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1. Abstract 

The aim of this study was to show if axitinib, an angiogenesis inhibitor, affects the function and 

morphology of transplanted mouse pancreatic islets. To achieve this, male C57BL/6 mice were 

syngeneically transplanted with two grafts each consisting of 200 pancreatic islets pre-treated 

with axitinib or control islets. After four to five weeks the function of one of the transplants from 

each mouse was investigated in a perifusion model, with respect to glucose-stimulated insulin 

release, while the other graft was prepared for histology. The grafts from the perifusion 

experiment were further analysed for their insulin content. There was no statistical significant 

difference in mean insulin secretion, nor in mean insulin content, between the control and axitinib 

group. Thus, these preliminary results showed that axitinib does not affect the function of 

transplanted pancreatic islets, but more perifusion experiments are pending. Due to time-

consuming procedures we still do not have any morphological information about how axitinib 

affects the grafts, but the study is proceeding.  

1.2 Sammanfattning  

Målet med studien var att påvisa om angiogenesinhibitorn axitinib hade några effekter på 

funktionen och morfologin hos transplanterade Langerhanska öar. För att kunna studera detta 

transplanterades tio C57BL/6-möss med två transplantat vardera. De två transplantaten innehöll 

antingen 200 kontrollöar eller 200 öar som behandlats med axitinib. Efter fyra till fem veckor 

undersöktes det ena av transplantaten gällande funktion i en perifusionsmodell, medan det andra 

transplantatet förbereddes för histologiska studier. Transplantatet som undersöktes gällande 

funktion analyserades sedan för insulininnehåll. Det fanns ingen statistisk signifikant skillnad vad 

gällande medelvärdet för insulinsekretion eller insulininnehåll mellan kontroll och 

axitinibgruppen. Dessa preliminära resultat visar att axitinib inte påverkar funktionen hos 

transplanterade Langerhanska öar, men fler perifusionsförsök behövs för att säkerställa resultatet. 

På grund av tidskrävande procedurer så har vi ännu inte någon morfologisk information om hur 

axitinib påverkar transplantatet, men studien pågår fortfarande.  
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2. Introduction 

Diabetes is a heterogeneous disorder with multiple etiologies, all characterized by high blood 

glucose concentrations as a result of insufficient insulin production. Type 1 diabetes mellitus 

(T1DM) is an autoimmune disease that results in β-cell destruction, which leads to a total absence 

of insulin production. T1DM accounts for 5-10 % of all diabetes (Ashcroft and Rorsman 2012).  

Existing therapies for patients with T1DM are daily injections of exogenous insulin, or less 

frequently, transplantation of whole pancreas or allogeneic islets of Langerhans (Ricordi 2003). 

Insulin injections do not cure the disease, but only alleviate the symptoms, and are difficult to 

monitor, which can result in hypo- or hyperglycaemic episodes, increasing the risk for chronic 

complications. Transplantation has in clinical trials been shown to improve metabolic control, 

preventing glycaemic excursions and providing a better quality of life (Pileggi et al. 2006). 

However transplantation of allogeneic islets is limited by the lack of high quality islet donors, 

graft failure, poor revascularization and the need for chronic post-transplant immunosuppressive 

therapy (Tudurí, Bruin and Kieffer 2012). It is estimated that 50-70% of the islets are destroyed 

in early engraftment, due to immediate inflammatory responses and stress-induced apoptosis. The 

long-term failure of islets is more likely to depend on autoimmune destruction of the islets, 

chronic rejection or toxicity of immunosuppressive therapy (Merani and Shapiro 2006). The long 

term failure is also likely to depend on poor revascularization, resulting in a lower blood 

perfusion and lower oxygen pressure in the grafts, compared to native islets (Carlsson, Palm and 

Mattsson 2002). Challenges to overcome are to obtain an adequate number of islet cells for 

transplantation and to enhance islet engraftment as well as the ability to induce long-term graft 

survival (Pileggi et al. 2006). 

The anigoarchitecture of native pancreatic islets is dense and glomerular-like, which ensures 

optimal supply of nutrients and oxygen (Jansson and Carlsson 2002). The blood perfusion of 

these islets is regulated by nervous, endocrine and metabolic mechanisms (Jansson 1994).  When 

isolating native pancreatic islets, their vascular connection and their normal blood flow regulation 

mechanisms are interrupted (Jansson and Carlsson 2002). 

