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Endothelial progenitor cells (EPCs)

Angiogenesis and vasculogenesis are two different biologic 
processes, through which new blood vessels are formed to 
support oxygen and nutrient supply to distant tissues. The 
term angiogenesis denotes a biological process involving 
the formation of new blood vessels from pre-existing 
ones, while vasculogenesis is the term used to indicate the 
formation of new blood vessels from no pre-existing ones. 
During embryogenesis, new blood vessel formation is 
strictly required to sustain organ development and during 
tissue reparation new blood vessel formation is required 

to sustain the survival of the repairing tissue. In some 
pathological conditions the angiogenetic processes are 
involved in physiopathological processes related to many 
human pathologic conditions, such as ischemic disorders or 
neoplastic diseases.

The discovery of EPCs in adult tissues has challenged 
the view that new vessel formation occurs only during 
embryonic life. Thus, new blood vessels in the adults have 
been considered to be generated not only through an 
angiogenetic process, but also via postnatal vasculogenesis 
driven by EPCs. However, it is still a matter of great 
debate and controversy as to what extent EPCs may really 
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contribute to new vessel formation during adult life.
The current evidences indicate that cells exhibiting the 

functional property of EPCs are observed at the level of the 
vessel wall, in the blood and in some hemopoietic tissues.

Evidences published in the last years strongly suggest the 
existence of different types of stem/progenitor cells localized 
at the level of the vessel wall, collectively identified as 
vascular wall-resident stem cells (VW-SCs) (1). Particularly, 
the current studies suggest the existence of four different 
types of stem/progenitor cells, with different proliferative 
and differentiative capacities, resident at the level of the 
adventitia of the vascular wall layer: EPCs, mesenchymal 
stem cells, smooth muscle progenitor cells and pericytes (1). 
EPCs have been identified at the level of vessels of large 
and intermediate size, localized in the luminal endothelium 
and in the inner lining of adventitia (2). These authors 
also showed that human umbilical vein endothelial cells 
(HUVEC) and human aortic endothelial cells (HAECs), 
although considered to be differentiated endothelial cells, 
are capable of at least 40 population doublings in vitro 
and are in fact composed by a mixture of EPCs with low 
and high proliferative potential (2). Other studies have 
identified in human arteries a distinct zone of the vascular 
wall, localized between smooth muscle and adventitial 
layer, containing predominantly CD34+, CD31−, Tie2+ 
and VEGFR2+ cells, largely CD45−: these cells are able to 
migrate and to form new vessels (3). A vascular progenitor 
cell was identified also in the walls of coronary arteries: 
these cells were identified as c-kit+/VEGF-R2+ cells and are 
capable of self-renewing and differentiation into endothelial 
cells, smooth muscle cells and partly into cardiomyocytes (4).  
In a dog stenotic artery model, these cells were shown to be 
capable in vivo of coronary artery regeneration (4). These 
findings were confirmed through studies carried out in 
normal mice, providing evidence about the existence of a 
side population of CD31+CD45− endothelial cells present in 
the inner surface of blood vessels and able to induce in vivo 
the reconstitution of durable, functioning blood vessels in 
ischemic milieu (5,6).

A large number of studies carried out in these last years 
was focused to identify and to characterize cells endowed 
with a potential endothelial progenitor cell activity present 
at the level of hematopoietic tissues or circulating in 
the blood. In this research area an initial seminal paper 
by Asahara and coworkers introduced the first scientific 
demonstration on the presence of an endothelial progenitor 
cell present in circulation and capable of de novo blood 
vessel formation (7). Since this initial observation, there 

were many studies in this field that have originated a great 
debate concerning the definition and characterization of 
what can be considered as real EPCs. The complexity of the 
field was also driven by the consistent heterogeneity of the 
methodology used to characterize these cells and to try to 
obtain their purification (8,9).

