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Abstract In actuality, chronic lymphocytic leukaemia (CLL)
remains an incurable haematopoietic malignancy of high
prevalence amongst elderly populations in the West.
Malignant CLL cells characteristically accumulate in the pe-
ripheral blood, bonemarrow, lymph nodes, and spleen of CLL
patients. There is evidence that CLL cells express Ang2 and
Tie1, two central components of the Ang-Tie2 pro-angiogenic
pathway. Central to blood vessel development and mainte-
nance, at present it remains unclear how the Ang-Tie2 path-
way modulates CLL pathophysiology. Here we evaluate the
status of the Ang-Tie2 pathway in CLL cells and assess Ang1
levels in plasma/cell medium from CLL samples. To under-
stand how angiopoietins in the microenvironment regulate the
components of Ang-Tie2 pathway, survival, migration, and
metabolic fitness of CLL cells, we exposed CLL cells to
recombinant angiopoietins. CLL plasma and CLL cells in
culture present significant lower levels of Ang1. CLL cells
simultaneously express Ang1, Ang2, and Tie1 mRNA, but
lack that of Tie2 and its regulator, VE-PTP. Exposure to
Ang1 confers survival advantage in the long-term, whereas
Ang2 and trebananib, an angiopoietin blocker, proved detri-
mental. Angiopoietins differentially modulate expression of
Ang1, Ang2, and Tie1 transcripts. Ang2, but not Ang1,
induces the concomitant and transient expression of Tie2
and VE-PTP mRNA. Both angiopoietins, particularly Ang2,
increase CLL-Tie1 expression and Ang1 clearly induces

chemotaxis and transendothelial-like migration of CLL cells.
Besides, changes in caspase and ATP content corroborate the
sensitivity of CLL cells to angiopoietin exposure. Altogether,
this work shows that angiopoietins regulate the fate of CLL
cells in a Tie2-independent manner and highlights the
potential of the Ang-Tie2 pathway as a therapeutic target in
CLL research.
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Abbreviations
Ang1/Ang2 Angiopoetin-1 and angiopoietin -2
bFGF Basic fibroblast growth factor
CLL Chronic lymphocytic leukaemia
PBMC Peripheral blood mononuclear cells
Tie1/Tie2 Tyrosine kinase with immunoglobulin and

endothelial growth factor domain-1 and -2
VEGF Vascular endothelia growth factor
VE-PTP Vascular endothelial-protein tyrosine

phosphatase

Introduction

Pathological angiogenesis is a dreadful biological process
linked to the disproportionate development of blood vessels
that support growth and proliferation of solid tumours.
However, participation of pathological angiogenesis in chron-
ic lymphocytic leukaemia (CLL), as well as in other
haematopoietic malignancies, is difficult to envision, mainly
because leukaemia cells do not depend directly on a network
of vessels and capillaries to support basic physiological
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requirements. Nonetheless, it is widely accepted that patho-
logical angiogenesis supports blood cancers [1, 2]. CLL re-
mains an incurable and highly prevalent haematopoietic ma-
lignancy amongst the elderly in western societies [3]. Patients
diagnosed with CLL present a heterogeneous collection of
clinical, cellular, chromosomal, molecular, and genetic traits,
all of which medical practitioners evaluate to accurately diag-
nose the disease and to administer the optimal treatment.
Whilst the average age of patients diagnosed with CLL is
between 67 and 72 years, available diagnostic tools allow
early diagnosis in patients as young as 40 years of age [3].
Notably, younger CLL patients display the most severe symp-
toms attributed to this malignancy [3, 4]. As quality of life and
life expectancy increase amongst the general world popula-
tion, the morbidity and mortality rates due to CLL cases will
likewise increase in the upcoming years [3]. Therefore, the
necessity of alternative therapeutic avenues to circumvent re-
sistance and relapses attributed to current treatments prompt
us to study the molecular mechanics of CLL-related angiogen-
ic signalling pathways.

Peterson et al. provided the first strong evidence linking
angiogenic signalling pathways with CLL pathophysiology
by showing increased microvessel density in bone marrow
(BM) biopsies and detecting elevated secretion levels of basic
fibroblast growth factor (bFGF) in the urine of CLL patients
[5]. Researchers also detected high levels of vascular endothe-
lial growth factor (VEGF) in CLL patients [2] and together
with bFGF, VEGF is one of the most studied angiogenic
factors in cancer research. Similar to the overexpression of
VEGF and bFGF, recent research describing the overexpres-
sion of angiopoietin-2 (Ang2) in CLL cases highlights the
relevance of angiopoietins in the CLL microenvironment
[6–8]. There is a correlation between high plasma levels of
Ang2 with disease progression, and in addition, isolated CLL
cells abundantly secrete Ang2 in culture. Due to the absence
of Tie2 receptor in CLL cells, scientists considered the Ang-
Tie2 pathway as inactive on these leukemic lymphocytes [2].
Whilst CLL cells fail to express Tie2 receptor [2], they express
Tie1 receptor; its expression correlates with CLL disease
stages [9]. These leukemic lymphocytes abundantly secrete
Ang2 into the microenvironment, probably contributing to
the high plasma levels of Ang2 detected in CLL patients [6,
7]. The constitutive expression of Ang2 and Tie1 and their
correlation with disease progression certainly arouses the in-
terest of CLL research on this particular angiogenic signalling
pathway.

Together with pro-angiogenic Ang1, receptors Tie1 and
Tie2, and VE-PTP, Ang2 comprises the Ang-Tie2 pathway,
which regulates vessel assembly and maturation during em-
bryogenesis and secures quiescence of the vascular tissue dur-
ing adult life [10]. Ang1 and Ang2 are agonist and antagonist
ligands respectively, which modulate angiogenesis by binding
to Tie2. Receptors Tie1 and Tie2 are type I transmembrane

protein receptor tyrosine kinases (RTKs) of homologous
structures involved in proliferation, migration, and survival
of endothelial cells (EC) [11]. Pro-angiogenic Ang1 promotes
EC survival in a dose-dependent manner, supports EC net-
work formation and stabilization, and reduces apoptosis in
EC models, an effect increased in the presence of VEGF
[12]. Most importantly, Ang1 maintains quiescent blood ves-
sels [13], decreases vascular permeability [14], and repairs
damaged and leaky vessels [15]. Besides, Ang1 overexpres-
sion results in varying degrees of reduced tumour growth and
surprisingly, healthy adults present relatively high levels of
Ang1 (40–50 ng/ml) [10]. In contrast, Ang2 destabilizes and
remodels vascular endothelium [16] and its secretion dramat-
ically increases during vasculogenesis and inflammation [17].
Overexpression of Ang2 induces severe discontinuities in ves-
sel development [18] and high levels of Ang2 associate with
the degree of severity of the malignancy, making Ang2 an
attractive prognostic marker of neoplasias [10]. At a patholog-
ical level, Ang-Tie2 signalling is strongly associated with in-
flammation [14] and tumour-related angiogenesis [19].