Within 7-14 days after transplantation revascularization takes place, mainly through vascular 

sprouting. Compared to normal islet capillaries, little is known about the functional competence 

of these newly formed vessels. However, it’s suggested that newly formed vessels in general 
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almost exclusively consist of endothelial cells, thereby lacking a normal capillary structure and 

having markedly increased wall permeability (Jansson and Carlsson 2002). The newly formed 

vessels consist of endothelial cells of both recipient and donor origin (Linn et al. 2003), but the 

duration of islet culture before implantation is of importance for the number of remaining donor 

endothelial cells (Olsson and Carlsson 2006). The graft capillaries that are formed possess 

fenestrated endothelium and have a large diameter, similar to the capillaries in native islets 

(Lukinius, Jansson and Korsgren 1995). Unfortunately, the capillary density in islet grafts is only 

∼30 % of that in endogenous islets (Carlsson et al. 1998) . 

Vascular endothelial growth factor (VEGF) is a family of signalling molecules that constitutes 

the crucial rate-limiting step in physiological angiogenesis (Ferrara, Gerber and LeCouter 2003). 

VEGF initiates sprouting of new vessels from pre-existing ones. The most important family 

member is Vascular endothelial growth factor-A (VEGF-A), which is important in both normal 

and tumour-stimulated angiogenesis (Rini and Small 2005). VEGF-A is a multifocal cytokine 

that interacts with cell-surface receptors selectively expressed on vascular endothelial cells 

(vascular endothelial growth factor receptor-1,-2 and neurophilin-1,-2) and neurons (neuropilin-

1,-2). The interaction between VEGF and vascular endothelial growth factor receptor (VEGFR) 

increases microvascular permeability, induces endothelial cell migration and division, promotes 

endothelial cell survival and induces angiogenesis (Dvorak). VEGF-A is expressed in virtually all 

vascularized adult tissues, especially in sinusoidal and fenestrated blood vessels in secretory and 

endocrine organs (Maharaj et al. 2006).  A low, constitutively secreted concentration of VEGF is 

thought to be essential for the maintenance of general vascular homeostasis, while a much higher 

concentration is needed for vascular angiogenesis to occur (Ylä-Herttuala et al. 2007). VEGF-A 

is upregulated in most human tumours, creating high local concentrations of VEGF, which 

promote angiogenesis (Ferrara et al. 2003).  It has been shown that islet grafts can produce VEGF 

in response to hypoxia (Gorden et al. 1997), but it does not lead to an adequate vascular ingrowth 

into the grafts (Jansson and Carlsson 2002).  

Anti-VEGF-therapy combined with chemotherapeutic agents has shown a synergistic effect in 

anti-tumour therapy (Hu et al. 2002). The mechanism behind this synergy is poorly understood, 

but anti-VEGF therapy is thought to normalize the physiological properties of tumour vasculature 

(Jain 2005).  Tumours normally have a high interstitial pressure, due to vessels that are 
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chaotically organized, irregular and leaky (Thornton et al. 2006). Inhibition of VEGF binding to 

its receptor leads to reduction of the microvessel density and lowering of the interstitial pressure 

which reverses the pathophysiologic detachment of tumour pericytes from tumour epithelium 

(Inai et al. 2004). The reduction of microvascular density and lowering of interstitial pressure 

maximize the potential cytotoxic effect of therapeutic agents due to increased bioavailability of 

the drugs (Jain 2005). 

Bevacizumab and axitinib are two drugs that inhibit angiogenesis in different ways. The former, a 

humanized monoclonal IgG antibody, works as an angiogenesis inhibitor by targeting VEGF-A 

and prevent its binding to the endothelial cell-surface receptors VEGFR-1 and VEGFR-2 

(Thornton et al. 2006). Axitinib, on the other hand, is a tyrosine kinase inhibitor that inhibits 

VEGFR-1, -2 and -3 (Gross-Goupil, Massard and Ravaud 2012), thereby inhibiting both 

angiogenesis and lymfangiogenesis (Thornton et al. 2006).  

In previous preliminary unpublished experiments it has been noted that transplanted rat 

pancreatic islets pre-treated with bevacizumab had a lower graft blood perfusion and at the same 

time a paradoxically larger graft area. This result cannot fully be trusted due to the fact that 

bevacizumab is a human monoclonal antibody, leading to doubtful targeting and inhibition of rat 

VEGF. The aim of our experiment was to investigate if the VEGF receptor inhibitor axitinib in 

any way affects the function and morphology of transplanted rodent islets. We also wanted to 

confirm and find the reason behind the possible increase in graft area. This was investigated by 

transplanting mouse pancreatic islets pre-treated with axitinib under the kidney capsule of mice. 

