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Abstract Chronic lymphocytic leukemia (CLL) is the most common leukemia in adults. It is characterized by an
accumulation of B-lymphocytes in peripheral blood (PB), bone marrow (BM), lymph nodes (LN) and spleen. Tissue
involvement is strongly associated with disease progression and aggressiveness. Angiogenesis is the process of blood
vessel generation out of existing ones. Increased angiogenesis in BM of CLL-patients has been associated with advanced
disease stage and aggressiveness. Also high levels of the angiogenic factor angiopoietin 2 (Ang2) have been demonstrated
to be present in plasma of CLL-patients and to correlate with adverse prognosis. While available data about Ang2 in CLL is
solely descriptive, no information is available about the presence and possible functional relevance of the only known
Ang2-receptor Tie2 in CLL. This study aimed on a systematic analysis of the Ang2- and Tie2-status of CLL-cells within
their different microenvironments as well as cellular components as possible interaction partners through the Ang2/Tie2
axis within these microenvironments. We confirmed expression and secretion of Ang2 in CLL-cells, while Tie2 was absent
in PB-derived CLL-cells. CD40L/IL4-stimulation and co-culture with feeder cell lines HS5, NKtert, KUSA or HUVEC
improved survival of isolated CLL-cells as expected. At the same time, neither Ang2-secretion, nor Tie2-expression was
altered in CLL-cells upon these stimuli. Hypoxia significantly increased Ang2-secretion of CLL-cells, but not
Tie2-expression. We detected Tie2 on granulocytes of CLL-patients as well as on healthy volunteers. Interestingly, we
identified bone marrow-derived CLL-cells to express Tie2 as well as primary BM-stroma cells. Co-culture with in
vitro-differentiated nurse-like cells (NLCs) served as a mimic of the lymph node microenvironment. Neither CLL-cells
co-cultured with NLCs, nor NLCs themselves expressed Tie2. Last, we could show that neither co-culture mediated
survival advantage, nor survival of monocultured CLL-cells was altered upon blocking of Ang2 by the peptibody AMG386.
We conclude, Ang2 may act in an autocrine fashion in BM-associated CLL-cells. Also BM-stroma cells and endothelial
cells, due to their positive Tie2-status, represent potential cell types for receiving Ang2 signals in BM. Based on their
Tie2-positivity, granulocytes may be potential interaction partners for CLL-cell derived Ang2 in PB. As hypoxia does not
lead to increased Tie2-expression in PB-derived CLL-cells, Ang2/Tie2 induction and action may be altered from classical
angiogenesis-related signaling. These results considerably contribute to understanding the CLL-cell-microenvironment
interaction via the Ang2/Tie2 axis.
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1. Introduction
Chronic lymphocytic leukemia (CLL) is a frequent
leukemia in adults and remains up to date incurable with
standard treatment options. The disease is characterized by
an accumulation of immune-incompetent, monoclonal
B-lymphocytes with mature phenotype. The etiology
remains not fully understood. While CLL-cells feature an
apoptotic defect which contributes to their accumulation in
vivo, they die rapidly after being isolated when cultured in
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vitro. Hence, the microenvironment has been assigned a
critical role in CLL-pathophysiology [1–3]. While not only
Rai-stage classification of CLL is based on increased
tissue-involvement in advanced disease stage, evidence
suggests, that especially tissue-associated leukemic cells are
the disease-driving population largely accounting for
disease aggressiveness, drug resistance and relapse [2, 3].
The microenvironment of the CLL-cell includes several cell
types. Amongst others, peripheral blood cells (T-cells,
monocytes, granulocytes), bone marrow stromal cells
(BMSCs) [4–6] or nurse like cells (NLCs) [7], primarily
present in proliferation centers in the lymph node. These
heterogeneous
cell
populations
create
dynamic
microenvironments involving direct cell-cell interactions
with high concentrations of growth factors and cytokines
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present. Several secreted factors (e.g. CD40L, IL4), as well
as coculture with primary cells (e.g. BMSCs sand NLCs) or
cell line (e.g. HS5, KUSA, NKtert) feeder cells have been
described to improve survival in culture by partially
mimicking the in vivo microenvironment, thereby allowing
studying
CLL-cell-microenvironment
interactions
particularly relevant aggressive CLL, drug resistance and
relapse [5, 8, 9].
Angiogenesis is the process of vessel formation out of
preexisting ones. Under physiological conditions
angiogenesis is induced by hypoxic conditions and plays a
role in processes such as wound healing and pregnancy
[10; 11]. Under patho-physological conditions the highly
controlled balance between pro- and anti-angiogenic factors
is disturbed towards higher levels of pro-angiogenic factors,
such as vascular endothelial growth factors (VEGF) and
Angiopoietin 2 (Ang2) [12]. In solid tumor biology these
increased levels of angiogenesis are critical for supplying
the growing tumor mass with sufficient oxygen and
nutrients [13]. Due to absence of an actual solid tumor mass,
the role of angiogenesis and angiogenic factors is rather
underexplored in hematologic malignancies. The bone
marrow of CLL-patients has been described to possess
increased microvessel density compared to leukemic,
age-matched donors [14]. Also, VEGF has been
demonstrated to be over-expressed and secreted by
CLL-cells, and plasma/serum VEGF has been correlated
with adverse prognostic markers, disease progression and
overall survival (15; 16). VEGF has also been assigned an
angiogenesis-independent role in CLL-cell survival as well
as relevance in CLL-cell/microenvironment interactions
[15]. Less studied in this regard is the pro-angiogenic factor
Ang2. Ang2 acts via binding to its receptor Tie2. This
interaction disrupts the binding of Ang1 to Tie2, thereby
interfering with the quiescent phenotype of the resting
endothelium which is maintained by the Ang1/Tie2
interaction [11, 17]. Ang2 has been detected in plasma /
serum of CLL-patients and associated with adverse
prognostic factors and advanced disease stages. Also,
variable Ang2 expression by CLL-cells [14, 16, 18–20] as
well as Ang2 secretion of cultured CLL-cells was described
[14, 21].While up to date no data about the Ang2-receptor
Tie2 is available for CLL, Tie2 was found on acute myeloid
leukemia (AML) cells and the Ang2/Tie2 system was
suggested to be involved in leukemogenesis and
chemosensitivity in human AML [22, 23]. Also a
bidirectional
crosstalk
between
AML-cells
and
Tie2-expressing endothelial cells, as well as an
angiogenesis-independent role in proliferation and survival
of malignant AML-cells has been suggested [24].
We hypothesize, that the Ang2/Tie2 axis may present a
route of bidirectional interactions between CLL-cells and
their microenvironment in the bone marrow and/or the
lymph node. The Ang2/Tie2 axis may thereby contribute to
the phenotype of tissue-associated CLL-cells, which are
believed to represent the most aggressive CLL-cell
population accounting for disease progression and relapse.
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The results may suggest new possibilities for
therapeutically targeting the CLL-cell microenvironment
interactions.

