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Abstract
Angiogenesis is an important event in the survival and progression of solid tumors. The angiogenic status and the exact role of
the angiogenic cytokines in lymphoid leukemia has not been fully elucidated.
We have investigated the profile of the systemic components of angiogenic regulation in B-lineage acute lymphoblastic
leukemia (B-ALL) and B-chronic lymphocytic leukemia (B-CLL), namely vascular endothelial growth factor (VEGF), tumor
necrosis factor-alpha (TNF-a), endostatin and matrix metalloproteinase-9 (MMP-9) using enzyme-linked immunosorbent
assay (ELISA).
In B-ALL patients, sVEGF, and MMP-9 were significantly lower than control levels at diagnosis ( p , 0.001) and increased
to near control levels in remission ( p . 0.05). Both serum TNF-a and endostatin levels showed no significant difference at
diagnosis ( p . 0.05) and in remission ( p . 0.05) compared to control levels. VEGF, TNF-a, MMP-9 and endostatin levels
were not significantly correlated with peripheral white cell count or bone marrow blast cell count, but were positively
correlated with platelet count.
In B-CLL patients, serum VEGF, MMP-9 and TNF-a were significantly higher ( p , 0.001 ¼ 0.009, 0.007, respectively)
and decreased to near control levels in remission ( p . 0.05 for all). Serum endostatin levels showed no significant difference at
diagnosis and in remission compared to control levels ( p . 0.05). A significant positive correlation between VEGF, TNF-a,
MMP-9 and peripheral white cell counts, bone marrow lymphocytic count and platelets count were found.
In conclusion, our data suggest that the driving forces of angiogenic factors (VEGF, TNF-a and MMP-9) in adult B-ALL
appears different from that in B-CLL patients.
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Introduction
Angiogenesis is an absolute requirement for the
establishment and maintenance of a vascular supply
in both normal and neoplastic tissues. Angiogenesis
and the development of metastasis are intrinsically
connected. Experimental data suggest that the
establishment and growth of metastases are influenced
by soluble factors secreted from the originating solid
tumor. Among these factors are the so-called
endogenous inhibitors of angiogenesis which maintain
metastases in a non-proliferating quiescent state.

For a number of tumors, it has been shown that this
dormant state is mediated through inhibition of
angiogenesis. This dormant state is characterized by
normal proliferation, increased apoptosis and insufficient neovascularization. Removal of inhibiting antiangiogenic factors leads to growth of dormant
metastases [1].
The shift in balance between production of antiangiogenic and pro-angiogenic factors is a process that
has been referred to as an angiogenic switch. The new
vessel formation is a critical step initiating the process
leading to increased vascular permeability, vascular wall
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disassembly, basement membrane degradation and
endothelial cell migration and invasion [2].
Although the role of angiogenesis and angiogenic
factors are becoming clear in acute myeloid leukemia
(AML) [3,4,5], their role in B-lineage acute lymphoblastic leukemia (B-ALL) and B-chronic lymphocytic
leukemia (B-CLL) is less clear.
The aim of this work was to determine the serum levels
of pro-angiogenic (VEGF, MMP-9 and TNF-a) and
anti-angiogenic (endostatin) cytokines in B-ALL and
B-CLL patients at diagnosis, in remission and to
correlate their level with clinco-pathological parameters.

classification for ALL and Rai staging for B-CLL were
performed.
Complete remission (CR) was defined as the
presence of less than 5% blast cells in the bone
marrow aspirates for ALL cases, no detectable PB and
BM B-CLL cells which was determined by immunophenotyping using flow cytometry.
Serum samples from patients and controls were
obtained for determination of vascular endothelial
growth factor (VEGF), tumor necrosis factor-alpha
(TNF-a), endostatin, matrix metalloproteinase-9
(MMP-9). The samples were stored at 2 708C until
analysis.