After four weeks the grafts were analysed functionally by insulin release in an islet perifusion 

model and morphologically with respect to the presence of insulin producing β-cells, connective 

tissue and vasculature. The grafts were also analysed for their insulin content.  
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3. Materials and methods  

3.1 Animals 

Male C57BL/6 mice (Taconic M&B, Denmark) were used in all experiments. The mice had free 

access to tap water and pelleted food throughout the course of the study. The local animal ethics 

committee at Uppsala University, Uppsala, Sweden, approved the experiments. 

3.2 Islet isolation and culture 

Pancreatic islets were isolated by collagenase digestion of pancreases from C57BL/6 mice. The 

pancreatic glands were removed under aseptic conditions and placed in a Petri dish (Bibby 

Sterilin, Stone, Staffordshire, UK) containing 5 ml of Hanks’ balanced salt solution (Statens 

veterinärmedicinska anstalt (SVA), Uppsala, Sweden). The glands where then cut into smaller 

pieces and free floating tissue was removed. The pieces were put in a 20 ml scintillation flask 

containing 3 mg collagenase (Sigma Aldrich C9263, St. Louis, MO, USA) dissolved in 3 ml 

Hanks’ balanced salt solution (SVA), which gave a concentration of 1 mg/ml (w/v). The flask 

was shaken in a water bath at 37°C for 12 minutes, until the content appeared homogenous. By 

adding cold washing buffer the digestion of pancreatic tissue was stopped. Free-floating islets 

was purified by washing away much of the exocrine pancreatic tissue. This was made by adding 

washing buffer, then waiting for the islets to sediment and then removing the washing buffer with 

residual exocrine tissue. The washing step was repeated until the solution was fairly transparent, 

with only the visible layer of islet tissue on the bottom of the bottle. The washing buffer was 

removed and replaced with Hanks’ balanced salt solution (SVA). Portions of the digested tissue 

was transferred to Petri dishes and suspended in Hanks’ balanced salt solution (SVA). Using a 

breaking pipette and a stereomicroscope islets were picked and put in RPMI 1640 (Sigma 

Aldrich, Irvine, United Kingdom [UK]) supplemented with 10% (v/v) calf serum (Sigma 

Aldrich). Groups of ~150 islets were cultured free-floating in Petri dishes at 37°C at a humidified 

atmosphere of 5 % CO2 (v/v) in air, for 4-5 days. The groups of islets were divided into two 

batches. Axitinib (Tocris Bioscience, Bristol, UK) was added to one of the batches, at a 

concentration of 29 μM, throughout the culture period. The medium was changed daily in both 

batches with new axitinib being gently added where appropriate. 
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3.3 Transplantation 

At transplantation, the mice were anesthetised by an intra-peritoneal injection of avertin [a 2,5 % 

(v/v) solution of 10 g 97 % (v/v) 2,2,2-tribromoethanol (Sigma Aldrich) in 10 ml 2-methyl-2-

butanol (Sigma Aldrich)], 30 mg/mg bodyweight. An incision, visualising the left kidney of the 

mice, then made it possible to pack two grafts consisting of ~ 200 islets each, under the renal 

capsule. The two grafts were placed separately on the dorsal side of the kidney (see picture 1).   

 

Picture 1. The localisation of the two graft, each consisting of ~ 200 islets, on the dorsal side of 

the left mouse kidney.  

A total of ten mice were transplanted with two grafts each and to enable us to keep track on the 

mice they got names depending on which day they were transplanted. The ten animals were 

divided into an axitinib group (n=5) and a control group (n=5), depending on if they were 

transplanted with islets pre-treated with axitinib or with control islets (see table 1). After 

transplantation the animals were left for four to five weeks. 
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Name Group 

120418-1 Control 

120418-2 Control 

120418-3 Axitinib 

120418-4 Axitinib 

120423-1 Control 

120423-2 Axitinib 

120427-1 Control 

120427-2 Control 

120427-3 Axitinib 

120427-4 Axitinib 
Table 1. The ten mice got names depending on which day they were transplanted. The mice were 

also divided into an axitinib and a control group depending on which islets they were 

transplanted with. 

3.4 After four to five weeks 

The animals were killed by cervical dislocation and the graft-bearing kidneys were taken out. 

