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in the formation of transluminal endothelial pillars. Successive reshaping and fusion of
such pillars “splits” the pre-existing segment in two parts, thus resulting in the
formation of an additional vessel segment. IA plays an essential role in vascular
remodeling and adaptation of vessels during normal and pathological angiogenesis. It
is an “escape” mechanism during and after irradiation and anti-VEGF therapy. Both
aforementioned treatments induceangiogenic switch from sprouting to IA by formation
of multiple transluminal tissue pillars in the enlarged sinusoidal-like vessels. Our data
revealed that IA was significantly induced after inhibition of Notch signaling resulting
in an increased capillary density by more than 50%. The induced IA was associated
with detachment of pericytes from basement membranes, increased vessel leakage and
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intussusceptive angiogenesis. The last is promoted by shear stress as well, since it
occurs only after the establishment of blood flow. There is evidence that SDF-1–positive
dermal vascular endothelium can promote specific recruitment of CXCR-4–positive
cells under conditions of physiologic shear flow.
We would like to obtain novel insights into the regulation mechanisms of
intussusceptive angiogenesis and translate the knowledge obtained to clinical relevant
topics such as as tissue regeneration and tumor growth.
The aim of our project is to study the role of blood flow and SDF-1/CXCR4–induced
recruitment of mononuclear cells in intussusceptive angiogenesis using both
experimental models and numerical simulations.
During the next 3 years we aim to focus on the following fundamental aspects: (i) the
role of SDF-1/CXCR4 signaling in intussusceptive angiogenesis, (ii) the role of the bone
marrow derived/peripheral blood mononuclear cells in IA during tissue regeneration
and their contribution to the “escape” mechanism after anti VEGF therapy and
irradiation in cancer, iii) SDF-1/CXCR4 interactions with blood flow/shear stress in
the process of intussusception.
In accomplishing our objectives we will use different models and approaches: (i) in vivo
pharmacological studies on chicken area vasculosa, (ii) in vivo genetic studies in
zebrafish embryo, (iii) mouse model of liver intussusceptive microvascular growth, (iv)
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molecular, immunological and cellular analyses for different types of cells
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We anticipate that this project will yield important information regarding
intussusceptive angiogenesis and role of bone marrow derived/peripheral blood cells.
Our data will help us to design more effective pro- and anti-angiogenic treatment
strategies.
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1. SUMMARY 

 

Intussusceptive angiogenesis (IA) known also as splitting angiogenesis is a recently described 
mechanism of vascular growth complementary to sprouting. Intussusceptive angiogenesis is a specific 
mode of blood vessel formation by which instead of extraluminally, endothelial cells form intraluminal 
“sprout like” protrusions” resulting in the formation of transluminal endothelial pillars. Successive 
reshaping and fusion of such pillars “splits” the pre-existing segment in two parts, thus resulting in the 
formation of an additional vessel segment. IA plays an essential role in vascular remodeling and 
adaptation of vessels during normal and pathological angiogenesis. It is an “escape” mechanism during 
and after irradiation and anti-VEGF therapy. Both aforementioned treatments induceangiogenic switch 
from sprouting to IA by formation of multiple transluminal tissue pillars in the enlarged sinusoidal-like 
vessels. Our data revealed that IA was significantly induced after inhibition of Notch signaling resulting in 
an increased capillary density by more than 50%. The induced IA was associated with detachment of 
pericytes from basement membranes, increased vessel leakage and recruitment of mononuclear cells to 
the sites of pillars; the process was dramatically enhanced when we inject bone marrow-derived 
mononuclear cells. The leading event in triggering of IA was the extravasation of mononuclear cells  of  
bone marrow origin, which was associated with up-regulation of chemotaxis factors SDF-1 and CXCR4. 
In addition, SDF-1 expression was up-regulated in the endothelium of liver sinusoids in Notch1 knockout 
mice mouse, together with vascular remodeling by intussusception. Our hypothesis is that SDF-
1/CXCR4 signaling is crucial factor in the process of intussusceptive angiogenesis. The last is promoted 
by shear stress as well, since it occurs only after the establishment of blood flow. There is evidence that 
SDF-1–positive dermal vascular endothelium can promote specific recruitment of CXCR-4–positive cells 
under conditions of physiologic shear flow. 

We would like to obtain novel insights into the regulation mechanisms of intussusceptive angiogenesis 
and translate the knowledge obtained to clinical relevant topics such as as tissue regeneration and tumor 
growth. 

The aim of our project is to study the role of blood flow and SDF-1/CXCR4–induced recruitment 
of mononuclear cells in intussusceptive angiogenesis using both experimental models and 
numerical simulations. 

During the next 3 years we aim to focus on the following fundamental aspects: (i) the role of SDF-
1/CXCR4 signaling in intussusceptive angiogenesis, (ii) the role of the bone marrow derived/peripheral 
blood mononuclear cells in IA during tissue regeneration and their contribution to the “escape” 
mechanism after anti VEGF therapy and irradiation in cancer, iii) SDF-1/CXCR4 interactions with blood 
flow/shear stress in the process of intussusception. 

In accomplishing our objectives we will use different models and approaches: (i) in vivo pharmacological 
studies on chicken area vasculosa, (ii) in vivo genetic studies in zebrafish embryo, (iii) mouse model of 
liver intussusceptive microvascular growth, (iv) mouse tumor xenografts, switching to intussusceptive 
angiogenesis after irradiation and anti-angiogenic treatment, (v) detailed morphological and computer 
modeling, molecular, immunological and cellular analyses for different types of cells (macrophages, 
neutrophils, eosinophils, mast cells, dendritic cells, NK cells, T- and B- cells). 

We anticipate that this project will yield important information regarding intussusceptive angiogenesis 
and role of bone marrow derived/peripheral blood cells. Our data will help us to design more effective 
pro- and anti-angiogenic treatment strategies. 
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2. RESEARCH PLAN (Max. 15 pages) 

2.0. INTRODUCTION 

Angiogenesis is essential for normal embryonic development and reproductive cycle, and plays a key 
role in pathological conditions such as tumor growth and ischemic cardiovascular diseases. This is a 
complex process involving essential signaling pathways, for instance VEGF, bFGF and Notch etc. in 
vasculature, as well as additional players such as bone marrow-derived endothelial progenitor cells. 
The better understanding for the role of the different pathways and the crosstalk between different cells 
during angiogenesis is a crucial factor for developing of more effective pro-angiogenic and anti-
angiogenic anticancer therapy. 

Angiogenesis involves the formation of new blood vessels from a pre-existing vascular plexus, and 
based on morphological characteristics two main distinct processes have been identified: sprouting and 
intussusceptive angiogenesis (IA) (Ribatti D & Crivellato E, 2012; Djonov V et al, 2000; Djonov V et al, 
2003). Sprouting angiogenesis has been well described since more than 150 years ago. Recent 
publications indicated that sprouting involves tip/stalk cell differentiation and crosstalk processes, which 
are tightly controlled by the VEGF and Notch/Dll4 signalling pathway (Jakobsson L et al, 2010; Blanco 
R & Gerhardt H, 2013). Intussusceptive angiogenesis is a specific mode of blood vessel formation by 
which, endothelial cells form intraluminal “sprout like protrusions” resulting in the formation of 
transluminal endothelial pillars. Successive reshaping and fusion of such pillars “splits” the pre-existing 
segment in two parts, thus resulting in the formation of an additional vessel segment. This results in 
formation of supplying and draining vessels, pruning of arteries and veins, and finally remodeling of the 
primitive capillary plexuses. IA is a step-process involving intussusceptive microvascular growth, 
intussusceptive arborization and intussusceptive remodeling (Djonov V et al, 2000; Djonov V et al, 
2003; Makanya AN et al, 2009; Styp-Rekowska B et al, 2011). The processes lead to formation of 
hierarchically organized and mature vascular networks. Compared to sprouting angiogenesis, 
intussusception is relatively fast, thus allowing swift vascular adaptation in compromised conditions. In 
liver regeneration models and in post-pneumonectomy alveolar angiogenesis, intussusception has 
been identified as the predominant mode of growth, and also in extra-embryonic vasculatures including 
the vitelline circulation, intussusception appears to prevail above sprouting (Dill MT et al, 2012; Baum 
O et al, 2010; Konerding MA et al, 2012). The intensive work of our group in the last few decades 
clearly documented the morphological features of this specific angiogenic mode and demonstrated its 
definite presence during development and tumorigenesis as a complementary to sprouting vessel 
growth. Surprisingly, the cellular and molecular regulation of intussusception is less well known 
but recent evidence suggests that it might involve a component regulated by blood flow and Notch 
signaling (Styp-Rekowska B et al, 2011; Dill MT et al, 2012). We provided evidence showing that 
Notch regulates intussusception involving interaction with circulating mononuclear cells in developing 
vascular networks (Dimova I et al, 2013). We now directed our research to unravel the cellular and 
molecular characteristics of intussusceptive angiogenesis.  

Our preliminary results suggest that intussuception is most probably synchronized by chemokine 
factors since intussusceptive growth was associated with the recruitment of mononuclear cells 
(Dimova I et al, 2013). After injection of bone marrow derived mononuclear cells we observed robust 
induction of intussusception in Notch inhibited samples. Notably, the chemotactic factors SDF-
1/CXCR4 were up-regulated specifically due to Notch inhibition. Our hypothesis is that Notch inhibition 
disturbed vessel stability and led to pericyte detachment followed by extravasation of mononuclear cells 
due to the activation of the SDF-1/CXCR4 axis. The stromal cell-derived factor SDF-1 binds to its 
receptor CXCR4 and directs migration of progenitor cells into the appropriate sites. The mononuclear 
cells contribute to formation of transluminal pillars with sustained IA resulting in a dense vascular 
plexus. Recent studies have demonstrated that bone marrow-derived cells home at the sites of 
neovascularization in response to tissue-derived or circulating cytokines and their precise angiogenic 
role is still elusive.  

In a number of in vivo studies, high-level expression of SDF-1 in a target tissue is critical to the 
generation of a chemokine gradient across the endothelium, which then promotes transendothelial 
migration of SDF-1 receptor-expressing cells. Once present on the surface of endothelial cells, SDF-1 
could support lymphocyte arrest onto the vascular endothelium. Yao L et al provided evidence that 
SDF-1–positive dermal vascular endothelium can promote specific arrest of CXCR-4–positive cells 
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under conditions of physiologic shear flow (Yao L et al, 2003). In adition, shear stress up-regulated the 
secretion of stromal-derived factor-1 (Yuan L et al, 2013). 

Changes in hemodynamic forces, especially wall shear stress, have been shown to influence the 
process of angiogenesis (Bongrazio et al. 2000; Garcia-Cardena et al. 2001, Lammerding and Lee 
2009; Buschmann et al. 2010; Eichmann et al. 2004). One of the roles of shear stress is to ensure the 
integrity of the walls of vessels, but it is also known that shear stress plays a role in several processes 
that are involved in intussusceptive angiogenesis; for example shear stress can inhibit the formation of 
tubules, the migration of endothelial cells and also increase the bundles of endothelial actin filaments. 
During the process of angiogenesis, the wall shear stress in the observed domain changes significantly 
and it was shown that the increase of wall shear stress can initiate the process of intususceptive 
angiogenesis in skeletal muscles (Baum et al. 2004; Milkiewicz et al. 2005). However, the exact 
connection between shear stress changes and the regulation of angiogenesis are still unknown. The 
precise mechanism by which a physical force is converted into a chemical signal in these cells is not 
clear. It is well documented that autologously secreted chemokines can form local pericellular diffusion 
gradients scattered by fluid convection, and cells subsequently chemotaxis up the flow-directed 
gradient (Shields JD et al, 2007; Randolph GJ et al, 2005). Shear stress promoted human  
mesenchymal stem cell (hMSC) migration through an up-regulated SDF-1/CXCR4 axis, whereas after 
covering the wound area, the cell migration ability was reduced and further produced a ‘‘feedback 
signal’’ to reduce SDF-1 productions as well as CXCR4 expressions (Yuan L et al, 2013). 

The aim of our project is to study the role of blood flow and SDF-1/CXCR4–induced recruitment 
of mononuclear cells in intussusceptive angiogenesis using both experimental models and 
numerical simulations. 

2.1. CURRENT STATE OF RESEARCH IN THE FIELD   

2.1.1. Previous work on the role of bone marrow-derived/peripheral blood cells in angiogenesis 

We have largely expanded our knowledge about the role of bone marrow-derived (BMD) cells in 
stimulating angiogenesis after their discovery in 1997 (Asahara et al., 1997) and now their capability to 
promote vessel formation is intensively investigated. The domain comes to be multifaceted and 
contradictory data were sometimes arising. 

First it was proposed and evidence was provided that myeloid cells can turn into endothelial cells in 
hypoxic tissue demand. Asahara et al (1997) reported that purified CD34+ hematopoietic progenitor 
cells in adults can differentiate ex vivo to an endothelial phenotype. The cells were at the same time 
positive for VEGFR2, a specific endothelial marker and they were named endothelial progenitor cells 
(EPC). Thus EPC express both hematopoietic stem cell and endothelial cell markers on their surface 
(Zhao YH et al, 2013). The intensive studies in the last years allowed distinguishing subpopulations of 
mononuclear cells existing in the adult bone marrow and circulating in peripheral blood, which support 
angiogenesis without incorporating permanently into the newly formed vessel - circulating angiogenic 
cells (CAC) (Fang S, Salven P, 2011). Currently, bone marrow derived (BMD) cellular  populations with 
angiogenic properties are classified according to their phenotypic markers in the following groups: (i) 
EPC, which express VEGFR2, Tie2, CXCR4, CD31, CD34, CD133 (for immature progenitor cells) and 
they are negative for CD14; (ii) Monocytes, which express CD14 and have different subclasses such as 
positive for Tie2, CXCR4, VEGFR2 or VEGFR1; and (iii) Macrophages, mostly positive for CXCR4 and 
VEGFR1 (Favre J et al, 2013).  

