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For this study, we purified peripheral blood monocytes from 30 patients with MDS and 28 healthy volunteer donors. We confirm previous results [START_REF] Meers | Monocytes are activated in patients with myelodysplastic syndromes and can contribute to bone marrow failure through CD40-CD40L interactions with T helper cells[END_REF] and show that monocytes from patients with MDS produce significantly more TNF-α in response to CD40 stimulation than monocytes from healthy controls (293 +/-89 vs. 52 +/-15 pg/mL, p=0.03 Mann-Whitney utest). Stimulation with LPS leads to an equal production of TNF-α in both groups (90 +/-28 vs. 80 +/-24 pg/mL, p=n.s.).

As shown in Figure 1, the TNF-α production by CD14 + cells stimulated with LPS is significantly lower in the presence of thalidomide. We could demonstrate this in cells derived from healthy controls as well as from patients with MDS. We were unable to demonstrate a concentration dependent decrease, but this is in line with other authors [START_REF] Mohty | Differential regulation of dendritic cell function by the immunomodulatory drug thalidomide[END_REF]. In addition, we could demonstrate that TNF-α production by monocytes from control subjects stimulated with a CD40 agonist (clone 64) was significantly lower in a dose-dependent way by the presence of thalidomide. In contrast, TNF-α production by monocytes from MDS patients was only significantly lower in the presence of the highest concentration (25 µg/mL) of thalidomide.

We here confirm that thalidomide inhibits TNF-α production of monocytes stimulated by LPS, and confirm this in monocytes derived from MDS patients. LPS-stimulation is the standard technique by which the potency of immune-modulatory drugs (IMiDs) to modulate cytokine production and prostaglandin synthesis. However, it is questionable if this pathway is representative for the in vivo situation. Recently, we provided evidence that CD40-CD40L interactions between monocytes and T helper cells are important in the pathogenesis of MDS-related BM failure [START_REF] Meers | Monocytes are activated in patients with myelodysplastic syndromes and can contribute to bone marrow failure through CD40-CD40L interactions with T helper cells[END_REF]. As such, we demonstrated that CD40 stimulation of MDS monocytes led to significantly higher TNF-α levels. TNF-α has been shown to inhibit hematopoiesis and has been implicated in the pathogenesis of MDS-related BM failure [START_REF] Gersuk | A role for tumour necrosis factor-alpha, Fas and Fas-Ligand in marrow failure associated with myelodysplastic syndrome[END_REF].

Thalidomide and other immune-modulatory drugs (IMiDs) have a wide mode of action including inhibition of TNF-α production by monocytes. The inhibitory action of thalidomide on TNF-α production has been ascribed to enhancing degradation of TNF-α-mRNA [START_REF] Moreira | Thalidomide exerts its inhibitory action on tumor necrosis factor alpha by enhancing mRNA degradation[END_REF] meaning that it is not specifically targeting LPS downstream signaling pathways. Activation of monocytes through CD40 leads to activation of MAPK pathways and eventually to NF-kB activation [START_REF] Rothe | TRAF2-mediated activation of NF-kappa B by TNF receptor 2 and CD40[END_REF][START_REF] Van Kooten | CD40-CD40 ligand[END_REF]. We have therefore analyzed thalidomide's activity on CD40-induced TNFα production and to date, we have been the first to report this. We could indeed demonstrate that thalidomide is also capable of inhibiting TNF-α production induced by CD40 stimulation of monocytes from healthy controls. However, in patients, significantly higher doses of thalidomide were needed to achieve this effect. The exact concentrations of thalidomide in marrow of patients has not been established, partly due to a high variability in the absolute bioavailability of thalidomide from one patient to another [START_REF] Peuckmann | Potential novel uses of thalidomide: focus on palliative care[END_REF]. Nevertheless, this observation is in line with the observation that relatively high doses are needed to achieve responses in MDS. These doses are however hard to reach due to dose-limiting toxicity, especially neurologic side effects.

We realize that several concerns can be raised when interpreting results from in vitro experiments. A first concern is the possibility that thalidomide has additional effects on MDS monocytes than on monocytes from healthy controls. More precisely, thalidomide could induce apoptosis in MDS monocytes and hence influence the results. Recently, Gockel et al reported that thalidomide indeed induces apoptosis in monocytes, via mitochondrial cytochrome c release followed by caspase-activation [START_REF] Gockel | Thalidomide induces apoptosis in human monocytes by using a cytochrome c-dependent pathway[END_REF]. They could demonstrate this with thalidomide concentrations of 10-50 µg/mL, but this effect was seen only after 48h of incubation with the drug. It could well be that wild-type monocytes are more susceptible to apoptosis by thalidomide, and this effect is responsible for the lower TNF-α concentrations measured in presence of thalidomide. However, in our experiments the supernatant was already collected after 24h, what makes this hypothesis less likely. The fact that monocytes from MDS and normal controls were not significantly different in conditions of LPSstimulation also argues against the fact that increased/decreased in apoptosis influenced our results. Since previous reports suggested that age influences functionality of monocytes, we included age-matched controls in our experiments [START_REF] Plackett | Aging and innate immune cells[END_REF][START_REF] Plowden | Innate immunity in aging: impact on macrophage function[END_REF]. But we could not demonstrate differences between young and aged controls in these experiments. In vitro observations cannot always be translated into the in vivo situation. This is illustrated by the observation that in patients treated with thalidomide serum levels of TNF-α can drop [START_REF] Moutsopoulos | Immunological consequences of thalidomide treatment in Sjogren's syndrome[END_REF] or increase [START_REF] Jacobson | Thalidomide for the treatment of oral aphthous ulcers in patients with human immunodeficiency virus infection[END_REF], notwithstanding numerous reports on the inhibitory effect of IMiDs on TNF-α production. These inconsistent results have also been reported on the levels of several angiogenic factors, such as VEGF [START_REF] Musto | Thalidomide therapy for myelodysplastic syndromes: current status and future perspectives[END_REF]. But, we believe that together with our results that the CD40-CD40L pathway is involved in the pathogenesis of marrow failure, this observation of the weaker potency of thalidomide in MDS is important. It suggests that probably other mechanisms are important in the responses observed in some patients.