2. Materials and Methods
Patients: Peripheral blood (PB) and bone marrow (BM)
aspirates from consented CLL-patients with a confirmed
diagnosis according to standard criteria [25] were utilized.
CLL-patients were either untreated or off treatment for at
least three months prior to blood or bone marrow withdrawal.
The study was performed according to the World Medical
Association's Declaration of Helsinki (6th version, Seoul,
South Korea, 2008) and authorized by the local ethics
committee (approval number 04-231).
Primary cells and plasma: Whole blood was centrifuged
for 15 min at 1,600 rpm. Plasma was extracted and stored at
-80°C until further use. PBMCs were isolated from PB of
CLL-patients or age-matched healthy volunteers by Ficoll
Hypaque density gradient centrifugation. CLL-cells were
enriched by RosetteSep™ (Stem Cell Technology, Colone,
Germany) incubation prior to density gradient centrifugation.
Freshly isolated cells were placed into RPMI1640 culture
medium (Biochrom AG, Berlin, Germany) containing 1%
penicillin/streptomycin (P/S; Biochrom AG) and 10% fetal
bovine serum (FBS; Biochrom AG) at 37°C and 5% CO2 in a
humidified atmosphere.
BM-derived CLL-cells: Mononuclear cells from BM
aspirates from CLL-patients were extracted by Ficoll
Hypaque density gradient centrifugation and utilized for
mRNA extraction to perform PCR. For flow cytometric
analyses of Tie2 surface expression BM aspirates were freed
from erythrocytes by incubation with hypotonic solution
(RBC lyis buffer, Qiagen, Hilden Germany) and subject to
antibody incubation.
Generation of BM-stromal cells (BMSCs): For generation
of BMSCs, Ficoll Hypaque-isolated mononuclear cells were
plated at 1x10*7/ml in RPMI1640 (Biochrom AG)/ 1% P/S
(Biochrom AG), 10% FBS (Biochrom AG) and incubated at
37°C and 5% CO2 in a humidified atmosphere. After two
days non-adherent cells were removed and fresh medium
(10% of total volume) was added every three days thereafter.
After three weeks adherent primary human BM-stromal cells
were detached by 2mM EDTA solution and subject to
mRNA isolation for PCR.
Generation of nurse like cells (NLCs): For generation of
NLCs, PBMCs from CLL-patients were cultured at
1x10*7/ml in RPMI1640, 1% P/S, 10% FBS for three weeks
at 37°C and 5% CO2 in a humidified atmosphere. Fresh
medium (10% of total volume) was added every three days.
NLCs develop from monocytesin the presence of CLL-cells
and represent a heterogeneous population of large round and
fibroblast-like adherent cells. Non-adherentCLL-cells were
removed and NLCs were detached by 2mM EDTA solution.
NLCs and CLL-cells were subject to flow cytometric
assessment of Tie2-status.
HUVECs, cell lines and coculture: HUVEC, isolated from
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normal human umbilical vein, were purchased from
PromoCell GmbH (Heidelberg, Germany) and cultured in
Endothelial Growth ready-to-use Medium including growth
factor supplement (PromoCell). HUVECs were detached by
2 mM EDTA and used for experiments between passages
three and eight. The human BM stromal cell lines HS5 and
NKtert, as well as the mouse BM stromal cell line KUSA
were utilized for co-culture experiments. Cell lines were
cultured in RPMI1640/1% P/S, 10% FBS at 37°C and 5%
CO2 in a humidified atmosphere and split accordingly their
growth kinetics. For coculture experiments, stromal cell lines
were seeded at 4x10*5/ml and allowed to attach over night.
Primary CLL-cells were added at 4x10*6/ml.
Cell treatments: Primary CLL-cells were incubated in
RPMI1640 culture medium (Biochrom AG) containing 1%
penicillin/streptomycin (P/S; Biochrom AG), 10% fetal
bovine serum (FBS; Biochrom AG) supplemented with 10
µg/ml CD40L, 5 ng/ml IL4, a combination of both at 37°C
and 5% CO2 in a humidified atmosphere for 24h. Thereafter,
survival was assessed by Annexin V/PI staining, supernatant
was collected for Ang2-content by ELISA and Tie2 status
was assessed flow cytometrically as described.
Further, primary CLL-cells or HS5 cells were cultured in
normoxia (21% O2) in standard incubator (5% CO2,
humidified atmosphere) or under hypoxic conditions in a
modified incubator (2% O2, 5% CO2, humidified
atmosphere). Standard RPMI medium was equilibrated in
hypoxic conditions for 2days prior to be used for cell culture.
Supernatant was collected after 24h in normoxia or hypoxia
for ELISA-based assessment of secreted Ang2. For flow
cytometric analysis of Tie2 cells were washed once,
incubated with anti-Tie2 PE antibody and measured and
analysed as described.
For anti-Ang studies HUVEC or HS5 cells were seeded at
4x10*5/ml in RPMI1640 and allowed to adhere overnight.
CLL-cells were seeded onto adherent HUVEC or HS5 feeder
layer or monocultured at 4x10*6/ml. AMG386 (Trebananib)
was added at 10µg/ml [26]. Cells were harvested after 24h
and viability was assessed by flow cytometrically by
Annexin V-FITC/PI staining.
Polymerase chain reaction (PCR): Primary cells were
subject to mRNA isolation (RNeasy Plus Mini Kit, Qiagen,
Hilden Germany) followed by reverse transcription into
cDNA (Revert aid premium reverse Transkriptase,
Fermentas, St. Leon-Rot, Germany).The following primers
(Tib MOLBIOL, Berlin, Germany) were used: Tie2 forward:
5’ CGAGTTCGAGGAGAGGCAAT, Tie2 reverse: 5’
TCAGGTACTTCATGCCGG, Ang2 forward: 5’ GACGCG
CCGCTCGAATACGA and Ang2 reverse: 5’ TCCGCG
TTTGCTCCGCTGTT. ABL was used as house keeping
control: forward: 5´TGGAGATAACACTCTAAGCATAA
CTAAAGGT, reverse: 5`GATGATGTTGCTTGGGACCC
A. The Fast Start PCR Master Kit (Roche, Mannheim,
Germany) was used for PCR set up. Denaturation was
carried out at 95°C and elongation at 72°C for all primers.
Annealing temperature for Tie2 was 55°C, 65°C for Ang2,
and 60°C for ABL. All PCRs ran for 40 cycles. PCR product