One of the two grafts from a mouse was directly prepared for histology, while the other graft 

from the same mouse was evaluated in a perifusion system (Biomedical research and 

development laboratories INC., Gaithersburg, MD, USA; see picture 2) with respect to glucose-

stimulated insulin release. The grafts used for perifusion were then collected and used for 

determination of insulin content. 
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Picture 2. The perifusion system from Biomedical research and development laboratories INC., 

Gaithersburg, MD, USA. A water bath (to the left) pumps heated water to a box surrounding the 

chambers (to the right), keeping the temperature in the chambers constant. The pump (blue 

boxes) enables the pumping of the perifusion medium through tubes and chambers, and down 

into test tubes in the fraction collector.  

3.5 Glucose-stimulated insulin release 

The grafts were investigated for capacity to release insulin at low (1.67 mM) and high (16.7 mM) 

D-glucose concentration. This was made by perifusing the grafts with these different glucose 

concentrations. The perifusion tubes and chambers was prefilled with Krebs-bicarbonate buffer 

supplemented with 10 mM HEPES and 2mg/ml albumin bovine fraction V (ICN Biomedicals 

Inc., Aurora, OH, USA) (here after referred to as KRBH buffer). The KRBH buffer in the 

chambers contained 1.67 or 16.7 mM D-glucose at a pH of 7.4 and O2:CO2 at 95:5. The grafts 

were transferred into chambers A-F (see picture 3), in the perifusion system. The perifusion rate 

was set to 200 µl/min during the whole experiment. First the grafts were perifused with the 

KRBH buffer with low glucose concentration for 35 minutes. This was made to calibrate the 

system, letting the islets rest and adjust to the low glucose concentration of 1,67 mM. After this a 
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one-minute-fraction was collected to obtain the insulin release at this point. The KRBH buffer 

with low glucose concentration was then switched to the KRBH buffer with high glucose 

concentration (16,7 mM). Two five-minute-fractions (with low glucose-containing KRBH buffer 

still being present in the tubing) followed by ten one-minute-fractions and three five-minute-

fractions were collected. The perfusion solution was switched to KRBH with low glucose 

concentration and additional four or five five-minute-fractions were collected. The fractions were 

chosen to be collected at these different times, due to that it took 10 minutes before the solution 

had reached and filled the chambers containing the grafts. Then it took two more minutes before 

the solution dripped down in the fraction collector. In total, it took 12 minutes for the solution to 

be pumped through the perifusion system. These lagging times were obtained by determine the 

time for a KRBH buffer stained with phenol red to pass through the perifusion system.  

All ten grafts could not be tested at the same time since the perifusion system only has six wells 

and therefor two perifusion studies were performed. 

 

Picture 3. The six chambers, labeled A-F, in the perifusion system.  
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3.6 Insulin measurement 

The insulin concentration in each fraction was measured by a commercial mouse insulin ELISA 

kit (Mercodia AB, Uppsala, Sweden). This ELISA kit is a solid phase two-site enzyme 

immunoassay that is based on the direct sandwich technique in which two monoclonal antibodies 

are directed against separate antigenic determinants on the insulin molecule. The kit contains a 

microplate with 96 wells coated with mouse monoclonal anti-insulin. The microplates are 

sufficient for one calibrator curve and 42 samples in duplicates. First we tried to dilute our 

samples 1:2, so that their concentration would fit in the range of measurement of the mouse 

insulin ELISA kit (Mercodia). The concentration range of the kit is 0-3,5 ng/ml. 10 µl of each of 

42 of the samples from the perifusion and calibrator 0-5 (Mercodia) was added to each 

microplate. The samples and calibrators will bind to the monoclonal anti-insulin bound to the 

bottom of each well. Enzyme conjugate 1X solution (100 µl) was added to each well. This 

enzyme conjugate contains peroxidase conjugated mouse monoclonal anti-insulin that 

theoretically binds to the insulin in the wells. The plates were then incubated on a plate shaker 

(700-900 rpm) for two hours in room temperature. After incubation the plates were washed six 

times with wash buffer 1X solution to remove unbound peroxidase labeled antibody. The bound 

conjugate was then detected by adding and incubating the plates with 200 µl TMB (3,3´,5,5´-

tetramethylbenzidine), for 15 minutes at room temperature. The reaction was stopped by addition 

of 50 µl H2SO4 to give a colorimetric endpoint. The optical density was then 

spectrophotometrically measured at a wavelength of 450 nm. The concentration of insulin was 

calculated by letting a computer plot the absorbance obtained for the calibrators against the 

insulin concentration. The insulin concentrations in the samples were then obtained from the 

calibration curve.  

