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Prognostic relevance of angiopoietin-2, fibroblast growth factor-2 and
endoglin mRNA expressions in chronic lymphocytic leukemia
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Elevated levels of circulating angiogenic cytokines and increased expression of genes encoding angiogenic factors have 
been reported in recent years in patients with chronic lymphocytic leukemia (CLL) but data regarding prognostic and 
predictive significance are still limited. Therefore, in the present study based upon our prior pilot results, we measured
mRNA expressions of angiopoietin-2 (Ang-2), fibroblast growth factor-2 (FGF-2) and endoglin (CD105) by reverse
transcription quantitative PCR in purified CD19+ cells from 70 untreated CLL patients (median age, 63 years; males,
64%; Rai III/IV stages, 29 %; unmutated IgVH genes, 60 %) and evaluated their possible association with established 
prognostic factors and clinical course of the disease. Higher expression of Ang-2 was significantly associated with un-
mutated IgVH genes (n = 55, p = 0.003). Higher CD105 expression was significantly associated with unmutated IgVH
genes (n = 55, p < 0.001), high CD38 expression (n = 66, p = 0.022), high ZAP-70 expression (n = 66, p = 0.010), Rai 
stage I-IV (n = 70, p < 0.001), progressive clinical course of CLL (n = 70, p = 0.001) and shorter time to treatment (n = 
70; p < 0.001). Expression of FGF-2 was not significantly associated with any of the prognostic markers. These results
indicate that elevated expression of Ang-2 and in particular CD105 by CLL cells is associated with unfavorable prognostic 
features and clinical outcome; thus, both  cytokines appear to play an important role in biology and progression of CLL 
and warrant further investigation.
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Chronic lymphocytic leukemia (CLL) is the most com-
mon leukemic type of adults in Western hemisphere. It is 
characterized by clonal proliferation and accumulation of 
morphologically mature lymphocytes in bone marrow, periph-
eral blood and lymphatic tissues [1]. Clinical course of CLL 
is extremely heterogeneous with some patients succumbing 
to the disease within less than 3 years while others living for 
decades without need of therapy. The process of angiogenesis
(new blood vessel formation from pre-existing vasculature) 
has been shown to be crucial for growth and metastasizing 
ability of solid tumors mainly by increasing the oxygen and 
nutrients supply to malignant cells [2]. Angiogenesis in “liq-
uid” tumors was supposed to be less important, nevertheless 

numerous recent studies have shown enhanced angiogenesis in 
many hematological malignancies including chronic myeloid 
leukemia [3], acute myeloid leukemia [4], acute lymphocytic 
leukemia [5], and CLL [6-8]. It has been demonstrated that 
elevated markers of angiogenesis correlate with unfavorable 
prognosis of CLL [9-11].

Angiopoietin-2 (Ang-2), an antagonist of Ang-1 and its 
receptor Tie2, acts in a concerted action with VEGF and plays 
an important role in disruption of old blood vessels, thus fa-
cilitating their remodeling and subsequent sprouting of new 
vasculature [12]. Increased Ang-2 plasma concentrations were 
reported in patients with unmutated sequence for variable re-
gion of immunoglobulin heavy chain (IgVH), high expression 
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of ZAP-70 and CD38 as well as in patients with intermediate 
and high cytogenetic risk and at advanced Binet stages [10, 
13]. In addition, elevated mRNA expression of Ang-2 in CLL 
cells was associated with unmutated IgVH genes and shorter 
progression free survival [14-16].

Endoglin (CD105), a member of transforming growth 
factor-beta receptor complex, is one of key angiogenic ac-
tivators that regulates endothelial cell adhesion, migration, 
proliferation, apoptosis and permeability [17-20]. Elevated 
plasma levels of soluble endoglin (sCD105) have been re-
ported in patients with CLL [21]; furthermore, increased 
levels of CD105 mRNA in CLL have been detected by ribo-
nuclease protection assay in a very small pilot study [22]. 
Therefore, data regarding endoglin expression in CLL cells
are still very scarce.

Fibroblast growth factor 2 (FGF-2, formerly basic fibroblast
growth factor [bFGF]) is another crucial cytokine involved in 
the process of angiogenesis [23]. Elevated circulating levels of 
FGF-2 in CLL have also been reported [24, 25], but their prog-
nostic relevance remains controversial [25, 26] and knowledge 
regarding possible association of FGF-2 mRNA with prognosis 
of CLL is scanty [27, 28]. Moreover, FGF-2 expression may be 
post-transcriptionally regulated by antisense molecule (nucle-
oside diphosphate-linked moiety X motif 6 gene [NUDT6]) 
responsible for altered FGF-2 mRNA stability [29].