Thalidomide-analogues, such as lenalidomide, are in vitro more potent to inhibit LPS-induced TNF-α production. It remains to be explored if their effect in MDS is in part attributable to an inhibitory effect on TNF-α production rather than to other mechanisms. Monocyte isolation and stimulation PB CD14 + cells were isolated using CD14 + magnetic beads (Miltenyi Biotec, Germany) according to manufacturer's instructions. Isolated CD14 + cells were enumerated using trypan blue exclusion and were plated in Iscove's Modified Dulbecco's Medium (Gibco BRL Life Technologies, UK) supplemented with 15% fetal bovine serum (Stem Cell Technologies, Canada) in wells of 24-well plates (Falcon Multiwell, Becton Dickinson) at a density of 3x10 5 cells per mL per well. After 1 week of culture in a humidified incubator at 37°C with 5% CO 2 , the medium was replaced with fresh medium supplemented with either lipopolysaccharide (LPS, Santa Cruz Biotechnology, Germany) at 1 µg/mL or a mixture of clone 64 (agonist antihuman CD40 monoclonal antibody, PanGenetics, The Netherlands) at 10 µg/mL, and interferon-gamma (IFN-γ, Santa Cruz Biotechnology, Germany) at a final concentration of 1000 IU/mL. Thalidomide (Sigma, Germany) dissolved in DMSO at a stock-concentration of 5 µg/µL was added in various concentrations (5 -10 -25 µg/ml) immediately thereafter.

METHODS

Patient data and samples

After 24h supernatant was harvested and stored at -20°C until analysis.

Enzyme-linked immunosorbent assay

We used commercially available ELISA-kits for detection of TNF-α (BD, Pharmingen), IL-1β (R&D systems), IL-6 (PeproTech Ltd, UK) and IL-10 (PeproTech Ltd, UK). The sensitivity limit of the dilutions was 1.25, 4, 16 and 20 pg/mL, respectively. 

Statistics

  The myelodysplastic syndromes (MDS) comprise a heterogeneous group of clonal hematopoietic disorders characterized by cytopenias and marrow dysplasia. Immune mechanisms are in part responsible for the marrow failure observed in MDS patients [1]. We have recently provided evidence for the involvement of CD40-CD40L interactions between monocytes with T helper cells in the pathogenesis of this marrow failure [2]. More specifically, we have shown that monocytes from MDS patients produce more TNF-α in response to stimulation of the CD40-receptor than control monocytes. Thalidomide is a potent immune-modulating agent with a broad spectrum of immunologic effects and has been used in MDS patients as single-agent therapy [3-5] or in combination with other agents [6-9]. Inhibition of TNF-α production is believed to be the primordial mechanism by which thalidomide acts in MDS. However, in vitro data on the effect of thalidomide on TNF-α production in MDS currently lack. With this study, we provide the first data of the effect of increasing doses of thalidomide on the production of TNF-α by monocytes from MDS patients in response to lipopolysaccharide (LPS) or CD40-agonists. We show that only a high concentration of thalidomide is able to inhibit the TNF-α production of MDS monocytes stimulated by CD40-agonists.

  All sampling and handling were conducted in accordance with the guidelines of the local Ethical Committee of the University Hospitals Leuven which comply with the Helsinki Declaration. Peripheral blood (PB) samples from 30 different patients with morphologically proven MDS were used for this study. Patients were classified as RA (n=22), RARS (n=5) and RAEB (n=3) according to the FAB-classification and as RCMD (n=18), RCMD-RS (n=5), 5q-syndrome (n=2), MDS-u (n=2) and RAEB-1 (n=3) according to the WHO-classification.The mean age was 70 years (range 30-86). PB from 28 healthy volunteers (mean age 63 years, range 25-82) served as controls.

  All statistical analyses were performed using Prism 3.0 software. We used Mann-Whitney utests to compare mean concentrations between patients and controls. To analyze cytokine concentrations in presence/absence of thalidomide, we used Wilcoxon matched pairs tests. P-values represent double-sided tests and P-values below 0.05 were considered significant.
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