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Introduction 
 

2009 has been a year of change for the department of Medical Cell Biology. At the end of June our 
chairman Arne Andersson retired, and we are all grateful to him for making powerful economic 
manoeuvres already during 2008 to deal with a rapidly increasing deficit. During 2009 most of the 
Department has moved to newly renovated premises and we have made a substantial reduction of 
space for laboratories, offices and teaching rooms resulting in savings. The cost for salaries has also 
been reduced mainly due to retirements. On the income side the faculty appropriations and 
particularly contributions from external granting organizations increased. The premature 
introduction of new procedures for paying indirect cost at the university led to considerable 
uncertainty about the economical status, and in retrospect the department board has taken a too 
cautious attitude. However, the caution should be viewed in the light of a major deficit of 4800 
kSEK in 2008.  This deficit was indeed turned into an excess of 5800 kSEK 2009. Although 
individual scientists control a substantial fraction of this excess, there is now some room for 
departmental investments. The new accounting system and the lack of university support was a great 
strain for our economy administrator Agneta Sandler Bäfve, who left for a position as teaching 
administrator (we miss you Agneta). An enthusiastic new economy administrator Shumin Pan 
Nyström was recruited at the end of the year and she has had a hectic time to learn the accounting 
system and the new budgeting system introduced 2010. 

Moving to renovated premises with much higher standard gave the opportunity to optimise the use 
of space and eliminate some of the previous problems. A drawback is that the department is now 
more outspread in the Biomedical Centre and that there is little space for internal expansion, which 
mostly has to be dealt with by reduction of other activities. It is of course possible to acquire new 
space again but that will increase the expenditure, and it might be difficult to find nearby premises. 
One of the new department corridors is specially adapted for animal experiments and cages can be 
transported from the animal department in a special elevator. This arrangement reduces staff 
exposure to animal allergens. The moving carousel will finish during 2010 with new premises for 
teaching and teaching administration. 
 
The departmental age profile is such that retirements will continue, leaving opportunities for 
rejuvenation.  During the last years the number of chair professors has been reduced from 4 to 1. 
Nevertheless, the faculty rejected a proposal to replace the chair in physiology. The faculty has 
indeed become very restrictive in renewing chair professorships, and the only current possibility to 
get a new chair seems to be targeted recruitment of an international top scientist. Due to the 
professor promotion reform the number of professors is still as high as 10 including the remaining 
chair and Lena Holm, who is still formally employed by the pharmacy faculty although she is 
working in our department. One of the professors is Gunilla Westermark, who was first a guest 
professor and definitely joined the department during 2009. Professors thus dominate among the 
senior teachers, but the future looks rather promising since 3 scientists (Lisen Kullman, Fredrik Palm 
and Mia Phillipson) currently hold 4-year junior research positions at the Swedish Research Council 
(SRC), one (Anders Tengholm) holds a 6-year senior research position at SRC and one (Sebastian 
Barg) a 3-year position supported by the Göran Gustafsson foundation. These 5 scientists have all 
spent postdoctoral periods in international top laboratories, demonstrating the importance of such 
periods when competing for positions and for a career in science. Other postdoctoral fellows, who 
have joined the department, are Joey Lau Börjesson and Monica Sandberg.   
 
Not long ago we had a redundancy of technical staff and considered terminations.  With retirements 
(Kärstin Flink, Leif Ljung and Eva Törnelius during 2009 and 5 more 2010-2011) we are 
approaching a very different situation and need to consider new employments to guarantee 
continuity in the laboratories and various kinds of services. It is difficult to base continuity and 
service functions on PhD student and postdoctoral fellows, who usually spend a limited period in the 
laboratories. We should therefore keep our eyes open both to identify needs and competent people to 



 

3 

recruit to satisfy those needs. One such need was satisfied by the employment of My Quach, who is 
working in the islet transplantation project. 
 
The number of PhD students has decreased during the last years and the balance was negative also 
during 2009 with 7 dissertations (Åsa Johansson, Harriet Nilsson, Johan Olerud, Anitha Risberg, 
E-ri Sol, Jenny Sågetorp and Björn Åkerblom) and 5 recruitmets (Jia Li, Marie Oscarsson, Patrik 
Persson, Johanna Svensson and Xuan Wang). Since the PhD students participate in teaching the 
fraction of time spent on teaching has increased, which may interfere with the PhD projects. 
Therefore it is important to break the negative trend and get into balance and perhaps even increase 
the number of PhD students. Alternatively we will have to employ teachers at different levels and 
this is probably necessary anyway. One new category is 20% employed assistants (amanuenser) 
supported by the faculty, and 3 students (David Berglund, Daniel Espes and Erik Wallin Öhman) 
have been engaged during 2009. We hope that future PhD students will be recruited from this 
category.  
 
The introduction of problem-based learning and increased admission of students have led to 
increasing demands on our teaching and administrative staff. Many highly qualified scientists spend 
much of their time in group-seminars reducing the time for research and possibilities to compete for 
grants. The seminars are probably valuable for the well-prepared and ambitious student but the 
overall efficiency in teaching/learning the fundaments of anatomy, cell biology, histology and 
physiology are not obvious. One possibility to solve the research/teaching balance may be to recruit 
teachers with relatively little research (“adjunkt/lektor”). In any case it is important to ensure a 
proper teacher backup to reduce vulnerability in case of illness and other unforeseen events.  

 

Starting as head of department in the middle of a year of turbulence around the new accounting 
system has been a challenging task. Although the university support regarding economical matters 
was severely overloaded by questions from departments most of the year, the university 
administration has been very supportive in other respects. Starting in the autumn 
chairmen/chairwomen from different university departments have been extensively trained for their 
work in a course of almost 3 weeks total duration. Apart from me also the deputy chairman Peter 
Hansell participates in this course. Peter is also assistant chairman dealing with basic teaching and 
Gunilla Westermark is assistant chairwoman with responsibility for PhD studies and work 
environment. In addition we have the dean for research training Stellan Sandler in our department. I 
am fortunate to have such wise and caring persons around to discuss all difficult matter. Then of 
course little would happen without an engaged administrative staff and I am most grateful for the 
dedicated work of Shumin Pan Nyström. Marianne Ljunkvist, Lina Thorvaldson and Göran Ståhl. 

 

Uppsala  2010-04-01 

 

Erik Gylfe 

Chairman 
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Scientific Reports 

Islet transplantation 

Per-Ola Carlsson, Leif Jansson  

The research of the group is mainly focused on the vasculature of the pancreatic islets and its 
relation to islet endocrine function during normal and diabetic conditions and after transplantation. 
The endothelial cells, which line all blood vessels, are important not only to distribute nutrients and 
oxygen to the islets, nut also to produce mediators which are involved in the regulation of hormone 
release, cell growth and the blood perfusion through the islets. Furthermore, endothelium-derived 
substances are likely to modulate the pathogenesis of both type 1 and type 2 diabetes. Much of our 
research within the last years have been devoted to the adaptation of transplanted islets of 
Langerhans (which contain the insulin-producing beta-cells) to the implantation organ, i.e. the so-
called engraftment process, and how this may be affected by different conditions in the recipients. 
Such transplantations are performed also in humans, but the long-term results are disappointing, 
probably due to impaired engraftment. Our studies in this area include evaluations of the 
revascularization processes (with special emphasis on the circulatory physiology of the newly 
formed intra-graft blood vessels), reinnervation, growth and differentiation of the beta-cells and, 
finally, the ultimate specific function of the graft. Special 
attention is paid to the endothelial cells of the islets both 
before and after transplantation. In this context, we compare 
islets implanted into different organs of the recipients 
(under the renal capsule, into the spleen, muscle or liver) 
with corresponding endogenous islets within the pancreas. 
All these studies are made in animal models but some of the 
studies are also carried out on human islets transplanted into 
nude mice. The aim of the latter studies is to improve the 
outcome of human islet transplantations, by applying the 
knowledge gained from the experimental models. We also 
perform basic research, in collaboration with a group in 
Trondheim, Norway, on the possibilities to encapsulate 
isolated islets of Langerhans with different alginates, with 
the aim to prevent rejection of transplanted islets. 

Another line of research on the islet vasculature is focussed on the regulation of pancreatic islet 
blood flow during normal conditions and in type 2 diabetes. We have found pronounced changes in 
the latter group, suggestive of an endothelial dysfunction, which seems to be related to the disturbed 
glucose and lipid homeostasis. Our working hypothesis is that disturbances in islet blood perfusion 
may modulate the development of type 2 diabetes, which is in line with the well known defects in 
endothelial cell function seen in diabetes.  We have recently also initiated studies on the relation 
between white adipose tissue and the pancreatic islets, especially in experimental type 2 diabetes. So 
far we have found that there are marked disturbances also in white adipose tissue blood flow, which 
seem to mirror those in the islets, and we are at present investigating the possible connections 
between these findings. 

 

Members of the group  
Arne Andersson – Professor 

Sara Bohman – Post Doc 

Per-Ola Carlsson - Professor  

Figure: An islet of Langerhans stained with 
the lectin Bandeiraea simplicifolia that 
selectively stains blood vessels. 
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Ulrika Pettersson - Graduate Student 

Joey Lau – Post Doc 

Johan Olerud – Post Doc 

Johanna Henriksnäs - Post Doc 

Åsa Johansson – Post Doc 

Astrid Nordin - Laboratory Engineer 

My Quach –Laboratory Engineer  

Monica Sandberg – Post Doc 

Lisbet Sagulin –Technician 

Johanna Svensson –Graduate Student 

Guang Xiang Zang –Post Doc 

 

Publications 2007- 
1. Annerén C, Welsh M, and Jansson L: Contrasting effects of the FRK tyrosin kinase 

expressed under the control of the rat insulin promoter on islet blood flow and islet mass 
and its relationship to glucose tolerance. Am J Physiol 292:E1183-E1190, 2007. 

2. Bohman S, Andersson A, King A: No differences in efficacy between noncultured and 
cultured islets in reducing hyperglycemia in a nonvascularized islet graft model. Diabetes 
Technology & Therapeutics 8:536-545, 2006. 

3. Bohman, S, Waern, I, Andersson, A, King, A: Transient beneficial effect of Exendin-4 
treatment on the function of microencapsulated mouse pancreatic islets. Cell 
Transplantation 16:15-22, 2007.  

4. Börjesson, A, Carlsson, C: Altered proinsulin conversion in rat pancreatic islets exposed 
long-term to various glucose concentrations or interleukin-1{beta}. J Endocrinol 192:381-
387, 2007. 

5. Hellman B, Jansson L, Dansk H, Grapengiesser E: Effects of external ATP on Ca2+ 
signalling in endothelial cells isolated from mouse islets. Endocrine 32:33-40, 2007..  