The samples that didn’t fit in the concentration range for measurement (0-3,5 ng/ml) were tested 

again. Samples that got a concentration too small to be detected were measured undiluted and the 

samples that after 1:2 dilution had a concentration over 3,5 ng/ml were diluter 1:5. 

The concentrations obtained from the ELISA were plotted against time, creating graphs that later 

were used to measure the mean insulin secretion for each graft, by the help of the computer 

software ImageJ.  



11 
 

3.7 Insulin content 

The grafts from the insulin release were collected and homogenized by sonication in 200 µl 

redistilled water. 50 µl of the homogenate was mixed with 125 µl acid-ethanol (1,5 ml (37%) 

HCL in 98,5 ml [vol/vol] 70 % ethanol). This procedure resulted in a 1:1000 dilution. The insulin 

was extracted overnight at 4ºC. The insulin concentration was then measured by a commercial 

mouse insulin ELISA kit (Mercodia, Uppsala, Sweden), in the same way as above.  

3.8 Statistical analysis  

All values are given as means ± SEM. Probabilities of chance differences between the 

experimental groups were calculated with Mann-Witney rank sum test. 
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4. Results 

4.1 Insulin release 

The concentrations of insulin (ng/ml) measured in the perifusion study are all plotted against time 

(min), which created graphs that allowed us to follow the insulin secretion. Diagram 1 shows the 

plotted graphs for all 10 grafts, while diagram 2 and 3 illustrates the plotted graphs for the control 

group respectively the axitinib group. The concentration for 120418-4 at t=41 could not be 

measured, due to that the concentration didn’t fit in the concentration range of the mouse insulin 

ELISA kit. This concentration will be measured in additional experiments.  

The first fraction was taken after the graft had been perifused with a low glucose concentration 

solution (1,67 mM) for 36 minutes. The ten grafts secreted different quantities at this point, from 

0,45 ng/ml (120427-4) to 11,4 ng/ml (120418-2).  The solution was then (t=36) exchanged to a 

solution with high glucose concentration solution (16,7 mM), which reached the graft after ~10 

minutes (t= 46) and the fraction collector after ~12 minutes (t= 48), due to the delay created by 

the tubes in the perifusion system. All the grafts except one (120418-1) showed an increase in 

insulin secretion somewhere between 50 and 56 minutes. During the whole time that high glucose 

concentration solution (16,7 mM) was in the system (t=48-83) the grafts showed a relatively high 

insulin secretion. After 71 minutes, the perifusion medium was switched back to the low glucose 

solution (1,67 mM), which reached the fraction collector at t=83 minutes. Hereafter (t=83-96) no 

lowering in the quantity of insulin secretion was observed, even though we collected one more 

fraction for all the grafts (120423-1, -2, 120427-1, -2, -3 and -4) in the second perifusion 

experiment. Instead, five of the grafts (120418-1, -2, 120427-2, -3 and -4) showed an unstable 

insulin secretion, by first increased and then decreased it, while the other five (120418-3, -4, 

120423-1, -2 and 120427-1) showed a more constant insulin secretion. 

To enable further analysis the last fraction (fraction 21) for 120423-1,- 2 and 120427-1 to 4 were 

excluded. The fractions were excluded to enable comparison of all ten grafts.  Graft 120418-1 

was also excluded from all further functional analysis, when the graft wasn’t able to respond to 

high glucose solution (16,7 mM).  
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Diagram 1. The results from the perifusion study, where insulin concentration (ng/ml) has been 

plotted against time (min), for all the ten grafts. The measurement starts after 36 minutes in a 

solution with low glucose concentration (1.67 mM). At t=36 the solution is exchanged to a 

solution with high glucose concentration (16.7 mM), which is expected to reach the fraction 

collector after ~12 minutes (t= 48), due to the delay created by the tubes. At t=71, the perifusion 

solution is exchanged back to a solution with low glucose concentration which reaches the graft 

after ~12 minutes (t=83). An additional five-minute-fraction was collected for graft 120423-1, -2, 

120427-1, -2, -3 and -4 at t =96. 
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Diagram 2. The graphs with the results with control islets (n=5) from the perifusion study, where 

insulin concentration (ng/ml) has been plotted against time (min). The measurement starts after 

