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Introduction 
During 2012 there was much economical discussion within the Disciplinary Domain of 
Medicine and Pharmacy. The background is that most departments had accumulated an 
excess of government allowances exceeding maximally permitted 10% of the annual 
expenses. Despite the Disciplinary Domain already some years ago announced that such 
excess would be confiscated at the end of 2012, the excess continued to increase. Our 
Department of Medical Cell Biology (MCB) succeeded to stop the increase during 2011 but 
there was still an old accumulated excess to reduce during 2012. Several actions were taken, a 
major one being an investment in a new confocal microscope. Such a purchase requires a 
complicated procurement procedure involving a detailed specification of the required 
instrument followed by an announcement to invite different companies to supply quotations. 
Due to limited capacity of the purchasing department of the university, these procedures take 
a lot of time. Although the process was started already in May the quotations could not be 
opened until just before Christmas. Therefore it became impossible to spend the money before 
the end of 2012. The confocal investment and another delayed procurement correspond to 3.8 
million SEK, thus by far exceeding a non-permitted excess of about 2 million SEK. MCB 
trusts a promise by the Disciplinary Domain that this excess will not be confiscated under 
these special circumstances. Since future excess exceeding 10% will be confiscated each year 
it is important to carefully balance the economy. Government allowances are reduced if they 
are not spent and this was a reason why Uppsala University only got a modest appreciation of 
the allowances that does not even cover the increased expenses during 2013. 

Much of the research at MCB is financed by external grants from various funding agencies. 
2012 was a successful year when it comes to external grants. The 4-year grant period of a EU 
network Beta-JUDO about type 2-diabetes in obese children coordinated by Peter Bergsten 
started in February 2012. During the autumn it became clear that Mia Phillipson got very 
generous 5-year support, first as a Rangnar Söderberg Researcher in Medicine (starting 2013) 
and then as a Wallenberg Academy Fellow (starting 2014). Moreover, the Swedish Research 
Council (SRC) decided to double Anders Tengholm’s rather substantial grant for 5 years 
(starting 2013) because he was highly ranked by the European Research Council. During 
2012 Lina Nordquist got a research position financed by the Swedish Society for Medical 
Research, but due to parental leave she will not start the at the position until 2013. My 
warmest congratulations to all of you! 

Due to approaching retirements and increased teaching MCB needs to make several 
recruitments. Erik Persson’s chair in Physiology has been vacant since his retirement in 2008 
and my chair in Secretion Research will become vacant when I retire in 2014. Both chairs are 
in the Professorship programme to be announced for recruitment during 2013. MCB will also 
create 3 lecturer positions. One in Physiology is intended for Mia Phillipson and will get 
support by equal contributions from MCB, the Disciplinary Domain of Medicine and 
Pharmacy and the Vice Chancellor of Uppsala University as part of counter financing of her 
Wallenberg Academy Fellow support. The other lecturer positions in Anatomy and Medical 
Cell Biolgy will be announced for application. Since internal recruitments are possible it may 
become necessary to make additional recruitments. 

During 2012 there was only one retirement, Gunno Nilsson. However, Gunno has continued 
to work part-time to help with student administration when required. Jan Saras was employed 
as a two-year substitute for Anders Ahlander, who is on leave for another position. Jan works 
part-time at the electron microscopy unit and provides support to Gunilla Westermark’s, 
Ingela Parmryd’s and Sebastian Barg’s research groups. Mia Phillipson and Fredrik Palm, 
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who ended 4-year junior research positions at (SRC), were rewarded by the Disciplinary 
Domain with 2-year extensions on Research positions. In Fredrik’s case the extension was 
40% of full time, since he holds a Professorship at Linköping University the remaining 60% 
(since late 2011). As mentioned above Mia will likely get a Lecturer position instead of the 
current Research position. Anders Tengholm holds a 6-year senior research position at SRC 
and Sebastian Barg a 3-year position supported by the Göran Gustafsson foundation. 

During a few years there was a dramatic reduction in the number of PhD students reaching a 
minimum of 16 at the end of 2010, and there was no dissertation in 2011. However 8 new 
PhD students were recruited 2011 and there were another 11 recruitments in 2012 (Ebrahim 
Anvari, Gustav Arbrandt, Parham Ashrafzadeh, Carl Johan Drott, Hjalti Kristinsson, 
Chenxiao Liu, Hannes Ohlsson, Hongyan Shuai, Kailash Singh, Sara Ullsten and Peng Yin). 
With 3 dissertations during the year the number of registered PhD students was consequently 
33 at the end of 2012, which is in the same order as before the dramatic reduction.  
Interestingly two of the new students Carl Johan Drott and Hannes Ohlsson have medical 
background and clinical experience. For the last decades this category has been very difficult 
to recruit into preclinical PhD studies. Thanks to the MD/PhD programme this trend was 
broken last year with 2 recruitments and now another 2. These students are particularly 
valuable for the teaching of medical students and to further support the participation of 
medically educated teachers the Disciplinary Domain provided support for employment of 3 
medical students as 20% teaching assistants (amanuenser). The number of postdoctoral 
fellows has remained constant at 12. 

MCB is well represented in important University boards. Stellan Sandler is Dean of the 
Medical Faculty and my Deputy Chairman Peter Hansell is a member of the board of the 
Disciplinary Domain of Medicine and Pharmacy. My Vice-Chairwoman Gunilla Westermark 
became Deputy Director of the Biomedical Centre in 2012. With good economy, recent 
success in obtaining external grants, many PhD students and a number of positions to appoint 
I look at the next few years with confidence and would like to finish this introduction by 
thanking all collaborators for contributing to the success of our Department. From an 
administrative perspective I would particularly like to mention the deputy chairman Peter 
Hansell, who is also assistant chairman dealing with basic teaching, and Gunilla Westermark, 
who is assistant chairwoman with responsibility for PhD studies and work environment. Our 
Dean Stellan Sandler is important in keeping us informed and he facilitates the 
communication between the Department and the Faculty/Disciplinary Domain. I am fortunate 
to have such wise constellation of 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, Camilla Sävmarker, Lina Thorvaldson, Björn Åkerblom, 
Erik Sandin, Oleg Dyachok and Göran Ståhl. 

 

Uppsala 2013-04-25 

Erik Gylfe 

Chairman 
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Fig 1. Two-photon confocal images of vascularity 
in pancreatic islets with low (A) or high (B) blood 
perfusion (blood perfusion identified by 
microsphere measurements).  
 

Scientific Reports 

Islet vascular physiology and cell therapy  

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, but 
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. 
Novel strategies to improve engraftment, as well as aspects to prevent cell death and 
regenerate beta-cells in native and transplanted islets by stem-cell stimuli are based on these 
findings presently tested by the research group in both experimental and clinical studies.  
Islet transplantation and beta-cell regenerative medicine (Per-Ola Carlsson) 

The overall aim of the research on islet 
transplantation and beta-cell regenerative medicine 
is to develop means to intervene with the 
development of type 1 diabetes mellitus and find 
treatment strategies to restore glucose homeostasis in 
patients with type 1 diabetes mellitus using cell 
therapy. The dual role of the P.I. as experimental and 
clinical scientist simplifies translational approaches, 
and the research group is active both at the 
Department of Medical Cell Biology and the 
Department of Medical Sciences. Experimental 
studies are conducted to elucidate the importance of 
islet endothelial cells and neural cells for beta-cell 
regeneration and function. Other studies investigate 
the adaptation of pancreatic islets to the implantation organ, i.e. the so called engraftment 
process, following transplantation, and develop strategies to improve results of pancreatic 
islet transplantation by enhancement of engraftment e.g. by improved revascularization. 
Human islets are tested in these experimental systems with a focus to produce clinically 
applicable protocols. We also perform research to develop safe and effective means to 
generate new human beta-cells by stimulating adult beta-cell proliferation, e.g. by stem cell 
stimulation, or by stem cell differentiation in vivo. Clinical studies are performed to prevent 

Fig 2. Micrograph showing vascularization of 
intraportally transplanted islet with disrupted 
integrity in the wall of a portal vein tributary. 
Yellow depicts insulin; red CD31 staining for 
blood vessels and blue DAPI.  
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development of type 1 diabetes in patients, e.g. by autologous mesenchymal stem cell 
transplantation, and we are also involved in studies to improve the results of clinical islet 
transplantation. 

