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ABSTRACT 

Transplantation of pancreatic islets reconstitutes glucose homeostasis in diabetes mellitus. 
Before transplantation, islets are disrupted from the surrounding blood vessels by the isolation 
procedure, with the grafted tissue being subject to ischemic damage. The survival of transplanted 
islets is assumed to depend on effective revascularization. Perfusion studies suggest that newly 
formed microvessels supplying the graft with nutrients are exclusively rebuilt by the host. It is 
generally not known whether isolated islets contain endothelial cells (EC), which potentially 
participate in the revascularization process. Therefore, we tried to detect immature EC in isolated 
islets by transformation with polyoma middle T antigen. Endothelioma cells were generated, 
implicating the presence of de-differentiated EC within isolated islets. When embedded in a 
fibrin gel, the islets developed cellular cords consisting of EC, whereas FGF-2 and VEGF 
stimulated the formation of cord-like structures. Furthermore, we studied the presence of donor 
EC in islet grafts by using transgenic mice with an EC lineage-specific promoter-LacZ reporter 
construct (Tie-2LacZ). Following islet transplantation, Tie-2LacZ-positive EC of both donor and 
recipient were identified in the vicinity of or within the graft up to 3 wk after transplantation. In 
conclusion, EC and/or their progenitors with angiogenic capacity reside within isolated islets of 
different species, and their proliferative potential can be stimulated by various inducers. These 
graft-related endothelia persist after islet transplantation and are integrated within newly formed 
microvessels. 
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slets of Langerhans have a rich blood supply for the delivery of oxygen and the distribution 
of secreted hormones to their target organs (1). In most solid organ grafts, nutritive 
microvascular blood flow is constituted shortly after transplantation, whereas pancreatic islet 

grafts are considered avascular after collagenase isolation and free transplantation. Isolated islets 
are even assumed to lose most of their endothelia during culture. After transplantation into the 
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host, they depend on diffusion of nutrients and oxygen, thereby limiting the survival of cells in 
the center of the islet. Studies done by our group and others have demonstrated that decreased 
blood supply may lead to death of the β-cells in the core of cultured and transplanted islets (2, 3). 
They thus require the process of angiogenesis to reestablish adequate microcirculation. 

The vascular density of pancreatic islet grafts is by no means optimal (4). Therefore, 
revascularization is an important process for adequate engraftment of islets. However, few 
details are known about the mechanisms that guide the process of revascularization of 
transplanted islets. Angiogenesis is a multistep process that includes pericellular proteolysis, 
migration and proliferation of EC (�sprouting�), formation of structures resembling capillaries, 
and maturation of blood vessels. Hypoxia per se and in combination with FGF-2 is a strong 
inducer of angiogenesis. Hypoxia can activate endothelial cells directly involving signaling 
pathways, which are dependent on the costimulus and the respective microenvironment (5). 
Upon transplantation of islets into muscle tissue, revascularization occurs within 10 days, with a 
majority of new vessels arising from the recipient (6). Oxygen tension in transplanted tissue is 
only 30�50% of native pancreatic islets (31�37 mm Hg; 7), and the initial oxygen supply of 
islets depends on diffusion of oxygen through fluid-filled spaces between host and graft tissue. 

Among angiogenic factors, VEGF is the most important hypoxia-driven mediator that regulates 
blood vessel growth (8). The identification of these and other angiogenic factors lead to the 
hypothesis that the activation state of EC is determined by the balance between endogenous 
angiogenic and angiostatic factors. This implies that proangiogenic therapy is a promising 
strategy for conditions of vascular insufficiency. 

There is some evidence that VEGF and fibroblast growth factors are involved in the process of 
vascularization of pancreatic islets. VEGF and its receptors flk-1 and flt-1 are expressed in 
normal islets and are up-regulated in devascularized or hypoxic pancreatic islets (9). Addition of 
FGF-2 to the transplants accelerates revascularization, whereas the inhibition of endogeneously 
produced FGF-2 by antibodies was shown to decrease vascularization of islets (10). 

