 To further characterize the morphological features of erythroblasts in MDS we studied bone 

marrow samples of patients with MDS at the ultrastructural level. In addition, clinical data with prognostic 

value were coupled to morphological characteristics of erythroblasts in MOS. 

Material and methods 

Patient characteristics 

22 patients with newly diagnosed myelodysplasia referred to our hospital were entered in the study after 

informed consent; 14 men and 8 women with a mean age of 50.9 :1: 20.2 (SD) years at diagnosis; median 54 

years (range 20-SO)(see table I a). Myelodysplasia was classified according to the French-American-British 

classification13 (FAB): refractory anemia (RA: n=8); refractory anemia with ringsideroblasts (RARS: n=2); 

refractory anemia with excess of blasts (RAEB: n= 7); refractory anaemia with excess of blasts in 

transformation (RAEB-t: n:2) and chronic myelomonocytic leukemia (CMML: n=3). The international 

prognostic scoring system (IPSS) was used according to Greenberg14: low risk (n=6); intermediate risk-I 

(INT- I :  n=7); intermediate risk-2 (INT-2: n-5) and high risk (n=4). From all patients cytogenetic analysis 

was performed according to standard procedures. Patients were grouped as having good (n= 1 2); 

intermediate (n=4) and poor (n•6) risk cytogenetics according to Greenberg14
• Transfusion dependency 

was defined if patients need one or more units of red blood cells a month (n= I 0); 7 patients were 

transfusion independent; 4 patients were transfusion dependent at diagnosis due to start of intensive 

chemotherapy and were excluded from analysis (see table I ). Of I patient transfusion data were not 

evaluable. 
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Pt number sexe (m/1) age at FAB IPSS (ytogenetic transfusion 
diagnosis abnormality dependency 

27 RA low good no 

m 64 RA INT-I good no 

3 m 77 RA INT-I good yes 

4 m 70 RA Ion good no 

29 RA low good yes 

6 26 RA INT-2 poor not available 

7 m 78 RA low good no 

m 67 RA INT-I intermediate yes 

m 62 RARS lo" good yes 

I O  80 RARS low good yes 

I I  m 56 RAEB INT-2 poor yes 

12 44 RAEB INT-I good yes 

13 m 64 RAEB high poor yes 

14  m 44 RAEB INT-2 good start CT* 

15 m 21 RAEB INT-2 poor yes 

16 m 59 RAEB high Intermediate yes 

17 34 RAEB INT-2 poor start CT 

I 8  46 RAEB-t high intermediate start CT 

19 m 32 RAEB-t high poor start CT 

20 76 CMML INT-I good no 

21  m 63 Cl\IML INT-I intermediate no 

22 m 77 Cl\ll\1L INT-I good no 

•start CT: start chemotherapy 

Table I. Characteristics of 22 patients with MDS; abnormal cytogenetics are 

described in table 2. 
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Electron Microscopy 

Bone marrow mononuclear cells were isolated by density centrifugation on Lymphoprep (Nycomed, 

Norway, d• I .077 g/cm3) and stored in liquid nitrogen. Normal bone marrow cells were used as control 

(n=3) obtained from patients undergomg cardl3c surgery after informed consent. After thawing, cells were 

fixed in 2% glutaraldehyde overnight at 4"C. Samples were washed in phosphate buffer, post fixed in I %  

Os04 for I hour and embedded i n  Epon 8 1 2. Ultrathin sections were stained with uranyl acetate and lead 

citrate and examined by electron microscopy (Philips 20 1 ,  Eindhoven, The Netherlands). Two-hundred of 

erythroid cells were counted to access the percentage of apoptosis in each sample. Apoptosis was scored as 

present if � I% of the erythroblasts showed the characteristic features of apoptosis. Erythroid cells, both 

immature (proerythroblasts) and more mature forms (normoblasts), were studied. Nuclear morphology; 

nuclear membrane structure; cytoplasmic changes including mitochondria and iron accumulation were 

studied and abnormalities were expressed as percentage of the total nucleated erythroid population. 

Statistical ana(vsis 

Multivariable regression analysis was performed using the Systat software program; p < 0.05 was 

considered significant. 

Results 

Ultrastructural characteristics in myelodysplasw 

We analyzed the morphological changes of erythroblasts at the ultrastructural level in 22 patients with 

MOS. Both erythroblasts in early and late stages of maturation were studied. In 4 cases (RA: n-2; RARS: 

n=2) nuclear and cytoplasmic abnormalities were primarily seen in immature erythroid bone marrow cells 

in >80% of the cells. In 8 cases, both immature and mature nucleated erythroid cells showed nuclear and 

cytoplasmic abnormalities in approximately 35% of the cells. The frequency of nuclear and cytoplasmic 

abnormalities was approximately 5% in 9 cases in which mature erythroid cells were primarily affected, 

except in I case (patient 20 in table I a) in which 80% of the mature erythroid cells showed extensive 

abnormalities. In bone marrow cells from healthy controls (n=3) no ultrastructural abnormalities were 

found. No detrimental effects of freezing and thawing were observed in the erythroid lineage. 

Seventeen out of 22 patients (77%) showed nuclear membrane abnormalities consisting of disrupted 

membranes and/or (cystic) dilated perinuclear spaces (figures I ,2 and 5). In 8 out of 22 patients (36%) the 

nucleus showed a spongiforme structure (resembling a sponge; figure 4) which in 7 pat1ents paralleled with 

nuclear membrane abnormalities. In only 7 out of 22 patients (32%), the characteristic nuclear features of 

apoptosis (chromatin condensation with peripheral margination and crescent forming; as we described 

previously15) could be noted, primarily in the more mature erythroblasts (figure 3). The mean percentage of 

apoptosis of the erythroid cells was 3 . 1 ± 1 .6% (SD) with a median of 3% (range 1 -6; n�7). Among these 

patients apoptosis was associated with nuclear membrane abnormalities in 86% of the cases. Apoptosis was 

significantly (p=O.O 1 8) associated with the presence of spongiforme nuclear features. Erythroblasts in 
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Figure I .  

Ultrastructural characteristics of 
erythroblasts in myelodysplasia. 
Characteristic nuclear and cytoplasm& 
abnormalities are defined separately by 
symbols as indicated. Patient number I I  
(RAEB; see Table I). 

Figure 3. 

Ultrastructural characteristics of 
erythroblasts in myelodysplasia. 
Characteristic nuclear and cytoplasm& 
abnormalities are defined separately by 
symbols as indicated. Patient 6 (RA). 
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Ultrastructural characteristics of 
erythroblasts in myelodysplasia. 
Characteristic nuclear and cytoplasma 
abnormalities are defined separately by 
symbols as indicated. Patii!nt 9 (RARS). 
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Figure 4. 

Ultrastructural characteristics of 
erythroblasts in myelodysplasia. 
Characteristic nuclear and cytoplasm& 
abnormalities are defined separately by 
symbols as indicated. Pati�nt 7 (RA). 



Figure 5. 

Ultrastructural characteristics of 
erythroblasts in myelodysplasia. 
Characteristic nuclear and cytoplasma 
abnormalities are defined separately by 
symbols as indicated. Patient I (RA). 
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Figure 6. 

Ultrastructural characteristics of 
erythroblasts in myelodysplasia. 
Characteristic nuclear and cytoplasma 
abnormalities are defined separately by 
symbols as indicated. Patient I (RA). 

normal control bone marrows (n=3) showed less than 0.5% apoptosis. Finally, nuclear clefts were only seen 

in 3 patients. 

In all patients, erythroblasts showed extensive cytoplasmic vacuolization and myelin figures representing 

degeneration of membrane structures (figures 4,6). 16 out of 22 patients (73%) showed iron-laden 

mitochondria (figures 1 ,2,5 and 6). In 55% of the cases the mitochondria were enlarged with or without 

disruption of internal cristae and/or mitochondrial membranes, which was significantly associated with the 

accumulation of iron (p-0.00 I ;  figures 2,5). In only 38% of the cases with iron-containing mitochondria 

apoptosis was prominent. In all patients with abnormal and large mitochondria and in 88% of pat1ents with 

iron-laden mitochondria, nuclear membrane abnormalities could be shown (p�0.066). A significant, inverse 

correlation (p"0.026), between abnormal, enlarged mitochondria and apoptosis could be observed. 