The discovery that mononuclear cells can home to sites of hypoxia and enhance neo-angiogenesis has 
faced the possibility of using the isolated hematopoietic stem cells or EPC for therapeutic 
vasculogenesis (Wara AK et al, 2011). Remarkably, infusion of terminally differentiated mature 
endothelial cells did not improve neovascularization (Kocher AA et al, Nat Med. 2001; Hur J et al, 
Arterioscler Thromb Vasc Biol. 2004) suggesting that a not-yet-defined functional characteristic (eg, 
chemokine or integrin receptors mediating homing) is essential for EPC-mediated vascular 
augmentation after ischemia (Cochain C et al, 2010). During endothelial repair after vascular injury and 
during tumor angiogenesis, BMDC do not seem to be involved in re-endothelialization stressing rather 
their supportive role over trans-differentiation (Dudley AC et al, 2010; Hagensen MK et al, 2012). 

Monocytic cells may play a crucial role also in collateral growth by adherence to the vascular wall 
during both arteriogenesis and tumour angiogenesis (Murdoch C et al, 2008). These data suggest that 
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monocytic cells are necessary for arteriogenesis and possibly neovascularization. For therapeutic 
application, the local enhancement of monocyte recruitment might be better suited than systemic 
infusion of monocytic cells, which only leads to a relatively minor increase in the number of circulating 
monocytes. 

Although the role of BMD and peripheral blood mononuclear (PBM) cells in neovascularization 
has been convincingly shown by several groups, the question remains: how do these cells 
improve neovascularization? The efficiency of neovascularization may not solely be attributable to 
the incorporation of these cells in newly formed vessels, but may also be influenced by the release of 
pro-angiogenic factors in a paracrine manner (Ribatti D, 2009). It was recently shown that secreting 
factors from peripheral blood mononuclear cells enhance neo-angiogenesis (Mildner M et al, 2013). 
The capacity of EPC to physically contribute to vessel-like structures may contribute to their potent 
capacity to improve neovascularization as well (Urbich C et al, Circulation 2003). Further studies are to 
elucidate the contribution of physical incorporation, paracrine effects and possible effects on vessel 
remodeling and facilitating vessel branching to EPC-mediated improvement of neovascularization are 
required. Likely, paracrine effects contribute in addition, to the physical incorporation of EPC into newly 
formed capillaries. The influence of the incorporation of a rather small number of circulating cells on 
remodeling and vessel maturation has to be further elucidated. 

Another open question is what drives BMD and PBM cells recruitment to the sites of 
angiogenesis? Ischemia is believed to up-regulate VEGF or SDF-1 (Lee SH et al, N Engl J Med. 
2000), which in turn are released to the circulation and induce mobilization of progenitor cells from the 
bone marrow via a MMP-9– dependent mechanism (Heissig B et al, Cell. 2002; Shintani S et al, 
Circulation. 2001). Indeed, SDF-1 has been proven to stimulate recruitment of progenitor cells to the 
ischemic tissue (Yamaguchi J et al, Circulation. 2003). SDF-1 protein levels were increased during the 
first few days after induction of myocardial infarction (Askari AT et al, Lancet. 2003). Moreover, 
overexpression of SDF-1 augmented stem cell homing and incorporation into ischemic tissues 
(Yamaguchi J et al, Circulation. 2003; Askari AT et al, Lancet. 2003).  Interestingly, hematopoietic stem 
cells were shown to be exquisitely sensitive to SDF-1 and did not react to G-CSF or other chemokines 
(eg, IL-8 and RANTES) (Wright DE et al, J Exp Med. 2002). The migratory capacity of EPC or bone 
marrow cells toward VEGF and SDF-1, respectively, determined the functional improvement of patients 
after stem cell therapy (Britten MB et al, Circulation.2003).  

SDF-1/ CXCR4 axis is crucial in the homing mechanisms of hematopoietic cells and the metastasis of 
solid tumors. In the past few years, numerous studies have focused on studying the role of this 
signaling in angiogenesis and proved its angiogenic activity in organ repair and tumor development. 
However, the precise mechanisms by which SDF-1 exerts its pro-angiogenic effects are not fully 
elucidated. Since it is supposed to be an angiogenic growth factor, it is a good candidate for pro- and 
anti-angiogenic therapy. It was reported that transient disruption of the SDF-1/CXCR4 axis using 
CXCR4 blocking antibody blocked the recruitment of bone marrow-derived cells into the angiogenic 
sites of tumor tissue, and resulted in complete inhibition of accelerated tumor growth after 
chemotherapy in mouse (Murakami J, et al, 2009). SDF-1 is constitutively expressed in the bone 
marrow and various tissues, which enables it to regulate the trafficking, localization and function of 
immature and mature leukocytes, including monocytes, neutrophils, dendritic cells and T lymphocytes 
(Karin N et al, 2010). All these immune cells play important role in tumor angiogenesis and 
vascularization. However, the precise role of SDF-1/CXCR4 axis on function of 
monocytes/macrophages, neutrophils, DC, T lymphocytes in the process of intussusceptive 
angiogenesis is completely unknown and will be evaluated in this study.  

Several clinical studies have shown a correlation between a high number of tumor-associated 
macrophages and increased microvessel density, suggesting that these cells might promote tumor 
angiogenesis, particularly due to production of pro-angiogenic and angiogenesis modulating factors 
(reviewed in Murdoch C et al, 2008). A number of functional in vitro and in vivo studies demonstrate 
that tumors stimulate neutrophils to promote angiogenesis and immunosuppression, as well as 
migration, invasion and metastasis of the tumor cells (Dumitru CA et al, 2013). In inflammation, the 
SDF-1/CXCR4 signaling pathway plays an important role in the modulation of neutrophil activity, not 
only by promoting chemotaxis but also by suppressing cell death (Yamada M et al, 2011). Although 
limited, there is evidence to suggest that tumor-infiltrating eosinophils can influence angiogenesis 
(reviewed in Murdoch C et al, 2008). Freshly isolated human blood eosinophils or supernatants from 
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cultured eosinophils induce endothelial cell proliferation in vitro and angiogenesis in the rat aortic ring 
assay, suggesting that eosinophils can directly influence angiogenesis. The high number of mast cells 
(MC) has been observed in various tumors where increased MC density positively correlates with 
increased microvessel density (reviewed in Murdoch C et al, 2008). Dendritic cells (DC) promote 
tumor angiogenesis both by their secretion of pro-angiogenic cytokines (VEGF, IL-8, TNF-alpha) and 
their ability to serve as a local supply of endothelial progenitors (Strioga M et al, 2013). Natural killer 
(NK) cells control both local tumor growth and metastasis and participate in cancer elimination by 
inhibiting cellular proliferation and angiogenesis (Levy EM et al, 2011). T helper (Th) cells -mediated 
immunity has traditionally been viewed as favoring tumour growth, both by promoting angiogenesis and 
by inhibiting cell-mediated immunity and subsequent tumour cell killing, there are also many studies 
demonstrating the anti-tumor activity of CD4+ Th2 cells, particularly in their collaboration with tumor-
infiltrating eosinophils or due to direct anti-angiogenic effects of IL-4 (reviewed in Ellyard JI et al, 2007). 
T regulatory cells (Tregs) are potent immunosuppressive cells that promote progression of cancer 
through their ability to limit anti-tumor immunity and promote angiogenesis. The accumulation of Tregs 
in tumors correlates with biomarkers of accelerated angiogenesis such as VEGF overexpression and 
increased microvessel density, providing clinical cues for an association between Tregs and 
angiogenesis (reviewed in Facciabene A et al, 2012). 

2.1.2. Previous work on intussusceptive angiogenesis 

Intussusceptive angiogenesis is well documented and widely spread mode of angiogenesis, occurring 
both during normal development and in pathological conditions. In contrast  to  sprouting angiogenesis, 
whereby abluminal sprouts grow outwards and subsequently merge with the existing capillaries, 
intussusceptive angiogenesis is elaborated by intraluminal growth of endothelial cell processes. The 
latter protrude from the opposing sides of the vessel wall and form transluminal tissue pillar, 
representing endothelial bilayer, which is afterwards perforated and stabilized from outside by collagen  
bundles. Repetitive formation of pillars and their subsequent fusion lead to the splitting of vessels and 
vascular expansion. Increase in the girth of pillars forms meshes, thus splitting the vessel. 
Intussusceptive angiogenesis is a process linked to both blood vessel replication and remodeling in 
development. It is present within the regions of increased vascular density in alveolar angiogenesis 
during compensatory growth after pneumonectomy in a murine model of post-pneumonectomy lung 
growth (Konerding MA et al, 2012). The remodeling of the retiform meshworks in the avian lung was 
essentially accomplished by intussusceptive angiogenesis as well (Makanya AN et al, 2011).  

In addition to its developmental role, intussusceptive angiogenesis is well documented as a 
mechanism of vascular adaptation in response to different environmental stimuli. In the adult mouse 
retina it was reported as a main adaptive mechanism to chronic systemic hypoxia (Taylor AC et al, 
2010). These investigations contribute to our understanding of hypoxia-induced angiogenesis and 
microvascular remodeling. The process of intraluminal division participates in the inflammation-induced 
neovascularization associated with chemically induced murine colitis (Konerding MA et al, 2010). SEM 
of vascular corrosion casts demonstrated replication of the mucosal plexus without significant evidence 
of sprouting angiogenesis, whereas pillar formation and septation were present within days of the onset 
of inflammation. The authors conclude that intussusceptive angiogenesis is a fundamental mechanism 
of microvascular adaptation to prolonged inflammation. It is  also a mechanism of compensation 
for vascular growth. In capillary regression model of inflamed murine corneas the abrupt termination of 
capillary sprouting is followed by an intussusceptive response (Peebo BB et al, 2011). The capillary 
repair during kidney recovery in Thy1.1 nephritis was done by intussusceptive angiogenesis (Wnuk 
M et al, 2012). Inhibitors of angiogenesis and radiation induce compensatory changes in the tumor 
vasculature both during and after cessation of treatment. There is switch from sprouting to 
intussusceptive angiogenesis, which may be an adaptive response of tumor vasculature to cancer 
therapy that allows the vasculature to maintain its functional properties (Hlushchuk R et al, 2008; 
Hlushchuk R et al, 2011; Abdullah SE et al, 2012). Potential candidates for molecular targeting of this 
angioadaptive mechanism are yet to be elucidated in order to improve the currently poor efficacy of 
contemporary anti-angiogenic therapies. Important is the involvement of intussusceptive angiogenesis 
in pathological conditions. Vascular remodeling of the hepatic sinusoidal microvasculature in the 
course of liver nodular hyperplasia is a result of intussusceptive growth (Dill MT et al, 2012). This 
angiogenic mode is widely involved in tumor development. By using electron and confocal microscopy, 
Paku et al observed intraluminal nascent pillars that contain a collagen bundle covered by endothelial 
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cells (ECs) in the vasculature of experimental tumors (Paku S et al, 2011). Tumor angiogenesis in 
liver metastasis from colon carcinoma is a controversial subject. Ceauşu RA et al conclude that in liver 
metastasis principal mechanism of neovascularisation formation is based on intussusception (Ceauşu 
RA et al, 2011). In metastatic tumors of the brain there was intussusceptive angiogenesis, whereby 
the fibrosarcoma cells were attached to the vessel, filled the developing pillars and caused lumen 
splitting (Bugyik E et al, 2011). Branching angiogenesis was not observed either in the tumors or in 
control cerebral wounds. These data suggest that sprouting angiogenesis is not needed for the 
incipient growth of cerebral metastases and that tumor growth in this model is a result of incorporation 
of host vessels. Prolactin was found to directly stimulate angiogenesis in breast cancer progression, 
enhancing vessel density and the tortuosity of the vasculature by pillar formation, which are hallmarks 
of intussusceptive angiogenesis (Reuwer AQ et al, 2012). It is a preferred mode of angiogenesis in 
oral squamous cell carcinoma (Oliveira de Oliveira LB et al, 2013) and in hepatocellular carcinoma 
(Géraud C et al, 2013; Piguet AC et al, 2011).  

Despite this variety of intussusceptive angiogenic roles, most of the current research is focused on the 
mechanism of sprouting angiogenesis because this mechanism was first described and because most 
existing experimental models are related to sprouting angiogenesis. Consequently, the mechanism of 
intussusceptive angiogenesis is often overlooked in angiogenesis research (De Spiegelaere W et al, 
2012). Intussusception is an alternative to the sprouting mode of angiogenesis. The advantage of this 
mechanism of vascular growth is that blood vessels are generated more rapidly and the capillaries 
thereby formed are less leaky (Ribatti D et al, 2012). The regulation of intussusceptive angiogenesis is 
still to be elucidated. There are some hypotheses about the possible drivers of intussusception. In the 
sprouting type of angiogenesis related to hypoxia, there is no blood flow in the rising capillary sprout. In 
contrast, it has been shown that an increase of wall shear stress initiates the splitting type of 
angiogenesis in skeletal muscle (Styp-Rekowska B et al, 2011). Inflammation-associated 
intussusceptive angiogenesis in adult mice was associated with vessel angle remodelling and the 
morphometry of the vessel angles suggests the influence of blood flow on the location and orientation 
of remodeled vessels (Ackermann M et al, 2013). Regarding molecular regulation, very little is known 
for the molecular factors with potential significance. Application of the essential angiogenic factors 
VEGF and bFGF in arteriovenous loop model demonstrated advanced neovascularisation in the phase 
of remodelling by a higher incidence of intussusception, compared to control without these factors 
(Polykandriotis E et al, 2011). It was shown in Ewing sarcomas and rhabdomyosarcomas that 
treatment suppressing IGF-1 signaling decreases intussusceptive angiogenesis (Ackermann M et al, 
2012).   

