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Abstract 

 

Insulin is produced by beta-cells, found in the islets of Langerhans. For the insulin to be released out 
into the bloodstream, it is dependent on the expression of fenestrae on surrounding endothelial 
cells. 

To this date, transplantation of insulin-producing cells is the only way of curing patients with type 1 
diabetes. During isolation of pancreatic islets from the organ donor, the intra-islet capillary network 
is destroyed before the islets can be transplanted into the receiving patient. Recent results show that 
islets transplanted into skeletal muscle gets fully revascularized within 14 days post-transplantation 
and that these vessels develop fenestrations. In its natural environment, the blood vessels of skeletal 
muscle do not express a fenestrated phenotype. We therefore hypothesize that the islets release a 
factor which induces fenestrations on the newly formed vessels.  

In this report, the effect on fenestrae formation of two factors (EG-VEGF and Bv8), known to be 
released by pancreatic islets, was investigated using cultured human dermal microvascular 
endothelial cells. The outcome of these experiments revealed that, despite their similarity, EG-VEGF 
and Bv8 have distinctly different effects on cultured endothelial cells. EG-VEGF treated cells displayed 
large holes appearing in its central parts, whilst Bv8 treatment led to notable results with pores in 
the periphery that carried a strong resemblance to fenestrae found in in vivo experiments. 

These results indicate that Bv8 may be the major inducer of fenestrae formation on endothelium. It 
also suggests that, although they bind to the same receptors, EG-VEGF and Bv8 activates dissimilar 
cellular pathways. 
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1. Introduction 

 

1.1 Background 

1.1.1 Diabetes mellitus 

The pancreas is involved in the metabolic- and endocrine system. It is in the islets of Langerhans 
within the pancreas that hormones are being produced. In humans, the pancreas contains about one 
million of these islets and they vary in size from 50-300 µm in diameter. The islets themselves 

consists of approximately 2000 cells, with four major endocrine cell types; alpha (α)-, beta (β)-, delta 
(δ)- and pancreatic polypeptide (PP) cells. These cells are typically said to produce glucagon, insulin, 
somatostatin and pancreatic polypeptide, respectively (Moldovan and Brunicardi, 2001). 

Normally, the beta cells produce insulin as a response to elevated blood glucose levels. Through 
binding to its receptor, insulin causes a signal transduction pathway that ultimately leads to the 
transportation of glucose transporter type 4 (GLUT4) (a glucose transporter that is primarily 
expressed in muscle- and fat cells). GLUT4 is transferred from intracellular vesicles (pools) to the 
plasma membrane, where it will facilitate glucose uptake into the cell. The end result of this action is 
a lowering of the blood glucose level (Bryant et al., 2002). 

Due to its importance in the cellular glucose uptake, an impaired insulin production or peripheral 
insulin resistance will lead to chronic hyperglycemia (high blood glucose levels), which in turn can 
lead to microvascular and macrovascular complications. This condition is called diabetes mellitus. 

Diabetes mellitus can be divided into two major types; type 1- and type 2 diabetes. Type 1 diabetes 
(also known as insulin dependent diabetes mellitus [IDDM]) is caused by an autoimmune destruction 
of the pancreatic beta-cells. Type 2 diabetes (non-insulin dependent diabetes mellitus [NIDDM]) 
results from a combination of impaired beta-cell function and peripheral insulin resistance. 

 

1.1.2 Endothelial cells and their phenotypes 

The endothelium of a human adult consists of approximately 1 ⋅ 1013 endothelial cells that line the 
inner surface of the vascular system (Sumpio et al., 2002). This monolayer of cells works as a semi-
permeable barrier between the blood plasma and the interstitial fluid, adjusting the transport of 
large molecules and playing a crucial role in regulating the homeostasis of several systems. 

Every organ is unique and has its own special needs when it comes to the vasculature. By exhibiting 
various phenotypes, the endothelial cell functions are adapted to the specific demands of different 
organs. This heterogeneity is essential, since the bidirectional exchange of both small molecules and 
macromolecules needs to be modified to suit the different tissues.  