Pancreatic islet blood flow and endocrine function (Leif Jansson) 
Disturbances in carbohydrate and lipid metabolism during impaired glucose tolerance and type 
2 diabetes are associated with an endothelial dysfunction favouring vascular disease. The role 
of the regulation of the blood circulation for the normal function of the islets of Langerhans, 
especially under pathological conditions, is still incompletely understood.  
We have previously demonstrated aberrations in islet blood perfusion during impaired glucose 
tolerance or type 2 diabetes. These blood flow changes may affect islet function by impairing 
endothelial function. Furthermore, most of the treatment regimes for type 2 diabetes decrease 
the increased islet blood flow suggesting a role for the blood perfusion in the pathogenesis of 
the disease. 

By a combination of studies in vivo, on isolated single islets with attached artrioles and in vivo 
studies we intend to study disturbances in blood flow regulation of islet and white adipose 
tissue and how to amend these. A careful analysis of the factors responsible for the regulation 
of islet and adipose tissue blood perfusion in type 2 diabetes will provide knowledge on the 
role of these factors in the pathogenesis of islet functional deterioration, and hopefully open up 
new possibilities for treatment of this serious and disabling disease.  

Members of the group  
Per-Ola Carlsson, MD, professor 
Leif Jansson, MD, professor 

Arne Andersson, MD, professor em. 
Joey Lau, post-doc 

Zhanchun Li, laboratory engineer 
Monica Sandberg, post-doc 

Sara Bohman, post-doc 
Guangxiang Zang, post-doc  

Svitlana Vasylovska, post-doc  
Carl Johan Drott, MD, PhD student 

Daniel Espes, MD, PhD student  
Liza Grapensparr, PhD student  

Sara Ullsten, PhD student  
Xiang Gao, PhD student  

Ulrika Pettersson, PhD student  
Hanna Liljebäck, undergraduate student 

Astrid Nordin, laboratory engineer 
Ing-Britt Hallgren, laboratory engineer 

My Quach, laboratory engineer 
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Lisbeth Sagulin, laboratory engineer  

Birgitta Bodin, laboratory technician 
Eva Törnelius, laboratory technician 

Violeta Armijo Del Valle, research nurs 
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Beta-cell function in obesity and type 2 diabetes mellitus 

Peter Bergsten 

Background 
The prevalence of type 2 diabetes mellitus 
(T2DM) world-wide is expected to increase 
from 3% in 2000 to almost 5% in 2030. An 
alarming aspect is the increase in prevalence 
among young obese subjects. The rise has a 
multi-factorial background, where both 
genetic and environmental factors contribute. 
In recent years genetic work has discovered 
several loci connected with obesity and 
T2DM. A majority of these susceptibility loci 
are connected with the function of the insulin-
producing beta-cell, which suggests a major 
role of the cell in development of the 
diseases. 
Elevated palmitate levels and insulin 
secretion from isolated human islets 
Palmitate levels are elevated in individuals 
with obesity and T2DM. Prolonged elevated 
palmitate levels lead to impaired insulin 
secretion, where changes in fatty acid storage 
and combustion (Thorn and Bergsten, 2010; 
Thorn et al, 2010) and enhanced apoptosis 
via endoplasmic reticulum stress (Sargsyan et 
al, J Endocrinol 199:41-50, 2008; Hovepyan 
et al, 2010) contribute. Impaired insulin 
sceretion is preceded by insulin 
hypersecretion as demonstrated in isolated 
human islets treated with palmitate (Fig 1). 
Thus, before palmitate-induced impairment 
of insulin secretion and loss of beta-cell mass 
occur enhanced insulin secretion is observed. 

Elevated levels of palmitate and insulin levels 
in young obese individuals 

We investigated if the observed palmitate-induced alterations in insulin secretory patterns 
were evident in humans. For this purpose we determined levels of circulating palmitate in 
young obese individuals belonging to the Uppsala Longitudinal Study of Childhood Obesity 
(ULSCO). Insulin secretory response to glucose was measured by oral glucose tolerance test 
(OGTT). In obese children with elevated palmitate levels insulin levels at fasting and 30 min 
of OGTT were elevated but attenuated in obese adolescents (Fig 2). Indeed, secretory levels 
in the adolescents were similar to those observed in lean controls. We hypothesize that this 
“normalization” reflects impaired beta-cell function in the older obese individuals and that 
insulin hypersecretion observed in isolated human islets (Fig 1) and obese children (Fig 2) is 

Figure 1. Glucose-stimulated insulin secretion at 2 
(white bars) or 20 (black bars) mM glucose after 
culture of isolated human islets in the presence of 
palmitate for the indicated time periods. 

Figure 2. Circulating insulin levels at 0 (white bars) 
and 30 (black bars) min of oral glucose tolerance test 
performed in obese individuals of the indicated age (in 
years) with high circulating palmitate levels. 
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an etiological factor in the development of obesity precipitating overt T2DM in susceptible 
individuals. 
Aim 

The overall aim is to find therapeutic approaches to halt the rise in obesity-related T2DM by 
identifying approaches to attenuate beta-cell hypersecretion in young obese individuals. This 
will be done by defining underlying causes for such accentuated secretory activity in insulin-
producing beta-cells using a collaborative, translational approach, where isolated human islets 
and insulin-producing cell lines are investigated in parallel with young obese individuals 
belonging to different European cohorts within the newly strated FP7 framework project 
“Beta-cell function in JUvenile Diabetea and Obesity (Beta-JUDO)”. 
Projects 

In vitro studies 
Isolated human islets and beta-cell lines will be used to investigate the specific roles of anti-
apoptotic fatty acid palmitoleate, inflammatory cytokines and adipokines, the incretin GLP-1 
and drugs used in young obese individuals and related patient groups in insulin beta-cell 
hypersecretion and apoptosis. Mechanistic studies will include investigating development of 
the unfolded protein response (Sargsyan et al, J Endocrinol 199:41-50, 2008; Hovepyan et al, 
2010) and increased release of proinsulin and IAPP and shifts in sphingolipid rheostat 
towards apoptosis. Novel mechanisms of insulin hypersecretion will be tested by validating 
novel genetic principles, obtained from genetic work in the obesity cohorts, and by generating 
expression profiles of hypersecreting islets and analyzing the obtained patterns for differential 
signaling (Nyblom et al, J Proteome Res, 8:5650-5656, 2009). 
In vivo studies 

Causes of exaggerated insulin secretory responses in juvenile obesity will be examined in 
young obese individuals of the obesity cohorts and lean controls. Development of insulin 
resistance including lipid deposition in non-adipose tissue will be studied in the individuals. 
Also, mass and activation of brown adipocytes will be compared between young obese and 
lean control individuals. Manifestations of impaired insulin biosynthesis will be determined 
by measuring circulating levels of proinsulin and IAPP. Circulating levels of fatty acids 
including palmitoleate will also be measured. Contribution of inflammation and lowered 
incretin levels will evaluated as causes for exaggerated insulin secretory levels by measuring 
levels of cytokines and adipokines and incretin GLP-1, respectively. The effects of drugs used 
in young obese individuals on insulin hyperseceretion will be determined. Finally, novel 
genes connected with juvenile obesity will be identified using the obesity cohorts. 
Significance 

The in vitro part of the project is expected to identify novel principles of normalizing 
hypersecreting beta-cells. These principles will be evaluated in the young obese individuals as 
intervention strategies, which are critical since the window of opportunity to preventing 
impaired beta-cell function and apoptosis in juvenile obesity appears to be limited. 

 
Members of the group 

Peter Bergsten, professor 
Ernest Sargsyan, postdoctoral person 

Levon Manukyan, postdoctoral person 
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Physiology of pancreatic islet hormone secretion 

Erik Gylfe, Anders Tengholm  

The research in our group aims at clarifying the mechanisms regulating the release of insulin, 
glucagon and other hormones from the islets of Langerhans. Insufficient secretion of insulin 
and dysregulation of glucagon secretion are hallmarks of diabetes. Elucidation of the 
mechanisms underlying islet hormone secretion and the malfunctions causing diabetes is 
expected to provide new strategies for treatment of the disease. By combining biochemical 
and molecular biological techniques with fluorescent cell signaling biosensors and live cell 
imaging methods, we study the spatio-temporal dynamics of signaling processes regulating 
secretion in single cells and intact mouse and human pancreatic islets. At present we are 
focusing specifically on the following issues: 

Spatiotemporal dynamics of cAMP signaling 
cAMP is a prototype second messenger that 
transduces signals from a variety of cell 
surface receptors to multiple intracellular 
targets regulating e.g. cell metabolism, ion 
channel activity, exocytosis and gene 
expression. 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 Epac2 are the 
major cAMP effectors in beta cells. We 
recently developed a technique that allows 
measurements of cAMP concentration 
changes in the sub-plasma membrane space 
of individual cells. This approach allowed 
us to demonstrate that stimulation of beta 
cells with glucose or hormones like 
glucagon and glucagon-like peptide-1 
(GLP-1) often triggers cAMP oscillations. 
These oscillations were found to be 
important for optimal amplitude of pulsatile 
insulin secretion. We have also shown that 
different temporal patterns of cAMP signals 
can contribute to selective regulation of 
downstream events (Dyachok et al. Nature 439: 349-352, 2006). Brief elevations of cAMP 
were sufficient to trigger Ca2+ spikes, but only prolonged cAMP elevation induced PKA 
translocation into the nucleus. The aim of ongoing work is to understand how the 
concentration of cAMP is controlled in beta cells and other islet cell types by nutrients, 
hormones and neurotransmitters. Which adenylyl cyclases and phosphodiesterases are 
involved to generate oscillations, what is the importance of regulatory influences from Ca2+ 

The figure shows that rise of the glucose from 3 
to 11 or 30 mM induces cAMP oscillations in a 
β-cell (top) and α-cell (bottom) located within 
pancreatic islets. Whereas the β-cell reacts to 
adrenaline with lowering of cAMP the α-cell 
shows the opposite response 
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and ATP and how does the spatio-temporal pattern of the messenger affect the activity of 
PKA, Epac2 and their downstream effectors are questions we currently seek answers to. 
 
