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ABSTRACT
Glucose homeostasis depends on the release of insulin from the pancreatic -cell. 
Impaired insulin release is a hallmark of diabetes mellitus. The -cells are situated 
within the endocrine pancreas, the islets of Langerhans, which are structurally defined 
microorgans that create a unique microenvironment required for adequate -cell 
function. Pancreatic islet transplantation has emerged as a treatment of type 1 diabetes, 
but is currently hampered by poor long-term function of transplanted islets. Today, 
alternatives to monitor islet cell function after transplantation are lacking. Therefore, 
the aim of this thesis was to develop experimental models that facilitate functional 
studies of islet cells and islet revascularization after pancreatic islet transplantation 
under in vivo conditions using fluorescence imaging techniques. Laser-scanning 
microscopy (LSM) enabled fluorescence imaging in intact islet grafts and functional 
studies of -cells and the islet graft vasculature. LSM was combined with two different 
transplantation models; ex vivo imaging of islets transplanted under the kidney capsule, 
and non-invasive in vivo imaging of islets transplanted to the anterior chamber of the 
eye. 

To facilitate identification and studies of donor islets after transplantation, the 
fluorescent reporter expression and function of pancreatic islets were characterized in 
transgenic YC-3.0 mice. Pancreatic islets in YC-3.0 mice expressed the enhanced 
yellow fluorescent protein (EYFP), displayed normal -cell mass and glucose 
stimulated insulin release in vitro and in vivo. Furthermore, YC-3.0 islets reversed 
diabetes and were identified by EYFP fluorescence after transplantation. 

Islet isolation disrupts vascular connections and thus delivery of oxygen and 
nutrients to islet cells. Revascularization is therefore vital for the survival and function 
of transplanted islets. Transgenic Tie2-green fluorescence protein (GFP) mice, 
characterized by endothelial cell (EC) specific expression of GFP, were used as islet 
donors. Living ECs were studied in intact Tie2-GFP islets after isolation and during 
culture. Intraislet ECs survived islet isolation, but rapidly disappeared during islet 
culture. After transplantation, LSM imaging revealed that donor islet ECs (DIECs) 
integrated with recipient ECs and formed functional blood vessels during the 
revascularization of Tie2-GFP islets. Since islet grafts have a deficient vasculature, we 
investigated if contributing DIECs improved the revascularization of transplanted islets. 
Freshly isolated and cultured Tie2-GFP islets were therefore transplanted and the 
contribution of DIECs to the vasculature was determined, as well as the degree of total 
vascularization and the revascularization rate of the islet grafts. DIECs contributed to 
the vasculature of fresh but not cultured islet grafts, and fresh islet grafts revascularized 
faster compared to cultured islet grafts, indicating reduced exposure to hypoxia for 
fresh islets. However, after completed revascularization the total vascular density was 
similar in the two groups. 

Pancreatic islets with -cell specific expression of GFP were transplanted to the 
anterior chamber of the eye. LSM facilitated non-invasive imaging of GFP fluorescent 

-cells in the engrafted islets. Repetitive imaging facilitated longitudinal studies of islet 
engraftment and revascularization. Furthermore, -cell death could be non-invasively 
monitored in transplanted islets during normal and diabetic conditions.  

The results in this thesis establish the basis for non-invasive in vivo functional 
investigations of islet cell physiology and islet revascularization after pancreatic islet 
transplantation, which can be performed longitudinally under normal and diabetic 
conditions. 
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1 INTRODUCTION 
Insulin is the only blood glucose lowering hormone and thereby a key regulator of 
glucose homeostasis. The release of insulin from the pancreatic -cell is regulated by a 
sophisticated interplay between nutrients, hormones and neurotransmitters. Diabetes 
mellitus is a disease state characterized by disturbed glucose homeostasis due to the 
insufficiency or lack of insulin. Type 1 diabetes is caused by an autoimmune reaction 
involving destruction of -cells resulting in absolute lack of insulin secretion (1). Type 
2 diabetes is characterized by -cell dysfunction and thereby inability to secrete enough 
insulin to compensate for the increased need for insulin due to insulin resistance (2; 3). 
The world health organization (WHO) estimates that diabetes today affects 180 million 
people worldwide, of which 10% have type 1 diabetes (4). 

Recently, pancreatic islet transplantation has emerged as a potential treatment 
of type 1 diabetes (5; 6). Transplanted islets have the capacity to restore endogenous 
insulin release and thereby glucose homeostasis. However, almost every patient 
requires islets from multiple donors and islet grafts have poor long-term function and 
survival (7). Today, there is a lack of methods to monitor -cell function in vivo, which 
complicates our understanding of the mechanisms behind deterioration of islet graft 
function and -cell mass (8). Isolation of islets from the pancreas disrupts the vascular 
connections and the delivery of oxygen and nutrients to the islet cells. 
Revascularization is therefore of vital importance for the survival and function of 
transplanted islets. Transplanted islets recruit blood vessels from the recipient organ (9; 
10), although the newly established vascular network has low vessel density and 
impaired blood flow (9). Recent data suggests that donor islet endothelial cells (DIECs) 
might have the capacity to contribute to the revascularization of transplanted islets (11). 
Interventions that improve the revascularization of transplanted islets are likely to 
improve the survival and function of the endocrine cells. 

Fluorescence microscopy has been successfully applied for studies of -cell 
signal-transduction under in vitro conditions in cell and islet preparations, and have 
contributed novel information about -cell physiology (12; 13). The application of 
laser-scanning microscopy (LSM) has facilitated functional studies of cells and blood 
vessels with high spatial and temporal resolution in living animals, and thereby 
significantly contributed to several fields of research (14-16).  

The general aim of the work within this thesis was to develop and apply new 
experimental methods that facilitate functional studies of islet cells and islet 
revascularization under in vivo conditions after pancreatic islet transplantation. 
Therefore, LSM was applied together with two different transplantation models; ex vivo
imaging of islets transplanted under the kidney capsule, and non-invasive in vivo
imaging of islets transplanted to the anterior chamber of the eye. The results of this 
work introduce a novel platform for in vivo investigations of -cell function and islet 
revascularization after islet transplantation. 

1.1 THE PANCREATIC ISLETS 

The endocrine cells of the pancreas are the -, -, - and PP-cells, whose main role is 
to secrete hormones that regulate the blood glucose level. Insulin released by -cells 
decreases blood glucose whereas glucagon released by -cells has a counteractive 
effect and increases blood glucose. Somatostatin released by -cells inhibits the 
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secretion of both insulin and glucagon (17), whereas the function of pancreatic 
polypeptide released by PP-cells largely remains unknown. The endocrine cells are 
located within the pancreatic islets, also called the islets of Langerhans, which are 
structurally defined cell aggregates of 2000-5000 cells and constitute microorgans of 
50-500 m in diameter. Pancreatic islets are dispersed among the exocrine tissue and 
constitute 2% of the pancreatic volume (18). The cellular and structural arrangements 
within the islets provide a unique microenvironment for the endocrine cells. The close 
arrangement of islet cells enables intercellular coupling and paracrine interactions (17; 
19; 20). The intraislet organization of endocrine cells varies among species. In rodents, 
the islet core is primarily composed of -cells while the other cell types are localized 
peripherally (21). In man, the distribution of the different endocrine cells is 
heterogeneous and no anatomical pattern of organization is obvious (22; 23). How the 
architectural differences among islets from different species affects the function of islet 
cells is currently not known (23). 

Pancreatic islets are interspersed by a dense and tortuous vasculature that is 
different from the vasculature of the exocrine pancreas (24). The islet blood flow is 
regulated separately from the exocrine tissue and is five times higher (25). High blood 
flow provides efficient delivery of oxygen and nutrients to the islet cells. Furthermore, 
the islet blood flow increases in response to rising glucose levels (26; 27). The intraislet 
endothelial cells (ECs) are very thin, less then 100 nm, have a large number of 
fenestrations, small pores, and are lined with a thin layer of extra cellular matrix (24). 
Altogether, this arrangement creates a close distance, less then 500 nm, between the 
blood stream and the islet cells, which allows for a rapid transport of glucose and 
insulin between blood and -cells (24). Recent data also suggest that there is 
continuous dynamic intercommunication between endocrine cells and intraislet ECs. 
Intraislet ECs produce extracellular matrix proteins that affect insulin gene expression 
(28; 29). In addition, blockade of islet cell secreted vascular endothelial growth factor-
A (VEGF-A) causes regression of fenestrations and blood vessels in the islet 
vasculature (30). Pathophysiological alterations in the islet vasculature have recently 
also been observed to precede the rise in blood glucose levels in a model of type 2 
diabetes (31).  

Abundant innervation from both the parasymphatic and symphatic systems are 
present in the pancreatic islets (32). Several neurotransmitters and neuropeptides reside 
within these nerve endings and further contribute to the unique islet microenvironment 
(32; 33). 