Ultrastnlctural abnormalilles In MDS related to MDS-subgroups 

Next we studied the relation of ultrastructural characteristics of erythroblasts to FAB, IPSS, cytogenetics 

and transfusion dependency. A shght increase in nuclear membrane abnormalities and iron-containing 

mitochondria could be observed in more advanced stages of MDS, defined by either the FAB 

(RAEB/RAEB-t) (table 2) or the IPSS (INT-2/high-risk) (table 3) classifications. Spongiforme nuclear 

abnormalities could be found less frequently in more advanced stages of disease. If comparing early and 
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Patient number Karyotype 

5 

6 

I I  

1 3  

1 5  

1 6  

1 7  

18 

19 

21 

45,X,-Y(4(/46,XY(I6( 

46,XX( I3(/45,XX,-7J I J  (not clonal) 

46,XX,· 7,+8(9(/46,XXJI I J  

46,XY,del(20)(qll.2)115(/46,XY(5( 

47,XY,+I9(20( 

46.XY,del(l )(p32-36p32-36),add(5)(ql ?3)( 1 1 (/46,XY,idem,-add(5)(ql ?3), 

+add(5)(ql),add(7)(qi i .2)(3(/46,XY,+der(l)?t(l;l5)(piO;qi0,-15(2(/46,XY(4( 

45,XY, ?t(2;21 )(p21 ;q22 ),add(3 )(p25),-5,add(7)( q22),del(7)( q31 ),-12,-20, +mar I, 

+mar2( 13(177,XY ,. X,+ Y, + 1.+ 2, ?t(2;21 )(p21 ;q22 )x2,add(3)(p25)x2,-5, +6,add(7)( q22), 

del(7)(q31)x2,+8,-I0,-12,+13,+14, 15,-16,-20,+21,+22,+marl,+mar2x2,+mar3(5(/46,XY(2( 

45,XY,-7(20( 

46,XY,-8 or-IO,+mar(5(/46,XY(I6( 

46,XX,dup( I)( q21 q32 or 41 )(3(/46,XX,idem,der(5)t(3 ;5)( q21 ;q35)13(/46,XX,idem, 

del(7)(q22q32),der(l3)t(3;13(q21;q34)19(/46,XX(6( 

46,XX,t(3;12)(q2?5;pl?2)120( 

46,XY,ins(l ;?)(p21 or p22;?),der( l l )t(8;1 1 )(qll.2;pl5),del(l2)(pl l.2pi2)117(/46,XY(3( 

46,XY,der(21)t(l ;21)(ql l;q21)115(/46,XY(5J 

'Patient numbers correspond to Table I .  

Table 2. Cytogenetic characteristics of abnormal karyotypes'. 

(Peri)nuclear Spongiforme Apoptotic Mitochondrial Iron-containing 
membrane nuclear nuclear features abnormalities mitochondria 
abnormalities abnormalities 

RA (n=8) 63% 38% 50% 25% 63% 

RAEB and 89°/o 34% 22% 78% 78% 
RAEB-t 
(n•9) 

A o/adifference 42% -I I% -56% 311% 25% 
RAEB/RAEB-t ns ns ns (p-0.029) ns 
vs RA 

RARS (n=2) 100% 50% Oo/o 100% 100% 

CI\IML (n=-3) 67% 33% 33% 33% 67% 

alnctdence of (pen)·nuclear membrane and spongifonne nuclear abnormalittes, apoptottc nuclear features, mttochondrial 
abnormalities and tron-containmg mitochondria of erythroblasts in myelodysplasia: relation to FAB-classificauon. Dtfference 
(%) between RAEB/RAEB-t and RA. 

Table 3. 
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(Peri)nuclear Spongiforme Apoptolic Mitochondrial Iron-containing 
membrane nuclear nuclear abnormalities mitochondria 
abnormalities abnormalities features 

low (n=6) 67% 33% 33% 33% 50% 

INT·I (n•7) 71% 43% 43% 43% 86o/o 

INT-2 (n�5) 100% 40% 20% 80% 80% 

high (n=4) 75% 25% 25°/o 75% 75% 

A 0/adifference 29% -14% -42% 102% 1 2% 
INT-2/high vs ns ns ns ns: p�0.074 ns 
low/INT·I 

*Jnctdence of(peri)·nuctear membrane and spongtfonne nuclear abnormahttes, apoptotic nuclear features, mitochondnal 
abnormalitieS and 1ron-containmg mitochondna of ery1hrobiasts in myelodysplasia: reiat10n to IPSS-ciassitication. Difference 
(%) between INT-2/hlgh nsk and iow/INT- I nsk groups. 

Table 4. 

good (n�l2) 
(normal, -Y, 
de15q, del20q) 

intermediate 
(n-4) 

poor (n-6) 
(complex 
abn, chr 7abn 

A 0/odifference 
poor risk vs 
good/in term 

Ultrastructural characteristics of erythroblasts in myelodysplasia: relation 
to IPSS". 

(Peri)nuclear Spongiforme Apoptolic Mitochondrial l ron·containing 
membrane nuclear nuclear features abnormalities mitochondria 
abnormalities abnormalities 

75o/o 33% 33o/o JJ•t. ss•;. 

75% 75% 50% 50% 75o/. 

83o/o 17o/o 1 7o/o too•;. 100°/o 

u •;. -62% -55% 167% 59o/o 
ns ns: p�.083 ns p•0.007 ns: p�.085 

•Incidence of (peri)-nuclear membrane and spongifonne nuclear abnorm<llities, apoptotic nuclear features, mitochondrial 
abnormalities and iron-containing mitochondria of erythroblasts in myelodysplasia: relation to cytogenetic risk groups. 
Difference (%) between poor risk and good/intermediate risk groups. 

Table S. Ultrastructural characteristics of erythroblasts in myelodysplasia: relation 
to cytogenetic abnormalities• 

more advanced stages of MDS, e.g. RA versus RAEB/RAEB-t and low risk versus high risk MDS, e.g. 

low/INT-I versus lNT-2/high-risk patients (table 2 and 3), the data showed evidence for an inverse relation 

between the degree of apoptosis and the stage of disease. A higher incidence, with a 2-3 fold increase, with 

respect to abnormal and large mitochondria could be noticed, in more advanced disease stages according to 

FAB (p=0.029) and in patients with high risk MDS (IPSS: p�0.074). Patients diagnosed as RARS (n=2) 

and CMML (n-3)  were excluded for statistical analysis in comparisons between low or high risk FAB-
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subgroups, since mitochondrial abnormalities, e.g. iron-laden mitochondria are part of the classification 

criteria in RARS. 

A stmilar pattern is shown for comparisons between good/intermediate risk and poor risk cytogenetic 

abnormalities. Abnormal and enlarged mitochondria were associated significantly (p=0.007) with poor risk 

cytogenetic abnormalities (table 4). Finally, high risk cytogenetic abnormalities tended to be inversely 

related to spongiform nuclear abnormalities which, as outlined above, were correlated significantly with 

apoptosis. 

In onl) I out of I 0 patients with a transfusion dependency, apoptosis of erythroblasts could be shown 

(Table 5). Abnormal and enlarged mitochondria were significantly associated with transfusion dependency 

(p=0.022). Patients with advanced stages of MDS showed an increased transfusion dependency; 43% of 

patients with RA and all patients with RAEB were dependent on red blood cell transfusions. Patients with 

RAEB-t were excluded from this analysis since chemotherapy was started directly after diagnosis, 

interfering with the need for transfusions. All patients with an INT-2/high risk score (IPSS), as well as with 

poor risk cytogenetic abnormalities, were transfusion dependent whereas approximately half of the patients 

with a low/INT- I risk score, and good/intermediate risk cytogenetics were transfusion dependent. 

(Peri)nuclear Spongiforme Apoptotlc Mitochondria Iron·containing 
membrane nuclear nuclear abnormalities mitochondria 
abnormalities abnormalities feature 

transfusion 70% 30% to-y. 70% 70% 
dependent 

(n=IO): ?1/mth 

transfusion 71% 29% 51"1. 14% 57% 
Independent 

no Iron sf (n=7) 

A %difference -2% 5% -83% 390% 23% 
transfusion ns ns ns p=0.022 ns 

dependent vs 
transfusion 
independent 

alnc1dence of (pen)-nuclear membrane and spong1forme nuclear abnonnalities. apoptouc nuclear features, mnochondnal 
abnormaht�es and Jron-contatning mitochondria of erythroblasts m myelodysplasta: relation to transfusion dependency. 
Dtfference (%) between groups wtth regular and no transfustons. 

Table 6. 
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Discussion 

Only sparse reports are available demonstrating ultrastructural characteristics of bone marrow cells in 

patients with myelodysplasia. 10"12  Nuclear clefts, iron-laden mitochondria and myelin figures were most 

frequently observed in erythroblasts of patients with RA. 12 The presence of nuclear clefts was shown to be 

associated with poor prognosis. 

This study showed that erythroid cells in MDS have characteristic ultrastructural features of both 

cytoplasma and nucleus. The extensive cytoplasmic vacuolization and myelin figures observed in all 

patients with MDS may represent dysplasia as a result of degeneration and dysregulation of cytoskeleton 

proteins. The ultrastructural abnormalities of the nucleus may represent dysplasia by dysregulated 

conservation of the nucleus and impairment of DNA metabolism or nuclear formation during mitosis. The 

absence of nuclear spongiform abnormalities was associated with high risk cytogenetic abnormalities 

parallel to the absence of apoptosis. Spongiform nuclear abnormalities might represent ultrastructural 

features of apoptotic cells just before the characteristic chromatin condensation. Most strikingly, abnormal 

and enlarged mitochondria were frequently observed in MDS. Disruption of the internal cristae and 

mitochondrial membrane integrity may be the result of iron accumulation or by impaired homeostasis due 

to dysplasia. 