2.1.3 Previos work on wall shear stress effect on intussusceptive angiogenesis 

Papers in literature suggest several biological components in cells that could sense the changes in 
mechanical quantities, such as glykokalyx in endothelial cells (Tarbell and Pahakis 2006; Barakat 
2008), force-induced unfolding of extracellular matrix proteins (Smith et al. 2007), the nucleus (Jaalouk 
and Lammerding 2009) etc. If endothelial cells are exposed to appropriate shear stress, it will induce 
the VEGFR-2 and stimulate the formation of appropriate receptors and gene transcriptions and activate 
pathways to stimulate the formation of new blood vessels (Dejana et al. 2000). Zhang et al. 2009 
suggested that tetraspanins, a protein family, has an important role in the process of angioadaptation. 
These proteins are membrane-spanning proteins that attach to other membrane-bound molecules such 
as cell-adhesion proteins, growth factor receptors, integrins etc. and this way they control important 
cellular processes (adhesion, migration, fusion). Per example, tetraspanins in connection with integrins 
can regulate and strengthen the process of adhesion when shear stress changes. On the macroscopic 
level, tetraspanins ensure that the development and functioning of the vascular system is normalized 
(Hemler 2008). Several authors suggested there is another important factor in the process of 
angiogenesis, primary cilium (Groenendijk BC et al, 2004; Van der Heiden K et al, 2006; Nauli SM et al, 
2008; Zhou, Q.et al, 2008). Cilium can detect the shear stress changes. Namely, it was detected that 
endothelial cells possess cilia, but that it disappears if cells are exposed to high values of shear stress 
(Iomini et al. 2004). Distribution of a high shear stress marker named Krüppel-like-factor-2 (KLF-2) and 
distribution of primary cilia and mutually inverse, i.e. primary cilia is detected in regions where KLF-2 is 
not expressed. This means that primary cilia appear in regions where shear stress is expected to be 
low (Van der Heiden et al. 19-28). 
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Yuan L et al found that shear stress up-regulated the secretion of stromal-derived factor-1 (SDF-1), 
which stimulated its receptor CXCR4 expression in hMSCs until the cells covered the wounded area 
(Yuan L et al, Stem Cells and Development 2013). Treatment with CXCL12 induced expression of both 
iNOS mRNA and protein in primary human CD8 T cells in a dose-dependent manner. Induction of iNOS 
expression in CD8 T cells was mediated by increased gene transcription. iNOS expression in infiltrating 
human CD8 T cells was spatially associated with CXCL12 expression both in the humanized mouse 
model of allograft artery rejection and in clinical specimens of coronary arteries displaying allograft 
vasculopathy (Choy J et al, J Heart Lung Transplant 2008). eNOS is activated by SDF-1α and is 
required for endothelial cell migration induced by SDF-1α (Pi X et al, PNAS 2009). Using BAECs the 
authors demonstrated that eNOS was phosphorylated by SDF-1 in a time- and dose-dependent 
manner. Taken together, these data suggest that eNOS moderates SDF-1- triggered cell migration. 
Shear stress induces SDF-1 expression as well. From another hand SDF-1 also induces eNOS 
expression – a marker of shear stress. 

These are some of the observed factors that either have certain influence on shear stress changes or 
that can detect these changes. But, additional analysis from the experimental point of view is 
necessary. Another tool that could be very helpful in gaining more knowledge about mechanical 
influence of blood flow on the process of angiogenesis are the numerical simulation techniques, such 
as the finite element method that can be used as a powerful tool to simulate blood flow and determine 
the distribution of shear stress, fluid velocity and pressure. The essential structural features of vessels 
are extracted from experimental data and the geometry for the computational model is created. The 
computational model is able to closely approximate the distribution of physical quantities, with the main 
goal to provide valuable information about the intravascular flow that could help regulate the process of 
intussusceptive angiogenesis (Filipovic et al 2009).   

2.2. PAST PERFORMANCE IN THE RESEARCH FIELDS 

The group of Valentin Djonov contributed immensely to the investigation of the angiogenic mechanisms 
during development and organ recovery after injury, as well as during tumor progression and spread. It 
is one of the first in the world making careful documentation of the features of intussusceptive 
angiogenesis. Since more than 15 years they have studied the steps and drivers of intussusception 
and have more than 150 publications in peer-reviewed journals with more than 4000 citations in high 
impact factor journals. A full list of publication can be obtained at 
http://www.ncbi.nlm.nih.gov/pubmed?term=djonov%20v. Recently Valentin Djonov together with 
Ivanka Dimova (Dimova I et al, 2013) have published results  indicating that Notch inhibition disturbs 
vessel stability and induces intussusceptive neo-angiogenesis, triggering in this way the augmentation 
of the capillary plexus but without the accompanying vascular maturation and remodeling (Figure 1). It 
was associated with extravasation of mononuclear cells of bone marrow origin possibly by up-
regulation SDF-1/CXCR4 chemotactic factors (Figure 2 and 3). The endothelial expression of SDF-1 
was detected in liver of Notch1 knockout mouse as well, whereby it was again associated with 
intussusception (Figure 4). 

The group of Valentin Djonov has already studied the influence of blood flow and hemodynamics forces 
on the process of intussusceptive angiogenesis and they performed experiments associated with 
vascular growth both in vitro and in vivo (Burri et al, 2004; Djonov et al, 2002; Makanya A et al, 2009; 
Djonov V et al, 2003). The role of blood flow in regulation of the process of IA was demonstrated in 
several experiments. One of them included occlusion of one of the dichotomous branches of an artery 
in the 16-day-old-CAMs microvasculature and the formation of new pillars was principally observed in 
those regions where blood flow was enhanced. Using this and many other experiments the group of 
Nenad Filipovic will simulate blood flow through blood vessels and provide necessary data to analyze 
the distribution of shear stress, as well as fluid pressure and velocity. The software for numerical 
simulations of fluid flow using a continuum based finite element method was developed in Center for 
Bioengineering at Faculty of Engineering (Kojic et al., 2008a; Kojic et al., 2008b) and was validated 
using the analytical solution for shear stress and velocities through a straight expanding tube  
(Filipovic et al., 2003). The alternative to the described continuum-based model is a discretized 
approach, using discrete methods, such as discrete particle dynamics (DPD) or lattice Boltzmann 
method (LBM). These discrete methods will also be applied if needed, to obtain more accurate results 
in microcirculation and to compare the results obtained using different approaches. 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=djonov%20v
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Fig. 1.  Inhibition of Notch signalling dramatically induces intussusceptive microvascular growth. (a) 
and (b) The vasculature of chick area vasculosa 24 h after different inhibitory treatments visualized by 
FITC  Dextran injection. Notch inhibition represented by different magnifications demonstrated very 
dense capillary meshwork y means of intussusception. (c) Microvascular area density increases 
considerably after Notch inhibition. Pillar density estimation demonstrated dramatic augmentation 
primarily after Notch suppression; arrows mark the pillars. 
 

 

 

    

 

               

Fig. 2. Extravasation of mononuclear cells after 
pericyte detachment—contribution to pillar formation. 
(a) Different stages of mononuclear cell extravasation 
6 h after GSI treatment of area vasculosa: attachment 
to the endothelium (1 and 2), para- or intracellular 
passage through the endothelium with invasion of the 
basement membrane (3). The number of extravasated 
mononuclear cells was about 6 times higher in Notch-
inhibited samples as compared to controls. (b) 
Transmission electron micrographs documented the 
significantly enlarged periendothelial space treated 
(asterisks) bounded by the detached pericytes (Pr) and 
their protrusions. Extravasating mononuclear cell (Mo) 
passing through the endothelial gap indicated by 
arrows. Right micrograph is a part of the left at a higher 
magnification. (c) Pillar reconstruction (3D) of serial 
semithin sections from GSI-area vasculosa (most 
important sections demonstrated below) revealing the 
extravasated mononuclear cells (green) in the vicinity 
of pillars; the vascular wall is indicated in red. (d) 
Ultrathin sections revealed cellular protrusions (double 
arrows) in the vicinity of the pillar and are most likely 
responsible for the collagen deposition (open arrows) 
which contributes to additional stabilization of the pillar 
and finally resistance to flow. Middle and right 
micrographs are parts of the left one at a higher 
magnification 
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Fig. 3. Injection of BMD cels in the area vasculosa after Notch inhibition (application site indicated by 
asterisk) dramatically induces increase in microvascular density by onset of IA (arrows, b is higher 
magnification of a). The area surrounding the application site represented normal vascular pattern 
similar to the one observed in the controls. c Microvascular area density increases significantly by 80 % 
after injection of BMD cells in Notch-inhibited samples in comparison with injection of BMD cells in PBS 
(p\0.01, n = 6). Pillar density demonstrated dramatic augmentation by 63 % compared to the Notch 
inhibition alone and more than 400 % as compared to PBS (p\0.001, n = 6) 

 

 

 

 

 

 

 

 

 

 

 

 

Center for Bioengineering at Faculty of Engineering, University of Kragujevac, already performed 
similar analysis using experimental data obtained from mouse colon (Filipovic et al., 2009). Fig. 5 
shows some of the obtained results. Figure 5A shows the experimental images during the process of 
intussusceptive angiogenesis and Figures 5B,C, and D show the obtained spatial distribution of velocity 
and shear stress (Lee et al 2010). 

  

Fig. 5. 3D computational flow modeling of an acute angle bifurcation (5 degrees) in the CAM (CAM 
(chorioallantoic membrane), (Lee et al 2009). 

Fig. 4. Vascular casts revealed predominant 
mode of intussusceptive angiogenesis in liver 
nodular regeneration after Notch1 knockout 
(c) compared to wild type mouse (a); the 
arrows show pillars. Immunofluorescence for 
SDF-1 demonstrated strong sinusoidal 
positivity for this marker only in Notch1 
knockout mouse (d) but not in the wild type 
(b). 
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The research field of group led by Vladislav Volarevic is investigation of molecular and cytokine 
pathways involved in macrophage, T/NKT and dendritic cell mediated pathology. They established the 
role of IL-33/ST2 signaling pathway in T/NKT cell mediated liver injury (Volarevic V et al, 2012) and 
experimental autoimmune encephalomyelitis (Milovanovic M et al, 2012) and emphasized the role of IL-
33/ST2 axis in autoimmune and malignant disease (reviewed in Milovanovic  et al, 2012). They were 
first to show that galectin-3 plays an important pro-inflammatory role in several autoimmune and 
malignant diseases by promoting the activation and migration of T lymphocytes, NKT cells and DCs, 
secretion of proinflammatory cytokines, down-regulating M2 macrophage polarization and apoptosis of 
mononuclear cells (Volarevic V et al, 2012, Radosavljevic G et al, 2012) and that mesenchymal stem 
cells have immunomodulatory characteristics (Volarevic V et al, 2011, Volarevic V et al, 2013 and 
Volarevic et al, 2011) creating immunosuppressive environment and promote breast cancer in mice 
through interaction with T regulatory cells, CD8+ T and NK cells (Ljujic B et al, 2013).  

All techniques that will be needed to determine the effect of different mononuclear cells on 
intussusception (determination of phenotype/activation/maturation status and cytokine/chemokine 
production of tumor infiltrating mononuclear cells) such as flow cytometry, real-time PCR, western 
blotting, ELISA, immunohistochemistry, immunofluorescence, cell sorting, passive transfer experiments 
have already been performed and majority of tools (monoclonal and depletion antibodies, primers, 
tetramers, ELISA sets) are already supplied in Centre for Molecular Medicine and Stem Cell Research 
University of Kragujevac. At this point of view, there are not any potential obstacles for successful 
realization of this project. 

2.3. SIGNIFICANCE OF THE PLANNED RESEARCH FOR THE SCIENTIFIC COMMUNITY 

The group of Valentin Djonov has added significant findings to the field of angiogenesis with particular 
emphasis on intussusceptive vascular growth, its specific morphological characteristics and its 
involvement in early development and tumors as such to the current state of the art. In this project 
there is now a unique opportunity to build upon that and make significant progress towards the 
new knowledge for its cellular and molecular mechanism. CELLS IN ANG represents an 
innovative, perspective work associated with ambitious tasks.   

CELLS IN ANG will  endeavour to access the specific populations of bone marrow-derived/peripheral 
blood cells. CELLS IN ANG recognizes the biologic potential of these cells and aims to define their role 
in the mechanism of intussusceptive angiogenesis. Although the recent evidence suggests that there is 
a selection and migration of pro-angiogenic BMD cells towards angiogenic sites (i.e. tissue injury and 
tumors) there is currently no consistent data about the mechanism of their angiogenic activity and no 
direct comparison of angiogenic properties for different subpopulations of cells. Moreover, the exact 
role of the main chemokine player SDF-1/CXCR4 pathway in angiogenesis is still elusive. CELLS IN 
ANG will use the highly potent models of in vivo angiogenesis (chicken extraembryonic vasculature and 
zebrafish) along with mouse models and perform comprehensive analysis for the role of BM cells and 
crucial for their migration and homing signalling SDF-1/CXCR4 in the mechanism of intussusceptive 
angiogenesis. To our knowledge this is the first study addressing this important research topic. It will be 
the first mechanistically performed analysis that will provide us with two important types of  information: 
1) the potential of SDF-1/CXCR4 signaling to induce intussusceptive angiogenesis and 2) how specific 
cell subpopulations participate in this angiogenic mode. Present data from analysis of monocytes 
recruitment to ischemic tissues suggest that it can occur without incorporation or differentiation into 
vascular lineages, assuming their important role in neovascularization by some alternative mechanism 
of angiogenesis [57-58]. Morphological analysis of samples will represent important tool to prove the 
occurrence of intussusceptive angiogenesis with respect to BMD/PB cells and SDF-1/CXCR4 signaling. 
In conjunction with the molecular-biological analyses CELLS IN ANG will enable us to compare 
phenotype and function of bone marrow-derived/peripheral blood cells in regard to 
intussusception and provide new biologic information on pro-angiogenic characterization of 
these cells.    

