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Abstract

Chronic inflammation has been identified in leukemias as an essential regulator of angiogenesis. B-chronic lymphocytic
leukemia (CLL) cells secrete high levels of vascular endothelial growth factor (VEGF) and hypoxia inducible factor 1
alpha (HIF1a). The aim was to assess the role of inflammation in activation of angiogenic factors: endothelial nitric oxide
synthase (eNOS), HIF1a and VEGEF via proliferation related signaling pathways and VEGF autocrine control. We isolated
mononuclear cells (MNC) and CD19* cells from peripheral blood of 60 patients with CLL. MNC were treated with pro-
inflammatory interleukin-6 (IL-6) and VEGF, in combination with inhibitors of JAK1/2 (Ruxolitinib), mMTOR (Rapamycin),
NF-xB (JSH23), SMAD (LDN-193189) and PI3K/AKT (Ly294002) signaling pathways, to evaluate eNOS, VEGF and HIF 1«
expression by immunoblotting, immunocytochemistry and RT-qPCR. Also, we investigated IL-6 dependent neovasculariza-
tion in human microvascular endothelial cells (HMEC-1) in co-culture with MNC of CLL. The angiogenic factors eNOS,
VEGF and HIF1a had significantly higher frequencies in MNC of CLL in comparison to healthy controls (p <0.001) and
CD19" cells of CLL. IL-6 increased the quantity of HIF1a (p <0.05) and VEGF positive cells in the presence of JSH23
(p<0.01). VEGF increased HIF1a (p <0.05), and decreased eNOS gene expression (p <0.01) in MNC of CLL. VEGF sig-
nificantly (p <0.001) increased the number of HIF1a positive MNC of CLL, prevented by inhibitors of JAK1/2, PI3K and
mTOR signaling pathways. VEGF stimulation of SMAD (p <0.05) and STATS (p <0.01) signaling has been prevented by
inhibitors of JAK1/2, mTOR, PI3K and SMAD signaling, individually (p <0.01) or mutually (p <0.001). Also, we showed
that MNC of CLL and IL-6 individually stimulate neovascularization in co-culture with HMEC-1, without a cumulative
effect. We demonstrated elevated angiogenic factors in CLL, while VEGF and IL-6 independently stimulated HIF1a. VEGF
stimulation of HIF1a was mostly mTOR dependent, while IL-6 stimulation was NF-kB dependent.
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Introduction

Chronic lymphocytic leukemia (CLL) is a common and
incurable hematological malignancy characterized by the
clonal growth of malignant CD5" B-lymphocytes with
delayed apoptosis that accumulate in peripheral blood, bone
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CLL progression [4]. It is widely accepted that angiogenesis
contributes to the development and progression of CLL [5],
but the molecular mechanism of angiogenic growth factors
in the CLL is unclear. The three most widely studied angio-
genic factors in the CLL are VEGF, hypoxia inducible fac-
tor 1 alpha (HIFla) and endothelial nitric oxide synthase
(eNOS) as potential targets to achieve tumor remission [6].
Several types of leukemic cells, including mononuclear
cells (MNC) of CLL, produce and secrete VEGF which
may control the malignancy of those cells by paracrine and
autocrine effects [7, 8]. Previous study reported that specific
mutations in the tumor-suppressor gene TP53 are associated
with higher HIF1a levels in CLL [9]. HIF1a plays a critical
role in the oncogene-dependent expression and autocrine
regulation of VEGF in patients with CLL [10]. Angiogenic
factors can become the essential targets of anti-CLL therapy
because they modulate the cellular composition of the can-
cer microenvironment [11]. The inhibition of synthesis and
physiological function of VEGF and it signaling pathway is
a potential target for antiangiogenic therapy in CLL patients
[9, 12].

The main hypothesis of our study is that inflammation
aggravates angiogenesis in CLL. In accordance, we observed
the interplay between angiogenic factors in MNC of CLL
mediated by inflammation, proliferation and apoptosis
related signaling pathways. We evaluated the regulation of
angiogenic factors HIF1a, VEGF and eNOS by IL-6, as well
as HIF1a and eNOS by VEGF, mediated by JAK1/2, PI3K
/mTOR, SMAD, STATS and NF-kB signaling pathways in
patients with CLL parallel with the observation of SMAD
and STATS5 phosphorylation. The results of this study should
reveal the interaction between inflammation and angiogene-
sis through proliferation-related signaling pathways in CLL.