Our data showed evidence that in more advanced stages of MDS (FAB), in MDS with an increased risk 

score according to IPSS, in patients with poor cytogenetics as well as in patients with transfusion 

dependency, mitochondria were more frequently abnormal as shown by ultrastructural analysis. In addition, 

a significant correlation was shown between abnormal mitochondria and iron-accumulation, nuclear 

membrane abnormalities and the absence of apoptosis. This is of particular interest since mitochondria are 

known to be involved in cellular homeostasis and important in regulating apoptosis by interfering in 

signaling cascades. Our data provide evidence that apoptosis was mainly seen in early stages of MDS 

(FAB-subtype: RA), in patients with a low risk score (IPSS), with low risk cytogenetic abnormalities and 

was associated with transfusion independency. These observations are supported by data showing that 

augmented apoptotic cell death of the erythroid lineage was restricted to early MDS subtypes with an 

increased ratio of pro- versus anti-apoptotic bcl-2 related proteins. 16•17  In addition, CD34+-cells in early 

MDS were associated with a significant higher ratio of pro- and anti-apoptotic bcl-2 family proteins than in 

advanced disease.17  However, the degree of apoptosis could not be correlated to these ratios. In addition, 

more mature CD34"-bone marrow cells in MDS demonstrated an increase in susceptibility to undergo 

apoptosis as compared to CD34+-cells, which is in line with our observation that apoptosis could be 
observed primarily in more mature erythroblasts.18 

Nevertheless, conflicting data exist about the amount of apoptosis in MDS. Some authors report on high 

estimates of apoptosis of over 75% in bone marrow cells. 19 In contrast to our data, it was shown that in low 

risk MDS a significant lower percentage of apoptosis was noticed, parallel to low levels of TNFa.20 The 

amount of apoptosis was correlated with the presence of high TNFa levels as well as an increased number 

of macrophages in the bone marrow.21,.:2 It is unlikely that these differences can be ascribed to a variety in 

patients samples. It is more likely that the used techniques as well as the preparation of the bone marrow 

specimen might be of importance. 
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Additional evidence that apoptosis might play a role in MDS is provided by studies showing that in 

approximately 50°'o of the patients with MDS, increased Fas and Fas· L expression in particularly on 

erythroblasts were found as compared to erythroblasts in normal individuals.23'26 Despite the decrease in 

apoptosis in more advanced stages of MDS, a significant increase in mitochondnal abnormalities could be 

observed. This is of interest since it became evident that mitochondria are main regulators of apoptosis by 

the caspase-9/3 pathway.n" It is conceivable that iron-accumulation m mitochondria of erythroblasts 

damages the mitochondrial membrane resulting in the release of cytochrome-c and activation of the caspase 

signaling route. Large amplitude swellmg of mitochondria was shown to result in a disruption of the outer 

mitochondrial membrane with irreversible permeability transition.29 Moreover, mutations in the 

mitochondrial DNA may attribute to mitochondrial iron overload wh1ch could be demonstrated in patients 

with acquired idiopathic sideroblasllc anemia.1o.JJ 

We hypothesize that in MDS a defective terminal differentiation of erythropoiesis. with an impaired 

enucleation, might be a mechanism in understanding ineffective erythropoiesis, e.g. by an altered or 

defective apoptollc signaling pathway. From this point of view, the role of caspase-3, either activated by 

the caspase 813 pathway through signaling via FADD (FAS-associated death domain) and TRADD (TNFa

associated death domam), or activated by caspase 9/3 signaling by the release of cytochrome-c from 

mitochondria, is of interest since caspase-3 was shown to bind to F-actin upon activation, affecting 

cytoskeleton formauon_n-•s In MDS, a defective F-actin polymerizatiOn in neutrophils with aberrant 

kmetics of actin organization could be demonstrated.36 This is further supported by studies demonstrating 

abnormalities m erythrocyte membrane proteins in MDS.17.l8 

In conclusion, this study demonstrate the ultrastructural charactenstics of erythroblasts in patients with 

MDS. An inverse relatiOn exists With respect to the incidence of apoptosis and more advanced disease 

stages in MDS. The increased incidence of mitochondrial abnormalities is significantly associated with 

poor prognostic variables class1fied according to internatiOnal class1ficat10n cntena. By studying the 

signalmg routes of apoptosis in MDS, the role of mitochondria as well as the relation of caspases with 

cytoskeleton proteins, new insights into ineffective erythropoiesis will be provided. 
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Abstract 

In myelodysplasia (MDS) the precise mechanism of ineffective erythropoiesis is not fully elucidated, but it 

is suggested that apoptosis may contribute to this process. We performed TdT-mediated dUTP-nick end 

labelling (TUNEL) staining of paraffin embedded bone marrow specimens to assess the amount of 

apoptotic cells in 21 MDS patients (7 RA. 3 RARS, 5 RAEB, 3 RAEB-t, 3 CMML) and 5 normal controls. 

In 1 0  MDS patients the TUNEL assay was performed in combination with Glycophorin-A (GpA) to 

determine apoptosis in the maturing erythroid compartment. To assess the proliferation of the bone marrow 

cells the expression of Ki-67 was used as a marker. The mean apoptotic index (AI) in MDS patients was 

not increased ( 2.3% ± 3.0 in MDS vs. 4.8% ± 1 .2 in normal controls (p<0.05)). Moreover, no significant 

difference in mean AI was observed in the GpA • compartment between MDS and normal controls ( 0.8% ± 
0.2 vs. 0.6% ± 0. 1  ). In addition the different FAB-classifications and the different International Prognostic 

Scoring System (IPSS)-risk groups showed no significant differences between the subgroups. The 

expression of Ki-67, as marker for proliferative activity, in the GpA + compartment from MDS did not 

differ significantly from normal controls (84.0% ± 1 2.2 vs. 79.9% ± 20.2). Our findings suggest that the 

observed increased apoptos1s m in vllro culture assays is related to the detachment of the cells from the 

microenvironment due to an increased susceptibility to apoptosis. 
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Introduction 
Myelodysplasia (MDS) is a pre-leukemic disorder affecting the erythroid, myeloid and megakaryocytic 

lineages. Although the WHO classification has recently superseded it1 this work was carried out using the 

widely accepted FAB classification.2 According to the FAB classification this disorder includes refractory 

anemia (RA), refractory anemia with ringed sideroblasts (RARS), refractory anemia with excess of blasts 

(RAEB), RAEB in transformation (RAEB-t) and the chronic myelo-monocytic leukemia (CMML). In these 

disorders, anemia is usually the presenting symptom, whereby transfusion of red blood cells is frequently 

needed, in spite of the hyperplasia of the erythroid lineage. The cause of the ineffective erythropoiesis is 

not well defined. In recent reports it has been suggested that the ineffective erythropoiesis in MDS is 

caused in part by an increment in the number of apoptotic cells.3•7 However, when MDS progresses to acute 

leukemia apoptosis disappears.5•8•9 Cells undergoing apoptosis appear to be synchronized in the S and G2 

phase. 10"1 3 Cell cycle analysis in MDS has shown a large number of myeloid, erythroid and megakaryocytic 

cells synthesizing DNA.5 Especially in RA and RARS an elevated number of cells out of GO or G I phase 

were observed, as detected with the monoclonal antibody MIB- 1 .5 This monoclonal antibody is directed 

against the cell proliferation-associated nuclear antigen Ki-67.8"14 In order to analyse possible discrepancies 

between the proliferative status and apoptosis especially in cells of the erythroid lineage, we studied 2 I 

cases of MDS and 5 controls simultaneously for in situ apoptosis detection with TdT-mediated dUTP-nick 

end labelling (TUNEL) and expression of Ki-67. 

Material and methods 

Patients 

Bone marrow samples after informed consent were obtained from 2 I patients with MDS (7 RA, 3 RARS, 

5 RAEB, 3 RAEB-t, 3 CMML) and 5 controls (3 cases with Non Hodgkin lymphoma stage I, 2 cases with 

breast cancer without bone marrow involvement). In 20 cases cytogenetic analys1s of bone marrow cells 

was performed, as indicated in table I .  Immediately after puncture the samples were fixed in buffered 

formaldehyde and embedded in paraffin. 

Apoptosis by TUNEL 

Bone marrow slides were deparaffinized by standard procedures. RNA-se (Boehringer Mannheim Gmbh, 

Mannheim, Germany) was applied (I mg/ml) for 30 minutes. Slides were rinsed with Tris Buffered Saline 

(TBS) 2 x 5 minutes. Digoxigenin-UTP (Boehringer Mannheim) with Terminal deoxynucleotidyl 

Transferase (TdT; Pharmacia Biotech, Uppsalla, Sweden) was incubated for I hour at 37" C. Rinsing was 

performed in 0. 1  M standard sodium citrate (SSC) for 2 x 15 minutes. Negative controls were rinsed 

separately. Next incubation was performed with anti-digoxigenin-alkaline phosphatase-F(ab)2-fragments 

(Boehringer Mannheim) for I hour at 37° C. Slides were rinsed in TBS (3 x 5 minutes) and before staining 

with 4-nitroblue tetrazolium salt I 5-bromo-4-chloro-3-indolyl phosphate (NBT/BCIP; Boehringer 

Mannheim) Alkaline Phosphatase (AP) Buffer was applied. Staining was stopped under microscopic 

control. After rinsing in TBS endogenic peroxidase activity was blocked with 0.3% H202 in PBS for 30 

minutes. Specimens were thoroughly rinsed in TBS. The samples were incubated with anti Glycophorin A 
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Patient FAD Karyotype 

RA 46, XY 

RA 46, XY 

3 RA 4S, X,-Y 

4 RA multiple 

RA 4S, X,-Y 

6 RA multiple 

7 RA 46, XY 

8 RARS 46, XX 

9 RARS 46,XX 

10 RARS 46, XX, dei(Sq) 

I I  RAEB 46, XY 

12  RAEB multiple 

13 RAEB 46, XY 

14 RAEB 46, XX 

15 RAEB 46, XY 

16 RAEB-t multiple 

17 RAEB-t 46, XY 

1 8  RAEB-t 46, Y, (lnvXp21q27) 

19 CMML 47, XY, +I9 

20 CMML 46, XY 

21 Cl\IML Nd 

Multiple, :': 3 abnormalities; nd, not done 

Table I .  Cytogenetic characteristics of  20 of  21 MDS-patients. 