was separated and visualized by QIAcxel capillary
electrophoresis (Qiagen).
DNA Sequencing: Sequencing was carried out with the
Big Dye Terminator v 1.1 Cycle Sequencing Kit (Life
technologies,Applied Biosystems, Darmstadt, Germany)
following the method of Sanger. The following primers (Tib
MOLBIOL) were used: Set1 forward: 5’GTAGCAGCCCT
GCGTTTTAG, reverse: 5’CCATTTCTTTCTTCATGTTG
TCC, Set2 forward: 5’GCAAGTGCTGGAGAACATCA,
reverse:
5’TGATGTGCTTGTCTTCCATAGC,
Set3
forward: 5’GATTTTGGACCAGACCAGTGA, reverse:
5’AGTTTGATGTGGACATCATAGTCA3’, Set4 forward:
isoform
1
5’CTATGATGTCCACATCAAACTCAG,
forward: isoform 2 5’ACTATGATGTCCACATCAAACT
CTA, reverse: 5’TTGGCTGATGCTGCTTATTTT, Set5
forward: 5’TGAGGCTTACTCATTGTATGAACA, reverse:
5’GAGACAGTTCCTCAGGTGGAC. Touchdown PCR
was carried out for every primer setstarting at 60°C for
annealing with 0.5°C temperature reduction for 10 cycles,
followed by 30 cycles at 55°C annealing temperature.
Sequencing was carried outby Sanger method using capillary
electrophoresis on the Applied Biosystems 3730 DNA
analyzer.
ELISA: ELISA was carried out using the Quantikine
Human Ang2 Detection Kit (R&D Systems, Minneapolis,
MN, USA) following the manufacturer´s instructions.
Primary CLL-cells or healthy PBMCs were cultured at
4x10*6/ml, while cell lines were cultured at 4x10*5/ml.
After 24 h supernatant was freed from suspension cells by
centrifugation (6000 RPM, 2min) and stored at -80°C until
use. Plasma samples were diluted 1:5 with diluent buffer
provided by the kit prior to incubation. Each sample was
tested in duplicate. The concentrations are reported in pg/ml.
Flow cytometry: For analysis of Tie2-status in primary
CLL B-cells as well as B-cells from healthy donors whole
blood was utilized. Bloodwas washed and incubated with
CD5 FITC antibody, CD19 PerCPCy5.5 antibody (both
BioLegend, San Diego, California, USA) and anti-Tie2 PE
antibody (R&D Systems, Minneapolis, MN, USA) or
PE-labelled isotype control (BioLegend), followed by
erythrocyte lysis through incubation with hypotonic buffer.
Lymphocytes were selected based on distribution in
side/forward scatter. Tie2-status was assessed on CD5/CD19
double positive CLL-cells or CD5 negative/CD19 positive
B-cells from healthy donors. Tie2-status in HUVECs and
isolatedprimary cells as well as BMSCs and NLCs was
addressed by detaching cells by EDTA incubation (BMSCs
and NLCs only), washing cells, followed by incubation with
anti-Tie PE antibody or PE-labelled isotype control.
Fluorescence was measured and analysed with FACSCanto,
FACSDiva 3.0 software (BD Bioscience Heidelberg,
Germany) and Cyflogic 1.2.1 software.
Viability of CLL-cells was assessed by the Annexin
V-FITC/PI apoptosis detection kit I following the
manufacturer´s instructions (BD Bioscience Pharmingen,
Heidelberg, Germany). Fluorescence was measured and
analysed with FACSCanto and FACSDiva software (BD
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Bioscience). Annexin V binds phosphatidylserine, which is
only accessible on the cell surface upon apoptosis induction.
Annexin V-positive, but PI-negative cells are therefore
considered early apoptotic, while Annexin V/PI double
positive cells are considered late apoptotic or dead. Survival
was assessed after 24h in culture, with or without
treatment/supplement or coculture.