1.2 THE PANCREATIC -CELL 

The pancreatic -cell acts as a metabolic sensor and secretes insulin to counteract rising 
levels of blood glucose. The release of insulin from the pancreatic -cell is regulated by 
a sophisticated interplay between nutrients, hormones and neurotransmitters. The entry 
of glucose into the -cell triggers an intracellular cascade of signaling events that leads 
to insulin release, which is referred to as the stimulus-secretion coupling (Figure 1). 
Briefly, glucose is taken up into the -cell by a high capacity glucose transporter 
(GLUT), which ensures rapid equilibration between the intra- and extracellular glucose 
concentrations. Inside the cell, glucose is phosphorylated to glucose-6-phosphate by 
glucokinase (34) before entering glycolysis and the Krebs cycle. The metabolism of 
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Figure 1. Key steps of the stimulus-secretion coupling in the -cell. Steps highlighted in 
boxes are cellular events that can be monitored with fluorescent reporters in living -cells 
and have facilitated, or have potential to facilitate, in vivo imaging of -cell physiology. 
Illustration by Dr Tilo Moede. 

glucose generates ATP and an elevation of the ATP/ADP ratio, which leads to closure 
of ATP-sensitive K+ channels and resulting depolarization of the -cell plasma 
membrane. As a consequence, opening of voltage-gated L-type Ca2+ channels leads to 
an increase in the cytoplasmic free Ca2+ concentration ([Ca2+]i), which promotes the 
release of insulin containing vesicles (35-37). In addition to glucose and other nutrients, 
a plethora of signaling molecules have been shown to affect the intracellular signaling 
cascade in the -cell and thereby the biosynthesis and release of insulin. These effects 
have been attributed to hormones (17; 38), free fatty acids (39; 40), neurotransmitters 
(32; 41), neuropeptides (33; 41), paracrine mediators (42; 43), as well as to the 
autocrine feedback of insulin itself (44; 45).  

Under physiological conditions in the body the release of insulin is the final result of a 
multitude of inputs that are integrated through intracellular events in the -cell. 
Therefore, in order to understand how the release of insulin is regulated, -cell signal-
transduction needs to be investigated under in vivo conditions. However, the dispersed 
localization of islets within the pancreas makes -cells difficult to access, and thus in
vivo studies of -cell signal-transduction have so far been limited in number and 
restricted to measurements of electrical activity (46; 47), and whole islet [Ca2+]i

imaging (48). 

1.3 ISLET TRANSPLANTATION  

Today, type 1 diabetes is treated with life-long insulin replacement therapy. This is an 
imperfect treatment associated with development of diabetes related complications and 
increased mortality. Recently, a breakthrough in clinical islet transplantation was 
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achieved with the establishment of the “Edmonton Protocol”, which reported 80% 
success rate one year after transplantation (6). Follow-up studies have shown that 
transplanted islets possess the capability to restore endogenous insulin release and 
glucose homeostasis over long time-periods in persons with type 1 diabetes (7). As a 
consequence, islet transplantations are today performed in clinics around the world (5). 
Despite promising progress, several problems need to be addressed before islet 
transplantation can be offered to a large number of type 1 diabetics (7). To date, a large 
quantity of islets, around 12,000 islet equivalents/kg, are transplanted to each recipient 
through multiple isolation and transplantation procedures (7). Large number of islets 
appears to be destroyed during the transplantation procedure when the islets come in 
contact with blood. This occurs through an instant blood-mediated inflammatory 
reaction (49; 50). However, also after the engraftment of transplanted islets, continuous 
loss of -cell function is evident by declining levels of released insulin (7). In the 
clinical setting, evaluation of islet graft function is restricted to hormone secretion 
assays, and no method currently exists to determine the mass of engrafted islets. 
Consequently, it becomes very difficult to determine the number of surviving islets 
after transplantation and their degree of functionality, which makes it very complex to 
elucidate the mechanisms that underlie deterioration of islet graft function (8). 

In the experimental setting, the first successful islet transplantation that cured 
diabetes was reported in 1972 (51). However, as in the clinical setting, alternatives to 
monitor islet mass and -cell function in vivo after transplantation are limited. 
Developments within magnetic resonance imaging (MRI) (52), positron emission 
tomography (PET) (53) and bioluminescence optical imaging (54; 55), have recently 
been reported which demonstrate the feasibility of monitoring islet mass in vivo 
following transplantation. Monitoring of islet mass in combination with hormone 
secretion assays will provide more information about the relationship about the number 
of surviving islets and their functionality (56). However, the current resolution and 
application of these techniques do not allow studies of cellular morphology or signal-
transduction. 

1.4 ISLET REVASCULARIZATION AFTER TRANSPLANTATION 
The procedure of islet isolation disrupts all vascular connections and leaves the islets 
dependent on diffusion for the delivery of oxygen and nutrients. Consequently, there is 
a risk for the development of hypoxia in isolated islets, which may result in cell death 
(57). After transplantation the islets are engrafted, i.e. adapted to the transplantation-
site, in a process characterized by structural rearrangements of the tissue, 
revascularization and reinnervation (9). Immediately after transplantation, islet cells 
suffer from hypoxia, dramatic reduction in insulin contents and high incidents of cell 
death (58; 59). As the growth of vessels into the islets starts and the revascularization 
progresses, the levels of cell death and hypoxia decrease, and the insulin content 
increases (58).  

Transplanted islets recruit new blood vessels in a process that has been reported 
to be completed within ten to twenty days after transplantation (60-62). The islet graft 
vasculature is established by vessels that grow into the transplanted islets from the 
recipient organ (63). Islets with reduced secretion of VEGF-A recruit less vessels after 
transplantation compared to control islets, indicating an important role for islet cell 
secreted VEGF-A in the revascularization process (64). Circulating endothelial 
precursor cells have also been suggested to contribute to vessel formation (65). In 
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addition to recipient derived vessels, donor islet endothelial cells (DIECs) have the 
capacity to participate in vessel formation and to contribute to revascularization of 
transplanted islets (11; 66; 67), see chapter 4.2. The established islet graft vasculature 
has low vessel density (68) compared to islets localized in situ in the pancreas. The low 
vessel density has been associated with impaired functionality of islet grafts, such as 
reduced blood flow (9; 69) and low oxygen tension (70; 71), when compared to islets in 
the pancreas. 

Due to the high rates of cell death during the immediate post transplantation 
period, and because of the low vessel density in islet grafts, different strategies to 
improve the revascularization of transplanted islets have been evaluated. Different 
angiogenic growth factors have been applied locally on the tissue at the transplantation-
site prior to the transplantation of islets to attract vessels and achieve a pre-
vascularization. Results from this strategy has reported improved revascularization rate 
(72), and increased capacity of transplanted islets to reverse diabetes (73). VEGF-A has 
been overexpressed in islet cells to improve the angiogenic capacity of the islets (74-
76). Transplantation of islets that overexpress VEGF-A increases vascular density of 
the islet grafts (74; 75). In addition, the islet grafts had increased blood flow (75) and 
insulin content (74), as well as an improved capacity to reverse diabetes (74; 75). 
Complementary to these results, systemic blockade of angiogenesis during the fourteen 
first days post islet transplantation results in decreased vascularization of islet grafts, 
which is associated with reduced insulin content and islet mass, as well as an inability 
of the transplanted islets to reverse diabetes (77). Treatment of mice with the clinically 
used immunosuppressive drug rapamycin reduces the revascularization of transplanted 
islets (78; 79). Rapamycin treatment also results in decreased insulin content and 
insulin secretion from islet grafts (78). In summary, these results indicate that the 
revascularization of transplanted islets is strongly linked to the survival and function of 
islet grafts. Thus, interventions that improve revascularization of transplanted islets are 
likely to improve the survival and function of the endocrine cells. 

1.5 IN VIVO FLUORESCENCE IMAGING 

Fluorescence microscopy is today applied together with a wide array of fluorescent 
reporters for investigations of a multitude of different cell physiological parameters 
under different conditions. The focus of the work within this thesis has been to apply 
fluorescence imaging for cellular studies under in vivo conditions. This chapter will 
therefore introduce LSM and fluorescent reporters that have been applied, or have a 
potential application, to studies of islet cells or vasculature within living animals. 

1.5.1 Laser-scanning microscopy (LSM) 

Confocal laser-scanning microscopy (confocal microscopy) and two-photon laser-
scanning microscopy (TPLSM) (80) are two fluorescence imaging techniques that 
enable images to be captured from the fluorescence signal of the focal plane only. This 
gives a great advantage for imaging in multilayer tissues compared to widefield 
fluorescence microscopy, where the fluorescence signal from the focal plane is highly 
contaminated by signals from above and below that focal plane (81). The ability to 
capture an optical section from the focal plane only, without contribution of out-of-
focus light, allows for optical sectioning within a multilayer tissue (81). Practically, a 
stack of images can be collected with high spatial resolution at different focal depths, 
which permits three dimensional (3D) reconstruction by computationally combining the 
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image data from the stack of images (81). Optical sectioning can also be applied in a 
temporal mode to collect image series from one focal plane inside a multi-cellular 
tissue, which is useful for studies of signal-transduction. By collecting image stacks in a 
temporal mode, four dimensional (4D) data can be generated of the specimen (82). 

Confocal microscopy and TPLSM can be applied in the same microscope, 
although different lasers and detectors are required. With confocal microscopy the 
specimen is illuminated with a continuous laser beam, which causes the entire 
specimen thickness to fluoresce. The out-of-focus light from areas above and below the 
focal plane is rejected in front of the detector by a pinhole (81). This arrangement 
brings some drawbacks for imaging within multilayer tissues. Although the collected 
fluorescence only originates from one focal plane, the laser-light induces bleaching and 
photodamage in the tissue that is localized above and below the focal plane. In addition, 
the pinhole does not only reject photons from out-of-focus planes, but also photons 
derived from the focal plane that have been scattered on their way to the detector (83). 
TPLSM uses a pulsed laser beam that send ~80 million pulses per second, each pulse 
has a duration of ~100 fs (84). These pulse trains are needed to facilitate excitation by 
two-photon absorption, which means that two photons which arrive simultaneously 
(within ~0.5 fs) combine their energies for excitation of the fluorophore (83). To 
generate multiphoton absorption the excitation light has to be concentrated in space and 
time, which practically means that excitation only occurs in the focal plane. Since 
TPLSM only generates excitation in the focal plane, no bleaching or photodamage is 
generated above or below the focal plane. In addition, since all fluorescence is derived 
from the focal plane, no pinhole is needed and all emitted light can be collected, 
including scattered photons, which also results in less laser power requirements. 
Furthermore, because the energy of two-photons is used for excitation, excitation light 
with less energy and wavelengths in the near-infrared range (700-1000 nm) is used. 
Near-infrared light penetrates deeper into tissue and generates less photodamage due to 
the lack of endogenous absorbers (83). As a result, TPLSM can be used to image 
deeper in tissue than confocal microscopy. TPLSM imaging has been reported at a 
depth of 1 mm in living brain (85). However, the scattering properties of the tissue and 
the properties of the applied fluorophore determine the possible imaging depth. 

