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INTRODUCTION 

MYELODYSPLASTIC SYNDROME (MDS) 

Background 

The myelodysplastic syndrome (MDS) has been a most challenging disease for 

decades in terms of both diagnosis and management. MDS is a clonal disorder 

of pluripotent hematopoietic stem cells, of generally unknown etiology, 

occurring predominantly in the elderly with a median age of onset over 70 

years (one exception is the monosomy 7 syndrome seen in children). MDS is 

characterized by ineffective hematopoiesis leading to peripheral blood 

cytopenias with involvement of one or more lineages. In the majority of patients 

the bone marrow is hypercellular and one or more cell lines show signs of 

dyshemopoiesis. The prognosis of MDS is poor. Approximately half of patients 

die as a result of marrow failure (death from infection or hemorhage in the 

setting of neutropenia and thrombocytopenia) or transformation to refractory 

acute myeloid leukemia (AML) (Aul et al, 1995).  

Regarding the general population, an overall incidence is approximately 3/100 

000/year, rising to approximately 20/100 000/year over age 70 (Aul et al, 

1995, Cartright, 1992). Only 10%-20% of MDS patients are under the age of 60 

(Aul et al, 1992). In general, the overall incidence of MDS appears to be 

increasing over the last 20 years. A male predominance is seen in all series 

(male/female ranging from 2/1.5). The male to female ratio of incidence is 

higher in the RAEB/RAEBt groups, with a ratio of 2.3/1, compared with 2.1/1 

for CMML and RARS, and only 1.5/1 for refractory anemia RA. 

The etiology of MDS is generally unknown (de novo MDS, primary MDS). 
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However in about 20% of the cases, MDS is clearly secondary, mostly to 

antineoplastic chemotherapy (alkylating agents, mainly used for prolonged 

periods; the epipodophyllotoin agents, and to lesser extent anthracyclines), or 

less often to occupational or environmental exposure to various chemicals 

(benzene, insecticides, pesticides and weed killers, polycyclic hydrocarbones, 

present in tobacco smoke), or finally constitutional disorders of childhood 

(Fanconi`s anemia, Schwachman-Diamond Syndrome, Down`s syndrome, 

mitochondrial cytopathies and neurofibromatosis. 

Diagnostic Classification 

In 1982, the French-American-British (FAB) Cooperative Group has classified 

MDS into five categories, based on the number of ring sideroblasts, excess of 

blasts and presence of monocytes: refractory anemia (RA), refractory anemia 

with excess of blasts (RAEB), refractory anemia with excess of blasts in 

transformation (RAEB-t), refractory anemia with ringed sideroblasts (RARS), 

and chronic myelomonocytic leukemia (CMML) (Bennett et al, 1982).. Of 

importance for diagnosis is the morphologic finding of dysplastic changes in at 

least 2 of the 3 hemopoietic cell lines such as megaloblastoid erythropoiesis, 

nucleocytoplasmic asynchrony in the early myeloid and erythroid precursors, 

and dysmorphic megakaryocytes (Kouides & Bennett, 1996).  

This classification based on morphological criteria was recently revised, 

considering and cytogenetic criteria, resulting in the World Health Organization 

(WHO) classification, (Bennett, 2000, Harris et al, 1999, Germing et al, 2000, 

Vardiman et al, 2002, Greenberg et al, 2000), which provides more 

homogenous MDS categories. 

Although most prior data require at least 2-line dysplasia to diagnose MDS, the 

WHO guidelines accept unilineage dysplasia for the diagnosis of RA and RARS, 

so long as other causes of the dysplasia are absent and the dysplasia persists 

for at least 6 months. The WHO panel has also suggested excluding RAEB-t 

(patients from MDS proposing acute myeloid leukemia (AML) to now include 

patients with ≥20% marrow blasts, rather than the previously used 30% 

cutoff). As a result of the better prognosis of patients with an isolated 



 3

cytogenetical aberration at 5q, the 5q-syndrome was established as a separate 

identity in the WHO classification. Patients to be qualified into this group are 

required to have blast cell number less than 5% in the bone marrow. Since 

data from the International Workshop of Prognostic Factors in MDS indicated 

that patients with >10% bone marrow blasts have a shorter median survival 

and a higher transformation rate to AML as compared to those with ≤10% 

blasts, RAEB is divided into two subgroups, RAEB-1 and RAEB-2, depending 

on the number of blasts in the bone marrow and the peripheral blood. In 

addition to the number of blast cells, the presence of Auer rods can be 

suggestive of RAEB-2. 

Other categories within the WHO proposal include: 

 Refractory cytopenia with multilineage dysplasia (RCMD),  

 MDS-Unclassified, and 

 MDS/ myeloproliferative disorders (MPD)-proposed for patients who 

previously had been classified as CMML.  

 

Table 1. Comparison of the FAB and WHO classifications. 

FAB WHO 
RA 

Marrow blasts < 5 
Peripheral blasts ≤ 1 

RA (unilineage)† 
5q– syndrome‡ 

RCMD 
RARS 

Marrow blasts < 5 
Peripheral blasts ≤ 1 

Ringed sideroblasts > 15% 

RARS† (unilineage) 
RCMD (with Ringed sideroblasts) 

RAEB 
Marrow blasts 5-20% 

Peripheral blasts < 5% 

RAEB-I (Marrow blasts 5-10%) 
RAEB-II (Marrow blasts 10-19%) 

RAEB-t 
Marrow blasts 21-29% 
Peripheral blasts > 5% 

Auer rods 

AML 

CMML 
Marrow blasts 1-20% 

Peripheral blasts < 5% 
Monocytosis > 1000/µl 

MDS/MPD§ 

- Unclassified 
†Requires >6 months of anemia unrelated to other causes. 
‡< 5% marrow blasts, micromegakaryocytes, thrombocytosis. 
§MDS: WBC ≤13,000/mm3; MPD: WBC >13,000/mm3. 
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Pathobiology of MDS 

The precise mechanisms underlying MDS pathogenesis, its heterogeneity, and 

evolution to AML are poorly understood. These are currently being studied and 

various models have been suggested. All of the models agree that the 

development of MDS is due to a multistep process that originates in the earliest 

progenitor cell, a pluripotent stem cell. The initiation processes for the 

development of MDS remains unknown. A poorly defined transforming event 

affects a pluripotent or multipotent progenitor cell in the bone marrow, 

conferring a growth advantage upon it and eventually establishing clonal 

hematopoiesis. The abnormal MDS clone is associated with morphological 

dysplasia, cellular dysfunction such as excess of local secretion of inhibitory 

cytokines, ineffective haematopoiesis, defective differentiation, and genomic 

instability. Multiple genetic pathways can be involved, and sometimes several 

distinct clones are present in the same patient. An important pathogenetic 

mechanism in MDS is premature intramedullary cell death via excessive 

apoptosis, explaining the apparent paradox of a cellular marrow in 

combination with peripheral cytopenias (ineffective hematopoiesis). Secretion of 

apoptotic agents such as tumor necrosis factor-alpha (TNF-α), fas/fas-ligand, 

bone marrow stromal defects, and a relative deficiency in haematopoietic 

growth factors result in the premature death of marrow cells. Disease 

progression is associated with diminished immune response and a loss of 

tumor suppressor activity. 

Abnormalities of MDS hematopoietic cell proliferation and differentiation  

In vitro studies of hematopoiesis in MDS have revealed that bone marrow from 

patients with MDS grows poorly in both short and long-term culture 

(Marisavljevic et al, 2002; McMullin et al, 1998; Flores-Figueroa et al, 1999). 

The ability of hematopoietic progenitor cells committed to granulocyte-

macrophage, erythroid, and megacaryocyte as well as multiple lineages to form 

colonies is either reduced or absent (Flores-Figueroa et al, 1999, Ruutu et al, 

1994, Dan et al, 1993). Several studies using unsorted bone marrow 

mononuclear cells (BMMC) from patients with MDS have found that erythroid 
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progenitors such as erythroid burst-forming units (BFU-Es) and erythroid 

colony-forming units (CFU-Es) did not expand correctly in response to 

erythropoietin (Epo) (Merchav et al, 1991). In most patients with MDS, BFU-Es 

also failed to emerge from sorted CD34+CD36- cells (Brada et al, 1998). 

Progenitors can give rise to blast cell colonies but cannot differentiate along the 

erythroid lineage (Backx et al, 1993). More primitive multipotential progenitors 

(colony-forming unit-granulocyte, erythroid, macrophage, megakaryacyte (CFU-

GEMM)) generally have been reduced (Carlo-Stella et al, 1989). By retrospective 

analysis of daily growth of granulocyte-macrophage progenitors from day 3 to 

day 8, a significantly greater proportion of non-colony forming cells in MDS 

were found to proliferate initially, but failed to do so thereafter and degenerated 

in the culture (Ohmori et al, 1991). 

Myelopoiesis from granulocyte-macrophage colony forming cells (CFU-GM) may 

be near normal in the majority of the cases; however, a characteristic feature of 

MDS is the increased number of CFU-GM cells forming clusters (Juvonen et al, 

1999). The patterns of in vitro growth of CFU-GM from MDS bone marrow have 

been related to the risk of AML transformation and survival. Patients with low 

CFU-GM numbers, aberrant myeloid maturation in vitro, predominant cluster 

over colony formation, and abnormal immunophenotypes of progenitors (all 

findings seen in acute myelogenous leukemia) are expected to have poor 

prognosis (Juvonen et al, 1999).  

The response of progenitors to hemopoietins in vitro has been a subject of 

study for years but it has shown variable results. Erythroid progenitors such 

as BFU-Es and CFU-Es did not expand correctly in response to erythropoietin 

(Epo) alone or to a mixture of Epo, stem cell factor (SCF), and interleukin (IL) -3 

(Merchav et al, 1991). Several studies demonstrate that the decreased 

responsiveness of myeloid progenitors from the MDS clone to hemopoietins can 

be overcome at high concentrations of growth factors (1Mayani et al, 1989). The 

stimulation of MDS marrow progenitors with a five-fold higher than control 

saturating dose of granulocyte-macrophage colony-stimulating factor (GM-

CSF), granulocyte CSF (G-CSF) and IL-3 induced a significant increase in the 

frequency of one, two, or all three colony types (GM-CFU, BFU-E and CFU-
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GEMM) in cultures of MDS patients, whereas colony numbers in control 

marrow cell cultures were not significantly changed. In another study, MDS 

marrow hematopoietic progenitor cells reactive to GM-CSF or Epo were 

additionally stimulated with early-acting hematopoietic growth factors 

including IL-6, IL-3 and SCF in a fashion similar to those of normal individuals 

(Asano et al, 1994). Soligo et al, 1994 have shown that SCF is capable of at 

least partially reversing defective MDS myeloid haematopoiesis. In the 

clonogenic assays, the addition of SCF + GM-CSF and/or IL-3 induced a 

significant increase in the number and size of CFU-GM, however, never 

reaching the levels of controls. Kourakli-Symeonidis et al demonstrated that 

the combination of 5 different hemopoitins (IL-6, IL-3, SCF, GM-CSF, G-CSF) 

with Epo resulted in the increase of colony formation from both bone marrow 

(BM) and peripheral blood (PB) in a higher extent compared to control 

(manuscript in preparation). 

Long-term bone marrow cultures (LTBMC) have been extensively employed as 

another in vitro model to understand hematopoiesis  

In the majority of MDS patients, pronounced deficiencies exist both in the 

number and the long-term proliferation capacity of marrow hematopoietic 

progenitor cells (HPC). Such deficiencies were particularly evident for 

multipotent progenitors and those committed to the erythroid lineage, in which 

alterations in the maturation process also seem to be present. At least in some 

patients, HPC-besides showing an impaired proliferative capacity-lose their 

ability to adhere to the stromal cell layers developed in culture. RA patients 

showed the less affected in vitro HPC growth, whereas HPC from RAEB and 

RAEB-t showed a markedly deficient growth in culture (Flores-Figueroa et al, 

1999, Couinho et al, 1990). Interestingly, myelopoiesis was significantly 

increased in cultures of CMML patients. In another study Sato et al, 1998 has 

demonstrated reduced long-term culture-initiating cells (LTC-IC) as secondary 

colony formation was usually low, but a quarter of patients nevertheless 

retained normal numbers.  

The addition of growth factors has appeared partially effective in reversing 

defective MDS myeloid haematopoiesis. In LTBM SCF induced only a 7% mean 
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increase in both cell output and the number of clonogenic cells recovered in the 

supernatant (Soligo et al, 1994). A combination of IL-3 and IL-6 induced 

significant improvement of cell output and the number of clonogenic cells, 

independent of the MDS type (Kourakli et al, manuscript in preparation). 

Dose response experiments with purified CD34+ cells and M-CSF, G-CSF, GM-

CSF, IL-3 or Epo performed in serum-free fibrin clots showed a diminished 

response to G-CSF and Epo in 5/11 patients. In the remaining six patients the 

purified CD34+ cells did not respond to stimulation of any individual CSFs 

(Sawada, et al, 1993).  

There is evidence that the progenitor cell growth abnormalities in MDS may be 

partly due to abnormal function of accessory cells. The bone marrow cells from 

patients with MDS are unable to produce a healthy adherent cell layer in 

LTBMC. Coutinho et al, 1990 studied the supportive function of MDS-derived 

stromal cells in the proliferation and differentiation of hematopoietic stem cells 

originating from normal BM using LTBMC. They showed that 13 from 19 MDS 

stroma examined had reduced supportive activity. A great heterogeneity of BM 

stromal cell function in supporting hematopoietic proliferation and 

differentiation among the RA MDS patients was reported. Interestingly, stromal 

cells from some MDS RA patients induced apoptotic changes in CD34+ 

hematopoietic cells (Aizawa et al, 1999). However the mechanism for this action 

is unclear. Flores-Figueroa et al, 2002 found that in vitro both fibroblasts and 

macrophages produce significantly higher levels of IL-6 and TNF-α respectively 

and TNF-α was increased in cultures of fibroblasts from MDS patients.  

Conversely, a study using BM biopsies instead of mononuclear cells to 

maintain LTBMC from 103 patients with all types of MDS showed that MDS 

stroma appears to be both morphologically and functionally normal (Alvi et al, 

2001). Consistently, MDS marrow stroma has no functional defect when 

studied for its activity to sustain the growth of normal hematopoietic 

progenitors and at the same time the marrow cells from patients cultured over 

a normal adherent layer do not grow well either (Yoshida et al, 1989). 

Several studies also indicate that in MDS hematopoietic progenitors are unable 

to proliferate normally in cytokine supplemented liquid cultures (2Mayani et al, 
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1989). MDS progenitors were capable to proliferate and expand in response to 

cytokines; however, their rate of apoptosis was increased by intermediate- and 

late-acting cytokines, so that the overall proliferation and expansion were 

significantly lower than those of normal progenitor cells (Martinez-Jaramillo et 

al, 2002). MDS CD34+-derived erythroid progenitors proliferated normaly in 

two-step liquid culture but underwent abnormal Fas-dependent apoptosis 

during differentiation that could be responsible for the impaired erythropoiesis 

(Claessens et al, 2002). 

In vivo models based on the development of immunodeficient mouse xenografts 

were also used to study the hemopoiesis in MDS. The application of this 

approach has proven difficult; however the existing data demonstrate low 

ability of progenitors in patients with MDS to engraft (Kim DK et al, 1998, 

Nilsson et al, 2000, Nilsson et al, 2002). Recently Thanopoulou et al, 2004 has 

shown that cells from most MDS patients (including all subtypes) repopulate 

nonobese diabetic-severe combined immunodeficient (scid)/scid-β2 

microglobulin null mice at least transiently and produce abnormal 

differentiation patterns in this model. 

Cytogenetic abnormalities in MDS 

Chromosomal abnormalities in MDS 

40%-60% of MDS patients have identifiable chromosomal aberrations at 

diagnosis, providing evidence for the clonal nature of MDS (Heim &Mitelman, 

1986, Nowell, 1992, Haase et al, 1995). A variety of chromosome abnormalities 

has been related to MDS (reviewed by Mhawech P, 2001). 

 

Table 2. Most frequent chromosomal aberrations in MDS patients 

Numerical Translocations Deletions 
+8 (19%) inv 3 (7%) del 5q (27%) 
-7 (15%) t(1;7) (2%) del 11q (7%) 
+21 (7%) t(1;3) (1%) del 12q (5%) 
-5 (7%) t(3;3) (1%) del 20q (5%) 

 t(6;9) (<1%) del 7q (4%) 
 t(5;12) (<1%) del 13q (2%) 

Frequency of chromosomal aberration is given in parantheses. 
-, loss of chromosome; +, additional chromosome; inv, inversion; t, translocation; del, deletion. 
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• Chromosome 5 abnormalities  

The most common abnormality is the isolated deletion of the long arm of 

chromosome 5 (5q-). 5q-syndrome constitutes a distinct clinical entity 

characterized by female predominance, macrocytic anemia, modest 

neutropenia, normal or high platelets, hypolobular megakaryocytes, and a low 

risk of leukemic transformation (Van den Berghe et al, 1997, Van, Boultwood 

et al, 1994, Van den Berghe & Michaux, 1997).  

Deletion of the long arm of chromosome 5 is interstitial in the majority of 

cases. Cytogenetic studies showed the occurrence of this deletion in both 

myeloid and erythroid progenitor cells. The long arm of chromosome 5 has a 

particular interest because it encodes many hematopoetic growth factors. The 

two breakpoints most frequently reported are, (1) proximal breakpoint at 5q12-

14 and (2) distal breakpoint at 5q31-33. The invariable loss (90% of the cases) 

appears to be distal at 5q31. Another deletion 5q13.1 has been recently 

reported which appears to be of particular interest as it may encode a critical 

gene for leukemogenesis. Among the most important genes mapped on 

chromosomes 5ql3-33 are listed from the centromeric to the telomeric order, 

interleukin-4 (IL-4), IL-5, interferon regulating factor 1 (IRF1), IL-3, GMSF-2 

(granulocyte-macrophage stimulating factor), IL-9, early growth response 1 

(EGR-1), CDl4 (myeloid surface antigen) and, CSF-IR (formerly FMS). It is of 

interest that cases with deletion of 5q segment encoding interleukin genes have 

been described.  

• Chromosome 7 abnormalities 

Complete or partial deletion of long arm of chromosome 7 is a common finding 

in both MDS and AML. It is most frequently seen in association with other 

cytogenetic abnormalities such as 5q-. It has two peaks of age, one peak at first 

year of age and the second at the sixth decade. 7q- can be seen in three 

groups: (1) de novo MDS (10% of the cases); (2) post-cytotoxic therapy for 

another malignancy and after occupational or environmental exposure to 

mutagens; and (3) patients with constitutional disorders, e.g. Fanconi anemia, 

neurofibromatosis (NF1) and congenital neutropenia. In adults, 7q deletion 
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usually presents as RAEB and RAEB-t. In children, the clinical presentation 

differs completely as rarely the FAB classification is of practical use; 7q del is 

found as the following disorders: adult-type MDS, monosomy 7 

syndrome/juvenile myelomonocytic leukemia (JMML).  

• 20q Deletion 

20q deletion is seen in 10% MPD, most frequently in polycythemia vera, 2–5% 

MDS, and 3% AML. This deletion is characterized by a lower incidence of 

anemia, low percentage of BM blasts and favorable outcome. 20q deletion can 

occur solely or in association with other chromosomal anomalies such as del 

5q, del 7q, monosomy 7 and trisomy 8.  

• 17p-Syndrome 

The deletion of short arm of chromosome 17 is most frequently seen in therapy 

related MDS and rarely in de novo MDS. Clinically, it is characterized by 

dysgranulopoesis, pseudo-Pelger–Huet anomaly and small vacuolation of the 

neutrophils.  

• Trisomy 8 

Trisomy 8 is the most common numerical aberration seen in myeloid disorders, 

such as MDS, MPD, and AML. It can be constitutional or acquired, and it can 

be seen in full condition (all analyzed cells have the additional chromosome 8) 

or mosaic (presence of normal cells in addition of cells carrying the trisomy 8). 

Acquired form of trisomy 8 is the most frequent form seen in MDS (11% of 

cases). Trisomy 8 as the sole chromosomal abnormality appears to have a male 

predominance accounting for two-third of cases. Clinically, it is not associated 

with any specific FAB group and it is usually presented with cytopenia of one 

or three cell lines.  

• Loss of Y chromosome 

As a general rule, the detection of chromosomal abnormalities in the BM 

implicates malignant or pre-malignant conditions. Loss of Y chromosome as 

the sole cytogenetic abnormality is one exception to the rule, as it can be seen 
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in the BM of healthy old men. It can also occur in MDS, AML and MPD. This 

incidence increases significantly in males after the 70 years of age in both 

malignant and pre-malignant conditions. Most studies concluded that loss of Y 

is not involved in the leukemic process, as there is no consistent relationship 

between disease progression and remission, and the percentage of cells with 

loss of Y chromosom.  

Clonality in MDS 

Two alternative models have been proposed to explain the apparent lineage 

restriction and heterogeneity of MDS. The first interprets the lineage restriction 

as a consequence of transformation occurring at different levels of commitment 

in the hematopoietic hierarchy. In contrast, the other model proposes that 

transformation occurs at the level of a multipotent progenitor stem cell and 

that the apparent lineage restriction is a result of the transforming event itself.  

