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Clinical relevance of Flt1 and Tie1 angiogenesis receptors
expression in B-cell chronic lymphocytic leukemia (CLL)
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Abstract

Angiogenesis, a complex process tightly controlled by several molecules including vascular endothelial growth factor (VEGF)
and basic fibroblast growth factor (bFGF) along with their receptors, plays a major role in the growth and metastasis of solid
tumors. The expression and production of VEGF and bFGF have been documented in numerous solid tumors and hematopoietic
neoplasms. Having recently shown increased expression of cellular VEGF in the leukemic cells of patients with chronic
lymphocytic leukemia (CLL) we decided to investigate the expression of angiogenic receptors Flt1 and Tie1. Levels of Tie1 and
Flt1 proteins were measured in leukemic cells from 231 patients with B-cell CLL using Western blot analysis and solid-phase
radioimmunoassay (RIA). A strong correlation was found between Flt1 and Tie1 levels and white blood cell count (WBC) and
absolute lymphocyte counts. Levels of Flt1 but not Tie1 correlated with levels of cellular VEGF. Interestingly, Tie1 correlated well
with Rai stage (P=0.04). Flt1 and Tie1 did not correlate with survival, although when we evaluated the patients with early
disease (Rai stage 0–II), higher levels of Tie1 but not of Flt1 correlated with worse survival. These data suggest that Tie1 plays
a role in the early stages of B-cell CLL and as the disease progresses, the tumor cells become independent from the effects of Tie1.
Further studies are now needed to dissect the mechanisms responsible for this phenomenon. © 2001 Elsevier Science Ltd. All
rights reserved.
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1. Introduction

Vascular endothelial growth factor (VEGF) and ba-
sic fibroblast growth factor (bFGF) are important fac-
tors in angiogenesis and the progression of tumors
[1–6]. VEGF is a specific mitogen for endothelial cells
[7–10]. VEGF and its receptors are expressed in several
human tumors including tumors of the breast, brain,
colon, kidney, ovary, cervix, lung and lymphoid tissue
[11–20]. High VEGF levels have been reported to
correlate with increased angiogenesis, tumor growth,

and metastasis [2–4,6,8,21]. Furthermore, high levels of
VEGF have been demonstrated in leukemic cells
[9,10,22] and correlated with outcome in patients with
acute myeloid leukemia (AML) [23] and chronic
lymphocytic leukemia (CLL) [24]. Increased levels of
urinary bFGF have also been found in patients with
pediatric acute lymphoid leukemia and have been corre-
lated with increased vascularity in the bone marrow
[25].

Three structurally related VEGF class III tyrosine
kinase receptors have been identified thus far: Flt1,
flk-1 (KDR), and flt-4 [2,8,22,26,27]. Although there is
significant homology among their sequences, they are
encoded by three separate genes. The expression of
these receptors in different tissues and cell lines suggests

* Corresponding author. Tel.: +1-713-7941292; fax: +1-713-
7941800.

E-mail address: malbitar@mdacc.tmc.edu (M. Albitar).

0145-2126/01/$ - see front matter © 2001 Elsevier Science Ltd. All rights reserved.
PII: S 0 1 4 5 -2126 (00 )00139 -9



A. Aguayo et al. / Leukemia Research 25 (2001) 279–285280

that each may play a unique physiologic role. The
reported Flt1-mediated biological activities of VEGF
include tissue factor production in endothelial cells [28],
nitric oxide release in trophoblast cells [29] and migra-
tion of monocytic cells [30]. In contrast to normal
hematopoietic cells, Ratajczak et al., found that Flt1
mRNA was detectable in 15% of patients with AML
and CML [31]. Moreover, Bellamy et al., found in-
creased expression of VEGF, bFGF, and Flt1 but not
the KDR receptor in various leukemic cell lines thus
suggesting the possibility of an autocrine pathway in-
volving VEGF [22].

Receptor tyrosine kinases are involved in the trans-
duction of extracellular signals into gene expression

commonly resulting in cell growth or differentiation.
The Tie (Tie1) receptor tyrosine kinase is of special
interest because it is expressed in the very early stages
of hemopoietic and endothelial cell development
[32,33]. The Tie receptor gene is located on chromo-
some 1p32 [34]. Kukk et al. studied Tie expression in
fresh leukemic samples and found expression in 16% by
flow cytometric analysis and in 24% by RT-PCR analy-
sis. In fact, the expression patterns of Tie receptor
tyrosine kinase mRNA and protein in tissues and tu-
mor cell lines suggests that Tie gene is involved in
angiogenesis and hemopoiesis [35].