1.5.2 Fluorescent reporters for -cell signal transduction 

LSM has together with different fluorescent reporters facilitated imaging of signal-
transduction in -cells under in vitro conditions in isolated islets and cells (12; 13). 
Many of these reporters could potentially be applied for in vivo imaging and will be 
briefly mentioned together with the signaling events that are highlighted in Figure 1. 
The cloning and the first use of GFP as an intracellular reporter in living cells (86) and 
transgenic mice (87) laid the foundation for today’s extensive use of fluorescent 
proteins as intracellular reporters (88-90). By using the insulin promoter, the expression 
of fluorescent reporter proteins can be directed to the -cell (91; 92). Successful 
introduction of fluorescent reporter constructs into pancreatic islet cells has been 
achieved by viral transduction (93-95) and the creation of transgenic mice (92; 96). 
This has established the platform for the use of fluorescent reporter proteins for in vivo 
imaging of islet cells. 

The rat insulin promoter (RIP) has been used to report the regulation of insulin 
gene expression by driving expression of GFP (91). By driving the expression of the 
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red fluorescent protein DsRed with another promoter of interest, the regulation of 
multiple promoters can be simultaneously studied in individual -cells (95). Glucose 
metabolism has been successfully monitored in pancreatic islets by TPLSM imaging of 
the intrinsic autofluorescence of NAD(P)H (97). The possibility to use 
autofluorescence of endogenous NAD(P)H circumvents problems with transgenic 
expression or loading, although the signal to noise ratio is low and sensitive to 
photodamage. Ca2+ is an important second messenger and plays a key role in the 
stimulus-secretion coupling in the -cell. A multitude of genetically encoded (98) and 
chemical Ca2+ indicators have been developed and applied in living cells and animals. 
To date, the use of genetically encoded Ca2+ indicators has been limited in -cell 
research (96; 99; 100). The current development of the genetically encoded Ca2+

indicators (101; 102) continuously improves their qualities as Ca2+ reporters and make 
them a promising future approach for monitoring of -cell function in vivo. In vivo Ca2+

imaging in the brain has successfully been performed by introducing chemical probes 
with micropipettes (103), or by bulk loading (104). Similar approaches could be 
potentially interesting for islet cells, although the introduction of Ca2+ probes in vitro
only results in loading of the most superficial cell layers in islets (12; 100). Imaging of 
insulin secretion have been facilitated in -cells by using a pH-sensitive variant of GFP 
(105). Interestingly, a similar reporter construct has enabled in vivo imaging of 
secretion from neuronal cells in transgenic mice (106). Creation of reporter mice that 
express this reporter construct in -cells may constitute a methodological approach for 
in vivo monitoring of insulin release. Apoptosis has been visualized in insulin 
producing cells by a reporter construct that uses fluorescence resonance energy transfer 
(FRET) to specifically report caspase activity (107). Annexin V conjugated to a near-
infrared probe has also been used to detect -cell apoptosis. By systemic injections and 
ex vivo imaging of the excised pancreas, annexin V was shown to specifically label 
pancreatic islets (108). Real-time imaging of annexin V labeling of dying cells in a 
model of heart ischemia has also been achieved (109).  

1.5.3 Imaging of blood vessels and transplanted cells 

The ability to generate fluorescent cells has greatly facilitated the identification and 
tracking of transplanted cells and has been used in a variety of applications. The 
application of in vivo fluorescence imaging of transplanted islets has so far been 
limited. By insertion of a body-window, pancreatic islets transplanted under the kidney 
capsule were visualized by a GFP variant expressed in -cells in combination with 
labeled lymphocytes (110). The application of a body-window has enabled several 
studies of islet revascularization after islet transplantation to the dorsal skinfold 
chamber preparations in hamsters and mice. In this model, the transplanted islets 
engraft on the skin muscle and are imaged with widefield microscopy through a 
coverslip mounted in a titanium frame (61; 111). By using this preparation, studies of 
vessel properties and blood flow have been performed (60; 61; 112). Imaging of islet 
revascularization of islets transplanted under the kidney capsule has also been achieved 
by in vivo confocal microscopy in rats (62; 113). 
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2 AIMS 

The overall objective of this thesis was to develop and apply experimental models that 
facilitate functional studies of islet cells and islet revascularization after pancreatic islet 
transplantation under in vivo conditions by the use of fluorescence imaging techniques. 
The specific aims were:  

1. To characterize fluorescent reporter protein expression and the physiology of a 
transgenic mouse model, with special emphasis on the pancreatic islets. 

2. To investigate how intraislet ECs are affected by islet isolation and islet culture, 
and additionally if intraislet ECs participate in blood vessel formation after 
transplantation. 

3. To characterize the contribution and the effect of DIECs on the 
revascularization of islets after transplantation. 

4. To establish an experimental platform for in vivo fluorescence imaging of -cell 
function and islet revascularization. 
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3 MATERIALS AND METHODS 
3.1 MATERIALS 
Materials used in the experiments reported in this work are described in detail in the 
papers (I-IV). 

3.2 MOUSE MODELS 
Tie2-GFP mice (STOCK Tg(TIE2GFP)287Sato/J) were purchased from the Jackson 
Laboratories (Bar Harbor, ME). YC-3.0 transgenic mice were kindly donated by 
professor R.Y. Tsien at the University of California and have previously been described 
(114). C57BL/6, C57BL/6 nude mice (B6;Cg/JBomTac-Foxn1nuN3) and NMRI nude 
mice (NMRI-Foxn1nu) were purchased from Taconic M&B (Ry, Denmark). RIP-GFP 
mice were generated by injections of the RIP1.EGFP expression cassette into one-cell 
stage embryos from B6CBAF1/Crl donors. The obtained F0 generation was scored for 
RIP1.EGFP genomic integration by PCR analysis. The RIP1.EGFP transgene was 
observed in seven potential transgenic founders (17.5%), which were mated with inbred 
C57Bl/6NCrl mice to generate F1 animals. The founder lines were screened with 
regards to 1) the expression of GFP in -cells as determined by immunostaining, and 2) 
animal and cell physiology. The RIP1.EGFP founder line #29 was found to have 
normal glucose tolerance when compared to control animals and -cell restricted 
expression of GFP, and was selected for homozygote breeding. 

3.3 PANCREATIC ISLETS 
3.3.1 Isolation and islet culture 
For pancreatic islet isolation, mice were starved overnight and killed. The abdominal 
side was opened up and 4-5 ml of 2 mg/ml of collagenase was injected into the 
pancreas via the bile duct. The distended pancreas was removed and kept on ice for 
maximum 1 h before digestion at 37 C. Following digestion the pancreas was 
dissociated and washed with cold Hanks’ Balanced Salt Solution before islets were 
purified using a discontinuous gradient of Histopaque 1077 and 1119, followed by 
handpicking. Islets were cultured in suspension in RPMI 1640 medium supplemented 
with 10% fetal calf serum (FCS), 2 mM L-glutamine, 100 IU/ml penicillin and 100 

g/ml streptomycin. The culture medium was changed every second day. In paper II, 
the culture medium was supplemented with either endothelial cell growth supplement 
(ECGS) at a final concentration of 100 g/ml, or both fibroblast growth factor (FGF) 
and VEGF at final concentrations of 20 ng/ml and 10 ng/ml, respectively.  

3.3.2 Glucose-stimulated insulin release 
Groups of ten islets were transferred in triplicate to glass vials containing 250 µl Krebs-
Ringer bicarbonate buffer supplemented with 10 mM HEPES and 2 mg/ml bovine 
serum albumin (hereafter referred to as KRBH buffer). The KRBH buffer contained 
1.67 mM D-glucose during the first hour of incubation at 37°C. The medium was 
removed and replaced by 250 µl KRBH supplemented with 16.7 mM glucose and 
incubated for a second hour. After retrieval of the media, the islets were harvested, 
pooled in groups of 30, and homogenized by sonication in 200 µl redistilled water. Two 
50 µl aliquots of the aqueous homogenate were used for DNA measurements by 
fluorophotometry (115). A fraction of the homogenate was mixed with acid-ethanol 
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(0.18 M HCl in 95 % ethanol) from which insulin was extracted overnight at 4°C. 
Insulin concentrations in incubation media and homogenates were determined by a 
commercial mouse insulin ELISA (Mercodia). 

3.3.3 Glucose oxidation rate 
Islet glucose oxidation rates were determined according to a previously described 
method at the department of Medical Cell Biology, Uppsala University (116). 

3.4 ANIMAL FLUORESCENCE AND PHYSIOLOGY 
3.4.1 EYFP fluorescence in tissues 
For studies of whole animal fluorescence, animals were sacrificed and the skin together 
with the underlying muscle layer was removed from the abdominal side. Pictures of 
whole animal fluorescence were captured using a cooled CCD camera (Astrocam) 
connected to a Leica MZFLIII stereomicroscope with filters for EYFP fluorescence. 
Using the described equipment and living animals under isoflurane anesthesia, EYFP 
fluorescence from transplanted YC-3.0 islets under the kidney capsule was visualized.