3. Results
3.1. Ang2-status in Leukemic Cells from CLL-patients
and Healthy Donors
Plasma Ang2 content was assessed by ELISA in
CLL-patients and healthy donors. Ang2-levels were
significantly higher in plasma from CLL-patients (n=9,
2529pg +/- 253pg/ml) compared to Ang2-levels in plasma of
healthy donors (n=4, 1267pg +/- 78pg/ml) (Fig. 1A).
Further,the expression-status of Ang2 in CLL-cells and
healthy volunteers was assessed by PCR. The nine analysed
CLLsamples show various degrees of Ang2-expression
ranging from no expression to expression comparable to the
strongly positive control HUVEC (pos ctrl). Healthy PBMCs
showed only very weak (samples 1,3 and 4) to no (sample 2)
Ang2- expression (Fig. 1B).
To address the question whether CLL-cells themselves
contribute to plasma Ang2 by protein secretion, isolated
CLL-cells or healthy PBMCs were cultured for 24h and
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secreted Ang2 in supernatant was measured by ELISA.
CLL-cells secreted significantly higher levels of Ang2
compared to healthy PBMCs with 116 pg +/- 24 pg/ml and
26 pg +/- 2 pg/ml, respectively (Fig. 1C). To further
characterize Ang2 in CLL, the Ang2-gene was sequenced.
Out of three assessed patient samples, one patient sample
featured two mutations, one featured four mutations and the
third patient sample did not show any mutations. HUVECs
did not feature any mutations in the Ang2 gene. The
mutations found in CLL-patients were point mutation and
did not lead to an exchange in amino acids. All in this study
identified point mutations have been described for Ang2
before. Results are summarized in table 1.
Table 1. Point mutation for Ang2: The single nucleotide variations
(SNV) has been described before, which is shown by the reference number.
Further the table shows the position and type of variation by HGVS (human
genome variation society) and the relative frequency of this mutation by
MAF (global minor allele frequency). Four different SNV were detected.
None of the mutations did lead to an exchange in amino acids. All SNV have
been described for Ang2 before
Reference
number

Variation
Typ

HGVS:
NM_001147.2

MAF

rs6559167

SNV

c.408G>T

A=0.4583

rs55633437

SNV

c.714G>T

A=0.0751

rs3020221

SNV

c.735G>A

T=0.304

rs1961222

SNV

c.882G>A

T=0.1749

B

Figure 1. Ang2 status in primary CLL-cells and PBMCs from healthy donors: (A) Plasma of CLL-patients or healthy donors was analysed for Ang2
content by ELISA. Ang2-levels were significantly higher in CLL-plasma compared to plasma from healthy donors (p<0.01). (B) mRNA was isolated from
CLL-cells or PBMCs from healthy donors and converted into cDNA. Ang2 specific primers were used to determine Ang2-mRNA levels by PCR.
ABL-specific primers served as housekeeping control. HUVEC functioned as positive control (pos ctrl) for Ang2. A non template control (ntc) served as
contamination control. PCR product was analysed by capillary gel electrophoresis. Ang2 was heterogeneous in CLL cells and largely absent in healthy
PBMCs. (C) Isolated CLL-cells or healthy PBMCs were cultured under standard conditions and Ang2 levels in supernatant were assessed after 24h by
ELISA. Ang2-levels were significantly higher in supernatant of CLL-cells compared to supernatant from healthy PBMCs (p<0.01). Significances were
calculated using Mann-Whitney U-test
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3.2. Tie2 Status in Leukemic Cells from CLL-patients and Healthy Donors
The Tie2-status of CLL-cells has not been described up to date. We assessed the expression and the protein-status of Tie2
in CLL-cells by PCR and flow cytometry. We did not see Tie2-expression in any of the tested CLL samples (n=9), while low
expression of Tie2 was observed in PBMCs from healthy donors (Fig. 2A). As PBMCs are not a pure B-cell population this
may be due to contribution of Tie2-positive monocytes which have been described to account for about 2 to 7% of monocytes
in PBMCs from healthy donors [27]. This assumption could be proved by flow cytometry, where healthy B-cells where
negative for Tie2 demonstrated by a representative histogram (Fig.2B, middle).
Negative Tie2-expression in CLL-cells was confirmed on the protein level by flow cytometry as shown by a representative
histogram (Fig.2B, left). A summary of MFIs for Tie2 of CLL-cells (n=4), healthy B-cells (n=5) and HUVEC, functioning as
positive control, are depicted in Figure 2C.
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Figure 2. Tie2 status in primary CLL-cells and PBMCs from healthy donors(A) mRNA was isolated from CLL-cells or PBMCs from healthy donors
and converted into cDNA. Tie2 specific primers were used to determine Tie2-mRNA levels by PCR. ABL-specific primers served as housekeeping control.
HUVEC functioned as positive control (pos ctrl) for Tie2. A non template control (ntc) served as contamination control. PCR product was analysed by
capillary gel electrophoresis. Tie2 was absent in CLL-cells and weakly expressed in healthy PBMCs. (B) CLL or healthy donor whole blood was stained
with CD5-FITC, CD19-PerCPCy5.5 and Tie2-PE. Tie2 expression was analysed on CD5/CD19-double positive cells in blood from CLL-patients and in
CD19-positive/CD5-negative B-cells from healthy donors. HUVEC functioned as positive control for Tie2. Representative histograms visualize absence of
Tie2 on CLL-cells and healthy B-cells. (C) Median fluorescent intensity (MFI) values for Tie2 are summarized for all samples tested