(antiGpA)(CLB, Amsterdam, The Netherlands) in TBS!bovine serum albumin Fraction V solution (BSA; 

Gibco BRL, Paisley, UK) for I hour at room temperature. Subsequently, the slides were incubated with 

rabbit-anti-mouse peroxidase (RAMPO; Dako A/S, Glostrup, Denmark) in TBS/BSA/5% normal human 

serum (NHS) for 30 minutes at room temperature, followed by thorough washing in TBS. Next the slides 

were treated with goat-anti-rabbit peroxidase (GARPO; Dako A/S) in TBS/BSA/5% NHS for 30 minutes at 

room temperature, followed by another thorough wash procedure in TBS. Subsequently, the sections were 

incubated with biotinyl in Tris/NaCI for I 0 minutes at room temperature. Slides were rinsed again, 

followed by an incubation with Streptavidin-AF (Biogenex, CA, USA) in TBS/BSA/5% NHS for 30 

minutes at room temperature. The slides were rinsed in TBS and before staining with Fast Red (Boehringer 

Mannheim) AF-Buffer was applied. Staining was controlled by microscope and stopped with TBS and 

distilled water. All incubations were performed in a well-humidified incubation box. 

Scoring system 

Paraffin embedded sections were scored for apoptosis by TUNEL positivity (clear dark-blue staining over 

their nuclei) and morphological criteria indicating apoptosis (chromatin condensation, blebbing of 

cytoplasm and apoptotic bodies). Per paraffin section 1 000 cells were counted. Cells were scored as 

apoptotic if the cells were TUNEL positive and showed evidence of morphological apoptotic changes. 
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Ki-67 

Staining for glycophorin A was performed as described in the TUNEL section. Subsequently, the slides 

were incubated with 2% block and 0.2% sodium decodyl sulphate (SDS) in maleate pH 6. Next they were 

boiled in a pressure cooker at 1 0  psi (69 k.Pa/m2) during I 0 minutes twice. Cool down lasted for 30 

minutes. The slides were rinsed in TBS. Following this step the slides were incubated with MIB

monoclonal antibody (Ki-67) (Coulter lmmunotech, CA, USA) in TBS/BSA overnight at 4° C. Thereafter, 

samples were rinsed in TBS and incubation with rabbit anti-mouse biotin (Dako A/S) in TBS/BSA/5% 

NHS followed for 30 minutes at room temperature. After rinsing, alkaline phosphatase anti alkaline 

phosphatase (Dako NS) was applied in TBS/BSA/5% NHS for 30 minutes at room temperature. Slides 

were rinsed again and stained with NBTIBCIP. Staining was stopped under microscopic control. All 

incubations were performed in a well-humidified incubation box. 

Scoring system 

Ki-67 positive cells demonstrated an intense dark-blue staining of the nucleus. Glycophorin-A positivity 

was demonstrated by a red stain of the cell membrane. 

Samples of lymph nodes were used as a positive control for TUNEL and Ki-67 staining. As negative 

control bone marrow samples were used without the application of MIB or TdT. 

Soluble transferrin receptor 

Microtitre strips coated with anti-sTIR (Ramco Laboratories Inc., Houston, USA) are incubated with 

patient serum samples. After washing a second monoclonal anti-sTIR-antibody conjugated to horseradish 

peroxidase (Ramco Laboratories Inc., Houston, USA) is incubated. Following a second washing the formed 

complex is detected using a tetramethylbenzidin/peroxide substrate. Samples are read at 450 nm in the 

MRX Revelation (Dynex Technologies, Denkendorf, Germany). 

Statistical analysis 

Statistical analysis of differences between observations in MDS and controls, between observations in 

MDS subtypes and between IPSS subgroups were performed by the Mann Whitney U-Wilcoxon test by 

SPSS, release 6.0 (SPSS Inc.). Results with p<0.05 were considered significant. 

Results 

Patient characteristics 

2 1  patients ( 1 0  female, I I  male) were included in the study (7 RA, 3 RARS, 5 RAEB, 3 RAEB-t and 3 

CMML) and 5 normal controls. Mean age was 69 yr (median 74 yrs, range 40-8 1 ), 10 patients required at 

least one unit of blood per month, 1 0  patients were independent of regular transfusions (< I unit/ 3 

months). According to the international prognostic scoring system (IPSS) 9 patients were low risk, 4 were 

intermediate- ! ,  3 were intermediate-2, and 3 were high risk while in two patients the IPSS score could not 

be determined. 1s 
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The frequency of apoptosis 

The apoptotic index (AI), i.e. the total number of apoptotic cells counted per 1 000 nucleated bone marrow 

cells, was determined in MDS and controls (fig. I ). In MDS the mean AI was low compared to normal 

controls 2.7% (SD = 3.0%, median: l .8%, range: 0.7-1 2.0%, n-2 1 )  vs. 5.4% (.! 1 .7%, median: 5.5%, range: 

3.6-8.0%, n=5, p=0.008). No significant differences in mean AI could be observed between the different 

subtypes of MDS (FAB: RA/RARS: 3.75% = 3.9%, median: 2.0%, range: 0.7- 12.0%, n= I O; RAEB/RAEB

t/CMML: 1 .8% ± 1 .8%, median: 1 .7%, range: 1 . 1 -3 .6%, n- 1 1 , p=0.50) and in the different IPSS-risk 

groups (low/int- I :  3.2% ± 3.6%, median: 1 .5%, range: 0.7- 12 .0%, n=I3 ;  int-2/high: 2.2% ± 0.9%, median: 

2 . 1%, range: 1 . 1 -3.6%, n=6, p=0.54). In addition, no significant differences in apoptotic indices were 

observed between the patients with regular transfusions vs. the patients who were transfusion independent; 

p=O. I43 (data not shown). In these studies lymph node biopsy matenal was used as a positive control for 

the TUNEL-staining. 

Apoptoszs 111 the gfycoplzorin-A compartment 

Next we studied the apoptotic index in the erythroid compartment, since the most prominent defects in 

MDS are presented m the erythroid compartment. Glycophorin-A (GpA) was used to identify the cells 

belonging to the erythroid lineage. Subsequently, the apoptotic index was determined in the GpA • 
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compartment (GpA-Al). A low AI: mean: 0.8% ± 0.5 (median: 0.6%, range: 0%- ! .7%, n=! O) was observed 

in all cases studied and was not significant different from the normal controls: mean: 0.6% ± 0.7 (median: 

0.3%, range: 0.1%-! .9%, n-5, p=0.39). 

KI-67 stainmg in the glycophorin-A - compartment and comparison to soluble transferrin receptor 

measurement (sTJR) 

In 10  patients with MDS the expression of Ki-67 was examined in the GpA + compartment in order to 

establish the erythroid proliferative activity in situ. Previous studies have reported high numbers of 

apoptotic cells in conjunction with a high labeling index.5 

No significant difference in mean Ki-67 expression could be observed between MDS patients and normal 

controls (84.0% ± 1 2.2%, median: 86.5%, range: 5 ! . 1 -95. 1%, n- 1 0  vs. 79.9% ± 20.2%, median: 84.0%, 

range: 46.2-97.4%, n=5, p=0. 8 l ). Furthermore, no significant differences were observed between the MDS

subtypes (FAB, RA/RARS: 88.8% ± 4.6%, median: 87.8%, range: 83.6-95. 1%, n-5; RAEB/RAEB-t: 

79.4% ± ! 6. 1 %, median: 86.3%, range: 5 ! .0-9 ! .0%, n-5, p=0.25) or the IPSS-risk groups (low/int- I :  

86.2% ± 14.9%, median: 86.2%, range: 5 1 . 1 -9 1 .6%, n=6; int-2/high: 86.3% ± 4.8%, median: 86.3%, range: 

8 ! .5-9! .0%, n=3, p=l .OO). In addition, the expression of Ki-67 was compared to serum soluble transferrin 

receptor in 6 cases, which might be an in vivo marker of erythroid proliferation. In MDS increased plasma 

iron turnover due to erythroid hyperplasia correlates with sTfR-Ievels. 16 No correlation could be established 

between serum sTfR and the in situ Ki-67 expression (mean Ki-67: 80.2% ± 14.7% vs. mean sTfR: 1 0.5 ± 
5.6 J.lg/ml, normal 2.8-8.4 J.lg/ml). 