6. Huang Z. Jansson L, Sjöholm Å: Vasoactive drugs enhance pancreatic islet blood flow, 
augment insulin secretion and improve glucose tolerance in female rats. Clin Sci 112:69-76, 
2007.  

7. Hultström M Bodin B, Anderrsson A, Jansson L, Källskog Ö: Moderate hypothermia 
induces a preferential increase in pancreatic islet blood flow in anaesthetized rats. Am J 
Physiol 293:R1438-R1443, 2007. 

8. Jansson L, Andersson A, Bodin B, Källskog Ö: Pancreatic islet blood flow during 
euglycaemeic, hyperinsulinemic clamp studies in anaesthetized rats: hyperinsulinemia 
without hypoglycaemia does not affect islet blood perfusion. Acta Physiol 189:319-324, 
2007. 

9. Jansson L, Bodin B, Källskog Ö: Arginase increases total pancreatic and islet blood flow in 
anaesthetized mice. Upsala J Med Sci 112:165-173, 2007.  

10. Johansson M, Jansson L, Carlsson P-O: Improved vascular engraftment and function of 
autotransplanted pancreatic islets due to the partial pancreatectomy. Diabetologia 50:1257-
1266, 2007. 

11. Johansson, SM, Salehi, A, Sandström, ME, Westerblad, H, Lundquist, I, Carlsson, P-O, 
Fredholm, BB, Katz, A: A(1) receptor deficiency causes increased insulin and glucagon 
secretion in mice. Biochem Pharmacol 2007.  
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12. Lai E. Jansson L, Patzak A, Persson AEG: Vascular reactivity in arterioles from normal and 
alloxan diabetic mice: studies on single perfused islets. Diabetes 56:107-112, 2007.  

13. Lai EY, Persson AEG, Bodin B, Källskog Ö, Andersson A, Pettersson U, Hansell P,  
Jansson L: Endothelin-1 and pancreatic islet vasculature: studies in vivo and on isolated, 
vascularly perfused pancreatic islets. Am J Physiol 292:1616-1623, 2007. 

14. Lau J, Matsson G, Carlsson C, Nyqvist D, Köhler M, Berggren P-O, Jansson L, Carlsson P-
O: Implantation-site dependent dysfunction of transplanted pancreatic islets. Diabetes 
56:1544-1550, 2007.. 

15. Linder G, Carlsson P-O, Källskog Ö, Hansell P, Jansson L, Källskog V: Radiological 
contrast media and pancreatic blood perfusion in anesthetized rats. Acta Radiologica 
48:1120-1124, 2007.  

16. Linder G, Carlsson P-O, Källskog Ö, Hansell P, Jansson L, Källskog V: Hemodynamic 
effect of iopromide in pancreas-duodenum transplanted rats. Acta Radiologica 48:1125-
1130, 2007.  

17. von Seth E. Nyqvist D, Andersson A, Carlsson P-O, Köhler M, Mattsson G, Nordin A, 
Berggren P-O, Jansson L: Distribution of intraportally implanted microspheres and 
fluorescent islets in mice. Cell Transplantation 16:621-627, 2007. 

18. Svensson AM, Östenson C-G, Efendiċ S, Jansson L: Effects of glucagon-like peptide-1 (7-
36)amide on pancreatic islet and intestinal blood perfusion in Wistar rats and  diabetic GK 
rats. Clin Sci 112:345-351, 2007. 

19. Olerud J, Johansson M, Lawler J, Welsh N and Carlsson P-O. Improved vascular 
engraftment and graft function following inhibition of the angiostatic factor 
thrombospondin-1 in mouse pancreatic islets for transplantation. Diabetes 57:1870-1877, 
2008 

20. Palm F, Friedrich M, Carlsson P-O, Hansell P, Teerlink T and Liss P. Reduced nitric oxide 
in diabetic kidneys due to increased hepatic arginine metabolism: implications for 
renomedullary oxygen availability. Am J Physiol: Renal Physiol 294:F30-37, 2008 

21. Brandhorst D, Muhling B, Yamaya H, Henriksnäs J, Carlsson P-O, Korsgren O and 
Brandhorst D. New class of oxygen carriers improves islet isolation from long-term stored 
pancreata. Transplant  Proc 40:293-294, 2008 

22. Bohman S, and King A. Islet alpha cell number is maintained in microencapsulated islet 
transplantation. Biochem. Biophys. Res. Commun. 377:729-33, 2008 

23. Hägerkvist R., Jansson L. and Welsh N.: Imatinib mesylate improves insulin sensitivity and 
glucose disposal rates in rats fed a high-fat diet. Clinical Science 114:65-71, 2008.  

24. Nordquist L., Lai E., Sjöquist M., Jansson L. and Persson A.E.G.: C-peptide constricts 
pancreatic islet arterioles in hyperglycaemic, but not normoglycaemic, mice. 
Diabetes/Metabolism Research and Reviews 24:165-168, 2008. 

25. Jansson L., Bodin B. and Källskog Ö.: Glucose-induced time-dependent potentiation of 
insulin release, but not islet blood perfusion, in anesthetized rats. Upsala Journal of Medical 
Sciences 113:47-55, 2008.  

26. Huang Z., Jansson L. and Sjöholm Å.: Gender-specific regulation of pancreatic islet blood 
flow, insulin levels, and glycaemia in spontaneously diabetic Goto-Kakizaki rats. Clinical 
Science 115:35-42, 2008.  

27. Danielsson T., Fredriksson L., Jansson L. and Henriksnäs J.: Resistin increases islet blood 
flow and decreases subcutaneous adipose tissue blood flow in anesthetized rats. Acta 
Physiologica 195:293-298, 2008 

28. Lau J and Carlsson P-O. Low Revascularization of human islets when experimentally 
transplanted into the liver Transplantation 87:322, 2009 

29. Lau J, Kampf C, Berggren P-O, Nyqvist D, Köhler M and Carlsson P-O. Pancreatic 
microenvironment is crucial for the development of a new vascular network in transplanted 
pancreatic islets. Cell Transplantation 18:23, 2009 

30. Olerud J, Johansson M and Carlsson P-O. Prolactin pretreatment improves islet 
transplantation outcome. Endocrinology 150:1646-1653, 2009.  

31. Olerud J, Johansson Å and Carlsson P-O. The vascular niche of pancreatic islets. Expert 
Opinion in Endocrinology. 2009 
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32. Lau J, Henriksnäs J, Svensson J and Carlsson P-O. Oxygenation of transplanted pancreatic 
islets. Current opinion in Organ Transplantation. 14:688-693, 2009 

33. Johansson Å, Olerud J, Johansson M and Carlsson P-O. Angiostatic factors normally restrict 
islet endothelial cell proliferation and migration: implications for islet transplantation. 
Transplant Int 22:1182-11188, 2009  

34. Johansson Å, Lau J, Sandberg M, Borg H, Magnusson PU and Carlsson P-O. Endothelial 
cell signalling supports pancreatic beta-cell function in the rat. Diabetologia 52:2385-2394, 
2009. 

35. Pettersson U., Henriksnäs J. and Jansson L.: Reversal of high pancreatic islet and  
white adipose tissue blood flow in type 2 diabetic GK rats by administration of the  
β3-adrenoceptor inhibitor SR59230A. American Journal of Physiology 297:E490-E494, 
2009 

36. Kozlova E.N. and Jansson L.: Differentiation and migration of neural crest stem cells are 
stimulated by pancreatic islets. Neuroreport 20:833-839, 2009.  

37. Åkerblom, B., Calounova, G., Barg, S., Moktari, D., Jansson, L. and Welsh, M.: Impaired 
glucose homeostasis in Sbb -/- mice. Journal of Endocrinology 203:271-279, 2009.  

38. Olerud J., Kanaykina N., Vasilovska S., King D., Sandberg M., Jansson L. and Kozlova 
E.N.: Co-transplantation of pancreatic islets with neural crest stem cells improves islet 
survival and function. Diabetologia 52:2594-2601, 2009 

 

Agencies that support the work 

The Swedish Research Council 

The Swedish Diabetes Association  

The Swedish Juvenile Diabetes Fund 

Novo Nordisk Foundation 

The Gunvor & Josef Ane’rs Foundation 

Svenska Sällskapet för Medicinsk Forskning 

The Family Ernfors Foundation 

Juvenile Diabetes Research Foundation 

European Foundation for the Study of Diabetes 
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β-cell and adipocyte dysfunction in obesity and type 2 
diabetes mellitus 

Peter Bergsten 

Introduction 

The number of individuals with type 2 diabetes mellitus (T2DM), especially in conjunction with 
obesity, is rising at an alarming rate. In order to halt this development it is essential to understand 
how the disease develops. Individuals with obesity and T2DM have elevated circulating levels of 
glucose and lipids, which have been implicated in many of the negative effects precipitating the 
disease. Among the affected cells is the insulin-producing β-cell and the insulin-sensitive adipocyte, 
which show impaired function and enhanced apoptosis. 

Aim 

Our aim is to define mechanisms responsible for the insulin secretory impairment and β-cell loss 
observed in individuals with T2DM and the altered expression and secretion of hormones from 
adipocytes in obese and T2DM individuals. 

Projects 

1) How does palmitate affect the β-cell? Individuals with obesity and T2DM have elevated levels of 
fatty acids. Saturated fatty acid palmitate is one of the abundant fatty acids in the circulation. The 
fatty acid induces apoptosis. We will address to what extent the unfolded protein response (a), 
altered sphingolipid metabolism (b), changes in fatty acid oxidation (c) and fatty acid desaturation 
(d) are responsible for the negative effects of the fatty acid on the β-cell. 

2) How is signalling altered in islets from persons with type 2 diabetes mellitus? During 
development of the T2DM β-cells die and are replaced by fibrosis resulting in islets with remaining 
β-cells that are no longer connected. We will investigate how signalling is affected in disconnected 
β-cells compared to connected β-cells in the islet in a model system (a) and in islets obtained from 
T2DM individuals (b). 

3) How are adipokines and cytokines altered in obesity? Individuals with obesity have a high risk of 
developing T2DM. The younger these individuals are the greater the risk of acquiring the disease. 
Obese individuals have signs of inflammation, which is thought to at least partially be originating 
from the visceral adipose tissue. From these cells adipokines and cytokines are released which 
contribute to the inflammatory process.  

Members of the group  

Peter Bergsten – professor 

Azazul Chowdhury – graduate student 

Eli Gladnikoff - project student 

Levon Manukyan – postdoctoral person 

Rebecka Nilsson – project student 
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Jessica Risholm – project student 

Ernest Sargsyan – postdoctoral person 

Johan Staaf – project student 

Kristofer Thörn – graduate student 

Erik Wallin Öhman – project student 

Publications 2007- 
1. Ortsäter H, Sundsten T, Lin JM and Bergsten P. Evaluation of the SELDI-TOF MS technique for 

protein profiling of pancreatic islets exposed to glucose and oleate. Proteomics 7: 3105-3115, 2007. 
2. Nyblom HK, Nord LI, Andersson R, Kenne L and Bergsten P. Glucose-induced de novo synthesis of 

fatty acyls increases the INS-1E lipid pool without changing its composition. NMR Biomed, 21: 357-
365, 2008. 