Endothelial cells are important effectors in the propagation of inflammatory processes by 
secreting reactive oxygen intermediates and cytokines, such as tumor necrosis factor (TNF)-α. It 
was shown to be angiogenic in vivo, and inhibition of TNF-α signaling lead to reduced 
angiogenesis (11, 12). In addition, EC secrete substances, such as urokinase, that can promote 
plasmin or metalloproteinase-dependent degradation of pericellular proteins as an initial 
activating process of inflammation (13�15). 

Based on these considerations, EC are pivotal in the complex interaction between donor and host 
in transplantation. It would be important to identify EC with proliferating capacity in isolated 
islets. This prompted us to study proliferative processes of EC in explanted islets by using an in 
vitro 3-D system. Moreover, we used transgenic mice with the specific Tie-2 reporter construct 
to investigate the role of donor EC in transplanted pancreatic islets. 

 



MATERIALS AND METHODS 

Animals and materials 

Wistar rats and C57Bl6 mice were obtained from Charles River (Sulzbach, Germany). Tissue 
culture medium CMRL 1066, L-glutamine, Earles balanced salt solution, and human 
recombinant FGF-2 were obtained from Invitrogen (Karlsruhe, Germany). Collagenase (Cl. 
histolyticum, 0.9 PZ U/mg), fibrinogen, MCDB 131, and thrombin were purchased from Sigma 
(Deisenhofen, Germany). Fetal calf serum (FCS) and Ficoll (1.1 g/cm3) were purchased from 
Biochrom (Berlin, Germany). Human recombinant vascular endothelial growth factor (VEGF) 
was a gift from Dr. Matthias Clauss (Max Planck Institute, Bad Nauheim, Germany). 

Islet isolation 

Islets of Langerhans were isolated after collagenase digestion procedure from four species: 
mouse, rat, pig, and human pancreas. Mouse and rat islets were isolated by distension of the 
pancreas via the ductus choledochus with 1.6�2.0 mg/ml collagenase in HBSS (rat 15�20 ml, 
mouse 2.5 ml); pancreas was removed and digested in a shaking water bath at 37°C. A Ficoll 
gradient was used to separate exocrine rat tissue. Subsequently, islets were picked by hand from 
the digest. 

Human and pig islets were isolated. In brief, porcine islets were isolated by collagenase 
digestion-filtration and discontinuous ficoll gradient purification (2). Human islets were 
separated from multiorgan donors after vascular flush with University of Wisconsin solution, 
collagenase digestion-filtration, and continuous gradient ficoll purification on a Cobe 2991 (16). 
Isolation outcome was evaluated by calculating islet equivalents after dithizone staining. 
Viability of islets was tested by Trypan dye exclusion and static glucose stimulation (30 vs. 300 
mg/dl) after overnight culture at 37°C in CMRL 1066 supplemented with 10% FCS, 100 µg/ml 
streptomycin (Biochrom, Berlin, Germany), and 20 µg/ml ciprofloxacine (Bayer, Leverkusen, 
Germany). 

In vitro angiogenesis assay 

After a 12- to 24-h preculture period (37°C in 94 mm tissue culture dishes containing 10% heat-
inactivated FCS) to dispose of remaining exocrine rest tissue and damaged material, islets were 
washed with PBS ultrapure (GibcoBRL, Karlsruhe, Germany). A 1.7 mg/ml fibrinogen solution 
was prepared in a 35x 94-mm Petri dish. Islets (30�40) were transferred per dish followed by 
addition of 6.5 µl thrombin to the fibrinogen solution. After 20 min, the solution was equilibrated 
with 1 ml MCDB131-FCS (50 ml MCDB131 with 500 µl Pen/Strep/Glutamin [Sigma] and 50 µl 
FCS). The islet-containing matrix was allowed to polymerize and was incubated for 12, 24, 48, 
72, and 96 h at 37°C, 5% CO2, 95% air and 100% humidity. 