Basically, these studies led to the identification of two 
types of EPCs: (I) proangiogenic hematopoietic cells, 
corresponding to cells of hematopoietic origin that promote 
angiogenesis via paracrine effects; (II) endothelial colony 
forming cells (ECFCs) that are able to generate a progeny of 
phenotypically and functionally competent endothelial cells 
able to form vessels in vivo (Table 1). Basically, two types of 
proangiogenic hematopoietic cells have been identified, one 
with a more mature phenotype and corresponding to mature 
Tie2+ monocytic cells and an immature progenitor cell 
population, corresponding to proangiogenic hematopoietic 
progenitor cells or CFU-Hill (17). The studies carried out 
in these last years on proangiogenic hematopoietic cells 
have led to the conclusion that these cells derive from the 
differentiation of a subset of hematopoietic progenitor 
cells, characterized by positivity for CD34, CD133 and 
VEGF-R2, mobilized from bone marrow by angiogenic 
growth factors and contributing in vivo to an angiogenetic 
response only through an indirect effect based on paracrine 
mechanisms (18-21).

Another assay allows the growth of true endothelial cells 
and is called the outgrowth endothelial cells (OECs): this 
assay identifies endothelial progenitors exhibiting clonal 
endothelial colony-forming cell (ECFS) capacity, giving 
rise in vitro to the formation of large colonies of human 
endothelial CD45− cells within 1–3 weeks of culture, when 
blood cells are plated on culture dishes coated with matrix 
proteins (22). In 2004, Ingram and coworkers have improved 
this methodology by growing Ficoll-isolated mononuclear 
cells resuspended in endothelial cell culture medium EGM-2;  
after 24 h of culture, the non-adherent cells were removed 
and the adherent cells were grown in the same medium (23). 
After 1–3 weeks of culture, areas of growth of endothelial 
cells are observed under form of circumscribed monolayers 
of cobblestone-appearing cells (24). These outgrowth 
endothelial colonies are very rare in that their number in the 
normal PB was estimated to be less than 1 colony/20 mL 
of blood, while their number is higher in cord blood (about  
8 colonies/20 mL of blood). The antigenic profile of the cell 
progeny observed in these colonies corresponds to a typical 
endothelial phenotype (24). Subsequent studies provided 
evidence that there are different types of EPC-derived 
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endothelial cells that could be discriminated according to 
their variable cell autonomous proliferative potential and 
that EPC-derived endothelial cells display a hierarchy of 
proliferative capacity, reminiscent of the hematopoietic 
progenitor cell hierarchy (25). As it is expected, cord blood 
EPC-derived endothelial cells display a higher proliferative 
potential than those derived from adult PB endothelial 
progenitors (25). According to these findings, Yoder and 
coworkers have proposed a new classification of endothelial 
progenitor cells (26). 

Subsequent studies have provided clear evidence that 
CD34+/CD45− cells, but not CD34+/CD45+ cells are able 
to generate ECFCs (27). Interestingly, CD34+/CD45+ cells 
are only able to generate under the endothelial cell culture 
conditions monocytic cells (27). In this study it was also 
shown that CD133+ cells are unable to generate ECFCs (27). 

A recent study by Tura and coworkers provided 
additional data to better understand the origin of circulating 
ECFCs (28). In fact, these authors provided evidence that 
ECFCs are observed both in PB and CB (in agreement 
with many previous reports), but are not detectable in 
bone marrow and in mobilized PB (28). ECFCs were 
considerably enriched in CD34+/CD133− and, particularly 
in CD34+/CD146+/CD133− cells, compared to their 
frequency observed in total CD34+ cells (28). Importantly, 
CD34+/CD146+/CD133− cells isolated from bone marrow 
failed to generate ECFCs (28). According to these findings 
it was suggested that ECFCs are not generated from bone 
marrow and, seemingly, are not of hematopoietic origin (28).

Since the discovery of ECFCs there was significant 
interest in their therapeutic impact to treat vascular injuries. 
Several recent reports indicate that high proliferative late 
outgrowth endothelial progenitors are capable in vivo of 
repairing vascular damage in models of ischemic hind  
limbs (29), pulmonary artery hypertension (30) and 
myocardial infarction (31).

Do endothelial cells belong to the primitive 
leukemic cell clone in myeloproliferative 
disorders?