Signaling via diacylglycerol and phosphoinositide lipids 
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 and 
other enzymes. 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. Using various fluorescence tagged 
lipid binding protein domains we have pioneered studies 
of lipid signaling dynamics in insulin-secreting cells. For 
example, we have demonstrated that pulsatile insulin 
secretion is associated with autocrine activation of 
insulin receptors resulting in pronounced oscillations of 
PIP3 in the plasma membrane. The PIP3 response pattern 
consequently reflects insulin secretion and can be used 
to assess secretory dynamics at the single cell level. Also 
the concentration of other phosphoinositide lipids 
oscillates in stimulated islet cells. Ongoing experiments aim to clarify the functional 
importance of the autocrine feedback and periodic changes in PIP, PIP2, PIP3 and DAG. 
 
 
 
 
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 events 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. More recently, we demonstrated that pulsatile release of 
insulin and somatostatin from mouse and human islets occur in phase, whereas pulses of 
glucagon occur in opposite phase. This has important implications for the understanding of 

The figure shows synchronized PIP3 
oscillations reflecting release of 
insulin with autocrine activation of 
insulin receptors in MIN6 β-cells 
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the action of insulin and glucagon on glucose 
production in the liver. Interestingly, although 
glucose lowers the average levels of glucagon, the 
hormone release pattern is composed of alternating 
periods of stimulation and inhibition. At very high 
glucose concentrations, glucagon secretion is 
paradoxically stimulated. Current work is focused 
on understanding the mechanisms underlying the 
different hormone release patterns. Compared to 
insulin release from beta cells, little is known about 
the mechanisms underlying the release of the other 
islet hormones. We have proposed a new model for 
regulation of glucagon secretion. In this model a 
Ca2+ store-operated mechanisms plays a central 
role. The store-operated pathway contributes to 
alpha-cell depolarization and secretion when the 
Ca2+ stores are emptied by IP3-generating receptor 
stimuli or when there is lack of energy in the 
presence of low glucose concentrations. In contrast, 
store filling mediated by high glucose 
concentrations shuts off the store-operated pathway 
and the membrane hyperpolarizes and electrical 
activity and secretion ceases. We are currently 
investigating the molecular details of the store-
operated mechanism in alpha-cells and the 
importance of Ca2+, cAMP and ATP in the 
generation of pulsatile glucagon secretion. 
 

Clinical significance 
Diabetes is a widespread disease with rapidly increasing prevalence currently affecting >5 % 
of the world population. It 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. Improved knowledge about the mechanisms underlying 
insulin secretion is a prerequisite for understanding the impaired function in type 2 diabetes 
and for finding 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 

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. 
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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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Mechanisms of regulated exocytosis 

Sebastian Barg 

Exocytosis is fundamental to every cell and crucial to intracellular transport, protein sorting, 
and cell-to-cell communication. In both neurons and endocrine cells, exocytosis leads to the 
release of neurotransmitters and hormones, and defects in this process can underlie disease, 
such as type-2 diabetes. In our lab we are interested in the cell biology of insulin secretion, 
with a focus on the life-cycle of insulin-containing secretory granules. We study exocytosis in 
pancreatic ß-cells using advanced light microscopy (TIRF, super-resolution and single 
molecule imaging) in combination with electrophysiology. Both methods are sensitive enough 
to observe single granules and even individual protein molecules in a living cell 

Molecular architecture of the insulin granule release site  
Every ß-cell contains thousands of secretory granules that store insulin. When blood glucose 
is elevated, these granules undergo regulated exocytosis and release the hormone into the 
blood stream. Before this can happen, granules have to reach the plasma membrane, where 
they “dock” and then assemble the exocytosis machinery. When insulin is released, these 
steps quickly become limiting for how much insulin is released.  

The docking process 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. 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. How do cells compartmentalize their plasma membrane to organize such sites? 
Which proteins are recruited to these hotspots, when, and at how many copies? And how are 
docking sites regulated and what distinguishes release-ready granules from those that are 
merely docked?  

The three SNARE proteins syntaxin, SNAP25 and synaptobrevin are central to membrane 
fusion during exocytosis. Since two of these, the t-SNAREs syntaxin and SNAP-25 inhabit 
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the plasma membrane, one expects them to collect at the exocytic site before a vesicle or 
granule can fuse there. Indeed, t-SNAREs can be seen to cluster near docked granules and 
quantitative image analysis shows association of GFP-labeled syntaxin and SNAP25 with 
granules in live Ins1- or PC12-cells. The interaction depends on the N-terminal Habc domain 
of syntaxin, rather than formation of a SNARE complex. Up to 70 molecules of syntaxin are 
recruited to the granule site during docking, and lost during undocking and exocytosis. 
However, individual molecules of both proteins diffuse rapidly in the plasma membrane and 
are only occasionally captured beneath a granule, for a short time (<1s). Thus, 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.  

 

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 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.  
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Plasma membrane organisation  

Ingela Parmryd 

The plasma membrane of eukaryotic cells contains nanodomains, commonly referred to as 
lipid rafts, which are more ordered than the rest of the plasma membrane. The high order has 
been suggested to be caused by the tight packing of cholesterol and sphingolipids as observed 
in model membranes. However, we have recently demonstrated that lipid rafts form when actin 
filaments are attached to the plasma membrane via phosphoinositides (Dinic et al., 2013), 
suggesting that the mechanism for lipid raft formation is lipid-protein interactions. We have 
shown that T cell signalling is initiated upon lipid raft aggregation. The lipid raft aggregation 
can be achieved by T cell receptor ligation but also by cold stress and changes in plasma 
membrane cholesterol content. We are investigating what is triggering the formation of ordered 
plasma membrane domains and to do so we have carefully characterised two environmentally 
sensitive probes that can determine the proportion of ordered lipid domains in the membrane. 
Focus areas are the individual order of the two plasma membrane leaflets and the role of 
phosphatidylinositol (4,5)-bisphosphate and actin dynamics in plasma membrane order. 
The cell surface is neither flat nor smooth 
but surface topography is ignored in 
current models of the plasma membrane. 
Using high resolution topographical maps 
of live cells, we and our collaborators 
have demonstrated that apparent 
topographical trapping is easily mistaken 
for elaborate membrane model features 
like hop diffusion and transient 
anchorage. Even binding could be the 
result of apparent topographical trapping 
when single particle tracks are interpreted 
in 2D although the molecules are moving 
in 3D.  

We develop image analysis software to 
get quantitative and objective answers to our questions. We have developed a method where 
image noise, which is unavoidable and leads to the underestimation of the underlying 
correlation, can be eliminated from the correlation measurement. Our collaborator and we 
have mathematically validated the method. Moreover, we have performed a detailed 
comparison of different coefficients that are used in colocalisation analyses. We advocate that 
coloocalisation analysis should be divided into the two subgroups co-occurrence and 
correlation (Adler & Parmryd, 2013). 
 

High resolution hopping ion conductance microscopy 
image of part of a live FRSK cell. The figure shows that 
cell topography is an important factor when determining 
the diffusion coefficients of membrane molecules. 
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Importance of Shb-dependent signaling for glucose 
homeostasis, angiogenesis, hematopoiesis and 
reproduction  

Michael Welsh 

Shb is an SH2-domain adapter protein operating downstream of tyrosine kinase receptors 
such as the VEGFR-2, FGFR-1, PDGF-receptors and the T cell receptor. The effects of Shb 
are pleiotropic and context dependent. We have recently generated a Shb-knockout mouse to 
assess the physiological relevance of Shb in vivo.  

