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subtypes of AML. In addition, we found that in AML
the majority of CECs presented EPC features as they
expressed CDI33, a marker gradually lost during EC
differentiation and absent on mature ECs, while in con-
trols most of CECs had a more mature phenotype
Response to treatment was associated with a significant
reduction of CECs, with a normalisation of the EPC
ratio and with a disappearance of neoplastic EPC, while
in NR patients we observed no reduction in CEC levels
and in the EPC ratio and the persistence of clonal CECs.

Different mechanisms may be proposed as a possible
explanation for our findings (26). First, ECs and blast
cells may have derived from a common multipotent
haemangioblast precursor cell, as suggested by evidence
coming from studies in CML patients (24, 25) and from
the observation that most of AML CECs display immu-
nophenotypic features of EPCs. According to this hypo-
thesis, in AML patients, angiogenic factors secreted into
the microenvironment could actively recruit bone mar-
row neoplastic haemangioblast precursor cells and
induce them to differentiate not only into blast cells but
also into EPCs. These EPCs could then enter blood
circulation and contribute o neovasculogenesis and
tumour dissemination

Alternatively, the CECs that carry the same genetic
lesion of blast cells may have arisen, under the influence
of microenvironmental angiogenic factors, through a
process of transdifferentiation including first the dediffer-
entiation of a leukaemic cell already committed to the
myeloid lincage into a progenitor cell with EC/myeloid
potentiality followed by a redifferentiation into EC-like
cells (27). To this extent there
cells can retain the capability to acquire phenotypic and
functional characteristics of different lincages, suggesting
that the EC characteristics could represent a functional
state induced by environmental stimuli (28). Disguised
blast cells may then mimic functional ECs and contribute
1o tumour neovasculogenesis (27).

A further intriguing hypothesis is that our findings
could represent the results of a particular process of
heterotypic cell fusion, where cells of different lincages
fuse to form, first, a heterokaryon (a cell with two
nuclei) and then a synkaryon, a cell with a single nuc-
leus resulting from the loss or re-sorting of chromo-
somes. Most of the fused cells will cither die or enter
quiescence, but a fraction, possibly those in the syn-
karyon stage, might be able to proliferate, and contrib-
ule to tumour vasculature. Bone marrow-derived cells

evidence that leukaemic

have in fact emerged as the best candidate for hetero-
typic fusion under environmental stimuli, in a process
that may involve a number of as yet unknown envi-
ronmental factors (29-31). Alternatively it may be pos-
tulated that horizontal gene-transfer phenomena might
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have oceurred involving the taking up by EPC of frag-
mented DNA deriving from apoptotic neoplastic cells.
This acquisition of genetic material might then lead to
EPC nuclear reprogramming that may favour the diffu-
sion and the progression of the discase (30). It seems
unlikely that, as observed in solid tumours, our
findings could reflect an inherent cytogenetic instability
of tumour ECs, because FISH results were not
consistent with the heterogencous cytogenetic profile of
ECs observed in solid tumours (32)

The results presented in this paper, show that in
AML there is an increase of CECs and that the imma-
ture fraction of these cells harbours the genetic lesion.
This may suggest that in AML patients the neoplastic
microenvironment might determine an activation of the
vaseulogenic potential that includes both neoplastic and
non-clonal bone marrow-derived CECs with EPC fea-
tures. However, from the observation that AML CECs
represent only a component of all CECs with EPC fea-
tures, it is possible to speculate that neoplastic CECs
might act as a sort of bridgehead on which more
numerous and more specialised and functionally active
bone marrow-derived EPCs of non-clonal origin could
actively differentiate in mature vessels and contribute to

tumour neovascularisation and spreading. In line with
this view, it was in fact recently shown that clonal
NPM exon-12 mutations could not be detected in endo-
thelia by laser-microdissection from 3 NPMc+ CD34
negative’ AML patients (33). By contrast, in healthy
subjects most of CECs have the features of mature EC
suggesting that in these patients the neoplastic angio-
genic switch has not been activated and that the vascul-
ogenic potential of the bone marrow microenvironment
is still under control. Additional studies are warranted
to clarify, on bioptical samples of AML paticnts, the
actual contribution of AML-derived EC with specific
cylogenetic aberrations to tumour neovasculogenesis
and spreading