Discussion 

The present study was designed to determine whether the apoptotic process in bone marrow specimens of 

MDS patients contributes to the process of ineffective erythropoiesis. In contrast to previous studies no 

significant increase in the number of apoptotic cells could be determined, especially not m cells of the 

erythroid lineage. 17•18 This discrepancy cannot be ascribed to technical limitations since with a similar 

technique we could easily detect apoptotic cells in lymph node biopsies. In other studies of MDS patients 

the percentages of apoptotic cells greatly varied.J.6•9•1 1'19 A recent study of Ramos et al using TUNEL assay 

demonstrated a high proportion of apoptotic cells with normal bone marrow cells that showed a slight 

increase with MDS bone marrow samples. The apoptotic index increased from 41% to 46%.1 7  The 

discrepancy between the different studies is not totally elucidated but might be in part related to the used 

techniques and stage of myelodysplasia?" Sample handling and culture assay might be contributive. An 

increase in spontaneous apoptosis has been demonstrated in in vitro culture assays following several hours 

of incubation. 19•21 The massive apoptosis observed in experiments with concomitant performed cell cycle 

analysis can in part be mediated by the use of bromodeoxyuridine (BrdU)3, which is known to induce 

DNA-fragmentation.22•23 The results of this study are in line with the findings of Lepellei9 showing no 

increment in apoptotic cells in fresh marrow samples as well as with the results of Horikawa!.l showing that 

CD34• cells from MDS bone marrow were resistant to apoptosis induced by treatment with tumor necrosis 

factor-alpha (TFN-a), interferon-gamma (!FN-y) and anti-FAS MoAb. This in contrast to healthy controls. 
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In addition a recent study indicated that the chromosomal abnormality has a great impact on the degree of 

apoptosis. Defects of chromosome 8 were especially susceptible to Fas-mediated apoptosis, while groups 

With additional chromosomal abnormalities demonstrated no significant increase in the number of CD34� 

apoptotic cells.24 Whether spontaneous apoptosis of cells in in vitro culture bears any relationship to the 

behaviour of the same cells in vivo remains to be defined.25 It is known that the absence of adequate 

growth factor stimuli in i11 vitro culture conditions causes a rapid death of hematopoietic cells by 

apoptosis?6 It is conceivable that in the used in vitro culture assays of MDS erythroid progenitors, stimuli, 

present in  in vivo conditions, are missing and leading to an increased number of apoptotic cells in  m vitro 

culture assays. 19·21•27 

Previ ous studies have demonstrated a correlation between the labelling index and the number of apoptotic 

cells. Therefore we performed experiments with the monoclonal antibody Ki-67 that is directed to the cell

proli feration associ ated nuclear antigen Kl-67. A high number of positive cells were observed in the 

erythroid compartment of MDS patients and normal controlsY These data support the findings that m 

MDS-patients cell proliferation rates are normal to elevated as measured by in vitro nucleotide 

incorporation, soluble transferrin receptor measurement and ferrokinetics. 16•28•29 

In summary these results show that apoptosis of erythroid progenitors cannot only be responsible for the 

ineffective erythropoiesis in myelodysplasia but might be a characteristic of the cells when cultured in 

vitro. These findings are in line with a recent ultrastructural analysis of erythroid progenitors demonstrating 

that apoptosis of erythroblasts was limited to MDS patients with RA and low risk MOS. However this 

technique requires also cells in suspension. The most prominent defects were abnormalities in cytoplasm 

and mitochondria, making the cells more prone for an apoptotic insult when the cells are detached from 

their normal environment.9 Only recently, it was shown that apoptosis is an inhibiting regulatory 

mechamsm in maintaining the erythroid output. Fas-hgand bearing mature erythroblasts display a 

cytotoxicity against immature erythroblasts m the presence of low erythropoietin (Epo) levels. Increasing 

Epo-levels gradually mhibits th1s negative feedback of erythropoietic rate.26 Therefore the increased bone 

marrow cellularity i n  MDS especially with regard to the erythroid lineage, the normal to high serum levels 

of erythropoietin30 and the low percentage of apoptotic cells in this study suggests an in vivo defect located 

in the terminal stage of erythroid differentiation. 
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Summary 

In chapter I advances in the understanding of the myelodysplastic syndrome (MDS) are reviewed. In the 

first part of the introduction classification, prognostic factors and epidemiology are described. 

Subsequently, the diagnostic approach and clinical findings are discussed. In the second part in vivo and in 

vitro techniques relevant to establish the diagnosis of ineffective erythropoiesis are described. Finally an 

overview is given of current therapeutic options to treat MDS patients. 

In chapter 2 the capacity of CD34+/CD36' sorted bone marrow cells of myelodysplasia patients to 

differentiate along the erythroid lineage in the presence of erythropoietin (Epo) and stem cell factor (SCF) 

is analyzed. In normal erythropoiesis immature, but purely erythroid colonies are seen after 1 2-2 1 days of 

culture as large multicentered hemoglobinized colonies containing up to I 0.000 cells, termed burst forming 

units-erythroid (BFU-E). In this study two subgroups of patients could be identified. In 43% of the patients 

a normal number of BFU-Es were cultured from CD34./CD36' sorted cells. These cells had the capacity to 

differentiate to colony-forming units-erythroid (CFU-Es) progenitors in cell suspension cultures with Epo 

and SCF followed by Epo in the culture assay. The cells became CD34'/CD36+/Glycophorin A (GpA)' 

after 7 days in culture, a pattern comparable to that of normal progenitors. In the second group of patients a 

different pattern was observed. No BFU-Es or low BFU-Es were cultured from the CD34+/CD36' sorted 

cell fraction that was, in most of the cases, incapable to differentiate to CFU-E progenitors. Flow 

cytometric analysis showed the persistence of the CD34./CD3o expression in the majority of these cases 

after 7 days of suspension culture with Epo and SCF. Addition of interleukin-3 did not correct this defect 

Furthermore, in 44% of the patients expression of EVI-l was found at mRNA level. These results show that 

the defects in the erythroid development can be detected in a subpopulation of patients and is localized at 

an early stage of the erythroid differentiation. Additional studies have indicated that overexpression of EVI

l affects the differentiation program of erythroid progenitors. 

In viva MDS is mostly characterized by a normal or increased number of erythroblasts in the bone marrow. 

In contrast to these findings is the in vitro finding of an impaired erythroid colony formation. In chapter 3 

we analyzed whether these contlictmg results from the in vivo and in vitro data might be due to a 

disconnection in the process of proliferation and differentiation of the erythroid progenitors. CD34+/CD36' 

sorted bone marrow cells from MDS patients were cultured in a clonogenic and suspension culture assay in 

the presence of Epo and SCF. BFU-Es and CFU-Es were observed in  the majority of cases with refractory 

anem1a (RAJ and refractory anemia with ringed sideroblasts (RARS) and in a minority of cases with 

refractory anemia with excess of blasts or in transformation (RAEB, RAEB-t). Suspension cultures with 

CD34 '/CD36' sorted cells with Epo and SCF demonstrated that an impaired proliferative response could be 

seen in cases with less than 10 BFU-Eft O• cells, especially in the group of RAEB/RAEB-t patients. 

Furthermore, in nearly all cases differentiation was demonstrated along the erythroid lineage by FACS and 

cytomorphology. In addition evidence was obtained that the differentiating cells belonged to the abnormal 

MDS clone. Finally, in the cases with an impaired proliferative response an enhanced binding of Annexin

V, which is expressed in cells undergoing programmed cell death, was found early in the cell suspension 
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culture. These results suggest that a defect in the proliferative response is most pronouncedly expressed in 

the MDS F AB subtype RAEB and RAEB-t, whereby a subpopulation of the progenitor cells retain the 

capacity to differentiate between transition to a terminated stage. 

In chapter 4 the defects in the erythroid development of MDS patients are studied by using the in vitro 

erythroid colony formation and in vivo by performing ferrokinetic studies. With ferrokinetic studies it is 

possible to differentiate between iron taken up from the plasma by erythroid and non-erythroid tissues and 

distinguishing between marrow activity resulting in viable red cells (effective erythropoiesis) and non

viable red cells (ineffective erythropoiesis). Erythron transferrin uptake (ETU), soluble transferrin receptor 

(sTIR) and erythroid in vitro colony formation were performed in patients with RA and RARS. These 

results were correlated with bone marrow morphology and transfusion dependency. Increased and normal 

ETU values were observed in 5 1 %  and 28% of the cases, whereas 2 1 %  of the cases demonstrated a 

diminished ETU-value, which correlated with sTIR in cases with RA. High ETU values are seen in 

disorders whereby erythropoietic proliferation is increased such as the hemolytic anemias. A difference in 

ETU values was observed between RA and RARS. Most of the cases (73%) with increased ETU values 

demonstrated an augmented percentage of erythroblasts in the bone marrow that was inversely related with 

the serum Epo levels. However, no correlation was found between the ETU values and the in vitro 

erythroid colony formation. Transfusion dependency was correlated with normal to increased ETU-levels 

and cytogenetic abnormalities. These observations demonstrate that different patterns of defects can be 

observed in the erythropoiesis of RA and RARS patients, whereby normal to increased ETU levels and the 

presence of cytogenetic abnormalities differentiates between cases of RA with ineffective erythropoiesis 

associated with regular transfusiOns and cases who are relatively transfusion independent. 