Based on these findings, the aims of our study were to clarify
possible association of Ang-2, CD105 and FGF-2 mRNA 
expressions by malignant lymphocytes of CLL patients with 
traditional and modern prognostic factors and clinical course 
of this hematological malignancy.

Patients and methods

Patients. Gene expressions of Ang-2, FGF-2 and CD105 
were analyzed in 70 untreated patients with CLL diagnosed 
according to NCI-WG criteria [30]. They were 45 males and
25 females with median age of 63 years (range, 37 – 84) (see 
Table 1 for details). The study was conducted according to the
Declaration of Helsinki, was approved by local ethics com-
mittee and all study participants provided a written informed 
consent.

Separation of CD19+ Cells. CD19+ cells were separated 
from peripheral blood anticoagulated by K2EDTA by gradi-
ent centrifugation technique using RosetteSep® Human B Cell 
Enrichment Cocktail (STEMCELL Technologies, Canada) 
according to manufacturer’s instructions. Purity was ≥ 95% as 
verified by Epics XL flow cytometer (Beckman Coulter, USA)
and anti-CD19 antibody (Beckman Coulter, USA). 

RNA isolation. 3x107 CD19+ cells were homogenized in 
1 ml of TRIzol Reagent (Life Technologies, USA) immedi-
ately after separation and frozen at -80°C until the time of
RNA isolation. RNA isolation was performed according to 
manufacturer’s instructions. RNA quantity and purity were 
assessed by UV-spectroscopy and aliquot of RNA was reversely 
transcribed to cDNA.

cDNA synthesis. cDNA was synthesized from 5 µg of 
total RNA by SuperScript III reverse transcriptase (Life Tech-
nologies, USA) according to manufacturer’s instructions using 
provided oligo-dT primers.

Real-Time quantitative PCR. Two microliters of each 
cDNA were analyzed by quantitative PCR using TaqMan 
Gene Expression Master Mix and TaqMan Gene Expression 
assays (Life Technologies, USA) (ANG-2: Hs01048042_m1; 
ENG: Hs00923996_m1; FGF-2 Hs00266645_m1; HPRT1: 
Human HPRT1 (HGPRT) Endogenous Control; NUDT6: 
Hs00246601_m1) according to manufacturer’s instruc-
tions in a total reaction volume of 20 μl. All PCR reactions 
were performed on RotorGene 6000 instrument (Corbett 
Life Science, Australia). PCR thermal profile was as fol-
lows: 50°C for 2 min (UDG incubation), 95°C for 10 min 
(enzyme activation), followed by 40 cycles of 95°C for 15 s 
and 60°C for 1 min. Data analysis was performed using the 
ddCt method with HPRT1 used as the housekeeping gene. 
Ct (cycle threshold) values were obtained by ‘Quantitation’ 
function of Rotor-Gene software (version 1.7.87) using
manually set threshold. 

CD38 and ZAP-70 expression and IgVH mutation status 
analysis. CD38 and ZAP-70 expression was determined us-
ing Epics XL flow cytometer (Beckman-Coulter, USA). CD38
expression was assessed on CD19+/5+ positive cells using 
CD38-PE antibody (Beckman Coulter, USA) and ZAP-70 was 
assessed in gated CD19+ cells using intracellular ZAP-70-PE 
antibody (Caltag Laboratories, USA). Positivity threshold was 
20 % for ZAP-70 and 30 % for CD38 as universally accepted 
[31, 32]. IgVH mutation status was determined as described 
in detail elsewhere [33]. 

Statistical analysis. Statistical analysis was performed 
using software NCSS 2007 (NCSS, Kaysville, USA), Analyse
It (Analyse It, Leeds, UK) and MedCalc (MedCalc, Mari-
akerke, Belgium). The association between expression of the
analyzed genes and other prognostic factors was evaluated 
by Mann-Whitney test. As many patients had blood samples 
drawn significantly later than the date of diagnosis, overall
survival and time to treatment was defined from the blood
sampling to death / initiation of treatment. Overall survival 
and time to treatment curves were constructed by Kaplan-

Table 1. Patient characteristics

 n

Total number of patients 70
Males 45 (64%)
Male : Female ratio 1.80
Median age (range), years 63 (37-84)
Median follow-up (range), months 18 (0-36)
Median time to treatment, months 12
Median overall survival, months NR*

* Not reached; overall survival was 87% at 3 years.