Not long ago, molecular biology could neither explain the
precise mechanisms of action of agonist Ang1 and antagonist
Ang2, the detailed function of Tie1 and Tie2 receptors, nor the
precise interactions between ligands and receptors. Early
models overexpressing Ang1 and Ang2 in vivo [20] proved
that Ang1 activates and Ang2 blocks signalling events down-
stream of Tie2 [18]. Today biochemical evidence provides us
with a more unified model of Ang-Tie2 signalling, depicting
clear roles and interactions between ligands and receptors [11,
19, 21, 22]. Tie1 and Tie2 interact through their ectodomains
forming a complex detected even prior to angiopoietin recog-
nition, and here kinase domains play no role in Tie2 clustering
or Tie2 relocalization [11]. This Tie1-Tie2 complex inhibits
Tie2-dependent signall ing transduction and both
angiopoietins differentially modulate the Tie1-Tie2 complex.
Whilst Ang1 binds to Tie2 inducing dissociation of Tie1 from
Tie2, clustering of Tie2, and activation of Tie2-dependent sig-
nal transduction, Ang2 fails to induce a similar effect and
prevents Ang1 from binding to Tie2 [11]. Both Ang1 and
Ang2 bind by complementary surface interaction to the same
site on Tie2 [19] and each angiopoietin possesses specific
amino acid residues on their surface that clearly define their
contrasting cell-signalling roles [22]. Moreover, Ang1 activa-
tion of Tie2 shows an evident association of VE-PTP to Tie2
and VE-PTP dissociation enhances Tie2 activation by Ang1
[23]. VE-PTP negatively regulates Tie2-dependent prolifera-
tion during embryonic development and blood vessel remod-
elling [23], binds and dephosphorylates activated Tie2, atten-
uates Tie2 activity, and resensitizes Tie2 to new angiopoietin
stimuli [24]. Whilst the role of Tie2 is well characterized, the
molecular and physiological contributions of Tie1 beyond its
association with Tie2 are rather unclear [11] and those of VE-
PTP are just being uncovered [23, 25–27]. To our knowledge,
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no attempts to describe the role of VE-PTP or to understand
the impact that Ang1 has on the CLL microenvironment exist.

The full contributions of the Ang-Tie2 pathway and its
components to CLL pathophysiology at the molecular and
cellular level remain to date a complete mystery. In this report,
we explore the parallel expression pattern of the components
of the Ang-Tie2 signalling pathway in CLL cells.
Additionally, we measure Ang1 levels in plasma from CLL
patients and Ang1 levels secreted by CLL cells in media. To
assess the impact of Ang1 and Ang2 on CLL cell survival, we
mimic angiopoietin microenvironmental availability by ex-
posing CLL cells to recombinant human Ang1 and Ang2.
We monitor survival advantage for short and long periods
and analyse fold changes in relative mRNA levels of Ang1,
Ang2, and Tie1 in CLL cells. In addition, we explore whether
exposure to angiopoietins could trigger Tie2 and VE-PTP ex-
pression as well as changes on Tie1 expression on CLL cells.
We also assess the ability of angiopoietin to modulate chemo-
taxis and transendothelial-like migration of CLL cells. To fur-
ther asses the sensitivity of CLL cells to angiopoietins, we
evaluate changes in contents of caspase and ATP in these
leukemic lymphocytes upon angiopoietin exposure. Our re-
sults point toward a dynamic role of angiopoietins in regulat-
ing the fate of CLL cells in a Tie2-independent manner at the
molecular and cellular level.

Materials and Methods

Compliance with Ethical Standards

Our research was performed in accordance with the declara-
tion of Helsinki and approved by the internal revision board of
the University Hospital, Cologne. CLL patients signed a con-
sent form and all had confirmed CLL status prior to the time of
peripheral blood collection. Processing of peripheral blood
and isolation of CLL cells was carried by personal of the
Biobank Center for Integrated Oncology (CIO) Cologne/
Bonn, at the University Hospital, Cologne.

Isolation of CLL Cells and Healthy PBMCs

Peripheral blood from CLL and healthy patients was collected
in EDTA-treated tubes. PB from CLL patients was incubated
with the RosetteSep® B-cell enrichment antibody cocktail
(StemCell Technologies) and CLL cells were isolated by the
Ficoll gradient (PAA Biotech). Quality check by flow cytom-
etry analysis (FACS-Gallios, Beckman Coulter) showed that
the isolated CLL cells have a purity≥99.1 % of CD5/CD19
double positive cells, confirming that the CLL samples are
free from other cellular entities. Additionally, CLL viability
was ≥99 % as assessed by tryptan-blue staining using an au-
tomated cell counter (Beckman Coulter) and by flow

cytometry (FACS-Gallios, Beckman Coulter) using FITC-
Annexin-V/7-AAD (Biolegend) viability staining assay.
Peripheral blood mononuclear cells (PBMCs) were isolated
by Ficoll gradient.

Cell Culture

PBMCs and CLL cells were processed immediately after iso-
lation and cultured under standard humidified atmosphere at
37 °C/5 % CO2. Throughout our experiments, we employed
RPMI 1640-Glutmax (Gibco) medium, supplemented with
1 %-penicillin/streptomycin (PAA Biotech) and 10 % foetal
calf serum (PAA Biotech). Quality controls by light micros-
copy demonstrated that no cells with the typical morphology
of ECs or that of any adherent cell line were present in either
PBMC or CLL cell cultures, further confirming flow cytom-
etry quality control. Conditioned RPMI media is designed to
support primary cells and fails to supports the growth of ECs
as tested using human umbilical vein endothelial cells
(HUVECs).

Assessment of Survival Upon Stimulation with Ang1,
Ang2, and Neutralizing Peptibody

CLL cells were stimulated with either recombinant human
Ang1, Ang2 (Prepotech), or trebananib (AMG386, kindly
provided by AMGEN) at concentrations of 50, 100, 200,
500 ng/ml and cultured in 96-well plates (1×10^7 cells/ml)
for 1 and 4 days. Cell viability was assessed by flow cytom-
etry (FACS-Gallios, Beckman Coulter) using FITC-Annexin-
V/7-AAD viability assay.