Subjects and methods
The present study was carried out on 40 newly
diagnosed patients with B-ALL (n ¼ 25) and B-CLL
(n ¼ 15) (Table I). In addition, 13 healthy individuals of
matched age and sex served as a control group. Twentythree (14 B-ALL and 9 B-CLL) of the forty patients
were reassessed at remission. The patients’ characteristics is shown in Table I. The diagnosis was based on
both morphological examination of air dried Leishman
stained peripheral blood (PB) and bone marrow (BM)
films and immunophenotyping by flow cytometry. FAB

Table I. Descriptive data of the patients and control group.
B-ALL

B-CLL

25

15

30.8
10.9
20–44

47.4
6.2
40–64

16
64.0
9
36.0

8
53.3
7
46.7

9
69.2
4
30.8

FAB/Rai stages

L1 9
L2 16

Splenomegaly (%)
Hepatology (%)
Lymphadenopathy (%)
Pallor (%)
Fever (%)
Jaundice (%)
Follow up period (month)

36.0
36.0
36.0
46.0
24.0
0
1–3

II 4
III 8
IV 3
86.7
73.3
60.0
33.3
13.3
0
7 –16

–
–
–
–
–
–
–
–
–
–

Hb (g/dl)
Mean
^SD

8.4
1.6

9.5
1.2

12.8
1.7

TLC ( £ 109/l)
Mean
^SD

34.0
18.6

70.3
46.0

9.2
3.1

Platelets ( £ 109/l)
Mean
^SD

66.6
46.8

117.5
46.4

Number
Age (years)
Mean
^SD
Range
Sex
Male (n)
%
Female (n)
%

Control
13
34.3
11.0
18–61

212.0
90.0

Determination of serum levels of VEGF, TNF-a,
MMP-9 and endostatin
For assessment of serum levels of VEGF, TNF-a,
MMP-9 and endostatin, venous blood samples were
collected from each case by clean vein puncture, were
delivered into plastic tubes containing no anticoagulant.
This sample was left to clot and then centrifuged to
obtain serum which was stored at 2708C. For the
quantitative determination of VEGF, TNF-a, MMP-9
and endostatin, we used competitive enzyme immunoassay (ELISA), which measures the natural and
recombinant forms of the cytokine (Cytimmune
Science Inc., MD). For each individual sample, 100 ml
of sample were added to their designated wells. This
assay employs the quantitative sandwich enzyme
immunoassay technique. A monoclonal antibody
specific for cytokine was pre-coated onto a microplate.
Standards and samples were pipetted into the wells, and
cytokine bound by the immobilized antibody. After
washing away unbound substances, an enzyme-linked
polyclonal antibody specific for cytokine is added to the
wells. Following a wash to remove unbound antibodyenzyme reagent, a substrate solution is added to the
wells and color develops in proportion to the amount of
total cytokine (pro and/or active) bound in the initial
step. The color development is stopped and the intensity
of the color is measured.
Statistical analysis
Statistical analysis was performed using Microsoft Excel
and SPSS version 10 (Statistical Package for Social
Sciences). The first part of the data was descriptive in the
form of median and range, and the second part was
analytic. Kolmogron–Smirnov test (K–S test) was done
to determine normality of data distribution. The data
were shown to be non-normally distributed. For this
reason, a non-parametric test was used. Mann –
Whitney test was used to diagnose statistical difference
between two groups. The Spearman correlation coefficient test was used to determine the association
strength between variables. Significance was considered
when P value , 0.05.
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Table II.

Levels of soluble VEGF, TNF-a, MMP-9 and Endostatin at diagnosis and in remission of B-ALL patients and healthy control.

Group parameter
VEGF (ng/ml)
Median Range
TNF-a (ng/ml)
Median Range
MMP-9 (ng/ml)
Median Range
Endostatin (ng/ml)
Median Range

Diagnosis (n ¼ 25)

Remission (n ¼ 14)

Control (n ¼ 13)

10.0
0–61.6

32.2
7.2–68

40
5 26–75.8

,0.001

P . 0.05

11.0
1.2–56.8

5.4
1.2–11.2

4.0
1.2–6.8

P . 0.05

P . 0.05

8.0
1.2–22.0

48
2.5–77.0

52.1
2.0–74.0

0.004

P . 0.05

73.2
28– 151.6

78.0
40–152.8

51.6
40.8–134.4

P . 0.05

P . 0.05

P1

P2

P1 Diagnosis vs. control, P2 Remission vs. control.