587ANGIOGENIC FACTORS AND PROGNOSIS OF CLL

Meier method and compared using log-rank test. As mRNA 
expression of analyzed cytokines in normal B cells  is not 
known, expression of angiogenic factors > median was 
considered high. P-values lower than 0.05 were considered 
statistically significant.

Results

Prognostic markers. Low/intermediate/high-risk category 
according to modified Rai staging was present in 17/33/20
cases (24/47/29%). Clinical course of CLL at the time of blood 
sampling was stable in 38 and progressive in 32 patients. IgVH 
mutation status was assessed in 55 patients; IgVH genes were 
mutated in 22 cases (40%). Eleven out of 66 tested patients 
(17%) had high expression of CD38. Twenty-five out of 66
(40%) patients had high expression of ZAP-70. Favorable 
cytogenetics (negative result or 13q deletion as the sole aber-
ration) were present in 22 out of 35 assessed patients (63%) 
(Table 2) [34].

Angiopoietin-2.Ang-2 expression was undetectable in 7 
patients and the range of expression was more than 5 orders 
of magnitude. Patients with unmutated IgVH had significantly
higher Ang-2 expression (n = 55, p = 0.003) (Figure 1A). There
was no statistically significant association between expres-
sion of Ang-2 and high vs. low CD38 expression (n = 66, p = 
0.724) (Figure 1B), high vs. low ZAP-70 expression (n = 66, p 
= 0.157) (Figure 1C), Rai stage 0 vs. I-IV (n = 70, p = 0.431) 
(Figure 1D) or stable vs. progressive clinical course of CLL (n 
= 70, p = 0.355) (Figure 1E). There was a trend towards shorter
overall survival in the group of patients with high expression 
of Ang-2 (n = 70, p = 0.087) (Figure 1F) but no significant
differences in time to treatment (n = 61, p = 0.403) (Figure
1G). There was no association between Ang-2 expression
and favorable or unfavorable cytogenetics (n = 35, p = 0.712), 
leukocyte, lymphocyte or platelet count, hemoglobin or lactate 
dehydrogenase (LDH) (data not shown).

Endoglin (CD105). The range of endoglin expression
was only 3.6 orders of magnitude. Patients with unmutated 
IgVH genes (n = 55, p < 0.001) (Figure 2A), high CD38 (n 
= 66, p = 0.022) (Figure 2B), high ZAP-70 expression (n = 
66, p = 0.010) (Figure 2C), Rai stage I-IV (n = 70, p < 0.001) 
(Figure 2D) and progressive clinical course of CLL (n = 70, p 
= 0.001) (Figure 2E) had significantly higher CD105 expres-
sion. Patients with high expression of endoglin had a trend 
towards shorter overall survival (n = 70, p = 0.068) (Figure 
2F) and significantly shorter time to treatment (n = 61, p <
0.001) (Figure 2G). There was no association between CD105
expression and favorable or unfavorable cytogenetics (n = 35, 
p=0.463), leukocyte, lymphocyte or platelet count, hemoglobin 
or LDH (data not shown). 

Fibroblast growth factor 2. The range of expression of
FGF-2 was more than 5 orders of magnitude. There was no
significant association between FGF-2 expression and IgVH
mutation status (n = 55, p = 0.323) (Figure 3A), high vs. low 
CD38 expression (n = 66, p = 0.253) (Figure 3B), high vs. 

low ZAP-70 expression (n = 66, p = 0.543) (Figure 3C), Rai 
stage 0 vs. I-IV (n = 70, p = 0.167) (Figure 3D), stable vs. 
progressive clinical course of CLL (n = 70, p = 0.187) (Figure 
3E), overall survival (n = 70, p = 0.204) (Figure 3F) or time 
to treatment (n = 61, p = 0.192) (Figure 3G). Likewise, there 
was no association between FGF-2 expression and favorable 
or unfavorable cytogenetics (n = 35, p=0.282), leukocyte, 
lymphocyte or platelet count, hemoglobin or LDH (data not 
shown). In contrast to variable expression of FGF-2, it was 
very stable for NUDT6 (about 1 order of magnitude); thus, 
FGF-2 expression was not influenced by NUDT6 in our
cohort of patients.

Discussion

While the survival of many patients with CLL does not 
differ from their CLL-free counterparts, others die within
2 years from diagnosis. Currently used staging systems by 
Rai and Binet based on tumor burden are limited in predic-
tion of clinical outcome, especially in patients diagnosed in 
early stages; therefore, new prognostic/predictive markers 
are needed. 