Concentration of Ang1 Secretion in Plasma and Cell
Medium

For plasma collection, we depleted cells from peripheral blood
of healthy and CLL patients by centrifuging 3000 g/20 min/
4 °C. To measure Ang1 in cell media, healthy PBMCs and
CLL cells (1×10^7cells/ml) were cultured for 24 h and deplet-
ed of media by centrifuging 1000 g/15 min/4 °C. To assess the
concentration of Ang1 we employed a Quantikine ELISA
Human Angiopoietin-1 kit (R&D) following the provided
protocol and the plate was analysed photometrically
(μQuant Bio-TEK instruments) with the suggested OD cor-
rection (OD450–OD565).

Primer Design

The mRNA sequences Ang1, Ang2, Tie1, Tie2, and VE-PTP
were obtained from NCBI Reference Sequence and primer
pairs picked from the Basic Local Alignment Search Tool
(BLAST) query for primer pairs exclusively expanding
exon-exon junctions. Identity and product size were further
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verified using In-Silico PCR available from the University of
California at Santa Cruz (UCSC) Genome Browser. All
primers were purchased from TIB MOLBIOL (Berlin,
Germany) and solved in DEPC-treated water (Roth,
Germany).

RNA Extraction and cDNA Synthesis

In all cases, cells were harvested 800 g/10 min/4 °C, washed
with PBS-3x, lysed with RLT buffer (Qiagen), snap frozen in
liquid nitrogen, and stored at −80 °C. At time of processing,
lysates were allowed to thaw on ice and brought to room
temperature with alternate vortexing. RNA material was ex-
tracted as suggested by the Rneasy Plus Mini Kit (Qiagen).
RNA integrity was verified by electrophoresis on a 1.5 %
agarose gel in parallel with a 1000 bp DNA ladder (Thermo
Scientific). RNA concentration and purity were assessed pho-
tometrically (NanoPhotometer® P-Class, Implem). cDNA
was synthesised with a RevertAid First Strand cDNA synthe-
sis kit (Thermo Scientific) and reverse transcribed
(Mastercycler, Eppendorf) as follows: 10 min/25 °C,
50 min/50 °C, 5 min/80 °C, cooling to 4 °C.

Qualitative Polymerase Chain Reaction (PCR)

For qualitative PCR, we employed 2xFastStart PCR Master
Mix (Roche). To calculate working melting temperature (Tm,
X°C= optimal primer pair Tm), all primer pairs were subjected
to gradient PCR (96 Universal Gradient, peqLAB) using all
available cDNAs and non-template controls (NTC). The stan-
dard PCR program was comprised of initial denaturation of
10 min/95 °C, followed by 40 cycles of denaturation 30
s/95 °C, amplification at 30 s/X°C, and elongation at 30
s/72 °C, followed by final elongation 2 min/72 °C and cooling
to 4 °C. PCR product sizes were verified on 1% agarose gel in
para l le l wi th a 100 base pai r (bp) DNA ladder
(ThermoScientific) as a molecular marker.

Semi-quantitative Real Time-PCR

To determine changes in the expression of Ang1, Ang2, and
Tie1, CLL cells were stimulated with 500 ng/ml of Ang1 and
Ang2 for 1 h and RNA/cDNA processed as in 3.7. We
employed Maxima SYBR Green qPCR 2xMaster Mix
(ThermoScientific) to run 20 μl rt-PCR reactions using a
Light Cycler System 2.0 (Roche, Mannheim, Germany) and
its accompanying software. In order to validate primer effi-
ciency and empirical Tm, primer pairs were tested at parallel
10-fold serial dilutions over a range of five magnitudes using
all available cDNAs as template and respective non-template
control. All RT-PCR reactions were run with a denaturation of
15 min/95 °C, 40 cycles of denaturation 30 s/95 °C, amplifi-
cation 30 s/X°C, and elongation 30 s/72 °C, followed by a

final elongation of 1 min/72 °C and melting curve analysis to
confirm identity of rt-PCR products. Relative gene expres-
sions were calculated by the ΔΔCt method [28] and normal-
ized to the reference gene ABL (Abelson murine leukaemia
viral oncogene homolog-1).

Detecting Transient Expression of Tie2 and VE-PTP

CLL cells (1×10^7 cells/ml) were stimulated with 500 ng/ml
Ang1 or Ang2, and collected after 30 min and 6 h. The cor-
responding non-stimulated samples were collected prior to
stimulation, and at 30 min and 6 h post-stimulation. RNA/
cDNAwere processed as described in 2.7. As a possible con-
trol of Tie2 and VE-PTP expression, we utilized cDNA ex-
tracted fromHUVEC cells (PromoCell). Due to suspected low
expression, PCR products were analysed by capillary gel elec-
trophoresis to confirm expression. ABL reference gene was
visualized by classical electrophoresis.

Assessment of Tie1 and Tie2 Expression by Flow
Cytometry

CLL cells (1×10^7 cells/ml) were stimulated with 500 ng/ml
of Ang1 or Ang2 for 24 h, washed with PBS-3x and condi-
tioned with Human TruStain FcX™ Fc-receptor blocker
(Biolegend). Cells were stained with polyclonal antibodies
against either Tie1, Tie2, or corresponding isotype, all conju-
gated to phycoerythrin (R&D, USA) and analyzed by flow
cytometry (FACS-Gallios, Beckman Coulter).

Assessment of Chemotaxis and Transendothelial-Like
Migration Activity

To test the chemotactic effect of angiopoietins on CLL cells,
we employed Transwell Permeable Support (Corning Inc) in-
serts with a pore size of 5 μm adapted for 24-well plates. To
test the transendothelial-like migration effect, we employed
ThinCert (Greiner Bio-One) inserts with a pore size of 3 μm
adapted for 24-well plates. Wells and inserts were
preconditioned with cell culture media for 12 h at standard
cell culture conditions. CLL cells were seeded at 1×10^7
cells/ml and volumes processed as suggested by the manufac-
turer. Media in the bottom chamber was supplemented with
either 500 ng/ml of Ang1 and Ang2, and in combination with
trebananib as angiopoietin blocker. CLL cells were incubated
for 24 h, cells were retrieved from the bottom chamber, and
counted with a haemocytometer.