Results

Discussion

Patients with B-ALL elicited a highly significant
reduction of serum VEGF, and MMP-9 levels at
diagnosis (P , 0.001; P ¼ 0.004) which increased to
near the control levels in remission (P . 0.05). Also,
there were insignificant differences in TNF-a levels at
diagnosis and in remission as compared to control
group (P . 0.05 for both). The same results were
obtained as regard endostatin levels (P . 0.05 for
both) (Table II). sVEGF, sTNF-a, s-MMP-9 and
endostatin level were not significantly correlated to PB
blast cell count and bone marrow blast cell count.
However, only the sVEGF level was positively
correlated to the platelet count in B-ALL (Table III).
In B-CLL patients VEGF, MMP-9 and TNF-a
levels were significantly increased at diagnosis
(P ¼ 0.001, 0.009 and 0.007, respectively) and
decreased to near the control level in remission
(P . 0.05 for both). There were statistically insignificant differences in endostatin levels at diagnosis and
in remission as compared to control group (P . 0.05
for both; Table IV).
There was a significant positive correlation between
sVEGF, sTNF-a, sMMP-9 and PB and BM (CD5þ
and CD19 þ ) lymphocyte counts, but a negative
correlation with platelet count were detected in
B-CLL (Table V).

Mounting evidence suggests that angiogenesis is
regulated by the net balance between positive
(angiogenic) and negative (angiostatic) regulators of
blood vessel growth. A balance shifted towards
predominantly positive regulators is an angiogenicphenotype, whereas, a shift favoring negative regulators is an angiostatic phenotype. Therefore, the
impaired regulation of angiogenesis is often associated
with the development of angiogenesis-dependent
diseases [6].
Angiogenesis plays a fundamental role in the
neoplastic process and metastasis of solid tumors
[7]. Although the angiogenic factor levels and role in
AML are becoming clearer, their role in lymphocytic
leukemia is not fully elucidated.
In the present study, patients with B-ALL showed
a highly significant reduction of serum VEGF
as compared to the control group (P , 0.001) and
increased to nearly control level when hematological
remission was obtained. Similar findings were
reported by Yetgin et al. [8] who analyzed serum
levels of bFGF and VEGF in ten healthy controls
and 31 children with ALL at the time of
diagnosis and remission. Faderal et al. [9] and Kim
et al. [10] reported similar findings. This unexpected
finding could be explained on the following basis:

Table III. Correlation between investigated angiogenic factors and PB white cell count, BM blast cell count, FAB subtypes, platelets count in
B-ALL.

VEGF
TNF-a
MMP-9
Endostatin

PB blast cell count

BM Blast cell count

Platelets count

FAB subtypes

R ¼ 0.29
P . 0.05
R ¼ 0.13
P . 0.05
R ¼ 0.27
P . 0.05
R ¼ 20.08
.0.05

R ¼ 0.08
P . 0.05
R ¼ 0.06
P . 0.05
R ¼ 20.2
P . 0.05
R ¼ 0.01
P . 0.05

R ¼ 0.51
P ¼ 0.009
R ¼ 20.13
P . 0.05
R ¼ 20.20
.0.05
R ¼ 0.14
P . 0.05

R ¼ 0.19
P . 0.05
R ¼ 0.19
P . 0.05
R ¼ 0.10
P . 0.05
R ¼ 0.11
P . 0.05
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Table IV. Levels of soluble VEGF, TNF a, MMP-9 and Endostatin at diagnosis and in remission of B-CLL patients and healthy control.
Group parameter
VEGF (ng/ml)
Median Range
TNF-a (ng/ml)
Median Range
MMP-9 (ng/ml)
Median Range
Endostatin (ng/ml)
Median Range

Diagnosis (n ¼ 15)

Remission (n ¼ 9)

Control (n ¼ 13)

100.0
75.6–128.4

53.5
21.0–82.2

40.5
26–75.8

,0.001

P . 0.05

45.2
20–122

6.6
2.8–16.4

4.0
1.2–6.8

0.007

P . 0.05

89.0
20.0–250.2

50
4–70

52.1
2.0–98.0

0.009

P . 0.05

74.4
46.4–160

76.2
40.4–127.2

51.6
40.8–134.4

P . 0.05

P . 0.05

P1

P2

P1 Diagnosis vs. control, P2 Remission vs. control.