Material and methods
CLL patients and treatment of MNC

Ten healthy individuals and 60 patients with CLL diagnosed
according to the World Health Organization (WHO) clas-
sification provided peripheral blood samples. Patients and
healthy controls provided their consent by signing the form
approved by a local ethical commission following the guide-
lines of the Declaration of Helsinki. 30 ml of peripheral
blood samples were collected in disodium EDTA and MNC
were isolated using a lymphocyte separation medium (LSM,
Capricorn Scientific GmbH, Ebsdorfergrund, Germany).
The isolated MNC were washed in PBS and resuspended in
RPMI-1640 medium (Biowest, Nuaillé, France). The MNC
were preincubated for 1 h with 0.6 pM ruxolitinib (RUXO,
JAK1/2 inhibitor, Cayman Chemical Company, Ann Arbor,
MI, USA), 5 pM Ly294002 (PI3K inhibitor, Cell Signalling
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Technology, Inc, Danvers, MA, USA), 1.5 pM JSH23 (NF-
kB inhibitor, Sigma-Aldrich, Darmstadt, Germany), 100 ng/
mL Rapamycin (RAPA, mammalian target of rapamycin
(mTOR) inhibitor, Calbiochem, EMD Millipore Corp., Bill-
erica, MA, USA), or 10 ng/mL Low Dose Naltrexone (LDN-
193189 Merck KGaA, Darmstadt, Germany), and treated 1 h
with IL-6 (20 pg/ml Miltenyi Biotec, Bergisch Gladbach,
Germany) or VEGF (10 pg/mL Elabscience, Wuhan, China)
[13]. After these treatments, the MNC was washed in PBS,
incubated in RIPA lysis buffer at 4 °C for 60 min, and cen-
trifuged at 12,000 x g at 4 °C for 15 min.

Isolation of CD19™ cells

CD19 is a B cell-specific antigen expressed on CLL cells,
while CD19 + B cells make up on average about 10% of
the peripheral blood MNC population. CD19 +[14]. Using
MACS cell separation and CD19* Microbeads, B-lympho-
cyte antigen CD19™ cells were purified from MNC of CLL
patients in accordance with Miltenyi Biotec's manufactur-
er's procedure. Following the manufacturer's instructions, a
magnetic separation column (Super Macs II, Miltenyi Bio-
tec) and a combination of magnetic microbeads conjugated
with antibody against CD19 (Miltenyi Biotec) were used
to separate the CD19* cells from the collected MNC. We
centrifuged cell suspension at 300X g for 10 min and after
that aspirated supernatant completely. The cell pellet was
resuspended in 80 pL of buffer per 10 total cells. 20 pL of
CD19 MicroBeads, human per 10 total cells were added,
mixed well, and incubated for 15 min in the refrigerator
(+2 to+8 °C). Cells were washed by adding 1-2 mL of
buffer per 107 cells and centrifuged at 300X g for 10 min.
The supernatant was aspirated completely. The cells were
then resuspended up to 10® cells in 500 pL of buffer. Using
the trypan-blue exclusion method, viable CD19% cells were
counted (Life Technologies, Bleiswijk, Netherlands).

Cell culture of HMEC-1

The HMEC-1 cells (ATCC, USA) were cultured in RPMI-
1640 medium supplemented with 10% fetal bovine serum
(FBS, Biowest) and 1% penicillin—streptomycin (Biowest) at
37 °Cin a 5% CO, humidified environment. HMEC-1 cells
were passaged using trypsinization when reaching 70-80%
confluency. HMEC-1 cells were treated with IL-6 (20 pg/
ml Miltenyi Biotec) and seeded on the Matrigel surface at a
final density of 1,2x 10* per well for 18 hin a 37 °C incuba-
tor containing 5% CO,.

