Abstract 
Myelodysplastic syndromes (MDS) are a group of clonal bone marrow (BM) disorders characterized by hematopoietic insufficiency and potential leukemic transformation. Recent studies suggest a substantial increase in BM vascularity of MDS and acute myeloid leukemia (AML). However, the mechanisms that regulate angiogenesis and angiogenic factors role in MDS progression are poorly understood. In this study, we hypothesized that changes in MDS BM microenvironment can induce BM angiogenesis leading to AML onset and progression.
Bone marrow biopsies were colleted from patients; we analysed 19 MDS patients that were not under treatment at the time of analysis and 9 patients under MDS treatment (like Thalidomide, Danazol and Vidaza).

Flow cytometry analysis of BM biopsies revealed an increase in CD34+, CD117+ and CD133+ progenitor cells, CD133+KDR+ EPC and KDR+ endothelial cells (EC) in intermediate risk patients (accordingly with the International Prognostic Scoring System (IPSS) classification). Patients under MDS therapeutics had lower progenitor cells levels when compared with patients without treatment. Secondary MDS caused by radiotherapy had augmented CD133+ progenitor cells, CD133+KDR+ EPC and KDR+ EC. The incidence of apoptosis of AC133+ progenitor cells and KDR+ EC in intermediate risk patients was higher than in low risk patients. These data revealed an increase in progenitor cell pool (or increased turnover of this lineage), in particular EPCs, with disease progression, and with radiotherapy MDS related, which seems to be reduced with specific therapeutics for MDS. BM microvessel density quantifications were made, indicating that intermediate risk patients had higher levels of the angiogenic markers: VEGF, CD31 and vWF (that is, increased BM MVD and increased VEGF levels).
To understand how the MDS BM microenvironment might contribute to leukemic transformation, we measured the expression of factors like TNF-(, TFG-( and PlGF by Real-Time PCR as well as the different VEGF isoforms. We also determined VEGF levels by ELISA in BM plasma samples.  
 TNF-( and TFG-( expression was higher in intermediate-risk MDS patients and VEGF levels were similar among patients.  We also observed that the proportion between VEGF isoforms changed. In MDS patients the most frequent isoform was VEGF121 and there was an increase in VEGF189 with MDS progression. Together, these results confirmed an abnormal BM environment in MDS patients may be due to a particular regulation of angiogenic factors and augmented angiogenesis which might contribute to leukemic progression. 
To determine whether AC133+ progenitor cells are already transformed in MDS early stages (ie. are part of the malignant process), we isolated AC133+ cells from a low-risk MDS patient with a chromosomal deletion del(20q). Using FISH analysis, we detected this cytogenetic alteration in some of those cells, which is strongly suggestive of an early progenitor cell transformation. We also performed immunohistochemistry analysis for the EPC marker homeobox HoxA9 in the same cells and we conclude that subset of EPC are transformed (ie. malignant) cells in MDS.  
Besides these Human studies, we tried to validate the importance and putative involvement of EPC/vascular cells in MDS-leukemia progression in a murine model of irradiation-induced BM malignant transformation. In this model, mice that develop BM disease (MDS-leukemia) earlier had lowering EPC levels, again suggesting that EPC turnover is a crucial feature of the pathophysiology of these BM diseases.  

Taken together, these findings suggest that an increase in the BM progenitor cell pool is directly related with MDS clinical stage risk and may contribute to the angiogenic response in MDS. The altered microenvironment and malignant cell transformation can also lead to disease progression and leukemia onset.  The presence of an EPC malignant clone in MDS BM may indicate a possible role of these cells in BM abnormal vascularization, but also in the disruption of normal hematopoiesis and, finally, acute leukemia progression. 