At diagnosis, with active angiogenesis, cell-associated
VEGF may have an increased expression, which is
observed in ALL cell lines [11]. Thus locally present
VEGF, may not be reflected in the serum as much as
in bone marrow due to increased consumption of
VEGF by increased angiogenesis. Perez-Atayde et al.
[12] revealed higher microvessel density in the bone
marrow of ALL patients as compared to that found in
normal controls. In remission with renewal of normal
hematopoiesis, the activation of angiogenesis in the
bone marrow may return to the normal rate with
decreased consumption of VEGF resulting in its
elevation to normal levels in the serum [4,8]. The
second possibility is that VEGF expression may be
minimal in lymphoid system.
In B-ALL patients, there was and insignificant
increase in the serum TNF-a level at the time of
diagnosis compared to the control level (P . 0.05).
Also, there was no significant difference between
B-ALL patients in remission and the control
group (P . 0.05). This result is in agreement with
that of Athanassiadou et al. [13] who explained
immunoregulatory abnormalities and increased
susceptibility to infection in patients with ALL by
the decreased ability of PB monocytes in ALL patients
to secrete TNF-a upon stimulation with lipopolysaccharides, since activation of the monocyte/macrophage system with subsequent secretion of so-called
“acute phase proteins” including TNF-a is needed to
promote immune responses. However, our data do
not agree completely with that of Schulz et al. [14]
who demonstrated that ALL cells express mRNA for

TNF-a, and Bont et al. [15]) who found that the
monocytes from ALL patients have an intrinsic
capacity to produce TNF-a. These conflicting
results may be due to the fact that secretion of
TNF-a by leukemic ALL cells depends on immunophenotype [16].
Besides VEGF, MMP-9 plays a critical role in
angiogenesis, tumor invasion and metastasis. It has
been evident that the new vessel formation is
accompanied by excessive matrix degradation. This
is a critical step initiating the process leading to
increased vascular permeability, vascular wall disassembly, basement membrane degradation and endothelial cell migration and invasion [17]. In the present
study, the man serum MMP-9 level showed a highly
significant reduction in the newly diagnosed B-ALL
patients as compared to control group (P ¼ 0.004)
and increased during remission reaching the control
level. A similar finding was reported by Lin et al. [18].
Hendrix et al. [19] have shown that the ability of the
lymphoblast cells to invade through the matrigel
correlates with the MMP-2 expression, while Ivanoff
et al. [20] found MMP-9 expression to be more
important.
In B-ALL patients, VEGF levels were found to be
significantly correlated to the platelet count prior to
treatment. Since this factor has been shown in
platelets, this finding seems to be acceptable
[8,11,21,22].
In B-CLL patients, the mean serum VEGF level
was significantly higher at diagnosis (P , 0.001) and
decreased to nearly control level in remission

Table V. Correlation between investigated angiogenic factors and PB and BM lymphocytes (CD5 þ and CD19 þ ) counts, Rai Stages,
platelets count in B-CLL.