Western blotting

Proteins from CLL-derived MNC were isolated and pro-
cessed as previously reported [15]. Isolated MNC were
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exposed to chilled radioimmunoprecipitation assay (RIPA)
lysis buffer (50 mM Tris HCI pH 7.6, 150 mM sodium
chloride, 1% Triton x-100, 1% sodium deoxycholate, 0.1%
sodium dodecyl sulphate, 2 mM EDTA and 50 mM sodium
fluoride) at a ratio of 1 ml of buffer on 1x 108 cells. A pro-
tease inhibitor cocktail (Pierce, Thermo Fisher Scientific,
Waltham, MA, USA) and sodium orthovanadate were added
to the lysis buffer just prior to use. Lysates were incubated
at 48 °C for 25 min and then centrifuged at 10.000 g, 4 °C,
for 15 min. Protein concentration was determined by the
bicinchoninic acid (BCA) Protein Assay Kit (Pierce, Thermo
Fisher Scientific) and samples were stored at -70 °C. To
examine activated HIF 1« protein, we conducted separation
of the nuclear and cytoplasmic fractions of granulocytes
using NE-PER Kit (Pierce, Thermo Fisher Scientific). Equal
amounts of protein (20 pg) were run on polyacrylamide gels
and transferred to polyvinylidene difluoride membranes.
The membranes were blocked with 4% milk (Serva Elec-
trophoresis GmbH, Heidelberg, Germany) for 1 h at room
temperature and probed with primary antibodies directed
against HIF1a (Elabscience), VEGF (Elabscience), eNOS
(Elabscience), phospho-STATS5 (R&D Systems, Inc, Minne-
apolis, MN, USA), STATS (R&D Systems), phospho-SMAD
(R&D Systems) and p-actin (R&D Systems). Peroxidase-
conjugated goat anti-rabbit immunoglobulin (R&D Systems)
was used as a secondary antibody, except goat anti-mouse
immunoglobulin (R&D Systems) for p-actin. The HIF1 a,
VEGF, eNOS, pSTATS, STATS, SMAD and p-actin pro-
tein levels were imaged with ChemiDoc Imaging System
(Bio-Rad Laboratories, Hercules, CA, USA) and estimated
by densitometric scanning of the blots using the Image Lab
(Bio-Rad Laboratories, Inc. Version 6.0.0.25) software tool
and normalized to f-actin.

Immunocytochemistry

For cytoplasm staining, we isolated circulating MNC and
CD19* cells from 10 healthy donors and 35 CLL patients.
The MNC and CD19" were collected onto microscope
glass slides by cytospins (2 x 10 cells/each) and fixed by
methanol at room temperature. Samples were treated with
3% H,0, solution in distilled water to block endogenous
peroxidase activity. Then, samples were immunostained
with VEGF, HIF1a and eNOS (Elabscience) antibodies
in a humidity chamber overnight at +4 °C. Immunostain-
ing was performed using the streptavidin-biotin technique
(LSAB*/HRP Kit, DAKO, Glostrup, Denmark). Immuno-
reactivity was visualized with DAKO Liquid DAB* Sub-
strate/Chromogen System counterstained with Mayer's
hematoxylin (Merck, Whitehouse Station, NY, USA).
For the negative control samples, normal serum, and PBS
buffer (1:500) were pipetted without primary antibodies.
Positive cells were analyzed and scored at five powered

fields in each sample using a computer-supported imaging
system (Analysis Pro 3.1) connected to the light micro-
scope (Olympus AX70, Hamburg, Germany) with an
objective magnification of X 40.

Isolation of Total RNA and RT-qPCR

Total RNA from MNC of 40 CLL patients was isolated
using TRIzol (Life Technologies, Thermo Fisher Scientific
Inc). The concentration and integrity of total RNA were
assessed using Ultrospec 3300 spectrophotometer (Amer-
sham Pharmacia, Upsala, Sweden). Identical amounts of
RNA from investigated samples were transcribed into
cDNA using the Maxima First Strand cDNA Synthesis
kit (Thermo Fisher Scientific Inc). Quantitative real-time
PCR analyses of the human HIF]a gene and eNOS gene
was performed on a Mastercycler EP RealPlex (Eppen-
dorf AG, Hamburg, Germany) using the Maxima SYBR
Green/ROX qPCR master mix (Thermo Fisher Scientific
Inc) and adequate primers (Table 1). As internal control
for normalization of the examined angiogenic factors was
used fB-actin.