Whether the expression of Tie1 or Flt1 has any
diagnostic or prognostic significance in leukemia is

Table 1
Clinical characteristics of patients with B-cell CLL (n=231)

No of patientsValueMedian (range)No. evaluableCharacteristic (%)

Patient age (years) 59 (21–86)231 B60 120 (52)
]60 111 (48)

231 Male 159 (69)Gender
224 0–II 161 (72)Rai stage

(28)63III–IV
A 110 (49)Binet stage 223
B 62 (27)

(23)51C
Hb (g/dl) 13.1 (4–18)228

227 49.8 (3–652)WBC (×109/l)

227 158 (5–541)Platelets (×109/l)

225 7.2 (2.37–17.02)VEGFa

222 3.71(0.4–7.1)Tie1a

4.31 (0.11–6.98)231Flt1a

(19)34B22.54182b2-Microglobulin
(mg/dl) (81)148]2

a The values of VEGF, Tie1, and Flt1 were normalized to the median of 31 normal control, which was assigned a value of 1.

Fig. 1. Representative Western blot showing the expression of Flt1 in various CLL samples. The levels in normal control (N) mononuclear cells
are not detectable on Western blot. The quantified values detected by solid-phase RIA are shown on the bottom.
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Table 2
Correlation of Flt1 and Tie1 expression with clinical variables

Clinical variable Flt1Tie1

R P R P

0.47Age (years) −0.070.05 0.3
Rai 0.14 0.04 −0.034 0.61
b2M (mg/dl) 0.130.11 −0.03 0.62

0.01 −0.02−0.17 0.79Hb (g/dl)
B0.001 −0.19WBC (×109/l) 0.0040.26

Absolute lymphocyte
0.26Count (×109/l) B0.001 −0.22 B0.001

0.21 −0.005−0.08 0.94Platelets (×109/l)
0.006VEGFa 0.95 0.28 B0.001

Tie1a −0.11 −0.11
0.11−0.11Flt1a

a The values of VEGF, Tie1, and Flt1 were normalized to the
median of 31 normal control, which was assigned a value of 1.

2. Patients and methods

2.1. Patient population and samples

Peripheral blood (PB) samples were obtained from
231 patients diagnosed with CLL by the Leukemia
Service at The University of Texas M.D. Anderson
Cancer Center between 1994 and 1997. In each case,
diagnosis was based on morphologic, immunopheno-
typic, and molecular analysis. Immunophenotyping in-
cluded CD5, CD10, CD19, CD3, CD4, CD8, CD23,
CD11c, CD20, CD22, FMC-7, kappa and lambda.
Cytogenetic analysis was performed in most cases.
Lymphocytes from mononuclear cells from 31 normal
individuals were used as controls. Mononuclear cells
were separated by centrifugation on a Ficoll-Hypaque
gradient (Sigma Chemical, St Louis, MO) and washed
with phosphate-buffered saline (PBS). The cells were
stored at −70°C until protein was extracted. Ana-
lyzed samples contained greater than 70% CD19+/5+

cells. All samples were obtained under an approved
protocol and with the signed informed consent. Most
of the patients (71%) were previously untreated.
When therapy was indicated, patients were treated
with Fludarabine-based regimen.

The diagnosis of CLL was based on peripheral
lymphocytosis (\6 10×109/l); bone marrow lymphocy-
tosis (\6 30%); clonal expression of immunoglobulin
light-chain kappa or lambda; surface expression of
CD23 and CD20 and co-expression of CD19 and
CD5; and a morphology consistent with CLL or pro-
lymphocytic leukemia (PLL)/CLL. PLL cases were
excluded from this study.

All reported data were obtained at the time of
sampling for Flt1 and Tie1. All samples and data
were collected at the time of presentation to MD An-
derson Cancer Center.

2.2. Protein extraction

Protein was extracted as previously described [36].
Briefly, cell pellets were lysed in TENN buffer (50
mM Tris–HCl [pH 7.4], 5 mM EDTA, 0.5% Nonidet
P-40, and 150 mM NaCl supplemented with 1 mM
phenylmethylsulfonyl fluoride, 2 mg/ml leupeptin, and
2 mg/ml pepstatin) for 30 min on ice with frequent
vortexing and then left on ice for 1 h. Lysates were
clarified by microcentrifugation for 1 h at 14 000
rpm. Protein concentration was then determined by
the Bradford method. Next, 200 mg of cell extract
was run on a 9.5% sodium dodecyl sulfate-polyacry-
lamide gel and stained with Coomassie blue R-250 to
check the protein profile and amount of protein
loaded.