Ang-2 plays a crucial role in disruption of blood vessels, 
thus facilitating their remodeling and angiogenesis [12]. Its 
expression is not relevant in solid tumors only but also in 
hematological malignancies. Increased Ang-2 plasma con-
centration was reported in patients with unmutated IgVH, 
high expression of ZAP-70 and CD38 as well as in patients 
with intermediate and high cytogenetic risk and at advanced 
Binet stages [10, 13]. Nevertheless Ang-2 source is not fully 
known and elevated Ang-2 mRNA concentrations in circulat-
ing leukemic cells were associated with unmutated IgVH and 

Table 2. Prognostic parameters

n

Rai modified risk 70 
Low 17 (24%)
Intermediate 33 (47%)
High 20 (29%)

Cytogenetics 35
Favorable 22 (63%)
Unfavorable 13 (37%)

IgVH genes 55
Mutated 22 (40%)
Unmutated 33 (60%)

CD38 66
High 11 (17%)
Low 55 (83%)

ZAP-70 66
High 25 (40%)
Low 41 (60%)
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shorter PFS only [14-16], as was confirmed in our cohort of
patients in this study where high Ang-2 expression was associ-
ated with unmutated IgVH and patients with high expression 
of Ang-2 had a trend towards shorter overall survival. Such 
a discrepancy could be explained by elevated expression of 
Ang-2 by other cells (such as endothelial cells) after autocrine
or paracrine stimulation by other cytokines including FGF-2 
[35].

Endoglin, a member of TGF-beta receptor complex, 
modulates cellular response to TGF-beta, especially cell 
proliferation and differentiation, but it is also a key player
in vascular remodeling and angiogenesis. Increased soluble 
endoglin (sCD105) levels have been detected in many solid 
tumors [36] as well as in hematological malignancies [37] 

but the evidence about its role in CLL is still very limited. 
Elevated mRNA expression of CD105 was detected in ma-
lignant lymphocytes of a small cohort of CLL patients [22]. 
Higher sCD105 plasma levels were detected in CLL patients 
compared to healthy controls, in patients with progressive 
disease and advanced clinical stages; furthermore, these 
patients had shorter time to treatment.  No association 
with IgVH mutation status or cytogenetic aberrations was 
found, however [21]. In our present study, we observed an 
association of CD105 mRNA elevated expression in CLL 
cells and unmutated IgVH, high expression of CD38 and 
ZAP-70, progressive disease and high Rai stage. Moreover, 
high expression of CD105 was associated with significantly
shorter time to treatment and there was a trend towards 

Figure 1. Distribution of Ang-2 expression according to IgVH mutation status (A), CD38 expression (B), ZAP70 expression (C), clinical stage according 
to Rai (D), course of the disease (E), Kaplan-Meier curves of overall survival (F) and time to treatment (G).
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shorter overall survival in cohort of patients with high CD105 
expression.

FGF-2 is a proangiogenic factor responsible for multiple 
processes including cell proliferation, new blood vessel for-
mation or smooth muscle and tumor growth. It has been 
shown that FGF-2 plasma levels are increased in CLL [24] and 
decrease after fludarabine [38] or cladribine [39] treatment.
Elevated circulating FGF-2 was associated with advanced 
clinical stage [40] and increased survival of CLL cells [27] 
and one of our prior pilot studies showed an association of 
unmutated IgVH genes with elevated plasma FGF-2 [25]. 
However, relationship of FGF-2 expression by CLL cells and 
prognosis remains unclear. Our current results show high 
inter-patient variability of FGF-2 expression by CLL cells but 

no association of FGF-2 expression and prognostic markers, 
supporting the hypothesis that FGF-2 in peripheral blood of 
CLL patients is not produced by malignant cells only and other 
cells (as in case of Ang-2) may contribute to the increase of 
circulating FGF-2 and paracrine stimulation of CLL cells [41]. 
Importantly, the transcript of FGF-2 antisense gene NUDT6 
was shown to influence FGF-2 expression post-transcription-
ally [29] but the expression of NUDT6  was very similar in all 
samples and could not be therefore responsible for the different
FGF-2 mRNA levels.