In conclusion, our findings suggest that in AML
patients CECs are increased, with EPC features and in
part tumour related. These CECs may contribute to
tumour neovasculogenesis and possibly to the spreading
and progression of the disease. The study of CECs may
have important implications not only for the understand-
ing of AML-specific biological aspects but also for the
translation of new antiangiogenic therapics to the clinic
(34).
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TABELLE

Angiogenic factors
Vascular endothelial growth factor (VEGE)
Acidic and basic fibroblasts growth factors (FGF)
Placenta growth factor
Platelet-derived epidermal growth factor
Platelet-derived growth factor (PDGF)
Transforming growth factor (TGF-a and -jB)
Epidermal growth factor (EGE)
Hepatocyte growth factor (HGF)
Platelet-activating factor
Tumor necrosis factor-o
Insulin-like growth factor (IGF)
Angiogenin
Angiopoitin- |
Granulocyte-macrophage colony-stimulating factor (GM-CSE)
Granulocyte colony-stimulating factor { G-CSF)
Interleukin-2
Interleukin-6
Interleukin-8
Prostaglandins E1, E2
Vascular integrin eevP3 (vitaxin)
Matrix metalloproteinases (MMP)

Antiangiogenic factors
Thrombospondin
Fibronectin
Angiostatin
Endostatin
Interferon-o. By
Interleukin-1
Interleukin-12
Angiopoetin-2
Tissue inhibitors of metalloproteinases (TIMP)
Platelet factor 4
Retinoic acid

Tabella 1. Fattori pro e anti angiogentici coinvolti nell’equilibrio dell’angiogenesi (Dong X et al. 2007).
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Drug

Sponsor

Trial

Mechanism

(A) Drugs that block activators of angiogenesis

Bevacizumab

SUBH6E
Interferon-alpha

Neovastat

Genentech

Commercially available

Aeterna; Québee, Canada

(Cly Drugs that inhibit endothelial cells divectly

Thalidomide

Sugen; South San Francisco, CA

Commercially available, approved

for leprosy; Celgene and Lafal;
France

Small molecule inhibi-
tor of avf3 integrin

Monsanto

Phase 11, relapsed aggressive NHL

Phase 11, poor-risk hematologic malignan-
cies (combined with eytarabine and mitox-
antrone)

Phase U1l multiple myeloma

Phase I/ multiple myeloma

Phase I1, early relapse or refractory multiple
myeloma

Phase 11, relapsed or refractory low grade
follicular NHL (combined with 1FN-alpha)

Phase 11, relapsed CLL

Phase 11, relapsed or refractory low grade
NHL

Phase 11

Phase 11, Mycosis fungoides, stage 1B to
IVB (combined with IFN-alpha)

Phase VIV, advanced melanoma, multiple
myeloma. Phase 11, AML

Phase 11, MDS

Phase II, myelofibrosis with myeloid meta-
pasia

Multiple myeloma

Binding and inactivation of VEGF

Blocks VEGF, FGF, and PDGF
receplor signaling

Inhibition of bFGF and VEGF
production

Naturally occurring MMP inhibitor

Unknown

Small molecule blocker of alpha-v
mtegrins present on endothelial cell
surface

Tabella 2 : elenco degli inibitori dell’angiogenesi utilizzati nelle malattie ematologiche maligne (Moehler TM et

al.2003).
CECs with 13q14 CD{23+ CECs with
Patient M comp, B-2M, CRP, CD133* CECshotal deltotal CECs 13q14 deliCECs with
no. Age, yisex Diagnosis Stage gL mg/L mg/L CECs (%) (%) 13q14 del (%)
1 G3M MM lgGh 14 12.0 44 9.6 183200 (91.5) 22/200 (11) 1848 (100)
2 62/F MM lgAik 1A 13.0 5.0 250 168/200 (84) 227200 (16) 32/32 (100)
3 TOM MM lgGi 14 28.0 a7 0.4 185200 (92.5) 267200 (13) 20/22 (90.9)
4 B2/F MM lgGik 1A 124 21 0.9 188200 (79) 6200 (18) 36/36 (100)
5 44M MM IgGin na 204 25 g0 168/200 (24) B4/200 (22) £2/64 (06.0)
MGUS
5] 45F laG NA 128 15 0.3 16200 (8) G200 (3) MNA
MGUS
T 47F lgGik NA 11.8 1.4 189 1870 (10.6) THTO (4.1) NA
MGUS
a &61/F lgAvic MA 57 21 15 21156 (13.5) 6155 (2.9) MA