In Vitro neovascularization and Tube Formation

In vitro neovascularization and Tube formation assay was
performed using an angiogenesis assay kit (Angiogenesis
Assay Kit, In Vitro, (ab204726)) (Abcam, Cambridge,
UK). To investigate endothelial tube formation we co-
cultured human microvascular endothelial cells (HMEC-1)
cells and MNC from CLL patients in DMEM medium for
24 h. Briefly, 50 pL of liquid Matrigel (Merck, Darmstadt,
Germany) was placed in 96 well plate and incubated at
37 °C for 30 min. HMEC-1 cells were treated with IL-6
(20 pg/ml Miltenyi Biotec) and seeded on the Matrigel
surface at a final density of 1,2 x 10* per well for 18 hiin a
37 °C incubator containing 5% CO,. Captured images were
analyzed for mean mesh size, number of meshes, number
of nodes, number of junctions, number of segments, num-
ber of master junctions and number of master segments
using the image J-based Angiogenesis Analyzer tool.

Table 1 The sequences of primers for HIF1a and eNOS genes

Genes forward reverse

HIFla 5' GGC AGG
AAG ATT GTC

ATG GAC 3’
5"CGG CAT CAC 5" GCC ATC ACC GTG CCC AT 3’

CAG GAA GAA
GA 3’

5" TCT GTC TGT CAC ATG GGT
GAT GAA 3’

eNOS
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Statistical analysis

Descriptive statistics were obtained from the outcome
measures and expressed as means with standard deviations
or as numbers and percentages, as appropriate. Differ-
ences between groups were analyzed using Student’s t-test.
The results are expressed as means + SEM. The one-way
ANOVA and Dunnett’s posttest were applied using Prism 6
software (GraphPad Software Inc., San Diego, CA, USA).
P <0.05 was considered statistically significant.

Results

Proinflammatory effect of IL-6 on angiogenic factors
in CLL

Our results confirmed that the number of VEGF, HIF1«
and eNOS positive cells were significantly higher in MNC
of CLL compared to healthy controls (Fig. 1A). The num-
ber of VEGF, eNOS and HIF 1« positive cells were signifi-
cantly lower in CD19" cells than in MNC of CLL (Fig. 1A).
Therefore, these angiogenic factors are produced at higher
levels by non-B cell types of peripheral blood MNC, such
as T cells, monocytes, or NK cells. In order to investigate
the inflammatory effect on angiogenic factors in CLL, we
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Fig.1 IL-6 induction of angiogenic factors in mononuclear cells
(MNC) and CD197 cells of peripheral blood of chronic lymphocytic
leukemia (CLL). A) Percentage of VEGF, eNOS, and HIFl« in posi-
tive MNC and CD19 +cells of CLL and healthy controls (HC) deter-
mined by immunocytochemistry (n=5-7). The MNC were treated
1 h by 20 pg/ml IL-6 with or without preincubation of 1 h with
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treated isolated MNC with IL-6 and followed the level of
angiogenic factors VEGF, HIF1«, and eNOS. Pro-inflam-
matory IL-6 did not significantly increase the expression of
angiogenic factors in MNC of patients with CLL (Fig. 1B,
C), except for the HIF1a expression (Fig. 1D. p<0.05). In
opposite with NF-kB inhibitor, IL-6 decreased the level of
VEGEF frequency in combination with JAK1/2 inhibitors
compared to MNC cells treated with the IL-6 only (Fig. 1B,
p <0.05). Mutually with IL-6, NF-xB and JAK1/2 inhibi-
tion significantly reduced the eNOS expression (Fig. 1C,
p <0.05). The inhibitor of JAK1/2 signaling pathway signifi-
cantly downregulated HIF1a expression that was prevented
by IL-6 (Fig. 1D). In addition, IL-6 upregulation of HIF1a
was NF-kB- and PI3K-mediated (Fig. 1D).