In conclusion, high expression of Ang-2 and especially en-
doglin was associated with unfavorable prognostic features and 
clinical outcome of CLL. Although larger patients cohorts with 
a long-time follow-up are needed for multivariate analysis and 

Figure 2. Distribution of CD105 expression according to IgVH mutation status (A), CD38 expression (B), ZAP70 expression (C), clinical stage according 
to Rai (D), course of the disease (E), Kaplan-Meier curves of overall survival (F) and time to treatment (G).
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more precise definition of prognostic power of these cytokines,
the data presented herein clearly show that angiogenesis plays 
an important role in biology and clinical course of CLL. An-
giogenic factors represent promising molecular markers with 
significant prognostic value in CLL. Thus, further research in
this field seems fully warranted and we plan to extend our study
by analysis of expression at protein level by flow cytometry in
upcoming experiments.

Acknowledgements: This study was supported by grant IGA NT
13412-4/2012 from Ministry of Health, Czech Republic, by MH CZ 
– DRO (UHHK, 00179906) and by the program PRVOUK P37/01 
and P37/08 of Charles University in Prague, Faculty of Medicine in 
Hradec Kralove, Czech Republic.

References

[1] ZENZ T, MERTENS D, KUPPERS R, DOHNER H, STIL-
GENBAUER S. From pathogenesis to treatment of chronic 
lymphocytic leukaemia. Nat Rev Cancer 2010; 10: 37–50.

[2] FOLKMAN J. Role of angiogenesis in tumor growth and 
metastasis. Semin Oncol 2002; 29: 15–18.

[3] LUNDBERG LG, LERNER R, SUNDELIN P, ROGERS R, 
FOLKMAN J, et al. Bone marrow in polycythemia vera, 
chronic myelocytic leukemia, and myelofibrosis has an
increased vascularity. Am J Pathol 2000; 157: 15–19. http://
dx.doi.org/10.1016/S0002-9440(10)64511-7

[4] HUSSONG JW, RODGERS GM, SHAMI PJ. Evidence of in-
creased angiogenesis in patients with acute myeloid leukemia. 
Blood 2000; 95: 309–313.

Figure 3. Distribution of FGF-2 expression according to IgVH mutation status (A), CD38 expression (B), ZAP70 expression (C), clinical stage according 
to Rai (D), course of the disease (E), Kaplan-Meier curves of overall survival (F) and time to treatment (G).

http://dx.doi.org/10.1016/S0002-9440%2810%2964511-7
http://dx.doi.org/10.1016/S0002-9440%2810%2964511-7


591ANGIOGENIC FACTORS AND PROGNOSIS OF CLL

[5] FADERL S, DO KA, JOHNSON MM, KEATING M, 
O‘BRIEN S, et al. Angiogenic factors may have a different 
prognostic role in adult acute lymphoblastic leukemia. 
Blood 2005; 106: 4303–4307. http://dx.doi.org/10.1182/
blood-2005-03-1010

[6] CHEN H, TREWEEKE AT, WEST DC, TILL KJ, CAWLEY JC, 
et al. In vitro and in vivo production of vascular endothelial 
growth factor by chronic lymphocytic leukemia cells. Blood 
2000; 96: 3181–3187.

[7] MOLICA S, VACCA A, RIBATTI D, CUNEO A, CAVAZZINI 
F, et al. Prognostic value of enhanced bone marrow angio-
genesis in early B-cell chronic lymphocytic leukemia. Blood 
2002; 100: 3344–3351. http://dx.doi.org/10.1182/blood-2002-
01-0084

[8] FRATER JL, KAY NE, GOOLSBY CL, CRAWFORD SE, 
DEWALD GW, et al. Dysregulated angiogenesis in B-chronic 
lymphocytic leukemia: morphologic, immunohistochemi-
cal, and flow cytometric evidence. Diagn Pathol 2008; 3: 16.
http://dx.doi.org/10.1186/1746-1596-3-16

[9] MOLICA S, VITELLI G, LEVATO D, RICCIOTTI A, DIGIESI 
G. Clinicoprognostic implications of increased serum levels 
of vascular endothelial growth factor and basic fibroblastic
growth factor in early B-cell chronic lymphocytic leukaemia. 
Br J Cancer 2002; 86: 31–35. http://dx.doi.org/10.1038/
sj.bjc.6600022

[10] HUTTMANN A, KLEIN-HITPASS L, THOMALE J, 
DEENEN R, CARPINTEIRO A, et al. Gene expression 
signatures separate B-cell chronic lymphocytic leukaemia 
prognostic subgroups defined by ZAP-70 and CD38 expres-
sion status. Leukemia 2006; 20: 1774–1782. http://dx.doi.
org/10.1038/sj.leu.2404363