Myeloproliferative neoplasms (MPNs) are a heterogeneous 
group of clonal hematopoietic stem cell disorders, 
characterized by significant increases in one or more 
myeloid cell lineages. Chronic myeloid leukemia (CML) 
is a well-characterized MPN originated from a reciprocal 
translocation between chromosomes 9 and 22, determining 
the formation and the expression of the BCR-ABL fusion T
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gene. The pathophysiology of this MPN is at a large extent 
dictated by the expression and the biologic activity of the 
chimeric BCR-ABL protein. In contrast, Philadelphia 
chromosome-negative MPNs include polycythemia 
vera (PV), essential thrombocythemia (ET) and primary 
myelofibrosis (PMF) and are characterized by the frequent 
occurrence of mutations in the Janus kinase 2 (JAK2) and 
MPL genes.

Chronic myeloid leukemia (CML)

Several studies carried out in CML suggest that in this 
disease endothelial cells could belong to the leukemic clone. 
Thus, Gunsilius and coworkers have provided evidence 
about the presence of the fusion BCR-ABL transcript 
in endothelial cells derived in vitro from bone marrow 
progenitor cells (32). These findings were interpreted 
as possible evidence that CML originates from a bone 
marrow-derived hemangioblast progenitor cell able 
to generate both blood cells and endothelial cells (1). 
Subsequent studies have provided conflicting results in 
that Wu et al. isolated CD31+/CD105+ cells from bone 
marrow of six CML patients and showed that the majority 
of these cells display the BCR-ABL transcript (33), while 
Otten et al. have grown in vitro outgrowth endothelial cells 
from 19 CML patients and have failed to detect BCR-ABL 
transcripts in these endothelial cells generated in vitro from 
circulating endothelial progenitors (34).

Other evidences were based on the isolation of 
VEGF-R2+ cells from the bone marrow of CML patients: 
these cells express the fusion transcript and are able to 
generate in vitro endothelial cells (35). Additional evidences 
showed that VEGF-R2+CD34− cells in bone marrow of 
CML patients could act as multipotent progenitor cells, 
generating also endothelial cells (36).

These evidences represent still only a preliminary 
suggestion and more definitive proofs seem to be required 
to definitely demonstrate that endothelial cells belong to 
the leukemic clone in CML.

Although it is still unclear the involvement of endothelial 
lineage in the CML pathogenetic process, it was clearly 
demonstrated that in CML, as well in other MPNs, there 
is an increased bone marrow vascularity, as evidenced at 
histological level by increased vessel density, with tortuous 
vessel architecture and increased branching; furthermore, 
in CML bone marrow an increased number of VEGF+ 
cells was observed (37). A more recent study confirmed 
this finding and showed also that the level of bone marrow 

microvascular density (MVD) is increased in CML, but it 
is not affected by the different phases of development of 
the disease, histological subtypes of CML and grades of 
medullary fibrosis (38).

Various biochemical mechanisms could be responsible 
for the activation of a neoangiogenetic response in CML 
and these mechanisms are seemingly related to the release 
by leukemic cells of molecules with pro-angiogenetic 
activities. Recent studies indicate that CML cells release 
extracellular vesicles (EVs) able to stimulate the process of 
vascularization by human vascular endothelial cells (39), 
stimulating the expression of both ICAM-1 and VCAM-
1 adhesion molecule (40). The proangiogenic activity of 
exosomes released by CML cells can be pharmacologically 
modulated: thus, the anticancer drug curcumin considerably 
attenuates the exosome’s ability to promote an angiogenic 
phenotype, by preferentially shutting miR-21 in these 
microvesicles (41).

Interestingly, a recent study provided preliminary 
evidence that EVs released by CML cells can mediate the 
transfer of BCR-ABL mRNA to endothelial cells (42). 

This finding challenges the hypothesis that endothelial 
cells may be part of the Philadelphia+ clone in CML (42). 
BCR-ABL could transfer from CML cells to endothelial 
cells also through another mechanism involving the 
transfer of DNA fragments (43). Exosomes purified from 
K562 cells are able to transfer in vitro and in vivo DNA 
fragments containing BCR-ABL (44). However, these are 
only very preliminary evidences and additional carefully 
controlled experiments are required to assess whether or 
not the transferred BCR/ABL DNA has pathophysiological 
significance. 