VEGF effect on angiogenic factors gene expression

After common treatment with VEGF and inhibitors of
inflammation-related signaling pathways, the gene expres-
sion of HIF1a and eNOS was monitored in MNC of CLL
patients (Fig. 2). VEGF stimulated HIF1a gene expres-
sion (p < 0.05), while inhibitor of mTOR signaling path-
way decreased gene expression (p <0.01) (Fig. 3A). VEGF
significantly increased the gene expression of angiogenic
factors HIFla (p <0.05, Fig. 2B) in contrast to eNOS
(p<0.01) which was decreased in the MNC of CLL
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0.6 nM JAK1/2 inhibitor Ruxolitinib (RUXO), 5 nM PI3K inhibi-
tor LY294002 (LY) or 0.75 nM NF-xB inhibitor JSH23 and levels
of B) VEGF, C) eNOS and D) HIFla were determined. Immunocy-
tochemistry images correspond to the Supplemental Fig. 1. Values
mean=+SEM (n=4). ***p <0.001 vs. MNC from CLL (A); *p<0.05,
vs. IL-6 only treated MNC; #p <0.05 vs. healthy control C (B-D)
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Fig.2 Vascular endothelial growth factor (VEGF) induction of
angiogenic gene expression in mononuclear cells (MNC) of periph-
eral blood of chronic lymphocytic leukemia (CLL). Densitometry
revealed gene expression determined by RT-PCR and presented as a
ratio of angiogenic factors to p-actin levels. The MNC were treated
1 h by 10 pg/ml VEGF with or without preincubation of 1 h with
1 uM JAK1/2 inhibitor Ruxolitinib (RUXO), 5 pg/ml PI3K inhibitor
LY294002 (LY) and 100 ng/ml mTOR inhibitor Rapamycin (RAPA,
individually or combination of inhibitors) and levels of A) HIFla
and B) HIFla (all samples treated with VEGF); and C) eNOS were
determined. Values mean+SEM (n=6). #p <0.05, ##p<0.01 versus
VEGEF treated only (A, B), *p <0.05, **p <0.01 vs. Control MNC (C)
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Fig.3 Vascular endothelial growth factor (VEGF) induction of angi-
ogenic protein expression in mononuclear cells (MNC) of periph-
eral blood of chronic lymphocytic leukemia (CLL). Densitometry
revealed protein expression determined by Western blotting and pre-
sented as a ratio of angiogenic factors to p-actin protein levels. The
MNC were treated 1 h by 10 pg/ml VEGF with or without preincuba-
tion of 1 h with 1 uM JAK1/2 inhibitor Ruxolitinib (RUXO), 5 pg/ml
PI3K inhibitor LY294002 (LY) and 100 ng/ml mTOR inhibitor Rapa-
mycin (RAPA) levels of A) HIFla, and B) eNOS were determined.
Columns correspond to immunoblot images. Values mean+SEM
(n=5). #p<0.05, ##p<0.01 vs. VEGF treated only (first column)

patients (Fig. 2C). In addition, PI3K, JAK1/2 and mTOR
inhibitors also significantly decreased VEGF-stimulated
HIFla (p <0.05) and individually eNOS gene expression
(p<0.05, Fig. 2B, C). Moreover, the IL-6 prevented VEGF
simulation of HIF1a (p <0.05, Fig. 2A) and reduced eNOS
gene expression (p <0.01, Fig. 2C). VEGF transcriptional
activation of the angiogenic factors had opposite trend for
eNOS and HIF1la gene expression controlled by PI3K,
JAK1/2 and mTOR signaling.
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VEGF effect on angiogenic factors protein
expression

As part of our study, we also investigated the changes in
eNOS and HIFla protein expression after the treatment
of MNC of CLL with VEGF and inhibitors of JAK1/2,
mTOR and PI3K signaling pathway. VEGF treatment
of MNC of CLL significantly stimulated expression of
HIF1a and eNOS protein expression (Fig. 3). JAK1/2,
mTOR and PI3K inhibition decreased the VEGF stim-
ulated HIF1a and eNOS protein expression (p <0.05,
Fig. 3A, B). The most significant decreased of HIFla
(p<0.05) and eNOS (p <0.01) protein expression was
detected after combination of PI3K and mTOR inhibitors
(Fig. 3A, B). Combination of two inhibitors for PI3K,
mTOR and JAK1/2 additionally inhibited HIFla and
eNOS protein expression in MNC of CLL (Fig. 3A, B).
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Fig.4 Vascular endothelial growth factor (VEGF) induction of angio-
genic protein positive mononuclear cells (MNC) of peripheral blood
of chronic lymphocytic leukemia (CLL). The MNC were treated
1 h by 10 pg/ml VEGF with or without preincubation of 1 h with
1 uM JAKI1/2 inhibitor Ruxolitinib (RUXO), 5 pug/ml PI3K inhibitor
LY294002 (LY) and 100 ng/ml mTOR inhibitor Rapamycin (RAPA,
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VEGF effect on angiogenic factors immunoreactivity
in bone marrow