Caspase Relative Content Assay

Caspase activity was assessed with Cell Meter™ Caspase 3/7
Activity Apoptosis Assay Kit (AAT Bioquest, Inc.)
employing black-wall 96-well plates (Greiner Bio) with
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transparent bottom, which were pre-coated with poly-d-lysine
(50 μg/ml, Sigma-Aldrich) for 24 h/4 °C with constant shak-
ing, washed with PBS-3x, and allowed to air-dry in a sterile
environment with complementary UV-treatment. CLL cells
were seeded at the concentration suggested by the manufac-
turer in parallel with corresponding caspase content dilution
curves of untreated cells for all measurements. Cells were
stimulated with Ang1, Ang2, or trebananib at concentrations
ranging from 5 fg/ml to 500 ng/ml for 24 h. Changes in fluo-
rescence were monitored with a Paradigm Detection Platform
connected to Multimode Analysis Software (Beckman
Coulter).

ATP Relative Content Assay

ATP relative content was assessed using CellTiter-Glo®
Luminescent Cell Viability Assay (Promega). CLL cells were
seeded as suggested with a corresponding ATP content dilu-
tion curve of untreated cells. Cells were stimulated with Ang1,
Ang2, or trebananib at concentrations ranging from 5 fg/ml to
500 ng/ml in white-wall 96-well plates (Sarsted, Germany)
and incubated for 24 h. Plates were analysed with a microplate
luminometer (EG&G Berthold).

Statistics and Graph Design

Results are shown asmean±bars of standard error of themean
(SEM). Significance was calculated using Windows
Microsoft Excel 2010 with a two-tailed student t-test and min-
imal statistical significance was set at p≤0.05. Graphs were
processed using GraphPad Prism Version 5.

Results

CLL Cells Express in Parallel Ang1, Ang2, Tie1,
but not Tie2 or VE-PTP

To understand the extend to which the Ang-Tie2 pathway is
active in CLL cells, we analysed in parallel the expression of
Ang1, Ang2, Tie1, Tie2, and VE-PTP at the mRNA level in
CLL cells and healthy PBMCs by qualitative PCR. CLL cells
express Ang1, Ang2, and Tie1 transcripts (Fig. 1) and lack
Tie2 and VE-PTP transcripts. Besides expressing Ang1,
Ang2, and Tie1, the healthy PBMC population expresses
Tie2. We failed to detect the regulator of Tie2 activity, VE-
PTP, in both, CLL and healthy PBMC samples. Previously
Kay et al. analysed the expression of some angiogenic factors
and receptors in CLL patients, detecting expression of Tie1
and Ang1 and similarly failed to detect Tie2 transcripts [2].
Ang2 expression in CLL and its correlation with disease pro-
gression has been extensively described in the literature [6, 8,
28]. Furthermore, Aguayo et al. described Tie1 expression

[29] in CLL samples and its correlation with CLL disease
stage.

According to our preliminary test readings, B-cells extracts
appear to be positive for Ang1, Ang2, Tie1, and negative for
Tie2 and VE-PTP, but unlike the samples shown in Fig. 1,
these B-cells come from buffy coats derived from several
blood donors. There is one important point that must be con-
sidered when dealing with these kinds of samples. Reports
based on highly sensitive detection (1 in 105 cells) of cells
positive for CD5, CD19, CD20, and CD79b reveal that up
to 3 % of healthy individuals show a detectable population
of lymphocytes with a malignant profile, that is, a profile
identical to that of CLL cells [30]. Patients, however, lack
lymphadenopathy or organomegaly and may never progress
into a full CLL [31]. Thus, B-cell preparations isolated from
buffy coats probably contain CLL-like cells. Development of
powerful cell sorting techniques in haematology is necessary
to help researcher to work with highly pure CLL-cell free B-
cell fractions and to define the true profile of B-cells on the
Ang-Tie2 pathways context.

The low expression of Tie2 in the PBMC population pos-
sibly derives from Tie2 expressing monocytes (TEMs), which
comprise approximately 2–7 % of the total PBMCs popula-
tion of healthy patients [32], therefore they represent an inte-
gral part of the PBMC population. Furthermore, we discard
the presence of ECs in PMBCs or CLL cell extracts, because
no VE-PTP was detected in PMBCs (ECs are positive for VE-
PTP) and because ECs also represent an insignificant minority
of 0.01 to 0.0001 % of mononuclear cells in complete normal
peripheral blood [33]. This renders their contribution in
angiopoietins secretion or mRNA detection, if any, as insig-
nificant. Whilst the number of EC may rise in the case of
vascular damage seen in other malignancies (e.g. melanoma,
glioma, breast, colonic, gastric, oesophageal, renal, ovarian,

Fig. 1 Expression patterns of the components of the Ang-Tie2 pathway
in CLL cells and healthy PMBCs. Agarose gel electrophoresis showing
the detection of Ang1, Ang2, Tie1, Tie2, VE-PTP and reference gene
ABL. a-e CLL samples. 1–2 Healthy PMBCs samples. NTC; non-
template controls, BP; size in base pairs. MM; molecular marker
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cervical, carcinoid, testicular, prostate, and head and neck
cancer patients) [33], there is to date no evidence of a similar
issue in CLL.

Downregulation of Ang1 in CLL is Evident in Both
Plasma and Cell Media

We evaluated plasma of healthy and CLL patients, as
well as culture media from PBMCs and CLL cells after
24 h in culture to determine concentration of Ang1
(Fig. 2). Here, we detected a significant (p = 0.04)
downregulation of Ang1 levels in plasma (Fig. 2b) of
CLL patients (2336 pg/ml) when compared to healthy
patients (4414 pg/ml). Cells in culture show a similar
discrepancy (Fig. 2b). PBMCs secrete significantly
(p = 0.002) higher levels of Ang1 (632 pg/ml) when
compared with CLL cells (67 pg/ml). This downregula-
tion of Ang1 in CLL patients is rather remarkable. Tie2-
expressing cells, such as ECs, require Ang1 to support
the quiescent state of blood vessels and capillaries. The
observed downregulation of Ang1 could lead to a leaky
state of vessels and capillaries, facilitating perfusion of
leukemic lymphocytes between organs, tissues, and the
blood stream.