Philadelphia-negative MPNs 

Several studies were performed in the last years to define 
a possible direct implication of the endothelial lineage 
in the pathologic process involving JAK2V617F-mutated 
MPNs. These studies are particularly important because 
Philadelphia-negative MPNs show a high incidence of 
vascular complications. Initial studies based on in vitro 
assays for endothelial progenitors showed that JAK2V617F 
mutations were identified only in CFU-ECs (colonies 
formed by monocytoid cells with pro-angiogenic activity), 
but not in E-CFCs (colonies by true endothelial cells) (11).  
At variance with these findings, Sozer and coworkers 
reported that endothelial cells isolated by microdissection 
from liver biopsies of patients with PV with Budd-Chiari 
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syndrome exhibit the JAK2V617F mutation (45).
Given these conflicting evidences, Teofili and coworkers 

have re-explored this issue, reporting the analysis of 
the MPN-related markers in E-CFCs generated from 
22 Ph− MPN patients and they observed that in about 
55% of cases endothelial cells do not display molecular 
abnormalities, while in remaining 45% of patients MPN-
related abnormalities have been observed, including either 
SOCS gene hypermethylation or JAK2V617F mutations. 
Interestingly, endothelial cells with JAK2V617F mutation 
displayed a Stat3/Stat5 activation higher than that observed 
in endothelial cells from healthy subjects. Importantly, 
all the patients with molecular abnormalities at the 
level of the endothelial lineage experienced thrombotic  
complications (12). The possible involvement of the 
endothelial cell lineage in the process of malignant 
transformation in Ph− MPN was further supported by 
another recent study investigating spleen endothelial cells 
in myelofibrosis patients (46). Thus, Rosti and coworkers 
showed that endothelial cells carrying the JAK2V617F 
mutation can be detected in >60% of myelofibrosis patients 
in the splenic capillaries and in the splenic vein (46). It 
was hypothesized that the mutated endothelium may be 
involved in the malignant transformation of myelofibrosis.

The simplest interpretation of these observations is based 
on the hypothesis that a common progenitor cell of the 
hematopoietic and endothelial lineages, the hemangioblast, 
could represent the cellular target of the leukemogenetic 
transformation. Alternative hypotheses have been proposed 
related to the acquisition of external DNA into endothelial 
cells in patients with MPNs, following events of cell fusion 
or of DNA acquisition from the blood.

As observed in CML, also in the bone marrow of 
Philadelphia-negative MPN there is evidence of an 
increased vascularity, this increase being particularly 
pronounced in myelofibrosis (47). The increased MVD 
observed in these MPNs was found to be correlated with 
VEGF levels and was higher in PV and MF than in ET (47). 
Other investigators observed a strong correlation between 
VEGF levels, MVD and JAK2V617F mutant allele burden (48).  
Finally, Boiocchi and coworkers reported increased 
expression of VEGF-R1, correlating with VEGF and 
MVD in the bone marrow of Ph− MPNs, with a decreasing 
gradient MF > PV > ET (49). VEGF and VEGF-R1 were 
increased and co-localized in megakaryocytes, macrophages 
and myeloid precursors (49).

In addition to the possible involvement of the endothelial 
cell lineage in the process of clonal development of Ph− 

MPNs, several studies have explored the number of 
ECFCs in these disorders (Table 1). Basically, these studies 
have shown that ECFCs are increased in MF, but not in 
PV and ET (11,12). Furthermore, the levels of ECFCs 
are particularly increased in MF patients with high risk 
of splanchnic vein thrombosis (10). Other studies have 
analyzed modifications of the number of various types of 
proangiogenic hematopoietic progenitors in Ph− MPN 
patients. Essentially these studies have shown increased 
numbers of CD34+CD133+VEGF-R2+ cells (16) or 
CD133+CD146+CD45+ cells (13) predominantly occurring 
in patients with venous thromboembolism. Angiogenic 
monocytes CD14brightCD16lowTie2+ are increased in patients 
with MF, but not with PV or ET (14). Finally, Sozer et al. 
have reported an increased number of CFU-Hill coloniesw 
in MF, but not in PV patients: colony number was higher in 
patients JAK2V617 negative than in those JAK2V617F positive, 
particularly those with high allelic burden (15).