Clonality studies have revealed variable results with regard to the potential 

involvement of multipotent stem cells in MDS. It is still a matter of debate 

whether the primary clonal mutation in MDS arises in a primitive common 

hematopoietic stem cell (Janssen et al, 1989, Tefferi et al, 1990, Nilsson et al, 

2000) or in a more committed daughter cell (Abrahanson et al, 1991, Raskind 

et al, 1984, Gerritsen et al, 1992), although the weight of evidence seems to 

support the latter hypothesis. Because MDS rarely transforms into acute 

lymphoblastic leukemia, it has been proposed that the transformation event in 

MDS occurs most frequently at the level of a committed myeloid progenitor 

(Heaney & Golde, 1999). 

Generally there is agreement that multiple myeloid cell lineages invariably are 

involved in the MDS clone, whereas the derivation of the lymphocytes from this 

clone is uncertain and might depend in part on the specific chromosomal 

aberration involved (Janssen et al, 1989, Raskind et al, 1984, Lawrence et al, 

1987, Culligan et al, 1992, White et al, 1994, Abrahanson et al, 199, Gerritsen 

et al, 1992, van Kamp et al, 1992, Kroef et al, 1993).  

Furthermore, it was hypothesized that non-clonal hematopoiesis still persists 

in the patients with MDS despite the expansion of the neoplastic clone 

(Delforge et al, 1995). Non-clonal myeloid cells can be isolated in untreated 
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MDS patients (Asano et al, 1994, Anan et al, 1995). Recent data indicate that a 

residual population of very immature stem cells (long term culture-initiating 

cells (LTC-IC)) is able to grow in vitro and to generate polyclonal hematopoiesis 

(Guidetti et al, 2004). Indirect evidence supporting the hypothesis is that 

cytokine therapy (Vadhan-Raj et al, 1989), low dose cytarabine (Janssen et al, 

1989), and intensive chemotherapy (Ito et al, 1994, Carella et al, 1996) are able 

to induce non-clonal hematopoiesis in MDS. 

Cell death in the dysplastic marrow 

The paradox of normal or hypercellular bone marrow and peripheral blood 

cytopenias has been attributed to excessive intramedullary apoptosis, usually 

present in myelodysplastic bone marrow (Yoshida, 1993, Yoshida et al, 1993, 

Greenberg, 1998). Poor growth of colonies in vitro and predominance of 

clusters may reflect a high initial rate of growth followed by failure of both 

proliferation and differentiation (Ohmori et al, 1990). 

The first indication of increased apoptosis detected in bone marrow biopsy 

specimens of MDS patients by Clark & Lambert in 1990 has been, ever since, 

confirmed by several studies, using a variety of techniques (Raza et al, 1995, 

Bogdanovic et al, 1997, Parker et al, 1998, Tsoplou et al, 1999, Matthes et al, 

2000). In biopsy specimens, single cells can be examined for evidence of 

apoptosis, but their exact lineage usually cannot be confidently determined, 

and not only hematopoietic precursors but also stromal cells, endothelium, and 

fat may score positive (Parcharidou, et al, 1999). Other more specific indices of 

apoptosis have been abnormally elevated in MDS in comparison with normal 

and leukemic marrow: in situ end labeling (ISEL) detection of DNA strand 

breaks; terminal deoxynucleotide transferase incorporation of nucleotides on 3’ 

ends of DNA (TUNEL); detection of subgenomic DNA in histograms of cell 

populations subjected to fluorescence-activated flow cytometry; binding of 

annexin-V to exposed phosphatidylserine of cell membranes, also assessed by 

flow cytometry; and the detection of apoptosis-related proteins like bcl-2 in 

individual permeabilized cells. Mechanistically, low bcl-2 expression has been 

correlated with high apoptotic rates (Kurotaki et al, 2000) and enhanced bcl-2 
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expression has been linked to leukemic transformation (Davis et al, 1998). 

However, the role of apoptosis in the pathogenesis of MDS still remains 

ambiguous. The MDS patient populations examined have been very 

heterogeneous, and the range of results broad. One hypothesis proposes that 

programmed cell death dominates early in the pancytopenic phase of MDS, and 

that leukemic transformation represents escape from the apoptotic 

(intracellular) process or (extracellular) environment. Higher rates of apoptosis 

have been observed in RA and RAEB compared with transforming MDS or 

acute leukemia (Kurotaki et al, 2000, Parker et al, 2000), while others have 

found increased rates in late stages of disease (Raza et al, 1996). Questions 

have been raised as to whether apoptosis is a massive process in MDS (Lepelly 

et al, 1996, Choi, 2002), since there is wide variation in the apoptotic rates 

determined by separate groups using different detection methods. 

Furthermore, exceptions that demonstrate no apoptosis in the bone marrow 

are not rare, supporting alternative pathogenetic models (Dar et al, 1999). On 

the other hand, spontaneous intramedullary apoptosis and ineffective 

hematopoiesis are not unique to MDS; comparable levels of apoptosis have 

been observed in other hematological disorders like AML, lymphoid 

malignancies, β-thalassemia, folate deficiency, perturbation of heme synthesis 

(Irvine et al, 1998, Yuan et al, 1993, Yoshida et al, 1997), aplastic anemia, 

Fanconi anemia, Blackfan-Diamond anemia (Philpott et al, 1995, Koh et al, 

1999, Perdahl et al, 1994) etc, raising the possibility that apoptosis may not be 

a cause, but simply represents the correlate of ineffective hematopoiesis. 

Data are conflicting as well, regarding the nature of the primary cell engaged to 

the apoptotic process. It is well demonstrated that the CD34 negative (mature) 

cell fraction has a significant propensity to programmed cell death, while the 

involvement of the progenitor cell compartment (CD34 positive) remains 

controversial (Tsoplou et al, 1999, Mundle et al, 1999, Pecci et al, 2003). In 

those cases where progenitor cell apoptosis exists, the direct consequence on 

their clonogenic capacity has not been clarified. The initial hypothesis that 

increased apoptosis accounts for impaired clonogenic growth is questioned, 

since studies have demonstrated no correlation between the degree of 
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apoptosis and the ability of bone marrow to grow in either long- or short-term 

culture (McMullin et al, 1998). Consistently, we have recently shown that 

apoptosis does not account for the impaired clonogenicity of haematopoietic 

progenitors, as non-apoptotic as well as apoptotic bone marrow CD34+cells 

exhibited similar growth in a system of short-term semisolid culture 

(Michalopoulou et al, 2004). 

Pro-inflammatory cytokines and immune triggering of apoptosis in MDS 

There is evidence for a functional role of pro-apoptotic cytokines in MDS. 

Elevated serum levels of TNF-α in patients with MDS is well documented 

(Zoumbos et al, 1991, Verhoef et al, 1992, Stasi et al, 1997). Increased TNF-α 

production by blood mononuclear cells was restricted to patients with RA and 

RARS, but not RAEB or RAEBt (Koike et al, 1995). TNF-α levels have been 

elevated in MDS marrow biopsies (Molinar et al, 2000). Multiplex polymerase 

chain reaction has shown elevated marrow messenger RNA (mRNA) for TNF-α 

among other cytokines in a subset of MDS patients (Allampallam et al, 1999). 

The source of TNF-α in MDS marrow has been assumed to be the macrophages 

(Reza et al, 1999); in one large study of marrow biopsies, TNF-α, transforming 

growth factor (TGF-β), and monocyte/macrophage numbers were highly 

correlated (Allampallam et al, 2002). The increased density of marrow 

macrophages may occur in response to elevated serum levels of M-CSF 

(Janowska-Wieczorek et al, 1991). Point mutations in c-fms, which encodes the 

M-CSF receptor, may also promote macrophage development in some cases 

(Tobal et al, 1990). 

The role of TNF-α in the ineffective hematopoiesis in MDS is supported by 

several investigations: enhanced in vitro formation of CFU-GM by antibody 

neutralization of TNF-α in MDS, but no effect on AML CFU (Gersuk et al, 

1998), inverse correlation between serum TNF-α concentration and hemoglobin 

(Verhoef et al, 1992), inverse correlation between clinical response to Epo and 

TNF-α levels (Stasi et al, 1997), inverse correlation between a platelet response 

to IL-3 therapy and TNF-α serum levels (Ganser et al, 1993), correlation 

between plasma TNF-α concentration with nucleotide oxidation in marrow MDS 
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CD34+ cells (Peddie et al, 1997), positive correlation between TNF-α producing 

cells in the marrow and apoptosis (Raza et al, 1996). 

MDS bone marrows have evidence of downstream effects of TNF-α activity such 

as caspase activity (Mundle, et al, 1999). As with levels of apoptosis, different 

groups have reported variable correlations: TNF-α expression has been elevated 

with RA (Gershuk et al, 1998) or disease transforming to leukemia (Reza et al, 

1999), heralded a poor prognosis (Alexandrakis et al, 1998) or been found 

entirely unrelated to MDS subtype (Deeg et al, 2000). Therapeutic strategies 

which neutralize TNF-α have been found to improve hematopoiesis (Nemunaitis 

et al, 1995).   

Interferon (IFN)-γ or IL-1-β are apoptogenic cytokines that could also contribute 

to ineffective hematopoiesis in MDS. Increased production of IL-1-β by blood 

and marrow cells has been reported (Koike et al, 1995, Mundle et al, 1996, 

Wetzler et al, 1995). Patients with RA tended to have the highest IL-1-β 

production (Koike et al, 1995, Mundle et al, 1996) and IL-1-β levels have been 

correlated with the extend of apoptosis. 
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Immunological abnormalities in MDS, probable involvement in the disease 

pathogenesis 

Clinical evidence for involvement of the immune system 

Different immunological abnormalities are frequently observed in patients with 

MDS.  

There is an increased risk of infections that are the leading cause of death in 

MDS (64% of deaths) (Pomeroy et al, 1991). The increased susceptibility to 

bacterial infections has been attributed to the reduced number and function of 

neutrophils. Neutropenia is present in about 60% of the cases at diagnosis 

(Mufti et al, 1985). Several studies report a number of qualitative neutrophil 

defects such as decreased myeloperoxidase, impaired chemotactic and 

bactericidal capability (Ruutu, 1986, Boogaerts et al, 1983, Martin et al, 1983). 

MDS patients have a higher incidence of malignant tumors and lymphoid 

neoplasms, especially of immunoglobulin secreting tumors (Copplestone et al, 

1986, Hamblin, 1996). An underlying defect in immune surveillance that 

initially led to the emergence of the MDS clone in the first place may be the 

reason for the higher risk of malignant transformation in MDS (Hambline, 

1992). Expanded populations of histologically recognizable large granular 

lymphocytes (LGL) in the marrow also can coexist with MDS (Saunthararajah 

et al, 2001). 

MDS patients can manifest a wide range of autoimmune phenomena, such as 

cutaneous vasculitis (Green et al, 1990), polymyalgia rheumatica (Kohli & 

Bennet, 1994), necrotizing panniculitis (Billstrom et al, 1995), Coombs-positive 

autoimmune hemolytic anemia (Pendry et al, 1991, Mufti et al, 1986), remitting 

seronegative symmetrical synovitis with pitting edema (Cambier et al, 1997), 

inflammatory seronegative arthritis (Chandran et al, 1996, George & Newman, 

1992). Enright et al, 1995, reported the following chronic or isolated 

autoimmune manifestations: glomerulonephritis, polyneuropathy, pyoderma 

gangrenosum, polyarthritis, and ulcerative colitis. An association of 

inflammatory bowel disease with MDS had also been reported by other groups 

(Castellote et al, 1997, Eng et al, 1992). However, the incidence of autoimmune 
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disorders is generally not higher in MDS than in the general population, with a 

possible exception of CMML (Hamblin, 1996, Mufti et al, 1986). A particular 

situation where autoimmunity could be implicated is MDS with 

thrombocytopenia. Indeed, the high incidence (>50%) of antibodies directed 

against platelets in MDS, and some responses observed in this situation with 

therapeutic agents that are active in ITP (danazol steroids, high dose 

immunoglobulines) have suggested that peripheral autoimmune 

thrombocytopenia is frequent in MDS. However, it has been reported that in 

MDS with platelets antibodies, the antibodies were in only 20% of the cases 

directed at specific platelets antigens. Furthermore, platelet lifespan was 

generally normal, suggesting the central origin of the thrombocytopenia in a 

great majority of the cases (Hebbar et al, 1996). 

Vasculitis, seronegative arthritis and perhaps more importantly relapsing 

polichondritis may also be significantly associated to MDS. This obviously 

suggests a pathophysiological link between these disorders and MDS, although 

the precise mechanisms of the autoimmune phenomena are still not clear. 

However, the management of the autoimmune manifestations with 

immunosuppressive therapy is effective and may also improve the associated 

cytopenias (Enright et al, 1995, van Rijn RS et al, 2001). 

Similarities between MDS and aplastic anemia (AA), including the response to 

immunosuppressive treatment, suggest that MDS is closely related to diseases 

in which the pathophysiology of bone marrow failure is mediated at least in 

part by the immune system. Why hematopoiesis fails, and especially the 

explanation for the development of bone marrow hypocellularity that 

accompanies this failure, is not clearly understood. Very little is known about 

the interaction of the immune system, the marrow microenvironment, and the 

MDS stem cell. One hypothesis is that progenitor cells damaged by toxin 

exposure or spontaneous mutation evoke an immunologic response that 

further compromises progenitor cell growth and maturation (Rosenfeld & List, 

2000). 

The immunological abnormalities in patients with MDS certainly affect the 

disease prognosis. A study including 153 MDS patients has demonstrated that 
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the survival of MDS patients without immunological abnormalities is 

significantly better, while patients with immunological abnormalities tended to 

die of infection or leukemic progression (Okamoto T et al, 1997). Consistently, 

Luraschi et al, 1994 showed that patients with CMML, RAEB and RAEB-t 

exhibit the heaviest immune disturbances. Amin HM et al, 2003 demonstrated 

that absolute total lymphocyte count in peripheral blood correlates negatively 

with survival in MDS. A previous study in our laboratory has evaluated the 

prognostic significance of 17 parameters of cellular and humoral immunity in 

patients with MDS according to epidemiological data, FAB classification, 

clinical and laboratory findings, frequency of infections, evolution to more 

aggressive MDS and/or acute leukemia and total survival (Symeonidis A, 

1991). 

Immunological abnotmalities in MDS 

The fact that MDS combines several disparate diagnostic categories based on 

two clearly different hematologic processes, “preleukemia” and “refractory 

anemia”, suggests the possible involvement of different immune mechanisms. 

Most of the studies indicate a diminished immune state in MDS. Irrespective of 

the MDS type, the number of circulating T-cells and especially CD4 T-cells is 

generally decreased and their function reduced (Hamblin, 1996). A previous 

study in our laboratory has demonstrated that the total T lymphocyte count is 

diminished in patients with RAEB, RAEBt and CMML, especially in those with 

abnormal karyotype and complex chromosomal aberrations. Lymphopenia is 

mainly due to a reduction both in number and percentage of T helper cells with 

decreased T4/T8 ratio (Symeonidis A, 1999). In a recent study by Amin HM et 

al, 2003 RA, RARS, and RAEB patients show a statistically significant decrease 

in absolute peripheral blood lymphocytes as compared with RAEB-T, AML, and 

CMML patients.  

B cells were also reduced in number; however their percentage overlapped with 

the controls (Luraschi A et al, 1994, Okamoto et al, 1997). Recently, a 

significant increase in apoptosis of bone marrow CD19+ cells in MDS, RAEB-T, 

and CMML patients as compared with AML patients and healthy controls was 

demonstrated suggesting that alterations in B lymphocytes appear to be an 
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essential part of the altered immunological process in MDS (Amin HM et al, 

2003).  

NK cells were found also reduced (Luraschi A et al, 1994); deficiency of 

interferon-gamma-producing invariant NK T-cells (Fujii et al, 2003) as well as 

impaired NK activity (Takaku & Takaku. 1981) was demonstrated. NK 

cytotoxicity was differentially influenced by activation with IL-12 alone or in 

combination with IL-2. In all patients with RAEB and RAEB-t NK cells had low 

cytotoxicity that was not affected by activation; wheras in patients with RA the 

response was similar to the controls (Ogata K et al, 1995).  

Monocytes in MDS are derived from the malignant clone, but only subtle 

functional impairment has been generally seen (Kyriakou et al, 2000). Rigolin 

et al, 1999 has shown that DCs derived from peripheral blood monocyte 

(MoDCs) in patients with RA and RAEB type of MDS originate from the 

malignant clone and in immature state exhibit phenotypic and functional 

deficiencies. 

The relationship between impaired immunity and the clonal proliferation in 

MDS is not known. The concept that lymphocytes and APC originate from the 

malignant clone can easily explain the diminished immune response and 

suggests that it is more probably the result rather than the cause of MDS. 

Conversely, primary defects of lymphoid cells, antigen presenting cells or both 

could favor, by some kind of defective immunosurveillance, on one hand, the 

emergence of the myelodysplastic clone and, on the other hand, the poor 

immune response against infectious agents and the escape of the malignant 

clone from immune recognition with disease progression towards acute 

leukemia. 

A number of studies give evidence of aberrant immunologic response in MDS. 

It was demonstrated that in some MDS patients, hypergammaglobulinemia, 

more often polyclonal, positive Coomb’s test, positivities of antinuclear 

antibodies, RA factor, or DNA antibodies can be observed (Luraschi A et al, 

1994, Okamoto et al, 1997). Interestingly, higher incidence of autoantibodies 

than in a control age matched population was seen in CMML but not in other 

MDS (Mufti, 1986). Although the pathophysiological link between autoimmune 
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disorders and MDS is obvious, the precise mechanisms of the phenomena are 

still not clear. As proposed by Hamblin, 1996, granulocyte and/or monocyte 

dysfunction in MDS could lead to impaired disposal of immune complexes and 

subsequent deposition in small blood vessels allowing the local activation of 

inflammatory mediators. 

Increased number of cytotoxic T-cells has been found in MDS (Kook et al, 

2001). A study by Epperson DE et al, 2001 has shown an oligoclonal T cell 

expansion in MDS using spectratyping to characterize the T cell repertoire. The 

CD4 and CD8 T-cell repertoire in most MDS patients was characterized by an 

abnormal TCRbV-restricted expansion of T cells in CD4 and CD8 cells, and 

increased expression of the CD8 effector marker CD57 of multiple TCRbV in 

CD8 cells. Clonality analysis of CD4 and CD8 cells showed that seven of 10 

patients analysed had a major clone in the CD8 cells but not in CD4 cells 

(Melenhorst JJ et al, 2002). 

There is also evidence for immune suppression of hematopoiesis in MDS. 

Molldrem et al, 1998 reported that suppression of CFU-GM is probably 

mediated by CD8 T cells directed against MHC class I restricted antigens. 

Furthermore, haematological response to anti-thymocyte globulin correlated 

with disappearance of T cell-mediated haematopoietic progenitor cell inhibition 

and alterations in the T-cell receptor Vbeta (TCRbV) repertoire. Consistently, 

the lymphocyte depletion of bone marrow mononuclear cells in patients with 

RA and RARS resulted in a significant increased generation of CFU (Baumann 

et al, 2002).  

Clinical observations also support the notion of immune suppression of 

progenitor cell growth in MDS. Treatment with prednisolone, anti-thymocyte 

globulin or cyclosporine A has been used for the treatment of cytopenias in 

selected MDS patients (Biesma et al, 1997, Molldrem et al, 1997, Aivado et al, 

2002, Shimamoto T and Ohyashiki K, 2003). It has been reported that in 

patients with the rare form of MDS with erythroid hypoplasia, rearrangements 

of the TCR-beta and -gamma genes were seen. The anemia in those patients 

was drastically improved with cyclosporine A therapy (Shimamoto T and 

Ohyashiki K, 2003). 
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DENDRITIC CELLS 

Introduction 

Activation of naive or quiescent memory T cells requires the coupled 

presentation of antigen (Ag) bound to major histocompatibility complex (MHC) 

molecules, together with adhesive and co-stimulatory signals, collectively 

termed accessory molecules. Dendritic cells (DCs) meet all of these demands 

and constitute a system of antigen-presenting accessory cells especially suited 

to this task. DCs capture, process, and finally present Ags, complexed to their 

abundant surface MHC molecules. They also constitutively and inducibly 

express large numbers of accessory molecules as they migrate from peripheral 

sites of Ag capture to the spleen and lymph nodes, where final maturation and 

Ag presentation occurs. Under normal physiologic conditions, this process is 

designed to ensure a correct response against pathogens or foreign tissues 

while avoiding autoreactivity.  

Dendritic cells were first described in skin histology sections by Langerhans in 

1868. The function of these interdigitating non-epithelial, non-lymphoid cells 

was the subject of speculation and debate for decades. In the 1970s, several 

studies characterized the function of DCs found in the spleen, lymph nodes, 

and certain non-lymphoid tissues to be stimulators of primary immune 

responses (Steinman & Cohn, 1973, Chen et al, 1978, Nussenzweig et al, 

1980). 