[11] MOLICA S, CUTRONA G, VITELLI G, MIRABELLI R, 
MOLICA M, et al. Markers of increased angiogenesis and 
their correlation with biological parameters identifying high-
risk patients in early B-cell chronic lymphocytic leukemia. 
Leukemia Res 2007; 31: 1575–1578. http://dx.doi.org/10.1016/
j.leukres.2007.03.009

[12] MAISONPIERRE PC, SURI C, JONES PF, BARTUNKOVA 
S, WIEGAND SJ, et al. Angiopoietin-2, a natural antagonist 
for Tie2 that disrupts in vivo angiogenesis. Science 1997; 277: 
55–60. http://dx.doi.org/10.1126/science.277.5322.55

[13] MAFFEI R, MARTINELLI S, SANTACHIARA R, ROSSI D, 
GUARNOTTA C, et al. Angiopoietin-2 plasma dosage pre-
dicts time to first treatment and overall survival in chronic
lymphocytic leukemia. Blood 2010; 116: 584–592. http://
dx.doi.org/10.1182/blood-2009-11-252494

[14] MAFFEI R, MARASCA R, MARTINELLI S, CASTELLI I, 
SANTACHIARA R, et al. Angiopoietin-2 expression in B-
cell chronic lymphocytic leukemia: association with clinical 
outcome and immunoglobulin heavy-chain mutational status. 
Leukemia 2007; 21: 1312–1315. http://dx.doi.org/10.1038/
sj.leu.2404650

[15] MARTINELLI S, MAFFEI R, CASTELLI I, SANTACHIARA 
R, ZUCCHINI P, et al. Increased expression of angiopoietin-2 
characterizes early B-cell chronic lymphocytic leukemia with 
poor prognosis. Leukemia Res 2008; 32: 593–597. http://
dx.doi.org/10.1016/j.leukres.2007.09.002

[16] VRBACKY F, SMOLEJ L, VROBLOVA V, PEKOVA S, 
HRUDKOVA M, et al. Angiopoietin-2 mRNA expression 
is increased in chronic lymphocytic leukemia patients with 
poor prognostic features. Hematology 2010; 15: 210–214. 
http://dx.doi.org/10.1179/102453309X12583347113898

[17] CONLEY BA, KOLEVA R, SMITH JD, KACER D, ZHANG 
D, et al. Endoglin controls cell migration and composition 
of focal adhesions: function of the cytosolic domain. J Biol 
Chem 2004; 279: 27440–27449. http://dx.doi.org/10.1074/jbc.
M312561200

[18] BERNABEU C, CONLEY BA, VARY CP. Novel biochemi-
cal pathways of endoglin in vascular cell physiology. J Cell 
Biochem 2007; 102: 1375–1388. http://dx.doi.org/10.1002/
jcb.21594

[19] LI C, ISSA R, KUMAR P, HAMPSON IN, LOPEZ-NOVOA 
JM, et al. CD105 prevents apoptosis in hypoxic endothe-
lial cells. J Cell Sci 2003; 116: 2677–2685. http://dx.doi.
org/10.1242/jcs.00470

[20] SANTIBANEZ JF, LETAMENDIA A, PEREZ-BARRIOCA-
NAL F, SILVESTRI C, SAURA M, et al. Endoglin increases 
eNOS expression by modulating Smad2 protein levels and 
Smad2-dependent TGF-beta signaling. J Cell Physiol 2007; 
210: 456–468. http://dx.doi.org/10.1002/jcp.20878

[21] SMOLEJ L, ANDRYS C, BELADA D, HRUDKOVA M, KRE-
JSEK J, et al. Plazmaticke koncentrace solubilniho endoglinu 
maji prognosticky vyznam u nemocnych s chronickou lym-
focytarni leukemii [Plasma levels of soluble endoglin have 
prognostic significance in patients with chronic lymphocytic
leukemia]. Transfuze Hematol dnes 2008; 14: 24–27.

[22] KAY NE, BONE ND, TSCHUMPER RC, HOWELL KH, 
GEYER SM, et al. B-CLL cells are capable of synthesis and se-
cretion of both pro- and anti-angiogenic molecules. Leukemia 
2002; 16: 911–919. http://dx.doi.org/10.1038/sj.leu.2402467

[23] FRIESEL RE, MACIAG T. Molecular mechanisms of angio-
genesis: fibroblast growth factor signal transduction. FASEB
journal : official publication of the Federation of American
Societies for Experimental Biology 1995; 9: 919–925.