3. Sundsten T, Zethelius B, Berne C and Bergsten P. Plasma proteome changes in type 2 diabetes 
mellitus subjects with low or high early insulin response. Clin Sci 114: 499-507, 2008.  

4. Sundsten T, Östenson CG and Bergsten P. Serum protein patterns in newly diagnosed type 2 
diabetes mellitus; changes in apolipoprotein C3, transthyretin and albumin. Diabetes/Metabolism 
Research Reviews, 24:148-154, 2008. 

5. Nyblom HK, Sargsyan E and Bergsten P. AMP-activated protein kinase dose dependently improves 
function and reduces apoptosis in glucotoxic β-cells without changing triglyceride levels. J Mol 
Endocrinol, 41: 187-194, 2008. 

6. Sargsyan E, Ortsäter H, Thörn K and Bergsten P. Diazoxide-induced β-cell rest reduces 
endoplasmic reticulum stress in lipotoxic β-cells. J Endocrinol, 199: 41-50, 2008. 

7. Sol EM, Sargsyan E, Akusjarvi G and Bergsten P. Glucotoxicity in INS-1E cells is counteracted by 
carnitine palmitoyltransferase I over-expression. Biochem Biophys Res Commun, 375: 517-521, 
2008. 

8. Hult M, Ortsäter H, Schuster G, Graedler F, Beckers J, Adamski J, Ploner A, Jörnvall H, Bergsten P 
and Oppermann U. Short-term glucocorticoid treatment increases insulin secretion in islets derived 
from lean mice through multiple pathways and mechanisms. Mol Cell Endocrinol, 301: 109-116, 
2009. 

9. Bergsten P. Islet protein profiling. Diabetes Obes Metab, 11:97-117, 2009. 
10. Sol EM, Sundsten T and Bergsten P. Role of MAPK in apolipoprotein CIII-induced apoptosis in 

INS-1E cells. Lipids Health Dis, 8: 3, 2009. 
11. Sol EM, Hovsepyan M and Bergsten P. Proteins altered by elevated levels of glucose or palmitate 

implicated in impaired glucose-stimulated insulin secretion. Proteome Sci 7:24, 2009. 
12. Nyblom HK, Bugliani M, Fung E, Boggi U, Zubarev R, Marchetti P and Bergsten P.  Apoptotic, 

regenerative and immune-related signaling in human islets from type 2 diabetes individuals. J 
Proteome Res, 8:5650-5656, 2009. 

 

Agencies that support the work 

FORMAS 

FP6, NEUFROCF 

Regional Research Council 

Swedish Diabetes Association 

Swedish Institute 

Swedish Medical Research Council 

Stiftelsen Familjen Ernfors fond 
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Project descriptions 

How does palmitate affect the β-cell? 

a) The unfolded protein response is an adaptive cellular reaction involving translational attenuation, 
enhanced protein folding capacity and degradation occurring when un-folded or mis-folded proteins 
accumulate in the endoplasmic reticulum. If the adaptive measures fail apoptotic processes will be 
initiated. We will expose β-cells to palmitate and determine to what extent markers of the unfolded 
protein response appear (western blotting). Cellular function (glucose-stimulated insulin secretion; 
ELISA) and apoptosis (ELISA) will also be measured in these cells. 

b) Palmitate can be converted to ceramide, which is a sphingolipid and the starting molecule for a host of 
different sphingolipid metabolites. Whereas some of these metabolites are anti-apoptotic e.g. sphingosine-
1-phosphate others are pro-apoptotic e.g. ceramide and sphingosine. The conversion between these 
metabolites is catalyzed by different enzymes. We will expose β-cells to palmitate and determine the 
expression of the different enzymes of sphingolipid metabolism (qRT-PCR) and sphingolipid metabolites 
(liquid chromatography electro-spray ionization mass spectrometry). From these measurements the 
metabolic fluxes and the sphingolipid ratio will be determined and correlated to measurements of 
glucose-stimulated insulin secretion (ELISA) and apoptosis (ELISA). In other cell types it has been 
proposed that the ratio between anti- and pro-apoptotic sphingolipid metabolites, the sphingolipid 
rheostat, is decisive in determining cell fate. 

c) Insulin secretion from the β-cell correlates with glucose oxidation. We have observed that genes 
coding for metabolic enzymes are specifically down-regulated in β-cells exposed to palmitate. We will 
determine glucose and fatty acid oxidation in β-cells cultured in the presence of palmitate, palmitoleate 
(mono-unsaturated correspondence to palmitate), oleate or stearate (saturated correspondence to oleate). 
After culture, glucose (3H-labelled glucose) and fatty acid oxidation will be determined (14C-labelled 
palmitate). 

d) The striking difference between the effects of saturated fatty acid palmitate and monounsaturated fatty 
acid oleate on β-cell function and mass made us investigate the role of the desaturation enzyme stearoyl-
CoA desaturase 1 (SCD1). 

Interestingly, when this gene is disrupted fatty acid loads are efficiently handled and the individual 
becomes resistant to weight gain. We will reduce the expression of SCD1 (siRNA) in β-cells and 
investigate the effects by determining glucose-stimulated insulin secretion (ELISA), comparing protein 
expression data sets obtained from SCD1 KD cells control cells (two-dimensional gel electrophoresis). 

 

How is signaling altered in islets from persons with type 2 diabetes mellitus? 
a) β-cells will be cultured either as separated cells in mono-layers or as connected cells in islet-like 
structures. After functional characterization by glucose-stimulated insulin secretion (ELISA) large 
numbers of proteins will be determined (mass spectrometry) and the expression patterns analyzed for 
differential pathway signaling (bioinformatics). 

b) We have recently identified differential activation of multiple signaling pathways in T2DM islets 
including pathways of apoptosis, immune-response and proliferation. The results were obtained by 
comparing control and T2DM islets without possibility to study how these different signaling changes 
occurred in time and determine alteration in signaling during disease progression. We will culture β-cells 
in the presence of normal or elevated glucose levels for an extended time period, which will lead to 
impaired function and mass (disease development). Functionally impaired cells will subsequently be 
cultured in the presence of normal glucose concentrations for an additional time period (recovery 
process). At different time points during both the disease and recovery periods glucose-stimulated insulin 
secretion (ELISA) and apoptosis (ELISA) will be determined and samples taken for analysis of levels of 
large protein numbers (mass spectrometry) and epigenetic changes (PCR). The obtained differences in 
epigenetic markers, including DNA methylation ad histone acetylation, and expression of multiple 
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identified proteins will be analyzed (bioinformatics) yielding information about differential activation of 
signaling pathways specifically altered during disease progression and recovery. Such information will be 
critical in understanding how complex disease etiologies develop and enabling us to generate hypotheses 
about mechanisms of disease development in T2DM which may also offer opportunities of intervention. 

How are adipokines and cytokines altered in obesity? 

We will analyze levels of adipokines and cytokines in obese and normal weight children (multiplexing 
ELISA). In addition, we will analyze (bioinformatics) changes in visceral and subcutaneous adipocytes, 
obtained from adult persons with different degrees of obesity, with regard to epigenetic (PCR, mass 
spectrometry) and protein expression  (mass spectrometry) changes. 

 

Physiology of pancreatic islet hormone secretion 

Erik Gylfe, Anders Tengholm  

Diabetes is widespread disease with rapidly increasing prevalence currently affecting >5 % of the 
world population. Diabetes is primarily due to insufficient or absent secretion of the blood glucose-
lowering hormone insulin resulting in elevated blood glucose and glucose in the urine. Even if the 
acute symptoms of diabetes can be reversed by different therapies there are long-term complications 
like heart disease, stroke, kidney disease, eye complications with blindness, skin problems, nerve 
damage causing foot complications, gastrointestinal and sexual dysfunction.  

Type 2 diabetes, which preferentially affects adult individuals, is the most common form and 
accounts for more than 90% of all diabetes. Type 2 diabetes is primarily characterized by insufficient 
insulin secretion from the pancreatic beta cells. Current therapy aims at maintaining or improving 
the secretory capacity of the beta cells and increasing the insulin sensitivity of the target organs. 
Elucidation of the mechanisms underlying insulin secretion and the malfunctions causing type 2 
diabetes is expected to provide new strategies for restoring insulin secretion.  

Type 1 diabetes mainly affects young individuals. It is a more severe disease than type 2 diabetes, 
since the beta cells are destroyed by an autoimmune attack. Apart from the lack of insulin, increased 
secretion of the blood glucose-elevating hormone glucagon contributes to rise of blood glucose in 
diabetes. Another dysfunction is that glucagon secretion is not appropriately stimulated when blood 
glucose falls to very low levels, as sometimes happens in insulin-treated type 1 diabetic patients. 
Clarification of the mechanisms underlying the failure of low glucose to stimulate glucagon release 
and the paradoxical hypersecretion of glucagon at high blood glucose may reduce acute illness and 
death after over-injection of insulin and help to prevent high blood glucose.  
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Processes important for the role of Ca2+ as a universal cellular messenger  
Ca2+ is a universal messenger that controls a variety of cell functions, including secretion. In most 
secretory cells rise of the cytoplasmic Ca2+ concentration stimulates secretion. However, the 
parathyroid cell is an exception to this rule, and we have shown that cytoplasmic Ca2+ is an 
inhibitory messenger for parathyroid hormone secretion. 

 

Under basal conditions the 
cytoplasmic Ca2+ concentration is 
about 10 000-fold lower than the 
extracellular concentration. This low 
concentration is maintained by the 
activity of a Ca2+-pumping ATPase 
(PMCA) and a Na+/Ca2+ exchange 
mechanism in the plasma membrane. 
There is also a Ca2+-pumping 
ATPase in the endoplasmic reticulum (SERCA). Activation of voltage-operated Ca2+ channels 
(VOC) results in influx of Ca2+ through the plasma membrane and a prominent rise of cytoplasmic 
Ca2+. This is the major mechanism explaining the release of blood glucose-regulating hormones 
(orange). Intracellular messengers like inositol trisphosphate (IP3) and cyclic ADP ribose (cADPr) 
acting on specific receptors can also release Ca2+ from the endoplasmic reticulum. These receptors 
are also sensitive to Ca2+ itself causing Ca2+-induced Ca2+ release (CICR). When the Ca2+ content of 
the endoplasmic reticulum decreases there is activation of store-operated Ca2+ influx in the plasma 
membrane (SOC). We study all these aspects of Ca2+ signalling and their importance for hormone 
release and other physiological processes.  