 
We observe impaired glucose homeostasis due to insufficient insulin secretion in Shb-
deficient mice. In addition, the β-cells exhibit reduced stress sensitivity. The mechanisms for 
these effects on β-cells are currently being explored.  
Shb-knockout mice also display reduced angiogenesis and this causes diminished tumor 
expansion (subcutaneously injected tumor cells or inheritable RIP-Tag insulinomas An 
important aspect that has not yet been determined is whether tumor metastasis is affected or 
not by the absence of Shb and this will be studied. Shb deficient endothelial cells have an 
abnormal cytoskeleton and adherens junctions that may contribute to deficient angiogenesis. 
In addition, Shb-knockout vascular physiology shows signs of compensatory mechanisms 
(increased blood flow velocity and an increased frequency of intermediately sized arterioles 
as determined by micro-CT) to counteract the adverse effects of the endothelial dysfunction. 
Although vascular performance under normal conditions appears relatively unaffected by the 
absence of Shb, recovery after ischemia was found to be impaired in both the cremaster and 
hindlimb muscles.   The underlying signaling event(s) responsible for these aberrations are 
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currently being elucidated and our findings so far suggest that they may reflect altered Rac1-
activation. 
The absence of Shb exerts effects on hematopoiesis and peripheral T lymphocyte function. 
The blood profile demonstrates fewer macrophages this appears to result from decreased 
proliferative capacity of hematopoietic stem cells. Such an effect may have consequences for 
the progression of leukemia/myeloproliferative disease. CD4+ T lymphocytes show a Th2 
skewing of their response to stimulation in the absence of Shb and this could be of relevance 
for understanding allergic responses.  
Shb-knockout mice display reproductive abnormalities with a transmission ratio distortion of 
the knockout allele related to female reproduction. Consequently, oocyte maturation is 
impaired in the absence of Shb and this relates to abnormal signaling via the ERK-RSK-S6 
pathway. In addition to aberrant oocyte maturation, Shb-knockout embryos are 
morphologically abnormal and do not implant well. Since Shb is only highly conserved 
among mammals with a true placenta, our intention is to assess the role of Shb in placenta 
formation. 
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Complications in pregnancy  

Ulf Eriksson, Parri Wentzel 

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

Diabetes in the pregnant women is associated with 
an increased risk for malformations in the offspring 
and preeclampsia in the mother. 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 as arachidonic acid, inositol, N-acetylcysteine, BHT, vitamin E and C, and folic 
acid. We have also started to investigate the 
importance of genetic predisposition for the 
development of malformations, a project, 
which is currently yielding data regarding the 
importance of the maternal and fetal genomes 
and epigenomes for the development of fetal 
dysmorphogenesis in diabetic pregnancy. 
We have identified one gene, Glutathione 
Peroxidase-1, which is underexpressed in 
malformed offspring of diabetic rats 
(compared with non-malformed offspring of 
same litter), and its gene product, the 
antioxidative enzyme Gpx-1, is less 
distributed in the embryonic tissues, and its 

  
Fetuses with facial malformation (left) 
and normal morphology (right), from 
diabetic rats. 

Decreased expression of Gpx-1 in malformed 
compared to non-malformed offspring of diabetic 
rats. 
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enzymatic activity markedly decreased. These findings can be 
related to the enhanced oxidative stress involved in the embryo-fetal 
dysmorphogenesis of diabetic pregnancy.  

Recently we have found evidence for a new teratological pathway 
in diabetic pregnancy, activation of the receptor for advanced 
glycation end products (RAGE). We will persue this line of research 
by identifying the ligand(s) causing the RAGE activation, and by  
investigating the possible therapeutical effects of blocking the 
RAGE response in embryos exposed to a diabetic environment. 

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 dietary habits during pregnancy of 
women who have given birth to a child with Attention-Deficit/Hyperactivity Disorder. 
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Rat fetus lacking tail, 
from obese mother 

Rat fetus with only 2 ossified vertebrae, from obese mother 
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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 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. 
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Topics that are currently being investigated 
 
A. Characterization of the regulatory T cell response in diabetic mice 
B. Evaluation of cytokine traps in experimental diaetes 
C. Mitochondrial targeted preconditioning, using KATP-channel openers (KCO), to rescue 
beta-cells against acute destruction 
D. Exploration of the bank vole as an animal model for human diabetes 
E. Antiviral intervention in NOD mice 

 
 
Example of findings and hypopthesis 

 
Role of regulatory T-cells (Treg) in T1DM (cf. topic A) 

 
 

 
 

Fig. 2. Based of a number of different experiments we propse that Tregs in the multiple low dose 
streptozotocin (MLDSTZ) model of T1DM are functionally impaired, since a key cytokine (IL-35) is 
not being up-regulated in response to the proinflammatory environment induced by MLDSTZ.
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Mechanism of mitochondrial KATP channel opening and β-cell protection, (cf topic B) 

 

 
Fig. 3. NNC 55-0321 acutely down-regulates mitochondrial function. A lowered respiratory chain 
activity is accompanied by increased ROS production, PKCε activation and phosphorylation of the 
survival promoting kinase Akt. Inhibition of mitochondrial function by NNC 55-0321 may be caused 
by opening of a mitochondrial potassium channel (mKATP), which promotes K+ entry from the 
intermembrane space (IMS) into the mitochondrial matrix (M), thereby increasing pH and 
inhibiting the respiratory chain (I). Alternatively, NNC 55-0321 can directly inhibit mitochondrial 
respiration independently of the presence of and conductance in an mKATP (II). NNC 55-0462 
primarily acts on the plasma membrane bound KATP channel and causes inhibition of insulin 
secretion by preventing depolarization of the plasma membrane, but this does not provide 
protection against β-cell damage (cf aim C above). 
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Pancreatic islet in a diabetic bank vole 

 
 

 
 

 
 

 
 

 
 

Fig. 4. Pancreatic islet of a female colonized bank vole 18 weeks of age. The bank vole was 
hyperglycemic (17.4 mM) 120 min after the IPGTT and serum insulin was elevated (2.34 
mg/ml). The section was IHC stained with an Ljungan virus-specific antibody (brown colour) 
showing strong staining in some areas and weaker staining in the remaining area of the islet. 
Magnification 400X (cf Aim D above) 
 

 
Significance  

The aims of the present research projects are to investigate cellular and molecular mechanisms 
related to pancreatic β-cell damage and repair in T1DM, and in some cases probably also in 
T2DM. It is anticipated that a deeper knowledge of these issues will lead to new strategies for 
intervention in the autoimmune β-cell destructive processes, as well as novel methods to enhance 
β-cell resistance against direct cytotoxic damage. We hope that by studying cell signaling and the 
mechanisms leading to β-cell death, it will be able possible to elucidate which factors that are 
crucial for β-cell survival and possibly indentify candidate genes/proteins conferring β-cell 
susceptibility or resistance to destruction in T1DM.  

 

Publications 2010- 
 
1. Blixt M, Niklasson B and Sandler S. Pancreatic islets of bank vole show signs of 

dysfunction after prolonged exposure to high glucose in vitro. J Endocrinol 206: 47-54 
(2010) 

2. Carlsson A, Hallgren I-B, Johansson H and Sandler S. Concomitant enzyme-linked 
immunosorbent assay measurements of rat insulin, rat C-peptide, and rat proinsulin from 
rat pancreatic islets: effects of prolonged exposure to different glucose concentrations. 
Endocrinology 151: 5048-5052, 2010 



 

35 

3. Sällström J, Carlström M, Olerud J, Fredholm BB, Kouzmine M, Sandler S and Persson 
AEG. High-protein-induced glomerular hyperfiltration is independent of the 
tubuloglomerular feedback mechanism and nitric oxide synthases. Am J Physiol 299: 
R1263-R1268, 2010 

4. Börjesson A, Rønn SG, Karlsen AE, Billestrup N and Sandler S. b-cell specific 
overexpression of suppressor of cytokine signalling-3 does not protect against multiple 
low dose streptpzotocin induced type 1 diabetes in mice. Immunol Lett 136: 74-79, 2011 

5. Tian G, Sandler S, Gylfe E and Tengholm A. Glucose and hormone-induced CAMP 
oscillations in a- and b-cells within pancreatic islets.  Diabetes: 60: 1535-1543, 
2011. 

6. Lindgren S, Brännström T, Hanse E, Ledin T, Nilsson G, Sandler S, Tidefelt U, and 
Donnér J. Medical education in Sweden. Medical Teacher 33: 798-803, 2011. 