Angiogenesis in acute myeloid leukemias (AML)

Angiogenesis, the process of blood vessel formation, is 
necessary for the survival of tissutal cells both in normal and 
pathological conditions. Increased angiogenesis is an event 
currently observed in many hematologic malignancies. 
Particularly, in AMLs, increased angiogenesis in bone 
marrow niche is correlated with leukemia progression and 
resistance to treatment (50). The large majority of the AML 
bone marrow biopsies exhibited higher VEGF-A protein 
expression levels than normal bone marrow (51,52). The 
highest VEGF-A mRNA expression levels are observed 
among t(8;21) and t(15;17) translocated AML patients 
(53,54). These findings were recently confirmed by Saulle 
and coworkers through an analysis of TCGA data, clearly 
showing that the highest VEGF-A levels are observed at the 
level of M3 t(15;17) translocated AMLs (55). Recent studies 
have in part clarified the molecular mechanisms responsible 
for the elevated VEGF-A levels in these AML subtypes. 
Thus Ter Elst and coworkers have shown that the formation 
of the AML1-ETO disrupts the suppressive effect of the 
AML1 transcription factor on VEGF-A expression (54). 
On the other hand, Saulle and coworkers have shown that 
PML-RARα, the fusion protein formed as a consequence 
of the t(15;17) translocation, induces a significant 
downmodulation of the expression of HHEX, a homeobox 
transcription factor exerting a repressive effect on VEGF-A 
gene expression (55). The highest VEGF-R1 levels were 
observed in t(15;17) translocated AMLs (53). The highest 



Stem Cell Investigation, 2016

© Stem Cell Investigation. All rights reserved. Stem Cell Investig 2016;3:26sci.amegroups.com

Page 6 of 12

VEGF-R2 levels were observed in t(8;21) translocated 
AMLs (31) and in MLL-rearranged AML samples (56).

Other studies have shown that CD7+ AMLs (an AML 
subset characterized by the inappropriate expression of the 
T-cell antigen CD7 and often corresponding to FLT3-
mutated AMLs) are characterized by the high expression of 
Angiopoietin-2 (Ang-2) (57). Riccioni and coworkers have 
identified a subset of AMLs characterized by the elevated 
expression of the Ang-2 receptor Tie-2 and by the expression 
of these VEGF-Rs: these AMLs often have a monocytic 
phenotype and are frequently FLT3-mutated (58). In these 
AMLs a Ang1/Tie-2 autocrine loop was identified, required 
for leukemic blast survival/proliferation (58). There is 
evidence that for some AML subsets, blast cell proliferation 
is partially dependent on the VEGF/VEGFR signaling. This 
is particularly true for t(8;21) and MLL-rearranged AMLs, 
in which VEGF-R2 kinase inhibition elicited an inhibitory 
effect on leukemic cell survival, while this effect was not 
observed in t(15;17) AML samples (59). Experiments of 
enforced VEGF-R2 expression in the TF1 leukemic cell line 
provided evidence that this receptor was able to sustain the 
survival and proliferation of leukemic cells (60).

Histological studies provided evidence about increased 
angiogenesis in the bone marrow of AML patients. 
Immunohistological studies have provided evidence about 
an increased MVD in the bone marrow of AML patients; 
induction of disease remission with chemotherapy was 
associated with a clear decrease of MVD; in patients not 
achieving complete remission, MVD remained high (61,62). 
Immunohistochemical analyses of bone marrow biopsies 
from APL patients provided evidence about a clear increase 
of MVD and VEGF levels; treatment with all-trans retinoic 
acid (ATRA) inhibited VEGF production and suppressed 
angiogenesis (63).

Recent studies have explored the effects of leukemic 
cells on endothelial cell biology through a co-culture 
strategy. These studies have shown that AML cells regulate 
angiogenesis by secreting soluble factors (mainly represented 
by VEGF) that enhance endothelial cell function, as well 
as by direct cellular interactions with endothelial cells (64). 
The cellular interaction between AML cells and endothelial 
cell promotes Notch/DLL4 pathway activation (64). The 
NOTCH/DLL4 pathway activation could result in an 
inhibitory effect on angiogenesis, which is prevented by 
VEGF (64).