Only recently the bone marrow-derived monocytes have been related to VEGF-independent 
angiogenesis [Botta C et al 2013, Cancer Biol Ther]. The analysis proposed by CELLS IN ANG may be 
far more explanatory. The members of Djonov’s group are among few researchers worldwide with the 
capacity for analysis of intussusceptive angiogenesis. The special and unique spectrum of 
sophisticated technologies employed by the group is especially suited for the detailed 
morphological/cellular analysis of the angiogenic mode. We will perform this analysis concomitantly in 
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chicken area vasculosa, zebrafish and mouse model, and will analyse and reveal distinct 
characteristics in both cellular and molecular level of this special angiogenic growth. It will allow to 
actually identifying the specific fraction of cells exhibiting pillar formation capacity, which represent the 
hallmark of intussusception. A very important strength is, therefore, combining design of the study with 
technical possibilities in order to perform this challenging analysis, which may prove as a powerful tool 
for understanding of mechanisms of intussusceptive angiogenesis. Moreover, taking advantage of the 
possibility to modulate SDF-1/CXCR4 signaling, CELLS IN ANG will generate new information on 
possible mechanisms of interference on intussusception through the modulation of chemokine 
pathways. 

All aspects of CELLS IN ANG work will have the potential to develop towards targeted therapies. 
Understanding VEGF-independent mechanisms of angiogenesis could aid to explain why currently 
available anti-angiogenic therapy by Bevacizumab still represents a low- or non-effective therapy. The 
better insight in the angiogenic process provides the basis for the identification of potential new drug 
targets taking into account, that CELLS IN ANG will perform a very detailed morphological and 
phenotypic analysis of the bone marrow-derived/peripheral blood cells in regard to intussusceptive 
angiogenesis. The ultimate goal of this effort will be to provide the basis for the design of very novel 
therapies. 

As already indicated above, the research of specific interactions of bone marrow-
derived/peripheral blood cells with intussusceptive vascular growth is very novel, and will have 
the potential not only to establish for the first time which cells play an important role in mechanism of 
intussusception and essentially contribute to development of pillars, but also to intervene with these 
specific interactions and evaluate novel therapeutic targets. 

Using the previous knowledge and experimental findings, the assumption was made that 
intussusceptive angiogenesis is influenced by the appropriate changes in mechanical forces derived 
from the blood flow. Video recordings and other relevant data about blood vessels in a field of view will 
be gathered during experiments. Then the off-line analysis with special software will be performed to 
obtain the geometry of these vessels. Using the numerical simulation software all relevant 
hemodynamic parameters will be calculated. This will allow us to gain valuable quantitative information 
and enable a detailed investigation of the dependance of intussusceptive vessel growth of the blood 
flow. Also, performing several simulations with variable pillar diameter, it is possible to analyze the 
changes in shear stress distributions and to draw additional conclusions that could potentially help in 
the regulation of the process of pillar extension.  

The outcomes of the CELLS IN ANG as a whole may strengthen the association between the 
previously published findings, enabling to: 

 [1] Establish a better understanding for the role of bone marrow-derived mononuclear cells in 
angiogenesis, in particular intussusception. 

[2] Identify the next steps towards the development of better therapeutic strategies. 

[3] Define the  relationship between hemodynamic parameters and the structural changes in the 
process of intussusceptive angiogenesis.  

2.4. DETAILED RESEARCH PLAN 

The first part (Aim 1) of our project will deal with the property of SDF-1/CXCR4 signaling to induce and 
participate in intussusceptive angiogenesis and the potential to influence angiogenic growth by 
manipulating this pathway. The second part (Aim 2) will try to elucidate the contribution of different 
fractions of mononuclear cells for intussusceptive angiogenesis, using liver model of intussusceptive 
angiogenesis with SDF-1 positive endothelium. Impact of SDF-1 and mononuclear cells on tumor 
angiogenesis will be investigated as well (Aim 3). The Aim 4 is dealing with computational 
investigations of shear stress/flow in intussusceptive angiogenesis. 

Aim 1. To study the role of SDF-1/CXCR4 signaling in intussusceptive angiogenesis  

Preliminary data & rationale: First we aim to show that SDF-1 induces intussusceptive angiogenesis 
by recruitment of mononuclear cells. We recently generated results for induction of intussusception 
after injection of bone marrow derived mononuclear cells in Notch inhibited samples of chicken area 
vasculosa (Dimova I et al, 2013). This was associated with an increase in the expression levels of 
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chemotaxis factors SDF-1 and CXCR4. Pharmacological and genetic manipulations of this pathway 
seems a good combination of approaches which could be used for prove of its involvement in 
intussusceptive angiogenesis.  

Aim 1a. To investigate vascular morphogenesis in chicken area vasculosa upon stimulating and 
inhibiting SDF1/CXCR4 signaling 

Hypothesis: Administration of SDF-1 could support revascularization of ischemic tissues by means of 
intussusception, whereas inhibition of CXCR4 may provide an effective means to block intussusceptive 
angiogenesis. 

Rationale: SDF-1–positive endothelium was found lining the newly formed intraluminal vessels in 
lobular capillary hemangiomas (Morrow D et al, 2007), possibly these were sites of pillar formation. 
Wrag et al. demonstrated that transplantation of rat bone marrow-derived progenitor cells, positive for 
VEGFR1 and CXCR4, in ischemic hind limbs increased capillary density by a SDF-1 dependent 
manner, but did not differentiate into vascular structures like endothelial cells or smooth muscle cells 
(Williams CK et al, 2008). In our previous study, we observed up-regulation of SDF-1 and CXCR4 after 
Notch inhibition being in association with intussusceptive angiogenesis. The latter factors are most 
probably essential for the recruitment of mononuclear cells, participating in the formation of pillars. 
Thus, inhibition of CXCR4 may provide an effective means to block intussusceptive 
angiogenesis, whereas administration of SDF-1 could support revascularization of ischemic 
tissues by means of intussusception. 

Aim 1b. To study the formation of caudal vein plexus in zebrafish with depleted SDF-1 

Hypothesis: Depletion of SDF-1 by morpholino could affect the formation of caudal vein plexus, which 
is normally formed by means of intussusception.  

Rationale: Recently Djonov V. et al have clearly demonstrated that the honeycomb-like vascular 
network in zebrafish, which is ventral expansion of the axial vein and is termed caudal vein plexus 
(CVP), is formed and organized by intussusception, since the appearance of characteristic pillars was 
live-imaged and monitored (data not published). Surprisingly, an increasing numbers of round cells with 
the morphology of hematopoietic precursors or lymphocytes (scant cytoplasm and a round nucleus with 
condensed clumps of chromatin) were noticed in this area (Murayama E et al, 2006). This 
hematopoietic population paralleled the development of the CV plexus and its further evolution into a 
single caudal vein. In addition, SDF-1 expression was detected by in situ hybridization in exactly the 
same region by Walters et al (2010). We plan to investigate how the caudal vein plexus will be 
formed after depletion of SDF-1 by morpholino in zebrafish embryo. 

Experimental design: The chicken area vasculosa will be inhibited by GSI which induces 
intussusception as it is described in our previous publication (Dimova I. et al, 2013). Three groups will 
be investigated: in the first group CXCR4 will be blocked by AMD3100 together with Noth inhibition 
(=GSI+AMD3100), the second group will be treated only with AMD3100 (no GSI) and the third group 
will remain untreated. Recombinant SDF-1 protein will be applied to stimulate the signaling in vivo. The 
protocol is already established in the lab. The methodology for vessel investigation in zebrafish is well 
established in the lab of V. Djonov (Hlushchuk R et al, Nat Methods, submitted for publication). SDF-1 
depletion will be achieved by injection of morpholino into the yolk of 1- to 2-cell–staged embryos as it is 
described in the literature (Walters et al 2010).  

End points & methodological approaches: All available methods for investigation of permeability, 
extravasated cells, morphology and intussusception in chicken area vasculosa will be applied - in vivo 
microscopy, serial semithin sectioning, immunohistochemistry (IHC), immunofluorescence (IF), 
transmission electron microscopy (TEM), scanning electron microscopy (SEM). The efficacy of 
inhibition/overexpression will be evaluated by real-time RT-PCR as well as by immunoblotting. We will 
determine vascular morphogenesis in chicken area vasculosa under treatm ent by SDF-1 and upon 
inhibition of SDF-1/CXCR4 signaling by AMD3100; establish the angiogenic mode during the formation 
of caudal vein plexus in zebrafish with depleted SDF-1. The essential quantitative parameters such as 
vascular density and pillar number per vessel area will be routinely done, as they are described by 
Djonov group (Makanya A et al, 2007). Tie2-gfp zebrafish up to 72 hpf (hours post fertilization) will be 
used for the monitoring of vessel formation after SDF-1 depletion by morpholino using an 
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epifluorescence microscope (Polyvar-Reichert, Glattbrugg, Switzerland) equipped with a Canon 5D 
Mark II camera for both video recording and taking of still images. 

Aim 2. To study the role of different BMD and PB cells for intussusceptive angiogenesis in liver 
model with endothelial positivity for SDF-1  

Preliminary data & rationale: In a recent investigation of the group Djonov (Dimova I. et al, data not 
published), expression of SDF-1 was detected in sinusoidal endothelium of Notch1 KO mouse, which 
was previously shown to increase intussusceptive microvascular growth in the liver (Dill et al, 2012). 
The expression of SDF-1 exerted dynamical changes with the time. By day 8 its expression was 
already extensively spread on all sinusoids with high intensity. In comparison, wild type mouse liver 
didn’t present any positivity for SDF-1 expression at the same time point. These results suggest that 
vessel-derived SDF-1 may be responsible for intussusceptive vascular remodeling in the liver of Notch1 
KO mouse. 

Since it is well known that blocking of SDF-1/CXCR4 axis results in prevention or delay of tumor 
recurrence after irradiation by inhibiting the recruitment of CD11b+ monocytes/macrophages that 
participate in tumor revascularization (Tseng D et al, 2011), we will examine the presence and the 
role of macrophages in the process of intussusceptive angiogenesis. Since it was recently shown 
that blockade of CXCR4 and iNOS is able to inhibit lung metastases in a xenotransplanted mouse 
model of adenoid cystic carcinoma of the oral floor (Takaoka K et al, 2013), it will be interesting to 
determine the interplay between neutrophils, NO and SDF-1/CXCR4 axis during the process of 
intussusceptive angiogenesis. It is known that CXCR4 is expressed on eosinophils (Dulkys Y et al, 
2004) and concentrations of SDF-1 correlates with eosinophil recruitment (Negrete-García MC et al, 
2010), thus one of aims of this study is to determine the effects of SDF-1 on recruitment and 
activation of eosinophils during intussusceptive angiogenesis. Since it is known that SDF-
1/CXCR4 signaling has pivotal role in mast cell (MC) recruitment in tumor tissue (Polajeva J et al, 
2011) and that MC produce pro-angiogenic chemokines in response to SDF-1 (Lin TJ et al, 2001), in 
this study we are going to investigate the role of SDF-1/CXCR4 axis on mast cell recruitment in 
intussusceptive angiogenesis. As CXCR4+ dendritic cells (DC) promote angiogenesis during embryo 
implantation in mice (Barrientos G et al 2013) and CXCR4 is known as critical chemokine receptor for 
migration of plasmacytoid DC (Umemoto E et al, 2012), it will be of particular interest to determine 
the impact of SDF-1/CXCR4 axis on activity of DC during the process of intussusceptive 
angiogenesis. Although it is well known that CXCR4 is expressed on both NK and NKT cells and 
regulates their migration in inflamed and tumor tissues in response to SDF-1 (Robertson MJ, 2002 and 
Lindau D, 2013), the role of SDF-1/SCXR4 axis in NK/NKT cell mediated angiogenesis is 
unknown and will be investigated during this study. SDF-1/CXCR4 signaling is important for 
migration and activation of T cells (Patrussi L et al, 2008). However, the role of SDF-1/CXCR4 
signaling in T cell mediated angiogenesis is unknown and will be determined in this study, 
particularly its role in the process of intussusceptive angiogenesis. Since B cells promote tumor 
progression via STAT-3 regulated-angiogenesis (Yang C et al, 2013) and SDF-1/CXCR4 axis is 
essential for B-lymphocyte production (reviewed in Nagasawa T et al, 2000) and maintenance of B-cell 
homeostasis (Mountz JD et al, 2011), in this study we will explore the role of SDF-1/CXCR4 
signaling for B-cell activity in intussusceptive angiogenesis. 

Hypothesis: Specific BMD and PBM cells may have different contribution to the mechanism of 
intussusceptive angiogenesis. 

Experimental design: The Notch1 KO model of intussusceptive angiogenesis (Dill et al, 2012) will be 
used for studying the participation of different bone marrow derived/peripheral blood cells in this 
angiogenic mode in relation to SDF-1. Material will be collected from mouse liver of Notch1 KO and WT 
mouse at time points day 2, day 6, day 8 and day 14. For all these days we have vascular casts and 
quantitative data for intussusceptive angiogenesis.  Temporal evolution of the angiogenesis-linked 
factors (SDF-1/CXCR4; FGF2-R and FGF2; PDGF-B and PDGFRβ; VEGF and VEGF-Rs 1 and 2; HIF 
-1α) will be evaluated by immunohistochemistry, Western blotting and RT-PCR. Additionally, profile of 
inflammatory mediators involved in angiogenesis will be determined by ELISA and real-time PCR. 