VEGF
TNF-a
MMP-9
Endostatin

PB lymphocyte
(CD5 þ , CD19 þ ) count

BM(CD5 þ , CD19 þ )
lymphocyte count

Platelets count

Rai stages

R ¼ 0.05, . 0.05
R ¼ 0.87, P , 0.001
R ¼ 0.16, . 0.05
R ¼ 0.17, . 0.05

R ¼ 0.78, P , 0.01
R ¼ 0.78, P ¼ 0.002
R ¼ 0.01, P . 0.05
R ¼ 0.08, P . 0.05

R ¼ 0.51, P , ¼ 0.01
R ¼ 20.82, P , 0.001
R ¼ 0.0.08, . 0.05
R ¼ 0.04, P . 0.05

R ¼ 0.95, P , 0.001
R ¼ 0.83, P , 0.001
R ¼ 0.05, P . 0.05
R ¼ 0.1, P . 0.05
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(P . 0.05). Chen et al. [23] found, by ELISA and
immunocytochemical staining, that B-CLL cells
already constitutively produce measurable amounts
of VEGF under in vitro culture conditions and the rate
of VEGF secretion was indeed increased up to 7-fold
in response to hypoxic stimulation. Interestingly, the
same results were obtained by different methods [23].
Molica et al. [24], on the basis of flow cytometric
analysis, showed that B-CLL patients displayed a
positive reaction for VEGF and mean fluorescence
intensity (MFI) of cases with a progressive pattern of
disease was higher than MFI of patients with
stable disease. Peterson and Kini [25] found
that bone marrow sections from CLL patients had a
mean microvessel density and mean hot-spot microvessel density significantly higher than in the control
biopsy sections.
In the current study, there was a highly significant
increase of serum TNF-a at diagnosis comparing to
control level (P ¼ 0.007) and decreased nearly to
control level in remission (P . 0.05). Foa et al. [26]
found that TNF-a is constitutively produced by cells
of B-CLL and hairy cell leukemia and this was further
confirmed by the presence of the mRNA for TNF-a in
primary or in pre-activated cells from B-CLL patients.
In the present study there was no significant
difference between serum endostatin level in either
B-ALL and B-CLL patients compared to the control
group (P . 0.05 for both). Gora-Tybor et al. [27]
found that the levels of Endostatin were not
significantly different in CLL and control groups.
The same results were obtained by Kay et al. [28] who
demonstrated that only leukemic cells from one out of
35 patients secreted endostatin.
The levels of MMP-9 in the serum of untreated
B-CLL patients was significantly higher as compared
to the control group (P ¼ 0.009) and decreased to
control levels at remission. Kamiguti et al. [29] found
that CLL cells secrete variable amounts of pro-MMP9 as in monomeric, dimeric or complexed forms and
the specific MMP-9 inhibitor, RO31-9790 can inhibit
the transmigration of CLL cells across type IV
collagen-coated membranes and endothelial monolayer suggesting that the enzyme may be involved in
CLL cell egress and infiltration. Bauvois et al. [30]
found that the production of proMMP-9 in B-CLL
cells is much higher than in normal B cells. Moreover,
high levels of VEGF and TNF-a have also been
detected in the B-CLL culture supernatant. B-CLL
derived TNF-a and VEGF seem sufficient to
up regulate MMP-9. Exogenous TNF-a type I and
II can inhibit the expression of MMP-9 at transcriptional levels, whilst having no effect on the production
of other angiogenic factors, which may explain the lack
of efficacy of IFN treatment in B-CLL patients. P38
MAPK can constitutively activate and regulate MMP9 secretion in B-CLL cells, and are both important for
the survival of B-CLL cells on the stromal cells [31].
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Serum levels of VEGF and MMP-9 were positively
correlated with Rai stages and bone marrow lymphocytosis. Molica et al. [24], Gora-tybor et al. [32] stated
that serum levels of VEGF reflect B-CLL clinicohematological features such as advanced Rai clinical
substages, high PB lymphocytosis and diffuse bone
marrow histology.
Serum TNF-a levels were positively correlated with
PB WBCs, bone marrow lymphocytosis and Rai
substages whereas negatively correlated platelet count
in CLL patients. Accordingly, Gora-tybor et al. [32]
and Ferrajoli et al. [33] stated that TNF-a levels in
patients with CLL is correlated with disease characteristic and serves as a prognostic factor as high levels
of TNF-a is associated with lower hemoglobin and
platelets level, greater percentage cells expressing
CD38, more advanced Rai and Binet stage of disease
and shorting of the survival of patients. Therefore,
inhibition of TNF-a in patients with CLL may have a
therapeutic importance.
In conclusion, our data suggest that the driving
forces of angiogenic factors (VEGF, TNF-a and
MMP-9) in adult B-ALL appears different from that
in B-CLL patients. Further investigation on the
biology of angiogenesis in ALL is required. The final
target of these research should be to establish the
individualization of specific based therapeutic
approach to patients based on more thorough understanding of disease related pathophysiologic pathways.