7.  Ludvigsen E, Stridsberg M, Janson ET and Sandler S. Altered expression of somatostatin 
receptors in pancreatic islets from NOD mice cultured at different glucose concentrations 
in vitro and in islets transplanted to diabetic NOD mice in vivo. Exp Diabetes Res 2011 
(623472): 1-8, 2011.  doi:10.1155/2011/623472. 

8.  Saksida T, Stosic-Grujicic S, Timotijevic G, Sandler S and Stojanovic I. Macrophage 
migration inhibitory factor deficiency protects pancreatic islets from palmitic acid-
induced apoptosis Immunol Cell Biol 90: 688-698, 2011. 

9. Rydgren T, Börjesson A, Carlsson A, and Sandler S. Elevated glucagon-like peptide-1 
plasma levels, as a possible adaptive response, in diabetic NOD mice. Biochem Biophys 
Res Commun 423: 583-587, 2012. 

10. Stojanovic I, Saksida T, Timotijevic G, Sandler S and Stosic-Grujivic S. Macrophage 
migration inhibitory factor (MIF) enhances palmitic acid- and glucose-induced murine 
beta-cell dysfunction and destruction in vitro. Growth Factors 30: 385-393, 2012. 

11. Blixt M, Sandler S and Niklasson B. Ljungan virus and diabetes. In: Diabetes and 
Viruses, Eds. Taylor K, Hyöty H, Toniolo A and Zuckerman AJ. Springer Science, New 
York. pp. 81-86, 2013 (ISBN 978-1-4614-4051-2) 

12. Rydgren T, Öster E, Sandberg M and Sandler S. Administration of IL-1 Trap prolons 
survival of transplanted pancreatic islets to type 1 diabetic NOD mice. Cytokine (In 
press) 

13. Chowdhury A, Dyachok O, Tengholm A, Sandler S and Bergsten S. Functional changes 
in aggregated insulin producing cells. Diabetologia (In press) 

 

Members of the research group  
The following colleagues are engaged in the projects described above:  
PhD Martin Blixt (guest lecturer, part-time research)  

PhD Tobias Rydgren (post-doc stipend) 
Laoratory technician IngBritt Hallgen (part-time) 

Adjunct Prof Bo Niklasson 
PhD Student Kailash Singh 



 

36 

PhD student Gutaf Arbrant 

Professor Stellan Sandler  
 

Agencies that have supported the work 
The Swedish Research Council 
The European Foundation for the Study of Diabetes 

The Swedish Diabetes Association 
Stiftelsen Familjen Ernfors fond 

 
  

Role of tyrosine kinases in β-cell apoptosis and diabetes 

Nils Welsh 

It has recently been observed that patients suffering from both leukemia and diabetes were 
cured from not only leukemia, but also diabetes, when treated with the tyrosine kinase 
inhibitor Imatinib. (Veneri et al., N Engl J Med. 2005 352:1049-1050). An anti-diabetic action 
of Imatinib in Type 2 diabetes is further supported by our recent observation that Imatinib 
counteracts high-fat diet induced insulin resistance and hyperglycemia in rats (Hägerkvist et 
al., Clinical Science, (Lond). 2008 114(1):65-71). Moreover, in a study from 2009, Imatinib 
was also observed to induce remission of diabetes in db/db mice, possibly via decreasing 
insulin resistance and increasing the beta-cell mass (Han et al., Diabetes. 2009 58(2):329-3). 
Thus, in both animal models and in Type 2 diabetes patients Imatinib seems to improve 
glycemic control, possibly via an insulin sensitizing effect. 
Imatinib appears to prevent and reverse not only Type 2 diabetes, but also diabetes of animal 
models with a Type 1 diabetes resembling disease. We have shown that Imatinib protects 
against beta-cell death in vitro and prevents diabetes in NOD mice and in streptozotocin-
diabetic mice, both models for human beta-cell destruction and Type 1 diabetes (Hagerkvist et 
al., FASEB J. 2007 Feb;21(2):618-28, Hagerkvist et al., Cell Biol Int. 2006 30(12):1013-7). 
More recently, it has been observed by others that both Imatinib and Sunitinib not only 
prevented, but also reversed new-onset diabetes in NOD mice (Louvet et al., Proc Natl Acad 
Sci U S A. 2008 105(48):18895-900). Thus, there exists proof-of-principle in animal models 
for an anti-diabetic effect of Imatinib and similar tyrosine kinase inhibitors, and that a limited 
treatment period will not only reverse diabetes, but also mediate long-term protection against 
re-precipitation of the disease. This has led us (Mokhtari and Welsh, Clin Sci (Lond). 2009 
118(4):241-7) and other investigators to propose clinical trials in which Imatinib is given to 
new-onset Type 1 diabetes patients. 

The work by others and us indicates that Imatinib counteracts diabetes via different molecular 
mechanisms (Figure 1).  
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It appears that the four known targets of Imatinib, c-Abl, PDGFR, c-Kit and DDR1/2, may all 
play a role in the pathogenesis of diabetes. C-Abl is a proapoptotic tyrosine kinase that 
promotes beta-cell death when activated. Improper activation of the PDGF receptor has also 
been reported to occur in diabetes, and this may lead to increased insulin resistance of 
peripheral tissues. Activation of c-Kit and DDR1/2 is known to affect innate immunity, a 
component of the immune system that promotes inflammation and beta-cell dysfunction. 
Thus, it is conceivable that Imatinib, by targeting several pathways simultaneously, mediates 
a stronger antidiabetic effect than other drugs that affect only one particular pathway. 

It is the aim of this project to elucidate closer the mechanisms by which tyrosine kinases 
control beta-cell death and function. We are currently investigating Imatinib-mediated control 
of NF-kappaB, JNK, p38, PI3-kinase, SHIP2, PTEN, FAK, IRS1/2, beta-catenin, AKT and 
ERK signaling events. For this purpose insulin producing cells, either at basal conditions or 
under stress, are analyzed by immunoprecipitation, immunoblotting, confocal microscopy, 
real-time PCR, microarray analysis, flow cytometry and gel shift analysis. Cells are also 
genetically manipulated by lentiviral vectors to achieve up-or down-regulation of specific 

Figure 1 Possible mechanisms for the anti-diabetic effects of imatinib 
Imatinib is known to inhibit the tyrosine kinases c-Abl, PDGFR, c-Kit and DDR1/2. Most likely, 
imatinib-induced protection against diabetes is mediated not by one single pathway, but via different 
molecular mechanisms. β-Cell survival is promoted by inhibition of c-Abl, which leads to decreased 
activation of the pro-apoptotic MAPK JNK and increased activation of the anti-apoptotic 
transcription factor NF-κB. c-Abl inhibition might also lead to a dampened ER-stress response, via 
JNK or other pathways. Inhibition of PDGFR could contribute to decreasing peripheral insulin 
resistance and inflammatory processes, thereby promoting β-cell survival. Moreover, inhibition of c-
Kit and DDR1/2 might also add to the anti-diabetic effects of imatinib, possibly by interfering with 
inflammatory responses. 
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gene products. Signaling events will be correlated to beta-cell survival and function, as 
assessed by analysis of insulin production and apoptotic events. This will hopefully lead to a 
better understanding of the molecular events by which Imatinib protects against diabetes. 
Such improved knowledge may pave the way for a novel and improved treatment of diabetes. 
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Intrarenal Hyaluronan in the Regulation of Fluid Balance. 
Pathophysiological Relevance to Renal Damage during 
Diabetes and Ischemia-Reperfusion. 

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 attracting 
properties in the 
regulation of fluid 
balance. The 
proinflammatory 
property of HA is also 
evaluated in 

Histochemical staining for HA demonstrating the absence of HA in the 
normal renal cortex of rats (left).  Patchy accumulation of interstitial HA 
in the ischemia-reperfusion damaged renal cortex (middle). Accumulated 
HA is found mainly in the same areas as infltrating immune competent 
cells, as seen by parallel staining with haematoxylin-eosin (right). 
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pathophysiological models. 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 and, more severely, during 
pathological conditions.  
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. We have also demonstrated that the normal intrarenal distribution of HA is 
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 and its angiotensin II dependency.  