Interestingly, Shih and coworkers have developed a non-
invasive dynamic contrast-enhanced magnetic resonance 
imaging technique to monitor the MVD at the level of the 

lumbar vertebrae and correlated this parameter to treatment 
outcome in AML: patients with higher contrast values, 
underlying higher MVD values, had less chance to achieve 
complete responses, compared to patients with lower 
contrast values (65).

The co-culture experiments using primary AML cells 
and microvascular endothelial cells have shown that the 
leukemic blasts are able to secrete numerous cytokines 
that increase the proliferation (66) and the tubulogenic 
function of endothelial cells (67); on the other hand, 
endothelial cells secrete factors that improve the survival 
and proliferation (68) and reduce the chemosensitivity (69) 
of AML cells. Interestingly, leukemia-derived endothelial 
cells are more prone than normal endothelial cells to sustain 
the survival and proliferation of leukemic cells (70). 

Cogle and coworkers have made a very intriguing 
observation concerning the functional integration of AML 
cells in blood vessels (71). In fact, through the analysis 
of autoptic tissues and studying animal models of human 
AMLs, it was reached the conclusion that AML cells are 
able to integrate within the vascular endothelium (71). 
Intriguingly, AML cells after endothelial differentiation in 
vitro are able, when injected in vivo, to develop clusters of 
AML cells in the bone marrow of recipient animals (71).

Given all these observations, various experimental and 
clinical studies are in progress to try to potentiate the 
response of AML cells to standard chemotherapy either 
using agents that mobilize leukemic cells away from the 
protective vascular niche or agents that disrupt the bone 
marrow vascular niches (72).

Angiogenesis in myelodysplastic syndromes

Myelodysplastic syndromes (MDSs) are a group of 
heterogeneous clonal hematopoietic disorders characterized 
by ineffective hematopoiesis and a tendency to transform 
to acute leukemias. As in other hematologic malignancies 
also in MDSs an increased bone marrow angiogenesis 
is observed. Thus, immunohistochemical studies have 
evidenced an increased MVD in the bone marrow 
specimens of MDS patients compared to normal bone 
marrow (73-76). The results concerning the correlation 
between bone marrow MVD and the stage of disease have 
provided conflicting evidences: in fact, some studies have 
reported a higher MVD preferentially among high-risk 
MDS patients (73,76), while other studies have failed to find 
such a correlation (77). Similarly, the prognostic significance 
of MVD in MDS patients remains unclear (73,76-78). 
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Surprisingly, during the transformation of MDSs to 
overt leukemic disease, a decrease of MVD was observed, 
associated with a switch from the predominant production 
in the bone marrow of pro-angiogenic cytokines, such 
as VEGF, bFGF, TNF-α, HGF, Ang-1 and Ang-2 to the 
production of the anti-angiogenic cytokine TGF-β (79). 
Some of the pro-angiogenic cytokines released in the bone 
marrow microenvironment seem to have a prognostic 
impact. Thus, Cheng and coworkers have investigated 
the potential prognostic impact of various pro-angiogenic 
cytokines and have shown that a higher Ang-1 expression in 
the bone marrow is an independent poor prognostic factor 
for overall survival in MDS patients, irrespective of age, 
karyotype and disease score (80). Furthermore, patients 
with higher Ang-1 levels have a higher chance of AML 
transformation (80).

Some recent studies have explored both circulating 
endothelial cells (CECs) and endothelial progenitor cells 
in MDSs. The results of these studies provided evidence 
that the number of both CECs and ECFCs is consistently 
increased in MDSs (81,82). Particularly, Dalla Porta and 
coworkers observed an increased number of CECs, their 
number being positively correlated with bone marrow MVD 
and negatively correlated with the international prognostic 
scoring system risk (81). Intriguingly, these authors showed 
that a variable, but significant proportion of CECs display the 
same chromosome abnormalities detected at the level of the 
hematopoietic cells (81). Teofili and coworkers observed that 
the levels of ECFCs is markedly increased in low-risk MDS 
patients, compared to normal controls (82); furthermore, 
ECFCs derived from MDSs display several epigenetic 
abnormalities and were less competent than those derived 
from normal controls to support normal hematopoiesis 
from CD34+ cells (82).