36 minutes in a solution with low glucose concentration (1.67 mM). At t=36 the solution is 

exchanged to a solution with high glucose concentration (16.7 mM), which is expected to reach 

the fraction collector after ~12 minutes (t= 48), due to the delay created by the tubes. At t=71, 

the perifusion solution is exchanged back to a solution with low glucose concentration which 

reaches the graft after ~12 minutes (t=83). An additional five-minute-fraction was collected for 

graft 120423-1, 120427-1 and -2  at t =96. 
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Diagram 3. The graphs with the results for axitinib pre-treated islets (n=5) from the perifusion 

study, where insulin concentration (ng/ml) has been plotted against time (min). The measurement 

starts after 36 minutes in a solution with low glucose concentration (1.67 mM). At t=36 the 

solution is exchanged to a solution with high glucose concentration (16.7 mM), which is expected 

to reach the fraction collector after ~12 minutes (t= 48), due to the delay created by the tubes. At 

t=71, the perifusion solution is exchanged back to a solution with low glucose concentration 

which reaches the graft after ~12 minutes (t=83). An additional five-minute-fraction was 

collected for graft 120423-2, 120427-3 and -4 at t =96. 
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4.2 Mean insulin secretion  

Diagram 4 illustrates mean insulin secretion (ng/min) of the grafts from both the control group 

(n=4) and the axitinib group (n=5), between t=40 and t=50. The mean insulin secretion was 0,034 

ng/min for the control group and 0,035 ng/min for the axitinib group. There was no significant 

difference (P(exact)=0,905) between the groups, considering the insulin secretion in the low 

glucose solution (1,67 mM). 

 

Diagram 4. The mean insulin secretion (ng/min) for the axitinib and control group. The control 

group, consisting of four functional grafts (n=4), had a mean insulin secretion on 0,034 ng/min. 

The axitinib group consisted of five functional grafts (n=5) and had a mean insulin secretion on 

0,035 ng/min. There was no significant difference (P(exact)=0,905) between the control and 

axitinib group. 

Diagram 5 illustrates the mean insulin secretion (ng/min) between t=50 and t=60, when the grafts 

were perifused with a high glucose solution (16,7 mM), corresponding to the first peak of insulin 

release. The mean insulin secretion was 0,048 ng/min for the control group (n=4) and 0,050 

ng/min for the axitinib group (n=5). There was no significant difference (P(exact)=1,000) between 

the control and the axitinib group, considering the mean insulin secretion during these ten 

minutes.  
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Diagram 5. The mean insulin secretion (ng/min) for the axitinib and control group. The control 

group, consisting of four functional grafts (n=4), had a mean insulin secretion on 0,048 ng/min. 

The axitinib group consisted of five functional grafts (n=5) and had a mean insulin secretion on 

0,050 ng/min. There was no significant difference (P(exact)=1,000) between the control and 

axitinib group. 

Diagram 6 illustrates the mean insulin secretion (ng/min) during the whole time (t=41 to t=83) 

that high glucose solution (16,7 mM) was perifused. The mean insulin secretion was 0,067 

ng/min for the control group (n=4) and 0,057 ng/min for the axitinib group (n=5). There was no 

significant difference (P(exact)=0,413) between the two groups during these 33 minutes.

 

Diagram 6. The mean insulin secretion (ng/min) for the axitinib and control group, during the 

whole time that high glucose solution (16,7 mM) was perifused (t=50-83). The control group, 

consisting of four functional grafts (n=4), had a mean insulin secretion on 0,067 ng/min. The 

axitinib group consisted of five functional grafts (n=5) and had a mean insulin secretion on 0,057 

ng/min. There was no significant difference (P(exact)=0,413) between the control and axitinib 

group. 
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4.3 Insulin content  

The insulin content for nine of the graft is represented in diagram 7. The tenth graft (120427-3) 

disappeared during the perifusion. Two of the grafts (120418-2 and 120418-4) exhibited high 

insulin content, while the other seven grafts contained a more similar quantity of insulin. 

 

Diagram 7. The insulin content (ng/graft) for nine of the grafts, after the perifusion study. Two of 

the grafts, 120418-2 and 120418-4, exhibited high insulin content, while the other eight grafts 

contained a more similar quantity of insulin.  