Both in vivo and in vitro experiments are performed. Diabetes, ischemia, hydration, 
dehydration, hormones, pharmacological and biomolecular intervention activate/deactivate 
the systems. Human renal tissue from resections is also analysed. Rats and genetically 
modified mice are used during in vivo conditions whereafter the renal tissue is analysed using 
molecular biology to follow HA (amount, size), HA synthases, hyaluronidases and  CD44 
expression. Renomedullary interstitial cells in culture are used in parallel to follow similar 
parameters during interventions. In cooperation with the section of diagnostic radiology 
(assoc prof Per Liss) the mechanisms underlying diabetic nephropathy is to be validated 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 

The renal control of excretion is essential for fluid balance and blood pressure. One factor of 
great importance in regulation of fluid excretion is the tubuloglomerular feedback (TGF) 
control mechanism in the juxtaglomerular apparatus (Fig1). The macula densa cells in the 
distal part of the nephron senses the fluid flow rate. 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 from the granular cells of the 
juxtaglomerular apparatus 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. Our studies aim at understanding how the TGF mechanism and renin release operates, 
the effect of renal oxidative stress, NO and nerves on kidney function and to find the 
mechanism responsible for development of arterial hypertension. 
Arterial hypertension is one of the most important health problems in the Western world and 
an important risk factor for cardio-vascular disease (CVD) and stroke. Unfortunately, these 
risk factors are only partly reduced during treatment with the existing drugs. Patients with 
treatment for hypertension have a reduced risk for stroke of about 50 % but still a 5 times 
higher risk than those without hypertension. The risk for CVD is only reduced 15 % with 
treatment and there is a 6-7 times higher risk for CVD compared to individuals without 
increase in blood pressure. Therefore it is important to further investigate how hypertension 
develops and find new and effective principles to prevent and treat the disease. Reduction of 
renal oxidative stress may increase nitric oxide (NO) bioavailability and thereby play an 
important role in preventing and/or treating CVD. To investigate the potential roles of 
oxidative stress and NO-deficiency in the development of CVD. Treatment modalities that 
reduce oxidative stress and/or increase NO-bioavailability will be assessed in both 
experimental models and clinical trials in order to find new and more efficient ways to treat or 
prevent CVD.   
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We have advanced equipment for investigating renal and cardiovascular function, and 
imaging systems for measuring oxidative stress and NO production (in vivo and in vitro). In 
collaborations with physicians at different hospitals we have clinical trials to investigate the 
potential role of oxidative stress and NO-deficiency in CVD. In our experimental and clinical 
studies we aim to further investigate the link between renal and cardiovascular dysfunction, 
and to explore the potential benefits from reducing oxidative stress (e.g. antioxidant, 
nitroxide, low-sodium treatment) or increasing NO production (e.g. L-arginine or nitrate 
supplementation). The juxtaglomerular apparatus is a critical regulator of glomerular filtration 
rate, fluid excretion and renin release, factors that determine blood pressure. We believe that 
treatment strategies aiming to reduce oxidative stress and/or increase NO-bioavailability 
could be of great value in the future to treat hypertension to prevent stroke and cardio-
vascular disease. 
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Gastro-intestinal protection mechanisms studied in vivo 

Lena Holm 

During homeostasis, the colonic mucus 
successfully separates the vast luminal 
microbiota from the single epithelial cell 
layer and resident immune cells of the 
mucosa. When this barrier fails, colitis is 
established. Our research focuses on the 
interplay between the commensal 
microbiota, administered probiotics and 
the colonic mucosal barrier in health 
and during colitis, with special emphasis 
on the underlying mechanisms of colitis 
induction and probiotic protection. We 
have developed an animal model allowing 
direct access to the colonic mucosa with 
intravital microscopy, and the majority of our experiments include in vivo studies of the 
mucus layers, epithelium, immune cells and blood flow. During last year we have extensively 
increased our possibilities to perform high-resolution longitudinal in vivo studies of 

Fig 1. The mucus layers in different parts of the GI 
tract 
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interactions of the microbiota/probiotics/mucus with the epithelium and immune cells in real-
time by adapting our in vivo model to high-speed confocal microscopy available in our lab. 
Furthermore, with a newly installed Laser Speckle Contrast Analysis setup, blood flow of 
colitic and healthy parts of the colon will be performed. 
The influence of pre- and pro-biotics on mucus dynamics, bacterial composition, 
inflammatory variables and epithelial tight junctions are studied to elucidate the mechanisms 
behind their protective effects (4,5). We have shown that pretreatment with probiotics (L. 
reuteri) prevent DSS-induced colitis in rats and mice. Up regulation of P-selectin in the 
colonic venules was prevented by probiotic therapy, and in vivo fluorescence microscopy 
confirmed these results by showing decreased leukocyte rolling and adhesion to endothelial 
cells, as well as decreased platelet-endothelial cell interactions. There are no intestinal in vitro 
culture systems that replicate the complexity of the secreted mucus barrier. However, our in 
vivo model uniquely enables reliable measurements of thickness and permeability of the 
mucus barrier. Using this model we have demonstrated that the adherent gastric and colonic 
mucus gel in vivo can be divided in two layers, a firmly and a loosely adherent layer (Fig 1). 
The firmly adherent mucus layer acts as a barrier towards hydrochloric acid in the stomach 
and luminal bacteria in the colon (1). In addition to the barrier function of the firm mucus 
resulting in significantly lower number of bacteria than in the loosely adherent mucus (1/10), 
we found that the composition of the microbiota differed substantially between the two layers 
(4). The difference in bacterial numbers and composition was completely eradicated in DSS-
induced colitic rats, where high levels of translocated bacteria were found in the mesenteric 
lymph nodes. Interestingly, pretreatment with L. reuteri (cocktail of 4 strains) prevented 
bacterial translocation and colonic inflammation but did not influence on the distorted mucus 
microbiota (4).  
We have shown that dietary nitrate induces potent protection against NSAID induced upper 
GI inflammation. Bacteria in the oral cavity reduce nitrate to nitrite, which is further reduced 
to nitric oxide, NO, in the acidic stomach. NO strengthen the mucosal barrier by increasing 
mucus thickness and blood flow. We have, however, also shown protection by dietary nitrate 
even further down in the intestine where luminal NO is not increased (3). Leukocyte 
recruitment in response to proinflammatory chemokine and NSAID was decreased. Despite 
attenuation of the acute immune response, the overall ability to clear a bacterial infection was 
not suppressed. 
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A venule (anti-CD31, red) with 
emigrated neutrophils (anti-Gr1, 
green). 

The reestablished glomeruli-like 
islet vasculature surrounded by 
muscle blood vessels two weeks 
after transplantation to striated 
mouse muscle. 

 

Leukocyte recruitment during inflammation and 
angiogenesis 

Mia Phillipson 

The capacity of circulating leukocytes to arrest on the surface of inflamed endothelium, 
transmigrate, and penetrate into the underlying tissue are key steps in response to infections as 
well as other inflammatory processes, and the importance of these events also during 
angiogenesis has recently been suggested. Detrimental inflammation is involved in the 
pathology of the majority of diseases, and increasing the knowledge of the mechanisms that 
regulate leukocyte recruitment is very important to be able to control and eventually limit 
inflammatory response, tumor growth and tissue damage.  

Our overall aim is to study how different subsets of 
leukocytes are recruited from the circulation during 
inflammation or hypoxia, as well as their specific roles 
under the different settings. The signals and chemokines 
initiating leukocyte recruitment as well as the adhesion 
molecules involved in the different steps of the leukocyte 
recruitment cascade are being investigated. We study 
how chemokines are transported into the inflamed 

venules, and recently found that chemokines 
sequestered on endothelial heparan sulphate direct 
crawling leukocytes towards optimal sites for 

transmigration (Massena et al., Blood, 2010).  

Most of our studies are conducted in vivo in unique mouse 
models, which enable registration of leukocyte-endothelial 
interactions using bright-field or spinning disk confocal 
microscopy. Inflammation is induced either by 
administration of one or more specific chemokines 
(applied protein, or through plasmid DNA delivery) or 
bacterial infection. Alteration of immune responses during 
diabetes or nitrate rich diet is investigated. Hypoxia is 
induced either by ligation of muscle arteries, or by 
transplantation of isolated insulin-producing pancreatic 
islets to the muscle. By using the latter model, we recently 
identified a clinically relevant and attractive approach of 
curing type 1 diabetes, since islets transplanted to muscle 
became fully revascularized and therefore functioned 
better compared to islets implanted in the liver, the organ 
traditionally used for islet transplantation (Christoffersson 
et al., Diabetes, 2010).  