Since we already shown that the gene and protein levels of
angiogenic factors are changed under the influence of VEGF
we also wanted to examine the total degree of its expression
in the MNC of CLL patients. Immunocytochemical analy-
sis showed that VEGF significantly increased the number of
HIF1la (p<0.001, Fig. 4A, B) positive cells. PI3K inhibitor
significantly inhibited VEGF increased number of HIFla as
well as eNOS positive cells (p<0.001, Fig. 4A, C). Our results
also showed that HIF1a and eNOS have opposite patterns
of expression after inhibition of PI3K signaling pathway in
comparison to non-treated MNC (Fig. 4A, C). Namely, HIFla
number of positive cells was increased (p <0.001, Fig. 4A),
while number of eNOS positive cells was decreased (p <0.001,
Fig. 4C) after those treatments in comparison to non-treated
MNC of CLL. The same trend of changes in the number of
HIF1a and eNOS positive cells was observed after the treat-
ment of VEGF and its combination with inhibitors of JAK1/2
and mTOR signaling pathways (Fig. 4B, D). In both cases the
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individually or combination of inhibitors) and levels of A, B) HIFla,
and C, D) eNOS were determined by immunocytochemistry. Immu-
nocytochemistry images correspond to the Supplemental Fig. 2.
Values mean+SEM (n=35). *p<0.05, **p<0.01, ***p<0.001 vs.
non-treated MNC (first column); ###p <0.001 vs. VEGF treated only
(second column)
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number of positive cells was significantly decreased after those
treatments in comparison to non-treated MNC or only VEGF
treated MNC of CLL.

VEGF activation of inflammation and proliferation
signaling in MNC of CLL

VEGF caused phosphorylation and activation of pSTATS
and pSMAD signaling pathways in MNC of CLL (Fig. 5).
Phosphorylation and activation of the pSTATS5 signaling
pathway were markedly reduced when treating MNC of CLL
with VEGF and a combination of JAK1/2, PI3K, and mTOR
inhibitors (p<0.01) (Fig. SA). Inhibitors for SMAD (p <0.05),
JAK1/2 (p<0.01), and mTOR (p<0.01) signaling pathways
significantly blocked the VEGF-induced phosphorylation and
activation of pSMAD in the study. When inhibitors were used
in pairs, the inhibition of pSTATS and pSMAD signaling path-
ways was significantly more pronounced (p <0.001) (Fig. 5).

IL-6 induction of neovascularization in vitro

Our results showed that IL-6 induction of neovascularization
of HMEC-1 in co-culture with MNC of peripheral blood of
CLL (Fig. 6). The mean number of meshes (Fig. 6A), nodes
(Fig. 6B), junctions (Fig. 6C), total length (Fig. 6D), mas-
ter junctions (Fig. 6E), and master segments (Fig. 6F) was
significantly higher in co-culture of HMEC-1 with MNC of
peripheral blood of CLL. Proinflammatory marker IL-6 also
stimulated neovascularization and significantly increased the
number of nodes, junctions, and total length of blood vessels
(Fig. 6B-D). IL-6 in combination with MNC of peripheral
blood of CLL significantly increased the number of junc-
tions, master junctions and master segments (Fig. 6C, E,
F). Detection of constitutive elements of the network dur-
ing neovascularization of human microvascular endothelial
cells show extremities (arrowhead A), nodes, identified as
pixels that had at least 3 branches, corresponding to a bifur-
cation (arrow B); twig (C1, D1), segment (C2, D2) delim-
ited by two junctions (C3, D3) (note that this pointed junc-
tion is composed by several nodes) and branch (C4, D4)
(Suppl. Figure 1). After incubation with IL-6, the number
of junctions and total vessel length increased significantly
compared to non-treated HMEC-1 (Suppl. Figure 2). IL-6
significantly increased the number of junctions and the total
vessel length compared to non-treated HMEC-1 cells (Suppl.
Figure 2).