Generation of pulsatile insulin secretion 
The universal Ca2+ messenger is the main trigger of insulin secretion from pancreatic beta cells. 
Measuring the cytoplasmic Ca2+ concentration in individual cells we discovered that beta-cells have 
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an endogenous rhythmic activity. Synchronization of the Ca2+ signals leads to pulsatile secretion of 
insulin, which is believed to be important for maintaining the sensitivity to the hormone in the target 
tissues. This project intends to clarify how the rhythmic signals are generated and currently focuses 
on defining the role of intracellular Ca2+ stores and store-operated entry of Ca2+ into the beta cells. 

This experiment shows the effect 
of glucose on the cytoplasmic Ca2+ 
concentration in a cluster of 9 
mouse beta cells (A-I). The cells 
are initially exposed to a non-
stimulatory glucose concentration 
(3 mM). After elevation of glucose 
to 11 mM, pronounced slow Ca2+ 
oscillations occur in cells A-D due 
to periodic opening of voltage-
dependent L-type Ca2+ channels. 
The oscillations propagate among 
the neighbouring cells by gap junctions and become synchronized. After further elevation of glucose 
to 20 mM another 4 cells (E-H) start oscillating and all active cells become synchronized. It is 
apparent that oscillations can start in different cells. These synchronized Ca2+ oscillations underlie 
pulsatile insulin release. The experiment supports the recruitment theory, implying that pulsatile 
insulin release increases in amplitude at higher glucose concentrations due to recruitment of an 
increasing number of beta cells from the resting to the active phase.  

Selected publications 2007- 
1. Hellman B, Salehi A, Gylfe E, Dansk H, Grapengiesser E. 2009. Glucose generates 

coincident insulin and somatostatin pulses and antisynchronous glucagon pulses from 
human pancreatic islets. Endocrinology. 150:5334-5340. 

2. Tengholm A, Gylfe E. 2009. Oscillatory control of insulin secretion. Mol Cell 
Endocrinol 297:58-72. 

3. Hellman B, Gylfe E, Grapengiesser E, Dansk H, Salehi A. 2007. Insulinoscillationer – en 
kliniskt betydelsefull rytmik. Läkartidningen 104:2236-2239.  

4. Larsson-Nyrén G, Grapengiesser E, Hellman B. 2007. Phospholipase A2 is important for 
glucose induction of rhythmic Ca2+ signals in pancreatic beta cells. Pancreas 35:173-179. 

Synchronization of pulsatile insulin secretion among millions of pancreatic islets 
Beta cells in close contact synchronize the oscillatory Ca2+ signals for insulin release by gap 
junctions. We have found that beta cells communicate also in the absence of physical contact via 
diffusible factors. Similar molecules may participate in neural co-ordination of the oscillatory Ca2+ 
signaling underlying pulsatile insulin secretion from the pancreas. 

 

This experiment shows physically 
separated pancreatic beta cells 
exposed to a stimulatory glucose 
concentration (20 mM) to 
promote Ca2+ sequestration in the 
endoplasmic reticulum (ER). 
However the cells are also 
exposed to the hyperpolarizing 
drug diazoxide, which prevents 
the potential-dependent slow Ca2+ 
oscillations typically observed in 
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glucose-stimulated beta cells. After introduction of glucagon, to increase cAMP, pronounced Ca2+ 
transients occur in the cells due to inositol 3,4,5-trisphosphate-mediated mobilization of Ca2+ from 
the ER. Note that these transients rapidly propagate among the separated cell resulting in striking 
synchronization. ATP and NO/CO released from the beta cells are strong candidates as humoral 
factors causing this synchronization. Similar factors released from an intrapancreatic neuronal 
network may initiate regenerative Ca2+ signals in the different pancreatic islets resulting in co-
ordination of the slow Ca2+ oscillations among all islets in the pancreas. Such coordination is 
required to explain pulsatile insulin release from the pancreas. 

Selected publications 2007- 
1. Hellman B, Jansson L, Dansk H, Grapengiesser E. 2007. Effects of external ATP on Ca2+ 

signalling in endothelial cells isolated from mouse islets. Endocrine 2007 32:33-40. 
2. Hellman B, Gylfe E, Grapengiesser E, Dansk H, Salehi A. 2007. Insulinoscillationer – en 

kliniskt betydelsefull rytmik. Läkartidningen 104:2236-2239. 
3. Larsson-Nyrén G, Grapengiesser E, Hellman B. 2007. Phospholipase A2 is important for 

glucose induction of rhythmic Ca2+ signals in pancreatic beta cells. Pancreas 35:173-179. 
4. Salehi A, Qader SS, Grapengiesser E, Hellman B. 2007. Pulses of somatostatin release are 

slightly delayed compared with insulin and antisynchronous to glucagon. Regul Pept 
144:43-49. 

Signalling via plasma membrane phosphoinositides 

Phosphatidylinositol 4,5-bisphosphate (PIP2) is a minor membrane component of eukaryotic cells 
constituting ~1% of the phospholipids in the inner leaflet of the plasma membrane. Nevertheless, the 
phospholipid plays important roles in the regulation of a variety of cell functions, including insulin 
secretion. For example, PIP2 serves as precursor for the messenger molecules inositol-1,4,5-
trisphosphate (IP3) and diacylglycerol (DAG) generated upon activation of phospholipase C (PLC), 
as well as for phosphatidylinositol-3,4,5-trisphosphate (PIP3) generated by phosphoinositide-3-
kinase (PI3-kinase). IP3 mobilizes Ca2+ from intracellular stores and DAG is important for activation 
of protein kinase C. Moreover, PIP2 and PIP3 regulate ion channel activity, proteins involved in the 
organization of the cytoskeleton and trafficking of vesicles in endo- and exocytosis. All these events 
influence the insulin secretory process. 

 

To monitor changes in the concentrations of PIP2 and PIP3 in the plasma membrane we use 
evanescent wave microscopy and fluorescent biosensors based on GFP fused to isolated protein 
domains with high binding selectivity for the lipid of interest. Our studies have demonstrated that 
PIP2 undergoes rapid turnover and that its concentration is determined by cytoplasmic Ca2+ and the 
ATP/ADP ratio. Glucose stimulation of beta cells is associated with Ca2+-dependent activation of 
PLC and oscillations of Ca2+ due to voltage-dependent influx are translated into oscillations of PLC 
activity. Also receptor-triggered PLC activity depends on Ca2+, with strong positive feedback 
exerted by Ca2+ released from the ER and entering the cell through store-operated Ca2+ channels. We 
have also demonstrated that glucose stimulation of beta cells results in pronounced oscillations of 
plasma membrane PIP3 concentration. This effect reflects co-activation of PI3-kinase by glucose 
and secreted insulin.  Work 
in progress focuses on the 
regulation of PIP2 and its 
precursor PIP, on PIP3 and 
DAG as well as on the role 
of oscillatory lipid signals 
for insulin secretion. 

The Figure shows PIP3 
oscillations induced by 
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elevation of the glucose concentration from 3 mM to 20 mM in an individual insulin-secreting 
MIN6-cells expressing a biosensor based on a PIP3-binding protein domain conjugated to GFP. 

Selected publications 2007- 
1. Wuttke A, Sågetorp J, Tengholm A. Distinct plasma membrane PtdIns(4)P and 

PtdIns(4,5)P2  dynamics in secretagogue-stimulated beta-cells. J Cell Sci, in press. 
2. Tengholm A, Idevall-Hagren O. 2009. Spatio-temporal dynamics of 

phosphatidylinositol-3,4,5-trisphosphate signalling. Vitamins & Hormones 80:287-311. 
3. Thore S, Wuttke A, Tengholm A. 2007. Rapid turnover of phosphatidylinositol 4,5-

bisphosphate in insulin-secreting cells mediated by Ca2+ and the ATP/ADP ratio. Diabetes 
56:818-26.  

Spatio-temporal dynamics of cAMP signals 
Cyclic AMP is a prototype second messenger that transduces signals from a variety of cell surface 
receptors to multiple intracellular targets. In pancreatic beta cells, cAMP strongly enhances insulin 
secretion by potentiating Ca2+-dependent exocytosis. cAMP formation is catalyzed by adenylyl 
cyclases and the degradation mediated by phosphodiesterases. Protein kinase A (PKA) and the 
cAMP-dependent guanine nucleotide exchange factor Epac are the major cAMP effectors in beta 
cells. Little is known about the kinetics of cAMP signals. The lack of information stems from the 
difficulty to measure cAMP in individual living cells. We have recently developed a method that 
allows recording of cAMP concentration changes in the sub-plasma membrane space of individual 
cells. The technique is based on fluorescent protein-tagged PKA subunits, modified so that the 
catalytic subunit undergoes translocation to or from the plasma membrane upon changes in cAMP 
concentration. Fluorescence is selectively detected from a small volume adjacent to the membrane 
using evanescent wave microscopy. This approach allowed us to demonstrate that stimulation of beta 
cells with glucagon and glucagon-like peptide-1 (GLP-1) often triggered cAMP oscillations. It is 
possible that different temporal patterns of cAMP signals contribute to selective regulation of 
downstream events. Accordingly, brief elevations of cAMP were sufficient to trigger Ca2+ spikes, 
but only prolonged cAMP elevation induced PKA translocation into the nucleus. We have also 
found that glucose triggers cAMP elevation with pronounced oscillations in beta-cells. These 
oscillations are not simply reflecting changes in cytoplasmic Ca2+, but probably reflect variations in 
cell metabolism. The aim of ongoing work is to understand how the concentration of cAMP is 
regulated in beta-cells by nutrients, hormones and neurotransmitters, and how the spatio-temporal 
pattern of the messenger are sensed by the effector proteins PKA and Epac to control beta-cell 
function. 

This experiment demonstrates oscillations of cAMP in 
an individual insulin-secreting beta-cell stimulated by 
an elevation of the glucose concentration from 3 to 11 
mM. cAMP was monitored by measuring fluorescence 
in the submembrane space by evanescent-wave-
microscopy. The blue trace comes from cyan 
fluorescent protein fused to the regulatory subunit of 
PKA and targeted to the plasma membrane. Yellow 
fluorescent protein was fused with the catalytic subunit 
of PKA. Rise of cAMP triggers dissociation of the 
regulatory and catalytic subunits. Since the catalytic 
subunit was anchored to the plasma membrane the blue 
fluorescence remains membrane-associated whereas 
there is a loss of yellow florescence as the catalytic 
subunit diffuses into the cytoplasm. The black trace 
shows the plasma membrane-associated blue/yellow fluorescence ratio as a measure of cAMP and 
the images are ratio images from the time points indicated by the arrowheads. 
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Selected publications 2007- 
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cyclase type 8. Mol Pharmacol 75:830-42. 