Members of the group  
Mia Phillipson - Associate Professor 



 

48 

Gustaf Christoffersson – PhD student  

Antoine Giraud – Research Engineer 
Cecilia Jädert – PhD student* 

Sara Massena Santos – PhD student 
Ulrika Pettersson – Post Doc  

Malin Olsen - Master student 
Malin Thyselius – Master Student 

Evelina Vågesjö – PhD student 
Tomas Waldén – Post Doc 

* Shared affiliation with the Department of Physiology and Pharmacology, Karolinska 
Institute, Stockholm 

 

Publications 2010-  
1. Z Sun*, X Li*, S Massena*, S Kutchera, N Padhan, L Gualandi, V Sunvold Gjerstad, K 

Gustafsson, WW Choy, G Zang, M Quach, L Jansson, M Phillipson, MR Abid, A 
Spurkland, L Claesson-Welsh. VEGFR2 – TSAd - Src signaling regulates vascular 
permeability in vivo. J Exp Med 209:1363-77, 2012. 

2. G Christoffersson*, G Zang*, Zw Zhuang, E Vågesjö, M Simons, M Phillipson, M Welsh. 
Vascular adaptation to a dysfunctional endothelium as a consequence of Shb deficiency. 
Angiogenesis 15, 469-80, 2012. 

3. US Pettersson, TB Walden, PO Carlsson, L Jansson, M Phillipson. Female C57Bl/6 Mice 
are Protected against High Fat Diet-Induced Metabolic Syndrome due to Anti-
inflammatory Actions in Visceral Adipose Tissue. PLoS One, 7, e46057, 2012. 

4. J Dicksved, O Schreiber, B Willing, J Petersson, S Rang, M Phillipson, L Holm, S Roos. 
Lactobacillus reuteri counteract translocation of bacteria but does not affect changes of 
the microbiota seen in a DSS colitis model. PLoS One, 7, e46399, 2012. 

5. G Christoffersson, E Vågesjö, J Vandooren, M Liden, S Massena, Rb Reinert, M 
Brissova, Ac Powers, G Opdenakker, M Phillipson. VEGF-A recruits a proangiogenic 
MMP-9-delivering neutrophil subset that induces angiogenesis in transplanted hypoxic 
tissue. Blood, 120: 4653-4662, 2012. 

6.  G Zang, G Christoffersson, G Tian, M Harun-Or-Rashid, E Vågesjö, M Phillipson, S 
Barg, A Tengholm, M Welsh. Aberrant association between Vascular Endothelial 
Growth Factor Receptor-2 and VE-cadherin in response to Vascular Endothelial Growth 
Factor-A in Shb-deficient lung endothelial cells. Cell Signal, 25:85-92, 2012. 

7. Jädert C, Petersson J, Massena S, Ahl D, Holm L, Lundberg J, Phillipson M. Inhibition of 
leukocyte recruitment by inorganic nitrate and nitrite. Free Radic Biol Med. 52:683-692, 
2012. 

8. Pettersson US, Christoffersson G, Massena S, Ahl D, Jansson L, Henriksnäs J, Phillipson 
M. Increased recruitment but impaired function of leukocytes during inflammation in 
mouse models of type 1 and type 2 diabetes. PLoS One, 6, e22480, 2011. 



 

49 

9. Petersson J, Schreiber O, Hansson GC, Gendler SJ, Velcich A, Lundberg JO, Roos S, 
Holm L, Phillipson M. Importance and regulation of the colonic mucus barrier in a mouse 
model of colitis. Am J Physiol Gastrointest Liver Physiol. 300: G327-333, 2011. 

10. Rolny C, Mazzone M, Tugues S, Laoui D, Johansson I, Coulon C, Squadrito ML, Segura 
I, Li X, Knevels E, Costa S, Vinckier S, Dresselaer T, Åkerud P, De Mol M, Salomäki H, 
Phillipson M, Wyns S, Larsson E, Buysschaert I, Botling J, Himmelreich U, Van 
Ginderachter JA, De Palma M, Dewerchin M, Claesson-Welsh L, Carmeliet P. HRG 
inhibits tumor growth and metastasis by inducing macrophage polarization and vessel 
normalization through downregulation of PlGF. Cancer Cell 19: 31-44, 2011. 

11. Petri B, Kaur J, Long EM, Li H, Parsons SA, Butz S, Phillipson M, Vestweber D, Patel 
KD, Robbins SM, Kubes P. Endothelial LSP1 is involved in endothelial dome formation, 
minimizing vascular permeability changes during neutrophil transmigration in vivo. 
Blood 117: 942-52, 2011. 

12. Christoffersson G, Henriksnäs J, Johansson L, Rolny C, Ahlström H, Caballero-Corbalan 
J, Segersvärd R, Permert J, Korsgren O, Carlsson PO, Phillipson M. Clinical and 
experimental pancreatic islet transplantation to striated muscle: establishment of a 
vascular system similar to that in native islets. Diabetes 59: 2569-2578, 2010. Winner of 
Young Investigator’s Award as best publication in 2010 by the Scandinavian Society for 
the Study of Diabetes 

13. Massena S, Christoffersson G, Hjertström E, Zcharia E, Vlodavsky I, Ausmees N, Rolny 
C, Li JP, Phillipson M. A chemotactic gradient sequestered on endothelial heparan sulfate 
induces directional intraluminal crawling of neutrophils. Blood 116: 1924-1931, 2010. 

14. Waterhouse CC, Johnson S, Phillipson M, Zbytnuik L, Petri B, Kelly M, Lowe JB, Kubes 
P. Secretory cell hyperplasia and defects in Notch activity in a mouse model of leukocyte 
adhesion deficiency type II. Gastroenterology 138: 1079-90, 2010. 

Reviews 2010-  
1. Phillipson M, Kubes P. The neutrophil in vascular inflammation. Nature Medicine, 

17:1381-90, 2011. 
2. Massena S, Phillipson M. Intravascular leukocyte chemotaxis: The rules of attraction. 

Chapter in the book Hematology, ISBN 979-953-307-516-6, edited by Charles H. 
Lawrie, In press 

3. Holm L, Phillipson M. Assessment of Mucus Thickness and Production In Situ. Methods 
Mol. Biol. 842:217-227, 2012.  

4. Christoffersson G, Carlsson PO, Phillipson M. Intramuscular Islet Transplantation 
Promotes Restored Islet Vascularity. Islets 3: 69-71, 2011 

 
 
Dissertations 
Ulrika S Pettersson ”Blood Flow Regulation and Inflammatory Response in Experimental 
Modles of Diabetes” PhD February 2012 

 



 

50 

Agencies that support the work  
Swedish Research Council  
Knut and Alice Wallenberg foundation  

The Novo Nordic Foundation 
The Swedish Diabetes Foundation  

The Ernfors family foundation 
Fredrik and Ingrid Thurings foundation 

Nanna Svartz foundation 
Anérs foundation 

Ruth and Rikard Julins foundation 
The research group also takes part of the strategic funding for Diabetes (Excellence of 
diabetes research in Sweden; Exodiab) shared between Lund and Uppsala Universities 
  

Diabetic Nephropathy and Uremic Toxins 

Fredrik Palm  

Diabetic Nephropathy (core director: 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 were the first laboratory to report kidney hypoxia in diabetes (Palm et al., Diabetoligia 
2003, 46(8):1153-1160) and this finding has recently been confirmed in diabetic patients with 
established nephropathy (Wang et al., J Magnet Res Imag 2011, 33(3):655-660). Since then, 
our work has focused on identifying the mechanisms resulting in the diabetes-induced kidney 
hypoxia. So far, we have identified several contributing mechanisms, including increased 
oxidative stress, altered red-ox balance, increased renal oxygen consumption and increased 
tubular electrolyte transport work due to both increased glomerular filtration, but also 
increased glucose transport in the proximal tubule. Recently we have made a very significant 
observation in rats treated with the mitochondrial uncoupler dinitrophenol for up to four 
weeks. These otherwise healthy rats displayed excessive oxygen utilization, due to the 
uncoupled mitochondria, and developed pronounced kidney hypoxia. Interestingly, these rats 
also displayed 50% increased urinary protein excretion, tubulointerstitial damage and 
infiltration of immune cells. Therefrore, we are the first to show that increased oxygen 
utilization is enough to cause kidney hypoxia and nephropathy. This is a majopr breakthough 
sine previous studies always have been associated with confounding factors, such as 
hyperglycemia, increased oxidative stress and altered tubular transport. 
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We have also approached the problem with kidney hypoxia from another angle by chronically 
treating diabetic animals with CoCl2, which activates the hypoxic gene response (HIF). The 
results demonstrate that HIF activation prevents the diabetes-induced kidney hypoxia and 
tubulointerstitial damage (Fig. 1 and 3). 

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. 
 