3.4.2 Pancreas perfusion 
The pancreas perfusions were performed at the department of Medical Cell Biology, 
Uppsala University as previously described (117). 

3.4.3 Blood flow measurements 
The blood flow measurements were performed at the department of Medical Cell 
Biology, Uppsala University as previously described in detail (118; 119). 

3.4.4 Induction of -cell death 

Tie2-GFP mice transplanted with RIP-GFP islets to the anterior chamber of the eye and 
male C57BL/6 nude mice were injected intravenously with the -cell toxic agent 
alloxan (80 mg/kg body weight) (120), which is taken up into -cells by GLUT2. 
Blood glucose concentrations were measured one week after injections in C57BL/6 
nude mice and animals exceeding 18 mmol/l were considered diabetic. Blood glucose 
concentrations were measured in Tie2-GFP mice one day after injections.  

3.5 PANCREATIC ISLET TRANSPLANTATION 
3.5.1 Transplantation under the kidney capsule 
The recipient animal was anesthetized using isoflurane. An incision was made through 
the skin and the underlying muscle layer, before the left kidney was carefully extracted 
out of the body cavity. A small cut was made through the kidney capsule and 200-400 
islets were placed in a pocket just under the capsule. The kidney was gently inserted 
back into the body cavity and the animal was sutured. Temgesic was administered to 
relieve post-operative pain.  
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3.5.2 Transplantation to the anterior chamber of the eye  
Around 30 islets were transferred from culture media to sterile phosphate buffered 
saline (PBS) before aspirated up into a 27G eye cannula connected to a 1 ml Hamilton 
syringe via a 0.4 mm polythene tubing. The mouse was anesthetized using isoflurane 
and Temgesic was administered to relieve post-operative pain. Under a 
stereomicroscope, the cornea was punctured close to the sclera at the bottom part of the 
eye with a 27G needle. Great care was taken not to damage the iris and to avoid 
bleeding. Next, the blunt eye cannula was gently inserted and the islets were slowly 
injected into the anterior chamber where they settled on the iris. After injection, the 
cannula was carefully withdrawn and the animal was left lying on the side before 
awakening. The transplanted mice quickly recovered and showed no signs of stress or 
irritation from the transplanted eye. 

3.6 FLUORESCENCE IMAGING 
3.6.1 Microscope set up and imaging settings 

A Leica TCS-SP2-AOBS confocal laser-scanner equipped with Argon and HeNe lasers 
connected to a Leica DMLFSA microscope was used for all imaging applications in 
combination with different objectives. Two-photon excitation was achieved using a 
Ti:Sapphire laser (Tsunami; Spectra-Physics, Mountain View, CA) for ~100 fs 
excitation at ~82 MHz. The excitation wavelengths and detector settings for collection 
of emission light for the different fluorophores are listed in Table 1.  

Excitation (nm) Emission (nm) Fluorophore 
1P 2P 1P 2P 

GFP 488 890 495-525 BP 525/50 
fluorescein isothiocyanate (FITC) 488 890 495-525 BP 525/50 
Texas Red  890  BP 640/20 
EYFP 514  518-560  
Allophycocyanin (APC) 633  644-680  
Alexa Fluor 488 488  495-525  
Alexa Fluor 546 543  550-600  
Alexa Fluor 633 633  645-680  

3.6.2 Imaging of reflection light 

Reflected light was used to localize and visualize pancreatic islet cells after 
transplantation. Since the pancreatic endocrine cells are densely packed with hormone 
containing vesicles they reflect light to a high extent, other tissue structures also reflect 
light but usually to a much lower extent. Technically, reflected light was captured by 
confocal imaging, usually by illumination at 633 nm and collection of reflected light 
between 630-635 nm, with the acousto optical beam splitter (AOBS) set to optimal 
reflection mode. 

Table 1. Fluorophores with 1- respective 2-photon excitation wavelengths 
and detector settings for collection of emission light. 
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Figure 2. Illustration of the ex vivo set up. 

3.6.3 Imaging of intact Tie2-GFP islets 
For imaging, individual islets were transferred from culture medium to PBS and the 
intact islet was imaged with TPLSM using a dipping objective (40x). Image z-stacks, 
starting at the uppermost detectable fluorescence of the islet and ending when the GFP 
fluorescence signal from the islet center was lost, were captured. Every image was 
captured with a one-micron step interval and the stacks usually corresponded to 
physical distance of ~60 m. Before the image analysis was performed, bright spots of 
non-GFP fluorescence appearing in both the GFP and the Texas Red channel were 
removed from the GFP channel by subtracting with the fluorescence from the Texas 
Red channel.  

3.6.4 Ex vivo imaging of kidney islet grafts 
The perfusion of graft-bearing kidneys 
were modified from Korsgren et al 
(121). At the time-point for imaging, 
the mouse was anesthetized with 
isoflurane and placed on a heating pad. 
The abdominal cavity was cut open and 
the left kidney together with the aorta 
and the caval vein were made visible 
by moving the overlaying organs to the 
side and wrapping them in moist 
compresses. The left kidney together 
with the aorta and the caval vein were 
carefully prepared free from 
surrounding tissue. Thereafter, the 
branching vessels in the regions above 
and below the renal vessels were 
electrically coagulated and cut. The 
aorta and the right renal vessels were 
ligated with a thread above the branch 
of the left renal vessels. The lower part of the aorta was cut and cannulated with a thin 
plastic catheter connected to a running perfusion system. Subsequently the vena cava 
was cut open and cannulated with a plastic catheter. The catheters, acting as in- and 
outlet for the perfusion buffer, were kept in place with two threads. The kidney 
preparation was then cut free from the aorta and the vena cava before it was transferred 
to a custom made chamber and placed on soft and moist compresses. A coverslip was 
carefully placed on top of the kidney, covering the region of the islet graft. Finally, the 
chamber was attached to the microscope stage and kept at 37 C. The time from 
induction of anesthesia to the start of imaging was approximately 30 min. The kidney 
preparation was constantly perfused with a buffer containing in mM, 118.5 NaCl, 4.7 
KCl, 1.2 KH2PO4, 25.0 NaHCO3, 2.5 CaCl2, 1.2 MgSO4, 5 HEPES, 3 glucose and 2 
mg/ml of BSA. The buffer was equilibrated to pH 7.4, by gassing with 95/5% O2/CO2
gas, before it was loaded into a pressure regulated multi-channel perfusion system. The 
O2/CO2 gas was used to pressurize the perfusion system and to set the flow rate at 200-
300 l/min. Texas Red-Dextran 70 kDa (Texas Red) was added utilizing a syringe 
pump, as indicated during continuous perfusion. 

Ex vivo imaging was conducted with confocal and TPLSM. Using 10-20x 
magnifying lenses the islet grafts could be easily distinguished under the kidney 
capsule and images that covered large surface areas (1.2 x 1.2 mm) could be captured. 
For image z-stacks, series of images were captured with 1-3 micron distance in 
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between each image. During the imaging of time-sequences, continuous scanning was 
applied and one image was scanned approximately every third second. 

3.6.5 In vivo imaging of islets engrafted in the anterior chamber of the 
eye 

The transplanted mouse was anesthetized with 40% oxygen and ~2% isoflurane 
mixture, placed on a heating pad and the head was restrained with a stereotaxic 
headholder. The head was positioned with the transplanted eye facing up. The eyelid 
around the right eye was carefully pulled back and the eye was gently held at the 
corneoscleral junction with a pair of tweezers attached to a micromanipulator 
(Narishige). This arrangement permitted a flexible but stable fixation of the head and 
eye without causing damage or disrupting the circulation of the eye.  

In vivo imaging was conducted with both confocal and TPLSM using long-
working distance dipping lenses with filtered saline as immersion liquid. For 
visualization of blood vessels, Texas Red (100 µl, 10 mg/ml) was intravenously 
injected via the tail vein. Texas Red reached the vasculature of the engrafted islets 
within 10 s after injection. For visualization of cell death, 100 µl of annexin V-APC 
was intravenously injected via the tail vein. The transplanted islets were imaged 4-6 h 
following the administration of annexin V-APC.  

3.7 IMMUNOHISTOCHEMISTRY AND IMMUNOSTAINING 
3.7.1 Pancreas, islets and kidney islet grafts 

Isolated islets were fixed in 4% paraformaldehyde for 15 min at 8 C. After fixation, 
islets were washed in PBS, incubated for 45 min in a 15% sucrose-PBS solution at 4 C. 
Pieces of pancreas or cut out kidney islet grafts were fixed for 3-4 h in 4% 
paraformaldehyde at 4 C. Thereafter, washed in PBS, incubated first in a 15%, and 
then in a 30%, sucrose-PBS solution at 4 C. After sucrose substitution, all tissues were 
embedded in Tissue-Tek O.C.T. Compound, frozen and stored at -80 C. Ten-
micrometer thick sections of both islets and islet grafts were cut using a cryostat and 
adhered to glass slides. The sections were washed with OptiMax Wash Buffer, which 
was used for all subsequent washings, before blocking with goat serum for 20 min and 
application of primary antibodies for 1 h. A ready-to-use polyclonal guinea pig anti-
insulin antibody (Biogenex) or a polyclonal guinea pig anti-insulin antibody (Biogenex) 
at 1:100 dilutions was used for insulin detection. A monoclonal rat anti-mouse CD31, 
also known as platelet endothelial cell adhesion molecule (PECAM), antibody (BD 
Bioscience Pharmingen) at 1:50 dilution was used for CD31 detection (122). A rabbit 
polyclonal anti-GFP antibody (Molecular Probes) at 1:100 dilutions was used for GFP 
detection (paper II). The sections were washed before secondary antibodies anti-rabbit 
Alexa Fluor 488, anti-guinea pig Alexa Fluor 546 or 633, and anti-rat Alexa Fluor 633 
were applied for 20 min at 1:200 dilutions. The sections were washed before mounted 
with coverslips using ProLong Antifade Gold. Confocal image z-stacks were captured 
of the tissue sections, starting and ending at the uppermost respectively the lowermost 
detectable level of fluorescence. Multiple fluorophores were imaged sequentially to 
eliminate spectral overlaps. 