2. Hansen C, Howlin J, Tengholm A, Dyachok O, Vogel WF, Nairn AC, Greengard P, 
Andersson T. 2009. Wnt-5a-induced phosphorylation of DARPP-32 inhibits breast cancer 
cell migration in a CREB-dependent manner. J Biol Chem, 284:27533-43. 

3. Dyachok D, Idevall-Hagren O, Sågetorp J, Tian G, Wuttke A, Arrieumerlou C, Akusjärvi G, 
Gylfe E, Tengholm A. 2008. Glucose-induced cyclic AMP oscillations regulate pulsatile 
insulin secretion. Cell Metab 8:26-37 

4. Tengholm A. 2007. Cyclic AMP: Swing that message! Cell Mol Life Sci 64:382-385 
 

Mechanisms controlling the release of glucagon, somatostatin and pancreatic 
polypeptide 

In diabetes there is not only an impaired secretion of insulin but poor regulation of blood-glucose 
elevating glucagon contributes to the hyperglycemia underlying diabetes complications. Pancreatic 
polypeptide is another islet hormone of potential importance for blood glucose regulation by effects 
on gastric emptying. The fourth islet hormone somatostatin is a potent inhibitor of the release of the 
other hormones and probably has a paracrine function. Other paracrine event in the islets involve 
insulin-promoted inhibition of glucagon secretion and glucagon-potentiated insulin secretion. We 
were first to study Ca2+ signaling in all islet cell types and found that pulsatile release of the different 
hormones can be explained by Ca2+ oscillations. We have proposed the following model for 
regulation of glucagon secretion.  

 

Adrenaline acts on alpha1- and beta-adrenoceptors 
activating Ca2+ release from the endplasmic reticulum 
(ER) and store-operated followed by voltage-dependent 
entry of Ca2+ leading to glucagon release. Glucose shuts 
off this stimulatory cascade by promoting Ca2+ 
sequestration in the ER.  
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The studies of glucagon secretion led to the 
unexpected discovery that glucose not only inhibits 
secretion but that high concentrations of the sugar have 
a paradoxical net stimulatory effect in mouse islets. 
This phenomenon may explain why diabetic 
hyperglycaemia is often aggravated by inappropriate 
hyperglucagonemia.  

 

The figure shows glucose dependence of glucagon, 
insulin and somatostatin secretion from mouse islets 
(Salehi, A. Vieira, E. Gylfe E. 2006 Diabetes 55: 2318-
2323, 2006).  

However, the stimulatory effect of glucose on 
glucagon secretion is not restricted to extreme 
situations. Our recent experiments with perifused 
human islets show that pulsatile glucagon secretion 
alternating periods of pronounced inhibition and 
marked stimulation. The time-average effect of raising 
glucose from 3 to 20 mM is a 16 % inhibition. Another 
important feature is that the glucagon pulses are anti-
synchronous to those of insulin and somatostatin 
causing up to 60-fold variations in the insulin/glucagon 
ratio that is believed particularly important for 
regulating glucose  uptake and output from the liver. 

 

The figure shows the effect of raising glucose from 3 
to 20 mM on the kinetics of insulin, glucagon and 
somatostatin secretion from perifused human islets. 
Periods of stimulation and inhibition are indicated by 
green and red respectively. 

 

Selected publications 2007-  
1. Hellman B, Salehi A, Gylfe E, Dansk H, Grapengiesser E. 2009. Glucose generates 

coincident insulin and somatostatin pulses and antisynchronous glucagon pulses from 
human pancreatic islets. Endocrinology. 150:5334-5340. 

2. Vieira E, Salehi A, Gylfe E. 2007. Glucose inhibits glucagon secretion by a direct effect on 
mouse pancreatic alpha cells Diabetologia 50:370-379.  

 

Molecular architecture of the insulin granule release site  
We are interested in the cell biology of insulin secretion, in particular the molecular mechanisms of 
regulated exocytosis. In preparation for exocytosis, insulin granules dock at the plasma membrane 
and assemble the exocytosis machinery. There is evidence that this docking step is impaired in type-
2 diabetes, and the most important “diabetes gene” affects expression of a protein involved in 
granule docking. Docking is not understood in molecular terms, but many of the proteins involved 
have been identified. One hypothesis that we are currently testing is that some of these proteins 
(including t-SNAREs) pre-assemble at small hotspots in the plasma membrane. These hotspots, 
perhaps related to lipid rafts, may then recruit granules and act as “launching pads” for exocytosis. 
How do cells compartmentalize their plasma membrane to organize such sites?  
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The three proteins syntaxin, SNAP25 and synaptobrevin are collectively called SNAREs and are 
thought to catalyze membrane fusion during exocytosis.  Since syntaxin and SNAP-25 inhabit the 
plasma membrane, one expects them to collect at the exocytic site before a vesicle or granule can 
fuse there. Indeed, quantitative image analysis documented the association of GFP-labeled syntaxin 
and SNAP25 with granules in live Ins1- or PC12-cells. However, individual molecules of both 
proteins diffused rapidly in the plasma membrane and were only occasionally captured beneath a 
granule, for a short time (<1s). Syntaxin was recruited to the granule site during docking, and lost 
during undocking and exocytosis. In summary, the protein composition of individual granule-
associated nanodomains is remarkably dynamic and correlates with the granules' ability to 
exocytose. This organization is established during or just after granule docking, which suggests that 
granules approaching the plasma membrane might induce the formation of their own docking 
site. Dynamic association of exocytosis proteins with individual granules occurs on a timescale 
consistent with rapid cellular signaling, and may be important for the short-term regulation of insulin 
secretion.  

 

Selected publications 2007- 

Somanath S, Barg S, Marshall C, Silwood CJ, and Turner MD. High extracellular glucose inhibits 
exocytosis through disruption of syntaxin 1A-containing lipid rafts. Biochem Biophys Res Commun. 
2009 13;389:241-6 

da Silva Xavier G, Loder MK, McDonald A, Tarasov AI, Carzaniga R, Kronenberger K, Barg S, and 
Rutter GA. TCF7L2 regulates late events in insulin secretion from pancreatic islet beta-cells. 
Diabetes. 2009 58:894-905 

Barg S, Lindqvist A, Obermüller S. Granule docking and cargo release in pancreatic beta-cells. 
Biochem Soc Trans. 2008 36:294-9.  

 

Secretion of Islet Hormones in Chromogranin-B Deficient Mice 
Granins are major constituents of dense-core 
secretory granules in neuroendocrine cells, 
but their function is still a matter of debate. 
Work in cell lines has suggested that the 
most abundant and ubiquitously expressed 
granins, chromogranin A and B (CgA and 
CgB), are involved in granulogenesis and 
protein sorting. Here we report the 
generation and characterization of mice 
lacking chromogranin B (CgB-ko), which 
were viable and fertile. Unlike 
neuroendocrine tissues, pancreatic islets of 
these animals lacked compensatory changes 
in other granins and were therefore analyzed 
in detail. Stimulated secretion of insulin, glucagon and somatostatin was reduced in CgB-ko islets, in 
parallel with somewhat impaired glucose clearance and reduced insulin release, but normal insulin 
sensitivity in vivo. CgB-ko islets lacked specifically the rapid initial phase of stimulated secretion, 
had elevated basal insulin release, and stored and released twice as much proinsulin as wildtype (wt) 
islets. Stimulated release of glucagon and somatostatin was reduced as well. Surprisingly, 
biogenesis, morphology and function of insulin granules were normal, and no differences were 
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found with regard to beta-cell stimulus-secretion coupling. We conclude that CgB is not required for 
normal insulin granule biogenesis or maintenance in vivo, but is essential for adequate secretion of 
islet hormones. Consequentially CgB-ko animals display some, but not all, hallmarks of human type-
2 diabetes. However, the molecular mechanisms underlying this defect remain to be determined.  

Selected publications 2007- 
Obermüller S, Calegari F, King A, Lindqvist A, Lundquist I, Salehi A, Francolini M, Rosa P, 
Rorsman P, Huttner WB, and Barg S. Defective secretion of islet hormones in chromogranin-B 
deficient mice. PLoS One. 2010 28;5:e8936.  

 

Exocytosis of single synaptic vesicles in hippocampal neurons 
In small presynaptic boutons in brain, synaptic vesicles are thought not to merge with the plasma 
membrane when they release transmitter, but instead to close their fusion pores and survive intact for 
future use (kiss-and-run exocytosis). The strongest evidence for this idea is the slow and incomplete 
release of the fluorescent membrane marker FM1-43 from single vesicles. We investigated the 
release of FM1-43 from sparse 
cultures of hippocampal neurons 
grown on coverslips with no glia. 
This allowed presynaptic boutons to 
be imaged at favorable signal-to-
noise ratio. Sparingly stained 
boutons were imaged at high time 
resolution, while high-frequency 
electrical stimulation caused 
exocytosis. The release of FM1-43 
was quantal and occurred in abrupt 
steps, each representing a single 
fusion event. The fluorescence of 
vesicle clusters traveling along 
axons had a distribution with the 
same quantal size, indicating that a 
vesicle releases all the dye it 
contains. In most fusion events, the time constant of dye release was <100 ms, and slower release 
was rarely observed. After exocytosis, no FM1-43 could be detected in the axon to either side of a 
bouton, indicating that dye was released before it could spread. Our results are consistent with 
synaptic vesicles fusing fully with the plasma membrane during high-frequency stimulation.  

Selected publications 2007- 

Chen X, Barg S, and Almers W. Release of the styryl dyes from single synaptic vesicles in 
hippocampal neurons. J Neurosci. 2008 28:1894-903 

Barg S and Machado JD. Compensatory endocytosis in chromaffin cells. Acta Physiol (Oxf) 2008 
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Characterization of the Shb knockout mouse with 
particular reference to tumor angiogenesis, blood cells 
and glucose homeostasis 

Michael Welsh 

We have previously characterized the Shb adapter protein. Shb is ubiquitously expressed and 
downstream of several tyrosine kinase receptors, such as VEGFR-2, the PDGF receptors, FGFR-1 
and the T cell receptors. In vitro studies have suggested pleiotropic effects of Shb in survival, 
differentiation, cell migration and proliferation with particular reference to angiogenesis, T cell 
function and beta cell function. We have recently generated the Shb knockout mouse and note that it 
is viable when maintained on a mixed genetic background, although the knockout allele is not 
inherited by Mendelian genetics. A transmission ratio distortion was observed that could result from 
altered oocyte maturation. In addition, we observe vascular abnormalities, abnormalities within the 
hematopoietic stem cell population, impaired glucose tolerance and an abnormal T lymphocyte 
response. Tumor growth is impaired in the absence of Shb due to reduced angiogenesis. Our ongoing 
project aims at characterizing the Shb knockout mouse with respect to hematopoietic cells, immune 
cells, endothelial cells, beta cells and oocytes. The studies will be placed in relation to tumor biology 
and other patho-physiological conditions. 
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Complications in pregnancy  

Ulf Eriksson 

We are studying different types of pregnancy complications, such as preeclampsia, which affects 
both mother and child, and disturbed embryo-fetal development as a consequence of altered maternal 
metabolism (caused by diabetes, obesity, or ethanol intake). The short-term aim is to clarify and 
understand the mechanisms and patterns of damage; the long-term aim is to prevent the maternal and 
fetal damage. We work with animal models in vivo, and in vitro culture of embryos, tissues and 
cells. 