References
[1] Kirsch M, Schackert G, Black PM. Metastasis and angiogenesis. Cancer Treat Res 2004;117:285–304.
[2] Kay NE, Bone ND, Howell KH, Hansan CA, Jelinek DF. BCLL cells are capable of synthesis and secretion of both proand anti-angiogenic molecules. Leukemia 2002;16:911–919.
[3] Aguayo A, Estey E, Kantarjian H, Mansouri T, Gidel C,
Keating M, Giles F, Estrov Z, Barlogie B, Albitar M.
Cellular vascular endothelial growth factor is a predictor of
outcome in patients with acute myeloid leukemia. Blood 1999;
94(11):3717–3721.
[4] Aguayo A, Giles F, Albitar M. Vascularity, angiogenesis and
angiogenic factors in leukemias and myelodysplastic syndromes. Leuk Lymphoma 2003;44:213–222.
[5] Aref S, Mabed M, Sakrana M. Soluble hepatocyte growth
factor (sHGF) and vascular endothelial growth factor in adult
AML: Relationship to disease characteristics. Hematology
2002;7:273 –279.
[6] Gu J, Gadonski G, Wang J, Makey I, Adair T. Exercise
increases endostatin in circulation of health volunteers. BMC
Physiol 2004;4:2–5.
[7] Molica S, Vitelli G, Levato D, Giannarelli D, Vacca A, Cuneo
A, Ribatti D, Digiesi G. Serum angiogenin is not elevated in
patients with early B-cell chronic lymphocytic leukemia but is
prognostic factor for disease progression. Eur J Haematol
2004;73:36 –42.
[8] Yetgin S, Yenicesu I, Cetin M, Tuncer M. Clinical importance
of serum vascular endothelial and basic fibroblast growth
factors in children with acute lymphoblastic leukemia. Leuk
Lymphoma 2001;42(1–2):83–88.

324 S. Aref et al.
[9] Faderl S, Do KA, Johnson MM, Keating M, O’brien S,
Jilani I, Ferrajoli A, Ravandi-Kashani F, Aguilar C, Dey A,
Thomas DA, Giles FJ, Kantarjian HM, Albitar M. Angiogenic
factors may have a different prognostic role in adult acute
lymphoblastic leukemia. Blood 2005;106:4303–4307.
[10] Kim JG, Sohn SK, Kim DH, Baek JH, Lee NY, Suh JS,
Chae S, Lee KS, Lee BK. Clinical implication of
angiogenic factors in patients with: Hepatocyte growth factor
levels have prognostic impact, especially in patients with acute
myeloid leukemia. Leuk Lymphoma 2005;46:885–891.
[11] Bellamy WT, Richter L, Frutiger Y, Grogan TM. Expression
of vascular endothelial growth factor and its receptors in
hematopoietic malignancies. Cancer Res 1999;59:728–733.
[12] Perez-Atayde A, Sallan S, Tedrow U, Connors S, Allred E,
Folkmon J. Spectrum of tumor angiogenesis in the bore
marrow of children with acute lymphoblastic leukemia. Am J
Pathol 1997;150:815 –825.
[13] Athanassiadou F, Catriu D, Papageorgioiu T, Fidani S. Effect
of GM-CSF on TNF-a, IL-3 and IL-7 levels in vitro and in vivo
in children with acute lymphoblastic leukemia. J Hellenic Soc
Hematol 1999;2:139.
[14] Schulz U, Munker R, Ertl B, Holler E, Kolb HJ. Different
types of human leukemias express the message for TNF-a and
IL-10. Eur J Med Res 2001;6(8):359.
[15] de Bont ES, Kimpen JL, Tamminga RY, Niemarkt AE, de Leij
LH, Kamps WA. Intrinsic capacity of monocytes to produce
cytokines ex vivo in patients with acute lymphoblastic
leukaemia. Cytokine 2000;12:1723 –1726.
[16] Pituch-Noworolska A, Gawlicka M, Wotoszyn M, Balwierz W,
Strojny W, Zembala M. Tumour necrosis factor alpha (TNF
alpha) and leukaemic cells: Secretion and response. Clin Lab
Haematol 1998;20:231–238.
[17] Chandrasekar N, Jasti S, Alfred-Yung WK, Ali-Osman F, Dinh
DH, Olivero WC, Gujrati M, Kyritsis AP, Nicolson GL, Rao
JS, Mohanam S. Modulation of endothelial cell morphogenesis in vitro by MMP-9 during glial-endothelial cell interactions. Clin Exp Metastasis 2000;18:337–342.
[18] Lin LI, Lin DT, Chang CJ, Lee CY, Tang JL, Tien HF.
Marrow matrix metalloproteinases (MMPs) and tissue
inhibitors of MMP in acute leukaemia: Potential role of
MMP-9 as a surrogate marker to monitor leukaemic status in
patients with acute myelogenous leukaemia. Br J Haematol
2002;117:835 –841.
[19] Hendrix MJ, Seftor EA, Grogan TM, Seftor RE, Hersh EM,
Boyse EA, Liotta LA, Stetler-Stevenson W, Ray CG.
Expression of type IV collagenase correlates with the invasion
of human lymphoblastoid cell lines and pathogenesis in SCID
mice. Mol Cell Probes 1992;6:59–65.
[20] Ivanoff A, Ivanoff J, Hultenby K, Sundqvist KG. Infiltrative
capacity of T leukemia cell lines: A distinct functional property
coupled to expression of matrix metalloproteinase-9 (MMP-9)