Three main types of endothelium have been recognized; continuous, fenestrated and discontinuous. 
Continuous endothelium lack fenestrations, but contains large amounts of caveolae and can for 
example be found in the microvasculature of skeletal and visceral muscle (Roberts and Palade, 2000). 
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The fenestrated endothelium contains small, transcytoplasmic holes, fenestrations, often found in 
clusters (called sieve plates) at the thinnest part of the endothelial cell. The third type, discontinuous 
endothelium, contains even bigger fenestrations, allowing for the passage of different particles, such 
as lipids and cellular waste (Satchell and Braet, 2009).  

The importance of the heterogeneity is evident when you compare different organs and their 
demands. For example, the capillary endothelium inside islets of Langerhans exhibits a specific 
expression of fenestrae. The fenestrae found in these capillaries are typically in the size range of 60-
70 nm in diameter, traversed by a diaphragm of 3-5 nm (Satchell and Braet, 2009). The fenestrations 
enable a quick release of hormones, such as insulin, into the blood circulation. At the same time, we 
have a distinctively different endothelial phenotype in the endothelium that constitutes the 
vasculature in the brain and central nervous system (CNS) (called the blood-brain barrier [BBB]). In 
the BBB, the endothelial cells do not express the fenestrated phenotype, and they form tight 
junctions between each other to further restrict the transport of unwanted molecules (Engelhardt 
and Sorokin, 2009; Gloor et al., 2001). 

Although some theories have been proposed for the pathway of fenestrae formation (Satchell and 
Braet, 2009), the biogenesis is still mainly unknown.  However, it seems evident that actin 
depolymerization portrays a big piece of the puzzle (Yokomori, 2008). 

Numerous substances have been associated with a proliferative effect on endothelial cells. The most 
important of these substances is VEGF-A, which has been acknowledged as a vascular permeability 
factor (VPF) due to its ability to induce fenestrae formation in vivo and in vitro. This fenestration may 
arise as a result of VEGF-A expression on local epithelial cells within an organ (Esser et al., 1998). 

 

1.1.3 Candidate substances 

During this degree project, two substances (EG-VEGF and Bv8) known to be released by pancreatic 
islets were used and their effect on cultured endothelial cells was examined through fluorescence- 
and scanning electron microscopy. 

EG-VEGF (endocrine gland-derived vascular endothelial growth factor) and Bv8 are two closely 
related proteins that share a high similarity (75%) and identity (60%) amongst each other (LeCouter 
et al., 2003). Both factors binds to two closely related G-protein coupled receptors (GPCR) (85% 
identical) termed prokineticin receptor 1 (PKR1) and prokineticin receptor 2 (PKR2), which are 
homologous to the neuropeptide Y (NPY) receptor. 

Both EG-VEGF and Bv8 belongs to the AVIT protein family. Other members of this family includes 
mamba intestinal protein 1 (MIT-1) (previously referred to as venom protein A [VPRA]) (Kaser et al., 
2003). 

 

1.1.3.1 EG-VEGF 

EG-VEGF is also referred to as prokineticin 1 (PK1) and is encoded by the PROK1 gene. Its highest 
expression is found in steroidogenic organs, like the ovary, testis, adrenal gland and placenta 
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(LeCouter et al., 2001), but EG-VEGF has also been reported to be expressed in other tissues, such as 
in the healthy pancreas and in pancreatic adenocarcinoma (Morales et al., 2007).  

EG-VEGF was the first tissue-restricted angiogenic factor to be identified. It is up-regulated by 
hypoxic situations and it supposedly has a mitogenic and survival effect, works as chemoattractant, 
and induces migration and fenestration of endothelial cells derived from endocrine organs. However, 
it fails to induce angiogenesis in non-endocrine tissue, such as in skeletal muscle (LeCouter et al., 
2001).  

