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Summary: Angiogenesis plays a major role in the development and progression of haematological malignancies. In our study
we measured plasma concentrations of key angiogenic activators vascular endothelial growth factor (VEGF) and basic
fibroblast growth factor (bFGF) using comercially available sandwich enzyme-linked immunosorbent assay (ELISA) in 37
patients with lymphoid malignancies and 20 healthy donors. We found a statistically significant increase in bFGF con-
centrations in patients with B-cell chronic lymphocytic leukemia (B-CLL, n=18) compared to the control group (median
118.8 vs. 9.3 pg/ml, p<0.001). However, we didn’t find any significant difference in VEGF concentrations between B-CLL
patients and the control group. There was also no significant increase in bFGF or VEGF in patients with multiple myelo-
ma (n=7) and non-Hodgkin’s lymphoma (n=12). Our pilot study shows that measurement of angiogenic activators in plas-
ma is a feasible and reproducible method of angiogenesis assessment. Larger studies are needed for correlation between
serum and plasma concentrations and detailed statistical evaluation including the impact on patients’ survival.
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Angiogenesis is involved in pathogenesis and progressi-
on of haematological malignancies (3,4,5,6). Increased an-
giogenesis has been found in acute and chronic leukemias,
lymphomas, multiple myeloma, myeloproliferative diseases
and myelodysplastic syndromes. Recent studies have also
correlated increased angiogenesis to inferior clinical outco-
me and shorter overall survival (4). Determination of angi-
ogenic cytokines in peripheral blood is a common method
of angiogenesis assessment (7,8). However, angiogenic fac-

tors have been usually measured in serum rather than plas-
ma. Because serum levels of angiogenic factors can be inc-
reased by release from platelets during clot formation (2,9),
we evaluated feasibility of measuring EDTA plasma con-
centrations of angiogenic activators - basic fibroblast
growth factor (bFGF) and vascular endothelial growth fac-
tor (VEGF) using commercially available sandwich enzy-
me-linked immunosorbent assay (Human bFGF and VEGF
Quantikine ELISA kit, R & D Systems, MN, USA) in 37

Tab. 1: Plasma bFGF and VEGF - descriptive statistics and results of Mann-Whitney U test. B-CLL, B-cell chronic lym-
phocytic leukemia; NHL, Non-Hodgkin’s lymphoma; MM, multiple myeloma; CI, confidence interval; NA, not applicable.

All concentrations are in pg/ml.

VEGF (ELISA) n Median | Mean SD SE 95% CI of Mean | p-value vs. controls
B-CLL 18 78.8 95.5 88.5 20.9 51.5-139.5 0.69
NHL 12 41.9 86.9 172.0 49.7 -22.3-196.2 0.3
MM 7 59.7 87.8 48.0 18.1 43.4-132.1 0.54
Controls 20 57.5 85.2 76.1 17.0 49.6-120.8 NA
bFGF (ELISA) n Median | Mean SD SE 95% CI of Mean | p-value vs. controls
B-CLL 18 118.8 92.7 66.5 15.7 59.7-125.8 <0.001
NHL 12 10.3 16.9 21.4 6.2 3.3-30.5 0.87
MM 7 9.6 13.0 8.6 3.3 5.0-21.0 0.63
Controls 20 9.3 10.7 3.3 0.7 9.3-12.3 NA
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Fig. 1: Box plot comparing bFGF levels in patients with B-
cell chronic lymphocytic leukemia, non-Hodgkin’s lympho-
ma, multiple myeloma and controls. Concentrations are in
pg/ml.

patients with chronic lymphoid malignancies. The cohort
consisted of patients with B-cell chronic lymphocytic leu-
kemia (B-CLL, n=18), multiple myeloma (MM, n=7) and
non-Hodgkin’s lymphoma (NHL, n=12). Twenty healthy
donors were used as the control group. All samples were
collected from untreated patients at the time of diagnosis.
Median plasma levels of bFGF in B-CLL, NHL and MM
patients were 118.8, 10.3 and 9.6 pg/ml. Median levels of
VEGF in B-CLL, NHL and MM were 78.8, 41.9 and 59.7
pg/ml. Median plasma levels of bFGF and VEGF in con-
trol group were 9.3 and 57.5 pg/ml (Table 1). Plasma levels
of bFGF in chronic lymphocytic leukemia were significant-
ly higher in comparison to control group (p<0.001, Fig. 1).
The differences in plasma concentrations of bFGF in multi-
ple myeloma and non-Hodgkin’s lymphoma as well as VEGF
levels in all three diseases compared to control group did
not reach statistical significance. Our pilot study shows that
ELISA measurement of EDTA plasma levels of angiogenic
factors is a feasible and reproducible method of angiogene-
sis assessment. Results concerning significantly increased
bFGF in B-CLL are similar to work of Aguayo and coworkers
(1). It is necessary to confirm these observations by a larger
study which will enable us to compare serum and plasma
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concentration of angiogenic factors and to correlate the
data with patients® clinical outcome. Nevertheless, the pre-
liminary results are promising and warrant further investi-
gations.
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