In chapter 5 the ultrastructural characteristics of erythroblasts in MDS is investigated for a better 

understanding of the underlying defects. By using electron microscopy, 77% of the cases demonstrated 

nuclear abnormalities consisting of disrupted membranes and cystic/dilated perinuclear spaces. The 

ultrastructural abnormalities of the nucleus may represent dysplasia by dysregulated conservation of the 

nucleus and impairment of DNA metabolism or nuclear formation during mitosis. In 32% of the patients, a 

low percentage ofapoptosis (mean 3 . 1  ± 1 .6% vs. < 0.5% in normal controls) in the erythroid lineage could 

be noted, primarily in mature erythroblasts and significantly associated with spongiform nuclear features. 

In all patients extensive cytoplasmic vacuolization and myelin ligures were demonstrated. In 55% of the 

cases, enlarged and abnormal mitochondria were observed, significantly associated with iron-accumulation. 

An inverse relation existed between the absence of apoptosis and the more advanced stages of MDS 

including high risk MDS and cytogenetic abnormalities. Mitochondrial abnormalities were correlated with 

high risk disease as well as with an increase in transfusion dependency. These data suggest that in MDS 

apoptosis might play a role in the early stages of disease. The overall prominent defects in the mitochondria 

of the erythroblasts might be an additional defect that is involved in the ineffective erythropoiesis. 

In MDS the precise mechanism of ineffective erythropoiesis is not fully elucidated, but conflicting results 

are reported regarding the extent of apoptosis in the early phase of the disease. In chapter 6 TdT-mediated 
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dUTP-nick end labeling (TUNEL) staming of paraffin embedded bone marrow specimens were used to 

assess the number of apoptotic cells in MDS patients. In a subset of MDS patients the TUNEL assay was 

performed in combination with Glycophorin A (GpA) staining to determine the degree of apoptosis in the 

mature erythroid compartment. Cell cycle analysis in MDS has shown a large number of myeloid, erythroid 

and megakaryocytic cells synthesizing DNA. Cell proliferative activity was assessed by means of 

immunostaining of the cell proliferation associated nuclear antigen Ki-67. The mean percentage of positive 

staining cells for apoptosis (apoptotic index (AI)) in MDS patients was not increased. Moreover, no 

difference in mean AI was observed in the GpA • compartment between MDS versus normal controls. In 

addition the different FAB-classifications and the different International Prognostic Scoring System (IPSS)

risk groups showed no differences between the subgroups. The expression of Kl-67, as marker for 

proliferative activity, in the GpA • compartment from MDS patients did not differ from normal controls. 

These results show that apoptosis of erythroid progenitors cannot only be responsible for the ineffective 

erythropoiesis in MDS, but might be a characteristic of the cells when cultured in vitro. These findings 

correspond with the ultrastructural analysis in chapter 5 demonstrating that apoptosis of erythroblasts was 

limited to patients with RA and low risk MDS. Our findmgs suggest that the observed increased apoptosis 

in in vitro culture assays is related to the detachment of the cells from the microenvironment due to an 

increased susceptibility to apoptosis. 

Synthesis and future perspectives 

In normal hematopoiesis, the development of the erythroid lineage is dependent on Epo and the presence of 

the Epo receptor (EpoR). 1 The expression of the EpoR correlates with the biological responsiveness being 

low on primitive erythroid precursors. high on proerythroblasts and is down regulated in the late basophilic 

erythroblast stage.� With Epo deprivation erythroid progenitors undergo apoptosis which might be 

regulated by the expression of apoptotic proteins such as Bel-XL and Bcl-2. Upregulation of Bel-XL leads 

to "default" terminal differentiation of apoptosis-protected, committed erythroblasts, independent of any 

exogenous signa1.3 A second important mechanism for regulating erythropoiesis is the Fas/Fas-ligand (Fas

L) system on erythroblasts. In normal hematopoiesis, Fas is rapidly upregulated in early erythroblasts and 

expressed at high levels throughout the terminal differentiation! In contrast, Fas-L is selectively induced in 

early differentiating Fas-insensitive erythroblasts. Fas-L bearing mature erythroblasts displayed a Fas-based 

cytotoxicity against immature erythroblasts which is abrogated by high levels of Epo.4 In addition 

upregulation of the Fas/Fas-L pathway can be accomplished by tumor necrosis factor (TNF)-a. and 

interferon-y.5·6 Upregulation of Fas-L can also be achieved by high levels of stromal derived factor (SDF)

la. produced by bone marrow stromal cells.7 At low concentrations SDF- l a.  enhances CD34' cell 

proliferation.8 Based on these results it is conceivable that the interaction of Fas and Fas-L, regulated by 

different actmg cytokines, represents an apoptotic control mechanism for erythropoiesis in normal 

circumstances, contributing to the regulation of red blood cell homeostasis. 

However, additional control mechanisms exist which control the extent of proliferation and differentiation 

of the erythroid progenitors. One is tumor necrosis factor-related apoptosis inducing ligand (TRAIL) 
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produced by bone marrow mononuclear cells that acts as a negative regulator of normal erythropoiesis.
• 

A 

second control mechanism is the receptor-binding cancer antigen expressed on SiSo cells (RCAS I). 10 

RCAS 1-receptor (RCAS I R) is expressed on erythroid colony-forming cells and upon binding it induces 

apoptosis, including collapse of the mitochondrial transmembrane potential and activation of caspase 8 and 

3. The degree of RCAS I binding diminishes during erythroid maturation. Furthermore, RCAS I is found in 

the cytoplasm of bone marrow macrophages. This pathway may contribute to the interaction of 

macrophages and erythroblasts in the bone marrow erythroblastic islets. I t  is well defined that the 

interaction between macrophages and developing erythroblasts promotes terminal maturation and 

enucleation of maturing erythroid cells. 1 1 • 1 2  

Furthermore, normal erythroid differentiation requires the transient activation of several caspases. 13 

Caspase-6, which cleaves lamin B, is activated by caspase-3. The nuclear protein acinus, implicated in 

chromatin condensation, is cleaved by caspase-3. Cleavage of these proteins may account for the nuclear 

structural changes associated with maturation of erythroblasts. The reduction in mitochondrial 

transmembrane potential leads to activation of caspase-9/3, effectors of the apoptotic machinery, but also 

caspase-3 affects cytoskeleton formation by binding to F-actin. In MOS mitochondrial disruptions are 

found with incrementing incidence in advancing risk MOS. Upon Epo deprivation or Fas activation, the 

transient caspase activity is amplified via either the mitochondrial or the caspase-9 or caspase-8 pathway 

leading to apoptosis. Overexpression of Fas/Fas-L, as seen in 50% of the MOS patients, may interact with 

this process. The imbalance in programs deployed during terminal maturation leading to enucleation, 

might be subject for further research in understanding ineffective erythropoiesis in MOS. It is conceivable 

that aggravation of mitochondrial disruptions in advanced stage of MOS may lead to increased levels of 

uncleaved caspases, which might be of relevance in the hematopoietic control as seen in acute 

myelogenous leukemia. • Recently Claessens et al. reported a 2-step liquid culture assay with MOS CD34' 

cells. In the presence of Epo, stem cell factor, insulin like growth factor and steroid hormones it was 

possible to enhance erythroid proliferation whereas terminal erythroid differentiation was obtained with a 

medium containing Epo and insulin.1 5  It is of interest to define these stimuli in the process of proliferation 

and differentiation further in order to be able to define the stimuli present in in vivo conditions. 
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Abbreviations 

AA 

AI 

ALIP 

AML 

APAF-2 

ATG 

BFU-E 

BSA 

CAF 

CFU-E 

CFU-GEMM 

CMML 

CsA 

ll.'l'm 

DR 

Emp 

Epo 

Epo-R 

ER 

ETU 

FAB 

FADD 

FACS 

FAS-L 

FBS 

FITC 

GATA 

GpA 

G-CSF 

GM-CSF 

ICE 

lEX! 