Tabella 3 principali caratteristiche cliniche e demografiche dei pazienti con MM e MGUS.
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Case | Name | Age/sex | Diagnosis Cytogenetics FISH | WBC | HB PIt CEC | CEC CEC
no FAB [n° of cells/total % | 109L | 9/dL | 109 % ml ratio
analysed]
1 FG 55/M M3 t(15;17)(922;921) 90 5.9 9.4 14 0.11 | 6.5 35
[18/21]
2 BC 84/F M3 t(15;17)(922;921) 95 | 179 | 9.1 9 0.06 | 10.7 1.9
[19/20]
3 BG 78/M M1 t(9;22)(q34;911) [20/20] | 100 | 53.0 | 13.5 | 350 0.14 | 74.2 2.6
4 FS 76/F M5 monosomy 7 [19/20] 53 45 | 83 30 017 | 7.7 1.8
5 PE 70/F M1 trisomy 8 [20/20] 82 | 104 | 9.0 | 214 0.12 | 125 1.7
6 FE 74/M M4 trisomy 11 [18/28] 68 | 19.1 | 9.6 23 0.04 | 7.6 1.0
7 ML 70/F M4 trisomy 8 [15/20] 62 | 815 | 113 | 41 0.04 | 32.6 2.5
Tabella 4. Principali caratteristiche cliniche e demografiche dei pazienti con LAM.
Etad media 65.4
Rapporto M/F 4529
Stadio di malattia O-II/Il1-IV 54/20
% di positivi/negativi al CD38 55/45
% di prognosi favorevole/intermedia/sfavorevole dopo FISH 52/35/13
Risposta CR-PR / SD-PD 35/15
CR= Remissione parziale; PR= Remissione Parziale; SD= malattia stabile; PD= malattia in
progressione
Tabella 5. Principali caratteristiche cliniche e demografiche dei pazienti con LLC.
CD45* cells/
UEA-1+ VEGFR-2+ VWF+ CO144+ VWF+ VWF+ cD13g+ VWF*+ CD38+ total CECs (%)
Patient CECshotal CECs CECsftotal CECs CECshotal CECs CECsftotal CECs CECs/total CECs [CD45+ CO14~/
ne. (%) (%) (%) (%) (%) CD45+ CD14+]
1 195200 (97.5) 198/200 (98,0 197/200 (98.5) 1/200 (0.5) 1/200 (0.5) 0/200 (0.0) [0/0]
2 193,200 (96.5) 196/200 (98.0) 105/200 {97.5) 0/200 (0.0) ND 2/200 (1.0) [2/0]
3 195200 (97.5) 197/200 (38.5) 199/200 (99.5) 0/200 (0.0) ND 1/200 (0.5) [/0]
4 197,200 (98.5) 200/200 (100) 200/200 (100) 0/200 (0.0) 1/200 (0.5) 07200 (0.0) [0/0]
5 194:200 (97.0) 106/200 (98.0) 197/200 (98.5) 1/200 (0.5) 0/200 (0.0) 1/200 (0.5) [0/1]
6 194:200 (97.0) 185/200 (97.5) ND 01170 (0.0) ND 0/180 (0.0) [0/0]
7 154/ 60 (96.25) ND 1721180 (95.5) 0458 (0.0) ND 1/140 (0.7) [1/0]
8 162/158 (96.2) 144/150 (96.0) ND ND 0/145 (0.0) ND

Tabella 6. Caratterizzazione immunofenotipica delle CEC nei MM e MGUS con delezione del 13q14.
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Case | UEA-1+ CECs | VEGFR-2+ vWf+ CD144+ vWf+ vWf+ CD33+ vWf+ CD13+ CD45+ cells / total
no / CECs/ CECs/ CECs/ CECs/ CECs (%)
total CECs total CECs (%) total CECs (%) total CECs (%) | total CECs (%) | [CD45+ CD14-/ CD45+