Bone marrow-derived cells have been shown to be stimulated into the monocyte/macrophage 
lineage through the action of EG-VEGF. Apart from this, EG-VEGF has also been shown to alter the 
function of monocytes, increasing its expression of interleukin (IL)-12 and TNF-α, but lowering its 
expression of IL-10 (Dorsch et al., 2005).  

 

1.1.3.2 Bv8 

Bv8 (commonly referred to as prokineticin 2 [PK2]) is a small (8 kDa) protein that was first isolated 
from skin secretion of the Bombina variegate toad (Mollay et al., 1999). The small peptide is encoded 
by the PROK2 gene and is predominantly expressed in the seminiferous tubules of the testis, but can 
also be found in other organs such as the ovary, CNS and in peripheral blood leukocytes. Its 
expression seems to be up-regulated by hypoxic situations (LeCouter et al., 2003) and in 
inflammatory granulocytes during the initiation of inflammatory pain (Giannini et al., 2009).  

Due to its high expression in the peripheral blood cells, it is not surprising that Bv8 is involved in a 
wide variety of activities. For example, Bv8 has been associated with angiogenesis (LeCouter et al., 
2003), inflammation (Giannini et al., 2009), neurogenesis (Melchiorri et al., 2001), hematopoiesis 
(LeCouter et al., 2004), nociception (nociceptive sensitization) (Negri et al., 2009), circadian rhythm 
(Cheng et al., 2002; Zhou and Cheng, 2005), feeding and drinking behavior (Negri et al., 2004) and 
gastrointestinal motility (Li et al., 2001). 

When an inflammation arises, neutrophils are the first cell type to be recruited to the site of 
inflammation. Bv8 has been reported to be highly expressed by the infiltrating neutrophils, and when 
secreted functions as a chemoattractant for monocytes and dendritic cells (LeCouter et al., 2004), 
but it also seems as though Bv8 promotes the migration of more neutrophils (Zhong et al., 2009). It 
has been suggested that Bv8 functions as a chemoattractant for macrophages, as well as to stimulate 
these macrophages into enhancing its lipopolysaccaride (LPS)-induced production of the pro-
inflammatory cytokines IL-1β and IL-12, while decreasing the production of the anti-inflammatory 
cytokine IL-10 (Martucci et al., 2006). 

Since Bv8 and EG-VEGF binds and activates the same receptors (Lin et al., 2002), Bv8 has been 
associated with the same tissue-selective angiogenic activity that has been proposed for EG-VEGF. 
Through adenoviral delivery of Bv8 to the testis, the protein displayed an angiogenic activity 
(LeCouter et al., 2003). 
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1.2 Aims 

Type 1 diabetes can usually be held under control by injections of exogenous insulin. For curing 
purposes, transplantation of whole pancreas or isolated islets of Langerhans can be performed, 
making these patients insulin independent. 

To readily release the produced insulin, the beta-cells are dependent on the expression of fenestrae 
on surrounding endothelial cells. During isolation, the capillary network within the islets gets 
destroyed (Jansson and Carlsson, 2002), displaying a major issue for the engraftment; the endothelial 
cells of the vessels that revascularize the islets probably needs to express a fenestrated phenotype 
for the islets to function properly and for the transplantation to be considered successful. 

Recent experiments, with pancreatic islets transplanted into striated muscle, have resulted in 
functional islets and the curing of diabetic mice (Christoffersson et al., 2010). This indicates that the 
former non-fenestrated muscle vessels that revascularize the islets somehow change their 
phenotype and develop fenestrations. 

The overall aim of this degree project is thus to investigate if factors (described above) known to be 
released by the pancreatic islets induce and stabilize fenestrations on cultured endothelial cells. 
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2. Material and method 

 

2.1 Cell culturing 

Human dermal microvascular endothelial cells (HDMEC) do not naturally express a fenestrated 
phenotype. For that reason, this particular cell line was used during the entire project. Due to cellular 
differentiation, no cells above passage 15 (P15) was employed in the experimental procedures. 