The progress in characterization of DCs morphologically and functionally has 

been hindered by several factors including 1) the difficulty distinguishing DCs 

from monocytes (Mo)/macrophages (Mφ); 2) the absence of DC-specific markers 

that could be used to identify and purify these cells; 3) the relatively low 

frequency of DCs. Despite these obstacles, several laboratories persevered and 

have now identified DC-specific markers, methods for purifying, isolating and 

expanding DCs both in vivo and in vitro, and have been able to characterize the 

DC functionally as a professional APC with the ability to induce both a primary 

(to naive T cells) and secondary (to primed T cells) T cell response (Hart, 1997).  



 22

DC definition 

Although DCs are named because of their distinctive morphology this feature is 

insufficient to define them. Hart D.N.J, 1997 has proposed a consensus 

working definition, according to which DCs are cells with: 

 ability to stimulate a primary T-cell response (this may require 

differentiation/activation of DC population); 

 ability to migrate through tissues and track to T-lymphocyte dependant 

areas in lymph node; 

 relatively specialized phagocytic activity (in vitro);  

 spontaneous initial and rapid clustering with T-cells at 37°C in vitro; 

 cell surface antigen phenotype, distinguishing it from other leukocytes 

notably monocytes/macrophages and B-cells;  

 expression of certain DC associated antigens according to their 

differentiation/activation state; 

 cytochemical reactions, which differ from Mo/Mφ (lack of 

myeloperoxidase, low levels of 5’ nucleotidase, dipeptidyl peptidase 

(DPP1), and cathepsin B activity). 

DC classification 

DCs represent a heterogeneous cell population with characteristic features. 

Their heterogeneity is due to differences in: 

 their developmental pathway (distinct lineages of DCs); 

 the tissue distribution; 

 the state of maturation (life cycle). 

Ideally, each DC could be characterized by ultra structure, surface molecules 

(phenotype), and function. However, lineage origin, maturation stages, and 

functional properties of the various DC populations are not yet fully elucidated. 
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DC origin 

Although it is well known that DCs are continuously produced from bone 

marrow hematopoietic stem cells (HSC), the exact in vivo pathways of their 

development remain elusive. It is widely accepted that all HSC-derived cells 

develop either as a part of lymphoid or myeloid pathway through a multipotent 

but lineage-restricted common lymphoid precursors (CLP) for B-, T-, and NK-

cells, or common myeloid precursors (CMP) for granulocytes, monocytes, 

macrophages, erythrocytes and megacaryocytes, with subsequent commitment 

and differentiation along a single lineage (Kondo et al, 1997, Akashi et al, 

2000). Recent studies on DC development provide evidence that all DC subsets 

can be generated along both myeloid and lymphoid pathways, from CMP or 

LCP (Dakik & Wu, 2003, 1Manz et al 2001, 2Manz, 2001, Wu et al, 2001). 

 

Fig.1. Hematopoietic development of human dendritic cells 
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Myeloid-related DCs in humans 

Based on certain similarities with Mo/Mφ in terms of morphology, phenotype, 

and endocytic potential, DCs were originally believed to be of myeloid origin. 

Indeed, in the presence of GM-CSF, DCs and granulocytes or Mφ can be 

produced in cultures from mouse blood and BM proliferating MHC class-II-

negative precursors (Inaba et al, 1992, Inaba et al, 1993). All these cell types 

can develop from a single BM-precursor-derived colony grown in semisolid 

medium-a confirmation that they share a common precursor. In humans, it 

was also demonstrated by clonal assay that a single BM bi-potential CD34+ 

precursor could form mixed colonies of Mo/Mφ and DCs in the presence of 

GM-CSF and TNF-α. However, by prior expansion of CD34+ precursors Young 

et al in 1995 demonstrated the existence of a precursor giving rise to pure DC 

colonies, distinct from granulocyte/macrophage colonies. Whether this DC-

committed precursor is downstream from the DC/macrophage common 

precursor, or whether it is an early precursor of a separate DC developmental 

stream, is not yet clear. 
 Additional support for the myeloid origin of DCs came from PB monocytes 

(Mo), without proliferation and under various experimental conditions. Human 

blood Mo can serve as precursors for the in vitro generation of DCs in the 

presence of GM-CSF and IL-4. (Salusto & Lanzavecchia, 1994, Bender et al, 

1996, Romani M, 1996).  

The direct evidence for the myeloid origin of some DCs came from the studies of 

BM CMP (1Manz et al, 2001). In vitro, human haematopoietic progenitors 

purified from cord blood or bone marrow can be induced to proliferate and 

differentiate into DCs (Caux et al, 1992; Santiago-Schwarz et al, 1992; Reid et 

al, 1992). CD34+ cells differentiate into DCs through two pathways involving 

two subsets of intermediate DC precursors, identified by the mutually exclusive 

expression of CD1a and CD14 (Caux et al, 1996). Both these intermediate 

precursors mature by day 12-14 into cells with characteristic DC morphology, 

surface phenotype (CD1a+, high class II MHC, CD80, CD86, CD83, CD58), and 

function. However, the CD14– CD1a+ precursors give rise to cells with 

Langerhans cells (LC) characteristics (Birbeck granules, Lag antigen, E-
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cadherin), whereas the CD14+ CD1a– precursors give rise to CD1a+ DC lacking 

Birbeck granules, Lag antigen or E-cadherin but expressing CD2, CD9, CD68 

and the coagulation factor XIIIa found in dermal DCs. Interestingly the CD14+ 

precursors, but not the CD1a+ precursors, are bipotent cells that can be 

induced, in response to macrophage-colony stimulating factor (M-CSF), to form 

macrophage-like cells lacking the ability to activate T cells.  

Lymphoid-related DCs in humans 

Human DCs of lymphoid origin were first described by Galy et al, 1995. When 

isolated from CD45RA+CD10+Thy-1- human precursor cells, which constitute 

approximately 5% of adult bone marrow, these cells failed to give rise to 

myeloid and erythroid cells, but were capable of differentiating into T, B, NK, 

and DCs under defined culture conditions. The resultant DCs exhibited large 

size and granularity, high expression of HLA-DR and CD1a antigens and could 

function as effective allostimulatory cells (Galy et al, 1995). The thymus is 

seeded by multipotent progenitor cells that are able to give rise to T cells, B 

cells, NK cells, and DCs. When cultured in a cytokine mix including GM-CSF, 

IL-1α, IL-6, IL-7, and SCF, postnatal CD34+CD33± thymocytes could be 

converted into DCs. With the addition of IL-2, DCs and NK cells developed 

simultaneously. While these data suggest a common DC/NK progenitor, Plum 

et al, 1999 described a CD34+CD38-CD3-CD4- precursor that could 

differentiate into DCs, NK, and T cells when cultured in a hybrid 

human/mouse fetal thymic organ culture. Cells that were isolated further 

downstream in differentiation expressed cytoplasmic CD3 and could no longer 

give rise to DCs, but could differentiate into both NK and T cells, suggesting 

that the capacity for DC development is lost prior to differentiation into NK/T 

cells. It has been recently demonstrated that in human thymus DC 

differentiation occurs from Gata-3- precursors, upstream from that of T-cells. 

DC then may follow either plasmacytoid or myeloid pathways, which converge 

upon activation (Fohrer H, 2004). 

The fact that both CML and CLP can generate all the DC populations suggests 

plasticity in developmental potentials of these early precursors.  



 26

DC populations characterized in humans  

Peripheral tissue DCs 

DCs found in nonlymphoid tissues can be divided into two populations based 

on phenotype and location-those found in the superficial epithelium and those 

found in the nonepithelial tissues. 

The superficial Epithelial DCs include Langerhans cells (LCs) DCs in the gut, 

the urogenital tract and possibly the respiratory tract. LCs express receptors 

for antigen uptake, CD1a, a molecule involved in the presentation of glycolipids 

to T lymphocytes, but not the mannose-receptor multilectin. Some evidence 

suggests that LCs are regulated independently from other DC subsets: 

transforming growth factor β (TGFβ) is essential for the development of E-

cadherin, an adhesion molecule selectively expressed by LCs, that enables 

these cells to reside in epithelia. Their interaction with Ag, accompanied by the 

release of inflammatory mediators, reduces E-cadherin levels; as a 

consequence, LCs can migrate out of the epithelium. Langerin, a C-type lectin 

found only in LCs, an endocytic receptor inducing the formation of Birbeck 

granules, is involved in Ag uptake and cell migration (reviewed by Keller R, 

2001).  

Interstitial DCs identified in the interstitium of most tissues (heart, kidney, and 

lung), are characterized by the expression of CD68 and factor XIIIa, but lack 

LC markers. These cells display similarities with monocyte-derived DCs. 

Migrate into the germinal centers of LN (germinal center DCs) (Hart & 

McKenzie, 1990). 

Lymph node associated DCs 

Once DCs see antigen they exhibit an activated phenotype suggesting that 

these cells have responded to regulatory signals. Their antigen uptake function 

is down-regulated and they migrate to areas associated with adaptive immunity 

such as the lymph nodes. 

Interdigitating DCs-lymphoid DCs of the thymus that mediate negative selection 

resulting in central tolerance.  
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Germinal center DCs. In the germinal center (GC) of human lymph nodes, 

tonsils, and spleen, a subset of large CD11c+ CD4+ CD3- DCs with strong MHC 

class II expression, DC morphology, and CD4+ T cell stimulatory activity was 

identified (Grouard et al, 1996). These GCDCs probably stimulate CD4+ T cells 

and are involved in the complex processes generating B cell memory. 

Monocyte-derived DCs  

The circulating monocytes could be considered another potential DC precursor 

population. The presence of monocyte-derived DCs (MoDCs) in physiological 

conditions has yet to be determined, although, there is some suggestion that 

they may differentiate into DCs in vivo providing a boost to the APC population 

in sites of significant infection or inflammation (Randolph et al, 1999). 

However, these cells are useful in experimental systems to provide an easy way 

of obtaining DC-like cells in large numbers.  

Blood and lymph DCs 

Circulating DCs represent 0.15%-0.70% of the leukocyte population in 

peripheral blood mononuclear cells (PBMCs) (Fearnley et al, 1998). They 

express MHC molecules, but show little or no expression of 

differentiation/activation antigens (CD83) or costimulatory molecules (e.g. 

CD40, CD80, and CD86) (Zhou &Tedder, 1995, Hart et al, 1993). The majority 

of these cells represent an immature state in the development of the DCs that 

have yet to encounter antigen. Different groups have characterized a number of 

DC subsets within the blood using expression of HLA-DR, the lack of lineage 

markers, and the expression of CD11c molecules (O’Doherty et al, 1994, 

Robinson et al, 1992, Kohrgruber et al, 1999). Although their developmental 

relationship has not been established, it is likely that they represent distinct 

lineages of functionally diverse immature DCs (Kohrgruber et al, 1999; 

Grouard et al, 1997) that upon extravasation and receipt of appropriate signals 

can give rise to two types of mature DCs. It is strongly suggested that the two 

PB DC populations constitute the circulating precursors of the CD11c- and 

CD11c+ DCs located in T cell and B cell-rich areas, respectively. 
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Myeloid DCs  

(MDCs; DC1) The CD11c+ subset displays features of myeloid-lineage-derived 

cells including monocytoid appearance and the expression of myeloid markers 

(CD13 and CD33). Further analysis identified precursor 

(CD33dimCD14dimCD16-CD11c+) and mature (CD33brightCD14dimCD16-CD11c+) 

DCs circulating in the blood (Thomas & Lipsky, 1994). MDCs require 

exogenous GM-CSF for their survival (Robinson et al, 1992, Kohrgruber et al, 

1999). Functionally, the CD11c+ DCs show high antigen uptake capacity. When 

stimulated with TNF-α and CD40 ligand produce high levels of IL-12 and drive 

a potent Th1 polarized immune response (Cella et al, 1996, Macatonia et al, 

1995). CD11c+ cells found in blood also correspond to the recently described 

immunoglobulin like transcript (ILT)3+/ILT1+ cells (Cella et al, 1999). Recently 

it has been demonstrated that CD1c+ PBDCs can perceive only transient 

signals (e.g. CD40 ligation), allowing them to migrate and to induce an 

acquired immune response even in the case of acute and persistent infection 

(Luft et al, 2004). 

Plasmacytoid DCs  

(PDCs; DC2), a distinct DC subtype closely linked to the lymphoid lineage, has 

been extensively investigated in mice while their existence in humans has for 

long been somewhat controversial. 

In 1958, Lennert & Remmele, 1958 described a surprising observation that 

clusters of cells with plasma cell morphology were localized within the T-cell 

areas of human reactive lymph nodes as T-associated plasma cells. In 1983, 

Feller et al reported the T-associated plasma cells express CD4, a marker for 

helper/inducer T-cells, but did not express B-cell antigen or immunoglobulin. 

T-associated plasma cells were renamed as “plasmacytoid T-cells” and were 

suggested to be the counterparts of plasma cells of the B-cell system that 

secrete T-cell lymphokines instead of immunoglobulins. Further, the discovery 

that the “plasmacytoid T-cells” did not express T-cell receptor component CD3, 

together with the finding that express major histocompatibility complex class 

II, led Facchetti et al, 1988 to suggest that these cells may belong to the 
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monocyte/macrophage lineage, and were renamed as “plasmacytoid 

monocytes”. At the same time O’Doherty et al 1994 reported the isolation of 

two subsets of DCs from human blood DR+/CD11c+ and DR+/CD11c- 

suggesting that DR+/CD11c+ may represent the migrating interstitial DCs on 

their way to the spleen or lymph nodes, whereas DR+/CD11c- represent blood 

Langerhans cell precursors migrating to the skin. Accordingly, G.Gouard et al, 

1997 reported that within the CD4+/CD3- cells in germinal centers two 

populations could be distinguished - lin-/CD11c+ and lin-/CD11c-. CD4+CD3-

CD11c-lin- plasmacytoid cells were found identical to the plasmacytoid 

monocytes, previously described. It was concluded that CD4+CD3-CD11c-lin-

plasmacytoid cells represent DC precursors (plasmacytoid pre-DCs, or pre-

DC2), distinct from monocytes; IL-3 represents the key factor for the survival 

and differentiation of CD4+CD3-CD11c-lin- plasmacytoid cells; CD4+CD3-

CD11c-lin- plasmacytoid DC precursors may be of lymphoid lineage and are 

similar to the DR+/CD11c- blood immature DCs described by O’Doherty et al, 

1994.  

PDCs have lymphoid morphology and low expression of myeloid markers. 

Directly isolated CD11c- cells express CD123 (IL-3R) and show immature 

morphology without cytoplasmic protrusions. In culture these cells do not 

require GM-CSF for development, but do require IL-3 (Cella et al, 1999). The 

majority of these cells dies rapidly in culture but could be partially rescued by 

GM-CSF and IL-3 or in the presence of CpGDNA. PDCs produce large amounts 

of type I IFN upon stimulation with viruses or CD40L and may play an 

important role in innate immunity (Siegal et al, 1999). PDCs can elicit an IL-4-

independent Th2 polarization of naïve T cells (Rissoa et al, 1999). On the other 

hand, when stimulated with viruses or CD40L in vitro, they can efficiently 

promote Th1 immune responses mediated by the synergistic effect of IL-12 and 

type I IFN (Cella M, 2000, Kadowaki, 2000). Thus, PDCs constitute a critical 

link between innate and adaptive immunity. 

PDCs migrate from blood into lymphoid organs independently of inflammatory 

stimuli and foreign Ag. In lymph nodes they are located within the lumen and 

in close proximity to high endothelial venules (HEVs) indicating that they enter 
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the lymph node from the blood stream at HEVs. Lin– CD11c– DCs express high 

levels of CD62L which they may use for migration through the HEV 

endothelium. It appears that PDCs migrate through the blood stream in a 

manner that is distinct from migration of DCs from peripheral tissues. 

DC function 

DC life cycle 

DCs originate from a proliferating progenitor, which in humans is found in the 

CD34 positive fraction of bone marrow (Olweus J et al, 1997). Then there are 

non-proliferating precursors. DC precursors from the bone marrow pass 

through the blood to peripheral tissues where they reside as immature DCs. 

Immature DCs are potent in Ag uptake and efficiently capture invading 

pathogens. After Ag uptake, DCs rapidly cross the endothelium of lymphatic 

vessels and migrate to the draining secondary lymphoid organ. During this 

migration, DCs undergo the maturation process which is characterized by 

downregulation of the capacity to capture Ag and upregulation of Ag-

processing and -presentation, of expression of costimulatory molecules and of 

dendritic morphology. After presentation of Ag to Ag-specific T cells in the T cell 

area of secondary lymphoid organs, most DCs disappear, probably by 

apoptosis. (Keller, 2001) 

The Langerhans’ cells (LC) of the skin provide the clearest model of the life 

history of DCs [Steinman & Cohn, 1973, Wolff & Stingl, 1983). 

Antigen capture by immature dendritic cells 

The ability of DCs to take up Ag and process it is highly dependent on the stage 

of DC differentiation. In vivo it relates to DC location. Matsuno et al, 1996 

demonstrated that bone-marrow-derived precursors of liver DCs were able to 

phagocytose and present Ag. LCs also demonstrate active phagocytosis. In vitro 

the endocytic ability relates to the time in culture, degree of activation, and 

Ag/T-lymphocyte exposure. The high endocytic capacity is a specific property 

of cultured immature DCs and is down regulated upon maturation (Sallusto & 
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Lanzavecchia, 1994).  

DCs have developed more than one mechanism for the loading or uptake of Ag 

(reviewed in Stahl, 1992). Different pathways are involved: (a) 

macropinocytosis, where fluid from the extracellular milieu is taken up into 

pinocytic vesicles and Ag is concentrated by expelling excess water, (b) 

endocytosis via lectin receptors such as mannose receptor, DEC-205, Langerin, 

or DC-SIGN (c) Toll-like receptors involved in pathogen recognition including 

LPS, peptidoglycan, lipoteichoic acid, and lipoprotein; (d) Fc receptors (FcRI, 

FcRII, FcRIII) and complement receptors (CR3) can mediate efficient 

internalization of immune complexes or bacteria; and (e) phagocytosis of 

apoptotic and necrotic cell fragments via CD36 and v3 or v5 integrins, of 

viruses, bacteria including mycobacteria, and/or intracellular parasites. 

 

The macrophage mannose receptor (MMR) is a pattern recognition 

receptor/lectin like receptor, which recognizes complex carbohydrates that 

have some specificity in the terminal sugar residues. 

The MMR mediates phagocytosis of yeast and other pathogenic microorganisms 

by endocytosis of glycoproteins with terminal mannose, fucose, N-

acetylglucosamine, or glucose residues. This receptor can discriminate self 

from nonself because terminal mannose or N-acetylglucosamine residues are 

rarely found in mammalian cell surfaces but are a common component of the 

cell surfaces of bacteria, yeasts, and parasites. MMR also mediates clearance of 

endogenous glycoproteins that bear mannose oligosaccharides. These include 

lysosomal enzymes and tissue plasminogen activator, often released from cells 

in response to pathological events.  

MMR is a type I transmembrane protein containing a cysteine-rich (CR) 

domain, fibronectin type II (FNII) domain, eight Ca2+-dependent carbohydrate 

recognition-like domains (CRD1–8), a transmembrane domain and a short 

cytoplasmic tail. The cytoplasmic domain contains the motif for coated pit-

mediated endocytosis.  

In vivo, MMR is expressed only in macrophages and hepatic endothelial cells. 

MMR seems to be the major Ag uptake receptor on immature MoDCs. It has 
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been shown that mannosylated Ag is efficiently uptaken by MMR on MoDCs, 

processed and presented to T lymphocytes using MHC class II (for protein Ag) 

(1Engering et al, 1997). MMR-mediated FITC-dextran uptake by MoDCs is far 

better than that of macrophage.  

Recently, a population of blood DCs with the same phenotype as the IFN-α 

producing PDCs has been shown to express the MMR (Milone & Fitzgerald-

Bocarsly, 1998).  

Antigen processing  

The loading of MHC molecules on DCs by antigenic peptides can occur by 

various pathways. 

Major histocompatibility complex class II 

In DCs exposed to microbial and T cell-derived stimuli, synthesis of MHC class 

II molecules is markedly increased and the peptide-MHC class II complexes are 

translocated to the cell surface; these complexes remain stable for days and are 

available for recognition by CD4+ T cells (Cella M et al, 1997). On the other 

hand, IL-10, in parallel with inhibition of DC maturation, can also block 

translocation of peptide-MHC class II complexes to the plasma membrane 

(Koppelman J et al, 1997).  

Major histocompatibility complex class I 

To generate CD8+ CTLs, DCs present antigenic peptides on MHC class I 

molecules; these molecules can be loaded through endogenous and exogenous 

pathways (Pmer E & Ctesswell, 1998, Rock KL & Goldberg AL, 1999).  