Angiopoietins Modulate the Survival of CLL Cells

We stimulated CLL cells with recombinant human Ang1 and
Ang2 for short (1 day) and long (4 day) intervals to examine
whether angiopoietins present in the microenvironment mod-
ulate CLL cell survival. Because CLL cells constitutively ex-
press and secrete Ang1 (Fig. 2) and Ang2 [7] at a basal level,
we blocked endogenous Ang1 and Ang2 with trebananib to
monitor angiopoietins autocrine role in CLL cell survival. At
1 day post-stimulation, Ang1 shows no impact on survival
(Fig. 3a), Ang2 (Fig. 3b) induces a slight reduction in survival
(50 ng/ml not significant (n.s.), 100 ng/ml −4.2 % p=0.05,
200 ng/ml -7.1 % p=0.05, 500 ng/ml -10.% p=0.005), and
trebananib appears to have no effect (Fig. 3c). Nevertheless,
long-term culture shows interesting changes in survival ad-
vantage. At 4 d Ang1 (Fig. 3a) stimulation confers significant
survival advantage in a dose dependent manner (50 ng/ml
+4.4 % p=0.048, 100 ng/ml +6.7 % p=0.01, 200 ng/ml+
7.9 % p=0.02, 500 ng/ml +11.5 % p=0.003,), whilst Ang2
(Fig. 3b) significantly decreases CLL survival (50 ng/ml n.s.,
100 ng/ml n.s., 200 ng/ml -8.2 % p=0.04, 500 ng/ml -9.0 %
p=0.04) also in a dose dependent manner. The pro-survival
effect of Ang1 and the detrimental one of Ang2 in a long-term
analysis suggests that early angiopoietin interaction with CLL
cells is sufficient to regulate long-term survival advantage. In
addition, trebananib strongly and specifically binds both Ang1
and Ang2, blocking their interaction with their targets. After
4 days of trebananib stimulation (Fig. 3c) we observed an
unexpected and significant detriment in CLL cell survival
(50 ng/ml n.s., 100 ng/ml n.s., 200 ng/ml n.s., 500 ng/ml -
12.3 % p=0.01), suggesting that CLL-derived Ang1 and
Ang2 confer survival advantage to CLL cells. Due to the
significant effect on survival advantage, we employed
500 ng/ml of Ang1, Ang2, or trebananib in subsequent stim-
ulation procedures.

Ang1 and Ang2 Regulate mRNA Expression of Ang1,
Ang2, and Tie1

The presence of Ang1, Ang2, and Tie1 mRNA in CLL sam-
ples is a suggestive indicator of Ang-Tie2 signalling activity in
CLL cells. We stimulated CLL cells with angiopoietins to
determine whether microenvironmentally available Ang1
and Ang2 modulate expression of Ang1, Ang2, and Tie1 tran-
scripts. Interestingly, when evaluating changes in the relative
levels of mRNA expression 1 h post angiopoietin stimulation,
we observed that both angiopoietins differentially induce
changes in the expression of Ang1, Ang2, and Tie1 (Fig. 4).
With respect to non-stimulated control (1.00), Ang1 stimula-
tion induces a slight and significant increase to 1.14 fold
(p=0.018) of Ang2 mRNA, and slight and significant in-
crease to 1.31 fold (p=0.029) of Tie1 mRNA. Ang2 stimula-
tion only induces a slight and significant increase of 1.55 fold

Fig. 2 Ang1 levels in plasma and cell media in healthy and CLL samples.
a Ang1 levels as detected in plasma from healthy and CLL patients. b
Ang1 levels secreted by PMBCs and CLL cells (1×10^7 cells/ml) after
24 h in culture. Plasma samples; healthy n=10, CLL n=10. Cell culture,
PMBCs n=10 and CLL samples n=25. Significance set at p≤ 0.05 (*)
and p≤ 0.005 (**)
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(p=0.042) of Ang2 mRNA. The ability of angiopoietins to
modulate the relative mRNA contents of Ang1, Ang2, and
Tie1 on CLL cells illustrates the sensitivity of CLL cells to
angiopoietins present in the microenvironment. Taking in con-
sideration that CLL cells from peripheral blood lack Tie2

receptor, we could infer that angiopoietins recognize alternate
receptors on the surface of CLL cells, which in turn regulate
angiopoietins and Tie1 mRNAs.

Ang2 Stimulation Induces Transient Expression of Tie2
and VE-PTP mRNA

Qualitative PCR showed that CLL samples express Ang1,
Ang2, and Tie1, yet CLL cells from peripheral blood do not
express Tie2 supporting previous works [2] nor they express
VE-PTP (Fig. 1). To assess whether angiopoietins trigger ex-
pression of either VE-PTP or Tie2 in CLL cells, we stimulated
CLL cells with 500 ng/ml of Ang1 or Ang2 and collected
samples at 30 min and 6 h. Interestingly, we detect the tran-
sient and concomitant expression of both VE-PTP and Tie2
transcripts only after 30 min of Ang2 stimulation (Fig. 5).
These transcripts are not detectable upon Ang1 stimulation
and neither detectable at 6 h post-stimulation with either
angiopoietin. We could infer from this observation that CLL
cells actively react to externally available angiopoietins to

Fig. 3 Short-term and long-term survival assessment upon stimulation of
CLL cells with Ang1, Ang2, and trebananib. Change in survival after 1
and 4 days post-stimulation with (a) Ang1, (b) Ang2, and (c) trebananib.
Relative survival expressed in per cent. n= 6. Significance set at p ≤ 0.05

Fig. 4 Relative changes in mRNA expression levels of Ang1, Ang2 and
Tie1 upon Ang1 and Ang2 stimulation. Fold changes were assessed by
ΔΔCt method and normalized to the reference gene ABL. n= 6

Fig. 5 Electrophoresis showing the transient expression of Tie2 and VE-
PTP transcripts. After 30 min, stimulation with Ang2 induces expression
of Tie2 and VE-PTP. After 6 h, these transcripts are no longer detectable.
Tie2 and VE-PTP transcripts were visualised on capillary electrophoresis.
HUVEC cells used as positive control for Tie2 and VE-PTP expression.
Reference gene ABL was run on regular gel electrophoresis. BP; base
pairs, NTC; non-template control, NSC; non-stimulated control
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transiently control transcription of the components of the Ang-
Tie2 pathway.