Macrophage inflammatory protein (MIP)-1, monocyte chemotactic protein (MCP)-1, keratinocyte-

derived chemokine (CXCL1/KC), VEGF, TNF-alpha, IL-1, CCL11, bFGF, GM-CSF, PDGF, TGF-β, IL-
6, IL-8, CoX2, PDGF-β, MMP7, MMP9, MMP12, IL-10, IFN-γ, IL-12, IL-4, IL-17 and IL-23 will be 
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measured in sera and liver tissues of experimental mice. The material from KO and WT mouse will be 
used for the investigation of different cell types and activities. If results obtained in vivo show that there 
is significant difference in cytokine/chemokine profile of macrophages, T lymphocytes and/or NKT cells 
isolated from KO and WT mice, we will stimulate these cells in vitro (by using IFN-gamma (150 U/ml) 
and LPS (10 ng/ml) for macrophage activation, anti-mouse CD3e, clone 145-2C11 (0.5-0.1 µg/mL), 
anti-mouse CD28, Clone 37.51 (2 ug/mL) and Concanavalin A (1-4 µg/mL) for stimulation of T cells, α-
GalCer (100 ng/ml in 0.1% DMSO) for stimulation of NKT cells) according to manufacturer’s 
instructions and previously published protocols (Tomura M et al, 1999 and Mosser DM et  al, 2008) and 

we will determine the level of cytokines/chemokines (MIP-1, MCP-1, CXCL1/KC, VEGF, TNF-alpha, 

IL-1, CCL11, bFGF, GM-CSF, PDGF, TGF-β, IL-6, IL-8, CoX2, PDGF-β, MMP7, MMP9, MMP12, IL-
10, IFN-γ, IL-12, IL-4, IL-17 and IL-23) in supernatants by ELISA test. Also, the impact on NK cell 
activity on intussusceptive angiogenesis of liver will be evaluated by depletion of NK cells, which will be 
done in vivo by using anti-asialo GM1 antibody. If we find any difference in percentage, absolute 
number and/ or cytokine profile of liver infiltrating NKT cells in KO and WT mice, we will conduct 
passive transfer experiments in which sorted NKT cells pooled from KO and WT mice will be adoptively 
transferred in WT and KO mice, respectively (1x106 NKT cells/mouse). If we find that SDF-1 modulate 
DC maturation, phenotype and/or angiogenic activity, we will try to modulate intussusceptive 
angiogenesis in liver by passive transfer experiments in which sorted DC cells, pooled from KO and WT 
mice, will be adoptively transferred in WT and KO mice, respectively (5x105 DC cells/mouse). 

End points & methodological approaches: Using the methodology of flow-cytometry, western blot, 
real-time–PCR, immunofluorescence and immunohistochemistry we will determine: (1) the relative and 
absolute number of VEGF, bFGF, TNF-alpha, IL-1β, IL-8, CoX2, PDGF-β, MMP7, MMP9 and MMP12-
producing CD11b+ and F4/80+ macrophages, expressing activation markers CD80 and CD86; (2)  
presence of CD66a+, CD66b+, CD11b+ and CD14+ neutrophils and the release of NO, superoxide 
dismutase, total glutathione and reactive oxygen species from activated neutrophils; (3) eosinophil 
infiltration in liver by Congo staining, immunohistochemistry (using antibodies recognizing mouse major 
basic protein) and fluorescence-activated cell sorting for the expression of Siglec-F, F4/80, CD11b, and 
Gr-1; (4) the percentage and absolute number of bFGF, IL-6, IL-8, GM-CSF, PDGF, TGF-β and MMP9- 
producing cells in the population of sorted eosinophils; (5) the presence of mast cells in liver by 
adapted method of Strobel, Miller, and Ferguson as well as basic Giemsa or toluidine blue staining, 
while flow cytometry will be used for counting VEGF, bFGF, MMP9, TNF-α, TGF-β, CCL2, IL-8 -
producing liver infiltrating CD34+ FcεR+ mast cells; (6) the presence of VEGF, CXCL1, CXCL2, 

CXCL3, CXCL5, TNF-alpha, IL-12, IFN-gamma, IL-1, IL-6, IL-8- producing CD11c+ dendtritic cells in 
liver samples, also maturation (expression of CD40, CD80, CD86), regulatory (CD11c+CD8+) and 
inflammatory phenotype (CD11b+Gr-1+, MHC class II+ and/or CD1d+) of liver infiltrating DC; (7) the 
percentage and absolute number of TNF-α, IFN-γ, IL-4, IL-17 and IL-10 producing NK1.1+ NK cells; (8) 
the relative and absolute number of TNF-alpha, IFN-gamma, IL-4, IL-10, IL-17- producing CD4+ T-
cells, IFN-gamma-producing CD8+CTLs, TGF-beta, IL-10 and VEGF-producing CD4+CD25+Foxp3+ T-
cells; (9) the infiltration of STAT-3+ CD19+ B cells.  

Aim 3. To study the role of SDF-1 and mononuclear cells for tumor angiogenesis and tumor 
growth  

Preliminary data & rationale: In a recent investigation of the group of Djonov (Hlushchuk R et al, 
2008), mice bearing xenogratfts of MMTV/c-neu mammary adenocarcinomas underwent either 
radiotherapy or treatment with the VEGF-receptor tyrosine-kinase inhibitor PTK787 (Novartis Pharma). 
The post-treatment period was characterized by several key events, which together acted as an escape 
mechanism: tumour recovery after radiotherapy is associated with intussusceptive microvascular 
growth. Quantification of the evaluation of the newly-formed pillars after either irradiation or treatment 
with PTK 787 revealed an angiogenic switch from sprouting to intussusception. 

Experimental design: The tumor model of intussusceptive angiogenesis (Hlushchuk R et al, 2008) will 
be used for studying the expression of SDF-1 after different treatment and together with 
intussusceptive angiogenesis. In treated and non-treated groups TAMRA-labeled bone marrow-derived 
mononuclear cells, identified as crucial from the Aim 2, will be injected intravenously before treatment 
and their localization will be observed after sacrificing the mice on days 5, 9 and 14 after the onset of 
treatment. 
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End points & methodological approaches: Temporal evolution of the angiogenesis-linked factors 
(SDF-1/CXCR4; FGF2-R and FGF2; PDGF-B and PDGFRβ; VEGF and VEGF-Rs 1 and 2; HIF -1α) 
will be evaluated by immunohistochemistry, Western blotting and RT-PCR in treated and non-treated 
tumors. All relevant methodologies are routinely implemented in the laboratory. The cells with already 
defdined implementation in IA from previous Aim will be labeled by TAMRA and injected in mice. Their 
recruitment will be observed by fluorescent microscopy after sacrificing the mice on days 5, 9 and 14 
after the onset of treatment.  

Aim 4: To perform numerical simulations and calculate shear stress distribution 

Short description: The group of Djonov performed experiments in which they proved that mechanical 
forces induced by blood flow when one of the branches of the artery is blocked lead to the increase of 
pillar formation in the remaining regions. Thus, there is a connection between the type of flow through 
the vessels (laminar, turbulent, oscillatory, pulsatile, steady) and the intensity of mechanical forces with 
gene expression and further with pillar formation. But this connection is not entirely analyzed and here 
numerical simulations can help providing additional useful information about blood flow.  

Rationale: In order to provide a detailed analysis of the spatial distribution of physiologic forces and 
shear stress, a 3D computational model of the intraluminal intussusceptive pillar will be developed. The 
simulations will be performed using a continuum based model. The fluid flow will be modelled using 
finite element method. The system of equations that is solved is given by: 
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where the summation is assumed on the repeated (dummy) indices (i,j=1,2,3). The first equation is the 
Navier-Stokes equation, that represents the balance of linear momentum, and the second equation is 
the continuity equation, that ensures the incompressibility condition. In both equations blood velocity in 

direction ix  is denoted by iv , fluid density is denoted by   and dynamic viscosity is denoted by  . 

Wall shear stress actually represents the viscous force that is acting tangentially on the vessel wall. In 

numerical simulations wall shear stress is calculated as:
 n

vt







  (3) where tv


 represents the 

tangential velocity and n


 is the normal direction at the vessel wall. First the tangential velocity is 

calculated at the mesh points near the wall and then the velocity gradient is evaluated using the 

calculated quantities. Finally, three components of the wall shear stress vector are obtained  zyx  ,, . 

The effective value of wall shear stress at the finite element mesh nodes can be calculated as: 

222
zyxeff    (4) 

Using experimental data the geometry for the computational model will be created. The obtained fields 
of blood velocity, pressure and shear stress will be compared with the observed vascular morphological 
changes, to determine more details about the connection between these two phenomena.  
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2.5. INDIVIDUAL TASKS AND RESPONSIBILITIES 

 

Milestone Associated 
activity 

Expected duration  Responsible project 
partner 

1. Determine vascular morphogenesis 
in chicken area vasculosa under 
treatment by SDF-1  

RTD, 
Dissemination 

1 - 6 months VD, ID 

2. Determine vascular morphogenesis 
in chicken area vasculosa upon 
inhibition of SDF-1/CXCR4 signaling 
by AMD3100 

RTD, 
Dissemination 

1 - 6 months VD, ID 

3. Establish the formation of caudal 
vein plexus in zebrafish with depleted 
SDF-1  

RTD, 
Dissemination 

1 - 12 months VD, ID 

4. Determine the SDF-1 endothelial 
expression and its correlation with 
intussusception in the mouse model  

RTD, 
Dissemination 

1 - 36 months VD, ID 

5. Determine macrophage activity in 
the process of intussusceptive 
angiogenesis of liver 

RTD, 
Dissemination 

12 – 24 months VD, VV 

6. Determine the role of neutrophils in 
intussusceptive angiogenesis of liver 

RTD, 
Dissemination 

12 – 24 months VD, VV 

7. Determine eosinophil infiltration in 
liver with intussusceptive angiogenesis 

RTD, 
Dissemination 

12 – 24 months VD, VV 

8. Determine the presence of mast 
cells in liver with intussusception 

RTD, 
Dissemination 

12 – 24 months VD, VV 

9. Investigate migration and activation 
of dendritic cells (DC) in the process of 
intussusceptive angiogenesis of liver 

RTD, 
Dissemination 

24 – 36 months VD, VV 

10. Analyze the percentage and 
absolute number of IFN-gamma and 
TNF alpha producing NK1.1+ NK cells 
in liver 

RTD, 
Dissemination 

24 – 36 months VD, VV 

11. Determine T cell activity in the 
process of intussusceptive 
angiogenesis of liver 

RTD, 
Dissemination 

24 – 36 months VD, VV 

12. Analyze the infiltration of STAT-3+ 
CD19+ B cells in liver samples with 
intussusceptive angiogenesis 

RTD, 
Dissemination 

24 – 36 months VD, VV 

13. Definition of geometrical model for 
intraluminal intussusceptive pillar 

RTD, 
Dissemination 

1 - 6 months NF 

14. Definition of boundary conditions 
of the intraluminal intussusceptive 
pillar 

RTD, 
Dissemination 

6 - 12 months VD, NF 

15. Results for 3D computational 
model of the intraluminal 
intussusceptive pillar and comparison 
with experiments 

RTD, 
Dissemination 

12 - 36 months VD, ID, VV, NF 

 

VD – Valentin Djonov; ID – Ivanka Dimova; VV – Vladislav Volarevic, NF – Nenad Filipovic 
 



 - 19 - 

 19 

2.6. REFERENCES 

 
1. Abdullah SE, Perez-Soler R. Mechanisms of resistance to vascular endothelial growth factor blockade. Cancer. 2012 

Jul 15;118(14):3455-67.   
2. Ackermann M, Morse BA, Delventhal V, Carvajal IM, Konerding MA. Anti-VEGFR2 and anti-IGF-1R-Adnectins inhibit 

Ewing's sarcoma A673-xenograft growth and normalize tumor vascular architecture. Angiogenesis. 2012 
Dec;15(4):685-95.  

3. Ackermann M, Tsuda A, Secomb TW, Mentzer SJ, Konerding MA. Intussusceptive remodeling of vascular branch 
angles in chemically-induced murine colitis. Microvasc Res. 2013 May;87:75-82.  

4. Asahara T, Murohara T, Sullivan A, Silver M, van der Zee R, Li T, Witzenbichler B, Schatteman G, Isner JM. Isolation 
of putative progenitor endothelial cells for angiogenesis. Science. 1997 Feb 14;275(5302):964-7.Zhao YH et al, 2013 

5. Askari AT, Unzek S, Popovic ZB, Goldman CK, Forudi F, Kiedrowski M, Rovner A, Ellis SG, Thomas JD, DiCorleto 
PE, Topol EJ, Penn MS. Effect of stromal-cell-derived factor 1 on stem-cell homing and tissue regeneration in 
ischaemic cardiomyopathy. Lancet. 2003 Aug 30;362(9385):697-703. 

6. Barakat AI. Dragging along: the glycocalyx and vascular endothelial cell mechanotransduction. Circ Res. 2008 Apr 
11;102(7):747-8. 

7. Baum O, Da Silva-Azevedo L, Willerding G, Wöckel A, Planitzer G, Gossrau R, Pries AR, Zakrzewicz A. Endothelial 
NOS is main mediator for shear stress-dependent angiogenesis in skeletal muscle after prazosin administration. Am 
J Physiol Heart Circ Physiol. 2004 Nov;287(5):H2300-8. 

8. Baum O, Suter F, Gerber B, Tschanz SA, Buergy R, Blank F, Hlushchuk R, Djonov V (2010) VEGF-A promotes 

intussusceptive angiogenesis in the developing chicken chorioallantoic membrane. Microcirculation  17(6):447-57  
9. Blanco R, Gerhardt H. VEGF and Notch in tip and stalk cell selection. Cold Spring Harb Perspect Med. 2013 Jan 

1;3(1):a006569. 
10. Bongrazio M, Baumann C, Zakrzewicz A, Pries AR, Gaehtgens P. Evidence for modulation of genes involved in 

vascular adaptation by prolonged exposure of endothelial cells to shear stress. Cardiovasc Res. 2000 Aug;47(2):384-
93. 