During endogenous MHC class I-restricted antigen processing, cytosolic 

proteins are degraded via the ubiquitin-proteasome pathway; its activity can be 

modulated by a variety of accessory protein complexes. The newly generated 

peptides are translocated into the endoplasmic reticulum by the transporter 

associated with Ag processing (TAP) and are trimmed into 8–10 mers which are 

associated to the MHC class I-binding grove; these peptide–MHC class I 

complexes are transported to the surface of DCs to be presented to CD8+ T 

cells.  
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MHC class I presentation of exogenous antigens was observed by Bevan MJ, 

1976 who reported priming of host MHC class I-restricted CTLs for minor Ags 

after immunization with cells that lacked the cognate MHC class I molecules. 

This property, termed cross-presentation or cross-priming, suggested that 

minor Ags could be transferred to host cells for presentation by host MHC class 

I molecules.  

CD1 molecules 

CD1 molecules have been identified as nonclassical Ag-presenting structures 

involved in the regulation of T cell responses to microbial Ags containing lipids 

or glycolipids (Burdin N & Kronenberg, 1999). Endogenous and exogenous 

lipids can be presented; this pathway may contribute to microbial immunity, to 

autoimmunity, and to antitumor responses.  

Dendritic cell migration 

Studies to determine the expression of chemokine receptors by DCs and the 

chemotactic responses of DC populations in vitro both address the recruitment 

of immature DCs to the site of inflammation and the migration of the mature 

DC to lymphoid tissues. These two different journeys made by DCs are 

controlled by different chemotactic agents (Keller R, 2001). Murine and human 

models have established that Ag capture and processing by DCs occurs in the 

periphery, after which DCs migrate to lymphoid tissues and mature into potent 

T cell stimulators. Inflammatory cytokines can directly decrease mRNA and 

surface expression of molecules like E-cadherin, which maintains adhesive 

interactions between LCs and keratinocytes, thus facilitating LC emigration 

from the skin (Palucka KA et al, 1998). Chemokines are also prime candidates 

to mediate DC trafficking, and recent work supports maturational changes in 

chemokine responsiveness and chemokine receptor expression by DCs (Szabols 

P et al, 1996, Chomarat P et al, 2000, Oehler L et al, 1998, Nakamura K et al, 

1996). Immature DCs express receptors for chemokines produced at sites of 

inflammation (CCR6 in directing immature DCs to sites of injury), whereas 

mature DCs lose these and instead express receptors like CCR7 for chemokines 
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like MIP-3[beta] produced in lymphoid tissue.  

It has been recently demonstrated by Luft et al, 2002 that MoDCs activated by 

certain type of activation, such as TNF-α+prostaglandin E2, have a high 

propensity to respond to CCR7 ligands while producing low levels of 

inflammatory cytokines. In contrast, stronger stimuli, such as trimeric forms of 

CD40 ligand, induce MoDCs to secrete high levels of interleukin-12p70 but 

prevent their response to CCR7 ligands. Moreover, the strength and persistence 

of identical signaling pathways determine the capacity of MoDCs either to 

develop strong migratory ability (weak and transient signaling) or to secrete 

inflammatory cytokines (strong and persistent signaling). Extracellular signal-

regulated kinase 1/2 (ERK1/2) and p38K activation synergistically mediate 

cytokine secretion, whereas migration was enhanced by p38K activation but 

reduced by persistent ERK1/2 activity (Luft et al, 2004). 

An in vitro model of transendothelial migration has shown that migration is 

sufficient to mediate monocyte differentiation into DCs, whereas monocytes 

that do not migrate across the endothelium differentiate into tissue 

macrophages (Bjorck P & Kincade PW, 1999).  

Presentation of antigens to T-cells by mature DCs 

Three distinct stages of cell-cell interaction between APC and antigen specific 

T-cells are required to induce an antigen specific immune response – adhesion, 

recognition and co-stimulation (reviewed by Guinan EC et al, 1994). 

Adhesion 

In a process termed adhesion APC and T-cells interact both in circulation and 

in lymphoid tissue via cell surface ligands and their receptors (adhesion 

molecules). They may be relatively lineage restricted (LFA-3 (CD58) on APC and 

its receptor CD2 on T-cells), or they may be bi-directional (ICAM-1 on APC and 

its receptor LFA-1 on T-cells and ICAM-1 on T-cells can bind LFA-1 on APC). 
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Recognition 

Progression to the next stage, termed recognition, occurs if the APC can 

process, transport and present sufficient quantity of the specific peptide 

antigen in the context of the MHC.  

Antigen – MHC will then be recognized by the T-cell via the T-cell receptor 

complex (TCR). Depending on the nature and source of the peptide antigen, 

endogenous peptides (derived from intracellular proteins) are generally 

presented to T-cells coupled to MHC class-I (HLA – A, B, or C), whereas 

exogenous processed peptide antigens (derived from circulating proteins) are 

generally presented coupled to MHC class-II (HLA-DR, DP, or DQ) cell surface 

molecules. Although there is a common TCR/CD3 complex, specific associative 

recognition structures on T-cells are necessary to interact with the APC class-I 

or class-II MHC. Antigens couple to class-I MHC molecules are recognized by 

TCR/CD3 in the context of associated CD8 molecules, whereas recognition of 

antigens coupled to class-II MHC molecules require CD4. This antigen specific 

MHC restricted interaction initiates a number of complex signaling events. 
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Co-stimulation 

After ligation (binding and cross-linking) of TCR by antigen-MHC complex, T-

cells are competent to respond to a number of potential second signals, a 

process termed costimulation. Costimulatory molecules (CM) do not initiate but 

rather enable the generation and amplification of antigen specific T-cell 

responses and effector function. CM provides T-cells with additional signals 

that result in the initiation and enhancement of proliferation. Costimulation by 

some ligands results in cytokine production that can only be detected at mRNA 

level, whereas other costimulatory ligands are capable of inducing significant 

secretion and even accumulation of cytokines. Some CM appear to be 

expressed on all professional APC whereas others appear to be more lineage 

restricted. Several molecules previously considered to be adhesion molecules 

are also capable of delivering co-stimulatory signals. 

 

 

Critical nature of the costimulatory signal: two-signal model of T-cell activation. 

Signaling through TCR is necessary but not sufficient to induce antigen-

specific T-cell activation and cytokine secretion. In both murine and human 

systems, antigen-specific TCR signaling induces a state of readiness in the T 

cell yet fails to induce proliferation and effector function. This first signal, 

termed signal 1, is both antigen-specific and MHC-restricted. Signal 2, which is 

neither antigen-specific nor MHC-restricted, is necessary to induce cytokine 

secretion, cellular proliferation, and effector function. Both TCR and a 

costimulatory signal are essential for T-cell clonal expansion, lymphokine 

secretion, and effector function. If signal 2 is not delivered, T cells enter a state 

of long-term unresponsiveness to specific antigen (tolerance).  
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DC maturation process 

DC maturation is a continuous process initiated in the periphery and 

completed during DC-T cell interaction in the secondary lymphoid organ. The 

maturation state largely determines the functional properties of DCs (reviewed 

by Keller, 2001).  

Immature DCs manifest high endocytic activity. Contact with bacterial 

products (e.g. LPS) or with inflammatory cytokines (e.g. TNF-α, IL-1) induce the 

maturation process with loss of the capacity to take up Ag and to respond to 

inflammatory chemokines. Maturing DCs sequentially acquire the capacities to 

process Ag and to present it as immunogenic peptide–MHC complexes on their 

surface. In parallel, the expression of costimulatory molecules (CD54, CD56, 

CD80 and CD86) is upregulated, while CD68 is downregulated. Cytokine 

secretion is differently affected (e.g. downregulation of type I IFN and IL-10, 

upregulation of IL-12). Terminal activation of DCs is achieved by close contact 

with Ag-specific T cells (CD40/CD40L) in the T cell area that endows these DCs 

with the ability to present processed Ag to naive T cells. The process of DC 

maturation is stimulated by various mechanisms: pathogen-derived molecules 

(LPS, DNA, RNA), proinflammatory cytokines (TNF-α, IL-1, IL-6), migration of 

DCs across endothelial barriers between inflamed tissues and lymphatics, and 

T cell-derived signals. Anti-inflammatory signals (IL-10, TGFβ, prostaglandins, 

corticosteroids) are inhibitory.  

DC maturation is accompanied by morphological changes which include loss of 

adhesive structures, reorganization of cytoskeleton and acquisition of high 

cellular motility. The actin-bundling protein p55 fascin, expressed at high level 

in blood DCs and in interdigitating DCs in the T cell areas of lymph nodes, may 

be important in controlling cytoskeleton remodeling.  
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Functional differences between DCs 

All DCs have the capacity to present antigen and efficiently activate T cells; this 

has been the major criterion for classifying them as DCs. However, there are 

now documented examples of differences in function between DC subtypes. 

These findings suggest that the DC sublineages are functionally specialized. 

These differences might also reflect specialized stages of development within 

one lineage, or can simply be a consequence of the anatomical location or 

microenvironment of the individual DC. 

Control of T-cell responses by DCs 

When co-cultured with allogeneic T cells, MDCs (DC1) induce T cells producing 

IFNγ and IL-2 (Th1 polarized immune response) (Cella M et al, 1996, Macatonia 

et al, 1995), whereas PDCs (DC2) induce T cells producing IL-2, IL-4, IL-5, and 

IL-10 (Th2 polarization of naïve T cells) (Risoan et al, 1999). The ability of these 

DC subsets to secrete cytokines upon CD40 ligation was also examined. DC1 

cells were capable of producing IL-1α and β, IL-6, IL-8, IL-10 and IL-12, 

whereas DC2 secreted IL-8. Interestingly, when stimulated with viruses or 

CD40L in vitro, PDCs can efficiently promote Th1 immune responses mediated 

by the synergistic effect of IL-12 and type I IFN (Cella et al, 2000, Kadowaki et 

al, 2000). Thus, PDCs constitute a critical link between innate and adaptive 

immunity. 
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Interactions between DCs and B-cells  

Recently, it has been demonstrated that culture-generated DCs can directly 

modulate all stages of the B cell growth and differentiation. DCs enhanced 

CD40L dependent B cell proliferation (three- to six fold) and in the absence of 

added cytokines DCs enhanced the differentiation of CD40-activated memory B 

cells to antibody secretion (100-fold increase in Ig) (Li and Choi, 2002).  

Many of these interactions between DC and B cells may be a feature of a 

particular DC lineage. They probably occur within the B cell follicles and 

involve specialized “GCDC.” Thus the different pathways of DC development 

may be linked to a functional specialization of the end-product mature DC. 

CD14+ precursor-derived DC, related to monocyte-derived DC and potentially 

located in tissues such as the dermis, or in blood, may, after antigen capture, 

migrate to the B cell follicles where they would be involved in the regulation of 

B cell humoral responses.  

Immunoregulatory properties of DCs 

In parallel with stimulatory functions, there is growing evidence that dendritic 

cells also maintain and regulate T-cell tolerance in the periphery. This control 

function is exerted by certain maturation stages and subsets of different 

ontogeny, and can be influenced by immunomodulatory agents.  

For example, it was found that IL-10 suppresses multiple activities of the 

immune response. The immunosuppressive properties of IL-10 on DCs are 

caused by a reduction in the upregulation of expression of MHC class II 

molecules, several costimulatory, adhesion molecules, and CD83 (Buelens C et 

al, 1995) and inhibited production of inflammatory cytokines (e.g. IL-1β, IL-6 

and TNF-α, IL-12) (Buelens et al, 1997). The production of IL-10 and/or other 

immunosuppressive cytokines, such as TGF-β, which modulate the functional 

activities of DCs, might be a way of limiting autoreactive T-cell responses by 

converting immature DCs into ‘tolerizing’ APCs. The release of IL-10 by tumor 

cells and/or tumor-infiltrating lymphocytes might deactivate tumor-specific 

immune responses and serve as a mechanism for immune escape.  

Recently, it has been shown that immature DCs can mediate tolerance, 
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presumably by the induction of T regulatory cells in humans. The IL-10-

producing T regulatory cells can act directly on activated Th1 cells and inhibit 

their Ag-specific proliferation and cytokine production in a cell contact-

dependent manner. The suppressive activity of these T regulatory cells in 

contrast to the anergic T cells induced by IL-10-modulated DCs is Ag-

nonspecific and can be partially inhibited by the addition of exogenous IL-2 

(Jonuleit H et al, 2000). 

T-cell activation is strongly dependent on two types of signals-signal 1 that 

involves MHC:antigen:TCR interaction and signal 2 involving the interaction of 

costimulatory molecules with CD28 on T-cells. The presence of signal 1 in the 

absence of signal 2 leads to T-cell anergy or apoptosis (Li et al, 1999). 

Apoptosis and DCs 

Physiologic apoptosis occurs asynchronously and likely in the absence of 

maturation stimuli for DCs. A censorship on the Ag presenting function of DCs 

or on DC maturation would prevent the generation of immune responses 

toward self-Ags contained into apoptotic cells. Conversely, DCs undergoing 

maturation after the internalization of apoptotic cells may be implicated in 

cross-priming phenomena during virus-specific and autoimmune responses. 

Efficient engulfment of apoptotic cells is of paramount importance in vivo, in 

part because clearance of apoptotic cells prior to their lysis is critical for the 

resolution of inflammation. It prevents the release of proinflammatory and 

immunogenic material and actively suppresses inflammation. When apoptotic 

cells are recognized by Mφ, production of proinflammatory mediators is 

downregulated through the action of TGF-β, PGE2 and other anti-inflammatory 

mediators. IL-10 is released by Mφs or the apoptotic cells themselves. 

Phosphatidylserine is apparently able to suppress the production of 

proinflammatory cytokines, such as IFN-γ and TNF-α and cytocidal products 

such as nitrous oxide. 

The data showing whether DCs can mature and present Ags derived from 

apoptotic cells are conflicting. 

The binding and engulfment of pure apoptotic population by apoptotic cell 
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receptors on DCs is non-stimulatory, whereas engulfment of necrotic cells, 

particularly derived from tumors, strongly stimulates the DCs to mature and 

activate T cells (Sauter B et al, 2000). 

The DCs that ingest apoptotic cells are able to produce TNF-α but have a 

diminished ability to produce IL-12 in response to external stimuli (LPS), as 

well as diminished capacity to stimulate naïve T cells (Stuart LM et al, 2002). 

DCs internalized apoptotic cells and processed them for presentation to both 

MHC class I- and class II-restricted T-cells with an efficiency that was 

dependent upon the number of apoptotic cells. The latter event was 

accompanied by the autocrine/paracrine secretion of IL-1β and TNF-α, with 

eventual DC maturation. High numbers of apoptotic cells, mimicking a failure 

of their in vivo clearance, are therefore sufficient to trigger DC maturation and 

the presentation of intracellular Ags from apoptotic cells, even in the absence of 

exogenous “danger” signals (Rovere P, 1998).  

DCs can phagocytose apoptotic tumor cells and present the tumor derived Ags 

via cross-presentation to CD8+ T cells. This outcome may result from delayed 

clearance, which may reflect the relative inefficiency of apoptotic cell 

engulfment by the DCs (Rovere et al, 1999). On the other hand, uptake of 

apoptotic cells may be tolerogenic and apoptosis may provide a way by which 

tumor cells or even intracellular pathogens could avoid immune surveillance. 

Apoptotic cells are a source of autoantigens, found localized to apoptotic blebs. 

The ability of DCs to present such Ags might initiate autoimmunity (Scott RS, 

2001, Taylor PR, 2000). In vivo, the apoptosis of islet B cells that was induced 

by CTLs dramatically enhanced the cross-presentation of tissue restricted Ags. 

In vitro study of DCs 

Investigators working in both human and murine systems have discovered 

culture systems that use hematopoietic cytokines to support the growth, 

differentiation, and maturation of DCs in large numbers. These advances have 

caused enormous growth in the study of DC immunobiology, making DCs far 

more accessible to experimental and clinical applications in the context of 

normal and pathologic cell mediated immunity. Furthermore, while there is 



 42

great redundancy and pleiotropism of cytokines in vivo, their use in vitro offers 

control over many aspects of DC differentiation and maturation. 

DC development from CD34+ cells in vitro 

Human CD34 hematopoietic progenitor cells, purified from cord blood or BM, 

can also be induced to proliferate and differentiate into DCs when cultured 

with GM-CSF, together with TNF-α (Caux et al, 1992; Santiago-Schwarz et al, 

1992; Reid et al, 1992). Caux et al, 1992 have shown that after 12 days of 

culture 10-30 x 106 DCs, 50%-80% pure, may be obtained from 106 CD34+ 

precursors. The DCs produced at this culture time are characterized by: a) 

dendritic morphology; b) DC surface phenotype, namely expression of class II 

MHC, CD1a, CD4, CD40, CD54, CD58, CD80, CD86, CD83 and lack of CD14, 

CD64/FcγR1, CD35/CR1; c) the presence of Birbeck granules in some of the 

cells; and d) a high capacity to stimulate naive T cells and efficient presentation 

of soluble antigen to CD4 T cell clones. 

Different cytokines have been tested in CD34 precursor cultures; however only 

GM-CSF and IL-3 had the capacity to support DC development in cooperation 

with TNF-α (Ohishi K et al, 2001). Saraya & Reid, 1995 has studied the effect of 

SCF on the regulation of DC production from CD34+ progenitors and cord 

blood. It was demonstrated that although SCF alone is without effect, it 

enhances both numbers and size of DC colonies generated in vitro by GM-CSF 

and TNF-α. SCF promotes the survival of very early multipotent progenitors 

and has a synergistic effect with later-acting growth factors and cytokines in 

promoting their proliferation and terminal maturation. Flt3 ligand (Flt3L) was 

also able to augment the DC yield. Similarly to SCF, Flt3L probably act by 

expanding the precursor cells, rather than inducing DC differentiation (Caux et 

al, 1992). A combination of SCF, Flt3L, TPO, and IL-4 most potently augmented 

the number of CD1a+CD14- DCs in culture containing GM-CSF and TNF-α 

(Ohishi K et al, 2001). Because a substantial proportion of DCs developing from 

CD34+ HPCs do so via CD14+ bipotential intermediates, many investigators use 

IL-4 to suppress macrophage differentiation in this setting as well. The delayed 

addition of IL-4 on day six of culture (Ohishi K et al, 2001) or the replacement 
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of early acting growth factors with IL-4 at day 7 (Ratta et al, 1998) was shown 

to enhance the percentage of total CD1a+ cells and the yield of DCs after 14 

days of incubation, while the addition of IL-4 from the commencement of the 

culture decreased the cell yield (Min et al, 2000). Addition of IFN-γ selectively 

induced HLA-DR and CD86, but did not up-regulate the CD1a expression or 

antigen presenting capacity of DCs (Lardon F et al, 1997). TGF-β has been 

found essential for the development of DCs with characteristics of LCs.  

 

 

DC development from blood monocytes 

The concept that monocytes, as well as developing into macrophages, can also 

develop directly into DCs was introduced over a decade ago but has been a 

subject of controversy. It is now accepted that blood monocytes can be induced 

to develop, without any proliferation, into a form of DCs (Cavanagh et al, 1998). 

Treatment with GM-CSF and IL-4 or IL-13 produces monocyte-derived DCs 

with an immature DC phenotype. These DCs display efficient antigen uptake by 

macropinocytosis or receptor-mediated endocytosis through the mannose 

receptor, but have only a weak capacity to prime naive T cells. However, these 

immature DCs undergo maturation when stimulated by the type of 

microenvironmental signals which induce DC migration in vivo (such as LPS, 

TNF-α, IL-1) or by signals from T cells (such as CD40L). These monocyte-

derived cells then acquire the characteristics of mature DCs, including 

dendritic shape, loss of monocyte markers, loss of antigen uptake, upregulation 

of accessory molecules (CD80, CD86, CD58), translocation of class II MHC to 
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the cell surface and finally a capacity to efficiently prime naive T cells. Akagawa 

et al. have demonstrated that monocyte differentiation to macrophages (under 

the influence of M-CSF) or to DCs (under the influence of GM-CSF) is initially 

reversible; however, DC development becomes irreversible under the influence 

of TNF-α, as the M-CSF receptor c-fms is lost.  

DC differentiation from CD14+ peripheral blood monocytes requires IL-4 for the 

suppression of macrophage differentiation.  

 

 

All of the initial work in this area used media containing fetal calf serum. 

However, the potential immunotherapeutic applications of DCs, together with 

an interest in eliminating high background T cell responses to bovine antigens, 

has led to the use of human serum or plasma, or any of several commercially 

available serum-free media.  
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Table 3. Cytokine support of human dendritic cell development in vitro 

Cytokine Putative or proven effect on DC hematopoiesis 

SCF Support progenitor expansion rather than differentiation 

FLT-3 L Can increase both myeloid and lymphoid DC direct effect on DC 
differentiation in vivo 

GM-CSF Myeloid GF 

TNF-a Suppresses G-CSF and M-CSF receptors early in CD34+ HPC 
differentiation. Supports terminal DC maturation 

IL-4 Suppresses Macrophages differentiation 

TGF- b Supports LC differentiation 

PGE-2 Supports terminal DC maturation 

CD40L/CD154 Potent stimulus for terminal maturation. Stimulates IL-12 secretion by DC 
and biases toward Th1 and CTL responses 

IL-10 Suppresses DC maturation. Mature DC are resistant 

VEGF Inhibits DC differentiation. Effects decrease with CD34+ HPC maturation 

IL-3 Supports expansion and differentiation of lymphoid DC, which have no 
apparent requirement for GM-CSF. 