 

2.1.1 Coating of coverslips 

To avoid infection of cell cultures, the coverslips need to be sterile before they are exposed to the 
coating material. To accomplish this, the coverslips were put in a glass container with 70% ethanol 
(EtOH). The container was stirred in a circular motion for a few minutes, before the 70% ethanol was 
rinsed out and replaced with 99.7% ethanol. The coverslips were then placed on a filter to dry. 

150 µl of poly-L-lysine (PLL) (Sigma Aldrich) (10 ng/ml) or fibronectin (BD Bioscience) (10 or 50 ng/ml) 
was applied to each coverslip, and the coating material was allowed to settle for 20 and 60 minutes, 
respectively. The coverslips were thereafter dipped in sterile distilled water (dH2O) and placed on a 
new filter. An ultraviolet light was placed above the coverslips for about 1-2 hours to exterminate 
any possible microorganisms that may still remain. 

 

2.1.2 Culturing procedure 

To start the splitting process, the old medium was removed. Ca2+ and Mg2+ free Hank’s balanced salt 
solution (Sigma Aldrich) was added for a brief moment to wash the adherent cells. Shortly after, the 
salt solution was removed and replaced with 0.25% trypsin, 0.1% ethylenediaminetetraacetic acid 
(EDTA) (Sigma Aldrich). Trypsinization is the process by which cells lose contact with the bottom of 
the flask. Trypsin is optimized at a temperature of 37⁰C, and so the flask was placed in a 37⁰C 
incubator with 5% CO2 for approximately 3 minutes.  

A light microscope was used to make sure that the cells truly had lost its adherence to the plastic 
container. If a lot of the cells were still attached to the bottom or to each other, the flask was lightly 
rocked against a firm surface and sometimes placed in the incubator for a few more minutes.  

To terminate the trypsinization, new medium was added into the solution. The mixture was placed in 
15 ml tubes (BD Biosciences) and centrifuged for 2x15 seconds at 500g/2000 revolutions per minute 
(rpm).  

The supernatant was removed and the cell pellet was resuspended in new endothelial cell growth 
medium (without VEGF-A supplement) (PromoCell). The cell solution was transferred into a new 75 
cm2 cell culture flasks (Corning Life Sciences) or onto a culture slide (BD BioCoat), which was then 
placed in the incubator to optimize the environmental conditions for cellular growth. 
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For subculturing purposes, the cells were split every 48-72 hours (1:2 or 1:3) using the procedure 
described above. 

 

2.2 Treatment of cells 

When culturing cells for treatment, the cells were grown onto precoated (fibronectin) 8-well glass 
slides (BD BioCoat). Once the cells had reached confluence, the old medium was washed away and 
factors were added along with fresh medium (Table 1).  

 

Table 1. Concentrations and treatment times with EG-VEGF and Bv8 

Concentration: Treatment time: 

1 ng/ml 

10 ng/ml 

10 ng/ml 

10 ng/ml 

50 ng/ml 

100 ng/ml 

24 hours 

5 hours 

24 hours 

72 hours 

24 hours 

24 hours 

Cells were treated according to the concentrations and treatment times stated above. The 10 ng/ml concentration was 
examined after several treatment times due to its correlation to physiological levels. 

 

2.3 Scanning electron microscopy 

In order to visualize the cellular topography of treated and untreated cells, a scanning electron 
microscope (LEO 1530 Field Emission Scanning Electron Microscope) was used. 

 

2.3.1 Preparation procedure 

Once the treatment was finalized, the medium was replaced with 2.5% glutaraldehyde + 0.1 M 
cacodylate buffer to fixate the cells. The slides were incubated in a refrigerator for at least 24 hours 
before the cells were ready for critical point drying (CPD), prior visualization through scanning 
electron microscopy (SEM). 
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Following the incubation period, the slides were placed in beakers for 5-10 minutes for each step, 
according to the following schedule: 

1. Distilled H2O 

2. 50% acetone 

3. 70% acetone 

4. 80% acetone 

5. 90% acetone 

6. 95% acetone 

7. 100% acetone 

 

The acetone steps are done to replace the water within the cells with acetone, since acetone is 
miscible with both water and liquid CO2. This is necessary for the next part of the preparation – 
Critical point drying (CPD).  