Angiopoietins Modulate Patterns of Tie1 Expression
on CLL cells

Since CLL cells from peripheral blood express Tie1 and fail to
express Tie2 [2] we wondered whether Ang1 and Ang2 were
capable of modulating Tie1 expression of CLL cells. Our flow
cytometer analysis shows expression of Tie1 (Fig. 6a), but we
failed to detect Tie2 (Fig. 6b), backing qualitative PCR find-
ings. In addition, our analysis shows that stimulating CLL
cells with Ang1 significantly increases the CLL-Tie1 relative
expression (Fig. 6c) by 7.7 % (p=0.014) and stimulation with
Ang2 significantly increases the CLL-Tie1 expression to
12.5% (p=0.006). This observation suggest that varying con-
centration of angiopoietins encountered in the microenviron-
ment differentially control Tie1 expression on CLL cells.

Angiopoietins Modulate Chemotaxis
and Transendothelial-Like Migration of CLL Cells

In order to explore the impact of angiopoietins and their block-
age in chemotaxis, we employed inserts with a 5.0 μm/pore.
Stimulation with Ang1 but not Ang2 (Fig. 7a) induced robust
chemotaxis of CLL cells (p=0.0006). Blocking Ang1 and
Ang2 by adding trebananib to the media significantly ab-
rogates homing-like migration (Ang1 + Tre p = 0.01,
Ang2+Tre p=0.03). To test whether angiopoietins are ca-
pable of inducing transendothelial-like migration of CLL
cells, we employed inserts of 3.0 μm/pore. Interestingly,
Ang1 induces significant transendothelial-like migration
(Fig. 7b, Ang1 p=0.0008, Ang2 n.s.). In this instance,
trebananib significantly abrogates CLL movement through
the membrane (Ang1+Tre p= 0.048, Ang2 +Tre p= 0,
044). Apparently, Ang1 not only supports CLL cell sur-
vival advantage, but also angiopoietin-mediated migration
and, strikingly, transendothelial-like movement.

Fig. 6 Tie1 and Tie2 detection by flow cytometry on CLL cells upon
angiopoietin exposure. a Histogram shows the shift in detecting Tie1-
relative fluorescence. b Histogram shows the lack of Tie2-positive CLL
cells. c Graph shows the relative increase in Tie1-relative expression in
non-treated control (Set to 100 %), and Ang1 and Ang2 stimulated sam-
ples. n= 6. Significance set at p ≤ 0.05

Fig. 7 Chemotactic and transendothelial-like migration activity of CLL
cells upon angiopoietin stimulation and angiopoietin blockage. a) Ang1
has a strong effect on homing-like activity on CLL cells and Ang2 display
a pattern similar to that of the untreated control (UTC). b) Ang1, but not
Ang2, has a strong effect inducing transendothelial-like migration.
Trebananib blocks Ang1 in both a) and b), bringing relative values close
to a basal level, which are also comparable those of Ang2 stimulation.
n= 6. n.s.; non-significant. Significance set at p ≤ 0.05
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Angiopoietins Differently Regulate Caspase and ATP
Relative Contents

We evaluated the impact of angiopoietins on the metabolic
fitness of CLL cells by assessing caspase and ATP relative
content. First, stimulation with Ang1 and Ang2 after 24 h
induces a constant reduction of caspase relative content in
CLL cells (Fig. 8).When comparing to non-stimulated control
(Set as 100 % reference), stimulation with as low as 5 fg/ml of
Ang1 (Fig. 8a) induces a decrease of caspase content, remain-
ing relatively steady as concentration increased (5 fg/ml
70.4 %, 50 fg/ml 65.4 %, 500 fg/ml 73.2 %, 5 pg/ml
68.8 %, 50 pg/ml 77.4 %, 500 pg/ml 73.8 %, 5 ng/ml 71 %,
50 ng/ml 76.8 %, and 500 ng/ml 71.1 %). Stimulation with
Ang2 (Fig. 8b) also results in a decrease of caspase content
(5 fg/ml 71.5 %, 50 fg/ml 72.5 %, 500 fg/ml 72 %, 5 pg/ml
67.6 %, 50 pg/ml 73 %, 500 pg/ml 65.6 %, 5 ng/ml 68.2 %,
50 ng/ml 67.5 %, and 500 ng/ml 56.4 %). Interestingly, stim-
ulation with trebananib (Fig. 8c) triggers an increase of cas-
pase activity only on CLL cells (5 fg/ml 99.3 %, 50 fg/ml
97.2 %, 500 fg/ml 86 %, 5 pg/ml 106.3 %, 50 pg/ml
110.3 %, 500 pg/ml 110.3 %, 5 ng/ml 122.3 %, 50 ng/ml
120.5 %, and 500 ng/ml 127.8 %). Second, slight reduction
of ATP relative content remains constant upon Ang1 (Fig. 9a)
stimulation (5 fg/ml 67.5 %, 50 fg/ml 67.5 %, 500 fg/ml-
67.4 %, 5 pg/ml 66.3 %, 50 pg/ml 66.8 %, 500 pg/ml 68 %,
5 ng/ml 64.1 %, 50 ng/ml 71.8 %, and 500 ng/ml 72.7 %).
Ang2 stimulation (Fig. 9b) induces a large decrease in ATP
content, decreasing as the concentration of Ang2 approaches
500 ng/ml (5 fg/ml 68.6 %, 50 fg/ml 67.2 %, 500 fg/ml
65.1 %, 5 pg/ml 61.8 %, 50 pg/ml 63.3 %, 500 pg/ml
62.6 %, 5 ng/ml 58.1 %, 50 ng/ml 55.9 %, 500 ng/ml
46.7 %). Exposure to trebananib (Fig. 9c) shows larger de-
crease of activity than that of Ang1 and Ang2 (5 fg/ml 56.3%,
50 fg/ml 55.3 %, 500 fg/ml 56.6 %, 5 pg/ml 57.4 %, 50 pg/ml
49.5 %, 500 pg/ml 49.3 %, 5 ng/ml 45.9 %, 50 ng/ml 42 %,
and 500 ng/ml 35.8 %). The decrease in ATP detection indi-
cates the sensitivity of CLL cells toward the presence of Ang1
and Ang2 (Fig. 9a and b). Therefore, reduction of ATP activity
induced by Ang1 indicates that CLL cells possibly profit from
lowering their metabolic activity to preserve cellular energy.
Reduction of ATP activity by Ang2 could correlate with apo-
ptosis induction, which also becomes significant after 4 days
in culture (Fig. 3b). In both assays, PBMCs appear without
change in caspase and ATP relative contents after stimulation,
indicating that the observed changes specifically affect CLL
cells.