Preeclampsia, which affects more than 5 % of all pregnant women, is characterized by hypertension 
in the mother and growth retardation in the offspring. In severe cases may the lives of both the 
mother and offspring be threatened. We have created and studied an animal model of preeclampsia 
and attempted to diminish the negative consequences of the disease by treatment with large doses of 
antioxidants.  

Diabetes in the pregnant women is associated with an increased risk for congenital malformations. 
We have studied the mechanisms behind the disturbed development of the offspring in animal 
models, embryo culture, as well as by in vitro culture of embryonic tissues and cells. In earlier work, 
we reported the occurrence of oxidative stress in embryos exposed to a diabetic environment. We 
have been able to block the diabetes-induced damage to the embryo and fetus by several agents, such 
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as arachidonic acid, inositol, N-acetylcysteine, BHT, vitamin E and C, and folic acid. We have also 
attempted to investigate the importance of genetic predisposition for the development of 
malformations, a project which is currently very active and yielding data dissecting the importance 
of the maternal and fetal genomes and epigenomes for the development of fetal dysmorphogenesis in 
diabetic pregnancy. 

Obesity in the pregnant woman is associated with increased risk for congenital malformations, in 
particular the risk for neural tube defects and cardiac malformations been found to be increased. We 
are currently involved in creating an animal model for this type of pregnancy, as well as attempting 
to affect embryonic development in vitro by subjecting the embryos and embryonic cells to fatty 
acids and other lipid compounds. 

Intake of ethanol during pregnancy can harm the offspring; the risk increases with increased 
consumption. We have studied this situation, and attempted to alter the maternal defense against free 
oxygen radicals in vivo and in vitro, in order to diminish the ethanol-induced damage. We are 
studying possible biomarkers for maternal ethanol intake, by investigating embryonic tissues 
exposed to ethanol. 

We are currently conducting a collaborative study on the occurrence of alcohol consumption in women 
who have given birth to a child with Attention-Deficit/Hyperactivity Disorder. 
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Pathogenesis of type 1 Diabetes Mellitus 

Stellan Sandler 

The prevailing view is that an autoimmune reaction selectively destroys the insulin-producing β-
cells in the pancreas in type 1 diabetes (T1DM). The aim of this project is to investigate cellular and 
molecular mechanisms involved in pancreatic β-cell damage and repair in this disease. We postulate 
that after certain types of damage β-cell function can be restored (Fig. 1). Furthermore, we believe 
that the β-cell is not a passive victim during a situation of potentially harmful exposure, but 
depending on gene expression and functional activity of the β-cell, the outcome can be affected. The 
aims of the present research projects are to investigate cellular and molecular mechanisms involved 
in pancreatic β-cell damage and 
repair in T1DM. 

 

Fig. 1. Schematic view of the 
β-cell outcome following 
different immunologic or toxic 
assaults. In fetal and 
neonatal life, β-cell replication 
is increased, but later it 
becomes restricted. After 
birth β-cells acquire the full 
capacity to synthesise and 
release insulin (speckled 
symbols) upon appropriate 
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stimuli. At one or several occasions in life, β-cells in some individuals are 
subject to damage (irregular arrows) which will lead to suppressed β-cell 
function and a reduction in insulin secretion. Depending on the genetic 
predisposition an autoimmune reaction will be launched which in certain 
individuals will cause extensive cell death leading to type 1 diabetes. In other 
individuals β-cells will survive, but their secretory function is impaired, which 
may have consequences for the glucose homeostasis. In some other individuals 
the β-cells may completely recover and the glucose tolerance will only be 
transiently disturbed. The latter outcome is most likely also dependent on 
genes regulating β-cell resistance to damage and β-cell repair. 

It is anticipated that a deeper knowledge of these issues will lead to new strategies for intervention in 
the autoimmune β-cell destructive process in T1DM, as well as methods to enhance β-cell resistance 
against cytotoxic damage. We hope that by studying cytokine-induced cell signaling and the 
mechanisms leading to β-cell death, we will be able to elucidate which factors that are crucial for β-
cell survival and possibly identify candidate genes/proteins conferring β-cell susceptibility or 
resistance to destruction in T1DM. 

 

Current projects 

 Evaluation of cytokine traps (hybride receptor molecules) in experimental T1DM.  

 Novel KATP- channel openers (KCO) as rescue drugs during acute b-cell destruction and 
possible role of an ischemic preconditioning mechanism.  

 T1DM development in mice transgenically overexpressing the SOCS-3 protein in b-cells.  

 Cytokine gene expression during b-cell destruction in vivo by studying pancreatic islet 
grafts.  

 Mechanism(s) of statin modulation in murine T1DM.  

 Role of somatostatin receptor (SSTR) subtypes in diabetes models.  

 Role of Ljungan virus in the development of diabetes and birth defects in mice and bank 
voles. 

 

 

Brief summary of recent findings 

KATP-channel openers (KCOs) can prevent harmful effects of various agents on islet cells. The 
protection may involve a lowered mitochondrial activity. Based on studies with two novel KCOs we 
propose that an ischemic preconditioning-like effect can be elicited in islet cells conveying the 
protective effect.  

Statins and T1D Statins may have anti-inflammatory properties. Simvastatin (SIM) prevented T1D 
in two murine models, as long as SIM was given. The action exerted by SIM did not depend on 
HMG-CoA-reductase inhibition. 

Cytokine traps Cytokine traps are blockers of cytokine effects. We used an IL-1 trap in vitro and 
found an excellent protection vs IL-1β and a cytokine combination. Currently the IL-1 trap has been 
found to prolong β-cell survival in NOD mice and now we explore if the IL-1 trap affects cytokine 
balances. 

Immune responeses in T1D A goal is to assess cytokines present in the pancreas upon 
insulitis. We used islet transplantation models and harvested immune cells and the islet 
graft and determined cytokines and immune cell profiles. Also sham operations and 
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syngeneic transplantations elicited immune responses. Special interest was devoted to 
regulatory T-cells. 
 
SOCS-3 in β-cells and T1D Transgenic (tg) islets overexpressing SOCS-3 survive 
longer than wt islets in a non-autoimmune islet allograft model, but not in NOD mice. 
In ongoing experiments we have seen that islet IL-1Ra was down-regulated in the tg 
islets, suggesting that expression of a putative protective molecule influences other 
protective molecules.  
 
SSTR. Hyperglycemia and/or immune mechanisms in T1DM modulate expression of 
STTR on islet endocrine cells, which may contribute to the development of the disease. 
 
Diabetes in bank voles Bank voles held in captivity develop diabetes. We studied 
pancreatic islets obtained from females and males. An earlier onset of diabetes and more 
affected islet function in the males indicates a gender difference. Diabetic animals were 
hyperinsulinemic. The bank vole model show signs of both T1D and T2D. 
Proinflammatory cytokines impaired islet function in vitro without incresed NO 
formation, which resembles human islets.  
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Pancreatic β-cell research 

Nils Welsh 

Efficient transduction of islet cells 

In this project we compare the efficency and 
safety of different adeno-, lenti- and AAV vectors 
for transduction of islet cells in vitro and in situ 
with the purpose to find the optimal gene delivery 
method for islet transduction purposes. The Figure 
below shows that GFP-expressing vectors reach 
only the outer cells of an intact islet when added 
in vitro (left panel), whereas using an in situ 
perfusion based protocol also centrally located 
cells are transduced. 
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improvements. J Liposome Res 17:49-62 (2007) 
 

To genetically modify beta-cells so that they are 
not destroyed by transplantation-induced stress 
or immune system-induced autoimmune 
destruction 
In panels A-D insulin producing cells were transfected 
with a control vector and in panels E-H with a vector 
that promotes overexpression of the anti-apoptotic 
protein Bcl-2. In panels B, D, E and H cells were 
stained with bisbenzimide, which stains living cells 
blue, and propidium iodide, which stains dead cells 
pink. In panels A, C, F and G cells were stained with 
JC-1, which is a marker for a high mitochondrial 
membrane potential (m). Panels C, D, G and H are 
cells treated for 24 hours with a cytokine mixture. The 
figure shows that control cells die by apoptosis (a) and 
necrosis (n) in response to cytokines and that this is 
preceded by a loss of the mitochondrial membrane 
potential (m). In cells tranduced to overexpress Bcl-2, 
however, there is neither loss of mitochondrial 
membrane potential nor increased cell death. Other 
gene products that may influence beta-cell survival in 
diabetes and that are presently investigated are NF-
kappaB, MIF-1, TGF-beta and FasL. 
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2009 

 

 

Role of tyrosine kinases in beta-cell 
apoptosis 

Tyrosine kinases seem to control beta-cell 
death and the tyrosine kinase inhibitor (TKI) 
Gleevec conteracts diabetes in both 
streptozotocin-injected mice (Figure below) 
and in NOD mice. It is the aim of this project 
to elucidate the mechanisms by which 
tyrosine kinases control beta-cell death.  
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Role of p38 and JNK in beta-
cell apoptosis 

We have observed that both the 
two stress-activated MAP 
kinases p38 and JNK are 
activated in insulin producing 
cells in response to cytokines and 
nitric oxide. Furthermore, they 
seem to participate in beta-cell 
death as p38 down-regulation 
results in partial alleviation of the 
cytokine/nitric oxide-induced 
effect. Therefore, it is of great 
importance to better understand 
the mechanisms by which p38 
and JNK are activated, and how 
these MAP kinases act in insulin 
producing cells. The figure below shows human islet cells treated with control (GL3) or Tab1-
specific siRNA. Tab1 is a p38 activating protein and down-regulation of Tab1 results in partial 
protection against cytokines. 

Selected publications 2007- 
1. Makeeva N, Roomans GM, Myers JW, Welsh N.Transforming growth factor-beta-activated 

protein kinase 1-binding protein (TAB)-1alpha, but not TAB1beta, mediates cytokine-
induced p38 mitogen-activated protein kinase phosphorylation and cell death in insulin-
producing cells. Endocrinology 149:302-9 (2008) 

2. Mokhtari D, Myers JW, Welsh N. The MAPK kinase kinase-1 is essential for stress-induced 
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Control of insulin mRNA stability by 
pyrimidine tract binding protein (PTB) 

Most attempts to understand why insulin mRNA 
levels are decreased in diabetes have assumed a 
lowered transcription of the insulin gene. 
However, we have recently observed that insulin 
mRNA levels are mainly controlled by post-
transcriptional mechanisms and that the 55 kDa 
pyrimidine tract binding protein (PTB) binds to 
the 3'-UTR of insulin mRNA. Hypoxia, glucose or 
mTOR stimulated this binding, and mutation of 
the core-binding site resulted in reporter mRNA 
destabilization. The over-all aim of this project is 
to understand how glucose regulates PTB activity 
in the control of insulin mRNA stability. This 
project might generate novel knowledge on the 
mechanisms behind decreased insulin production 
in certain types of diabetes.  
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1. Fred RG, Welsh N. The importance of RNA binding proteins in preproinsulin mRNA 

stability. Mol Cell Endocrinol 297:28-33 (2009) 
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Role of hyaluronan in the kidney during normal and 
pathological conditions. 