3.3. Ang2 and Tie2 Status in CLL-cells upon Microenvironmental Stimulation
3.3.1. CD40L and IL4
To address the question whether microenvironmental stimuli impact on the Ang2- and/or Tie2-status in primary CLL-cells,
CLL-cells were stimulated with the physiological stimuli IL4 and CD40L. Both stimuli are known to prolong in vitro survival
of isolated CLL-cells [8, 9, 28, 29], thereby restoring parts of their in vivo physiology. In our experiments CD40L and IL4
improved in vitro survival after 24h in culture by about 10% for either stimuli alone and about 18% for a combination of both
(n=4, Fig. 3A).
At the same time, neither IL4 (n=4), nor CD40L (n=6), nor a combination of both (n=4) had a significant impact on Ang2
secretion (Fig. 3B) or Tie2-surface protein levels (n=4, Fig. 3C) in CLL-cells as assessed by ELISA and FACS, respectively.
Figure 3C shows a representative histogram (right) and a bar chart summarizing results obtained for four samples assessed
(left).
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Figure 3. Ang2 and Tie2 status upon CD40L and IL4 stimulation: Primary CLL-cells were incubated in absence (untreated control UTC) or presence
of CD40L at 10µg/ml, IL4 at 5ng/ml or a combination of both for 24h. (A) Cell viability was assessed by flow cytometric measure of Annexin V-FITC/PI.
Annexin V/PI-double negative cells were considered viable. Stimuli conferred a survival advantage of around 10% with single stimulus and around 18%
when both stimuli were combined. (B) Ang2-concentration in supernatant was assessed by ELISA. No significant (ns) effect of either stimulus alone or in
combination on Ang2 secretion could be detected. (C) Tie2 surface expression was assessed by flow cytometry after 24h of culture with or without CD40L,
IL4 or a combination of both using a PE-labeled Tie2 antibody. No significant (ns) effect of either stimulus alone or in combination on Tie2 surface levels
could be detected. Median fluorescent intensity (MFI) values for Tie2 are summarized for all samples tested (left). One representative histogram for each
setting is depicted on the right. Significances were calculated using Mann-Whitney U-test

3.3.2. Co-culture with Feeder Cell Lines
For a more complex mimic of the in vivo situation, CLL-cells were co-cultured with several feeder cell lines. These feeder
cells included the human bone marrow stromal cell line HS5, the mouse bone marrow stromal cell lines NKtert and KUSA
and the human endothelial cell line HUVEC. All feedercell lines improved in vitro survival of CLL-cells compared to
monocultured CLL-cells(n=6Fig. 4A). KUSA, NKtert and HS5 cell lines secreted Ang2 at levels comparable to those
secreted by CLL-cells themselves, while HUVEC, as expected, secreted about 5 fold more Ang2 after 24h in culture (Fig. 4B).
Ang2-levels in supernatant of co-cultures did not significantly differ from monocultures of either cell type (n=9, Fig. 4B).
Interestingly, there was no additive effect seen in co-cultures, suggesting an interaction between CLL-cells and feeder cells
which negatively impacts on Ang2-production and/or secretion. Further, co-cultures did not increase Tie2-levels on
CLL-cells as demonstrated by flow cytometry of surface Tie2 (Co HUVEC n=2, Co NKtert n=6, Co KUSA n=5, Co HS5 n=6,
Fig. 4C). The bar chart demonstrates average MFIs for all assessed samples (Fig. 4C top), while the histograms depict results
from one representative sample for each setting (Fig. 4C bottom).
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Figure 4. Ang2 and Tie2 status upon co-culture with feeder cell lines: Primary CLL-cells were incubated in absence (untreated control UTC) or
presence of the feeder cell lines HUVEC, NKtert, KUSA or HS5. (A) Cell viability was assessed by flow cytometric measure of Annexin V-FITC/PI.
Annexin V/PI-double negative cells were considered viable. Co-cultures resulted in a survival advantage of around 13,84% for HUVEC, 15,68% for NKtert,
21,25% for KUSA and 15,39% for HS5 co-culture. (B) Ang2 levels were determined by ELISA for mono-cultured CLL-cells (CLL Mono), CLL-cells
co-cultured with either of the mentioned feeder cells or the feeder cells alone. While NKtert, KUSA and HS5 secreted Ang2 levels comparable to CLL-cells
alone, HUVEC supernatant contained about 10fold higher Ang2 levels. Neither of the co-cultures significantly impacted on levels of secreted Ang2. (C) Tie2
surface expression was assessed by flow cytometry after 24h of culture with or without co-culture with feeder cells using a PE-labeled Tie2- antibody. No
significant (ns) effect of either co-culture on Tie2 surface levels could be detected. Median fluorescent intensity (MFI) values for Tie2 are summarized for all
samples tested (top). One representative histogram for each setting is depicted on the bottom. Significances were calculated using Mann-Whitney U-test