Image analysis 

Angiogenesis was measured by quantitative image analysis, counting the number and the length 
of the branches that had grown out of each islet at 10× original magnification (Olympus BHZ, 
DP 10 camera and Analysis 2.1 from SIS, Muenster, Germany). 

 



Preparation of isolated islets for electron microscopy 

Fibrin-embedded islets were fixed at 4°C in 3% paraformaldehyde and 0.1% glutaraldehyde 
dissolved in 0.1 M cacodylate buffer, pH 7.2. After washing, the islets were resuspended in 
cacodylate buffer containing 2.3 M sucrose. Droplets of the islet suspension were plunge-frozen 
in liquid propane at �180°C (KF80, Reichert-Jung, Vienna, Austria), dehydrated with ethanol 
under progressive lowering of the temperature, and embedded at �30°C in Lowicryl HM20 
(Chemische Werke Lowi, Waldkraiburg, Germany). Ultrathin sections were investigated in 
series with an EM 109 electron microscope (Carl Zeiss Oberkochen, Germany). 

Immunolabeling 

Ultrathin sections on pioloform-coated Ni grids were incubated for 60 min at room temperature 
with the primary antibody rabbit anti-human-vWF IgG (Sigma F3520). After they were washed, 
the grids were incubated with a gold-labeled secondary antibody (goat anti-rabbit, 10 nm; 
Aurion, Wageningen, Netherlands). 

Generation of recombinant retroviruses transducing polyoma middle T antigen (PymT) 

GP+E 86 cells were grown in Dulbecco�s modified Eagle�s medium (DMEM) supplemented 
with 5% FCS and penicillin and streptomycin, each at 100 U/ml. Infectious retroviruses were 
obtained by collection of spent culture supernatant from subconfluent GP+E 86 producer cell 
bulks. Before infection of target cells, the supernatants were rendered cell free by filtration 
through 0.45-µm membranes, and polybrene was added at 5 µg/ml. 

Infection of islet cells 

Murine pancreatic islets were prepared as described. Approximately 100�150 islets were plated 
in a 10-cm dish and cultured for 24 h, allowing the majority of islets to adhere. Subsequently, the 
culture medium was removed and replaced by 10 ml cell-free medium containing ∼4×106 
infectious retroviral particles. After 24 h, the infectious supernatant was replenished and the 
infection procedure was repeated three times. 

Derivation and characterization of PymT-transformed endothelioma cell lines 

Subsequently, cells were cultured in DMEM supplemented with 5% FCS. After the appearance 
of large patches of cells with endothelial morpholog,y endothelial islets of morphology were 
picked and expanded. The resulting cell lines displayed a characteristic endothelial appearance 
and were further characterized by flow cytometry. For flow cytometry, endothelioma cultures 
were washed with 5 mM EDTA in HBSS/25 mM HEPES, pH 7.2. Cells were collected and 
stained with the respective antibodies diluted in PBS/2.5% CS/0.1% sodium azide for 30 min at 
4°C. After incubation with fluorescently labeled ant-IgG F(ab)'2-fragment adhesion molecule, 
surface expression was determined using a FACScan flow cytometer equipped with the Cellquest 
software package (BD, Heidelberg, Germany). 

Islet transplantation and experimental design 

We used transgenic mice (FVB-background) carrying an endothelial cell lineage-specific 
promotor-LacZ reporter gene (Tie-2LacZ) and matched wildtype (WT) FVB mice for 

 



transplantation experiments. Transplantation of isolated islets after 24 h culture was performed 
under the kidney capsule as previously described (17): Islets from WT mice were transplanted 
into transgenic mice (n=5), and islets from transgenic mice were transplanted into WT mice 
(n=5). Grafts were removed 5, 10, and 21 days after transplantation. EC were identified by LacZ 
staining, and β-cells were identified by anti-insulin antibodies. 