IL-6 Suppresses DC maturation. Macrophages differentiation. 

IL-12 Promotes myeloid dendritopoiesis 

IL-13, IL-15 DC differentiation from PB MC 
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DCs in hematological malignancies 

The biology of DCs in malignant diseases is arousing a great interest. We could 

speculate that in presence of a leukemic disorder suggests that, in vivo, DCs 

are probably less effective in generating anti-tumor immunity. There is 

evidence that the malignant cells may be able to escape from anti-tumor 

immune responses by inhibiting the differentiation or the functions of APCs. 

Tumor cells produce immune-suppressive cytokines (IL-10, TGF-β, VEGF) 

which may be responsible for a generalized or specific inhibition of the immune 

response (Chouaib et al, 1997). This inhibition may also be mediated through 

the production of M-CSF and IL-6 and the modulation of cytokine receptors 

(Menetrier-Caux et al, 1998). 

Several studies have reported that DCs isolated from tumor-bearing animals 

and cancer patients, including patients with haematological malignancies, 

show a number of phenotypic and functional abnormalities (Almand, et al 

2000, Enk, et al 1997, Mohty, et al 2001, Orsini, et al 2003).  

In CML, defects in antigen processing and migration, as well as complex 

phenotypic and functional deficiencies of MoDCs, have been reported (Dong, et 

al 2003, Eisendle, et al 2003). The two peripheral blood DC subsets were found 

dramatically reduced and even absent and this correlated with loss of 

CD34+/CD38- primitive hematopoietic progenitors in CML patients at 

diagnosis (Mohty, et al 2002). The majority of different DC populations in CML 

patients were found positive for the bcr-abl fusion gene demonstrating their 

origin from the leukemic haematopoietic precursors (Choudhury, et al 1997, 

Eibl et al, 1997, Heinzinger M et al, 1999).  

Mohty M et al, 2001 demonstrated quantitative imbalance in both circulating 

blood DC subsets in patients with acute myeloid leukemias. Both MDC and 

PDC exhibited the original leukemic chromosomal abnormality. Ex vivo, 

leukemic PDCs, but not leukemic MDCs, had impaired capacity for maturation, 

decreased allostimulatory activity, and altered ability to secrete interferon-

alpha.  

Analysis performed on the circulating DC compartment of chronic lymphocytic 



 47

leukemia patients showed profound alterations in their maturative capacity 

(Orsini, et al 2003). 

The study of PBDCs in multiple myeloma demonstrated that both circulating 

DC subsets are significantly decreased and functionally defective, probably 

because of IL-6-mediated inhibition of development from CD34+ progenitors. 

After maturation, PBDCs from MM patients showed significantly lower 

expression of HLA-DR, CD40, and CD80 antigens and impaired induction of 

allogeneic T-cell proliferation compared with controls (Ratta M et al, 2002). 

According to Brown at al, 2001, patients with myeloma have normal numbers 

of DCs, but CD80 expression may fail to be up-regulated in the presence of 

huCD40LT because of tumor-derived TGF-β1 or IL-10. 

All these studies show that DCs, exhibiting a number of phenotypic and 

functional abnormalities are probably less effective in generating anti-tumor 

immunity in vivo. However, in CML, AML, ALL it has been demonstrated that 

DCs, although belonging to the malignant clone, are capable of generating anti-

leukemic T cell responses in vitro.  

DCs displaying the Ph translocation have been able to induce a primary CML-

directed cytotoxic immune response in vitro (Eibl et al, 1997). It might therefore 

be possible not only to prime T-cells with bcr/abl-specific synthetic peptides, 

but also to stimulate T-cells directly with Ph-positive DCs. The generation of 

DCs expressing bcr-abl from CD34+ CML precursor cells has also been 

possible (Smit WM et al, 1997, Zhao W et al, 2002). Immunocompetent DCs 

has been generated from CD34+ myeloid and lymphoid leukemic blasts 

(Cignetti A et al, 1999, Tsuchiya T et al, 2001). Leukemic DCs generatred from 

PBMCs had the capacity to stimulate an autologous leukemia-specific cytotoxic 

T cell response in patients with AML (Woiciechowsky A et al, 2001). 

Thus the use of DCs might serve as a novel therapeutic approach in leukemic 

patients, due to their ability to induce highly specific T-cell responses in an 

autologous system. 
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DCs in MDS 

Clinical and laboratory data exist suggesting various defects of the immune 

response in MDS such as increased susceptibility to bacterial infections, 

mainly due to the reduced number and function of neutrophils (Ruttu, 1986), 

autoimmune phenomena (Hamblin, 1996) and high incidence of lymphoid 

malignancies (Coplestone et al, 1986). The progression of MDS to acute myeloid 

leukemia and the increased risk of developing malignant tumors in MDS 

patients have been correlated to impaired immune surveillance (Hamblin, 

1996). Decreased NK cell activity, diminished CD4 T-cell numbers, altered 

immunoglobulin levels, monoclonal gammopathies, and various autoantibodies 

(Hamblin, 2002) reveal the heterogeneity of the involved immune mechanisms. 

However, the reasons for the immune disturbances observed in MDS patients 

remain unclear; they may be due to primary defects of lymphoid cells, antigen 

presenting cells (APC), or both.  

In 1991 Sepp N et al investigated whether Langerhans cells (LC) are altered in 

patients with MDS. They found that the density of LC was reduced in seven of 

nine patients, whereas the morphology of LC appeared to be altered in all MDS 

patients. LC displayed large and bizarre cell bodies with only a few and often 

abnormally long dendrites and ultrastructurally, presented with bizarre nuclei, 

yet displayed no other abnormalities. The HLA-DR expression by LC was not 

altered.  

In 1999, Rigolin et al. for the first time reported results from the phenotypic 

and functional analysis of monocyte-derived DCs in patients with RA and 

RAEB. It was demonstrated that immature MoDCs exhibited significantly lower 

expression of CD1a, CD54, CD80 and MHC class II molecules; their ability to 

stimulate allogeneic T lymphocytes was reduced; receptor mediated endocytosis 

of FITC-Dextran was also reduced as compared to normal subjects. FISH 

analysis showed that MoDCs in those patients originate from the malignant 

clone. At the same time Vuckovic et al, 1999 studied the DC development from 

peripheral blood CD14+ cells in patients with CMML. They found that in GM-

CSF/IL-4 CMML CD14+ monocytes acquired the phenotype of immature MoDC 
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with similar yields to normal blood MoDC generation. Addition of TNF-α or LPS 

induced both normal and CMML MoDC to express prominent dendritic 

processes, the CMRF44+ and CD83+ antigens and high levels of HLA-DR, CD80 

and CD86. Treatment either with TNF-alpha or LPS increased the 

allostimulatory activity of normal MoDC, but had little effect on the 

allostimulatory activity of CMML MoDC, perhaps reflecting the underlying 

neoplastic changes in monocyte precursors. The absolute blood DC numbers 

showed a minimal (non-significant) reduction in CMML patients compared to 

normal individuals. Oehler L et al, 2000 consistently demonstrated that in 

patients with CMML, although their leukemic origin, phenotypically and 

functionally normal DCs were obtained from peripheral blood CD14+ cells even 

in serum-free conditions. It was suggested that these DCs may be used as a 

cellular vaccine to induce anti-tumor immunity in patients with CMML. 
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AIM OF THE STUDY 

In order to clarify the underlying mechanisms of the immune disturbances in 

MDS we aimed to analyze different quantitative and functional parameters of 

DCs either in vivo or in vitro. 

For that reason we first investigated the potential of peripheral blood 

monocytes in patients with MDS to generate DCs in vitro. We further studied 

the induction of maturation in MoDCs under the influence of two danger 

mediators: bacterial cell wall constituent of lipopolysaccharides (LPS), and the 

pro-inflammatory cytokine TNF-α. The phenotype and function of MDS MoDC 

at different stages of differentiation was further characterized. 

Since, a characteristic feature of MDS is the bone marrow failure with 

ineffective and dysplastic hematopoiesis, we investigated the potential of BM 

CD34+ progenitors in MDS to generate DC in a growth factor supplemented 

liquid culture system. The phenotype and function of generated DCs were 

subsequently determined. 

Further we analyzed in vivo the status of the circulating PB DC subsets, 

namely the MDC and PDC, in patients with MDS at diagnosis.  

In order to determine the possible involvement of “dendritopoiesis” in the clonal 

proliferation in MDS, we performed FISH analysis on different DC populations: 

CD34-DCs, MoDC, MDC and PDC, in cases with known cytogenetic 

abnormality 
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MATERIALS AND METHODS 

Patients and samples 

Thirty patients with MDS were studied. Thirty healthy age matched adults 

served as controls. Patients were diagnosed at the University Hospital, Patras, 

Greece. Samples of heparinized blood (20ml) and /or bone marrow (2-5ml) were 

drawn at the time of diagnosis and before the administration of any treatment 

and from controls only once. All samples were processed within 2 hours of 

collection. BM was diluted in IMDM 2%FBS in 1:2 ratio.  

Patient data are presented in Table 1a and 1b. Table 1a represents the clinical 

characteristics of MDS patients included in the study of CD34+ progenitors 

potential to generate DCs. PBDCs were detected in the PB of those patients.   

 

Table 1a. Clinical characteristics of the MDS patients  

MDS case FAB category Sex/Age Cytogenetics 

1 RA M/65 46,XY 

2 RA M/72 46,XY 

3 RA M/68 46,XY 

4 RA F/71 46,XX 

5 RA F/80 46,XX 

6 RARS M/63 46,XY,del5(q) 

7 RARS M/79 46,XY 

8 RAEB M/65 46,XY 

9 RAEB M/68 46,XY 

10 RAEB M/58 46,XY 

11 RAEB F/69 46,XX,del5(q) 

12 RAEB M/69 46,XY 

13 RAEBt M/61 46,XY 

14 RAEBt M/80 46,XY 
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Table 1b represents the clinical characteristics of MDS patients, included in 

the analysis of MoDCs. 

 

 

Table 1b. Clinical characteristics of MDS patients  

MDS case FAB category Age(years) Sex WBC(x 109/l) Mo(%) Cytogenetics 

1 RA 67 M 9.2 4 46,XY,del(20q) 

2 RA 80 F 3.8 6 46,XX 

3 RA 60 F 6.3 6 46,XX 

4 RA 65 M 6.7 0.8 46,XY 

5 RA 72 M 2.8 0.7 47,XY,+8 

6 RA 68 M 5.6 4 46,XY 

7 RA 62 M 3.4 3.6 46,XY 

8 RA 71 M 3.78 7 46,XY 

9 RARS 63 M 4.26 3.3 46,XY,del(5q) 

10 RARS 94 M 8.1 3 46,XY 

11 RARS 76 M 6.26 3 46,XY 

12 RARS 67 M 4.8 3.6 46,XY 

13 RARS 79 M 8.3 8 46,XY 

14 RAEB 69 F 3 4 46,XX 

15 RAEB 82 M 2.4 13 46,XY 

16 RAEB 58 M 1.7 0.5 46,XY 

17 RAEB 85 F 3.87 3 47,XX,+8,del5(q) 

18 RAEB 69 F 2.7 3.7 47,XX,+8 

19 RAEB 52 M 2.9 4 46,XY 

20 RAEB 69 F 5.2 10 46,XX,del(5q) 

21 CMML 80 M 8.7 17 46,XY 

22 CMML 61 M 12.5 28 46,XY 

23 CMML 69 M 24.6 24 46,XY 
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Cell isolation 

Cell separation over Ficoll 

Bone marrow mononuclear cells (BMMC) and peripheral blood mononuclear 

cells (PBMC) were isolated by density gradient centrifugation over Ficoll-

Hypaque (1.007g/ml). Isolation of the light density cells typically removes red 

cells and granulocytes which have a higher density.  

 Separation was performed in 15ml conical tubes.  

 Sterile Ficoll-Hypaque (previously left at room temperature) is pipetted in 

15 ml tube  

 PB or BM (diluted in IMDM 2%FBS 1:2) is slowly layered on top in ratio 

1:1. Tubes are centrifuged at 300g for 30 min at room temperature with 

the brake off.  

 Then the light density cell layer floating at the interface with the Ficoll-

Hypaque solution is carefully removed into a new sterile Falcon tube 

(Ficoll is toxic to cells, so the light density layer was removed as soon as 

possible).  

 Cells are washed twice in IMDM 2% FBS at 1000-1200 rpm for 10 min, 

resuspended in CM and counted using a hemocytometer (Neubauer).  

 

Cells were diluted at a concentration of 1-2×106 cells/ml CM and placed on ice 

until further use. 

Magnetically activated cell sorting (MACS) 

MACS technology is a standard method for cell separation based on the use of 

MACS Microbeads, MACS Columns and MACS Separators. The Microbeads are 

superparamagnetic particles that are coupled to highly specific monoclonal 

antibodies, used to magnetically label the target cell population. By using a 

MACS column with a coated, cell-friendly matrix placed in a permanent 
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magnet, the MACS Separator, the magnetic force retain the target cells labeled 

with the Microbeads. By simply rinsing the column with buffer, all the 

unlabeled cells are washed out. By removing the column from the magnet, the 

labeled fraction can be obtained. The cell viability and function are not affected 

and the cells can immediately be used for further experiments. 

Varyo MACS Separator from Miltenyi Biotec was used in our laboratory. 

For the isolation of BM CD34+ cells positive selection was done using MACS 

CD34 isolation kit. CD34+ fraction was separated in a MS column.  

CD3+ T cells were separated from PBMCs by positive selection using CD3 

Microbeads on AS column.  

 

Magnetic separation was performed according to the manufactures’ procedure. 

The recommended buffer was PBS supplemented with:  

 2mMEDTA  

 0.5% bovine serum albumin (BSA).  

Cell preparation 

• Magnetic labeling of cells with CD3 Microbeads 

 PBMC isolated by density gradient centrifugation over Ficoll are washed, 

supernatant completely removed and cell pellet is resuspended in 80µl of 

buffer per 107 total cells.  

 20 µl of MACS CD3 MicroBeads per 107 total cells are added 

 Cell suspension is incubated for 15 minutes at 6°-12°C.  

 Cells are washed by adding 10-20× the labeling volume of buffer, 

centrifuged at 300xg for 10min. 

 Cells are resuspended in 500 µl of buffer. 
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• Magnetic labeling of cells with CD34 Microbeads  

 For the isolation of CD34+ cells, BMMC are incubated in 300µl buffer 

with 100µl MACS CD34 MicroBeads and 100µl blocking antibody per 108 

total cells. Cells are incubated for 30min at 6°-12°C.  

 Cells are washed by adding 5ml of buffer, centrifuged at 300xg for 

10min, supernatant removed and cells resuspended in 500 µl of buffer. 

Magnetic separation 

Positive selection was performed on a column placed in a magnetic field of a 

magnetic separator (Varyo MACS). Two types of columns were used: MS for the 

isolation of CD34 cell fraction and AS for the CD3+ cells.  

 The column is prepared by washing with appropriate amount of buffer 

(MS-500µl, AS-3ml).  

 Cell suspension is applied in appropriate amount of buffer (MS-500µl, 

AS-1ml). Column is washed three times with 500 µl (MS) or 3ml (AS). The 

negative cells pass through the column.  

 The column is removed from the magnetic field and washed with 

appropriate amount of buffer (MS-1ml, AS-5ml) using a plunger supplied 

with the column to obtain the positive cell fraction. 

 

The purity of CD34+ cells was 75-90%. In case of purity lower than 80%, cells 

were incubated with CD34-phycoerythrin (PE) monoclonal antibody (MoAb) and 

sorted by fluorescence activated cell sorting (FACS) (>95% CD34+). 

Fluorescence activated cell sorting (FACS) 

Fluorescent-activated cell sorting is a type of flow cytometry, a method for 

sorting a suspension of cells into two containers, one cell at a time, based upon 

specific light scattering and fluorescent characteristics of each cell. FACS was 

the first flow cytometric technology.  

The cell suspension is entrained in the center of a narrow, rapidly flowing 

stream of liquid. The flow is arranged so that there is a large separation 
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between cells relative to their diameter. A vibrating mechanism causes the 

stream of cells to break into individual droplets. The system is adjusted so that 

there is a low probability of more than one cell being in a droplet. Just before 

the stream breaks into droplets the flow passes through a fluorescence 

measuring station where the fluorescent character of interest of each cell is 

measured. An electrical charging ring is placed just at the point where the 

stream breaks into droplets. A charge is placed on the ring based on the 

immediately prior fluorescence intensity measurement and the opposite charge 

is trapped on the droplet as it breaks from the stream. The charged droplets 

then fall through an electrostatic deflection system that diverts droplets into 

containers based upon their charge.  

 

 

Fig.1 Schematic presentation of fluerescence activated cell sorting 
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Cell sorting of CD1a+ MoDCs and CD34-DCs  

Cells from supernatants at the end of culture periods were washed and labeled 

with CD1a-FITC conjugated MoAb and PI. Pure population of CD1a+/PI- DCs 

was gated and sorted using Normal R sorting mode. Cells were collected in 

tubes containing 2ml RPMI, 10% FBS. Sorted cells were washed, resuspended 

in CM and used as stimulator cells in mixed lymphocyte reaction (MLR) and 

FISH analysis.  

Cell sorting of MDCs and PDCs 

After labeling of PBMCs with ILT-3-PC5, CD11c-PE and FITC- conjugated mAbs 

against lineage markers (CD14, CD16, CD19 and CD56), MDCs and PDCs were 

gated and separately sorted directly onto microscope slides (3000 cells/slide) 

using the CloneCytPlus option of FACSVantage and the Counter mode. Slides 

were fixed in methanol:acetic acid (3:1) and stored frozen at –20oC until use in 

FISH analysis.  

Fluorescence activated cell sorter FACSVantage (Beckton-Dickinson) was used. 

Cell cultures 

Generation of monocyte-derived DCs 

Monocyte-derived DCs were generated using the adherent method (Sallusto & 

Lanzavecchia, 1994).  

The culture medium (CM) used in all culture experiments was: 

 RPMI-1640,  

 10% fetal bovine serum (FBS),  

 200mmol/L L-glutamine,  

 50µg/mL streptomycin,  

 and 50U/mL penicillin.  
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 PBMC were incubated in 25 tissue culture flasks at a concentration of 

1x106 cells/ml in CM.  

 Cells were left for 2h at 37°C in a humidified atmosphere of 5% CO2 to 

obtain the adherent fraction of PBMC.  

 The non-adherent cells were removed, the flask washed twice with PBS.  

 The remaining cells were cultured in CM, containing:  

 100ng/mL GM-CSF and  

 10ng/mL IL-4.  

 Cells were cultured for 5d to obtain immature DCs.  

 CM was changed and growth factors (GM-CSF and IL-4) added on the 

third day (supernatants were removed and centrifuged; cells were 

resuspended in fresh rewarmed CM supplemented with growth factors).  

 On the fifth day 10ng/ml TNF-α (Biosource) or 0.1µg/ml 

Lipopolysaccharide (LPS) (Escherichia coli, serotype 055:B6) were added 

to the flasks for 2d in order to induce DC maturation. A control flask 

with plain CM was always left for additional 2 days. 

 On day 7 of culture supernatants were collected, centrifuged and the 

cells were counted using a hemocytometer.  

The cell yield was calculated as cell number in supernatant over the total cell 

number initially seeded in culture ×100%. 

DC generation from CD34+ BMMC 

 MACsorted CD34+ cells were resuspended in CM at a concentration of 

105 cells/5ml. 

 Cells were cultured in 6 well plate. 

 The following recombinant human cytokines were added: 100ng/ml GM-

CSF, 20ng/ml SCF, 10ng/ml TNF-α. Cultures were maintained at 37°C 

in a humidified atmosphere of 5% CO2 in air.  
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 The medium and cytokines were freshly replaced every 4-5d. Proliferating 

confluent cultures were split and transferred onto new tissue culture 

plates. The generation of DC was monitored by inverted microscopy.  

 IL-4 10ng/ml was applied to the GF cocktail on day 7 of culture.  

 After 12-14d of culture, the cells were harvested and counted using a 

hemocytometer. 

Mixed leukocyte reaction (MLR) 

The capacity of generated in vitro DCs to stimulate allogeneic T-cells was 

studied in mixed leukocyte reaction assay.  

Preparation of cells for MLR 

• CD1a+ MoDCs and CD34DCs isolation (Stimulator cells) 

 At the end of the culture period cells were harvested. 

 The supernatant was centrifuged. 

 Cell pellet was diluted in 100µl PBS and incubated with anti-CD1a-FITC 

conjugated mAb for 30 min.  

 Cells were washed, resuspended in CM and CD1a+ MoDCs and CD34-

DCs were isolated by FACSorting. 

 Before culture stimulator cells were treated with Mytomicin C at a 

concentration of 50mg/ml CM for 20 min at 37°C and washed ×3 with 

PBS as previously described (Cavanagh et al, 1998). 