Angiogenesis in multiple myeloma

Angiogenesis is an event constantly associated with 
multiple myeloma progression and has important 
prognostic implications. The increased angiogenesis 
observed in this disease is related to the peculiar tumor 
microenvironment dictated by the interaction of tumor 
plasma cells with surrounding host cells and extracellular 
matrix. One of the main mechanisms responsible for 
the increased angiogenesis is related to the release of 
angiogenic cytokines directly by tumoral plasma cells or by 
cells present in the tumor microenvironment (83). In this 
context, initial studies have provided clear evidence that 

an increased angiogenesis characterizes multiple myeloma 
development from the stage of monoclonal gammopathy 
of undetermined significance, to non-active multiple 
myeloma and, finally, to active multiple myeloma (84). 
This conclusion was reached through immunohistological 
studies and through the characterization of the angiogenic 
activity of cytokines released by tumoral cells isolated from 
specimens corresponding to disease at various stages of  
development (84). Impressive were the results of a study 
based on the analysis of 400 bone marrow specimens 
derived from patients with disease at various stages of 
development. The results of this study showed that MVD 
was 1.3 in normal bone marrow, 1.7 in primary amyloidosis, 
3 in monoclonal gammopathy, 4 in smoldering multiple 
myeloma; 11 in primary diagnosed multiple myeloma 
and 20 in relapsing multiple myeloma (85). These results 
unequivocally show that angiogenesis increases with disease 
progression (85). Importantly, studies of evaluation of 
MVD and angiogenesis index in newly diagnosed multiple 
myeloma patients showed the clear and strong prognostic 
value of this parameter (86).

The tumor progression was accompanied not only by an 
increased production of pro-angiogenic cytokines by tumor 
plasma cells, but also by a decrease of molecules exerting 
an inhibitory activity on angiogenesis (87). The progressive 
growth of tumoral plasma cells inevitably exposes these cells 
to a condition of tissutal hypoxia, thus activating the hypoxia 
signaling pathway and the HIF-1α transcription factor, with 
consequent activation of numerous target genes. Among 
these HIF-1α target genes there are several angiogenic 
cytokines, including VEGF (88), angiopoietin-1 (89), 
osteopontin (90) and adrenomedullin (91).

Other studies have explored endothelial cells in multiple 
myeloma. Thus, Vacca and coworkers have isolated 
endothelial cells from the bone marrow of multiple 
myeloma patients and studied the main characteristics of 
these cells, including their heterogeneous phenotype, their 
pronounced angiogenic activity in vitro and in vivo, their 
high capacity to secrete growth and invasive factors active 
on plasma cells, their abnormal morphology and activated 
metabolic condition (92). Other studies have explored 
and characterized CECs (Defined as CD146+, CD105+, 
CD34+ and CD11c− cells) in multiple myeloma, showing 
that the number of these cells is increased in multiple 
myeloma compared to healthy controls (about a mean six 
fold increase) (93). In parallel, it was shown the presence 
of EPCs in the blood of multiple myeloma patients, whose 
number was decreased following thalidomide treatment (93). 
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Rigolin and coworkers have characterized CECs in multiple 
myeloma patients with a clonal tumor marker (13q14 
deletion): they observed that 11–32 CECs, isolated from 
5 multiple myeloma patients with these features have the 
neoplastic clonal marker; furthermore, the large majority 
of CECs with the 13q14 deletion displayed properties of 
endothelial progenitors, as indicated by their positivity 
for CD133 antigen (94). In contrast, CECs isolated from 
patients with monoclonal gammopathy of undetermined 
significance with 13q14 deletion are cytogenetically  
normal (94). According to these observations it was 
hypothesized a possible origin of CECs from a common 
hemangioblast progenitor, able to generate both plasma 
cells and endothelial cells (94).