11. Britten MB, Abolmaali ND, Assmus B, Lehmann R, Honold J, Schmitt J, Vogl TJ, Martin H, Schächinger V, Dimmeler 
S, Zeiher AM. Infarct remodeling after intracoronary progenitor cell treatment in patients with acute myocardial 
infarction (TOPCARE-AMI): mechanistic insights from serial contrast-enhanced magnetic resonance imaging. 
Circulation. 2003 Nov 4;108(18):2212-8. 

12. Bugyik E, Dezso K, Reiniger L, László V, Tóvári J, Tímár J, Nagy P, Klepetko W, Döme B, Paku S. Lack of 
angiogenesis in experimental brain metastases. J Neuropathol Exp Neurol. 2011 Nov;70(11):979-91.  

13. Burri, P. H., R. Hlushchuk, and V. Djonov. "Intussusceptive angiogenesis: its emergence, its characteristics, and its 

significance." Dev.Dyn. 231.3 (2004): 474-88. 
14. Buschmann I, Pries A, Styp-Rekowska B, Hillmeister P, Loufrani L, Henrion D, Shi Y, Duelsner A, Hoefer I, Gatzke N, 

Wang H, Lehmann K, Ulm L, Ritter Z, Hauff P, Hlushchuk R, Djonov V, van Veen T, le Noble F. Pulsatile shear and 

Gja5 modulate arterial identity and remodeling events during flow-driven arteriogenesis. Development. 2010 
Jul;137(13):2187-96.;  

15. Ceauşu RA, Cîmpean AM, Gaje P, Gurzu S, Jung I, Raica M. CD105/Ki67 double immunostaining expression in liver 
metastasis from colon carcinoma. Rom J Morphol Embryol. 2011;52(2):613-6.  

16. Choy JC, Yi T, Rao DA, Tellides G, Fox-Talbot K, Baldwin WM 3rd, Pober JS. CXCL12 induction of inducible nitric 
oxide synthase in human CD8 T cells. J Heart Lung Transplant. 2008 Dec;27(12):1333-9.  

17. Cochain C, Rodero MP, Vilar J, Récalde A, Richart AL, Loinard C, Zouggari Y, Guérin C, Duriez M, Combadière B, 
Poupel L, Lévy BI, Mallat Z, Combadière C, Silvestre JS. Regulation of monocyte subset systemic levels by distinct 
chemokine receptors controls post-ischaemic neovascularization. Cardiovasc Res. 2010 Oct 1;88(1):186-95. 

18. De Spiegelaere W, Casteleyn C, Van den Broeck W, Plendl J, Bahramsoltani M, Simoens P, Djonov V, Cornillie P. 

Intussusceptive angiogenesis: a biologically relevant form of angiogenesis. J Vasc Res. 2012;49(5):390-404. 
19. Dejana E, Lampugnani MG, Martinez-Estrada O, Bazzoni G. The molecular organization of endothelial junctions and 

their functional role in vascular morphogenesis and permeability. Int J Dev Biol. 2000;44(6):743-8.  
20. Dill MT, Rothweiler S, Djonov V, Hlushchuk R, Tornillo L, Terracciano L, Meili-Butz S, Radtke F, Heim MH, Semela 

D (2012) Disruption of Notch1 induces vascular remodeling, intussusceptive angiogenesis, and angiosarcomas in 
livers of mice. Gastroenterology  142(4):967-77  

21. Dimova I, Hlushchuk R, Makanya A, Styp-Rekowska B, Ceausu A, Flueckiger S, Lang S, Semela D, Le Noble F, 

Chatterjee S, Djonov V. Inhibition of Notch signaling induces extensive intussusceptive neo-angiogenesis by 
recruitment of mononuclear cells. Angiogenesis. 2013 Oct;16(4):921-37 

22. Djonov V, Baum O, Burri PH (2003) Vascular remodeling by intussusceptive angiogenesis. Cell Tissue Res  

314(1):107-17 
23. Djonov, V. G., H. Kurz, and P. H. Burri. "Optimality in the developing vascular system: branching remodeling by 

means of intussusception as an efficient adaptation mechanism." Dev.Dyn. 224.4 (2002): 391-402.  
24. Djonov V, Schmid M, Tschanz SA, Burri PH (2000) Intussusceptive angiogenesis: its role in embryonic vascular 

network formation. Circ Res  86(3):286-92  
25. Dudley AC, Udagawa T, Melero-Martin JM, Shih SC, Curatolo A, Moses MA, Klagsbrun M. Bone marrow is a 

reservoir for proangiogenic myelomonocytic cells but not endothelial cells in spontaneous tumors. Blood. 2010 Oct 
28;116(17):3367-71 

26. Dumitru CA, Lang S, Brandau S. Modulation of neutrophil granulocytes in the tumor microenvironment: mechanisms 
and consequences for tumor progression. Semin Cancer Biol. 2013 Jun;23(3):141-8. 

27. Eichmann A, LeNoble F, Pardanaud L. Arteriovenous differentiation: genetics or hemodynamics?. Med Sci (Paris). 
2004 Jun-Jul;20(6-7):626-8. 



 - 20 - 

 20 

28. Ellyard JI, Simson L, Parish CR. Th2-mediated anti-tumour immunity: friend or foe? Tissue Antigens. 2007 
Jul;70(1):1-11. 

29. Facciabene A, Motz GT, Coukos G. T-regulatory cells: key players in tumor immune escape and angiogenesis. 
Cancer Res. 2012 May 1;72(9):2162-71. 

30. Fang S, Salven P. Stem cells in tumor angiogenesis. J Mol Cell Cardiol. 2011 Feb;50(2):290-5.Favre J et al, 2013 
31. Filipovic N, et al. An implicit algorithm within the arbitrary Lagrangian-Eulerian formulation for solving incompressible 

fluid flow with large boundary motions. Comp Meth Appl Mech Engng. 2003;195:6347–6361. 
32. Filipovic, N., Tsuda A., Lee G. S., Miele L.F., Lin M., Moritz A., Konerding, and Steven J. Mentzer, Computational 

Flow Dynamics in a Geometric Model of Intussusceptive Angiogenesis, Microvascular Research Dec;78(3):286-93, 
2009. 

33. Garcia-Cardeña G, Comander J, Anderson KR, Blackman BR, Gimbrone MA Jr. Biomechanical activation of vascular 
endothelium as a determinant of its functional phenotype. Proc Natl Acad Sci U S A. 2001 Apr 10;98(8):4478-85.   

34. Géraud C, Mogler C, Runge A, Evdokimov K, Lu S, Schledzewski K, Arnold B, Hämmerling G, Koch PS, Breuhahn K, 
Longerich T, Marx A, Weiss C, Damm F, Schmieder A, Schirmacher P, Augustin HG, Goerdt S. Endothelial 
transdifferentiation in hepatocellular carcinoma: loss of Stabilin-2 expression in peri-tumourous liver correlates with 
increased survival. Liver Int. 2013 Oct;33(9):1428-40.  

35. Groenendijk BC, Hierck BP, Gittenberger-De Groot AC, Poelmann RE. Development-related changes in the 
expression of shear stress responsive genes KLF-2, ET-1, and NOS-3 in the developing cardiovascular system of 
chicken embryos. Dev Dyn. 2004 May;230(1):57-68. 

36. Hagensen MK, Raarup MK, Mortensen MB, Thim T, Nyengaard JR, Falk E, Bentzon JF. Circulating endothelial 
progenitor cells do not contribute to regeneration of endothelium after murine arterial injury. Cardiovasc Res. 2012 
Feb 1;93(2):223-31.Murdoch C et al, 2008 

37. Heissig B, Hattori K, Dias S, Friedrich M, Ferris B, Hackett NR, Crystal RG, Besmer P, Lyden D, Moore MA, Werb Z, 
Rafii S. Recruitment of stem and progenitor cells from the bone marrow niche requires MMP-9 mediated release of 
kit-ligand. Cell. 2002 May 31;109(5):625-37.   

38. Hemler ME. Targeting of tetraspanin proteins--potential benefits and strategies. Nat Rev Drug Discov. 2008 
Sep;7(9):747-58.  

39. Hlushchuk R, Makanya AN, Djonov V. Escape mechanisms after antiangiogenic treatment, or why are the tumors 

growing again? Int J Dev Biol. 2011;55(4-5):563-7.  
40. Hlushchuk R, Riesterer O, Baum O, Wood J, Gruber G, Pruschy M, Djonov V. Tumor recovery by angiogenic switch 

from sprouting to intussusceptive angiogenesis after treatment with PTK787/ZK222584 or ionizing radiation. Am J 
Pathol. 2008 Oct;173(4):1173-85. 

41. Hur J, Yoon CH, Kim HS, Choi JH, Kang HJ, Hwang KK, Oh BH, Lee MM, Park YB. Characterization of two types of 
endothelial progenitor cells and their different contributions to neovasculogenesis. Arterioscler Thromb Vasc Biol. 
2004 Feb;24(2):288-93. 

42. Iomini C, Tejada K, Mo W, Vaananen H, Piperno G. Primary cilia of human endothelial cells disassemble under 
laminar shear stress. J Cell Biol. 2004 Mar 15;164(6):811-7. 

43. Jaalouk DE, Lammerding J. Mechanotransduction gone awry. Nat Rev Mol Cell Biol. 2009 Jan;10(1):63-73.  
44. Jakobsson L, Franco CA, Bentley K, Collins RT, Ponsioen B, Aspalter IM, Rosewell I, Busse M, Thurston G, 

Medvinsky A, Schulte-Merker S, Gerhardt H (2010) Endothelial cells dynamically compete for the tip cell position 
during angiogenic sprouting. Nat Cell Biol  12(10):943-53  

45. Karin N. The multiple faces of CXCL12 (SDF-1alpha) in the regulation of immunity during health and disease. J 
Leukoc Biol. 2010 Sep;88(3):463-73. 

46. Kocher AA, Schuster MD, Szabolcs MJ, Takuma S, Burkhoff D, Wang J, Homma S, Edwards NM, Itescu S. 
Neovascularization of ischemic myocardium by human bone-marrow-derived angioblasts prevents cardiomyocyte 
apoptosis, reduces remodeling and improves cardiac function. Nat Med. 2001 Apr;7(4):430-6. 

47. Kojic M, et al. A mesoscopic bridging scale method for fluids and coupling dissipative particle dynamics with 
continuum finite element method. Computer Methods in Applied Mechanics and Engineering. 2008b;197:821–833. 

48. Kojic M, et al. Computer modeling in bioengineering: Theoretical Background, Examples and Software. John Wiley 
and Sons; Chichester, England: 2008a.  

49. Konerding MA, Gibney BC, Houdek JP, Chamoto K, Ackermann M, Lee GS, Lin M, Tsuda A, Mentzer SJ (2012) 
Spatial dependence of alveolar angiogenesis in post-pneumonectomy lung growth. Angiogenesis;15(1):23-32 

50. Konerding MA, Turhan A, Ravnic DJ, Lin M, Fuchs C, Secomb TW, Tsuda A, Mentzer SJ. Inflammation-induced 
intussusceptive angiogenesis in murine colitis. Anat Rec (Hoboken). 2010 May;293(5):849-57.  

51. Lammerding J, Lee RT. Mechanical properties of interphase nuclei probed by cellular strain application. Methods Mol 
Biol. 2009;464:13-26.  

52. Lee G., Filipovic, N., et al, Blood flow shapes intravascular pillar geometry in the chick chorioallantoic membrane, 

Journal of Angiogenesis Research, 2:11, 2010. 
53. Lee SH, Wolf PL, Escudero R, Deutsch R, Jamieson SW, Thistlethwaite PA. Early expression of angiogenesis factors 

in acute myocardial ischemia and infarction. N Engl J Med. 2000 Mar 2;342(9):626-33.  
54. Levy EM, Roberti MP, Mordoh J. Natural killer cells in human cancer: from biological functions to clinical applications. 

J Biomed Biotechnol. 2011;2011:676198. 
55. Ljujic B, Milovanovic M, Volarevic V, Murray B, Bugarski D, Przyborski S, Arsenijevic N, Lukic ML, Stojkovic M. 

Human mesenchymal stem cells creating an immunosuppressive environment and promote breast cancer in mice. 
Sci Rep. 2013 Jul 29;3:2298. doi: 10.1038/srep02298.  

56. Makanya AN, Hlushchuk R, Djonov V. The pulmonary blood-gas barrier in the avian embryo: inauguration, 

development and refinement. Respir Physiol Neurobiol. 2011 Aug 31;178(1):30-8. 
57. Makanya AN, Hlushchuk R, Djonov VG (2009) Intussusceptive angiogenesis and its role in vascular morphogenesis, 

patterning, and remodeling. Angiogenesis12(2):113-23 

http://www.ncbi.nlm.nih.gov/pubmed?term=Konerding%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=21969134
http://www.ncbi.nlm.nih.gov/pubmed?term=Gibney%20BC%5BAuthor%5D&cauthor=true&cauthor_uid=21969134
http://www.ncbi.nlm.nih.gov/pubmed?term=Houdek%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=21969134
http://www.ncbi.nlm.nih.gov/pubmed?term=Chamoto%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21969134
http://www.ncbi.nlm.nih.gov/pubmed?term=Ackermann%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21969134
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20GS%5BAuthor%5D&cauthor=true&cauthor_uid=21969134
http://www.ncbi.nlm.nih.gov/pubmed?term=Lin%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21969134
http://www.ncbi.nlm.nih.gov/pubmed?term=Tsuda%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21969134
http://www.ncbi.nlm.nih.gov/pubmed?term=Mentzer%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=21969134


 - 21 - 

 21 

58. Makanya AN, Hlushchuk R, Baum O, Velinov N, Ochs M, Djonov V. Microvascular endowment in the developing 

chicken embryo lung. Am J Physiol Lung Cell Mol Physiol. 2007;292:L1136–L1146. 
59. Milovanovic M, Volarevic V, Ljujic B, Radosavljevic G, Jovanovic I, Arsenijevic N, Lukic ML. Deletion of IL-33R (ST2) 

abrogates resistance to EAE in BALB/C mice by enhancing polarization of APC to inflammatory phenotype. PLoS 
One. 2012;7(9):e45225. doi: 10.1371/journal.pone.0045225. 