IL-3 

IPSS 

JAK-2 

MDS 

MGF 

MNC 

Aplastic anemia 

Apoptotic index 

Abnormal localization of immature precursors 

Acute myeloid leukemia 

Apoptotic protease factor-2 

Anti thymocyte globulin 

Burst forming unit-erythroid 

Bovine serum albumin 

Caspase activating factor 

Colony forming unit-erythroid 

Colony forming unit-granulocytic, erythroid, megakaryocytic, monocytic 

Chronic myelomonocytic leukemia 

Cyclosporin-A 

Mitochondrial transmembrane potential 

Death receptor 

Erythroblast macrophage protein 

Erythropoietin 

Erythropoietin receptor 

Endoplasmatic reticulum 

Erythron transferrin uptake 

French-American-British 

Fas-associated death domain 

Fluorescence activated cell sorter 

Fas ligand 

Fetal bovine serum 

Fluorescein isothiocyanate 

Guanosine-adenoside-thymidine-adenosine-binding protein 

Glycophorin-A 

Granulocyte colony-stimulating factor 

Granulocyte-macrophage colony-stimulating factor 

lnterleukin- I converting enzyme 

Immediate early response gene I 
Interleukin 3 

International prognostic scoring system 

Janus kinase 2 

Myelodysplastic syndrome(s) 

Mast cell growth factor (=SCF) 

Mononuclear cells 
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MoAb 

MPT 

NF-KB 

PCR 

PIT 

PNH 

RA 

RAEB 

RAEB-t 

RAI3 

RARS 

RCAS I 

RCU 

RIP 

RNA 

RT 

SCF 

SCT 

SDF 

SHP-1 

ss 
STAT 

sTIR 

STIPI 

TBS 

TIR 

TGF-p 

TIU 

TNF 

TNFR 

TRADD 

TRAF2 

TRAIL 

TUNEL 

WHO 
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Monoclonal antibody 

Mitochondrial permeability transition pores 

Nuclear factor-KB 

Polymerase chain reaction 

Plasma iron turnover 

Paroxysmal nocturnal hemoglobinuria 

Refractory anemia 

Refractory anemm with excess of blasts 

Refractory anemia with excess of blasts in transformation 

Retinoic-acid-induced gene 3 

Refractory anemia with ringed sideroblasts 

Receptor-binding cancer antigen expressed on SiSo cells 

Red cell utilization 

Receptor interacting protein 

Ribonucleic acid 

Reverse transcription 

Stem cell factor 

Stem cell transplantation 

Stromal derived factor 

SH2 containing tyrosine phosphatase I 

Side scatter 

Signal transducer and activator of transcription 

Soluble transferrin receptor 

Stress-induced phosphoprotein I 

Tris buffered saline 
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Samenvatting 

Het menselijk lichaam heeft drie soorten bloedcellen: rode bloedcellen (erythrocyten) die de zuurstof door 

het lichaam vervoeren, wttte bloedcellen (leukocyten) die helpen infecties te bestrijden en bloedplaatjes 

(thrombocyten) die bloedingen stelpen. De witte bloedcellen kunnen verder worden onderverdeeld in 

granulocyten (met een verdere onderverdeling in neutrofielen, eosinofielen en basofielen), lymfocyten en 

monocyten. 

De bloedcellen worden aangemaakt in de sponsachtige kern van het beenmerg. Aile bloedcellen zijn 

afkomstig van de pluripotente stamcel, een soort oercel. Deze stamcel is in staat zichzelf in het beenmerg te 

vemieuwen. Maar ook ontstaan uit deze stamcellen uiteindelijk de diverse typen bloedcellen. Stamcellen 

reageren op chemische signalen (cytokines) die in het lichaam worden afgegeven wanneer bepaalde 

soorten bloedcellen moeten worden aangemaakt om het aantal op het benodigde peil te brengen. De 

stamcel gaat prolifereren en differentieren. Bij proliferatie delen de stamcellen zichzelf steeds weer in 

telkens twee nakomelingen op. Door deze delingen ontstaat bloedaanmaak in het beenmerg. Bij 

differentiatie treedt tijdens deze delingen ook een uitrijping op in de richting van de eindbestemming van 

de bloedcel. 

Als de bloedcellen voldoende uitgerijpt zijn tot volwaardige rode bloedcellen, witte bloedcellen en 

bloedplaatjes worden ze door het beenmerg aan de bloedbaan afgegeven. Dit hele proces heet hematopoiese 

(figuur I ). In dit proefschnft is met name gekeken naar de ontwikkeling van rode bloedcellen 

( erythropoiese ). 

Figuur I .  Schematische weergave van de hematopoiese 
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Het myelodysplastisch syndroom (MDS), ook wei myelodysplasie genoemd, omvat een groep van 

beenmergstoomissen waarbij de hematopoiese is verstoord. Deze gestoorde aanmaak leidt er toe dat er 

onvoldoende bloedcellen uit het beenmerg in het bloed komen, waardoor het aantal erythrocyten, 

leukocyten en thrombocyten bijzonder laag kan worden in het bloed. Deze conditie word! anemie 

(erythrocyten te laag), leukopenie (leukocyten te laag), thrombopenie (thrombocyten te laag) of 

pancytopenie (aile drie te laag) genoemd. Bij MDS is niet aileen sprake van een gestoorde productie van 

bloedcellen, maar kunnen sommige voorlopercellen (blasten) toe gaan nemen en ontsporen in de richting 

van acute leukemie. 

MDS werd voor het eerst beschreven door Rhoads en Barker in 1 938. Sindsdien zijn er vele beschrijvingen 

geweest van dit ziektebeeld waarbij vele verschillende termen werden gehanteerd, zoals smoldering ocute 

leukemia. preleukemic syndrome en refractory anemia. In 1 985 heeft een groep onderzoekers uit Frankrijk, 

Amerika en Groot-Brittannie voorstellen gedaan om deze ziektebeelden beter te classificeren. Deze FAB

classificatie is wereldwijd aanvaard, waardoor onderzoekers met elkaar kunnen communiceren over het 

myelodysplastisch syndroom. De FAB-classificatie verdeelt MDS onder in vijf typen. 

Refractaire Anemie (RA), 

Refractaire Anemie met Ring Sideroblasten (RAS c.q. RARS, figuur 2), 

Refractaire Anemie met Excess (toename) aan Blasten {RAEB), 

Refractaire Anemie met Excess aan Blasten in transformatie (RAEB-t), 

Chronische Myelomonocyten Leukemie (CMML) c.q (CMMoL). 

Kern 

Figuur 2. 

Een typische ringsideroblast. Het ijzer 
is zichtbaar als een ring om de kern. 
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Bij al deze vijf typen in de FAB-classificatie van MDS bepaalt het aantal blasten in belangrijke mate de 

prognose. De ervaring leert echter dat ook binnen de diverse F AB-types het ziekteverloop zeer verschillend 

kan zijn. Een rol hierin spelen de afwijkingen in de chromosomen van de zieke beenmergcellen. Deze 

cytogenetische afwijkingen zijn in 1 997 aan de FAB-classificatie toegevoegd, samen met een score voor 

het aantal aangedane cellijnen. Dit nieuwe scoringssysteem heet het International Prognostic Scoring 

System (IPSS). H ierbij worden drie factoren bezien die een goede indicatie kunnen geven van de 

vooruitzichten, namelijk het percentage blasten in het beenmerg, het zogenaamde karyotype (het profiel 

van chromosomale afwijkingen), en de mate van voorkomen van cytopenie. De score van dit prognostisch 

systeem loopt van 0 tot en met 2.0, met 0 als de beste score. 

Onlangs heeft de World Health Organization een voorstel gedaan voor een nieuwe classificatie, maar deze 

wordt nog niet umverseel toegepast. Een van de belangrijke punten uit het WHO-voorstel is om het 

syndroom met afwijkingen aan het vijfde chromosoom, het Sq-syndroom, als aparte entiteit te benoemen 

gezien het gunstige verloop van deze vorm van MOS. Daarnaast wordt de groep met RAEB opgesplitst in 

twee soorten RAEB-1 (S tot 10 procent blasten) en RAEB-2 ( I I tot 19 procent blasten), aangezien het 

percentage blasten de prognose duidelijk anders maakt. De RAEB-t wordt in de voorstellen van de WHO 

niet meer apart benoemd omdat dit ziektebeeld vrijwel volledig overeenkomt met AML. Tenslotte wordt de 

CMML apart gezet, aangezien het ziektebeeld meer op andere vormen van chronische leukemie lijkt dan op 

de bovenvermelde MDS-vormen. 

MDS wordt voornamelijk vastgesteld bij mensen tussen 60 en 80 jaar, en bij deze groep meer bij mannen 

dan bij vrouwen. Bij jongere patienten is de verhouding tussen mannen en vrouwen ongeveer gelijk. MDS 

word! in Nederland bij I 0 op de I 00.000 men sen jaarlijks gediagnostiseerd In de oudere leeftijdsgroep ligt 

dit percentage hager. In de meeste gevallen van MDS kan geen oorzaak worden aangewezen. In bepaalde 

gevallen kan MDS mogelijk optreden als gevolg van de behandeling voor andere vormen van kanker (met 

name chemotherapie). Dit wordt secondaire MDS genoemd. Ook blootstelling aan strafing, chemicalien, 

pesticiden en aan een hoge concentraties benzeen over een langere tijd kunnen aanleiding zijn tot het 

ontwikkelen van MOS. 

Op het tijdstip dat de diagnose wordt gesteld, vertonen sommige patienten nag geen symptomen van de 

ziekte. MDS wordt vaak vastgesteld tijdens een routine bleed onderzoek. De meest voorkomende 

symptomen worden veroorzaakt door de bloedarmoede. Vermoeidheid en het snel buiten adem raken zijn 

een symptoom van bloedarmoede. Daarnaast kunnen mfecties optreden tengevolge van het !age aantal witte 

bloedcellen. Ofkunnen bloedingen door een gebrek aan bloedplaatjes wijzen op een MOS. 