Discussion

Some bystander (or accessory) cells in the microenvironment
are secretors of angiopoietins. The first evidence of Ang1 and

Ang2 expression in BM microenvironment showed that up to
75 % of all osteoblasts and osteoclasts express Ang1, and
25 % of these weakly express Ang2 [34]. Mural cells, fibro-
blasts and non-vascular cells are secretors of Ang1, whilst
Ang2 secretion is attributed mainly to ECs [14]. Fibroblasts,

Fig. 8 Caspase relative contents in CLL cells upon exposure to Ang1,
Ang2, and trebananib. Relative changes in fluorescence are expressed as
per cent change relative to non-stimulated CLL cells. Cells were stimu-
lated with Ang1, Ang2, or trebananib at increasing concentration of a
Ang1 b Ang2 and c trebananib. n= 6
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which lack Tie2, adhere and spread in the presence of Ang1
but not Ang2, suggesting that migration and adhesion process-
es induced by Ang1 are Tie2-independent [35]. CLL re-
searchers report a concomitant overexpression of Ang2 and
pro-angiogenic VEGF in CLL patients [7]. Ang2 negatively

impacts the CLL disease course [8] correlating not only with
Binet staging, but also with high β-2-microglobulin
levels, unmutated IgVH, elevated CD38-ZAP70 status,
and intermediate-to-high risk cytogenetic profiles [6].
What is more, Ang2 levels also correlate with shorter
time to first treatment (TTFT), disease aggressiveness,
and rapid disease progression [36]. Regardless, the role
of Ang1 in CLL pathophysiology is unclear. Here we
report that when compared to healthy patients and
healthy PBMCs, Ang1 levels in plasma from CLL pa-
tients (Fig. 2a) and in CLL cell culture medium
(Fig. 2b) are significantly lower. Pericytes are essential
in angiogenesis and vascular integrity and deficiency in
pericyte coverage strongly associates with numerous dis-
eases and uncontrolled angiogenesis [37]. Ang-2 treat-
ment results in severe disassociation of pericytes and
loss of pericyte coverage from tumour vessels, thus in-
ducing vascular permeability [14, 38]. Lower Ang1
levels could possibly induce a pathological and transient
state of compromised pericyte coverage, leaky vessels,
and higher trafficking rates of leukemic lymphocytes
between peripheral blood and the microenvironments.

The Ang1 levels in plasma from healthy and CLL pa-
tients dependent on contributions made by mononuclear
cells (PBMCs and CLL cells), other accessory cells, and
tissues. Since CLL patients display lower Ang1 level, we
could infer that accessory cells in the CLL microenviron-
ment, which normally secrete Ang1 and maintain quies-
cent Ang-Tie2 signalling, or CLL themselves, have lost
their Ang1 secretion ability. Since increased expression
of Ang2 [28] is associated with changes in the Ang2
promoter methylation pattern [8], a similar scenario could
explain the lower Ang1 levels detected in CLL samples.
Further research is necessary to identify the specific cell
populations with compromised Ang1-expressing capabili-
ties in the CLL microenvironments.

In the BM, LN, and spleen CLL microenvironments,
CLL cells allegedly recirculate between peripheral blood
and tissue compartments, dynamically interacting with
healthy lymphocytes, accessory cells [39], surrounding
tissues, and other CLL cells. Niches in BM have a
perivascular localization, adjacent to blood vessels, and
located in close proximity to trabecular bone [40].
Haematopoietic stem cells (HSC) are often observed in
transit or migrating through vascular barriers [40]
supporting the idea that CLL cells may similarly recir-
culate and transiently reach a perivascular position to
benefit from a fast and efficient exchange of nutrients
with blood capillaries, a cellular behaviour denominated
as co-option [41]. Our migration assays demonstrate that
CLL cells are capable of undergoing angiopoietin-
mediated chemotaxis and transendothelial-like migration
by traveling towards areas of high Ang1 concentration.

Fig. 9 ATP relative content changes on CLL cells upon exposure to
Ang1, Ang2, and trebananib exposure. Relative changes in luminosity
are expressed as per cent change relative to non-stimulated CLL cells.
Cells were stimulated with increasing concentration of a Ang1 b Ang2
and c trebananib. n= 6
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We show here that upon Ang2 stimulation, there is tran-
sient and concomitant expression of VE-PTP at the mRNA
level (Fig. 5) 30min post stimulation, which disappears within
hours. VE-PTP binding to Tie2 prevents downstream signal-
ling events and the disassociation of VE-PTP from Tie2 neg-
atively affects EC proliferation and compromises vascular re-
modelling [23]. This emphasises the important function of
VE-PTP in balancing Tie2 activity [23]. Observing a transient
and concomitant expression of both Tie2 and VE-PTP upon
Ang2 exposure in CLL cells is intriguing. We suspect that this
transient expression could be present in only a small sub-
clonal population of CLL cells, inducing a transiently active
Ang-Tie2 pathway only in some of the CLL cells as a strategy
to promote proliferation, survival, and evasion from efficient
immunological elimination.

The Tie1 receptor is essential in angiogenesis pro-
cesses during embryogenesis and development and is
mainly expressed by ECs and hematopoietic lineage
cells [42]. Its expression correlates with Rai stages and
becomes a predictor of an aggressive disease course and
a marker of shorter survival in CLL patients [29].
Besides presenting high Ang2 plasma levels, CLL pa-
tients also display increased Tie2-expressing monocytes
(TEMs) counts in peripheral blood, which strongly as-
sociates with a high-risk cytogenetic profile, such as
17p deletion [36]. Apparently, Ang2 induces a
homing-like effect on TEMs [32] and Ang1 stimulation
triggers aggregation of Tie-2 expressing cells by Tie2-
dependent trans-association at cell-cell contacts in a
bridge-like manner [43]. Since the Tie1-Tie2 association
has an inhibitory character [11], we could infer that
Tie1-positive CLL cells interact and associate with
Tie2-expressing cells in the microenvironment, such as
ECs and TEMs (Fig. 10a). The direct interaction of
CLL-Tie1-positive with Tie2-positive cells in the micro-
environment is a putative strategy for the regulation of
Ang-Tie2 signalling, since interaction of Tie-Tie2 is in-
hibitory and only Ang1 is capable of inducing its dis-
association (Fig. 10b). Under high Ang2 concentration,
the inhibitor Tie1-Tie2 complex possibly remains stable,
not only preventing Ang1 from dissuading this complex
(Fig. 10c), which may compromise the constitutively
active Ang-Tie2 activity on ECs, but also leading to
instability of the EC layer and affecting permeability
and perfusion (Fig. 10c).