3.7.2 Anterior chamber engrafted islets 
Eyes were removed and fixed in 4% paraformaldehyde for 1 h. After cryoprotection by 
substitution in 10%, 20%, and 30% sucrose in PBS the eyes were frozen at -80 C. 
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Fourteen micrometer thick vertical sections of the eyes were cut on a cryostat. Sections 
were washed in PBS before incubated in PBS containing 5% bovine serum albumin 
and 0.1% triton for 1 h. Thereafter, sections were incubated overnight in PBS with 
primary antibodies; anti-insulin 1:500 (Accurate Chemical & Scientific Corp.) and anti-
glucagon 1:5000 (Sigma). Immunostaining was visualized using either Alexa 488 or 
Alexa 568 conjugated secondary antibodies at 1:500 dilutions. Cell nuclei were stained 
with 4',6-diamidino-2-phenylindole (DAPI) and slides were mounted with Vectamount 
and coverslipped. 

3.8 IMAGE ANALYSIS AND QUANTIFICATION 
3.8.1 Vascular density in isolated Tie2-GFP islets 
The vascular density was defined as the number of blood vessels, i.e. distinct regions of 
ECs, per tissue area. In the intact islets scanned with TPLSM, the vascular density was 
calculated from GFP fluorescent cells. The vascular density of each islet was 
determined as the mean value of the vascular density calculated in three different 
optical sections captured at 15, 30 and 45 m depth in the islet. In the islet sections, the 
vascular density was calculated from the combined GFP and CD31 staining in image 
projections. The values obtained for the vascular density with each method were 
normalized by dividing with the values obtained at Day 0. 

3.8.2 DIECs contribution and total vessel area in kidney islet grafts 
To determine the contribution of DIECs to the vasculature and the total vessel area of 
kidney islet grafts, the area of GFP and CD31 fluorescence were quantified in 
immunostained kidney islet graft sections. The CD31 fluorescence corresponded to the 
total vasculature since CD31 label both host- and donor-derived ECs, whereas the GFP 
fluorescence corresponded to the DIECs. A difference in the level of vascular density 
has been reported between the stromal area (high) and the endocrine area (low) of 
kidney islet grafts (68; 123; 124). Therefore, we decided to quantify and present all 
parameters separately for these two areas from the kidney islet grafts. The fluorescence 
of the image stacks captured of the immunostained sections was normalized using the 
background fluorescence of non-labeled tissue as a reference. All images were then 
converted to a binary format and the GFP and CD31 fluorescence were quantified in 
three areas of the grafts. The endocrine area, as determined by insulin staining. The 
stromal area, defined as the entire graft above the kidney tubuli except the endocrine 
area. Non-vascularized islets, i.e. insulin-stained islet structures lacking a penetrating 
vasculature, but surrounded with a sheet of vessels. For each graft, an area of 0.6-1.6 
mm2 was analyzed, which was captured from 4-9 tissue sections selected over a 0.5 mm 
region of the graft. 

3.8.3 Vessel density and diameter in anterior chamber engrafted islets 
The vessel density and the vessel diameter of the islet graft vasculature were quantified 
after transplantation to the anterior chamber of the eye. The vessel density was 
determined as the number of vessel segments per graft area. A vessel segment was 
defined as a single vessel or a branch of a vessel. Two optical sections were quantified 
from each islet graft. The optical sections were selected from image series of z-stacks. 
The first section was selected at the deepest level in the graft, ~50-60 m, without loss 
of signal. The second section was selected in the middle of the graft, between the 
surface and the deepest section. The quantification was made with the Leica Confocal 
Software (version 2.61). 



  15 

3.8.4 Proportion of endocrine cells in anterior chamber engrafted islets 
Serial cross sections of eyes containing islets were examined for the presence of insulin 
and glucagon. All immunostaining images were digitally acquired and recompiled 
(Photoshop 5.0). Sections were viewed at 10x and 40x magnification. Analyses were 
done on digitized fluorescence microscopic images using Zeiss Axiovision software. 
The ratio of insulin-immunoreactive cells / glucagon-immunoreactive cells were 
calculated as the average from at least three adjacent sections from at least two separate 
islets per eye. The results from three eyes were averaged. Only cells that had a clearly 
labeled nucleus (DAPI staining) were included in the analyses. 

3.9 STATISTICAL ANALYSIS 
All values are given as means ± SEM. Students unpaired t-test was used and P<0.05 
was considered to be statistically significant for all comparisons. 
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4 RESULTS AND DISCUSSION 
4.1 FUNCTIONAL CHARACTERIZATION OF THE YC-3.0 REPORTER 

MOUSE 

The YC-3.0 reporter mouse is characterized by transgenic expression of the yellow 
chameleon 3.0 (YC-3.0) protein (125). Our aim was to investigate the transgenic 
expression in pancreatic islet cells and to perform a physiological characterization with 
focus on glucose homeostasis and pancreatic islet function in the YC-3.0 mouse. 
Fluorescence from the enhanced yellow fluorescent protein (EYFP), one part of the 
hybrid YC-3.0 protein, was used as a reporter for transgenic expression. The expression 
of the YC-3.0 protein is regulated by the -actin promoter and the cytomegalovirus 
enhancer, which results in ubiquitous tissue expression that was evident in the YC-3.0 
mouse (Paper I, Figure 1). The transgenic expression in different tissues varied, which 
has also previously been reported (114). Confocal imaging of sections from YC-3.0 
pancreases showed that EYFP was expressed throughout all islets cells. EYFP 
expression in -, - and ECs was additionally confirmed by cell specific antibodies 
(Paper I, Figure 2). Confocal imaging of intact isolated YC-3.0 islets further confirmed 
that EYFP was expressed in all islet cells, and additionally displayed the distinguished 
intensity difference between autofluorescence in normal islets and EYFP fluorescence 
in YC-3.0 islets (Paper I, Figure 3). In vivo imaging of YC-3.0 islets transplanted under 
the kidney capsule of nude mice showed that EYFP fluorescence could be used to 
differentiate between donor islets and recipient tissue (Figure 3; Paper I, Figure 4). 

Transgenic YC-3.0 mice were healthy and displayed similar organ morphology as 
control mice (Paper I, Table 1). Moreover, the morphology of the YC-3.0 pancreas was 
similar in terms of total weight, islet volume and islet mass. In vitro studies showed no 
difference in glucose induced insulin release from isolated islets or perfused pancreas 
of YC-3.0 and control mice (Paper I, Figure 5). Likewise, glucose handling was similar 
in YC-3.0 mice and control mice during intravenous glucose tolerance test (Paper I, 
Figure 6). Furthermore, transplantation of 400 YC-3.0 islets to alloxan-induced diabetic 
mice showed that YC-3.0 islets restored glucose homeostasis. Additionally, 
characterization of the circulation in YC-3.0 mice showed no difference in blood 
pressure or blood flow compared to control mice (Paper I, Table 1). 

Figure 3. Fluorescence images of YC-3.0 islets transplanted under the kidney capsule. 
Three images captured from the same islet graft by ex vivo imaging display how the EYFP 
fluorescence can be used to identify transplanted donor islet cells when engrafted in non-
fluorescent recipient tissue. Scale bars, 150 µm 
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In conclusion, the transgenic YC-3.0 mouse displays a normal physiology with 
appropriate glucose homeostasis and pancreatic islet function. Fluorescent YC-3.0 
islets open up new approaches for studies of engrafted islets following islet 
transplantation. As a proof of concept, transplantation of fluorescent YC-3.0 islets has 
facilitated identification and morphological investigations of islets transplanted to the 
liver (126), and isolation of islets transplanted both to liver and pancreas (127). The 
YC-3.0 mouse together with the different -cell specific fluorescence reporter mice 
(92; 96), validate the expression of fluorescent reporters as a feasible methodological 
approach to facilitate studies of islet cell physiology. 

4.2 DIECS IN ISLET REVASCULARIZATION AFTER TRANSPLANTATION 

Revascularization and the re-establishment of blood flow is vital for the function and 
survival of transplanted islets. Until recently, transplanted islets were believed to solely 
become revascularized by the ingrowth of blood vessels from the recipient organ (10; 
63). Using the transgenic Tie2-lacZ reporter mouse, Linn et al. (11) reported that 
DIECs could be found in islet grafts after islet transplantation. Together with the 
reported vascular impairment of islet grafts, this encouraged us to investigate the 
functional role of DIECs in revascularization of transplanted islets. 

4.2.1 Intraislet ECs after islet isolation and islet culture 

To investigate if intraislet ECs persist after islet isolation, pancreatic islets were isolated 
from Tie2-GFP mice. TPLSM imaging of intact Tie2-GFP islets directly after isolation 
showed that a large number of intraislet ECs remained in the islets and expressed GFP. 
This was confirmed by immunofluorescent staining of islet sections using antibodies 
against GFP and the EC marker CD31 (Paper II, Figure 1). All GFP expressing cells 
were found to express CD31, confirming an EC origin. When the expression of GFP 
and CD31 was compared, 81% of the CD31 expressing cells were found to express 
GFP. Thus, it was concluded that GFP is a relevant and useful reporter for intraislet 
ECs in Tie2-GFP islets. Recent data suggests that the expression of Tie2-GFP in the 
vasculature is asymmetric with little expression in venules (128). This suggests that the 
vessels in Tie2-GFP islets which express CD31 but not GFP could represent venules. 