[21]

[22]

[23]

[24]

[25]
[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

and tissue inhibitor of metalloproteinases-1 (TIMP-1). Clin
Exp Metastasis 1999;17:695–711.
Brunner G, Nguyen H, Gabrilove J, Rifkin DB, Wilson EL.
bFGF expression in human bone marrow and peripheral blood
cells. Blood 1993;81:631–638.
Verheul HM, Hoekman K, Luykx-de Bakker S, Eekman CA,
Folman CC, Broxterman HJ, Pinedo HM. Platelet: Transporter of vascular endothelial growth factor. Clin Cancer Res
1997;3(12 Pt 1):2187–2190.
Chen H, Treweeke AT, West DC, Till KJ, Cawley JC, Zuzel
M, Toh CH. In vitro and in vivo production of vascular
endothelial growth factor by chronic lymphocytic leukemia
cells. Blood 2000;96:3181–3187.
Molica S, Santoro R, Dattilo A, Levato D, Muleo G. VEGF
isoforms 121 and 165 are expressed on B-chronic lymphocytic
leukemia cells. Hematologica 2000;85:1106–1108.
Peterson L, Kini AR. Angiogenesis is increased in B-cell
chronic lymphocytic leukemia. Blood 2001;97:2529.
Foa R, Massaia M, Cardona S, Tos AG, Bianchi A, Attisano C,
Guarini A, di Celle PF, Fierro MT. Production of tumor
necrosis factor-alpha by B-cell chronic lymphocytic leukemia
cells: A possible regulatory role of TNF in the progression of
the disease. Blood 1990;76:393–400.
Gora-Tybor J, Blonski JZ, Robak T. Circulating proangiogenic
cytokines and angiogenesis inhibitor endostatin in untreated
patients with chronic lymphocytic leukemia. Mediators
Inflamm 2003;12:167– 171.
Kay NE, Bone ND, Tschumper RC, Howell KH, Geyer SM,
Dewald GW, Hanson CA, Jelinek DF. B-CLL cells are capable
of synthesis and secretion of both pro- and anti-angiogenic
molecules. Leukemia 2002;16:911–919.
Kamiguti AS, Lee ES, Till KJ, Harris RJ, Glenn MA, Lin K,
Chen HJ, Zuzel M, Cawley JC. The role of matrix
metalloproteinase 9 in the pathogenesis of chronic lymphocytic leukaemia. Br J Haematol 2004;125:128–140.
Bauvois B, Dumont J, Kolb JP, et al. Production of matrix
metalloprteinase-9 in early stage B-chronic lymphocytic
leukemia. Leukemia 2002;16:791–798.
Ringshausen I, Dechow T, Schneller F, Weick K, Oelsner M,
Peschel C, Decker T. Constitutive activation of the
MAPkinase p38 is critical for MMP-9 production and survival
of B-CLL cells on bone marrow stromal cells. Leukemia 2004;
18:1964– 1970.
Gora-Tybor J, Blonski JZ, Robak T. Circulating VEGF and its
soluble receptors in patients with chronic lymphocytic
leukemia. Eur Cytok Netw 2005;16:141–146.
Ferrajoli A, Keating MJ, Manshouri T, Giles FJ, Dey A, Estrov
Z, Koller CA, Kurzrock R, Thomas DA, Faderl S, Lerner S,
O’Brien S, Albitar M. The clinical significance of TNF-a
plasma level in patients having chronic lymphocytic leukemia.
Blood 2002;100:1215–1219.