[24] AGUAYO A, KANTARJIAN H, MANSHOURI T, GIDEL 
C, ESTEY E, et al. Angiogenesis in acute and chronic 
leukemias and myelodysplastic syndromes. Blood 2000; 96: 
2240–2245.

[25] SMOLEJ L, ANDRYS C, PEKOVA S, SCHWARZ J, BELADA 
D, et al. Plasma levels of basic fibroblast growth factor and
vascular endothelial growth factor and their association 
with IgVH mutation status in patients with B-cell chronic 
lymphocytic leukemia. Haematologica 2006; 91: 1432–1433.

[26] DUENSING S, ATZPODIEN J. Increased intracellular and 
plasma levels of basic fibroblast growth factor in B-cell chronic
lymphocytic leukemia. Blood 1995; 85: 1978–1980.

[27] BAIREY O, ZIMRA Y, SHAKLAI M, RABIZADEH E. Bcl-2 
expression correlates positively with serum basic fibroblast
growth factor (bFGF) and negatively with cellular vascular 
endothelial growth factor (VEGF) in patients with chronic 
lymphocytic leukaemia. Brit J Haematol 2001; 113: 400–406. 
http://dx.doi.org/10.1046/j.1365-2141.2001.02731.x

[28] MENZEL T, RAHMAN Z, CALLEJA E, WHITE K, WILSON 
EL, et al. Elevated intracellular level of basic fibroblast growth

http://dx.doi.org/10.1182/blood-2005-03-1010
http://dx.doi.org/10.1182/blood-2005-03-1010
http://dx.doi.org/10.1182/blood-2002-01-0084
http://dx.doi.org/10.1182/blood-2002-01-0084
http://dx.doi.org/10.1186/1746-1596-3-16
http://dx.doi.org/10.1038/sj.bjc.6600022
http://dx.doi.org/10.1038/sj.bjc.6600022
http://dx.doi.org/10.1038/sj.leu.2404363
http://dx.doi.org/10.1038/sj.leu.2404363
http://dx.doi.org/10.1016/j.leukres.2007.03.009
http://dx.doi.org/10.1016/j.leukres.2007.03.009
http://dx.doi.org/10.1126/science.277.5322.55
http://dx.doi.org/10.1182/blood-2009-11-252494
http://dx.doi.org/10.1182/blood-2009-11-252494
http://dx.doi.org/10.1038/sj.leu.2404650
http://dx.doi.org/10.1038/sj.leu.2404650
http://dx.doi.org/10.1016/j.leukres.2007.09.002
http://dx.doi.org/10.1016/j.leukres.2007.09.002
http://dx.doi.org/10.1179/102453309X12583347113898
http://dx.doi.org/10.1074/jbc.M312561200
http://dx.doi.org/10.1074/jbc.M312561200
http://dx.doi.org/10.1002/jcb.21594
http://dx.doi.org/10.1002/jcb.21594
http://dx.doi.org/10.1242/jcs.00470
http://dx.doi.org/10.1242/jcs.00470
http://dx.doi.org/10.1002/jcp.20878
http://dx.doi.org/10.1038/sj.leu.2402467
http://dx.doi.org/10.1046/j.1365-2141.2001.02731.x


592 F. VRBACKY, J. NEKVINDOVA, V. REZACOVA, M. SIMKOVIC, M. MOTYCKOVA, D. BELADA, U. PAINULY, Z. JIRUCHOVA  et al.

factor correlates with stage of chronic lymphocytic leukemia 
and is associated with resistance to fludarabine. Blood 1996;
87: 1056–1063.

[29] MACFARLANE LA, MURPHY PR. Regulation of FGF-2 by 
an endogenous antisense RNA: effects on cell adhesion and
cell-cycle progression. Mol Carcinog 2010; 49: 1031–1044. 
http://dx.doi.org/10.1002/mc.20686

[30] CHESON BD, BENNETT JM, GREVER M, KAY N, KEAT-
ING MJ, et al. National Cancer Institute-sponsored Working 
Group guidelines for chronic lymphocytic leukemia: revised 
guidelines for diagnosis and treatment. Blood 1996; 87: 
4990–4997.

[31] CRESPO M, BOSCH F, VILLAMOR N, BELLOSILLO B, 
COLOMER D, et al. ZAP-70 expression as a surrogate for 
immunoglobulin-variable-region mutations in chronic 
lymphocytic leukemia. N Engl J Med 2003; 348: 1764–1775. 
http://dx.doi.org/10.1056/NEJMoa023143

[32] DAMLE RN, WASIL T, FAIS F, GHIOTTO F, VALETTO A, 
et al. Ig V gene mutation status and CD38 expression as novel 
prognostic indicators in chronic lymphocytic leukemia. Blood 
1999; 94: 1840–1847.