(%) CD14+]

1 195/200 (97.5 | 198/200 (99.0 %) 198 /200 (99.0 0/200 (0.5 %) 1/200 (0.5 %) 1/200 (0.5%)
%) %) [0/1]

2 196 /200 (98.0 | 200/ 200 (100 %) 200/ 200 (100.0 0/200 (0.0 %) ND 1/200 (0.5%)
%) %) [1/0]

3 197 /200 (98.5 | 197 /200 (98.5 %) 198 /200 (99.0 0/200 (0.0 %) ND 0/200 (0.0%)
%) %) [0/0]

4 195/200 (97.5 | 198/200 (99.0 %) ND 1/200 (0.5%) 0/200 (0.0 %) ND
%)

5 194 /200 (97.0 | 197 /200 (98.5 %) ND 0/200 (0.0 %) 0/ 200 (0.0 %) 1/200 (0.5%)
%) [0/1]

6 195 /200 197 /200 (98.5%) | 196 /200 (98.0%) ND 1/200 (0.5 %) ND

(97.5%)
7 ND 198 /200 (99.0 %) ND 0/200 (0.0%) 0/200 (0.0%) 0/200 (0.0%)
[0/0]

Tabella 7. caratteristiche immunofenotipiche delle CEC nei casi di LAM.

Case CD133+ CECs with abnormal CD133+ CECs with abnormal cytogenetics /
no CECs/ cytogenetics / CECs with cytogen abnorm
total CECs total CECs (%)
(%) (%)

164/200 81/200 80/81
(82.0%) (40.5%) (98.8%)
150/200 40/200 40/40
(75.0%) (20%) (100%)
150/200 156/200 147/156
(75.0%) (78%) (94.2%)
152/200 70/200 70/70
(76.0%) (35%) (100%)
143/200 65/200 65/65
(71.5%) (32.5%) (100%%)
138/200 90/200 88/90

(69%) (45%) (97.8%)
145/200 88/200 87/88
(72.5%) (44%) (98.9)

Tabella 8. caratteristiche combinate di FISH e immunofenotipo delle CECs nei pazienti affetti da LAM.

CD133+ CD133+ CECs FISH
Caso n° Anomalia citogenetica CEC./ CECs FISH pos./ pos./
. B - S 5 (0,

diagnostica CECs totali (%) CECs totali (%) CECs I;!/f)H pos.

. . 135/200 34/200 33/34

1 Trisomia 12 (67.5) (29) (97,06)

. . 140/200 30/200 30/30

2 Trisomia 12 (70) @7) (100)
3 Trisomia 12 132/200 118/200 116/118
(66) (49) (98,31)

4 Delezione 159/200 28/200 28/28

13q (79,5) (20) (100)
5 Delezionel3 154/200 160/200 155/160
a @) (78) (96,88)
6 Delezione 157/200 110/200 108/110
13q (78,5) (46) (98,18)

7 Delezione 154/200 90/200 89/90
11q 77) (36) (98,89)

Tabella 9. Correlazione tra caratterizzazione immunofenotipica ed analisi FISH nei pazienti con LLC.
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FIGURE