3.3.3. Hypoxia
The CLL-cell microenvironment in bone marrow and lymph nodes has been described to feature hypoxic conditions. As
hypoxia is a strong stimulus for expression of angiogenic factors in endothelial cells, we assessed the impact of hypoxic
conditions on the Ang2- and Tie2-status in CLL-cells (n=5).
After 24h supernatant of CLL-cells cultured under hypoxic conditions contained about double as much Ang2 as
supernatant of CLL-cells cultured under normoxic conditions with 394 pg/ml +/- 24 pg/ml compared to 197 pg/ml +/- 9 pg/ml,
respectively. In HS5-cells hypoxia only lead to a slight, not significant increase in Ang2- secretion (Fig. 5A). Further, the
impact of hypoxia on Tie2-expression on CLL-cells was addressed. There was no significant increase in Tie2 surface
expression in CLL-cells cultured under hypoxic conditions compared to CLL-cells cultured under normoxic conditions (n=5,
Fig. 5B).
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Figure 5. Ang2 and Tie2 status in hypoxic environment in vitro and in CLL-cells isolated from BM-aspirates of CLL patients: CLL-cells were
cultured in normoxia (21% O2) or hypoxia (2% O2) for 24h. (A) Ang2-levels in supernatant of CLL-cells were determined by ELISA. Hypoxia significantly
increased Ang2-secretion in CLL-cells (p<0.01), while secretion of Ang2 by HS5 cells was not significantly affected (ns). (B) Tie2 surface expression was
assessed by flow cytometry after 24h in normoxia or hypoxia using a PE-labeled Tie2 antibody. No significant difference in Tie2 surface expression could be
detected. (C) mRNA was isolated from CLL-cells derived from BM-aspirates of CLL-patients (CLL BM) and converted into cDNA. Tie2 or Ang2 specific
primers were used to determine corresponding mRNA-levels by PCR. ABL-specific primers served as housekeeping control. HUVEC functioned as positive
control (pos ctrl) for Ang2 and Tie2. A non template control (ntc) served as contamination control. PCR product was analysed by capillary gel
electrophoresis. Four out of five CLL-BM samples showed Tie2- expression, while Ang2-expression was heterogeneous. (D) Tie2 surface expression was
assessed after erythrocyte lysis of BM-aspirates by flow cytometry using a PE-labeled Tie2- antibody. CLL-cell identification was done by surface staining
for CD5 (FITC) and CD19 (PerCPCy5.5). Tie2 surface expression depicted as mean fluorescent intensity (MFI) was comparable to results achieved on the
mRNA-level. Significances were calculated using Mann-Whitney U-test

3.3.4. Primary Bone Marrow (BM)-derived CLL-cells
While utilized experimental methods to mimic the
microenvironment cannot completely resemble the in vivo
situation, we assessed the Ang2- and Tie2-status of
CLL-cells isolated from BM-aspirates of CLL-patients. The
BM features a complex set of stimuli including secreted
factors, direct cell-cell contacts as well as hypoxic conditions.
Interestingly, four out of five BM-derived samples expressed
Tie2 as demonstrated by PCR (Fig. 5C) and flow cytometry
(Fig. 5D). Ang2-levels were heterogeneous as assessed by
PCR. There was no obvious correlation between Tie2- and
Ang2-expression levels in the tested samples (Fig. 5C).
3.3.5. Tie2 Status of Cellular Components Present in the
Microenvironment of CLL-cells
To identify potential targets for CLL-cell derived Ang2,
we assessed several cellular components in the
microenvironment of CLL-cells for Tie2. We could identify

granulocytes as potential target for Ang2 based on their
Tie2-positivity (Fig. 6A). Tie2 was slightly upregulated in
granulocytes from CLL-patients (MFI 205 +/- 45; n=7)
compared to healthy donors (MFI 186 +/- 52; n=11), which
was not statistically significant. Figure 6A shows a bar chart
summarizing MFIs (left) and representative histograms for
granulocytes from CLL-patients and healthy donors (right).
To get more insight into the Ang2/Tie2-axis in BM,
BM-stroma cells (BMSCs) were generated from
BM-aspirates of CLL-patients. PCR analysis revealed Tie2,
but no Ang2-expression in primary BMSCs (Fig. 6B). An
important cell type in the lymph node, especially in
proliferation centers of CLL-patients are nurse like cells
(NLCs). NLCs can be generated in vitro by culturing
monocytes in the presence of CLL-cells [30]. Neither NLCs,
nor CLL-cells cultured on NLCs as feeder layer showed
presence of Tie2 as assessed by flow cytometry (Fig. 6C, left
and right, respectively).
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Figure 6. Tie2 status in CLL-cells of bone marrow aspirates and NLC: CLL-cells and NLC were generated from BM-aspirates from CLL-patients.
mRNA was isolated and converted into cDNA. Tie2 specific primers were used to determine corresponding mRNA-levels by PCR. HUVEC functioned as
positive control (pos ctrl) for Ang2 and Tie2. A non template control (ntc) served as contamination control. PCR product was analysed by agarose gel. In two
of three cases BM-CLL-cells expressed Tie2. Nurse like cells (NLCs) were generated from monocytes in the presence of CLL-cells. They show no
Tie2-expression (B) ABL-specific primers served as housekeeping control

Figure 7. Tie2 status in cellular components of the CLL-microenvironment: Granulocytes were identified from whole blood of CLL-patients or
healthy donors based on positioning in forward and side scatter. Tie2 surface expression was assessed flow cytometrically using a PE-labeled Tie2-antibody.
Granulocytes from both, CLL-patients and healthy donors were positive for Tie2 with CLL-cells showing slightly higher mean fluorescent intensity (MFI
left). Representative histograms are depicted on the right. (B) BM-stromal cells (BMSCs) were generated from BM-aspirates from CLL-patients. mRNA
was isolated and converted into cDNA. Tie2 or Ang2 specific primers were used to determine corresponding mRNA-levels by PCR. ABL-specific primers
served as housekeeping control. HUVEC functioned as positive control (pos ctrl) for Ang2 and Tie2. A non template control (ntc) served as contamination
control. PCR product was analysed by capillary gel electrophoresis. BMSCs expressed Tie2, but not Ang2 in the one sample analysed. (C) Nurse like cells
(NLCs) were generated from monocytes in the presence of CLL-cells. Tie2 surface expression was analysed flow cytometrically using a PE-labeled
Tie2-specific antibody. Neither NLCs (left), nor CLL-cells co-cultured with NLCs (right) showed surface Tie2