Fig. 2. Scatter plot showing the distribution of the RIA values for
Flt1 (A) and Tie1 (B) in CLL and peripheral blood mononuclear cells
(PBMNC) from normal individuals.

unknown. Therefore, we decided to measure Flt1 and
Tie1 protein expression in the leukemic cells from of
patients with CLL and correlate these levels with clin-
ical characteristics.
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2.3. Western blot analysis of Flt1/Tie1 proteins

Two hundred micrograms of cell extract from vari-
ous samples were electrophoretically separated on 9.5%
SDS-PAGE gels and transferred to nitrocellulose mem-
branes. The nitrocellulose membranes were then
blocked with 5% non-fat milk in PBS containing 0.1%
Tween 20 and 0.01% sodium azide for 6–8 hours at
room temperature. The blots were incubated overnight
at 4°C with 1 mg/ml rabbit anti-Tie1 antibody (Santa
Cruz Biotech, Santa Cruz, CA) and rabbit anti-Flt1
polyclonal antibody (Santa Cruz Biotech), in PBS con-
taining 2.5% non-fat milk, 2.5% bovine serum albumin
(BSA), and 0.1% Tween 20. The membranes were then
washed with PBS containing 0.1% Tween 20. The blots
then were incubated with 1:2000 diluted anti-mouse
IgG or anti-rabbit immunoglobulin linked to
horseradish peroxidase (Sigma Chemical Co.) in PBS
containing 1% non-fat milk and 0.1% Tween 20. Im-
munoreactive bands were developed using the ECL
detection system (Amersham, Arlington Heights, IL).
After ECL detection, the primary and secondary anti-
bodies were stripped from the membrane antibodies
under conditions recommended by the manufacturer.
The stripped membranes were then blocked and probed
with anti-actin monoclonal antibody immunoglobulin
M (Amersham) to check for equal loading of protein in
each lane. All RIA data was correlated with the West-
ern blot data by looking at the Western and comparing
with the numbers obtained from the RIA. Few samples
were correlated after digitalizing Western blot films and
comparing intensity of bands with the RIA results.

2.4. Solid-phase radioimmunoassay

Tie1 and Flt1 protein levels were quantified using
solid-phase radioimmonoassay (RIA) as previously de-
tailed [36]. Briefly, microtiter plates were incubated
overnight at 4°C in 50 ml of PBS with 5 mg of protein
extracted from CLL patients and normal individuals.
The RIA plates were washed with PBS and blocked
with 100 ml of 1% BSA (Amersham) in PBS for 1 hour
at 37°C. The plates were incubated overnight at 4°C
with 50 ml of rabbit anti-Tie1 (Santa Cruz Biotech) and
rabbit anti-Flt1 antibodies (Santa Cruz Biotech)
diluted 1:1000 in PBS containing 1% BSA. The plates
were then washed with PBS and amplified with rabbit
anti-rabbit IgG antiserum (Sigma Chemical Co.) di-
luted 1:1000 in 0.1% BSA in PBS for 2 hours at 37°C.
After washing, the plates were developed with
excess 125I-labeled protein G (200 000 cpm [50 IU] in
0.1% BSA and PBS per well) for 2 hours at room
temperature and washed with PBS. The contents were
then separated into individual wells. The counts in each
well were recorded with a gamma counter (LKB Bio-
technology, Uppsala, Sweden). The assays were per-
formed in triplicate, and the results were corrected for
the non-specific binding (1–2%) detected in control
wells which were not coated with a test antigen but
were blocked with BSA. A second set of plates was
incubated with anti-actin antibodies to confirm the use
of equal amounts of total cellular protein from each
sample.

Fig. 3. Kaplan-Meier survival curve for CLL patients with Rai stage 0–II disease. Patients with higher expression of Tie1 had worse survival.
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To test whether freezing may affect the quantification
of proteins, we tested four samples of proteins extracted
from fresh cells as well as from cells after freezing. We
found no significant difference in Tie1 and Flt1 levels
between fresh versus frozen samples. However, this
does not rule out the possibility that the timing of
freezing as well as the thawing and freezing may have
some effects on the viability of protein. However, the
demonstration that all our samples have similar levels
of actin suggests that the protein in our samples is
comparable in its viability.

2.5. Statistical analysis

The median value for various clinical variables was
calculated using a statistical program (Statistica). Asso-
ciations between patient characteristics (covariates)
were assessed for pairs of numerical variables by Spear-
man’s correlation coefficient. Differences between two
categorical and/or continuous variables were evaluated
using the U-Mann-Whitney; differences between more
than two variables or groups were evaluated by
Kruskall–Wallis analysis by ranks. The main endpoint
in this study, survival time, was evaluated using the
Kaplan–Meier method and the log-rank test. Data
were collected from patients charts and entered into the
Leukemia department’s database.