After the slides had been subjected to 100% acetone for at least 5 minutes, the slides were placed in 
a pressure chamber. The chamber was filled with CO2 and the acetone was rinsed out for 3-5 
minutes. 

The specimen was imbibed with CO2 for 1-2 hours and rinsed every 15 minutes. Warm water was 
allowed to circulate to elevate the temperature. When the temperature reached 31⁰C and the 
pressure reached a level of 1150 lb/in2, the CO2 became gaseous. The temperature was kept at 35-
36⁰C and the pressure at 1200 lb/in2. In a matter of 10 minutes, the pressure was then lowered from 
1200 to 0 lb/in2. The warm water was replaced with cold water that circulated until the temperature 
had dropped to 22⁰C. All valves were closed and the chamber was opened.  

The dried specimen was sputter coated with a 30 nm thick layer of gold, making the cells conductive 
and thereby increasing the resolution of its surface in the electron microscope.  

 

2.4 Immunocytochemistry 

To verify that the cells used in the experiments truly were endothelial cells, the treatment was also 
carried out on cells cultured on PLL coated coverslips. These cells, along with untreated controls, 
were stained for vascular endothelial (VE)-cadherin (eBioscience) (also known as cluster of 
differentiation (CD) 144), an endothelial marker that is present in the junctions between endothelial 
cells. 

The cells cultured on coverslips were also stained for PV-1 (Sigma Aldrich), a component that is found 
in the diaphragm of endothelial caveolae, in fenestrae and in transendothelial channels (Ioannidou et 
al., 2006). These cells were also stained with Alexa Flour 555 phalloidin (Invitrogen), which decorates 
the actin filaments of the cells. This was done to prove that the structures visualized in the SEM truly 
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transverse the endothelial cells. If this is the case, there should be no actin filaments (phalloidin) 
where the fenestrae (PV-1) are located. 

 

2.4.1 Staining procedure 

Cells were fixed with immunohistochemistry (IHC) Zn-fixative (BD Biosciences) for 30 minutes in 
room temperature. The fixative was then removed and TBS containing 0.3% Triton X-100 was added 
for 15 minutes in room temperature. The cells were blocked for one hour in room temperature, 
using either a TNB blocking buffer (Invitrogen), a buffer containing phosphate buffered saline (PBS), 
bovine serum albumin (BSA) and fetal calf serum (FCS) or a buffer containing 0.05% goat serum in 
TBS. 

The cells were incubated with the primary antibody for 1 or 3 hours in room temperature or 
overnight in a refrigerator. The primary antibody was diluted to 1:250 in the chosen blocking buffer. 

The primary antibody (PV-1 or VE-cadherin) was removed and the cells were washed 3 times with 
TBS. The secondary antibody (Alexa Fluor 555 goat anti-mouse IgG for VE-cadherin staining 
[Invitrogen]; Alexa Fluor 488 donkey anti-rabbit IgG for PV-1 staining [Invitrogen]) was then added 
for one hour in room temperature, using a 1:250 dilution. 

The secondary antibody was removed and the cells were washed 3 times with TBS. When using 
phalloidin staining, this was added in a 1:40 dilution for 20 minutes. The nuclei were stained with 
Hoescht (Invitrogen) (diluted 1:10,000) for 5-10 minutes in room temperature. The coverslips were 
dried and mounted with Fluoromount-G (SouthernBiotech) and visualized under a fluorescence 
microscope (Nikon TE2000U). 
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3.  Results 

 

3.1 Verification of endothelial cells 

Since endothelial cells differentiate rapidly in cell culture, the cells were stained for VE-cadherin 
(Figure 1) to make sure that cells used in the experimental procedures still expressed an endothelial 
phenotype. Apart from this, no cells above P15 was used, as yet another precaution against the use 
of differentiated endothelial cells. 