The mean values of the insulin content were calculated for the control and axitinib group and are 

represented in diagram 8. The mean insulin content was 2948,4 ng/graft in the control group and 

2602,3 ng/graft in the axitinib group. There was no significant difference (P(exact)=0,413) in the 

mean insulin content between the two groups.  
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Diagram 8. The mean insulin content (ng/group of grafts) for the control and axitinib group. The 

control group had a mean insulin content of 2948,4 ng/graft and the axitinib group had a mean 

insulin content of 2602,3 ng/graft. There was no significant difference (P(exact)=0,413) between 

the mean values of the control and axitinib group. 

4.4 Histology 

Due to time-consuming procedures we don’t have any morphological information about the 

grafts, but the study is still proceeding.   
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5. Discussion 

The islets of Langerhans consist of several types of endocrine cells including α, β, δ, and PP cells. 

These cells secrete glucagon, insulin, somatostatin and pancreatic polypeptide, respectively. The 

different cell types form a unique three-dimensional structure that differs between species. 

Rodent islets are characterizes by a spherical core of β-cells surrounded by a thin layer of non-β-

cells, whereas human islets have a more randomized cell structure with α and β cells in close 

contact throughout the whole islet (Saito et al. 2011). With the knowledge of the structural 

differences between human and mouse islets it can always be argued whether the latter provides a 

good model. However, in this initial experimental pilot study it was the best choice.  

We have tried to show how axitinib affects the function of transplanted mouse pancreatic islets. 

Therefore we transplanted islets pre-cultured with axitinib under the renal capsule of mice. 

During culture of the islets we had to change the medium every day since axitinib has a short 

half-life at 37 °C, which isn’t optimal for the islets. We also had a problem with axitinib 

aggregating in the medium, which in turn also caused the islets to aggregate. The final axitinib 

concentration in our cultivation medium, that forced us to change the medium every day, was 29 

µM. We know that this concentration is sufficient for total inhibition of vascular endothelial 

growth factor receptor-1, -2 and 3, due to that axitinib already causes total inhibition of the 

receptors at picomolar concentrations (Escudier and Gore 2011). In additional experiments the 

concentration of axitinib in the medium will be experimentally chosen. 

Four to five weeks after transplantation the function of the grafts consisting of control islets and 

axitinib pre-treated islets were tested in a perifusion system, with respect to glucose-stimulated 

insulin release.   

The difference between perifusion and perfusion is that perifusion implies that the medium is 

flushed around the whole graft/tissue, while perfusion implies that you use intra-organ blood 

vessels to provide the medium. Thus, perifusion implies that nutrients and released hormones are 

transported through diffusion through the whole perifused tissue. Furthermore, perifusion studies 

differ from other in vitro evaluations in that you have a possibility to administer acute challenges 

of substances and then to collect and detect rapid changes in insulin release. The advantage of the 

latter enables detection of a first and second phase of insulin release in response to high glucose 
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concentration. The first phase of insulin secretion results from the rapid fusion of granules that 

are pre-docked at the plasma membrane, while the second phase of secretion results from 

mobilization, docking, priming and fusion with plasma membrane of previously non-releasable 

granules (Wang and Thurmond 2009).  

One disadvantage with perifusion is that we cannot ensure that the perifusing solution comes in 

contact with all cells in the grafts. Thereby we cannot ensure the same supply of oxygen and 

nutrients to all cells in the islets, and therefore not ensure an insulin secretion of similar 

magnitude in all the β-cells. If cells in the islets don’t get the nutrients and oxygen required they 

will initially fail in their endocrine functions and ultimately even enter into necrosis or apoptosis. 

This means that β-cells can leak insulin, which will be clearly detectable and confound further 

analysis of insulin secretion.  

We had two grafts, 120418-1 and 120418-2, which in the insulin analysis provided the typical 

pattern of islets that are functionally impaired or dying.  The graphs show a high insulin secretion 

even at the end of the experiments after the grafts had once again been perifused with a low 

glucose concentration for 35 minutes. The graph for graft 120418-1 also shows that the islets 

aren’t able to respond with an increase in insulin secretion when the perifusion solution is 

changed to a high glucose concentration. This most likely means that the β-cells in this graft are 

dying or are dead. The islets in graft 120418-2 have high pronounced peaks after 49 and 87 

minutes, which indicate that islets in the graft aren’t able to regulate their secretion or leak 

insulin. The three other control grafts, 120423-1, 120427-1 and 120427-2, show a more normal 

insulin secretion pattern. They have a relatively low insulin secretion after 35 minutes in the low 

glucose solution, and all three respond by an increase in insulin secretion when high glucose 

concentration is administered.  