Peter Hansell 

The kidney is a main determinant of fluid/electrolyte balance and of mean arterial blood pressure. 
Hypertension is often caused by a renal inability to regulate fluid balance. The present research 
focuses on a matrix component (hyaluronan, HA) with extreme water binding properties in the 
regulation of fluid balance. In contrast to the renal cortex which is almost void of HA, the 
interstitium of the renal medulla contains high amounts of HA during normal physiological 
conditions which changes depending on the body hydration status. It is in the medulla where the 
main concentrating and diluting mechanisms occur and here, HA is the dominating 
glucoseaminoglycan. We have found that HA has an important dynamic role in normal renal water-
handling (hydration/dehydration) and that the intrarenal distribution of HA is severely altered during 
diabetes and after ischemia-reperfusion injury which correlates to renal dysfunction and 
inflammation. The normal intrarenal distribution of HA is also severely altered if angiotensin II 
tonus is diminished neonatally (during nephrogenesis) in the rat which correlates to renal 
dysfunction and inflammation. We aim to: a) determine the physiological relevance of the 
glycosaminoglycan hyaluronan (HA) in the regulation of renal fluid/electrolyte balance; b) 
determine the pathophysiological relevance of HA in the renal dysfunction during diabetes (diabetic 
nephropathy) and after ischemia-reperfusion injury; c) determine if hyaluronidase-treatment and 
siRNA improves renal function during diabetic nephropathy and following renal ischemia-
reperfusion; d) elucidate the time frame and mechanisms in the development of the intrarenal 
heterogenous distribution of HA which occur neonatally in the rat.  Both in vivo and in vitro 
experiments are performed. Diabetes, ischemia, hydration/dehydration and pharmacological 
treatment activate/deactivate the systems. In cooperation with the section of diagnostic radiology 
(assoc prof Per Liss) the mechanisms underlying diabetic nephropathy is studied and the increased 
sensitivity of the diabetic kidney to radiological contrast agents is elucidated. Cardiovascular disease 
is a dominant cause for invalidity and mortality. The results of the present projects may give rise to 
basic understanding of, and new treatment modalities in, fluid balance disorders and cardiovascular 
diseases.  
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Renal Physiology 

A. Erik Persson 

For the fluid balance and blood pressure level in the body, the renal control of fluid excretion rate is 
essential. One factor of great importance in regulation of fluid excretion is the tubuloglomerular 
feedback (TGF) control mechanism. In the macula densa cells, located in the distal part of the 
nephron, the fluid flow rate is sensed. This information is used to activate the extraglomerular 
mesangial cells that modulate the response via influences from both hormones and fluid volume 
balance factors. Activation of the TGF mechanism finally leads to a contraction of the afferent 
arteriole. Renal renin release is controlled via the same mechanism.  

Our group studies how hormones and other factors, e.g. nerves and NO, influence the overall 
function of the TGF mechanism and renin release using micropuncture techniques. We also employ 
isolated perfused tubule and arteriole techniques using fluorophores and digital imaging methods to 
determine calcium, chloride and NO in the macula densa cells and in the arteriolar smooth muscle 
cells. NO is also measured via microelectrodes. These techniques are used to investigate the sensing 
step in the TGF, the modulation step in the mesangial cells and the calcium release and contractile 
response of the arterioles. The juxtamedullary nephron preparation is used to visualise afferent 
arteriolar endothelial cells to measure calcium and NO. This method is employed to understand the 
important contribution of endothelial derived NO for renal function. We have also developed a 
model of hypertension with chronic treatment with 7-NI, a neuronal NO synthase inhibitor. The 
results of our studies aims at understanding how the TGF mechanism and renin release operates, the 
effect of renal NO and nerves on kidney function and the mechanism responsible for development of 
arterial hypertension. 
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Gastro-intestinal protection mechanisms studied in 
vivo 

Lena Holm 

The gastrointestinal (GI) tract is being exposed to challenges, such as high gastric acidity and great 
amounts of bacteria and toxins in colon. We study the protective mucosal barrier (mucus and 
microcirculation) in an in vivo GI model, allowing direct access to the mucosa with intravital 
microscopy. Our focus is on barrier dysfunction and importance of bacteria in GI inflammation 
(gastritis and inflammatory bowel diseases, IBD). Rats and mice, germ free or genetically modified, 
are surgically prepared for intravital microscopy of the gastric or colonic mucosa. Mucus dynamics 
and pH at the epithelial cell surface are measured with microelectrodes. Blood flow, leukocyte-
endothelial (L-E) and platelet-endothelial interactions are recorded. We have demonstrated that the 
adherent mucus gel in vivo can be divided in two layers, a firmly and a loosely adherent. We have 
shown that dietary nitrate, reduced to nitrite by bacteria in the oral cavity and further reduced to 
nitric oxide (NO) in the acidic stomach, is important in protecting the gastric mucosa against 
damaging agents and have indications that this is true even further down in the intestine. Earlier 
studies showed surprisingly low levels of L-E interactions in the superficial mucosal venules. This 
may be an important property given the very inflammatory nature of the gut contents. We now study 
mechanisms behind the activation of the mucosal endothelium resulting in L-E interactions and on-
set of inflammation. The IBD models used are DSS and TNBS, resembling Ulcerative Colitis and 
Crohn’s disease, respectively. Probiotics, prebiotics and different mechanisms proposed to have anti-
inflammatory properties or in other ways protect the mucosa are or will be studied (NO, 
Prostaglandins, Protease Activated Receptors, adenosine receptors). 
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Figure 1. A venule (anti-CD31, red) with 
emigrated neutrophils (anti-Gr1, green). 

Figure 2. A transplanted islet (red) with 
attached, newly formed vasculture perfused 
with FITC-dextran (green). 

Leukocyte-endothelial cell interactions 

Mia Phillipson 

The circulatory system not only transports oxygen and nutrients to tissues and washes away waste; it 
also transports thousands of millions white blood cells that circulate our body in search for alert 
signals. Traditionally leukocytes are associated with inflammatory conditions and clearing 
infections, but today we think they are important also for other physiological events such as tissue 
regeneration and formation of new blood vessels. 

The leukocyte recruitment cascade describes how leukocytes leave the circulation and enter tissue at 
the site of infection. We have recently identified a new step in this cascade in vivo, called 
intravascular crawling. This step is crucial for the adherent neutrophils to get to optimal sites for 
emigration, the endothelial junctions. Our ongoing research aims at understanding how the 
intravascular crawling of leukocytes is regulated and the importance of the cross-talk between 
underlying endothelium and interacting leukocytes during angiogenesis as well as during 
inflammation. 

 

Intravascular crawling to emigration sites 
To understand the overall importance of the newly 
identified leukocyte-endothelial cell interaction, 
crawling, during pathophysiological events, we 
investigate the role of crawling during established 
inflammation (DSS induced colitis) and infection. 
We are also investigating how the direction of 
crawling is regulated, if it occurs along a gradient of 
chemokines expressed on the endothelium, what 
junctional molecules are responsible for guiding the 
neutrophil to emigration sites, and how the crawling 
leukocytes find the optimal sites for transmigration 
out into tissue (fig.1).  

Dual functions of leukocytes – pancreatic islet 
graft angiogenesis and rejection 

Transplantation of pancreatic islets is the only curative 
treatment of type 1 diabetes. Unfortunately, the long-
term islet graft survival is poor, mainly due to low 
revascularization of the grafts.	  We recently developed a 
model where pancreatic islets are transplanted to the 
cremaster muscle (fig. 2). In this model we study the 
interplay between the endothelial cells lining the 
vasculature and the leukocytes in the blood in an 
attempt to understand and thereby try to improve the 
revascularization of the grafts.  
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Diabetic Nephropathy  

Fredrik Palm  

Diabetes mellitus is the most common cause for end-stage renal disease. The exact mechanisms 
mediating diabetes-induced kidney damage (diabetic nephropathy) are largely unknown despite 
intense research. The aim of this research program is to study effects of diabetes on renal 
metabolism and microcirculation in relation to functional changes. The ultimate goal is to find new 
treatment strategies to avoid the development of kidney dysfunction during diabetes. 

We have recently observed a markedly decreased renal oxygenation in diabetic animals, and will 
now investigate mechanisms and importance of this for the development of diabetic nephropathy. 
Metabolic and functional alterations occurring in kidneys from diabetic animals (rats and genetically 
modified mice) are studied using in vivo techniques and molecular biology. Mitochondrial function 
and internal defence mechanisms are studied in diabetic animals and kidney tissue from diabetic 
patients. Renal blood flow and oxygen metabolism are studied using Magnetic Resonance Imaging 
(MRI) in animals as well as in diabetic patients. 

By combining basic renal and diabetic research, we believe we can contribute to increase the 
understanding of the mechanisms involved in diabetic nephropathy which will facilitate 
development of novel therapies. Additionally, metabolic alterations always precede histological 
changes, which potentially can be used as a clinical diagnostic tool when identifying patients at 
increased risk to develop diabetic nephropathy. This would hopefully enable early treatment 
modalities before the seemingly irreversible histological changes occur with manifest nephropathy. 

 

Our results so far suggest:  

A) Diabetic rats have reduced oxygen availability in the kidneys.  
B) Reduced oxygen availability is mediated by increased oxidative stress and polyol pathway over-
activity.  
C) Increased oxygen utilization is mediated by increased mitochondrial uncoupling and NADPH 
oxidase activity.  
D) Reduced NO levels, due to a reduction in plasma arginine as a result of increased hepatic 
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metabolism, directly contributes to reduced oxygen availability in the diabetic kidney independently 
of hemodynamic alterations. 
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Studies of the pathophysiological mechanisms behind 
protein aggregation and formation of cell toxic amyloid  
 
Gunilla T Westermark 

With our research we aim to determine the mechanisms that precede the formation of beta-
cell toxic islet amyloid. Amyloid defines a proteineous fibrilar aggregate where the protein 
monomers are assembled perpendicular to the fibrilar axis. Propagation of amyloid fibrils 
involve the formation of smaller intermediates so called protofibrils that has been ascribed 
the cell toxic activity. The beta-cell hormone Islet Amyloid Polypeptide (IAPP) is the major 
amyloid component present in the islets of Langerhans in almost all individuals with type 2 
diabetes.  
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A human islet stained for amyloid by Congo red. The section is viewed in green  

light at 546nm where stained amyloid exerts a red fluorescence. 