Morphological analysis of islets in fibrin gels and islet grafts 

Fibrin matrices were fixed overnight at 4°C in 4% paraformaldehyde in PBS (pH 7.4), washed 
twice with PBS, dehydrated with n-butylacetate, and embedded in paraffin. Serial sections (6�7 
µm) were cut perpendicularly to the surface of the matrix sheet. For morphological evaluation, 
the sections were stained with hematoxylin and eosin. 

Islet grafts were dissected from the kidney capsule and frozen. Cryosections were cut at -20°C, 
dried at 22°C overnight, fixed in acetone for 5 min at �20°C, and air dried. After postfixing in 
cold solution, the sections were washed and stained with 0.01% β-D-galactopyranoside (in 5 
mmol/l K3Fe(CN)6 + K4Fe(CN)6 + 2 mmol/l MgCl2, 0.02% NP-40 + 0.25 mmol/l deoxycholate, 
2% dimethylformamide) at 37°C. Immunostaining for insulin or von-Willebrand-Factor (vWF) 
antigen was performed with a guinea pig polyclonal anti-insulin antibody (diluted 1:200, 
incubation for 1 h at room temperature) or an anti-vWF rabbit IgG antibody, respectively. After 
addition of the appropriate second antibody, staining was performed with diaminobenzidine. 
Primary and secondary antibodies were purchased from DAKO (Hamburg, Germany). 

Statistical evaluation 

We used the Student�s t test for single and ANOVA for multiple comparisons. P<0.05 was 
considered significant. 

RESULTS 

Spontaneous EC branching from fibrin-embedded islets 

To explore the angiogenic capacity of islets, a 3-D in vitro system was used in which islets from 
different species were seeded into fibrin gels, and the outgrowth of migrating cells was assessed. 
Cells originating from islets of different species--mouse, rat, pig, or human--were followed for 
12�96 h and invaded the matrix to form branched and linear cords (Fig. 1a, 1b). Cross sections of 
fibrin-embedded islets revealed that many cords had a lumen and were lined by a single layer of 
flattened cells. The maximum number of these cord-like structures was observed at 48 h (Fig. 
1c). The sprouting cells showed electron lucent organelles containing vWF (Fig. 2a, 2b). The 
profile of these organelles looked regular and the organelles most likely corresponded to 
immature granules. Signs of endocytotic traffic―transport vehicles or endosomes―were 
missing. A basement membrane was not detectable. However, the EC were able to form 
junctional contacts as shown in Figure 2c. Furthermore, light microscopic analysis using 
immunolabeling with anti-vWF rabbit IgG proved that these structures were EC (Fig. 2d). 

Effect of glucose and growth factors on the formation of cords 

Quantitative assessment of 3-D in vitro endothelial outgrowth from isolated islets revealed a 
significant level of spontaneous angiogenesis. In the presence of 3% serum, 33% islets on 

 



average gave rise to a mean of 2.8±1.2 cords per islet, with a total length of 300 µm over a 48-h 
period. Addition of 10 ng/ml VEGF to the fibrinogen solution increased the formation of cords 
per islet nearly threefold (Fig. 3a). Length of a single branch was 100�125 µm. The presence of 
high glucose did not change the percentage of cord-forming islets, but mean cord length 
increased by 43% (P<0.05) (Fig. 3b). 

Generation of endotheliomas from proliferating endothelial islet cells 

We prepared pancreatic islets and infected primary cultures of 120�150 islets with a murine 
replication-deficient retrovirus transducing the PymT. Three to four weeks following three 
repetitive cycles of infection, we observed the appearance of areas of endothelial morphology 
within the primary cultures (Fig. 4a). As the endothelioma cells expanded, they displaced the 
surrounding cell layer consisting primarily of fibroblastic cells, allowing the isolation of several 
islet-derived pancreatic endothelioma cell lines (Fig. 4b, 4c). To verify the endothelial nature of 
the derived cell lines, we tested for the presence of characteristic cell surface proteins by using 
flow cytometry. All PymT-transformed islet-derived endothelioma cells constitutively expressed 
CD31/PECAM (Fig. 4d). Although we detected only low to negligible surface levels of E- and 
P-selectin, expression of both cell surface molecules was induced after TNF-α treatment (Fig. 
4e, 4f). In contrast, nonstimulated islet-derived endothelioma cells expressed already 
intermediate to high surface levels of the adhesion molecules ICAM and VCAM, which was 
further enhanced upon TNF-α stimulation (Fig. 4g, 4h). 