• Isolation of allogeneic T-cells (Responder cells)  

Responder allogeneic T-cells from healthy donors, isolated by MACS were 

thawed before use in MLR.  

 

Thawing procedure 

 Cells from -80°C are thawed at 37°C water bath. 
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 Cells are slowly diluted in 10ml IMDM 20% FBS and centrifuged at 

1200rpm for 10min. 

 Cell are washed x2 in IMDM 2%FBS. 

 Cell pellet is resuspended in 2ml CM and counted in hemocytometer. The 

viability of cells is tested by trypan blue. 

MLR 

 Allogeneic normal CD3+ T-cells were cultured at a concentration of 

106/well in 24 well tissue culture plates (1ml of CM per well). 

 DCs were added in varying ratios (1:5, 1:10, 1:20, and 1:100).  

 Cultures were maintained in a humidified atmosphere at 37°C and 5% 

CO2 for 5d. 

 T-cell proliferation was determined using BrdU Flow kit as described 

bellow. 

Flow cytometry 

Detection of the PBDC 

Blood DCs were identified by 3-color staining, performed on PBMCs, using the 

following monoclonal antibodies (mAbs): ILT-3-PC5 (Immunotech), CD11c-

phycoerythtin (PE) (PharMingen, BD) and fluorescein isothiocyanate (FITC)-

labeled mAbs against lineage markers CD14, CD16, CD19 and CD56 

(Immunotech).  

PBMC at a concentration 1x106 were incubated with the mAbs for 30 min at 

4°C, then washed once with staining buffer (SB) (Phosphate buffer saline (PBS), 

supplemented with 2% FBS) and detected on FACS Vantage flow cytometer. 

Data were analyzed using ‘Paint a Gait’ software. At least 30000 cells were 

analyzed.  

Cells that did not label with these lineage markers were qualified as lin-. 

According to the expression of CD11c, two populations of lin-/ILT3+ cells were 

observed:  
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 lin-/ILT3+/CD11c+-myeloid DC (MDC)  

 lin-/ILT3+/CD11c--plasmacytoid DC (PDC).  

 

Fluorescence analysis of DC generated in culture 

The phenotype of the DCs generated in culture from PB monocytes or BM 

CD34+ cells, was analyzed by flow cytometry. At the end of the culture period 

cells from the supernatant were resuspended in FBS and left for one hour at 

4°C to block the nonspecific binding. After incubation with the monoclonal 

antibodies (mAbs) for 30 minutes at 4°C, cells were washed analyzed on EPICS-

XL (Coulter). At least 10000 cells were analyzed.  

 

The following mAbs were used: 

 CD1a-PE, CD80-FITC, CD83-PE, CD54- PE, Mannose receptor (MR)-PE 

(PharMingen, BD), CD40-FITC, CD11c-PE 

 HLA-DR-PE (BD),  

 CD3-FITC and PE, CD14-FITC (Immunotech), 

 TNFR1 (CD120a)-PE (Caltag Laboratories),  

 and appropriate isotype matched negative controls.  

Nonviable cells were excluded from the analysis by gating, based on Propidium 

Iodide (PI).  

 

Mannose receptor-mediated endocytosis 

The capacity of the DCs for uptake of soluble antigens from the culture 

medium was evaluated by the Dextran-FITC endocytosis. As previously 

described, efficient accumulation of FITC-dextran is a specific property of 

cultured DCs which is not shared by other cell types such as macrophages, 

monocytes, fibroblasts and lymphocytes (Sallusto et al., 1995) Dextran-FITC 

appears to be taken up by a specific saturable lectin receptor, called mannose 
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receptor. 

 DCs at a concentration of 1x106 were diluted in 1ml CM with 1 mg/ml 

Dextran-FITC (MW 40000, Sigma). 

 Cells were incubated for 30 minutes at 37°C.  

 In order to determine the background uptake a control tube was kept at 

4°C for 30 min.  

 Cells were put on ice immediately after the incubation 

 DCs were washed four times with 2ml ice-cold SB in a refrigerated 

centrifuge (4°C). 

 Samples were analyzed immediately by flow cytometry (EPICS-XL, 

Coulter).  

 

Endocytic ability of the circulating blood DCs was also assessed. PBMCs were 

first incubated with Dextran-FITC, as described above, then washed and 

labeled with PE-conjugated antibodies to lineage markers and ILT-3-PC5 for 30 

min at 4°C. The analysis was performed after gating for the lin-ILT3+ cells. 

 

Dextran uptake was evaluated by the mean fluorescence intensity (MFI) of the 

FITC channel and calculated in arbitrary units (AU) using the formula: 

C

CC

MFI
MFIMFIAU
°

°° −
=

4

437

 

BrdU proliferation assay 

The proliferation of T-cells induced by DCs in MLR was assessed by the 

bromodeoxyuridine (BrdU) incorporation using two-color staining flow 

cytometry assay with anti-BrdU-FITC and 7-amino-actinomycin-D (7AAD) 

(Pharmingen, BD). 

The immunofluorescent staining of incorporated BrdU and flow cytomertic 

analysis provides a high resolution technique to determine the frequency and 

nature of cells that are synthesizing DNA. In this method, BrdU (an analog of 
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the DNA precursor, thymidine) is incorporated in newly synthesized DNA by 

cells entering and progressing through the S (DNA synthesis) phase of the cell 

cycle.(Sasaki K et al., 1989, Miltenburger H et al., 1987, Vandrelaan M et al, 

1985, Gratzner H et al., 1981). The incorporated BrdU is stained by specific 

anti-BrdU fluorescent antibodies. The levels of cell-associated BrdU are then 

measured by flow cytometry. A staining with a dye that binds to total DNA 

such as 7-amino-actinomycin D (7-AAD) is coupled with immunofluorescent 

BrdU staining. With this combination, two-color flow cytometric analysis 

permits the enumeration and characterization of cells that are actively 

synthesizing DNA (BrdU incorporation) in terms of their cell cycle position (i.e., 

G0/1, S, or G2/M phases defined by 7-AAD staining intensities) (Lacombe F et 

al., 1988, Dean P et al., 1984). Fluorecsence antibodies that are capable of 

recognizing cell surface antigens or proteins in cells that have been fixed with 

paraformaldehyde and permeabilized with saponin can be used with the BrdU 

Flow Kit.  

The incubation of cells with BrdU at a final concentration of 10 µM in cell 

culture medium (i.e. 10 µl of 1 mM BrdU/ml of culture medium) was effective 

for labeling a wide variety of human and mouse cell lines and normal cell 

populations (Dolbeare F et al., 1983, Penit C, 1986). Prolonged exposure of 

cells to BrdU allows for the identification of actively-cycling cell populations. 

BrdU incorporation 

 To label T-cells in MLR, 10 µl of 1 mM BrdU was carefully added directly 

to each ml of CM on day 5 of culture. Disturbing the cells in any way 

(e.g., by centrifugation or temperature changes) that may disrupt their 

normal cell cycling patterns, was avoided. The cell culture density was 

1x106 cells/ml and should not exceed 2x106 cells/ml.  

 The treated cells were incubated for 16h before the staining procedure. 

Staining procedure 

 At the end of the incubation period cells were harvested and washed. 
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 Cells were fixed and permeabilized with 100µl Cytofix/Cytoperm Buffer 

for 30 min on ice. Cytofix/Cytoperm Buffer constitutes a single-step 

fixation and permeabilization reagent that is designed for use in 

intracellular staining. It contains a mixture of the fixative, 

paraformaldehyde, and the reversible permeabilization detergent reagent, 

saponin. This reagent serves to preserve cell morphology, fix cellular 

proteins and permeabilize cells for the subsequent immunofluorescent 

staining. 

 Cells then were incubated for 10 min on ice with 100µl of Cytoperm Plus 

Buffer that is specially formulated for the BrdU Flow Kit and is used as a 

staining enhancer and secondary permeabilization reagent.  

 Re-fixation of cells followed for 5 min on ice with 100µl Cytofix/Cytoperm 

Buffer.  

 After each step, cells were washed with 1ml of Perm/Wash Buffer 

containing FBS and saponin.  

 In order to expose incorporated BrdU, a treatment of cells with DNase, at 

a concentration of 300µg/ml, for 1h at 37°C was performed.  

 Cells were then washed and stained with anti-BrdU-FITC for 20 min at 

room temperature.  

 After wash, cells were resuspended in 20 µl 7-AAD diluted in 1 ml of SB. 

Samples were analyzed with flow cytometer at a rate no grater than 400 

events/sec. 

Analysis of apoptosis by Annexin-V/PI  

Apoptosis was assessed on BMMC immediately after separation using Annexin-

V/ Propidium Iodide. Annexin-V detects the exposed phosphatidylserine 

residues on the external leaflet of the plasma membrane that occurs due to 

loss of phospholipid asymmetry relatively early during apoptosis (Koopman et 

al, 1994 26).  

The assay was performed according to the manufacturers’ protocol 

(PharMingen, BD).  
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 Up to 1x106 cells per sample were pre-labeled with anti-CD34 PE-

conjugated Mab for 30min at 4°C. 

 Cells were washed in SB and resuspended in 100µl Annexin-V-binding 

buffer 5µL Annexin-V FITC- conjugated and 10 µl PI were added.  

 Cells were incubated for 10 minutes at room temperature in the dark.  

 Prior to flow cytometric analysis (EPICS-XL/ Coulter) 400 µl binding 

buffer were added.  

Fluorescence in situ hybridization (FISH) 

FISH has provided a valuable and complementary tool for analysis of structural 

abnormalities of chromosomes in MDS. It is particularly useful when an 

underlying chromosomal abnormality has been defined (such as trisomy 8, 

monosomy 7 or 5q-). FISH probes can be used to analyze interphase rather 

than metaphase nuclei of cells. Analysis of interphase nuclei allows for the 

identification of the cell type in which the abnormality occurs and allows for 

analysis of different populations of cells. Thus, FISH is a method that can 

determine the stage in the hematopoietic hierarchy where the transformation in 

MDS occurs, findings that certainly would have important implication for the 

pathogenesis of MDS. 

In the present study FISH was performed on CD1a+ MoDC and CD34DCs as 

well as on blood MDCs and PDCs in two patients with 5q- abnormality.  

FISH analysis was performed using the LS1 EGR1/D5S721: D5S23 dual color 

DNA probe (Vysis Inc., Downers Grove, USA), which hybridizes to regions 5q31 

(SpectrumOrange LS1 EGR1) and 5p15.2 (SpectrumGreen LS1 D5S72, D5S23). 

Preparation of cells 

 MDCs and PDCs were FACsorted directly onto microscope slides (3000 

cells/slide) 

 CD1a+ MoDCs and CD34DCs were first FACsorted and then 1-4x104 

cells/100 µl were used for cytospin preparation. 



 66

FISH  

 Cells were fixed in methanol: acetic acid (3:1). 

 Cells were denatured, dehydrated in a graded (70%, 85%, 100%) series of 

ethanol.  

 The air-dried samples were hybridized with the probe for a period of 16-

18h. Slides were washed x3 in 50% formamide/2XSSC, x1 in 2XSSC, 

and x1 in 2XSSC/0.1% NP-40. Each wash was at 46oC and lasted 10 

min. 

 Slides were then counterstained with 125ng/ml DAPI (4΄,6-Diamidine-2΄-

phenylindole) diluted in mounting buffer.  

 Slides were viewed on a Zeiss Axioskop fluorescent microscope using the 

appropriate filter sets.  

 Image enhancement was performed using the Isis 3 software 

(Metasystems GmbH, Germany).  

 

Normal nuclei appear with 4 distinct signals, 2 green and 2 orange (2G+2O), 

whereas the del (5)(q13q33) aberration is indicated by nuclei containing 

2G+1O. Cell preparations from healthy individuals were hybridized in the same 

way and they showed less than 6% of nuclei with 2G+1O signal pattern.  

Statistical analysis 

Kolmogorov-Smirnov test was initially applied to determine whether the 

distribution of the values could be considered normal.  

The independent data sets were compared by independent two-tailed t-tests or 

Mann-Whitney U test. The paired observations were analyzed using paired t-

tests. P<0.05 was considered significant.  

The Pearson correlation test was used to assess linear relationships between 

samples. 
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RESULTS 

Phenotypic and functional characteristics of MoDCs in MDS 

patients 

Morphology of MoDCs 

In all cases with MDS, culture of adherent PBMC for 7 days with the 

combination of GM–CSF and IL-4 resulted in the generation of cells that in the 

supernatant were found as non-adherent or loosely adherent, isolated or in 

clusters (Fig.1). Cytospin preparations stained with Giemsa showed typical 

dendritic morphology with large cell bodies, globular nuclei and numerous fine 

motile cytoplasmic projections (Fig.2).  

 

Fig.1. DC generated in culture from non-adherent PBMC from a patient with MDS. 

Cells were grown in GM-CSF and IL-4 for 7 days. Typical DC clusters and 

individual DCs can be seen. 
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Fig.2. May-Grunwald-Giemsa stained DCs after cytospin preparation from 7 day

culture of adherent PBMC in a patient with MDS.  
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Low potential of monocytes from MDS patients to differentiate into DCs  

After 7 days of culture 8.2±3.8% of the PBMC from the controls and 4.9±2.9% 

of the PBMC from the MDS patients with RA, RARS and RAEB differentiated 

into DC (p=0.01). More variation was found in the MDS patient group (from 
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Fig.3. Distribution of the MoDC yield values after 7 days of culture in the presence

of GM-CSF/IL-4 for different MDS types and controls (a). Mean DCs yield for MDS

patients with RA, RARS and RAEB, MDS patients with CMML and controls (b). 
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0.4% to 15%, independently of the MDS type) In the 3 cases with CMML the 

cell yield was higher, compared to the other MDS types (Fig.3). 

However, in all MDS cases there was no correlation between the percentage of 

monocytes in the PBMCs fraction, in the beginning of the culture (range from 

0% to 13%), and the DC yield (correlation coefficient=0.388), while a positive 

correlation was calculated for normal donors (r=0.56).  

Phenotypic characteristics of MoDCs. 

Immunophenotypic studies were performed on immature MoDCs, obtained 

with GM-CSF and IL-4, and on MoDCs stimulated with TNF-α or LPS. Large 

cells with increased forward- and side scatter comprised the MoDC population. 

The percentage of the viable cells, represented by the PI negative DC 

population, was higher than 92%; their myeloid origin was confirmed by the 

expression of myeloid DC marker CD11c.  

Low expression of CD1a and CD80 on immature MoDCs 

In MDS patients a significantly lower percentage of CD1a+ MoDCs was obtained 

in comparison to the controls (52.7±26.6% vs. 79.9±15.8%, p=0.006). Also non-

stimulated MDS-MoDCs had lower expression of CD80 while, the expression of 

other DC associated surface molecules (CD83, HLA-DR, and CD54) was similar 

between MDS and controls (Table 1, Fig.5).  

Effect of TNF-α and LPS on DC maturation 

In controls, culture of immature MoDC with LPS and TNF-α resulted in a 

significant up-regulation of DC surface marker CD83, co-stimulatory molecule 

CD80, adhesion molecule CD54, and HLA-DR. In MDS patients LPS was an 

efficient stimulator of immature MoDCs, inducing significant up-regulation of 

the intensity of expression of CD83, CD80, HLA-DR and CD54 and down-

regulation of the expression of CD1a. In contrast, TNF-α failed to induce 

maturation of MDS-MoDCs, as the alterations of the expression of CD83, 

CD80, and CD54 were negligible and remained significantly lower compared to 

controls (Table1, Fig.4, Fig. 5). 
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Fig.5. Phenotype of DCs generated from PBMCs in the presence of GM-

CSF/IL-4 and stimulated with TNF-α or LPS. Mean expression of dendritic

cell antigens before and after stimulation in healthy subjects and MDS

patients (*p<0.05) 
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TNFR1 expression on MoDC 

It has been reported that the mediator of TNF-α induced signaling during DCs 

maturation is TNF R1 (Lardon et al, 1997). In order to find the reason for the 

deficient TNF-α response of MoDCs in MDS we detected the expression of TNF 

R1. The immature MDS-MoDC expressed TNFR1 at significantly lower levels 

than MoDCs from healthy subjects (MFI 2.24±0.5 vs. MFI 5.22±2.47, p=0.02) 

(Fig.6).  

Impaired endocytic capacity of MoDCs in MDS 

The ability of DCs to take up and process antigens is highly dependent on the 

stage of DC differentiation. The high endocytic capacity is a specific property of 

cultured immature DCs and is down regulated upon maturation (Sallusto & 

Lanzavecchia, 1994). The capacity of MoDC to endocytose (take up) soluble 

antigens was tested by their ability to endocytose Dextran-FITC. The endocytic 

capacity of MDS-MoDC was significantly reduced in comparison to MoDCs 

from healthy controls. (2.0 ± 1.1AU vs. 3.42 ± 0.6AU, p=0.03) (Fig.7, Fig.8). 

When normal immature MoDCs were induced to maturation with either TNF-α 

 

 

Fig.6. Comparison of the expression of TNFR1 (CD120a) on MoDCs obtained in GM-

CSF and IL-4: (A) Example of the flow cytometry analysis in a representative normal

subject and MDS patient; (B) Comparison of the mean values of expression. 
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or LPS, a significant down-regulation of the Dextran-FITC endocytosis was 

observed. MDS-MoDC, stimulated by both maturational factors, exhibited no 

significant decrease of the endocytic activity from the already low values (Fig.8).  

Mannose receptor mediates clearance of endogenous glycoproteins that bear 

mannose oligosaccharides. These include lysosomal enzymes and tissue 

plasminogen activator, often released from cells in response to pathological 

events.  

MR seems to be the major Ag uptake receptor on immature MoDCs. MR-

mediated FITC-dextran uptake by MoDCs is far better than that of 

macrophage. We detected the expression of MR, a lectin type receptor, on 

MoDCs. Interestingly, the low Dextran endocytosis of immature MDS-MoDC 

was accompanied by significantly lower, compared to controls, expression of 

MR (p=0.02) that was insignificantly down-regulated upon maturation with 

both LPS and TNF-α (Fig.8). 

 

 

 

 

Fig.7. Dextran-FITC uptake on the 7th day of culture in a normal subject (a) and in 

a MDS patient with RAEB (b). Black line, uptake 4°C (background uptake); solid

fill, uptake at 37°C 
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Fig.8. Dextran-FITC endocytosis (A) and MR expression (B) of immature, TNF-α

or LPS-matured MoDCs from patients with MDS and controls (*p<0.05). 
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Allogeneic mixed lymphocyte reaction. 

We investigated the ability of immature as well as LPS or TNF- α stimulated 

MoDC, to induce proliferation of T-cells in an allogeneic MLR. The optimal 

DC:T-cell ratio was 1:10 (Fig.9a). Immature MoDC obtained either from MDS 

patients or healthy subjects did not differ in their ability to stimulate the 

proliferation of allogeneic T cells. After maturation in the presence of LPS, an 

increase in the allostimulatory capacity of MoDCs from both MDS patients and 

controls was observed. In contrast, upon TNF-α stimulation, MDS MoDC failed 

to up-regulate the proliferative response in T cells (Fig.9b). 

 

Fig.9. Allogeneic stimulatory activity of MoDCs. Mitomycin C (50mg/ml) treated DCs 

were cultured with allogeneic normal CD3 cells in different ratio (a). T-cell 

proliferation was assessed by the BrdU incorporation. The mean percentage of BrdU

positive proliferating lymphocytes for ratio 1:10 stimulator to responder cells, before

and after stimulation with TNF-α  or LPS in MDS patients and controls is represented

on the graph (b) (*p<0.05). 
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Generation of DC from BM CD34+ progenitors 

Low potential of BM CD34+ cells in patients with MDS to generate DCs in 

vitro 

Purified BM CD34+ cells were cultured in the presence of GM-CSF, SCF and 

TNF-α. According to previous studies the addition of IL-4 from the initiation of 

the culture decreases the cell yield (Min et al, 2000) while the replacement of 

early acting growth factors with IL-4 at day 7 enhances the percentage of total 

CD1a+ cells and the yield of DCs after 14 days of incubation (Ratta et al, 1998). 

In our experiment IL-4 was added at day 7 of culture. The efficiency of the 

former culture conditions was tested and confirmed using cord blood CD34+ 

cells for the generation of DCs. This culture resulted in 140 fold expansion in 

cell number, with 75% of the cells fulfilling the criteria for DCs. 

The results from the cultures for all patients are presented in Table 2. 

MACSorted BM CD34+ cells were cultured for 14 days. Loosely adherent 

aggregates with peripheral veils appeared on day 5. Until day 14 aggregates 

enlarged and increased in number releasing cells with typical dendritic 

processes in the medium. After 12-14d of culture, the cells were harvested and 

counted using a hemocytometer. Cytospins were also prepared and stained 

with May-Grunwald-Giemsa. Almost half of the cells had typical DC 

morphology both in MDS and controls. 

Phenotypic characteristics of CD34-DCs 

Further, CD34+ cell-derived progeny was phenotypically defined. Non viable 

cells were excluded from the analysis by gating, based on PI. The percentage of 

viable cells in the culture from patients was significantly lower compared to 

healthy controls (p=0.003). In one MDS case the percentage of viable cells was 

lower than 20% and no DC induction was observed (case 8). 