3.3.6. Impact of Ang2 for ME-mediated CLL-cell Survival
Support
To address the question if secreted Ang2 is involved in
microenvironment-induced survival support for CLL-cells,

we neutralized Ang2 by using the peptibody AMG386
(Trebananib). AMG386 has been described to inhibit
interaction between angiopoietins and the Tie2 receptor,
thereby blocking downstream effects [10, 31–33]. The dose
of 10µg/ml was described to efficiently block angiopoietins
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viable cells [%]

[26] and was therefore used in this study. The survival
advantage of around 14% CLL-cells gain from co-culture
with either HUVEC (n=7) or HS5 (n=10) after 24h remained
unchanged when AMG386 was present. AMG386 also did
not have any influence on survival of monocultured
CLL-cells. Results are presented as summary (left) and as
representative dot blots from flow cytometric analaysis of
survival based on annexin V-FITC/PI staining.

ns

CLL

ns

ns

CLL
CLL
+HUVEC +HS5

Figure 8. Impact of Ang2 blockage on CLL-cell survival: CLL-cells
were incubated as monoculture or in co-culture with HUVEC or HS5 and
treated with the angiopoietin-binding peptibody AMG386 at a concentration
of 10 µg/ml for 24h. Cell viability was assessed by flow cytometric measure
of Annexin V-FITC/PI. Annexin V/PI-double negative cells were
considered viable. Co-culture improved survival by about 10% (compare
bars without addition of AMG386). AMG386 did not have an effect on
CLL-cell viability, neither in monoculture, nor in co-culture with HUVEC
or HS5. A summary is presented on the left and representative dot blots are
depicted on the right

4. Discussion
The interactions between the leukemic cell and their
microenvironments in bone marrow, lymph nodes and
peripheral blood are believed to have a significant impact on
the pathophysiology of CLL. Increased angiogenesis in the
bone marrow has been associated with adverse prognostic
markers and aggressive disease [34–36]. The angiogenic
factor vascular endothelial growth factor (VEGF) has been
described to also possess angiogenesis-independent
functions and to be involved in the survival supporting
cross-talk between the leukemic cells and their
microenvironment [12, 15, 37]. The potent angiogenic factor
angiopoietin 2 (Ang2) has also been described to be
upregulated in CLL-plasma and correlated with high
microvessel density in bone marrow [14, 35]. In AML, the
Ang2/Tie2 axis has been suggested to be involved in
leukemogenesis and chemosensitivity through a functional
role in cell proliferation and survival [22–24]. Up to date the
Tie2-status has not been described in CLL and a possible
CLL-cell-microenvironment interaction via Ang2/Tie2 has
not been studied.
Here, we systematically analyzed the Tie2- and
Ang2-status in CLL-cells isolated from peripheral blood or
bone marrow and the impact of addition of cytokines,
co-culture with feeder cell lines as well as hypoxia as
common mimics of the microenvironment in an in vitro
setting, on the Ang2- and Tie2-status. We also addressed the
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impact of inhibiting Ang2 by using a blocking peptibody on
microenvironment-induced survival support of CLL-cells in
vitro.
We could confirm upregulation of Ang2 in plasma of
CLL-patients compared to plasma from healthy donors.
Plasma levels were comparable to published results [21].
Variability of plasma Ang2-levels was associated with the
prognostic markers ZAP70 and CD38 (data not shown),
thereby published data was confirmed as well [20, 21].
Further, we could demonstrate high Ang2 mRNA levels by
PCR in samples which also feature high Ang2 plasma levels.
Consequently, also Ang2-mRNA was associated with
ZAP70 and CD38 (high levels correlate with ZAP70/CD38
positivity). As tested sample numbers are low, actual
correlation analysis was not performed. Comparison of
Ang2-levels secreted by CLL-cells into the supernatant and
plasma Ang2 (~120 pg/ml vs ~2,500 pg/ml, respectively)
suggests either other cell types contribute to plasma Ang2 or
the microenvironment stimulates CLL-cells to produce and
secrete higher Ang2-levels. To address this we stimulated
CLL-cells with IL4 and/or CD40L. Both stimuli improved in
vitro survival as expected but did not affect Ang2-secretion.
The same was observed for coculture of CLL-cells with bone
marrow-derived feeder cell lines: while in vitro survival was
improved,
Ang2-secretion
remained
unchanged.
Interestingly, Ang2-levels in supernatant of cocultures were
around the same concentration of either coculture component
alone and not, as expected, in the range of the sum of the two.
HS5, KUSA and NKtert Ang2-secretion alone was
comparable to Ang2-secretion of CLL-cells alone (all around
200 pg/ml) and also these cocultures showed around the
same Ang2-levels in the supernatant. In HUVEC cocultures,
Ang2-levels were comparable to HUVEC monoculture alone.
This clearly suggests regulation of Ang2-secretion by the
microenvironment. Based on high levels of Ang2 in
HUVEC/CLL cocultures, which can be suggested to be
derived from HUVEC, a possible suppression of
Ang2-secretion in CLL-cells by the microenvironment can
be suggested. Another microenvironmental factor hypoxia,
increased Ang2-secretion in monocultured CLL-cells in our
experiments as expected. A more complex mimic of the in
vivo situation by combining coculture, which may suppress
Ang2-secretion in CLL-cells and hypoxia, which increases
Ang2-secretion in monocultured CLL-cells, would be of
interest, to get a more detailed insight into this matter.
While an involvement of Ang2 has clearly been attributed
to CLL-pathophysiology, available data is solely descriptive.
Tie2 is the only known receptor for Ang2 and to our
knowledge there is no published study addressing the
Tie2-status of primary CLL-cells or their microenvironment.
We did not detected Tie2 on the cell surface of CLL-cells in
peripheral blood. Also stimulation with IL4 and/or CD40L
and coculture with feeder cell lines as microenvironment like stimuli did not induce Tie2 on CLL-cells. In contrast to
Ang2, Tie2 wasnot inducible by culture underhypoxic
conditions. Hypoxia, as the major trigger for angiogenesis,
does not only lead to increased Ang2-production, but also
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Tie2-upregulation in endothelial cells [38]. As in our
experiments, Ang2-production was increased by hypoxia but
Tie2-status remained unchanged, it may be concluded that in
CLL-cells Ang2/Tie2-signaling does not follow the classical
angiogenesis-associated signaling, but may be, at least
partially, regulated through other mechanisms. In contrast to
CLL-cells from PB, we detected Tie2 on CLL-cells isolated
from bone marrow (BM) of CLL-patients. As a consequence
of our other results we conclude that microenvironmental
factors other than IL4, CD40L, direct physical contact
mediated by our coculture systems or hypoxia are
responsible for Tie2-expression on BM-located CLL-cells.
Based on presence of Tie2 on BM-located CLL-cells, we
hypothesize that CLL-cell-derived Ang2 may act in an
autocrine fashion in BM, but not in PB. It can further be
hypothesized that hypoxic conditions present in the BM may
enhance Ang2-production of BM-localized CLL-cells and
therefore potentiate autocrine signaling. In hematopoietic
stem cells (HSCs) Tie2 was shown to promote adherence and
migration in the BM-niche [39, 40], therefore Tie2-positivity
in BM-located, but not PB-located CLL-cells seems
consequential. Also of interest is the association of
Ang2/Tie2 with invasiveness in glioma which was described
to involve upregulation of matrix metalloproteinase (MMP)
2 [41]. Also in CLL MMP upregulation has been associated
with extravasation of CLL-cells and tissue infiltration, a
hallmark of disease progression inCLL [42]. Therefore, is
can be hypothesized, that also in CLL Ang2/Tie2plays a role
in tissue, BM and/or LN invasion andretaining of tissue
localization thereby contributing to promotion of disease
progression and aggressiveness.
We systematically looked for Tie2-positive cells as
potential interaction partnerfor Ang2 present in the
CLL-microenvironment. We generated BM-stroma cells
from BM-aspirate of a CLL-patient. We detected
Tie2-mRNA in BM-derived stromal cells while these cells
were negative for Ang2-mRNA. Therefore, BM-stromal
cells have the capacity to receive Ang2-signals. Another
microenvironment component in CLL are nurse like cells
(NLCs), which are mainly present in lymph nodes, but may
also be present in BM(43). NLCs were generated in vitro by
culturing CLL-PBMCs. Over the time of about three weeks
monocytes differentiate in the presence of CLL-cells into a
heterogeneous population of large round or epithelial-like
adherent NLCs [7]. Neither NLCs themselves, nor
cocultered CLL-cells showed Tie2 surface expression.
Therefore, NLCs may contribute to Ang2/Tie2-signaling by
secretion of Ang2, which was not considered in our
experiments.As a possible recipient for Ang2 signals in the
microenvironment of the PB, we could identify granulocytes.
Granulocytes of healthy donors showed Tie2 surface staining
as well, but the signal was slightly increased in granulocytes
from CLL-patients. Involvement of granulocytes, which are
major players in inflammation, is not surprising considering
antigen-stimulation being a critical component in
CLL-pathophysiology [44]. Also specialized tissue
compartments, so called proliferation centers, found in CLL