Recent studies suggest an important role of exosomes 
in the multiple myeloma progression. In the bone marrow 
microenvironment there is the release of exosomes by 
various types of cells. Thus, exosomes released by bone 
marrow mesenchymal stromal cells (BMMSCs) facilitate 
myeloma progression; this property is specifically displayed 
by BMMSCs present in the multiple myeloma bone marrow, 
but not in normal bone marrow (95). Importantly, exosomes 
released by multiple myeloma cells play an important 
role as stimulators of angiogenesis in the bone marrow 
microenvironment. Thus, it was shown that multiple 
myeloma chronically grown under hypoxic conditions release 
exosomes able to stimulate a robust angiogenetic effect: a key 
mediator of this effect is miR-135b, abundantly expressed in 
hypoxic multiple myeloma exosomes and targeting factor-
inhibiting hypoxia-inducible factor 1 (FIH-1) in endothelial 
cells and resulting in HIF-1α activation and induction of an 
angiogenetic gene expression (96).

A recent study confirmed the angiogenic activity 
of myeloma-derived exosomes, suggesting that these 
microvesicles vehiculate a variety of angiogenic cytokines 
into endothelial cells (97). These studies showed that 
multiple myeloma exosomes display pro-angiogenic activity 
both in vitro and in vivo.

Given these observations, a recent study addressed the 
important problem of investigating the contribution of 
increased angiogenesis to tumor progression in myeloma 
multiple mouse models. Thus, Moschetta and coworkers 
have explored the role of vasculogenesis in a mouse model 
of multiple myeloma. First, an early mobilization of 
EPCs from bone marrow to peripheral blood, followed 
by recruitment to multiple myeloma-colonized niches, 
was observed; second, the use of ID1/ID3-negative mice, 
EPC-defective, showed that EPC trafficking is required 

for multiple myeloma progression; third, angiogenic 
dependency of multiple myeloma occurs at early, and not at 
late stages of tumor development; fourth, early targeting of 
EPCs with anti-VEGF-R2 antibody at early stages, but not 
at late stages of multiple myeloma development, delayed 
tumor progression (98). According to these observations 
it was observed that inhibition of angiogenesis at an early 
stage of disease may be studies in clinical trials of patients 
with smoldering multiple myeloma (98).

Conclusions and future perspectives

A better understanding of the mechanisms controlling 
angiogenesis during adult life is of fundamental importance 
because angiogenestic mechanisms play a key role in the 
tissue homeostasis and may play an essential role in tissue 
repair. Studies carried out in the last years underline a 
potentially important role of EPCs in the control of adult 
angiogenesis and vasculogenesis. However, in spite the 
progresses made in the identification and assay of the 
functional properties of EPCs, the basic cell biology of 
these cells is still scarcely defined and their physiologic role 
still remains the object of debate. 

An increased angiogenesis is observed in many tumors, 
including hematologic malignancies and plays an important 
role in tumor progression. Various mechanisms are 
responsible for the increased angiogenesis observed in these 
tumors and involve also an increased recruitment of EPCs 
at the level of tumor development in the bone marrow. 
However, a better understanding of these mechanisms is 
required to define an efficient strategy to therapeutically 
inhibit the EPCs-mediated tumoral angiogenesis. The 
discovery of increased MVD in many hematologic 
malignancies has opened the way to anti-angiogenesis 
therapies (based on the use of three different agents: anti-
angiogenic agents, vascular disrupting agents and leukemia 
mobilizing agents); however, these therapies, despite being 
effective, in the majority of patients failed to halt tumor 
progression. In future studies it would be of fundamental 
importance to determine an optimal target of these anti-
EPC therapies and to define subpopulations of patients 
and appropriate stages of tumor development to be treated. 
The basic assumption of these studies is that inhibition of 
angiogenesis may improve the response of leukemic cells to 
standard chemotherapy and, then, patient survival.

Finally, several studies have suggested that in some 
hematological malignancies, such as MPNs, endothelial 
cells, could, at least in part, derive from the malignant 
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clone and this observation has important implications for 
the understanding of the cellular origin of these neoplasia 
and for the understanding of the pathogenetic mechanisms 
underlying the increased and dysregulated angiogenesis 
observed in these conditions.
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