De diagnose MDS wordt gesteld aan de hand van een bloedonderzoek en een beenmergonderzoek. Andere 

oorzaken van anemie of van cytopenie dienen te worden uitgesloten. Bij het beenmergonderzoek wordt 

onder andere gekeken naar de microscopisch zichtbare afwijkingen in de cellen van de bloedaanmaak en 

het aantal blasten om het type MDS te kunnen vastleggen. Een dee! van het afgenomen beenmerg wordt op 

kweek gezet ter beoordeling van chromosoom afwijkingen. Bepaalde afwijkingen, zoals bijvoorbeeld het 
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gelsoleerde verlies van het Y -, 5q- of 20q-chromosoom, geven aan dat er waarschijnlijk sprake is van een 

milde of minder emstige vorm van de ziekte. Afwijkingen in chromosoom 7 of complexe afwijkingen van 

drie of meer chromosomen duiden over het algemeen op een meer emstiger vorm van MOS. Met deze 

gegevens kan een prognose gemaakt worden die de keus van behandeling bepaalt. 

Bij het merendeel van de patienten zal de behandeling zijn gericht op het onder controle houden van de 

symptomen en het bevorderen van de kwaliteit van Ieven. De omstandigheden zijn bij elke patient weer iets 

anders, zodat de behandeling bij elke patient ook weer net iets anders zal zijn. Er is geen behandeling om 

MDS te genezen behoudens de allogene stamceltransplantatie. Daarom zal de behandeling in het algemeen 

vooral ondersteunend zijn. De behandeling van MDS zal sterk belnvloed worden door de leeftijd en de 

conditie van de patient en door het type MOS. De ondersteunende behandeling bestaat uit het geven van 

bloed en/ofbloedplaatjestransfusies wanneer dat nodig is. Ook word! gebruik gemaakt van groeifactoren 

met wisselend resultant. De behandeling van MDS met chemotherapie is over het algemeen teleurstellend 

gebleken. lndien zij werkzaam was, waren de resultaten vaak van korte duur. Bij bepaalde typen MDS, 

zoals RAEB en RAEB-1, zijn de middelen voor de behandeling van acute myelolde leukemic succesvol 

gebleken. 

Momenteel worden therapieen geevalueerd die, door het extra stimuleren van het uitrijpen van de cellen, 

proberen de productie van gezonde volwassen bloedcellen in het beenmerg te corrigeren. 

De enige therapie die de ziekte met kans van slagen kan bestrijden, is intensieve chemotherapie 

gecombineerd met allogene stamceltransplantatie. Deze behandeling word! toegepast bij patienten jonger 

dan 60 jaar met een MDS met een hoog risico. Jongere patienten hebben bij een donor

stamceltransplantatie redelijk goede vooruitzichten om over een lange periode vrij van ziekte te zijn. 

Naarmate zij minder blasten in het beenmerg hebben bij presentatie van ziekte, nemen de kansen op 

langdurige overleving toe. 

Het onderzoek dat in dit proefschrift word! beschreven, richt zich op de effectiviteit van de proliferatie en 

differentiatie van de erythroide voorlopercel bij het myelodysplastisch syndroom. 

In Hoofdstuk 2 is het vermogen om te differentieren tot uitgerijpte erythrocyt van de hematopoietische 

stamcellen uit het beenmerg van myelodysplasie patienten getest in een celkweek. De cellen werden 

gestimuleerd met erythropoietine (Epo) en slam eel factor (SCF). Bij normale erythropoiese word! er met 

deze stimulatie erythroide uitrijping gezien na 1 2  tot 2 1  dagen kweken. Deze kolonies van duizenden 

erythroide cellen heten burst forming units-erythroid (BFU-E). In deze studie konden twee subgroepen 

worden geldentiliceerd. Een groep die een vrijwel normaie toename en uitrijping liet zien en een groep 

waarbij de voorlopercellen zich niet konden vermeerderen en ook niet het vermogen hadden om te 

differentii!ren. Toevoeging van interieukine-3, een sterke groeifactor, corrigeerde dit defect niet. Bij een 

gedeelte van deze groep werd een overexpressie gevonden van het EVI-l gen. Overexpressie van dit gen 

belnvloedt het uitrijpingsprogramma van de erythroide vooriopercel. 

Bij het beenmerg onderzoek bij MDS patienten zie je over het algemeen een normaal of toegenomen aantai 

rode voorlopercellen. In tegenstelling hiermee word! bij celkweken met voorlopercellen uit 
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myelodysplastisch beenmerg een belemmerde groei gezien. In Hoofdstuk 3 hebben we geprobeerd door 

middel van celkweken te onderzoeken of een ontkoppeling bestond tussen proliferatie en differentiatie. 

Hiertoe hebben we weer stamcellen in kweek gebracht onder stimulatie van Epo en SCF. In de gevallen 

met RA en RARS werd in een meerderheid van de gevallen groei en uitrijping gevonden. Bij RAEB en 

RAEB-t werd echter zeer weinig groei gevonden maar wei uitrijping. Door middel van kleuringen en 

eiwitanalyse van de cellen kon worden aangetoond dat de uitgerijpte cellen afkomstig waren van de MDS

vooriopercellen. Bovendten werden in de celkweek aanwijzingen gevonden voor een toename van dode 

cellen door geprogrammeerde celdood (apoptose). 

Rode bloedcellen zijn afhankelijk van de inbouw van ijzer. De mate van inbouw van ijzer in de rode 

bloedcellen in bloed en beenmerg is te meten door de patient radioactief ijzer toe te dienen. Door middel 

van dit ijzerkinetisch onderzoek kan de effectieve activiteit van de rode bloedcelaanmaak in het beenmerg 

(Erythron Transferrin Uptake; ETU) gemeten worden. In Hoofdswk 4 is met dit ijzerkinetisch onderzoek de 

activiteit van het myelodysplastisch beenmerg bij RA en RARS onderzocht. De resultaten van dit 

ijzerkinetisch onderzoek werden vergeleken met de resultaten van de celkweken, met de noodzaak tot 

transfusie en met de soluble transferrme receptor bepaling in het bloed (sTfR; eveneens een maat voor 

activiteit van het beenmerg). Een norrnale tot toegenomen ijzeropname door het beenmerg werd gevonden 

bij 79 procent van de patienten met RA en RARS. Bij de RA patienten was een overeenkomst tussen de 

ETU en de sTfR. Deze relatie werd niet gevonden bij de RARS patienten. Eveneens bleek geen relatie 

aantoonbaar tussen de celkweken en de ijzerkinetische bevindingen. Daarentegen bleek de mate van 

celrijkdom van het beenmerg wei te corresponderen met de ETU. Daarbij dient nog opgemerkt te worden 

dat de mate van activiteit van het beenmerg in de erythropoiese omgekeerd gecorreleerd was met de hoogte 

van de Epo-spiegel. Patienten die afhankelijk zijn van tranfusie hebben een norrnaal tot verhoogd ETU, 

maar ook komen bij deze groep meer cytogenetische afwijkingen voor. 

In Hoofdstuk 5 is met de elektronenmicroscoop gekeken naar de erythroblasten van patienten met MOS. 

Bij de meeste patienten werden afwijkingen aan de celkern gevonden. Opvallend waren de afwijkingen aan 

de mitochondria. Deze namen toe met de ernst van de myelodysplasie en werden veroorzaakt door 

ijzerstapeling in het mitochondrion. De mitochondria spelen een belangrijke rol bij het in stand houden en 

ontwikkelen van eel en kern. Deze functle gaat verloren als het mitochondrion toenemend beschadigd 

raakt. 

In Hoofdstuk 6 zijn beenmerg-biopten onderzocht op het voorkomen van apoptose, het proces waarbij 

cellen geprogrammeerd dood gaan zodat er geen ongeremde groei kan plaatsvinden. Apoptose kan op 

verschillende manieren zichtbaar gemaakt worden door middel van DNA-labelingstechnieken, waaronder 

TUNEL (TdT-mediated dUTP-nick end labeling). Bij MDS zou overrnaat aan apoptose een rol kunnen 

spelen bij de ineffectieve erythropoiese. In beenmergkweken wordt deze overrnaat ook daadwerkelijk 

ge' onden. In vers afgenomen beenmerg daarentegen zie je juist een norrnale tot toegenomen hoeveelheid 

rode bioedcellen in aanmaak. Daarom is het interessant om middels TUNEL in vers, in paraffine, ingebed 
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beenmerg de mate van apoptose vast te leggen m1ddels TUNEL. In deze studie werd gekeken naar de mate 

van apoptose in het totale beenmerg, maar ook in de meer uitgerijpte rode cellen. Er werd geen verschil 

gevonden tussen apoptose bij normaal beenmerg en myelodysplastisch beenmerg. Ook werden geen 

verschillen gevonden in de frequentie van apoptose bij de verschillende subgroepen en risicogroepen. Wij 

denken dat de myelodysplastische erythroide voorlopercellen sneller sterven als zij zich niet in de eigen 

micro-omgeving bevinden. Tenslotte worden in Hoofdstuk 7 aile resultaten samengevat en onderling met 

elkaar vergeleken en bediscussieerd. 
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