Discussion
According to the presented results, angiogenic factors

VEGF, eNOS and HIF1a were increased in the CLL derived
MNC. VEGEF significantly increased gene expression and
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Fig.5 Vascular endothelial growth factor (VEGF) activation of
inflammation and proliferation signaling in mononuclear cells (MNC)
of peripheral blood of chronic lymphocytic leukemia (CLL). Densi-
tometry revealed protein expression determined by Western blotting
and presented as a ratio of phosphorylated to total protein levels. The
MNC were treated 1 h by 10 pg/ml VEGF with or without preincuba-
tion of 1 h with 1 uM JAK1/2 inhibitor Ruxolitinib (RUXO), 5 pg/
ml PI3K inhibitor LY294002 (LY), 10 ng/mL LDN and 100 ng/ml
mTOR inhibitor Rapamycin (RAPA, individually or combination
of inhibitors) and activation of A) STATS and B) SMAD signaling
was determined. Columns correspond to immunoblot images. Values
mean=+SEM (n=3-5). ¥*p<0.05, **p<0.01, ***p<0.001 vs. VEGF
treated only (second column)

quantity of HIFla positive cells in the CLL derived MNC,
as well as the activation of STATS and SMAD signaling
pathways. Inhibitors of PI3K, JAK1/2, and mTOR signaling
pathways significantly prevented VEGF induced gene and
protein expression of HIF1a, indicating their potential ther-
apeutic effects. Moreover, inhibitors of PI3K and NF-kB,
signaling pathways significantly blocked IL-6 induced quan-
tity of HIFla positive MNC. Inhibition of inflammatory
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Fig.6 IL-6 induction of
neovascularization of human
microvascular endothelial cells
(HMEC-1) in co-culture with
mononuclear cells (MNC) of
peripheral blood of chronic
lymphocytic leukemia (CLL).
The quantity of A) meshes, B)
nodes, C) junctions, D) total
length, E) master junctions,
and F) master segments during
IL-6 induced neovasculariza-
tion of HMEC-1 in the presence
of peripheral blood derived
MNC of patients with CLL.
Values mean + SEM (n=4-8).
*p<0.05, #*p<0.01 vs.
HMEC-1 only (first column).
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JAK1/2 signaling decreased quantity of VEGF and HIF1a
positive MNC, while inhibition of PI3K and NF-«kB signal-
ing decreased quantity of eNOS positive MNC. VEGF and
IL-6 decreased eNOS gene expression. Furthermore, we
showed that IL-6 and MNC of CLL individually, but not
cumulatively, stimulated neovascularization of HMEC-1,
indicating already increased IL-6 or inflammation factors
in MNC of patients with CLL. It has been shown that plasma
of CLL patients had increased levels of IL-6 that might be a
therapeutic target [16].

CLL cells enhanced production of VEGF protein in
hypoxia, while angiogenesis was stimulated by CLL cells
[17]. It has been reported greater angiogenesis in CLL,
with augmented MVD and increased VEGF and HIF1a,
in addition to presence of VEGF receptors on CLL cells.
[18]. CLL can be affected by angiogenesis due to the strong
interaction of cytokines with the bone marrow microenvi-
ronment in bone marrow where VEGF exposed endothelial
cells increased translation of various hematopoietic growth
factors, such as IL-6, with an autocrine stimulation of the
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proliferation and migration of endothelial cells [19]. Beva-
cizumab, as a monoclonal antibody for VEGF, in addition
to chemoimmunotherapy of CLL, is generally well-tolerated
and appears to prolong progression-free survival and treat-
ment-free survival [20].