Donor endothelial cells in transplanted islets 

We established an in vivo transplantation model with transgenic Tie-2 LacZ mice to follow the 
fate of EC of both host and donor origin during transplant angiogenesis. These mice 
constitutively express β-galactosidase endcoded by lacZ under the transcriptional regulation of 
the Tie-2 promoter specific for EC. 

In the first set of experiments, islets from Tie-2 LacZ donors were transferred onto WT host 
kidneys (Fig. 5 A�C). Interestingly, these cells were detected at the periphery of the islet graft 
and also within the adjacent kidney tissue, implicating migration of graft endothelia in the 
direction of the host. Moreover, cells were found at 5, 10, and even 21 days after transplantation, 
suggesting that donor EC persisted in the graft. 

In a second set of experiments, islets from nontransgenic littermates were transplanted under the 
kidney capsule of Tie-2 LacZ mice (Fig. 6). Although the Tie-2 molecule is specific for EC, its 
expression is visible only in LacZ stains if the Tie-2 protein production is highly activated. 
Figure 6A demonstrates the density of vWF-positive endothelia within connective tissue 
surrounding the transplanted islets. The interface of islet graft and kidney was the preferential 
area for Tie-2-positive EC. Compared with vWF stain, only a small number of EC produced 
sufficient Tie-2 protein for the detection with galactosidase. 

Using Tie-2 LacZ host mice, we observed host EC within the graft area as early as 5 days after 
transplantation (Fig. 6B). Again, we identified Tie-2-positive cells preferentially at separating 
areas of connective tissue and islet graft. After 5 days, spots originating from the host were found 
in stromal tissue adjacent to the endocrine tissue. At later time points, the spots were also found 
within the islets, implicating migration of host endothelia into the islet grafts (Fig. 6C). 

 



As compared with the native pancreatic islet (3± 2spots/mm2), 5 days after transplantation, a 
significant increase of LacZ-positive spots or of whole microvessels was observed with one-third 
of donor origin (33±11 donor and 78±12 host/mm2, P<0.05). At time points 10 and 21 days, the 
density of LacZ-positive structures showed progressive decrease with a constant ratio of donor 
and host spots. Graft area stained by insulin antibody with overall high (73±9 mm2) Tie-2 protein 
expression was enhanced twofold over low (12±4 mm2) Tie-2 expression (Graft area: 7,895 vs. 
18,724 µm2, P<0.05), implicating a benefical effect of Tie-2 protein expression on transplant 
volume. 

DISCUSSION 

Islet angiogenesis assay 

One of the aims of the present study was to describe EC outgrowth from isolated islets of 
Langerhans in different species, including human. In fact, we described experimental conditions 
for the protrusion of cells from islets embedded in fibrin into the surrounding matrix. These cells 
stained positive for vWF and tended to form cords or branches. These cord-like structures 
occurred from 12 h onward, with a maximum after 48 h. No further increase was observed when 
the islets were exposed to the matrix for 72 or 96 h. Although the EC located within cultured 
isolated islets were thought to be extruded over time, the presence of vWF provides evidence for 
their continuing presence in collagenase-isolated islets. Further evidence for EC in cultured islets 
was the generation of endothelioma from isolated islets by retroviral infection with PymT 
protein. The targets of the PymT transformation were already present within the islets, either 
proliferating or in a quiescent state. In the latter case, proliferation would ensue only in culture. 
Alternatively, one could hypothesize that endothelial progenitors could develop in vitro from a 
stem cell compartment present in the islet.  