The percentage of CD1a+ cells derived from the patients’ culture was 37.2% 

±9.4%, compared to 43.4%±6.7% in controls. In one MDS patient the 

percentage of CD1a+ DCs was lower than 5% so the generation of DCs in this  
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Fig.10. Phenotype of DCs generated from CD34+ BMMC in the presence of 

SCF/GM-CSF/TNF-α/IL-4 (A). Comparison of the expression of dendritic cell

surface antigens on CD34DC in healthy subjects and MDS patients. 
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case was considered unsuccessful (case 5). DCs generated from CD34+ 

progenitors from MDS patients and healthy controls had similar expression of 

HLA-DR, CD54, CD83, and co stimulatory molecules (CD80, CD40) (Fig.10, 

Fig.11). 

Low number of DCs generated from CD34+ cells in MDS 

Using the percentage of viable cells and the percentage of CD1a+ DCs, the 

absolute number of DCs derived from one CD34+ cell was calculated. The 

number of DCs generated from one CD34+ progenitor in MDS was found 

significantly lower in MDS patients compared to controls (median value 0.2 vs. 

4, p=0.003) (Table 2). 

 

 

Fig.11. Phenotype of DCs generated from BM CD34+ cells in the presence of 

SCF/GM-CSF/TNF-α/IL-4 after gating for CD1a+ Comparison of the DCs surface 

antigens expression on CD34DCs in healthy donors and MDS patients. The mean

percentage of expression ± standard deviation is presented on the graph. 
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Allogeneic stimulatory capacity of CD34-DCs  

We investigated the ability of CD34-DCs, obtained from MDS patients, to 

stimulate the proliferation of T-cells in an allogeneic MLR. Different 

stimulator:responder ratios were used and DCs were found to be most potent 

at a DC:T cells ratio of 1:10. Our study revealed that CD34-DCs obtained either 

from MDS patients or healthy subjects did not differ in their ability to induce 

proliferation of allogeneic T cells (Fig.12).  

 

 

 

Fig.12. Allogeneic stimulatory activity of FACSorted CD1a+ CD34-DCs. The mean 

percentage of BrdU positive proliferating lymphocytes for ratio 1:10 stimulator to

responder cells in normal donors and MDS patients is represented on the graph. 
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Role of apoptosis in DC induction in vitro 

Apoptosis was detected by Annexin-V on CD34+ cell fraction of BMMC within 2 

hours of sample collection. Apoptosis was found increased in MDS CD34+ cells, 

compared to controls (11.0%±9.1% vs. 4.4%±1.6%, p=0.058) (Fig.13). A notable 

heterogeneity was observed within the MDS group (range: 0.7% - 32%). There 

was no correlation between the DC yield and the level of apoptosis of the CD34+ 

cells initiating the culture (r=0.234) (Fig.14). 

 

 

Fig.13. Apoptotic levels of MDS and normal CD34+ bone marrow cells assessed by 

Annexin-V. (a) Annexin-V/PI staining on fresh BMMC. Analysis was performed on

gated CD34+ population. Early apoptotic progenitors (Annexin-V+/PI-) represent 

3.15% of the CD34+ cells in a case of normal BM and 21.5% in the BM of a patient

with MDS. Comparison of the apoptotic levels between MDS BM and BM from

normal subjects (b). 
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Analysis of peripheral blood DCs  

Various multi-parametric flow cytometry methods have been developed recently 

to detect circulating blood DCs, since no specific DC marker exists. A 

technique based on lin-/HLA DR+ DC phenotype is the most widely used. 

However, it was found inapplicable in leukemic patients where blast cells, 

which may express HLA-DR, circulate in blood (Mohty et al, 2001). A method 

based on the expression of immunoglobulin-like transcript (ILT)-3 together with 

lineage markers and CD11c was recently proposed to analyze the two PBDC 

subsets [Cella et al, 1999, Mohty et al, 2001). ILT3 is a novel cell surface 

molecule of the immunoglobulin superfamily, selectively expressed on 

monocytes, macrophages and DCs (Cella et al, 1997). Using this method, the 

circulating DCs were distinguished in patients with acute leukemia and CML 

(Mohty et al, 2001; Mohty et al, 2002). 

 

 

Fig.14. Correlation between the percentage of Annexin V+/PI- CD34+ cells and the 

DC number per CD34+ cell obtained after 14 days of culture in MDS patients. 
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PBDC reduction in MDS patients  

Circulating blood DC subsets were analyzed at diagnosis on PBMCs using 

lineage markers, CD11c, and ILT3. According to the expression of CD11c, two 

populations of lin-/ILT3+ cells were observed: lin-/ILT3+/CD11c+ MDCs and lin-

/ILT3+/CD11c- PDCs (Fig.15a). The MDC and PDC subsets represented 

0.35%±0.13% (range 0.2%-0. 59%) and 0.37% ± 0.14% (range 0.2%-0.66%), 

respectively, in different healthy volunteers (n=15). In the group of the MDS 

patients the percentage of both DC subsets was significantly reduced (MDCs 

0.10%± 0.10%, p<0.001, and PDCs 0.11%± 0.10%, p<0.001). Notably, in 9 

MDS patients MDC and PDC were severely diminished and even absent 

(MDC:0%-0.04% and PDC:0%-0.06%)(Fig15b). 

Low endocytic ability of PBDCs in MDS 

In 5 patients, in whom a satisfactory for analysis percentage of circulating 

blood DCs was detected, the phagocytic capacity of PBDCs, measured by 

Dextran-FITC, was found lower compared to the controls (0.4± 0.2 vs 0.9±0.1, 

p=0.05).  

Derivation of DCs from the dysplastic clone in MDS 

In order to determine the clonal origin of DCs in MDS, FISH analysis was 

performed on FACSorted CD1a+ CD34-DCs, CD1a+ MoDCs, MDCs and PDCs 

in two patients with 5q- syndrome. In both cases, the vast majority of DCs 

derived from CD34+ cells (94% and 95%, respectively), 90% of MoDCs as well 

as all MDCs and PDCs were positive for 5q deletion (Fig.16). 
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Fig.15. Examples of the flow cytometry analysis of the circulating DC subsets in a

healthy volunteer and MDS patient. Blood DCs were identified by 3-color staining 

performed on PBMCs using the following monoclonal antibodies: ILT-3-PC5, CD11c-

PE and FITC-labeled mAbs against lineage markers CD14, CD16, CD19, and CD56.

According to the expression of CD11c two populations of lin-/ILT3+ cells were 

observed: lin-/ILT3+/CD11c+ MDCs and lin-/ILT3+/CD11c- PDCs (a). Distribution of 

values and mean percentage of PBDCs in healthy donors and MDS patients (b). 
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Fig.16. FISH analysis of sorted CD34-DCs, MoDCs, MDCs and PDCs from a 

patient with 5q- syndrome. (Normal nuclei appear with 4 distinct signals, 2

green (5p) and 2 orange (5q) whereas the del (5)(q13q33) aberration is indicated

by nuclei containing 2 green and 1 orange signal. 
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DISCUSSION 

MDS is a clonal stem cell disorder characterized by ineffective hematopoiesis 

with impaired proliferation and maturation of one or more cell lineages in the 

bone marrow resulting in PB cytopenia. The initiation processes for the 

development of MDS remain unknown. A poorly defined transforming events 

affects a pluripotent or multipotent progenitor cell in the bone marrow, 

conferring a growth advantage upon it and eventually establishing clonal 

hematopoiesis. Several studies show that in MDS haematopoietic progenitors 

are unable to proliferate normally in long-term bone marrow culture (Satto et 

al, 1998), as well as in cytokine supplemented liquid cultures (Martinez-

Jaramillo et al, 2002) and show impaired clonogenicity in semisolid cultures 

(Flores-Figueroa et al, 1999). Ineffective haematopoiesis in MDS has been 

attributed to excessive intramedullary apoptosis (Yoshida, 1993; Greenberg, 

1998) that is often observed in the BM of MDS patients (Tsoplou et al, 1999; 

Mundle et al, 1999; Pecci et al, 2003). 

Increased susceptibility to bacterial infections, autoimmune phenomena and 

high incidence of lymphoid malignancies (Coplestone et al, 1986; Ruttu, 1986; 

Hamblin, 1996) are commonly seen in MDS and reveal an underlying defect of 

the immune response in MDS patients; however, the reasons for them still 

remain unclear. Several studies have found a variety of immunological 

abnormalitites in MDS including quantitative and functional parameters of T-, 

B-, and NK-cells (Hamblin, 1996, Okamoto et al, 1997, Lurashi et al, 1994, 

Takaku & Takaku, 1981) that have been correlated with the disease 

progression (Symeonidis A, 1991, Okamoto et al, 1997). In 1999, a study of 

DCs derived from peripheral blood monocytes in patients with RA and RAEB 

revealed that in immature state MoDCs exhibit phenotypic and functional 
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deficiencies (Rigolin et al, 1999). At the same time, Vuckovic et al demonstrated 

that in CMML the absolute blood DC number and the yield of MoDCs did not 

differ significantly from the controls; however, MoDCs exhibited low 

allostimulatory activity after TNF-α or LPS treatment (Vuckovic et al, 1999). As 

a result, for the first time, it was suggested that DCs dysfunction may account 

for the defective immune response noted in MDS patients. 

Dendritic cells (DCs) are the most potent APC, intimately involved in the 

initiation and regulation of antigen specific immune responses (Hart, 1997). 

DCs reside in a resting or immature state in nonlymphoid tissues, where they 

efficiently capture and process antigens. Upon activation they initiate a 

differentiation process that results in decreased Ag-processing capacity, 

enhanced expression of MHC and co-stimulatory molecules, and migration into 

secondary lymphoid organs, where they trigger naïve T-cells. This in vivo 

maturation process is efficiently regulated and controlled by a complex array of 

signals present in the DC microenvironment. Variations among developmental 

pathway, tissue distribution and state of maturation indicate the existence of a 

heterogeneous DC population. DC life cycle begins with a proliferating 

progenitor, which in humans is found in the CD34 positive fraction of bone 

marrow (Olweus J et al, 1997). Then there are non-proliferating precursors. DC 

precursors from the bone marrow pass through the blood to peripheral tissues 

where they reside as immature DCs. After Ag uptake, DCs migrate to the 

draining secondary lymphoid organ undergoing the maturation process. After 

presentation of Ag to Ag-specific T cells most DCs disappear, probably by 

apoptosis (Keller, 2001). 

The study of DCs ontogeny, phenotype and function has been difficult, due to 

their scarcity in blood and tissues. The creation of culture systems that use 

hematopoietic cytokines to support the growth, differentiation, and maturation 

of DCs in large numbers has provided a significant tool for the study of DC 

immunobiology. 

Presently we analyzed the status of the DC system in patients with MDS, 

studying different stages of DC development and differentiation.  
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Potential of bone marrow progenitors in MDS to generate DCs 

It is believed that DCs originate from bone marrow stem cells via different 

developmental pathways related to myeloid or lymphoid cell types (Shortman & 

Caux, 1997, Dakic & Wu, 2003). In vitro, human haematopoietic progenitors 

purified from cord blood or bone marrow can be induced to proliferate and 

differentiate into DCs (Caux et al, 1992; Santiago-Schwarz et al, 1992; Reid et 

al, 1992). Among different cytokines that have been tested in CD34 precursor 

cultures, only GM-CSF in cooperation with TNF-α had the capacity to support 

DC development (Ohishi K et al, 2001). CSF promotes the survival of very early 

multipotent progenitors; although without effect on DC yield when used alone, 

SCF had a synergistic effect with late-acting growth factors and cytokines on 

cell proliferation and terminal maturation (Saraya & Reid, 1995). Because a 

substantial proportion of DCs developing from CD34+ HPCs do so via CD14+ 

bipotential intermediates, IL-4 is used to suppress macrophage differentiation. 

The delayed addition of IL-4 on day six of culture (Ohishi K et al, 2001) or the 

replacement of early acting growth factors with IL-4 at day 7 (Ratta et al, 1998) 

was shown to enhance the percentage of total CD1a+ cells and the yield of DCs 

after 14 days of incubation, while the addition of IL-4 from the commencement 

of the culture decreases the cell yield (Min et al, 2000). GM-CSF, SCF, TNF-α, 

and IL-4 constitute the standard cytokines for DCs generation from normal 

CD34+ cells (Caux et al, 1992; Saraya & Reid, 1995; Ratta et al, 1998) 

Furthermore, these cytokines have been efficiently used for the generation of 

DCs from leukemic CD34 cells in CML (Smit et al, 1997), AML and ALL 

(Cignetti et al, 1999; Tsuchiya et al, 2002).  

In our study purified BM CD34+ cells obtained from patients with different 

types of MDS were cultured in the presence of GM-CSF, SCF and TNF-α. IL-4 

was added at day 7 of culture. The efficiency of the former culture conditions 

was tested and confirmed using cord blood CD34+ cells for the generation of 

DCs. 

At the present time no data exists concerning the potential of progenitor cells 

in MDS to generate DCs. It is well established that the depletion of early 

haematopoietic cells is an essential part of the pathophysiology in MDS. There 
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is evidence of progenitor cell reduction as demonstrated by low primitive 

multipotent progenitors (CFU-GEMM) (Flores-Figueroa et al, 1999) as well as 

long-term culture initiating cells (LTC-IC) (Sato et al, 1998). In agreement with 

the above, we demonstrated that progenitor cells, capable of initiating 

“dendritopoiesis” in MDS are decreased as well. By indirectly calculating the 

DC numbers per BM CD34+ cell we found that DCs obtained from a single BM 

progenitor were significantly fewer compared to normal controls. Interestingly, 

the circulating DC precursors in the peripheral blood of MDS patients were 

decreased and even absent probably as a consequence of the impaired bone 

marrow production.  

Effect of apoptosis on DC generation  

Several studies indicate that in MDS, hematopoietic progenitors are unable to 

proliferate normally in cytokine supplemented liquid cultures and this defect is 

due to increased rate of apoptosis within culture during differentiation. 

(2Mayani et al, 1989). MDS progenitors were capable of proliferating and 

expanding in response to cytokines; however, their rate of apoptosis was 

increased by intermediate- and late-acting cytokines, so that the overall 

proliferation and expansion were significantly lower than those of normal 

progenitor cells (Martinez-Jaramillo et al, 2002). MDS CD34+-derived erythroid 

progenitors proliferated normally in two-step liquid culture but underwent 

abnormal Fas-dependent apoptosis during differentiation that could be 

responsible for the impaired erythropoiesis (Claessens et al, 2002). Excessive 

intramedullary apoptosis (Yoshida, 1993; Greenberg, 1998) is often observed in 

the BM of MDS patients (Tsoplou et al, 1999; Mundle et al, 1999; Pecci et al, 

2003). However, data is still conflicting regarding the involvement of the 

progenitor cell compartment in the apoptotic process (Tsoplou et al, 1999, 

Mundle et al, 1999, Pecci et al, 2003) and the consequence of this event, when 

it exists, is not clearly determined. 

In order to explain the ineffective “dendritopoiesis” from MDS bone marrow 

CD34+ cells we investigated the possible role of apoptosis. We detected the level 

of apoptosis by Annexin-V/PI staining of the CD34+ cell population in fresh BM 

samples just before the separation procedure and culture. We found that 
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apoptosis of BM CD34+ cells in the patients was increased with a great 

heterogeneity within the samples. Furthermore, we tested whether a correlation 

could be found between the degree of apoptosis of CD34+ progenitors in the BM 

of MDS patients and their ability to differentiate into DCs in vitro. Interestingly, 

the survival and growth of CD34+ progenitors in the culture was not correlated 

to the degree of apoptosis. The detection of apoptosis at different time points of 

culture did not show increasing rates. Moreover, the capacity of CD34+ cells to 

generate DCs did not differ when FACSorted apoptotic and non-apoptotic 

CD34+ cells were separately cultured (data not shown). In accordance, we have 

recently shown that apoptosis does not account for the impaired clonogenicity 

of haematopoietic progenitors in MDS, as non-apoptotic as well as apoptotic 

bone marrow CD34+cells, exhibited similar invariably low growth in a system of 

short-term semisolid culture (Michalopoulou et al, 2004). It is likely that 

apoptosis is not the only cause for the limited hematopoietic potential of the 

progenitor cells in MDS; it seems that other abnormalities involving both 

apoptotic and non-apoptotic cells act in parallel.  

Clonal origin of DCs in MDS 

40%-60% of MDS patients have identifiable chromosomal aberrations at 

diagnosis, providing evidence for the clonal nature of MDS (Heim &Mitelman, 

1986, Nowell, 1992, Haase et al, 1995). However, it was hypothesized hat non-

clonal hematopoiesis still persists in the patients with MDS despite the 

expansion of the neoplastic clone (Delforge et al, 1995). Non-clonal myeloid 

cells can be isolated in untreated MDS patients (Asano et al, 1994, Anan et al, 

1995). Recent data indicate that a residual population of very immature stem 

cells (LTC-IC) is able to grow in vitro and to generate polyclonal hematopoiesis 

(Guidetti et al, 2004). Indirect evidence supporting the hypothesis is that 

cytokine therapy (Vadhan-Raj et al, 1989), low dose cytarabine (Janssen et al, 

1989), and intensive chemotherapy (Ito et al, 1994, Carella et al, 1996) are able 

to induce non-clonal hematopoiesis in MDS. 

In our study, MDS CD34-DCs had phenotype and allostimulatory capacity 

similar to DCs obtained from controls suggesting a possible origin of CD34-

DCs from normal BM progenitors that may co-exist with a dominating 
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neoplastic clone. However, the results from FISH analysis in two patients 

revealed that all CD34+ progenitors and the DCs derived from them carry the 

5q deletion. Moreover, MDCs in the blood and, more interestingly, PDCs, 

believed to be of lymphoid origin (Robinson et al, 1999), also share the 

cytogenetic abnormality.  

Clonality studies have revealed variable results with regard to the potential 

involvement of multipotent stem cells in MDS. It is still a matter of debate 

whether the primary clonal mutation in MDS arises in the most primitive 

common hematopoietic stem cell (Janssen et al, 1989, Tefferi et al, 1990, 

Nilsson et al, 2000) or in a more committed daughter cell (Abrahanson et al, 

1991, Raskind et al, 1984, Gerritsen et al, 1992). Generally there is agreement 

that multiple myeloid cell lineages invariably are involved in the MDS clone, 

whereas the derivation of the lymphocytes from this clone is uncertain and 

might depend in part on the specific chromosomal aberration involved (Janssen 

et al, 1989, Raskind et al, 1984, Lawrence et al, 1987, Culligan et al, 1992, 

White et al, 1994, Abrahanson et al, 199, Gerritsen et al, 1992, van Kamp et al, 

1992, Kroef et al, 1993). Our findings support previously demonstrated data 

that 5q deletion occurs early at lympho-myeloid differentiation level of 

haematopoietic stem cell (Nilsson et al, 2000). The investigation of the clonal 

derivation of DCs in MDS cases with other chromosomal aberrations is also of 

certain interest. Recently, in parallel with us, it has been reported that MDCs 

and PDCs are decreased and clonally involved in MDS patients with different 

chromosomal aberrations (Ma et al, 2004). 

Impaired induction of DCs from blood monocytes in patients with MDS 

The circulating monocytes could be considered another potential DC precursor 

population. The presence of monocyte-derived DCs (MoDCs) in physiological 

conditions has yet to be determined, although, there is some suggestion that 

they may differentiate into DCs in vivo providing a boost to the APC population 

in sites of significant infection or inflammation (Randolph et al, 1999). It is now 

accepted that blood monocytes can be induced to develop, without any 

proliferation, into a form of DCs (Cavanagh et al, 1998). Treatment with GM-

CSF and IL-4 produces monocyte-derived DC with an immature DC phenotype 



 95

(CD1a+, low expression of class II MHC in the intracytoplasmic compartment, 

low expression of CD80, CD86 and CD58). These DC display efficient antigen 

uptake by macropinocytosis or receptor-mediated endocytosis through the 

mannose receptor, but have only a weak capacity to prime naive T cells. 

However, these immature DC undergo maturation when stimulated by the type 

of microenvironmental signals which induce DC migration in vivo (such as LPS, 

TNF-α, IL-1) or by signals from T cells (such as CD40L).  

In the present study we generated DCs from the adherent PBMC fraction using 

GM-CSF and IL-4. The generation of MoDCs was possible in all patients with 

MDS. However, in agreement with previous studies, we found that in RA, 

RARS, and RAEB (Rigolin et al, 1999) but not in CMML (Vuckovic S et al, 

1999), the yield of MDS-MoDCs was lower than in controls.  

Those data indicate that monocytes from patients with MDS have low potential 

to differentiate into DCs. 

The immature MDS-MoDCs, generated in the presence of GM-CSF and IL-4, 

had a reduced expression of CD1a and CD80 surface antigens in our study.  

CD1 molecules have been identified as nonclassical Ag-presenting structures 

involved in the regulation of T cell responses to microbial Ags containing lipids 

or glycolipids (Burdin N & Kronenberg, 1999). This pathway may contribute to 

microbial immunity, to autoimmunity, and to antitumor responses.  