 

Figure 1. Staining for VE-cadherin 

 

HDMEC (P7) was stained for VE-cadherin (red) to ensure that the cells were still expressing an endothelial phenotype when 
used in experiments. (A) HDMEC P7 using a 40x microscope objective. (B) HDMEC P7 using a 60x microscope objective. 
Nuclei were stained with Hoescht (blue). 

 

3.2 Effects of candidate substances 

Three treatment series were carried out on HDMEC. During two of the treatment series, P7 cells 
were used. For the final treatment, cells were allowed to go until P11 before the treatment was 
carried out. When examining the results, no significant difference could be observed between the 
two passage numbers. 

 

3.2.1 EG-VEGF 

During treatment with EG-VEGF on HDMEC, no statistical significance could be observed at 
physiological levels (up to 10 ng/ml) compared to untreated cells (Figure 2, A and B). However, cells 
appeared to develop large holes in its most central part when subjected to higher concentrations (50 
ng/ml and 100 ng/ml) of EG-VEGF (Figure 2, C). These concentrations revealed cells with notably 
different cell morphology than could be seen in the untreated control. 
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When comparing cells treated with 10 ng/ml EG-VEGF for 5-, 24- and 72 hours, a slight increase in 
the number of holes can be seen (data not shown). 

 

Figure 2. Effects of EG-VEGF treatment 

 

The 10 ng/ml EG-VEGF treatment was not statistically significant, although the p-value was just at the boundary (p-value = 
0.051). (A) Untreated cells. (B) HDMEC treated with 10 ng/ml EG-VEGF for 24 hours. (C) HDMEC treated with 100 ng/ml EG-
VEGF for 24 hours. (D) A comparison between the fenestrated area percentage of untreated and EG-VEGF treated HDMEC. 
Red arrows indicate fenestrae. Scale bar equals 10 µm. 

 

3.2.2 Bv8 

Bv8 treated cells were markedly different from the ones treated with EG-VEGF. Here, the effect was 
strongly dependent on the concentration, but the candidate agent demonstrated a significant effect 
at as low as 10 ng/ml, and an even more promising effect at 100 ng/ml (Figure 3).  

At the lower concentrations, the effect was similar to that of the high-concentration EG-VEGF 
treatment. At maximum concentration, the effect was markedly different, with holes in the periphery 
that carried a strong resemblance to fenestrae found in vivo. 

Comparison of 10 ng/ml Bv8 treated cells after 5-, 24- and 72 hours of exposure revealed that 5 
hours was not enough time for fenestrae induction by Bv8. No major difference could be observed 
between 24- and 72 hours of treatment (data not shown).  
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Figure 3. Effects of Bv8 treatment 

 

The effect of Bv8 treatment was highly dose-dependent and statistically significant (p-value = 5,2471 ⋅ 10-5 at 10 ng/ml). (A) 
Untreated cells. (B) HDMEC treated with 10 ng/ml Bv8 for 24 hours. (C) HDMEC treated with 100 ng/ml Bv8 for 24 hours. 
(D) A comparison between the fenestrated area percentage of untreated and Bv8 treated HDMEC. Red arrows indicate 
fenestrae. Scale bar equals 10 µm. 
 

3.3 Quantification of fenestrae 

A quantification of the area within cells that was comprised of the fenestrae-like structures was done 
using ImageJ (National Institutes of Health). This quantification was carried out on cells that had been 
treated with 10 ng/ml of the candidate substances for 24 hours. The quantification enabled for the 
evaluation of whether or not the treatments were statistically significant at what is believed to be 
physiological levels of both substances. The p-values for EG-VEGF and Bv8 treatment were 
calculated, revealing no statistical significance for EG-VEGF (p-value = 0.051), but a prominent 

statistical significance for Bv8 (p-value = 5,2471 ⋅ 10-5) at 10 ng/ml. 