60. Milovanovic M, Volarevic V, Radosavljevic G, Jovanovic I, Pejnovic N, Arsenijevic N, Lukic ML. IL-33/ST2 axis in 

inflammation and immunopathology. Immunol Res. 2012 Apr;52(1-2):89-99.  
61. Mildner M, Hacker S, Haider T, Gschwandtner M, Werba G, Barresi C, Zimmermann M, Golabi B, Tschachler E, 

Ankersmit HJ. Secretome of peripheral blood mononuclear cells enhances wound healing. PLoS One. 
2013;8(3):e60103.  

62. Milkiewicz M, Haas TL. Effect of mechanical stretch on HIF-1{alpha} and MMP-2 expression in capillaries isolated 
from overloaded skeletal muscles: laser capture microdissection study. Am J Physiol Heart Circ Physiol. 2005 
Sep;289(3):H1315-20. 

63. Murakami J, Li TS, Ueda K, Tanaka T, Hamano K. Inhibition of accelerated tumor growth by blocking the recruitment 
of mobilized endothelial progenitor cells after chemotherapy. Int J Cancer. 2009;124(7):1685–1692 

64. Murdoch C, Muthana M, Coffelt SB, Lewis CE. The role of myeloid cells in the promotion of tumour angiogenesis. Nat 
Rev Cancer. 2008 Aug;8(8):618-31. 

65. Nauli SM, Kawanabe Y, Kaminski JJ, Pearce WJ, Ingber DE, Zhou J. Endothelial cilia are fluid shear sensors that 
regulate calcium signaling and nitric oxide production through polycystin-1. Circulation. 2008 Mar 4;117(9):1161-71. 

66. Oliveira de Oliveira LB, Faccin Bampi V, Ferreira Gomes C, Braga da Silva JL, Encarnação Fiala Rechsteiner SM. 
Morphological Characterization of Sprouting and Intussusceptive Angiogenesis By SEM in Oral Squamous Cell 
Carcinoma. Scanning. 2013 Jun 25. doi: 10.1002/sca.21104.  

67. Paku S, Dezso K, Bugyik E, Tóvári J, Tímár J, Nagy P, Laszlo V, Klepetko W, Döme B. A new mechanism for pillar 
formation during tumor-induced intussusceptive angiogenesis: inverse sprouting. Am J Pathol. 2011 
Sep;179(3):1573-85.  

68. Peebo BB, Fagerholm P, Traneus-Röckert C, Lagali N. Cellular level characterization of capillary regression in 
inflammatory angiogenesis using an in vivo corneal model. Angiogenesis. 2011 Sep;14(3):393-405.  

69. Pi X, Wu Y, Ferguson JE 3rd, Portbury AL, Patterson C. SDF-1alpha stimulates JNK3 activity via eNOS-dependent 
nitrosylation of MKP7 to enhance endothelial migration. Proc Natl Acad Sci U S A. 2009 Apr 7;106(14):5675-80.  

70. Piguet AC, Saar B, Hlushchuk R, St-Pierre MV, McSheehy PM, Radojevic V, Afthinos M, Terracciano L, Djonov V, 

Dufour JF. Everolimus augments the effects of sorafenib in a syngeneic orthotopic model of hepatocellular 
carcinoma. Mol Cancer Ther. 2011 Jun;10(6):1007-17.  

71. Polykandriotis E, Arkudas A, Beier JP, Dragu A, Rath S, Pryymachuk G, Schmidt VJ, Lametschwandtner A, Horch 
RE, Kneser U. The impact of VEGF and bFGF on vascular stereomorphology in the context of angiogenic neo-
arborisation after vascular induction. J Electron Microsc (Tokyo). 2011;60(4):267-74.  

72. Randolph GJ, Angeli V, Swartz MA. Dendritic-cell trafficking to lymph nodes through lymphatic vessels. Nat Rev 
Immunol. 2005 Aug;5(8):617-28. 

73. Reuwer AQ, Nowak-Sliwinska P, Mans LA, van der Loos CM, von der Thüsen JH, Twickler MT, Spek CA, Goffin V, 
Griffioen AW, Borensztajn KS. Functional consequences of prolactin signalling in endothelial cells: a potential link 
with angiogenesis in pathophysiology? J Cell Mol Med. 2012 Sep;16(9):2035-48.  

74. Ribatti D, Crivellato E (2012) "Sprouting angiogenesis", a reappraisal. Dev Biol  372(2):157-65  
75. Ribatti D, Crivellato E. Immune cells and angiogenesis. J Cell Mol Med. 2009 Sep;13(9A):2822-33. 
76. Radosavljevic G, Volarevic V, Jovanovic I, Milovanovic M, Pejnovic N, Arsenijevic N, Hsu DK, Lukic ML. The roles of 

Galectin-3 in autoimmunity and tumor progression. Immunol Res. 2012 Apr;52(1-2):100-10. 
77. Shields JD, Fleury ME, Yong C, Tomei AA, Randolph GJ, Swartz MA. Autologous chemotaxis as a mechanism of 

tumor cell homing to lymphatics via interstitial flow and autocrine CCR7 signaling. Cancer Cell. 2007 Jun;11(6):526-
38.;  

78. Shintani S, Murohara T, Ikeda H, Ueno T, Honma T, Katoh A, Sasaki K, Shimada T, Oike Y, Imaizumi T. Mobilization 
of endothelial progenitor cells in patients with acute myocardial infarction. Circulation. 2001 Jun 12;103(23):2776-9  

79. Smith JD, Fisher GW, Waggoner AS, Campbell PG. The use of quantum dots for analysis of chick CAM vasculature. 
Microvasc Res. 2007 Mar;73(2):75-83.  

80. Strioga M, Schijns V, Powell DJ Jr, Pasukoniene V, Dobrovolskiene N, Michalek J. Dendritic cells and their role in 
tumor immunosurveillance. . Innate Immun. 2013 Feb;19(1):98-111.  

81. Styp-Rekowska B, Hlushchuk R, Pries AR, Djonov V (2011) Intussusceptive angiogenesis: pillars against the blood 

flow. Acta Physiol (Oxf) 202(3):213-23 
82. Tarbell JM, Pahakis MY. Mechanotransduction and the glycocalyx. J Intern Med. 2006 Apr;259(4):339-50.  
83. Taylor AC, Seltz LM, Yates PA, Peirce SM. Chronic whole-body hypoxia induces intussusceptive angiogenesis and 

microvascular remodeling in the mouse retina. Microvasc Res. 2010 Mar;79(2):93-101. 
84. Urbich C, Heeschen C, Aicher A, Dernbach E, Zeiher AM, Dimmeler S. Relevance of monocytic features for 

neovascularization capacity of circulating endothelial progenitor cells. Circulation. 2003 Nov 18;108(20):2511-6.  
85. Van der Heiden K, Groenendijk BC, Hierck BP, Hogers B, Koerten HK, Mommaas AM, Gittenberger-de Groot AC, 

Poelmann RE. Monocilia on chicken embryonic endocardium in low shear stress areas. Dev Dyn. 2006 
Jan;235(1):19-28. 

86. Volarevic V, Milovanovic M, Ljujic B, Pejnovic N, Arsenijevic N, Nilsson U, Leffler H, Lukic ML. Galectin-3 deficiency 

prevents concanavalin A-induced hepatitis in mice. Hepatology. 2012 Jun;55(6):1954-64. 
87. Volarevic V, Mitrovic M, Milovanovic M, Zelen I, Nikolic I, Mitrovic S, Pejnovic N, Arsenijevic N, Lukic ML. Protective 

role of IL-33/ST2 axis in Con A-induced hepatitis. J Hepatol. 2012 Jan;56(1):26-33. 
88. Volarevic V, Arsenijevic N, Lukic ML, Stojkovic M. Concise review: Mesenchymal stem cell treatment of the 

complications of diabetes mellitus. Stem Cells. 2011 Jan;29(1):5-10. 



 - 22 - 

 22 

89. Volarevic V, Erceg S, Bhattacharya SS, Stojkovic P, Horner P, Stojkovic M. Stem cell-based therapy for spinal cord 

injury. Cell Transplant. 2013;22(8):1309-23. 
90. Volarevic V, Ljujic B, Stojkovic P, Lukic A, Arsenijevic N, Stojkovic M. Human stem cell research and regenerative 

medicine--present and future. Br Med Bull. 2011;99:155-68.  
91. Wara AK, Croce K, Foo S, Sun X, Icli B, Tesmenitsky Y, Esen F, Rosenzweig A, Feinberg MW. Bone marrow-derived 

CMPs and GMPs represent highly functional proangiogenic cells: implications for ischemic cardiovascular disease. 
Blood. 2011 Dec 8;118(24):6461-4. 

92. Wnuk M, Hlushchuk R, Janot M, Tuffin G, Martiny-Baron G, Holzer P, Imbach-Weese P, Djonov V, Huynh-Do U. 

Podocyte EphB4 signaling helps recovery from glomerular injury. Kidney Int. 2012 Jun;81(12):1212-25. 
93. Wright DE, Bowman EP, Wagers AJ, Butcher EC, Weissman IL. Hematopoietic stem cells are uniquely selective in 

their migratory response to chemokines. J Exp Med. 2002 May 6;195(9):1145-54.  
94. Yamada M, Kubo H, Kobayashi S, Ishizawa K, He M, Suzuki T, Fujino N, Kunishima H, Hatta M, Nishimaki K, Aoyagi 

T, Tokuda K,Kitagawa M, Yano H, Tamamura H, Fujii N, Kaku M. The increase in surface CXCR4 expression on lung 
extravascular neutrophils and its effects onneutrophils during endotoxin-induced lung injury. Cell Mol Immunol. 2011 
Jul;8(4):305-14. 

95. Yamaguchi J, Kusano KF, Masuo O, Kawamoto A, Silver M, Murasawa S, Bosch-Marce M, Masuda H, Losordo DW, 
Isner JM, Asahara T. Stromal cell-derived factor-1 effects on ex vivo expanded endothelial progenitor cell recruitment 
for ischemic neovascularization. Circulation. 2003 Mar 11;107(9):1322-8.  

96. Yao L, Salvucci O, Cardones AR, Hwang ST, Aoki Y, De La Luz Sierra M, Sajewicz A, Pittaluga S, Yarchoan R, 
Tosato G. Selective expression of stromal-derived factor-1 in the capillary vascular endothelium plays a role in 
Kaposi sarcoma pathogenesis. Blood. 2003 Dec 1;102(12):3900-5. 

97. Yuan L, Sakamoto N, Song G, Sato M. Low-Level Shear Stress Induces Human Mesenchymal Stem Cell Migration 
Through the SDF-1/CXCR4 Axis Via MAPK Signaling Pathways. Stem Cells Dev. 2013 Sep 1;22(17):2384-93. 

98. Zhang F, Kotha J, Jennings LK, Zhang XA. Tetraspanins and vascular functions. Cardiovasc Res. 2009 Jul 1;83(1):7-
15. 

99. Zhou, Q., et al. "Tumor endothelial cell tube formation model for determining anti-angiogenic activity of a tRNA 
synthetase cytokine." Methods 44.2 (2008): 190-95  



 - 23 - 

 23 

3. TRANSITION RELEVANCE OF THE PLANNED RESEARCH (max. 5 pages)  

3.1 SIGNIFICANCE OF THE PLANNED RESEARCH FOR THE SUSTAINABLE ACADEMIC, 
ECONOMICAL AND SOCIETAL DEVELOPMENT OF THE PARTNER COUNTRY 

Revealing the molecular nature of angiogenesis engages the attention of the scientific community for 
many years and due to the extreme complexity of the process it will raise questions and scientific 
discussions still for a long time in the future. The team wishes to continue the traditions and work on 
this current essential issue. We believe that the results will be very interesting and useful to future 
scientific, clinical and pharmaceutical research and that will create opportunities for continued research 
after the finalization of the project. 

For carrying out the purposes of the project it is essential to combine knowledge from different 
disciplines - molecular biology, immunology, biochemistry, pharmacology, morphology, cell biology, 
imaging, computer sciences and others. Collaboration with the experts in the relevant fields will enrich 
the knowledge and experience of the partners and would allow subsequent realization of research with 
real practical application. 

The possibility for further research on the subject and after the project is a good basis for further 
expansion of the contacts of the partners with research institutions at home and abroad. Knowledge 
and valuable experimental material increase chances of participation in consortia of major projects 
under EU programs. 

The project brings together highly skilled and complementary researchers from both basic and clinical 
science backgrounds. Indeed, the members from the Host organization are world leaders in the field of 
intussusceptive angiogenesis and morphological research. The proposed project will synergize the 
efforts and facilitate integration of research capabilities in order to increase coherence and critical mass 
in the study of molecular and cellular mechanisms of intussusceptive angiogenesis. In meeting the 
scientific and technological objectives of the current research project, a multidisciplinary approach is 
taken which maximizes the potential to provide crucial insights into the basics of angiogenesis.  

Holders of knowledge in the project (coordinator and partners) are highly motivated to share knowledge 
in the field of intussusceptive angiogenesis and to monitor the transfer of knowledge to young 
researchers. Both the Coordinator and the partners, have extensive interactions with key stakeholders, 
including the lay public, patients, students, as well as academic and commercial parties, which will be 
built further upon the present proposal. In the knowledge transfer will be included conventional means 
such as publications, reports of meetings and preparation of projects, organization of seminars where 
the researchers will be able to present their work, to discuss problems and future strategy and to seek 
the opinion of experts. 