With the in vitro 3-D islet angiogenesis assay, it is possible to study mechanisms of the 
angiogenic process under standardized experimental conditions. The distinct advantage of such 
an approach is the focal delivery of β-cells and EC into the 3-D matrix, allowing sprouting to 
occur by invasion into the extracellular matrix. By contrast, other assays such as the corneal 
micropocket assay and the chorioallantoic membrane assay, (18, 19) lack nonendothelial cells 
such as macrophages, which are located within islets of Langerhans and are known to contribute 
markedly to the proliferative response in vivo. 

Growth factors and angiogenesis in isolated islets 

A principle finding of this study is that islets of different species showed significant spontaneous 
angiogenic activity. Migrating of EC required growth factors and was stimulated by FGF-2, 
VEGF, and TNF-α. There is some experimental evidence that the proliferating capacity of islet 
microvascular EC is associated with trypsin resistance and increased expression of α-1 
proteinase inhibitor (20). This makes them suitable targets for the use of angiogenesis-promoting 
conditions or substances. 

In contrast to tumor angiogenesis (21), fibroblast growth factor alone is not essential for the 
proliferation of islet endothelia; however, proper FGF signaling is important for glucose sensing 
and insulin production of β-cells (22). We demonstrated that FGF-2 is an important factor for 

 



endothelial proliferation of isolated islets and as shown before the inhibition of endogeneously 
produced FGF-2 by antibodies inhibited the islets' vascularization process (23). 

It was suggested that threshold hypoxia required for maximal VEGF expression is already 
achieved when islets are cultured under normoxic culture conditions (15). Nonetheless, we found 
that VEGF added to the culture medium increased the proliferation of islet endothelia. 
Measurement of O2 tension in our fibrin matrix resulted in <3% oxygen so that islets are exposed 
to hypoxia when embedded into the fibrin matrix. Hypoxia-inducible factor 1α is induced by 
hypoxia and regulates VEGF signaling and more of a dozen genes encoding glucose transporters 
and glycolytic enzymes that provide metabolic adaptation to hypoxia (24). In our model of in 
vitro islet angiogenesis under hypoxic conditions, VEGF promoted substantial cord formation. 
The addition of TNF-α was capable of potentiating VEGF�s effect on EC�s proliferation. 

Effect of hypoxia and hyperglycemia on islet transplantation and angiogenesis 

Intravital microscopic studies demonstrated that the process of vascularization of freely 
transplanted pancreatic islets is not altered by hyperglycemia of the recipient and that 
microvascular perfusion of these engrafted islets is elevated even under diabetic conditions (23). 
Glucose increased the length of cords proliferating from the islet into the fibrin matrix. This 
result is concordant with reports demonstrating that hyperglycemia induces a status resembling 
hypoxia in endothelial cells by intramitochondrial overproduction of reactive oxygen species, 
activating growth factors, inducing the secretion of vasodilating agents and increasing vascular 
leakage (25). Hypoxia has a profound influence on the survival of islet cells and an immediate 
inhibitory effect upon insulin secretion (3). In islets with diameters of 200 µm, the centrally 
located β-cells will be subject to a degree of hypoxia that will have detrimental effects. Insulin 
content of islet grafts harvested only 1 day after transplantation is only 20% of the value before 
transplantation (26). The metabolic milieu also influences the fate of transplanted islets. The 
rates of glucose consumption and lactate production of β-cells increase more than threefold when 
oxygen is reduced to 25 mmHg. Hypoxia drives the β-cells to a more anaerobic glycolytic 
metabolism with reduced levels of intracellular nucleotide triphosphates and phosphorylcholine 
and a transient increase in inorganic phosphate (27). 

There is some controversy about the influence of hyperglycemia upon the long-term fate of 
transplanted islets. Little is known about the short-term effects of hyperglycemia on the 
engraftment process. We found that hyperglycemia lasting only a few hours did not inhibit 
endothelial proliferation, but increased the angiogenic acitvity of isolated islets. 