The electron micrograph shows the border between a beta-cell and extracellular  

amyloid. Note the close association between the amyloid bundles and the cell  

membrane.  

 

IAPP is synthesised as a larger proIAPP and arise after posttranslational processing that 
comprise the removal of an N-terminal and a C-terminal flanking peptide, formation of a 
disulfide bond and N-terminal amidation. The processing is performed by the prohormone 
convertases PC2 and PC1/3 and takes place in the secretory granules. Proinsulin is 
processed to insulin at the same location. ProIAPP and incomplete processed proIAPP can 
be detected in amyloid deposits formed in vivo, and at present we investigate how 
expression of PC2 and PC1/3 is affected by conditions that trigger islet amyloid formation. 
Mouse and rat do not develop IAPP-amyloid due to sequence variations in the IAPP 
molecule instead, this work is performed on our humanIAPP transgenic mouse strain, and 
where islet amyloid develops in male mice fed a diet high in fat. 

Insulin is in vitro a potent inhibitor of IAPP-aggregation and since the two peptides 
co-localize in the secretory granules where they undergo enzymatic processing a 
disturbance in cleavage and/or folding is a putative initiator of amyloid aggregation. We 
have made a large number of transgenic Drosophila melanogaster strains where 
expression of human proIAPP or IAPP results in amyloid deposits, and we are now 
investigating if introduction of proinsulin or its processing metabolites prevent amyloid 
formation. 

 In human, 30 different proteins have been characterised from amyloid deposits. 
Despite the differences in sequence between the proteins there is a high degree of 
resemblance of the formed fibrils, and this point to similarities in the fibrillogenesis. 
Therefore, it is believed that knowledge from one type of amyloid disease will be of 
importance for the understanding of others. There is a well established mouse model for 
reactive amyloidosis (AA-amyloidosis) where N-terminal fragments (protein AA) of SAA 
deposits as amyloid. We have used this model to study transmission of amyloid, and have 
recently shown that monocytes from a diseased mouse can prime for the disease in a 
recipient animal. This result points to a prion-like mechanism for spreading of amyloid. To 
reduce the numbers of mice used for our transmission studies we explore the possibility to 
establish a model for AA amyloidosis in C elegans. This work is ongoing and we have now 
transgenic worms that express human protein AA and where amyloid develops. More 
characterisation of this model is needed, but the initial work is encouraging.  
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The transgenic C. elegans express GFP and an amyloid protein (eg. AA 45).  

The expression is driven to the body wall muscle. The presence of the green  

GFP allows us to monitor the movements of the worm. Aged worms stained  

for amyloid with Congo red exert green birefringence when viewed in  

polarised light.   
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Economy  
(kSEK) 

 
 

    2008   2009
  
 
Undergraduate Education Grant  25 029 26 937 
 
Faculty appropriations  19 531 21 369 
 
External Grants  19 600 22 929 
 
Total   64 610 71 235 
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Undergraduate Teaching  
The department participates in five different study programmes (utbildningsprogram): medicine, 
biomedicine, pharmacy, biomedical laboratory sciences and nursing sciences. In addition, it hosts a 
number of single subject courses (fristående kurser). 

 

Medicine 
The department contributes teaching in anatomy, cell biology and physiology in the form of lectures, 
seminars and laboratory experiments. Most of this teaching is given during terms 1-3 of the 
programme but extensive parts will also be given in the later integrated courses. The overall 
objective is to provide basic knowledge of the morphology and biological function of the human 
body and to create a basis for the following clinical studies. Some 90 students are enrolled every 
semester. 

 

Biomedicine 

This four-year programme aims to give students a thorough understanding of normal morphology 
and function of the human body. The programme gives the students training for future activity in 
research, information and education. The department takes part in the teaching of anatomy, 
embryology, cell biology and physiology. About 40 students are enrolled each year. 

 

Pharmacy 

The department is responsible for the teaching in anatomy and physiology for the University 
Diploma of Pharmacy. The courses are in the form of lectures, seminars and laboratory experiments. 
Some 90 students are enrolled every semester.  

 

Clinical dieticians 

The anatomy and physiology course included in the program for clinical dieticians is given annually 
by the department, and include lectures, seminars and laboratory experiments for approximately 30 
students.  

Nursing sciences 
The department is responsible for the teaching of anatomy, cell biology and physiology in the form 
of lectures and seminars. Some laboratory experiments are involved as well. Some 100 students are 
enrolled every second semester and 120 students are enrolled the other semester. Thus 220 students 
are enrolled every year. 

Biomedical laboratory sciences  
The aim of this programme is to produce technicians with appropriate training for a future task in 
diagnostic and research laboratories. The department is responsible for the teaching in anatomy, 
embryology, cell biology and physiology in the form of lectures, seminars and laboratory 
experiments. Some 35 students are enrolled each year 
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Single subject courses (fristående kurser) 

Anatomy A (evening course) 

Transplantation biology (evening course) 

Cell biology I and II (evening course) 

Medical introduction (distance learning) 

Applied physiology (distance learning) 

Medical Science (projectcourse, distance learning)  

 

Graduate Teaching  
The department has the responsibility for two of the Mandatory Courses for Gradute Students 

Introduction to Scientific Research – enrolling 80 Graduate students per year 

Scientific Presentation – enrolling 40-50 Graduate students per year 
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Centres and Facilities 
BMC Electron Microscopy Unit  

Since the Biomedical centre (BMC) was founded in 1968, a single organization has been responsible 
for the administration and service of the facilities electron microscopes. This organization, BMC - 
EM, is currently the responsibility of the Department of Medical Cell Biology, but other researchers 
take part in its activities. Any microscopist in Uppsala can utilize the equipment. All equipment is 
connected to our computer central and to Internet. 

For information about the various electron microscopes available at the BMC, and some practical 
details concerning the microscopic work, please visit our web site. We hope that this information 
will make you aware of the resources for electron microscopy that are available at BMC and 
encourage you to exploit these resources in your own research. In addition, qualified and 
experienced staff is available to help you with any problems connected to specimen preparation and 
imaging. BMC - EM welcomes you at the electron microscopy centre.  

   

  

Responsible scientist: Professor Gunilla Westermark, 018 471 4169 

For technical information and booking, please contact  

Anders Ahlander, Technician  anders.ahlander@mcb.uu.se, 018 471 4967 

 
Advanced light microscopic imaging facilities  

Within the department there are several advanced setups for fluorescence imaging of living cells and 
micro-organs. These setups are based on bright field microscopy, conventional fluorescence 
microscopy, epifluorescence microscopy, total internal reflection fluorescence (TIRF) microscopy 
and confocal microscopy. We also have a laser capture microscope. 

 

Fluorescence and intra-vital microscopy  

Fluorescence imaging using epifluorescence is used for on-line  monitoring of the cytoplasmic Ca2+ 
concentration in superfused islets  of Langerhans and dispersed islet cells (Anders Tengholm, 018 
471  4481), similar studies of Ca2+, nitric oxide and oxygen radicals are  performed on single 
perfused kidney glomeruli and the juxtaglomerular  apparatus (Erik Persson, 018 471 4180) and 
interactions between  leukocytes and endothelial cells leading to leukocyte transmigration  and 
vessel permeability are studied in the adipose tissue, gastrointestinal tract and skeletal muscle in vivo 
(Lena Holm, 018 4714325, Mia Phillipson, 018 471 4419). 

 

TIRF microscopy  

The department possesses 4 TIRF (or evanescent wave) microscopes, two of which are custom-built 
systems with prism-type configuration and two using custom-built or commercial through-the-lens 
illumination. The systems are differently equipped with gas and diode-pumped solid-state lasers to 
provide excitation at multiple lines, including 405, 442, 457, 488, 514 and 561 nm. These setups are 
used for on-line monitoring of cAMP, cytoplasmic Ca2+, IP3, DAG, PIP2, PIP3 and other signalling 
molecules using indicators based on different spectral variants of green fluorescent protein (Anders 
Tengholm, 018 471 4481) and imaging of single molecules involved in exocytosis of secretory 
vesicles (Sebastian Barg, 018 471 4660).  
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Confocal microscopy  

The laboratory has 2 inverted confocal microscopes, one fast spinning disc (Nipkow) system used 
for studies of living islets of Langerhans and dispersed islet cells (Anders Tengholm, 018 471 4481) 
and one scanning confocal system mostly used for structural studies (Nils Welsh, 018 471 4212).  

 

Laser capture microscopy  

The department has a laser capture microscope (LMD6000, Leica) that can be used to isolated cells 
or other regions of interest from sectioned tissues for further analysis. Depending on internal use, 
this equipment is available for external users on a charged service basis (Per-Ola Carlsson, 018 471 
4425, Joey Lau, 018 471 4397).  

 

Gel imaging  

The department has a Kodak 4000MM gel imaging unit (Nils Welsh, 018 471 4212) and a Bio-Rad 
Fluor-S MultiImager system for scanning and quantification of proteins in gels and membranes 
(Peter Bergsten, 018 471 4923). 

  

Digital cameras  

Several of the imaging systems are equipped with ultra-sensitive state of the art cameras, some 
utilizing back-thinned electron multiplying charge coupled device (EMCCD) techniqe. 

 

Other equipment 
Real-time PCR (Roche Lightcycler, Nils Welsh, 018 471 4212).   

Flow cytometry and cell sorting (BD FacsCalibur, Nils Welsh, 018 471 4212). 

Laser Doppler blood flow measurement equipment (Lena Holm, 018 471 4325). 

SELDI-TOF mass spectrometry system (Bio-Rad) for identification and quantification of proteins in 
biological samples (Peter Bergsten, 018 471 4923). 

Patch clamp equipment for electrophysiological recordings (Sebastian Barg, 018 471 4660).  

Fluoroscan supplied with detectors for luminescence and absorbanse (Gunilla Westermark, 018 471 
4169). 

Nanodrop for DNA/RNA and protein quantification (Gunilla Westermark, 018 471 4169). 
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Awards and Appointments 2009 
 

 

 

Sebastian Barg: Göran Gustafsson Award 

 

Levon Manukyan: FORMAS postdoctoral grant for research in type 2 diabetes 

 

Darius Mokhtari:  Linnéstiftelsen’s scholarship for research about biological polymeres 
of medical interest 

 

Lina Nordquist Rolf Luft Foundation, scholarship 

 

Mia Phillipson: Linnéstiftelsen’s scholarship for cardiovascular research  

 

Anders Tengholm:  Anders Jahre’s prize for younger scientists 

 

Parri Wentzel: John Stowers Research Award 
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