and known to confer activation of CLL-cells, have also been
described in inflamed tissues of patients with autoimmune
disorders [45]. Further, a microarray-based gene expression
study demonstrated an inflammatory microenvironment to
be crucially involved in coculture-mediated survival support
[46]. Granulocyte count is usually decreased with increase in
disease stage, which contributes to increased susceptibility to
infection. An actual involvement of granulocytes in disease
progression though is unclear and further studies are
warranted in order to make a more clear statement.
We also addressed the impact of Ang2 on
coculture-induced survival support of cultured CLL-cells by
specifically blocking Ang2 using the peptibody AMG386
(Trabananib). Ang2 blockage did not affect survival of
CLL-cells in coculture neither with high Tie2-expressing
HUVEC, nor moderately Tie2-expressing HS5, suggesting
the survival support by these cocultures to be independent on
Ang2. To address a possible autocrine effect of
CLL-cell-derived Ang2 via an unknown receptor other than
Tie2 we blocked Ang2 by addition of AMG386 in a
CLL-cell monoculture. As this did not impact CLL-cell
survival in this setting, it can be concluded that secreted
Ang2 does not feature on autocrine impact on CLL-cell
survival.
Taken together in the BM, CLL-cell derived Ang2 may act
in an autocrine fashion as well as on BM-stromal cells. Also
endothelial cells may represent a target for Ang2 in the BM.
NLCs do not feature cell-surface Tie2 and may contribute to
Ang2/Tie2-signaling in the tissue-microenvironments via
Ang2-secretion.Presence of Tie2 on BM-derived, but not
PB-derived CLL-cells suggests impact of Ang2/Tie2signaling on BM-localisation and retention, possibly via
involvement of MMPs, and thereby contribute to
CLL-progression and aggressiveness. In PB, Tie2 was found
on granulocytes

5. Conclusions
This study contributed to understanding a possible
functional role of angiopoietin (Ang) 2, which has been
associated with disease progression and aggressiveness in
CLL, by delineating potential interaction partners based on
Tie2 surface expression in the microenvironments of
CLL-cells in bone marrow, lymph node and peripheral blood.
This information may assist a more complete understanding
of CLL-cell microenvironment interactions, hence allow for
development of a therapeutic approach considering the
microenvironment.
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