 

3.4 PV-1 staining 

Despite the fact that the cells revealed holes that resembles fenestrae in vivo, there still needs to be 
proof that the found structures truly are fenestrae. For this purpose, PV-1 antibody was used (Figure 
4). Even if PV-1 is considered as a marker of fenestrations, it is highly important to remember that 
PV-1 is also present in other structures, such as caveolae, and so the structures observed in the 
scanning electron microscope is ultimately the final proof. 
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Figure 4. PV-1 staining of treated and untreated cells. 

 

HDMEC was stained for PV-1 (fenestrae diaphragm [green]), Hoescht (nuclei [blue]) and phalloidin (actin [red]) to show that 
there are no actin filaments where the supposed fenestrae reside. (A) Untreated HDMEC. (B) EG-VEGF treated cells (100 
ng/ml). (C) Bv8 treated cells (100 ng/ml). The cells shown in (A), (B) and (C) are all from the same batch of P7 HDMEC. Other 
cells from this batch were examined in the scanning electron microscope. 
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4. Discussion 

 

The formation of fenestrae on endothelial cells is a small scientific area of which little is known or has 
been explained. It is therefore difficult to conclude which factors influence the formation of these 
transcytoplasmic holes in vivo. In this bachelor thesis, two factors have been presented and their 
effect on endothelial cells evaluated. 

Despite the fact that both EG-VEGF and Bv8 are reported to only influence the endothelium derived 
from endocrine tissue, the use of these factors on HDMEC revealed fenestration formation appearing 
on endothelial cells derived from skin tissue. These results indicate that the used substances may not 
be as tissue-specific as earlier reports claim. 

When PKR1 and PKR2 are activated, this will lead to an activation of the mitogen-activated protein 
kinase (MAPK) p44/42 signaling pathway. This pathway is the same signal transduction pathway that 
is activated by VEGF-A, which explains the angiogenic activity of both EG-VEGF and Bv8 (Lin et al., 
2002). However, it does not seem possible to believe that all three factors would activate the same 
signaling pathway for the fenestrae formation, since the holes that appear on treated cell have 
distinctly different manifestation depending on which factor has been used. This fenestrae variation 
is the most surprising finding in this report. 

With regard to this, it seems feasible to believe that fenestrae formation can be induced by several 
signaling transduction pathways, all with one common feature; actin depolymerization (confirmed by 
PV-1 + phalloidin staining).  

We hypothesize that there may be other receptors of which the candidate agents can bind, and also 
that there may be different types of fenestrae, and that these particular types have other distinctions 
than simply size and/or the presence or absence of a diaphragm.  

Earlier studies have reported experiments in which endothelial cells were treated with a combination 
of EG-VEGF and VEGF-A. The cells responded stronger than during single-factor treatments, 
indicating a cooperative effect of EG-VEGF and VEGF-A in vivo (LeCouter et al., 2001). However, with 
our hypothesis, it seems more likely that the factors induce different classes of fenestrae, and 
thereby don’t get affected by the other substance’s presence. 

Although both EG-VEGF and Bv8 seems to be potent to induce and stabilize fenestrae on cultured 
endothelial cells, we hypothesize that Bv8 is the major inducer of fenestrae formation in the intra-
islet capillaries. This is because of the fact that Bv8 has a higher expression within the transplanted 
islets, and because EG-VEGF requires a very high concentration (well above the physiological level) to 
produce a notable fenestrated results in vitro. 

In addition, in a recent report we found islet revascularization following transplantation to be 
dependent on recruitment of neutrophils to the graft. Neutrophils are known to produce Bv8, and its 
role in fenestrae formation is therefore intriguing. 
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In summary, in this study we found that physiological doses of Bv8 potently induce fenestrations on a 
cultured dermal endothelial cell line. However, the relevance of Bv8 in fenestrae formation of 
revascularized islets remains to be studied. 
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