CD80 is a co stimulatory molecule implicated in the induction of anti-tumor 

immunity (Guinan EC et al, 1994). Low CD80 expression has been detected on 

DCs from CMML, CML, multiple myeloma (Ratta M et al, 2002, Eisendle et al, 

2003, Brown et al, 2001). CD80 defect on MoDCs may be associated with the 

escape from immune control with disease progression towards acute leukemia 

and increased incidence of other malignancies, and particularly lymphoid 

neoplasms. 

Several factors could be correlated with the variation observed within the MDS 

group such as their malignant origin, their lower compared to controls 

expression of GM-CSF receptor (Lanza F et  al, 1997), or the number of 

circulating monocytes. However, the low cell yield could not be assigned to low 

number of monocytes in these patients, since there was no correlation between 
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percentage of monocytes from PBMC initiating the culture and percentage of 

DCs yield.  

It is well established that the differentiation and maturation of DCs are 

dependent on a number of cytokines. The generation of DCs from cancer 

patients for example is assumed to be difficult because of the negative effect of 

several cytokines such as IL-10, TGF-β, M-CSF, IL-6 or VEGF, which are often 

produced by the malignant cells and can prevent DCs differentiation and 

reduce their allostimulatory capacity (Menetrier-Caux et al, 1998, Chouaib et 

al, 1997, Brown et al, 2001). In patients with MDS, a high in vitro production 

of both IL-6 and TNF-α by the hematopoietic microenvironment cells has been 

demonstrated (Flores-Figueroa E et al, 2002). The same cytokines were found 

in high levels in cultures of MDS mononuclear cells (Koike M et al, 1995, Deeg 

et al, 2000). Elevated serum levels of M-CSF (Janowska-Wieczorec A et al, 

1991) correlates with the increased density of marrow macrophages in MDS 

(Shetty V et al, 1996, Kitagawa M et al, 1993). In this regard the maturation 

pathway of the DC precursors in MDS could be influenced by different 

cytokines that compete in their action and impede the DC yield and 

differentiation. 

Low endocytic ability of MoDCs from patients with MDS  

The ability of DCs to take up and process antigens is highly dependent on the 

stage of DCs differentiation. The high endocytic capacity is a specific property 

of cultured immature DCs and is down regulated upon maturation (Sallusto F, 

Lanzavecchia, 1994). We studied the capacity of MDS-MoDCs to take up 

soluble antigens via MR, a major antigen uptake receptor on immature MoDCs. 

It has been reported that mannosylated antigen is efficiently internalized by MR 

on MoDCs, processed and presented to T-lymphocytes (2Engering et al, 1997). 

In consistence with Rigolin et al, we found a reduction of the endocytic ability 

of immature DCs; we additionally demonstrated an insufficient down-

regulation of endocytosis after TNF-α and LPS induced maturation of MoDCs. 

We also observed a significant reduction of the MR expression on DCs derived 

from MDS patients, suggesting that a quantitative defect of MR probably 

accounts for the impaired endocytosis. Moreover, the phagocytic capacity of 



 97

PBDCs, measured by Dextran-FITC, was found reduced compared to the 

controls. 

The low endocytic ability may contribute to an insufficient response to danger 

signals, contributing thus to the infectious complications in MDS. On the other 

hand, DCs are involved in the apoptotic cell clearance, although not as 

efficiently as macrophages. Physiologically, the apoptotic cell engulfment from 

DCs prevents the onset of autoimmune reactions (Sun E and Shi Y, 2001). If 

excessive apoptosis coincides with poor clearance, the persistence of apoptotic 

bodies may promote an inflammatory response or present a source of antigens 

(Rosen A and Casciola-Rosen L, 2001). In this regard, the decreased endocytic 

capacity of immature DCs in the context of excessive apoptosis may be 

implicated in the pathogenesis of autoimmune disorders commonly seen in 

MDS. 

Defective TNF-α induced maturation of MoDCs in patients with MDS 

Another interesting observation in the present study was that MDS-MoDCs 

respond differently to the stimulating agents LPS and TNF-α. LPS, but not TNF-

α induced complete phenotypic and functional maturation of the MDS-MoDC. 

The bacterial cell wall constituent of LPS functions as a physiological stimulus 

for DC maturation. In vitro LPS stimulates MoDCs to produce IL-6, IL-8, IL-12, 

and TNF-α, to up-regulate co-stimulatory molecules, and to accumulate rapidly 

stable peptide-loaded MHC class II molecules (Cella M et al, 1997). TNF-α 

influences the DCs growth and differentiation characterized mainly by dendritic 

morphology, expression of high levels of MHC, adhesion and co-stimulatory 

molecules (HLA-DR, CD40, CD80, CD86), and low or absent phagocytic but 

strong antigen presenting capacity (Chen B et al, 1998). Furthermore it has 

also been reported that the mediator of TNF-α induced signaling during DCs 

maturation is TNF R1 (Lardon F et al, 1997). 

In the present study TNF-α failed to induce maturation of MDS-DCs as shown 

by low expression of surface markers (CD80, CD83 and CD54) that are 

presumably important for DCs-T-cell interaction. Besides the phenotypical 

defect, TNF-α-stimulated DCs were poor inducers of T-cell proliferation in MLR.   
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The maturation failure to TNF-α could be assigned to the reduced expression of 

TNFR1 reported in our study. This finding is of interest, since, there is evidence 

for a role of TNF-α in MDS pathogenesis. Several studies indicate that TNF-α is 

elevated in the bone marrow (Kitagawa M et al, 1997, Shetty V et al, 1996) and 

peripheral blood (Zoumbos N et al 1991, Koike M et al, 1995, Molnar L et al, 

2000) of MDS patients. It is conceivable that the chronic exposure to TNF-α 

could result in down-regulation of TNFR1.  

Alternatively, the differential effect of TNF-α and LPS on the maturation of DCs 

could be related to defects of the intracellular pathways triggered by TNF-α. 

The activation of NF-κB family members is a critical control pathway for 

differentiation of monocytes to DCs, and for maturation of DCs from antigen-

processing to antigen-presenting cells (Baltathakis I et al, 2001). NF-κB 

transcription factor regulates a large number of genes involved in immune 

responses, such as the pro-inflammatory cytokines (IL-1, IL-6, TNF-α) and cell 

surface molecules, including CD80 (Balwin AS, 1995). In this context, it can be 

hypothesized that the difference in MDS-MoDCs maturation by TNF-α and LPS 

reflects an underlying defect in the capacity of TNF-α to activate NF-κB. It has 

been reported that the capacity of DCs to activate T-cells following CD40L 

treatment was enhanced compared with TNF-α treatment, and this effect was 

NF-κB dependent (O’Sullivan BJ, Ranjeny T, 2002).  

Notably, in contrast to the functional defects of MoDCs, CD34-DCs in MDS 

were phenotypically and functionally normal. It is well established that in vitro 

CD34+ progenitors develop into DCs with characteristic morphology, surface 

phenotype and function through two pathways including two subsets of 

intermediate DC precursors, identified by the expression of CD1a and CD14 

(Caux et al, 1996). The CD14– CD1a+ precursors give rise to cells with 

characteristics of Langerhans cells, whereas the CD14+ CD1a– precursors are 

bipotent cells that can be induced, according to the cytokine milieu to form 

macrophage-like cells or DCs. Culturing CD34+ cells, a population of DCs that 

contains CD14-derived DCs similar to the MoDCs differentiated in vitro 

immediately from blood isolated CD14+ cells can be obtained. However, the 

procedure of generating DCs from CD34+ cells is carried out in vitro, whereas 



 99

MoDCs are obtained from blood monocytes that have already been produced in 

vivo in the particular microenvironment. It could be hypothesized that the 

removal of progenitor or precursor cell populations from the pathological 

microenvironment in MDS at earlier stage of differentiation could help 

overcoming to some extent defects occurring in vivo during haematopoiesis.  

The high allostimulatory activity of CD34-DCs in patients with MDS makes the 

CD34+ BM progenitors a possible source for DCs induction in vitro for clinical 

applications. 

In conclusion, our results indicate that in MDS the production of DCs is 

affected by the neoplastic process resulting in ineffective “dendritopoiesis” with 

low blood DC precursors. MDS-MoDCs exhibit quantitative and functional 

abnormalities. Although functionally active when stimulated with LPS, the 

MDS-MoDCs are numerically deficient, and show low endocytic ability and 

impaired maturation after TNF-α stimulation. These findings, given the role of 

DCs in a variety of immune responses, including pathogen and tumor 

recognition, suggest that DC defects in MDS may contribute to the poor 

immune response against infectious agents, escape from immune surveillance 

and expansion of the malignant clone, as well as autoimmune phenomena, 

observed in MDS patients. 
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SUMMARY 

Myelodysplastic syndrome (MDS) is a stem cell disorder characterized by 

ineffective hematopoiesis and blood cytopenias involving one or several myeloid 

lineages. Various immune disturbances in MDS such as increased 

susceptibility to bacterial infections, autoimmune phenomena and high 

incidence of lymphoid malignancies reveal an underlying defect of the immune 

response in MDS patients, the reasons for which still remain unclear.  

Dendritic cells (DCs) are bone marrow derived cells. As the most potent antigen 

presenting cells (APC), they are specialized for the uptake, processing, 

transport and presentation of Ag to T cells.  

In the present study different quantitative and functional parameters of DCs in 

patients with MDS were analyzed either in vivo or in vitro.  

The number, phenotype, endocytic ability, and allostimulatory capacity of DCs 

derived from peripheral blood monocytes (MoDCs) were investigated in patients 

with MDS and healthy controls at different stages of differentiation using the 

maturation stimuli-TNF-α and LPS. Monocytes in MDS showed low potential to 

differentiate into DCs, as determined by low cell yield and CD1a expression. 

MDS-MoDCs exhibited low expression of Mannose receptor and reduced 

endocytic capacity. When stimulated with TNF-α, MoDCs obtained from MDS 

patients showed a diminished response with low CD83, CD80 and CD54 

expression and allostimulatory capacity, whereas in the presence of LPS MDS-

MoDCs acquired phenotypic characteristics and ability to stimulate T-cells 

similar to MoDCs derived from controls. In two patients with 5q- syndrome the 

vast majority of both monocytes and MoDCs were positive for the 5q deletion, 

suggesting that they originate from the malignant clone. 

Second, we investigated the potential of bone marrow CD34+ progenitors in 
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patients with MDS to proliferate and differentiate into DCs in a liquid cytokine 

supplemented culture system and also analyzed the status of blood DC subsets 

in those patients. 

CD34+ progenitors had low potential to generate DCs in vitro, as the number of 

DCs obtained from one CD34+ cell was significantly lower compared to 

controls. Interestingly, although the increased apoptotic level of bone marrow 

progenitors in MDS, the survival and proliferation of CD34+ cells in culture was 

not correlated to the degree of apoptosis. Phenotypically the MDS CD34-DCs 

did not differ from DCs obtained from normal BM CD34+ cells, exhibiting 

similar expression of CD83, CD80, CD40, HLA-DR, and CD54. FACsorted 

CD1a+ cells from MDS patients were as efficient stimulators of allogeneic T 

cells as normal CD34-DCs. 

The percentage of both circulating DC subsets, MDCs and PDCs in MDS 

patients was extremely diminished compared to controls. In cases with the 5q 

deletion both CD34-DCs and blood DCs harbor the cytogenetic abnormality. 

The results indicate that “dendritopoiesis” in MDS is affected by the 

transformation process resulting in ineffective production of DCs from bone 

marrow progenitors with low circulating blood precursors. All DC subsets were 

derived from the malignant clone and exhibited quantitative and qualitative 

abnormalities. This constellation of DCs defects probably contribute to the 

defective immune response against pathogens, escape and expansion of the 

malignant clone, as well as autoimmune phenomena, observed in MDS 

patients.  
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ΠΕΡΙΛΗΨΗ ∆ΙΑΤΡΙΒΗΣ 

Το Μυελοδυσπλαστικό Σύνδροµο (Μ∆Σ) αποτελεί νόσηµα µε διαταραχή σε 

επίπεδο αρχέγονου αιµοποιητικού κυττάρου (stem cell) που χαρακτηρίζεται από 

µη αποδοτική αιµοποίηση και κυτταροπενίες του περιφερικού αίµατος που 

περιλαµβάνουν µία ή περισσότερες αιµοποιητικές σειρές. ∆ιάφορες ανοσολογικές 

διαταραχές των ασθενών µε Μ∆Σ, όπως, αυξηµένη ευαισθησία σε βακτηριακές 

λοιµώξεις, αυτοάνοσα φαινόµενα και υψηλή συχνότητα κακοηθειών του λεµφικού 

ιστού, υποδεικνύουν αδυναµία των ασθενών µε Μ∆Σ για ανοσολογική απάντηση, 

οι αιτίες των οποίων παραµένουν άγνωστες µέχρι σήµερα.  

Τα ∆ενδριτικά Κύτταρα (∆Κ) είναι κύτταρα του ανοσολογικού µηχανισµού που 

προέρχονται από το µυελό των οστών. Ως αντιγονοπαρουσιαστικά κύτταρα (APC), 

είναι εξειδικευµένα για τη πρόσληψη, επεξεργασία, µεταφορά και παρουσίαση του 

αντιγόνου στα Τ λεµφοκύτταρα. 

Στη παρούσα µελέτη πραγµατοποιήθηκε ανάλυση διαφορετικών ποσοτικών και 

λειτουργικών παραµέτρων των ∆Κ από ασθενείς µε Μυελοδυσπλαστικό Σύνδροµο, 

in vivo ή in vitro.  

Αρχικά διερευνήθηκε ο αριθµός, ο φαινότυπος, η ικανότητα ενδοκύττωσης και η 

αλλογενής διεγερτική δυνατότητα των ∆Κ, προερχόµενων από µονοκύτταρα του 

περιφερικού αίµατος (Μο∆Κ) ασθενών µε Μ∆Σ και υγιών µαρτύρων, σε 

διαφορετικά στάδια διαφοροποίησης. Τα µονοκύτταρα των ασθενών µε Μ∆Σ 

χαρακτηρίστηκαν από µειωµένη ικανότητα διαφοροποίησης σε ∆Κ, λόγω του 

µειωµένου αριθµού των διαφοροποιηµένων κυττάρων και τη χαµηλή έκφραση του 

CD1a αντιγόνου επιφανείας. Τα Μο∆Κ των Μ∆Σ ασθενών παρουσίασαν χαµηλή 

έκφραση του υποδοχέα της µανόζης και µειωµένη ικανότητα ενδοκύττωσης. Μο∆Κ 

των Μ∆Σ ασθενών επέδειξαν µειωµένη απάντηση ύστερα από διέγερση µε TNF-α, 

καθώς η έκφραση των CD83, CD80 και CD54 αντιγόνων και η αλλοδιεγερτική 
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ικανότητα ήταν µειωµένη, ενώ η επίδραση µε LPS είχε ως αποτέλεσµα να 

εµφανίσουν φαινοτυπικά χαρακτηριστικά και ικανότητα διέγερσης των Τ-

κυττάρων, όµοια µε τα Μο∆Κ των φυσιολογικών µαρτύρων. Σε δύο από τους 

ασθενείς µε σύνδροµο 5q-, σχεδόν όλα τα µονοκύτταρα και τα Μο∆Κ περιείχαν τη 

χρωµοσωµική διαταραχή, υποδηλώνοντας την προέλευσή τους από τον 

παθολογικό κλώνο.  

Στη συνέχεια διερευνήθηκε το δυναµικό πολλαπλασιασµού και διαφοροποίησης 

των CD34+ προγονικών κυττάρων του µυελού ασθενών µε Μ∆Σ σε δενδριτικά 

κύτταρα (CD34-∆Κ) σε υγρή καλλιέργεια παρουσία κυτοκινών. Παράλληλα, έγινε 

ανάλυση των κυκλοφορούντων ∆Κ περιφερικού αίµατος στους ίδιους ασθενείς. Τα 

CD34+ προγονικά κύτταρα παρουσίασαν χαµηλή δυνατότητα ανάπτυξης ∆Κ in 

vitro, καθώς ο αριθµός των παραγόµενων ∆Κ ανά CD34+ κύτταρο ήταν 

χαµηλότερος συγκριτικά µε τα δείγµατα των υγιών µαρτύρων. Παρά την αυξηµένη 

απόπτωση των προγονικών κυττάρων του µυελού των Μ∆Σ ασθενών, η επιβίωση 

και ο πολλαπλασιασµός των CD34+ κυττάρων στην καλλιέργεια, δεν συσχετίστηκε 

µε την απόπτωση και αποτελεί αξιοσηµείωτη παρατήρηση. Φαινοτυπικά, τα 

CD34-∆Κ των Μ∆Σ ασθενών δεν διέφεραν από τα ∆Κ που παρήχθησαν από τα 

CD34+ κύτταρα του µυελού των φυσιολογικών µαρτύρων καθώς επέδειξαν όµοια 

έκφραση των CD83, CD80, CD40, HLA-DR και CD54 αντιγόνων. 

Κυτταροεπιλεγµένα CD1a+ κύτταρα ασθενών είχαν όµοια διεγερτική ικανότητα 

αλλογενών Τ κυττάρων µε τα CD34-∆Κ των φυσιολογικών ατόµων. Το ποσοστό των 

κυκλοφορούντων µυελοειδών- και πλασµατοκυτταροειδών- ∆Κ στους ασθενείς µε 

Μ∆Σ  ήταν σηµαντικά µειωµένο συγκριτικά µε τους υγιείς µάρτυρες. Στους 

ασθενείς µε 5q έλλειψη, τόσο τα  CD34-∆Κ, όσο και τα ∆Κ του αίµατος, είχαν τη 

χρωµοσωµική ανωµαλία.  

Τα παραπάνω αποτελέσµατα υποδηλώνουν ότι η διαδικασία παραγωγής 

δενδριτικών κυττάρων από το µυελό (‘δενδριτοποίηση’) των ασθενών µε Μ∆Σ, είναι 

µέρος της κλωνικής διαταραχής µε αποτέλεσµα την µη αποδοτική παραγωγή ∆Κ 

από τα προγονικά κύτταρα του µυελού και το χαµηλό ποσοστό των 

κυκλοφορούντων πρόδροµων ∆Κ. Όλες οι ∆Κ υποοµάδες προέρχονται από τον 

παθολογικό κλώνο και χαρακτηρίζονται από ποσοτικές και ποιοτικές ανωµαλίες. 

Το σύνολο αυτών των διαταραχών που παρατηρήθηκαν στα ∆Κ πολύ πιθανόν να 
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συµβάλει στη διαταραγµένη ανοσολογική απάντηση έναντι παθογόνων 

οργανισµών, στην επιβίωση και στην επικράτηση του παθολογικού κλώνου, όπως 

επίσης και στην εµφάνιση αυτοάνοσων φαινοµένων, που παρατηρούνται στους 

ασθενείς µε Μ∆Σ.   
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APPENDIX 

LIST OF ABBREVIATIONS 

RA Refractory anemia   

RAEB  Refractory anemia with excess of blasts  

RAEB-t  Refractory anemia with excess of blasts in transformation   

RARS  Refractory anemia with ringed sideroblasts   

CMML  Chronic myelomonocytic leukaemia 

TNF-α  Tumor necrosis factor-alpha 

BMMC  Bone marrow mononuclear cells  

BFU-E  Erythroid burst-forming units 

CFU-Eerythroid Colony-forming units  

Epo  Erythropoietin 

CFU-GEMM  Colony-forming unit-granulocyte, erythroid, macrophage, 

 megakaryocyte 

CFU-GM  Granulocyte-macrophage colony forming cells 

SCF  Stem cell factor   

IL Interleukin 

G-CSF  Granulocyte colony-stimulating factor   

GM-CSF  Granulocyte-macrophage colony-stimulating factor 

M-CSF  Macrophage-colony stimulating factor 

LTBMC  Long-term bone marrow cultures 

LTC-IC  Long-term culture initiating cells 

HPC  Hematopoietic progenitor cells 

LTC-IC  Long term culture-initiating cells 

IFN  Interferon 



 108

MHC  Major histocompatibility complex 

CLP  Common lymphoid precursors  

CMP  Common myeloid precursors 

LC  Langerhans cells 

TGFβ  Transforming growth factor β 

ILT  Immunoglobulin like transcript 

PBMC Peripheral blood mononuclear cells 

MoDC  Monocyte-derived DC 

MDC Myeloid dendritic cells 

PDC  Plasmacytoid dendritic cells 

MMR  Macrophage mannose receptor 

TCR  T-cell receptor complex 

LPS  Lipopolysaccharides 

PBDC  Peripheral blood dendritic cells 

MACS  Magnetically activated cell sorting 

FACS  Fluorescence activated cell sorting 

MLR  Mixed leukocyte reaction 

AU  Arbitrary units 

MFI  Mean fluorescence intensity 

PI  Propidium iodide 

BrdU  Bromodeoxyuridine 

7AAD  7-amino-actinomycin-D 

FISH  Fluorescence in situ hybridization 
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