To investigate how islet culture affects intraislet ECs, Tie2-GFP islets were 
cultured under normal islet culture conditions, i.e. suspension culture in RPMI 1640 
culture medium supplemented with 10% FCS. The intraislet ECs were quantified 
directly after isolation and during four consecutive days of culture by TPLSM imaging 
of intact islets. A rapid reduction in the number of intraislet ECs was observed during 
culture, and on the forth day of culture only 5% of the ECs remained compared to 
directly after isolation. This result was confirmed by immunostaining of islet sections, 
which additionally showed that the expression of GFP and CD31 decreased with 
similar rates during islet culture (Paper II, Figure 2). Linn et. al. (11) previously showed 
that intraislet ECs migrate out of islets and form cord-like structures when the islets are 
placed in a 3D matrix. Migration was stimulated by the addition of the growth factors 
VEGF and FGF (11). According to another report, cord-like structures was observed to 
extend from islets cultured in suspension when similar growth factors were added to the 
culture media (72). To investigate the effect of growth factors on intraislet ECs during 
islet culture, Tie2-GFP islets were cultured as described with a supplement of either 
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VEGF in combination with FGF, or a cocktail called ECGS (129). However, 
supplement of these EC growth factors did not affect the rapid loss of intraislet ECs 
during islet culture. Only a small increase in the number of ECs could be observed after 
four days of culture with supplement of VEGF and FGF, and no effect was observed 
after the addition of ECGS (Paper II, Figure 2). In summary, our data show that 
intraislet ECs persist in islets after islet isolation, but rapidly disappear during islet 
culture. Furthermore, the loss of intraislet ECs during islet culture was not affected by 
the addition of EC growth factors to the culture medium. 

To date, intraislet ECs have been observed after islet isolation from several 
species, i.e. mouse (11; 67; 130; 131), rat (11; 129; 132), pig (11) and human (67; 75; 
79; 133; 134). Together these reports show that intraislet ECs persist in islets after 
isolation independent of species and isolation technique. In accordance with our results, 
previous studies have shown that intraislet ECs are lost after seven days of culture of 
mouse (130) and rat islets (132). Furthermore, in line with our result, a recent study 
showed that addition of EC growth factors during islet culture does not affect the loss 
of intraislet ECs (131). Although the loss of intraislet ECs during islet culture has not 
been investigated in detail with markers for cell viability, it is likely that cell death 
plays a major role. However, dedifferentiation of ECs including the loss of expression 
of EC makers can not be excluded. Unfortunately, no current data exist on how human 
intraislet ECs are affected by islet culture. 

Compiled data from several reports show that freshly isolated but not cultured 
islets contain intraislet ECs. Considering the tough period transplanted islets face 
before they are revascularized and the low vessel density in islet grafts, we questioned 
if intraislet ECs could participate and functionally contribute to the revascularization of 
transplanted islets. By transplanting freshly isolated islets with intraislet ECs and 
cultured islets without intraislet ECs, we aimed to determine if DIECs improve the 
revascularization rate and/or the vascular density of fresh islet grafts compared to 
cultured islet grafts. The use of fresh or cultured islets for transplantation is a question 
with high clinical relevance. Although the Edmonton protocol involves transplantation 
of freshly isolated islets, several arguments have been made for culturing of islets prior 
to transplantation (135). 

4.2.2 DIECs form functional blood vessels after islet transplantation 

To investigate if DIECs participate in formation of blood vessels after islet 
transplantation, freshly isolated Tie2-GFP islets were transplanted under the kidney 
capsule of nude mice. TPLSM imaging of intact islet grafts using the ex vivo model one 
month after transplantation, a time-point at which the revascularization process is 
complete (60-62), revealed GFP fluorescent DIECs within the islet grafts. DIECs were 
located as individual cells and in cell aggregates that formed vessel-like structures 
(Paper II, Figure 3). Detailed morphological investigations showed that DIECs 
participated in the formation of large vessels found in the stromal area of the grafts 
(Paper II, Figure 3; Paper III, Figure 1). Remarkably, segments up to several hundred 
micrometers of these large vessels were solely composed of DIECs. DIECs also 
participated in formation of smaller vessels, both in the stromal and endocrine areas of 
the grafts (Paper II, Figure 3; Paper III, Figure 1). To assess the functionality of DIEC 
derived vessel structures, graft-bearing kidneys were perfused with Texas Red via the 
renal artery. Perfusion with Texas Red revealed that DIEC derived vessel structures 



  19 

were integrated with vessels derived from recipient ECs in the graft vasculature, which 
was connected to the circulatory system of the kidney (Paper II, Figure 4; Paper III, 
Figure 1). To investigate if DIECs remained in islet grafts over longer time-periods, 
freshly isolated Tie2-GFP islets transplanted under the kidney capsule were studied five 
months after transplantation. Ex vivo imaging revealed that DIEC derived vessels were 
found to have a similar morphology in five months old islet grafts as in one month old 
islet grafts, indicating that DIECs remain integrated in the vasculature. In addition, 
perfusion of graft-bearing kidneys with Texas Red showed that DIEC derived vessels 
were functionally integrated five months after transplantation (Paper III, Figure 1). 
After the transplantation of Tie2-GFP islets that had been cultured four days, ex vivo 
imaging one month after transplantation showed that only a few DIECs could be found 
within the cultured islet grafts (not shown). 
 To further investigate the capability of DIECs to form functional blood vessels, 
Tie2-GFP islets were transplanted to the anterior chamber of the eye. After 
transplantation of freshly isolated islets, DIECs participated in the formation of blood 
vessels that were integrated into the circulatory system as evidenced from perfusion 
with Texas Red administered into the blood stream. DIEC derived vessel structures 
were found in the islets and in the intersections between islets and iris (Paper III, Figure 
3). Remarkably, DIECs were also found to form long vessel segments of large vessels 
located in the iris. After transplantation of cultured islets to the anterior chamber, only a 
few individual DIECs were found (not shown).  

One common observation from both the kidney islet grafts and the anterior 
chamber engrafted islets was that the degree of DIEC contribution was very 
heterogeneous to different graft regions, i.e. in some graft regions a large number of 
DIECs were found and in other regions no DIECs were found. 

In conclusion, our results show that DIECs have the capacity to participate in 
the formation of functional blood vessels within the graft vasculature after islet 
transplantation. Furthermore, the DIECs remained within the islet graft vasculature a 
long time-period after transplantation, indicating a stable integration. No morphological 
explanation for the heterogeneous contribution of DIECs to different graft regions was 
found. Our results confirm the initial observations of Linn et al. (11) that intraislet ECs 
persist in the islet graft after transplantation of freshly isolated islets. By using another 
EC specific reporter mouse (lacZ-VEGF receptor 2), Brissova et. al. (67) also showed 
that DIECs participate in vessel formation after transplantation of freshly isolated islets. 
Interestingly, the same study also showed that intraislet ECs from human islets 
transplanted to nude mice contributed to the graft vasculature (67).  

4.2.3 DIECs contribute to the vasculature of fresh islet grafts but do not 
increase total vascularization 

The contribution of DIECs to the vasculature was quantified by measuring the vessel 
area in immunostained kidney islet graft sections. The DIECs contributed to 6% of the 
vasculature within the endocrine areas of fresh islet grafts, which was significantly 
higher than in cultured islet grafts where the contribution was only 0.2%. 
Unexpectedly, DIECs contributed to a greater extent to the vasculature in the stromal 
graft areas than in endocrine areas, 9% in fresh grafts and 2% in cultured grafts (Paper 
III, Figure 2). The distribution of DIECs within the grafts was calculated and showed 
for fresh islet grafts that half of the DIECs were located outside of the endocrine areas, 
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and for cultured islets grafts that almost all of the DIECs were located outside the 
endocrine areas (Paper III, Table 1). However, the total area of both donor and recipient 
vessels in fresh and cultured grafts was similar, both in the endocrine and stromal graft 
areas. All grafts showed a higher degree of vascularization within the endocrine areas 
compared to the stromal areas, 12% versus 8% (Paper III, Figure 2).  

In conclusion, freshly isolated islets contribute with statistically significant 
more DIECs to the graft vasculature than cultured islets following islet transplantation. 
Although, there was a significant contribution of DIECs to fresh islet grafts, the total 
vascular area of fresh and cultured islet grafts was similar. The finding that freshly 
isolated islets contribute with more DIECs than cultured islets confirmed the 
observations from the ex vivo imaging. The small contribution of DIECs from cultured 
islets further suggests that there is a substantial loss of intraislet ECs during islet 
culture. Unexpectedly, no significant increase in the total vessel area was found in the 
fresh islet grafts compared to the cultured islet grafts. This could be due to the fact that 
the number of available ECs provided by the transplanted islets is too limited to have 
an impact on the total vessel area of the islet grafts. Though, considering that the 
protein expression of VEGF is upregulated during islet culture (136), cultured islets 
could have a greater angiogenic capacity that compensates for the lack of intraislet ECs. 
However, the results may also indicate that the recruitment of ECs during the 
revascularization of transplanted islets is not a limiting or regulatory factor for the final 
size of the islet graft vasculature.  

Our results contradict the results of Olsson and Carlsson (124), who found that 
transplantation of freshly isolated islets resulted in islet grafts with a higher vessel 
density compared to transplantation of cultured islets. However, in the same study it 
was also reported that the vessel density was two times higher in the stromal graft areas 
than in the endocrine areas (124). The difference in the vascular morphology of islet 
grafts in the two studies complicates further interpretations of the diverging results. 
Interestingly, Brissova et. al. (67) found a much larger contribution of DIECs, 40%, to 
the islet graft vasculature after transplantation of freshly isolated islets. However, it was 
not investigated whether the contribution of DIECs effected the vascular density in the 
islet grafts (67). 