The insulin release from the transplants pre-treated with axitinib all show a similar pattern. Three 

of the grafts, 120418-3, -4 and 120423-2, secrete relatively much insulin (~10 ng/ml) even after 

being perifused with low glucose concentration solution for 35 minutes. This could be a sign that 

the islets are damaged, but later we can see that all these grafts respond to the high glucose 

solution with an increase in insulin secretion. All five graphs show that the grafts are able to 

respond with an increase in insulin secretion when they are perifused with a high glucose 

concentration.  
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Our perifusion study did not perform as intended, due to the fact that the perifusion system was 

new and we hadn’t fine-tuned and calibrated the machinery. We determined the time for a KRBH 

solution stained with phenol red to pass through the tubes and into the chambers, and based on 

that time we decided when to collect each fraction. The time it took for the KRBH solution to 

reach and fill the chamber was 10 minutes, and the time before the solution had passed the 

chambers and all tubes in the system was 12 minutes. Therefore we expected the first phase of 

insulin to be secreted approximately 12 minutes after the KRBH solution was switched to the 

solution with high glucose concentration. A first phase secretion would in the later analysis create 

a high peak in the graphs, and to get a more correct peak we chose to collect ten one-minute-

fractions at this point. By collecting ten fractions at this point and since the perifusion system 

only allows us to collect twenty fractions we unfortunately couldn’t observe the expected 

decrease in insulin secretion, even though we chose to only collect five-minute-fractions when 

the KRBH solution was switched to the low glucose solution. This was observed after we had 

perifused and analysed our first four grafts (120418-1 to -4) and therefore we decided to collect 

one further five-minute-fraction when perifusing the six remaining grafts (120423-1,-2 and 

120427-1 to -4). Unfortunately this didn’t make it possible for us to observe the expected 

decrease in insulin release.  

One reason to why the islets don’t respond directly and rapidly to different glucose 

concentrations may depend on that the solution is perifused, leaving us to rely on diffusion, and 

that the grafts consist of closely packed islets, which in turn obstruct diffusion. The islets also 

have their β-cells more centrally located, which also impairs the interaction between them and the 

perifusing solution. The chambers also have a volume of ~300 μl, which causes problems with 

mixing when a new solution enters the chamber. We used a perifusion rate on 200 μl/min, which 

increases the time that two different KRBH solutions co-exist in the chambers. This slow 

exchange of solutions causes the grafts to respond less rapidly and directly. This makes it more 

difficult for us to detect exactly when the first phase of insulin secretion starts and when the islets 

in the graft merges into the second phase insulin of secretion.  

To avoid some of the problems with perifusion, referred to above, in future studies, the perifusion 

rate could be increased and the time when each fraction is collected changed. An increased 

perifusion rate would make it possible for the medium in the chambers to exchange more quickly, 



23 
 

and by changing the collection time for each fraction in relation to this increased perifusion rate, 

we might be able to detect a complete first and second phase of insulin secretion. The relation 

between the perifusion rate and the time to collect each fraction will be experimentally 

determined to suit grafts in additional studies. 

The graphs from the grafts with control islets (120418-1, -2, 120423-1, 120427-1 and -2) and 

grafts with islets pre-treated with axitinib (120418-3, -4, 120423-2, 120427-3 and -4) don’t have 

the same appearance. In the control group there is two grafts that are functionally impaired 

(120418-1 and -2), while all grafts in the axitinib pre-treated group show a similar insulin 

secretion pattern.  From this we cannot draw any certain conclusions on how axitinib affects the 

function of transplanted islets. The result is inconclusive due to the technical problems with the 

perifusions. Thus, there is no statistically significant differences in mean insulin secretion (P(10 min 

in low glucose solution)= 0,905 , P(10 min in high glucose solution)=1,000 and P(41 min in high glucose solution)= 0,556), nor 

in mean insulin content (P(exact)=0,413), between the control and axitinib group. 

To get more valid results we aim to refine the perifusion system to make it more suitable for use 

on grafts, and to increase the number of observations in the control and axitinib groups. Further, 

we also aim to do histological studies of the transplanted tissue, investigating if and how axitinib 

affects the morphology. The graft we saved from each mouse in the experiment will be 

investigated with respect to the presence of insulin producing β-cells, connective tissue and 

vasculature. 
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