Cancer cells impair energy homeostasis of healthy
tissues and cells in the microenvironment, allowing tu-
mour cells to acquire protective and pro-survival char-
acteristics [44]. Mitochondrial functions, such ATP pro-
duction, strongly regulate metabolism, apoptosis, necro-
sis, autophagy, cell migration, gene expression, and cell
differentiation [45]. Even in the presence of oxygen,
most cancers, including CLL, rely on glycolysis as the

main energy-generating pathway (i.e. the Warburg ef-
fect) and as a source of building blocks for proteins,
nucleotides, and lipids [44]. In models of porcine acute
myocardial infarction, the concomitant expression VEGF
and Ang1 correlates with neovascularization, reduced
caspase-3, and reduced apoptosis [46]. Furthermore,
Ang1 promotes survival of human skeletal myocytes
(HSM) and freshly isolated rat neonatal cardiac
myocytes (NCM) and prevents taxol-induced apoptosis
(caspase-3) [47]. In our assays, both angiopoietins re-
duce the content of caspase, but only Ang1 offers a
clear survival advantage to CLL cells. It interesting to
observe that whilst Ang2 appears to reduce the survival
advantage of CLL cells in culture (Fig. 3b) it also trig-
gers a reduction of caspase content (Fig. 8b). A plausi-
ble explanation for this is that Ang2 exposure may ac-
tivate a pro-survival mechanism in CLL cells to reduce
caspase activity in an effort either to restore the fitness
of the cell or to lessen pro-apoptotic signalling. In ad-
dition, it is possible to infer that Ang2 activates alter-
native pro-apoptotic pathways that cannot be rescued or
blocked by reducing caspase activity, hence the decrease
in both survival advantage and caspase activity. The
unchanged ATP and caspase levels in the PBMC popu-
lation upon exposure to Ang1, Ang2, and trebananib
indicates that, unlike CLL cells, healthy PBMCs possess
a strong mechanism to compensate bioenergetics
stresses.

In our assays, we employed trebananib as a blocker
of constitutively secreted and recombinant angiopoietins.
Trebananib is an anti-angiogenic cancer drug that spe-
cifically binds Ang1 and Ang2 preventing interaction
with target receptors [48], resulting in the inhibition
and reversion of EC proliferation and tumour growth
[49]. By exposing CLL cells to trebananib, we detect
a detrimental effect on CLL survival advantage (Fig. 3c)
and a successful inhibition of Ang1-mediated migration
(Fig. 7). Furthermore, trebananib exposure induces an
increase in caspase relative content (Fig. 8c), which in-
dicates a putative cytotoxic effect of trebananib on leu-
kemic lymphocytes. Trebananib exposure also influences
the relative ATP content (Fig. 9c), suggesting that
blocking endogenously expressed angiopoietins from
interacting with CLL cells is detrimental to their
survival.

CLL cells from peripheral blood lack Tie2 receptors,
yet react to Ang1 and Ang2 exposure resulting in
changes of mRNA expression of Ang1, Ang2, and
Tie1 (Fig. 4), strongly suggesting that angiopoietins rec-
ognize alternate receptors expressed by CLL cells other
than Tie2. Integrins putatively recognize angiopoietins
[19] and research indicates that Ang1 binds to integrins
inducing cell adhesion [35]. Employing different

Angiopoietins Modulate Components of Ang-Tie2 Pathway 23



myocyte cell lines, which lack Tie2, Dallabrida et al.
demonstrate that Ang1 and Ang2, together with laminin,
fibronectin, vitronectin, and collagen-I, -III, and –IV,
induce cell adhesion [47]. In addition, Ang1 also induces EC
spread, adherence, and migration, an effect apparently ablated
by Ang2 [35]. Further biochemical evidence is necessary to
accurately identify the alternate binding partners to Ang1 and
Ang2 on CLL cells and to tease out the molecular pathways
they modulate, which regulate survival, migration, and metab-
olism in a Tie2-independent fashion in these malignant
lymphocytes.

Conclusion

Our report shows that Ang1 and Ang2 dynamically modulate
essential physiological aspects of CLL cells, such as survival
and migration. Besides detecting a significant downregulation
of Ang1 in plasma of CLL patients, we also observed that
CLL cells in culture secrete significant lower levels of Ang1
when compared to healthy PBMCs. Detection of survival ad-
vantage in the long-term suggests that early interaction of
Ang1 and Ang2 with CLL cells triggers signal transduction
events that regulate survival in a Tie2-independent manner.
Furthermore, interaction with angiopoietins, particularly

Ang2, induces notable modulation of Tie1 expression on
CLL cells. Chemotaxis and transendothelial-like migration
assays demonstrate the activity of Ang1 in mediating CLL
cell migration. Using trebananib to block the interaction of
constitutively secreted and recombinant angiopoietins dem-
onstrates the efficacy of this agent as an angiopoietin
blocker. Regardless of their Tie2 deficiency, stimulation with
angiopoietin modulates the relative expression of Ang1,
Ang2, and Tie1 mRNA in CLL cells. The transient and
concomitant expression of Tie2 and VE-PTP under the in-
fluence of Ang2 indicates that CLL cells putatively benefit
from a fully functional Ang-Tie2 system, yet we are far from
fully understanding the implications of this observation. To
our knowledge, this is the first time that a report describes a
link between CLL cells from the peripheral blood and ex-
pression of Tie2 and VE-PTP. In addition, angiopoietin ex-
posure induces changes in the relative content of caspases
and ATP, showing Ang1 and Ang2 present in microenviron-
ment impact the metabolic fitness of leukemic lymphocytes.
Since CLL cells lack Tie2 receptors, these cells become a
suitable model for CLL researchers to understand the alter-
native molecular mechanism that angiopoietins activate.
Together, our results highlight the relevance of ligands and
receptors comprising the Ang-Tie2 angiogenesis pathway in
CLL pathophysiology.

Fig. 10 Interaction of Tie1-
expressing CLL cells with ECs
and TEMs. a Tie1-expressing
CLL cells adhere to Tie2-
expressing cells such as ECs and
TEMs, supporting a Tie1-Tie2
inhibitory complex. b Exposure
to Ang1 (Green), dissuades Tie1-
Tie2 complex in resulting in
activation Ang-Tie2 signalling in
Tie2-expressing cells. b Under
Ang2 (red) exposure, are the
Ang-Tie2 inhibitory complex
remains stable and Ang2 binds to
the active site of Tie2 preventing
Ang1 binding
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