As a key determinant of disease outcome, the proliferative
drive of CLL cells was linked to the activation of mTOR-
MYC-oxidative phosphorylation [21]. A rapamycin analog
showed a weak effect in the clinical trial of patients with
relapsed CLL [22]. The simultaneous inhibition of all PI3K
isoforms combined with the inhibition of mTOR destroyed
CLL cells more potently and overcame the positive feedback
look via mTOR complex 2 (mTORC?2) [23]. Results of our
study showed that mTOR and PI3K are involved in VEGF
mediated stimulated expression of HIFla gene and protein
expression in MNC of CLL patients. Hypoxia acts through
the activation of the PI3K/AKT pathway, whereas the HIF1«
inhibitor BAY87-2243 exerts cytotoxic effects toward leu-
kemic cells and has anti-tumor activity in mouse model of
aggressive B-cell lymphoma [9].
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In our study IL-6 induced significantly higher level of
expression only for HIF1a in MNC of CLL, while the num-
ber of positive cells for all three angiogenic markers was
significantly lower in CD197 cells. Treatment with proin-
flammatory IL-6, in combination with inhibitor of NFkB
signaling pathway induced higher number of VEGF posi-
tive cells, while the number of eNOS and HIF1a positive
cells were significantly lower in comparison to IL-6 only
treated MNC of CLL. Wnt5a/ROR1-dependent signaling
contributed to CLL cell activation of NF-kB and increased
expression of IL-6, while cirmtuzumab (humanized mono-
clonal antibody that targets ROR1) could inhibit leukemia
cell activation of NF-kB in patients with CLL [24].

CLL derived MNC synthetized strong angiogenic fac-
tors such as VEGF which have an anti-apoptotic effect on
the CLL cells [25]. The presented results also showed that
VEGF and IL-6 significantly stimulated expression of HIF 1
positive cells, prevented by inhibitors of PI3K, NFkB and
mTOR signaling pathways. PI3K/AKT is the most impor-
tant signaling pathway in the control of angiogenesis medi-
ated by VEGF in many tumors including CLL [26]. PI3K/
AKT pathway stimulated tumor expansion by expression of
angiogenic factors and the inhibition of antiangiogenic fac-
tors [27]. PI3K/AKT also controlled angiogenesis by numer-
ous downstream signaling pathways, such as mTOR, where
they usually upregulated HIF1a expression which provoked
VEGF expression [28].

In patients with CLL serum IL-6 and IL-10 levels were
higher than in healthy controls and correlated with adverse
disease features and short survival [29]. IL-6 activated
STAT3 and NF-kB signaling pathway in CLL cells, while
an amplified autocrine IL-6 synthesis by CLL cells was
linked to poorer quality of clinical outcome [6]. In accord-
ance with our results, IL-6 activation of HIF1a was mediated
by NF-kB signaling pathway, while inhibition of IL-6 or its
receptor could contribute to disabling the resistance of CLL
cells to chemotherapy [6].

STATS and AKT were the main activators of oncogen-
esis in drug-resistant forms of chronic myeloid leukemia and
systemic mastocytosis, and targeting STATS and AKT could
be an interesting approach in therapy for these malignan-
cies [30]. Our results also showed that VEGF significantly
increased activation of STATS and SMAD signaling path-
ways, prevented by inhibition of PI3K, JAK1/2 and mTOR
signaling pathways. STATS signaling pathway was inhibited
in MNC of CLL patients, and that low level of the STATS
was localized mainly in cytoplasm, indicating the absence
of active transcriptional complexes in the nucleus of MNC
[31]. It has been reported a significant correlation between
expression of SMAD1/8 and SMAD4 proteins and poor
prognosis of CLL patients [32]. In our study, phosphoryla-
tion of SMAD signaling was increased with VEGF treat-
ment, but also inhibited with inhibitors for SMAD, JAK1/2

and mTOR signaling pathways, indicating potential associa-
tion of several signaling pathways in the activation of the
SMAD via VEGF.

Conclusions

In conclusion, we showed the increased angiogenic factors
in complex interplay with proinflammatory markers and pro-
liferation related signaling pathways in CLL. Results of the
study showed that VEGF and IL-6 upregulated angiogenic
HIF1a levels in MNC of CLL controlled mutually by PI3K
signaling pathway as a potential therapeutic target. This
study revealed that MNC of CLL already have inflammatory
capacity for neovascularization, not further on supported by
external IL-6. Our results suggest that combined inhibition
of VEGF and IL-6 may have a potential benefit for patients
with CLL as a new place for therapeutic approach.
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