4.2.4 Transplantation of freshly isolated islets results in early vessel 
formation by DIECs and rapid revascularization 

To further investigate the contribution of DIECs to the revascularization of transplanted 
islets, freshly isolated and cultured Tie2-GFP islets were transplanted to the anterior 
chamber of the eye. Non-invasive TPLSM imaging of the transplanted islets permitted 
continuous monitoring of the revascularization process (Paper III, Figure 3 and 4). 
Imaging of islets at the third day after transplantation showed that only few vessels 
penetrated into peripheral regions of the engrafted islets. However, DIECs participated 
in vessel formation in the intersections between freshly isolated islets and the iris. 
Furthermore, round cells with GFP fluorescence were found mainly in the freshly 
isolated islets. The round cells were found individually and in groups, both close to and 
distant from circulation (Paper III, Figure 3). The presence of round cells was mainly 
evident at day three after transplantation, a few round cells could be found at day seven 
but not at any of the later time-points. Imaging of the engrafted islets seven days after 
transplantation showed that vessels penetrated into central islet regions in a scattered 
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manner. DIECs were found to contribute to extensive vessel formation in the 
revascularization of freshly isolated islets. At fourteen days after transplantation, a 
vascular network had been formed throughout the engrafted islets. Remodeling of 
DIEC derived vessels was also observed at this time-point. Only a few individual 
DIECs could be observed to contribute to the revascularization after transplantation of 
cultured islets. The vessel density increased rapidly until the fourteenth day after 
transplantation of both fresh and cultures islets (Paper III, Figure 4). However, there 
was a trend that freshly isolated islets had a higher vessel density both three and seven 
days post transplantation. At day fourteen, there was a significantly higher vessel 
density in the freshly isolated islets. The vessel density was similar in the two groups 
one month post transplantation. 

In conclusion, these results show that DIECs contribute to vessel formation 
early in the revascularization process, before vessels had started to grow into the 
engrafted islets. Freshly isolated islets were revascularized at a faster rate than the 
cultured islets, although the vessel density was similar in the two groups after complete 
revascularization. This is the first study where the contribution of DIECs to the graft 
vasculature has been studied during the process of revascularization. Interestingly, the 
images show that DIECs participate in vessel formation already three days after 
transplantation, and contribute extensively after seven days. In line with previous in
vitro studies (11), it seems that a large number of DIECs migrate out of the islets within 
three days after transplantation, see chapter 4.2.5 for discussion. Unfortunately, the 
intraislet ECs are very thin and have a too weak fluorescence signal to allow 
quantification of the contribution of DIEC in intact islet grafts. The trend during the 
process of revascularization was that freshly isolated islets acquired higher vessel 
densities more quickly than the cultured islets, which was statistically significant at day 
fourteen. This could be due to the fact that DIECs provide an extra pool of ECs that are 
easily recruited to vessel formation. Faster revascularization most likely reduces the 
duration of hypoxia for the endocrine cells and thereby decreases cell death. 
Consequently, transplantation of fresh islets may result in the survival of an increased 

-cell mass compared to transplantation of cultured islets. Increased -cell mass could 
explain the higher capability of freshly isolated islets to reverse diabetes compared to 
cultured islets (124; 137). One month after transplantation the vessel density was 
similar in the fresh and cultured islet grafts in the anterior chamber of the eye, which is 
in agreement with the results from the kidney islet grafts. These results further support 
the idea that the ability of transplanted islets to recruit ECs is not a limiting factor for 
determining the final size of the islet graft vasculature, though it appears that the rate of 
vessel formation during the revascularization process might be limiting and can be 
enhanced by the supplement of ECs. Furthermore, referring to the previous discussion 
in chapter 4.2.3, the fact that freshly isolated islets revascularize quicker than cultured 
islets does not support the idea that cultured islets have a greater angiogenic capacity 
than fresh islets.  

4.2.5 A model of DIECs contribution to graft vasculature 

Notably, we found that half of the DIECs were located in the stromal areas of the 
kidney grafts and that many DIECs were located in the iris, both close to and distant 
from engrafted islets, after transplantation to the anterior chamber of the eye. These 
findings clearly show that large numbers of DIECs migrate out of the transplanted 
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islets. Considering that the transplanted islets produce and secrete VEGF-A (64), this 
finding is unexpected. However, intraislet ECs have been shown to migrate out of islets 
in vitro when islets are attached to a surface (79; 129; 133; 134) or embedded in a 3D 
matrix (11; 138). In the 3D matrix, a large number of intraislet ECs have been reported 
to migrate out of the islets within the first two days (11). Considering both the in vitro 
and the in vivo data, it appears as the microenvironment of pancreatic islets no longer 
provides an adequate milieu for ECs after islet isolation and disruption of vascular 
connections. This is evident from the fact that the intraislet ECs migrate out of isolated 
islets to a neighboring surface or tissue if available, or die during islet culture. If freshly 
isolated islets are transplanted, a large number of intraislet ECs will migrate out of the 
islets before the recipient vessels starts to penetrate into the islets, i.e. within the first 
three days after transplantation. During these first days after transplantation, the DIECs 
are recruited to the processes of angiogenesis that have been induced in the vascular 
bed of the transplantation-site by VEGF-A, secreted by the islets. Consequently, a large 
number of DIECs will contribute to the formation of vessels outside of the engrafted 
islets. 

4.3 HOMOGENEOUS VASCULARIZATION OF KIDNEY ISLET GRAFTS 

The vessel area in the endocrine areas of the kidney islet grafts was significantly larger 
compared to the vessel area in the stromal areas. (Paper III, Figure 2). The distribution 
of vessels within the grafts also showed that the majority of vessels, 60-70%, were 
found in the endocrine areas of the grafts, although the endocrine areas only 
represented 50-60% of the grafts (Paper III, Table 1). This finding contradicts some 
previous reports, which showed that the stromal areas of kidney grafts were 
vascularized to a significantly higher degree than the endocrine areas (68; 123; 124). To 
investigate the vascular anatomy of kidney islet grafts in greater detail, freshly isolated 
Tie2-GFP islets were transplanted to Tie2-GFP recipients. Thereby, islet grafts that 
expressed GFP throughout the vasculature were obtained. Ex vivo imaging one month 
after transplantation showed that the engrafted islet mass was homogenously 
vascularized (Paper III, Figure 5). However, a small sub-set of non-vascularized islet 
structures were found in the grafts. These structures were also found in graft sections 
and constituted 8% of the islet mass in grafts studied one month after transplantation. 
However, non-vascularized islet structures were almost absent in islet grafts studied 
five months after transplantation. 
 In conclusion, the combined data from ex vivo imaging and immunostained 
graft sections show that transplantation of islets under the kidney capsule results in 
homogenously vascularized islet grafts, with a higher vessel area among the endocrine 
cells compared to the stromal cells. The finding that almost ten percent of the 
transplanted islets do not become vascularized correlates with findings after islet 
transplantation to the dorsal skinfold (60). Interestingly, the non-vascularized islets 
were almost absent 5 months after transplantation, suggesting that non-vascularized 
cells die off. The observation that kidney islet grafts become homogenously 
vascularized was recently also made in another study (64), supporting our data. The 
discrepancy in the descriptions of the vascular anatomy in kidney islet grafts might 
depend on the use of different staining techniques, or differences in islets or 
transplantation techniques. 
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4.4 NON-INVASIVE IN VIVO IMAGING OF TRANSPLANTED ISLETS 

To enable in vivo imaging of transplanted islets, the anterior chamber of the eye was 
explored as a transplantation site. The anterior chamber of the eye has been frequently 
used as a transplantation site to study a variety of tissues because it is immune 
privileged (139). Pancreatic tissue transplanted to the anterior chamber of the eye 
recruits blood vessels (140-142) and retains both the cytoarchitecture (140; 142), and 
the proportions of the endocrine cells (141). We decided to transplant pancreatic islets 
into the anterior chamber of the eye because the cornea acts as a natural body window 
that allows non-invasive in vivo imaging of engrafted tissue. 
 To investigate the engraftment of pancreatic islets in the anterior chamber of the 
eye, isolated islets were injected into the chamber through the cornea and were found to 
attach on the iris. Immunostaining of tissue sections with engrafted islets showed that 
the islets stably engrafted on the iris. Additionally, the proportion of - and -cells 
remained similar in engrafted islets compared to islets located in situ in the pancreas 
(Paper IV, Figure 1). To investigate if islets transplanted to the anterior chamber of the 
eye recruited blood vessels and to explore the feasibility for in vivo imaging, pilot 
studies were conducted. The transplanted islets were imaged one month after 
transplantation and FITC-dextran 10 kDa was intravenously administered to visualize 
the vasculature. The results from these preliminary studies showed that islets engrafted 
in the anterior chamber of the eye recruited blood vessels and could be imaged in vivo.