Multiple linee di Cellule adulte Trans De-differenziazione
cellule staminali staminali differenziazione re-differenziazione
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. - "] "4
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S . e e e e .
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Figura 1. vari modelli per la generazione di cellule tessuto specifiche degli organi attraverso la differenziazione
delle cellule staminali dell’adulto circolanti. Nel primo modello a partire da sinistra, distinte cellule staminali si
differenziano , ognuna appartenente al proprio organo di origine. Nel secondo modello le cellule somatiche
staminali primitive sono presenti nel tessuto emopoietico e si differenziano in varie cellule organo specifiche. Nel
terzo modello, le cellule staminali come le cellule emopoietiche, si differenziano dalla loro linea prederminata un
fenomeno conosciuto come transdifferenziazione. Nell’'ulimo modello le cellule mature si differenziano in cellule
con caratteristiche simil staminali e si re-differenziano in cellule mature del loro tessuto di origine o di altri tessuti
diversi (Korbling M et al. 2003).
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(Moehler TM et al. 2001).
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Figura 5. Rappresentazione simultanea dei pit importanti circuiti per il processo angiogenetico nelle neoplasie, le barre con le lettere
rappresentano i punti di attacco dei nuovi farmaci antiangiogenetici in fase di studio (Moehler TM et al. 2003)
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Figura 7. Caratterizzazione immunofenotipica delle CEC isolate con metodica immunomagnetica nei pazienti affetti
da MM con delezione del 13g14. Le CEC coesprimono il VEGFR2 (verde A) associato al vVWF (rosso B), il CD 144
(verde C ) associato al VWF (rosso D), non vi & coespressione per VWF( rosso E-G) con i marcatori CD38 (rosso F)
e CD138 (rosso H) tipici del MM, negativi pure il CD45 ed il CD 14 tipici della filiera leucocitaria (I-L). il nucleo delle

cellule e stato marcato con DAPI Il
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VEGF-R2

Figura 8: caratterizzazione immunofenotipica delle CEC isolate
mediante metodica immunomagnetica nei pazienti affetti da LAM. Le CEC coesprimevano il VEGFR2 (verde A)
associato al VWF (rosso B), il CD 144 (verde C ) associato al VWF (rosso D), non vi era invece coespressione per
VWF( rosso E-G) con i marcatori CD13 (rosso H) e CD33 (rosso G) tipici delle LAM, negativi pure il CD45 ed il CD 14

tipici della filiera leucocitaria (I-L). Il nucleo delle cellule é stato marcato con DAPI II.

Figura 9: caratterizzazione immunofenotipica delle CEC isolate mediante metodica immunomagnetica nei pazienti
affetti da LLC. Le CEC coesprimevano il VEGFR2 (verde A) associato al vVWF (rosso B), il CD 144 (verde C ) associato
al VWF (rosso D), non vi era invece coespressione per VWF( verde E-G) con i marcatori CD5 (rosso F) e CD19 (rosso
H) tipici delle LLC, negativi pure il CD45 ed il CD 14 tipici della filiera leucocitaria (I-L). Il nucleo delle cellule & stato
marcato con DAPI Il.
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Figura 10. analisi FISH delle CECs in pazienti con MM isolate con metodica
immunomagnetica a sinistra € presente una CEC con la delezione 13q14 ( 1 solo segnale rosso) con 2 normali
segnali per il cromosoma 10 (verde). Nei pazienti con MM molti CEC hanno la caratteristica immunofenotipica delle

EPC poiché esprimono il CD133.

Figura 11. Analisi Fish di alcune CEC isolate con metodica immunomagnetica in pazienti affetti da LAM. (A) una
CEC con riarrangiamento PML/RARA (una con segnale rosso, un segnale verde, uno rosso e uno giallo frutto della
fusione di un rosso e di un verde come indicato nella figura, (B) una CEC citogeneticamente normale con due
segnali rossi e due verdi, (C) una CEC con trisomia del cromosoma 8 (tre segnali) e (D) una CEC con 2 segnali

rosso per lo stesso cromosoma.
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Figura 11. Valutazione citofluorimetrica a 4 colori delle EPC . Dopo opportuna formazione del gate per escludere
piastrine e detriti cellulari (a), le EPC erano identificate come CD45- e CD34+ (d), ed esprimenti il CD133 ed il
VEGFR2 (e). | pannelli b e ¢ mostrano i corrispondenti controlli negativi. Basato sull’espressione CD133, veniva
calcolato il rapporto tra le CEC immature (CD133+) e le CEC mature (CD 133-). In f e g vengono comparati i livelli di

CEC ed il rapporto EPC tra i pazienti con LAM e i casi controllo.
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Figura 13. comparazione dei livelli di EPC in pazienti affetti da LLC che hanno risposto al trattamento (CR/PR)

rispetto ai pazienti con LLC refrattari al trattamento specifico (NR/SD).
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Figura 13. Rappresentazione dei microarrays che evidenziano i diversi profili d’espressione genica delle cellule

endoteliali circolanti di LLC e di quelle derivanti dai controlli sani
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