If the results of the study identify with suitable accuracy that SDF-1/CXCR4 and specific phenotype of 
BMD cells are responsible for intussusceptive angiogenesis, we would like to move towards the 
development of appropriate therapeutic strategy to enter further investigations. The project results will 
be very useful for future developments related to the search of target molecules and new pro- and anti- 
angiogenic therapy. This subject is of particular interest to pharmaceutical companies these days and 
successful identification of informative cellular/molecular targets predict collaboration and access for 
project results to stakeholders with commercial interests (such as pharmaceutical companies). 

The acquired new skills and competences will give rise to high quality research for the partners, based 
on integrated molecular-biological and histo-morphological knowledge. 

1. Transfer of knowledge in vascular biology and development - to work for the development of highly 
qualitative research in their country.  

Upon the project, they will be able to serve their universities for development of molecular vascular 
biology, immunology, immunohistochemistry, proteomics and functional genomics laboratory and 
expand their attainment to their MD and master’s students. Bulgaria is a new member of EC, and the 
government has been prioritizing the goal for molecular and biotechnological development, as a 
significant and urgent co-requisite for the country health care improvement in the terms of prophylaxis 
and predictive medicine. Through expected scientific achievement from University of Bern SCOPES 
program, the partners will have a unique level of achievement in advanced learning, research and 
scientific innovation about vascular biology and development.   
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2. Elaboration of new research projects 

The earned knowledge and skills through University of Bern in vascular biology and development will 
largely be utilized for research development in the institution the partners work for. They will be able to 
transfer their education consequently to research projects and establish center of excellence regarding 
molecular vascular biology and development with molecular-biological, immunological, proteomic and 
functional genomic research labs. Moreover their expected excellence will also be rendered for the 
demand driven technology innovation and research for the local and international human health.  

3. Development of educational programs and Problem Based Learning (PBL) in the Institution they 
work for. 

4. Establish in a long term a collaboration with exchange of future PhDs and master students. 

Following the good experience of Prof. Djonov who established ERASMUS program from University of 
Bern and Fribourg, SCOPES program will be the way for establishing a partnership in this program 
from the Medical University of Sofia and University of Kragujevac. 

3.2 PLANNED ACTIONS TO STRENGTHEN RESEARCH CAPACITIES IN THE PARTNER 
COUNTRIES 

The methods planned to be applied in the study are very new and advanced. The fact that team 
laboratories are skilled to perform them, gives a unique opportunity to the other members of the 
consortium to be trained in them. If the project is selected, mutual training courses will be organized 
with the aim to exchange experience and to improve technical skills. Exchange of researchers in the 
limits of the project is also planned to take place. These researchers would be given an opportunity to 
make themselves familiar with new technologies working on the project objectives in the mean time. 

The models for studying intussusceptive angiogenesis have not been introduced in Serbia and 
Bulgaria so far. The familiarizing with these latest technologies of the Bulgarian and Serbian teams 
would help their implementation in the region which will lead to improved basic and translational 
research in the field of angiogenesis.  

Strengthen the position of the young researchers by a cycle of special Information Days which 
promote the achievements of the young scientists in accomplishing of the project. The research group 
will organize international course for training of young scientists from involved Balkan countries. 
Undergraduate, PhD and postdoctoral students will participate in the project execution. 

International workshops and seminars This activity includes selection of junior scientists for 
participation in advanced training courses and appropriate workshops organised by international 
institutions for functional genomics. These institutions will contribute to the project by disseminating 
knowledge in the area of angiogenesis research and by providing young scientists fellowships. 

As a part of our project we aimed to organize a Balkan Summer School: “Cellular and molecular 
mechanisms of intussusceptive angiogenesis”. Aims: 

To create highly trained physician/scientists who will establish careers in cellular and molecular biology, 
who are able to successfully compete for European grants, and who will conduct “state of the art” basic 
and translational research directly related to angiogenesis.  

To acquire intellectual skills: reason critically; analyze and interpret scientific data; solve problems; 
apply knowledge to research project. The best participants will be stimulated to prepare proposals for 
participation in the new European grants which support individual ideas to be realized with own team. 
This is an ideal opportunity for the development of the human potential.  

To acquire practical skills: design and execute experiments; analyse experimental data; draw 
qualitative and quantitative conclusions from available data and the discernment as to whether such 
conclusions are justified; retrieve, sift and select information from a variety of sources. 

To acquire transferable skills: structure and communicate ideas effectively both orally and in writing; 
manage time and work to deadlines; participate in discussion groups; work independently and be self-
reliant; work as a member of a team; solve research problems; solve numerical problems; find 
information and use information technology; prepare and present a poster; present a research talk. 
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Focus of the Summer School is also to improve the communication between experts and students 
interested in different aspects of angiogenesis. It will furthermore allow doctoral students and young 
post-docs to develop contacts to experts in their fields but also to workers that focus on different 
aspects of this process.  

3.3 STRATEGY TO COMMUNICATE WITH INTENDED RESULT USERS 

3.3.1. OVERALL STRATEGY 

The standard strategy developed for implementation of projects will be followed. 

The expected results concern all laboratories dealing with angiogenesis. They will use the project 
outputs in the detection of cellular/molecular markers associated with intussusceptive angiogenesis, its 
involvement in diseases and treatment strategies.  

The expected results also concern all oncologists and cardiologists dealing with neo-angiogenesis. 
They will use the project deliverables in their practice for stimulating or suppressing angiogenic growth. 

The results from the scientific research will benefit the patients since they could help to define markers 
for specific angiogenic growth, to conduct related diagnostic activities and to improve the therapy 
connected to angiogenesis.  

The end-users of the project outcomes are: 

 Other academics working in the field of angiogenesis 

 Enterprises developing therapeutic service 

 Other research groups involved with oncology and cardiology  

Our dissemination objectives are: 

 Wide awareness of the project among relevant academics, end-users and policy customers 

 Direct transfer of knowledge to other relevant research programmes and to potential end-users 

 Open and transparent engagement of the academic, and user communities (together with 
relevant policy makers) in any ethical and societal issues  

3.3.2. A DETAILED DESCRIPTION OF THE DISSEMINATION PLAN:  

a) Publications in peer review journals  

The results of the joint research will be published in peer reviewed international journals.  

b) Organization of workshops, seminars, posters sessions for students and young researchers  

International workshops, poster sessions for students and young researchers from different countries 
and seminars on the project topics will be organized.  

The results from the research studies will be presented at EU scientific conferences. 

Cycle of special thematic Information Days will be performed. 

c) Balkan Summer School  

A Balkan Summer School “Cellular and molecular mechanisms of intussusceptive angiogenesis” will be 
carried out as above mentioned. The best participants will be stimulated to prepare proposals for 
participation in the new European grants which support individual ideas to be realized with own team. 
This is an ideal opportunity for the development of the human potential.  

Focus of the Summer School is to improve the communication between experts and students 
interested in different aspects of genetic problems of common diseases. It will furthermore allow 
doctoral students and young post-docs to develop contacts to experts in their fields but also to workers 
that focus on different aspects of angiogenesis.  

The course is aimed at researchers with a background in cell and molecular biology who wish to gain 
an insight into the most up-to-date methodologies used in angiogenesis research. The course is at 
masters-level.  
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This course aims to give an introduction to the techniques used in vascular biology and to the analysis 
methods necessary for understanding the role intussusceptive angiogenesis play in biological systems. 
The course will start by looking at the relationship of molecular signaling to cellular interactions. The 
principal methods for studying angiogenesis will then be surveyed and the most sophisticated 
morphological analyses will be introduced.  

4. MANAGEMENT STRUCTURE 

The complexity involved in achieving the project goals and the level of integration needed between 
research areas and partners requires a robust and transparent management structure and decision-
making process. Figure 1 show the organisational structure planned to works in project execution. 

 

 

 

 

 

 

 

 

 

 

 

 

4.1. The Board 

The Board is the central decision making forum for the project. All participants are represented in the 
board and involved in at least one main task where all technical activities on a day-to-day basis will be 
managed. The Board will manage and co-ordinate the strategic operation of the tasks to ensure over 
the life of the project achieves it objectives after 3 years. 

The Board is chaired by the co-ordinator Prof Valentin Djonov (University of Bern, Switzerland) and 
also includes the lead scientist from each partner: Prof. Vladislav Volarevic (Serbia), Assoc. Prof. 
Ivanka Dimova (Bulgaria). The Board will be ultimately responsible for all key decisions affecting overall 
project development. The Board will manage the tasks acting as the key channel for monitoring the 
progress of the tasks in meeting project objectives. 

The Board must approve: 

1. Deliverables and milestone setting 

2. Annual reports 

3. Overall co-ordination and knowledge management including planning, carrying out and 
controlling the shared knowledge 

4. Overall legal, contractual, ethical, financial and administrative management issues 

5. Promotion of gender equality 

6. Strategic planning, monitoring of progress and revisions to the plan 

7. Financial Management including decisions related to the budget and resource allocation 

8. Co-ordination of RTD, Dissemination, Demonstration and Training activities 

9. Planning for common resources, assignment and effective control of resources 

10. Communication plan and organisation  

Coordinator 

Board 

Vascular Biology 

Group 

Secretariat 

Figure 5. Organizational structure 
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As the Board comprises 3 members in total the required quorum will be 2. Board members will be 
allowed to appoint substitutes for individual meetings they are unable to attend. The Board’s decision 
on all matters will be final. It is anticipated the Board will need to three times per year. 

4.2. The Tasks 

There are 15 tasks (see List of Activities) including RTD together with separate Management, 
Dissemination, Training and Demonstration. Five research groups will function in accomplishing tasks’ 
objectives: 

- Vascular Biology Group (VD/ID): responsible for Determine vascular morphogenesis in 
chicken area vasculosa under treatment by SDF-1; Determine vascular morphogenesis in 
chicken area vasculosa upon inhibition of SDF-1/CXCR4 signaling by AMD3100; Establish the 
formation of caudal vein plexus in zebrafish with depleted SDF-1;  

- Molecular Biology Group (ID): responsible for Determine the SDF-1 endothelial expression 
and its correlation with intussusception in mouse liver, 

- Immunology Group (VV): responsible for Determine macrophage activity in the process of 
intussusceptive angiogenesis of liver; Determine the role of neutrophils in intussusceptive 
angiogenesis of liver; Determine eosinophil infiltration in liver with intussusceptive angiogenesis; 
Determine the presence of mast cells in liver with intussusception; Investigate migration and 
activation of dendritic cells (DC) in the process of intussusceptive angiogenesis of liver; Analyze 
the percentage and absolute number of IFN-gamma and TNF alpha producing NK1.1+ NK cells 
in liver; Determine T cell activity in the process of intussusceptive angiogenesis of liver; Analyze 
the infiltration of STAT-3+ CD19+ B cells in liver samples with intussusceptive angiogenesis;  

- Computer Modeling Group (NF): responsible for Definition of geometrical model for 
intraluminal intussusceptive pillar; Definition of boundary conditions of the intraluminal 
intussusceptive pillar; Results for 3D computational model of the intraluminal intussusceptive 
pillar and comparison with experiments.  

- Dissemination Group (VD): responsible for the dissemination of all results generated by the 
project; 

The leaders of the tasks are drawn from the organisations represented at Board level. The 
responsibilities include: 

1. Formulate and conducting the technical aspects of the activity 

2. Ensuring individual participants in each activity are compliant with national ethics 
frameworks and have gained approval from their appropriate institutional ethical committees 

3. Reporting progress to the Board 

Each activity is lead by representatives of the organisations on the Board and other key individuals 
elected by the Board where appropriate. Each activity comprises representatives of consortium 
partners. Membership of each activity will be appointed by the Board but will be based on 
recommendations of the respective leaders. 

It is envisaged each team will agree a programme of meetings at the beginning of each year according 
to the objectives to be met for that activity. These will occur at least 1-2 times per year. 

4.3. Coordinator and Secretariat 

The Coordinator leads the Secretariat which is responsible for day-to-day administrative issues. The 
leaders of each team will assist the Secretariat to monitor the progress in each activity against agreed 
milestones with an established simple yet effective one-page quarterly reporting procedure.   

4.4. Consideration of gender aspects 

Consistent with the aims of the Helsinki Group on Women and Science, the consortium will seek to 
maintain and increase the involvement of women in the programme. The following initiatives will be 
implemented: 
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 The consortium will aim to employ an equal proportion of men to women within its research staff 
with a conscious effort to consider gender issues. The percentage of women involved in the project will 
be monitored annually and women will be continually encouraged to participate in science at all levels  

 Where Board members or Team leaders are unable to attend meetings a female representative 
will be encouraged to attend in their place  

 Activities to increase awareness in science of the importance of gender equality will be 
undertaken. In addition steps will be made to encourage more women into science promoting flexible 
working hours and family friendly policies  

 Establishment of a Standard Operating Procedure for monitoring gender equalities  

 The consortium will adopt a universal gender equality policy which will use a set of indicators to 
measure the progress of partners in increasing/maintaining levels of gender equality. Indicators will 
measure recruitment, retention and career development of women as well as progress in compliance 
with policies, procedures and programmes which affect the position of both men and women  

4.5. Ethical considerations 

The Swiss Institution has already obtained permission for conducting animal experiments with mice. 
They are familiar with all rationales for animal usage, including animal transportation methods, type and 
mode of anesthesia, survival surgery with methods of asepsis, post-operative care, and methods of 
disposal post-experimentation (euthanasia). 

The work on the experiment listed in Aim 2 and 3 will be initiated and performed only upon review and 
approval of scientific intent by appropriate expert body. The study will not be initiated unless approval 
from Veterinary Office of Bern is received in writing. 
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