[33] PEKOVA S, MARKOVA J, PAJER P, DVORAK M, CETKO-
VSKY P, et al. Touch-down reverse transcriptase-PCR detection 
of IgV(H) rearrangement and Sybr-Green-based real-time 
RT-PCR quantitation of minimal residual disease in patients 
with chronic lymphocytic leukemia. Mol Diagn 2005; 9: 23–34. 
http://dx.doi.org/10.2165/00066982-200509010-00004

[34] DOHNER H, STILGENBAUER S, BENNER A, LEUPOLT 
E, KROBER A, et al. Genomic aberrations and survival in 
chronic lymphocytic leukemia. The New England journal of
medicine 2000; 343: 1910–1916. http://dx.doi.org/10.1056/
NEJM200012283432602

[35] HEGEN A, KOIDL S, WEINDEL K, MARME D, AU-
GUSTIN HG, et al. Expression of angiopoietin-2 in 

endothelial cells is controlled by positive and negative 
regulatory promoter elements. Arterioscler Thromb Va c
Biol 2004; 24: 1803–1809. http://dx.doi.org/10.1161/01.
ATV.0000140819.81839.0e

[36] DALLAS NA, SAMUEL S, XIA L, FAN F, GRAY MJ, et al. 
Endoglin (CD105): a marker of tumor vasculature and poten-
tial target for therapy. Clin Cancer Res 2008; 14: 1931–1937. 
http://dx.doi.org/10.1158/1078-0432.CCR-07-4478

[37] CALABRO L, FONSATTI E, BELLOMO G, ALONCI A, COL-
IZZI F, et al. Differential levels of soluble endoglin (CD105)
in myeloid malignancies. J Cell Physiol 2003; 194: 171–175. 
http://dx.doi.org/10.1002/jcp.10200

[38] SMOLEJ L, ANDRYS C, KREJSEK J, BELADA DZ, ZAK P, 
et al. Bazicky fibroblastovy rustovy faktor (bFGF) a cevni
endotelovy rustovy faktor (VEGF) jsou zvyseny v plazme 
periferni krve nemocnych s chronickou lymfocytarni leuke-
mii a klesaji po intenzivni lecbe obsahujici fludarabin [Basic
fibroblast growth factor (bFGF) and vascular endothelial
growth factor (VEGF) are elevated in peripheral blood plasma 
of patients with chronic lymphocytic leukemia and decrease 
after intensive fludarabine-based treatment]. Vnitr Lek 2007;
53: 1171–1176.

[39] GORA-TYBOR J, BLONSKI JZ, ROBAK T. Cladribine de-
creases the level of angiogenic factors in patients with chronic 
lymphocytic leukemia. Neoplasma 2002; 49: 145–148.

[40] KONIG A, MENZEL T, LYNEN S, WRAZEL L, ROSEN A, 
et al. Basic fibroblast growth factor (bFGF) upregulates the
expression of bcl-2 in B cell chronic lymphocytic leukemia 
cell lines resulting in delaying apoptosis. Leukemia 1997; 11: 
258–265. http://dx.doi.org/10.1038/sj.leu.2400556

[41] KREJCI P, FAITOVA J, LAURELL H, HAMPL A, DVORAK P. 
FGF-2 expression and its action in human leukemia and lym-
phoma cell lines. Leukemia 2003; 17: 818–820. http://dx.doi.
org/10.1038/sj.leu.2402861

http://dx.doi.org/10.1002/mc.20686
http://dx.doi.org/10.1056/NEJMoa023143
http://dx.doi.org/10.2165/00066982-200509010-00004
http://dx.doi.org/10.1056/NEJM200012283432602
http://dx.doi.org/10.1056/NEJM200012283432602
http://dx.doi.org/10.1161/01.ATV.0000140819.81839.0e
http://dx.doi.org/10.1161/01.ATV.0000140819.81839.0e
http://dx.doi.org/10.1158/1078-0432.CCR-07-4478
http://dx.doi.org/10.1002/jcp.10200
http://dx.doi.org/10.1038/sj.leu.2400556
http://dx.doi.org/10.1038/sj.leu.2402861
http://dx.doi.org/10.1038/sj.leu.2402861