3. Results

3.1. Increased expression of Flt1 and Tie1 in CLL cells

Table 1 shows the clinical characteristics of the
group. The median age was 59 years (range 21–86).
One hundred fifty-nine patients (69%) were males. In
terms of prior treatment, 164 patients (71%) were not
previously treated, 49 patients (21%) had received 1–3
prior treatments, and 18 (8%) had received \3 prior
treatments. The median value of cpm of mononuclear
cells obtained from 31 normal individuals was assigned
an arbitrary value of 1. with this value taken into
account, the median value for Tie1 in CLL patients was
3.69 times higher (range 0.44–7.1) and that of Flt1 4.1
times higher than in the normal group (range 0.11–
6.98). However, we found significant negative correla-
tion between the length of the disease (period elapsed
from diagnosis to testing) and levels of Flt1 (R= −
0.22, P=0.0009), but not Tie1. Which suggests that
Flt1 levels may decease as the disease progress. Neither
Flt1 nor Tie1 were detected in normal individuals on
Western blot analysis (Fig. 1). In general, levels less
than 2 were not detected on Western blot. There was no
statistical correlation between Flt1 and Tie1 (Spear-
man’s correlation coefficient R= −0.11, P=0.11).

3.2. Clinical rele6ance of Tie1 and Flt1

These levels also correlated positively with WBC
(P=B0.005) and absolute lymphocyte count (Table
2). Tie1 levels correlated positively with Rai stage (P=
0.04). No correlation was found between the levels of
the two proteins and levels of serum b2M (P=0.13 and
0.62 for Tie1 and Flt1, respectively). We also found no
correlation between poor cytogenetics and levels of
Tie1 or Flt1. We divided the patients into two groups
according to their cytogenetics and compared the levels
of Flt1 and Tie1 between the two groups. Patients with
poor cytogenetics (+12, −11, 11q− , or 17 abnormal-
ity) (22 patients) were compared with the rest of the
patients (including patients with insufficient metaphase)
using Kruskal–Wallis by Ranks test. We found no
significant difference between in the Tie1 and Flt1 levels
between the two groups. We also found no correlation
between the levels of Tie1 and Flt1 and survival. How-
ever, when we evaluated patients in early Rai stages
(0–II), we found that patients with high levels of
cellular Tie1 (\3.65) had a statistically significant
shorter survival (P=0.02, Fig. 2); in contrast Tie1
levels had no clinical relevance in terms of survival in
advanced Rai stages (III–IV). This remained true when
we analyzed only the previously untreated patients who
were in early Rai stage (134 patients). We found that
high levels of Tie1 protein expression remained predic-
tive of shorted survival (P=0.03, log-rank test) (Fig.
3).

4. Discussion

The tyrosine kinase receptors Flt1 and Tie1 appear to
play a distinct role in the regulatory pathway of hema-
topoiesis and angiogenesis [35,37,38]. Bredoux et al.,
reported Tie1 expression in some CD34− , CD19+ ,
and CD20+ leukemic B-cell lines [37]. Kukk et al.,
found expression of Tie1 in T-cell ALL, but failed to
find expression of Tie1 in 6 CLL cell lines [35]. In the
present study we used a highly sensitive RIA and
detected some expression of Tie1 and Flt1 in CLL cells.

Our results confirm recently published reports of
increased expression of Flt1 and Tie1 in leukemic cells
[22]. In a previous work, we reported increased levels of
VEGF in CLL cells (24), and that high levels of VEGF
expression correlated with better outcome. Interest-
ingly, CLL cells expressed mainly the 42 kDa and not
the 45 kDa isoform. Now, we show in this paper that
VEGF receptor levels Flt1 do not correlate with specific
clinical outcome. Upon correlating VEGF and Flt1
expression levels, we found a direct correlation between
the two (r=0.28, PB0.001), but whether the levels of
the KDR receptor of the VEGF play a role in CLL
remains to be seen. These data suggest that VEGF may
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play a complex role in CLL, a role dependent on
complex interactions between various isoforms and
their receptors. Our finding that high Tie1 levels in
early-stage CLL disease reflect more aggressive disease
suggests that Tie1 may play a role in the proliferation
of CLL cells. However, this effect is most likely direct
rather than indirect (through angiogenesis), particularly
since vascularity is not increased in the bone marrow of
patients with CLL [39]. In any case, additional studies
are necessary to clarify the biological role of angiogene-
sis-controlling molecules in CLL.
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