Significant angiogenesis by donor islets 

Microcirculation of islets and sequential capillary perfusion play a pivotal role in glucose 
homeostasis (13). Moreover, the microvasculature has been identified as a target site for the graft 
rejection process. Between days 2 and 4 after transplantation of islets under the skin, the first 
signs of angiogenesis were observed in mice, using intravital microscopy. Capillary sprouts and 
formation of sinusoidal vessels were supposed to originate from host muscle, with feeding 
vessels penetrating into the islets and breaking into capillaries within the center of the graft. 
After day 6, red blood cells were observed within the newly formed network (23). 

 



To some respect, the findings within the presented data differ from this model of islet 
revascularization. First, no comparative studies between kidney capsule or liver, the 
transplantation sites most used by researchers, were performed. Second, we found that donor EC 
remained in the graft up to 21 days after transplantation, and according to their location at the 
periphery of the graft surrounded by renal tissue, they were involved in the revascularization 
process. 

Experimental analysis of revascularization revealed the onset of blood perfusion through newly 
formed capillaries within 4�6 days. Vascularization of the grafts was completed within 10�14 
days. The newly formed microvessels presented with diaphragmatic fenestration and were 
thought to originate from the host tissue. Our observations underline the significance of donor 
EC in the revascularization process. The involvement of donor cells was dependent on the 
species and the islet isolation procedure. Indeed, because the Tie-2 protein needs to be greatly 
activated to be stained, this implies that any stained donor endothelium is part of active 
angiogenesis and not just quiescent remaining EC. 

In conclusion, EC remain in isolated islets during culture period and following transplantation. 
They showed significant potency to develop tubule-like structures in a 3-D model of 
environment. EC of the host as well as of the donor tissue were involved in the revascularization 
process. Tie-2 protein expression in the graft was associated with an increased β-cell transplant 
area. 
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Fig. 1 
 

                
Figure 1. A) Fibrin gel culture of rat islet in MCDB131-FCS. Micrograph of 2-day-old living culture; newly formed 
branching microvessels develop from the periphery of the islet. Mean length of all branches gave 318 µm; see Materials 
and Methods (×100). B) Microvascular growth of isolated islets in different species (n=3): human, mouse, pig, and rat.  
C) Formation of EC cords in isolated rat islets embedded in a fibrin matrix for 12, 24, 48, 72, and 96 h after polymerization 
(n=4 for each time point). 



Fig. 2 
 

                                                                
Figure 2. Two serial sections (a and b) of an endothelial cell in a fibrin-embedded rat islet after immunolabeling are 
shown by electron microscopy. Labels indicating vWF (arrowheads) are recognizable in the granular endoplasmic 
reticulum (gER in a) and in immature granules with an electron lucent content (pG in a). Labels are also visible on the 
plasma membrane and on fibrin fibres (FF in a). In other cell types of the islets, no labels were present. c) Four sections 
showing junctions between EC (arrows) are shown. Most of them are comparable with tight junctions; one is similar to an 
adhaerens junction (AJ). d) Isolated mouse islet embedded in fibrin gel with vWF-positive structures protruding from the 
periphery of the islet into the surrounding gel (×400, hematoxylin counterstain). Single vWF-positive cells are located 
within the islet. 



Fig. 3 
 

                         
 
Figure 3. Microvascular growth of isolated mouse (FVB) islets incubated in FCS-free MCDB fibrin gel for 48 h.  
a) Stimulation of capillary-like structures by 5 ng/ml FGF-2, 10 ng/ml VEGF, or 10 ng/ml TNF-�  added to the fibrinogen 
solution before polymerization; each bar represents n=8 experiments, *P<0.05. b) Stimulation of sprout length by glucose 
concentration containing 5 mmol/l or 20 mmol/l glucose. The bars show an increase in the cord length, with 
hyperglycemic over normoglycemic medium (n=5) 