4.4.1 Imaging of -cells in transplanted islets 

By transplanting RIP-GFP islets to the anterior chamber of the eye, we investigated the 
feasibility of imaging -cell expression of GFP. Transplanted islets could be readily 
observed through the cornea in both normal and fluorescence light (Paper IV, Figure 1). 
TPLSM facilitated high resolution imaging and optical sectioning of the GFP 
fluorescent -cells in engrafted RIP-GFP islets, which provided detailed information of 
islet morphology (Paper IV, Figure 2). Repetitive imaging facilitated longitudinal 
studies of the engraftment of RIP-GFP islet after transplantation (Paper IV, Figure 3). 
Transplanted islets engrafted as individual islets or in groups as islet clusters. At day 
three after transplantation, the islets attached to the iris and showed similar morphology 

Figure 4. Image projections of islets engrafted in the anterior chamber of the eye.
The fluorescence of FITC in the circulation visualizes blood vessels in the iris and in 
the engrafted islets. The left image show an area of the iris where several individual 
islets and one islet cluster have engrafted. The right image shows the vasculature of 
one individually engrafted islet. Scale bars, 100 m
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as prior to transplantation. At day seven, the islets appeared wider and thinner 
compared to the third day, indicating further attached and spreading onto the iris. Only 
minor rearrangements of the morphology of the engrafted islets were observed 
following the seventh day after transplantation. RIP-GFP islet grafts were imaged up to 
four months after transplantation and retained a similar morphology throughout the 
time-course. 
 In conclusion, -cell expression of GFP was readily imaged at all time-points 
after transplantation and provided detailed information of the arrangement of -cells 
and the morphology of engrafted RIP-GFP islets. The transplanted islets engrafted on 
the iris and the major morphological rearrangements took place during the first week 
following transplantation, which is similar to other transplantation-sites (59). The RIP-
GFP islet grafts displayed a stable engraftment during the entire length of the study, i.e. 
four months. The ability to image -cell gene expression offers the possibility of 
imaging genetically encoded reporter proteins, as discussed in chapter 1.5.2, for 
investigations of -cell signal-transduction, as well as for studies of the other islet cells 
in vivo.

4.4.2 Monitoring of islet revascularization 

To investigate the feasibility to monitor the dynamic process of islet revascularization,
RIP-GFP islets were transplanted to the anterior chamber of the eye. To visualize the 
vasculature of the iris and engrafted islets, Texas Red was intravenously injected via 
the tail vein prior to imaging. TPLSM facilitated simultaneous imaging of GFP 
fluorescent -cells and circulating Texas Red. Non-invasive imaging allowed repetitive 
imaging of the islet graft vasculature day three, seven, fourteen and one month after 
transplantation (Paper IV, Figure 3). At day three, structural rearrangements of iris 
vessels close to transplanted islets were observed and ingrowth of a few vessels where 
found in the peripheral regions of islets. At day seven, more vessels grew into the 
peripheral regions of the engrafted islets and loops of capillaries started to penetrate 
into central regions. However, the vessels were scattered in the islets and large islet 
regions still lacked vessels. At day fourteen, blood vessels formed a microvascular 
network throughout the engrafted islets. From day fourteen to one month after 
transplantation, the vessel density increased further in the engrafted islets. One month 
after transplantation the vasculature was characterized by highly tortuous and uniformly 
sized capillaries. The vessel density increased continuously during revascularization 
and the vessel diameter was determined to around eight micrometers (Paper IV, Figure 
3). Imaging of the engrafted islets at two and four months after transplantation showed 
that the vascular morphology was similar to that obtained one month after 
transplantation. 
 In conclusion, our results show that non-invasive TPLSM imaging of islets 
transplanted to the anterior chamber of the eye facilitates longitudinal studies of islet 
revascularization, simultaneous with imaging of islet morphology. The process of 
revascularization had started at day three after transplantation, although only with 
limited ingrowth of vessels to the peripheral regions of the engrafted islets. The major 
part of vessel ingrowth took part between day three and fourteen after transplantation, 
with vessels that started to penetrate the islet core at day seven and forming a 
homogeneous network at day 14. The vessel density increased until one month after 
transplantation but was then similar at later time-points, indicating that the 
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revascularization of the islets engrafted in the anterior chamber is completed within one 
month after transplantation. The vessel diameter was ~8 m one month after 
transplantation. 

Longitudinal studies of islet revascularization has previously been facilitated by 
intravital imaging of islets transplanted into the dorsal skinfold chamber (112), and by 
imaging of islets transplanted under the kidney capsule (62). Studies of islets 
transplanted to the dorsal skinfold chamber report a similar pattern of islet 
revascularization as observed in islets transplanted to the anterior chamber of the eye. 
The revascularization in the dorsal skinfold chamber appears to be complete within 10 
days in most cases (61), although increases in the vessel density has been reported until 
20 days post transplantation (60). The morphology of the islet graft vasculature and the 
vessel diameter, between 6 to 9 m (60; 61), appears very similar in islets engrafted in 
the dorsal skinfold chamber and in islets engrafted in the anterior chamber of the eye. 
For islets transplanted under the kidney capsule, the revascularization was also reported 
to take 20 days (62). 

4.4.3 Imaging of -cell death

To investigate the feasibility of non-invasive imaging of -cell death, we transplanted 
RIP-GFP islets into the anterior chamber of the eye, and after completed engraftment 
and revascularization, we monitored cell death with intravenously administered 
annexin V-APC. Transplanted RIP-GFP islets imaged in mice with regular blood 
glucose levels displayed normal morphology and absence of annexin V-APC labeling 
(Paper IV, Figure 4). Annexin V-APC was found to label a few cells in 1 out of 10 
RIP-GFP islet grafts (data not shown). We induced -cell death in transplanted mice by 
intravenous administration of alloxan, which rendered mice hyperglycemic one day 
after injections. At this time-point, substantial loss of GFP fluorescence and structural 
changes in the reflection of the islet grafts were observed (Paper IV, Figure 4). 
Administration of annexin V-APC one day after the induction of cell death resulted in 
labeling of islet grafts. High magnification imaging revealed that most annexin V-APC 
labeling was found in graft regions devoid of GFP fluorescence, but annexin V-APC 
fluorescence was also found on the surface of GFP-fluorescent -cells, indicating 
labeling of cells undergoing apoptosis (Paper IV, Figure 5). Although a massive -cell 
death was obvious in several grafts, the degree of annexin V-APC labeling varied 
between the grafts indicating a variation in the number of dead or dying cells (Paper IV, 
Figure 5). 
 In conclusion, our results show the feasibility of detecting and monitoring -cell 
death in islets transplanted to the anterior chamber of the eye. Combined imaging of -
cells, annexin V and reflection provided detailed information regarding the engrafted 
islets. Imaging of engrafted RIP-GFP islets under normal conditions resulted in annexin 
V-APC labeling of only a few cells in one graft, indicating a low incidence of cell death 
in islets transplanted to the anterior chamber of the eye. Systemic administration of 
alloxan caused -cell death in islets engrafted into the anterior chamber of the eye, as 
well as in the pancreas as evidenced by the hyperglycemic blood glucose levels. Loss 
of GFP fluorescence was evident after alloxan administration, showing that RIP-GFP 
fluorescence alone could serve as a marker of high levels of -cell death. Annexin V-
APC clearly labeled the engrafted islets after the induction of cell death. The observed 
variation in annexin V labeling of different grafts, suggests variations in the rates of 
induction of cell death and/or clearance of dead cells. Annexin V-APC labeling was 
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found in areas between GFP fluorescent -cells but also on what appeared as the 
surface of -cells. However, since no marker for cell membrane integrity was applied, 
different stages of apoptosis and necrosis could not be distinguished from each other. 
The fact that alloxan induced -cell death in islets transplanted to the anterior chamber 
of the eye also shows that -cells in the engrafted islets have a high expression of 
GLUT2 (143; 144). Noteworthy is that we can now image -cell death non-invasively 
and longitudinally under in vivo conditions in transplanted islets. 
 Annexin V binds with high affinity to phosphatidylserine, which translocates 
from the inner to the outer cell leaflet of the plasma membrane early in apoptosis (145). 
Annexin V has been validated as an early marker for -cell apoptosis in vitro in 
dispersed islet cells (146). Furthermore, following chemically induced -cell death and 
systemic administration of annexin V in mice, annexin V was confirmed to bind to 
apoptotic cells by double labeling with markers for apoptosis in pancreatic sections 
(108). This result strongly supports the use of annexin V as marker for -cell apoptosis 
and death in vivo.
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5 CONCLUDING REMARKS 
Novel experimental platforms have been developed that facilitate LSM imaging of islet 
cells under in vivo conditions after pancreatic islet transplantation. These experimental 
platforms enable functional in vivo investigations of -cell physiology and islet 
revascularization. The following specific conclusions can be made;  

The YC-3.0 reporter mouse constitutes a novel source of fluorescent- and well-
functioning pancreatic islets. 

Intraislet ECs remain in pancreatic islets after islet isolation but rapidly 
disappear during islet culture. Intraislet ECs participate in blood vessel 
formation and islet revascularization after pancreatic islet transplantation.  

DIECs significantly contribute to the vasculature of fresh but not cultured islet 
grafts. However, the total vascular density of fresh and cultured islet grafts is 
similar after complete revascularization. After transplantation of freshly isolated 
islets, DIECs participate in early vessel formation and the revascularization is 
more rapid compared to cultured islets, indicating a shorter period of ischemia 
for fresh islets after transplantation.  

Pancreatic islets transplanted to the anterior chamber of the eye retain cellular 
composition, become engrafted and revascularized in a process that can be 
monitored by non-invasive in vivo LSM imaging. 

Transplantation of pancreatic islets with -cell specific expression of GFP 
facilitates non-invasive in vivo imaging of -cells and the morphology of islets 
engrafted in the anterior chamber of the eye. Furthermore, -cell death can be 
non-invasively monitored in transplanted islets during normal and diabetic 
conditions. 

By conducting in vivo investigations of -cell signal-transduction in the context of the 
transplanted islet, then not only surrounded by the other endocrine islet cells but also 
being vascularized and innervated, we believe that a greater understanding of 
pancreatic -cell physiology can be achieved. In addition, this will also contribute 
unique knowledge concerning -cell function after transplantation. 
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