 
 

Figure 1. Activation of the hypoxic gene response by chronic CoCl2 treatment prevented the 
diabetes-inudced kidney hypoxia and the clinical signs of diabetic nephrpathy, such as 
tubulointerstitial fibrosis, proteinuria and glomerular hyperfiltration. 
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Figure 2. Thirty minuites of warm ischemia to the left kidney (right kidney on the images) did not 
alter kidney function or the intrarenal blood flow (images abow measured by computed tomography) 
in control rats four weeks after the ischemic insult. However, the same ischemic insult caused 
markedly reduced kidney function (glomerular filtration rate about 10% of normal), atrophy and and 
hypoperfusion of the left kidney. Diabetic rats administered a bolus dose of C-peptide before the 
ischemic insults were protected against the increased susceptibility to the ischemia-reperfusion 
injury. 

 

Control    Diabetic                         Diabetic given C-peptide 
 

Figure 3. Summary of all investigated mechanisms affecting intrarenal oxygenation in 
diabetes. Tocopherol (vitamin E) is an antioxidant, AL1576 inhibits aldose reductase and 
presents activation of the polyol pathway, aminoguanidine inhibits AGE formation, L-NIL 
inhibits iNOS, STZ + Tx denotes animals administered streptozotocin (to induce diabetes) and 
24h thereafter received enough islets of Langerhan’s to reverse the hyperglycemia, CoCl2 
activates HIF and prevents kidney hypoxia if starting treatment early (preventive) but fails to 
reverse already established nephropathy (reversal), acute L-arginine administration induces 
NO release and partly restores kidney oxygenation, chronic dinitrophenol administration 
results in excessive oxygen utilization causing kidney hypoxia and clinical signs of 
nephropathy, siRNA directed against DDAH-2 reduced DDAH-2 protein expression by more 
than 60% but failed to normalize kidney oxygenation. 
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These non-invasive techniques were used in a recent study, in which we studied the effect of 
ischemia-reperfusion injury in diabetic kidneys (Fig. 2). It is well-known that diabetic kidneys 
are increasingly susceptible to an ischemic insult, but we were able to show that 
administration of a bolus dose of C-peptide had pronounced renoprotective effects in diabetes. 
Interstingly, we have previously shown that C-peptide reduces oxygen utilization in the 
diabetic kidney and this might therefore explain the renoprotective effects against the 
ischemic insult in these kidneys. This fidning might have important clinical implications since 
C-peptide is an endogenous substance, which therefore only needs relatively minor 
administrative work before moving into clinical practice. 

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 display kidney hypoxia, which is linked to excessive oxygen utilization. 
B) Mitochondrial uncoupling results in excessive oxygen utilization and development of 
nephropathy. 
C) C-peptide protects the diabetic kidney against ischemic insults, which may in part be 
explained by the oxygen utilization-lowering effects of C-peptide in diabetes. 
D) By using non-invasive imaging techniques, we may be able to transfer our knowledge 
from our experimental settings into clinical use. 

Agencies that support the work 
Swedish Research Council 
Swedish Diabetes Association 

Swedish Heart and Lung Foundation 
Family Ernfors Foundation 

Magnus Bergwall Foundation 
Åke Wiberg Foundation 

 

Uremic Toxins (core director: Lina Nordquist) 
In uremic patients, losses of kidney function are accompanied by deteriorating organ function 
attributable to the accumulation of uremic retention solutes. Compounds that exert an adverse 
biologic impact are called uremic toxins 
Indoxyl sulfate is a representative uremic toxin made by the liver from indole produced by gut 
bacteria from tryptophan. In addition to causing uremic symptoms, indoxyl sulphate per se 
accelerates the progression of renal failure. Our recent study for the first time demonstrated 
that indoxyl sulfate increases oxygen consumption and aggravates local hypoxia in renal 
tubular cells via enhancement of oxidative stress (Fig. 4). Uremic states per se may accelerate 
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progression of renal dysfunction via aggravation of chronic hypoxia as a final common 
pathway to end stage renal disease. 

 
Figure 4. Improvement of oxygenation of the remnant kidney by reduction of uremic toxins. (A) 
Immunohistochemical staining of pimonidazole accumulation in the cortex showed improvement of 
oxygenation of the remnant kidney in animals treated with the oral absorbent AST-120 that reduces 
plasma levels of indoxyl sulfate. No pimonidazole accumulation was observed in cortical tubules of 
normal animals. (B) Semi-quantitative analysis of pimonidazole accumulation confirmed better 
oxygenation of the remnant kidney in rats treated with AST-120. (C) Pimonidazole accumulation, an 
indicator of hypoxia, showed a good correlation with serum IS levels in RK rats. 

Agencies that support the work 
Swedish Research Council 
Swedish Society for Medical Researsh 

Lars Hierta Foundation 
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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, and also characterize the endogenous mechanism involved in 
resolution of amyloid. Amyloid defines a fibrilar aggregate where beta strands of protein 
monomers are assembled perpendicularly to the fibrilar axis. Initiation of amyloid fibrils 
involves the formation of smaller intermediates, so called protofibrils that has been ascribed 
the cell toxic activity. Today, 30 different amyloid forming proteins have been isolated from 
amyloid deposits in man. 

 
Islet amyloid and beta-cell death 
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. IAPP is 
synthesised as a larger proIAPP and arises after posttranslational processing that comprises 
the removal of an N-terminal and a C-terminal flanking peptide, formation of a disulfide bond 
and N-terminal amidation. Processing is performed by the prohormone convertases PC2 and 
PC1/3 and takes place in the secretory granules. Proinsulin is processed to insulin by the same 
convertases 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. Therefore, this work 
is performed on our human IAPP transgenic mouse strain where islet amyloid develops in 
male mice fed a diet high in fat for 12 months.   

The transgenic hIAPP mouse model is used for studies including prevention or blocking of 
amyloid propagation. At present we analyse the inhibitory effect that heparin related 
molecules exert on amyloid formation. Also, we have established a new mouse strain that 
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over-express heparanase and show that this reduce formation of IAPP amyloid. This work is 
done in collaboration with Jin-ping Li, IMBIM, UU.  
Islet amyloid is also a frequent finding in transplanted islet, and we use isolated islets from 
the hIAPP transgenic strain and human islets from the Nordic Network for clinical islet 
transplantation to investigate if IAPP amyloidogeneity is influenced by the transplantation 
local. We have shown that amyloid develops to the same degree in grafts implanted under the 
kidney or spleen capsule or to the liver. Other locations are under investigation. 

We have established a new model in Drosophila melanogaster for studies of proIAPP/IAPP 
amyloid formation. In transgenic flies expression of human proIAPP or IAPP amyloid is 
detected already in 20 days old flies. As expected, amyloid does not develop in control flies 
expressing non-amyloid-forming mouse IAPP.   

The Drosophila melanogaster system is used for pinpointing the intracellular events that 
result in amyloid-linked cell death. We analyse important pathways such as ER-stress, ERAD 
and autophagy.  
Insulin is in vitro a potent inhibitor of IAPP-aggregation and the two peptides co-localize in 
the secretory granules where they undergo enzymatic processing. A disturbance in cleavage 
and/or folding in any of the precursors might initiate amyloid aggregation. We use the 
Drosophila model to investigate if induction of human proinsulin or any of its processing 
metabolites in flies expressing the amyloidogenic proIAPP or IAPP will prevent amyloid 
formation.  
The Drosophila melanogaster will also be used as a tool for analysis of amyloid inhibitors. 

. 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
We have identified autophagy as an important mechanism that link amyloid and cell death. In 
collaboration with Annica Rönnbeck, KI is autophagy’s role in neuronal cell death explored. 
This work is performed using Aβ-transgenic mice, human brain tissue and Aβ transgenic flies 

There is a well-established mouse model for reactive amyloidosis (AA-amyloidosis) where N-
terminal fragments (protein AA) of serum amyloid A (SAA) deposit as amyloid. We have 

A human islet stained for amyloid by Congo red. The amyloid deposits 
replace most of the beta-cells. The section is viewed at 546 nm. 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.  
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used this model and studied resolution of amyloid. This process depends on formation of AA 
reactive antibodies and activation of macrophages.  
We have also 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. With the model, we have also 
shown that non-amyloid fibrilar structures can prime for AA-amyloidosis. This finding is 
interesting and points to a possible environmental component in the pathogenesis of the 
disease. 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 in these develops 
amyloid. Feeding worms on OP50 bacteria mixed with amyloid fibrils leads to disturbance in 
mobility and is indicative for transmission.  
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The transgenic C. elegans express GFP and an amyloid protein (e.g. 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, for amyloid with Congo red exert 
green birefringence when viewed in polarised light.   
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Economy  
(kSEK) 

 
 
  2011   2012  
 
Undergraduate Education appropriations 32 547 30 780 
 
Faculty appropriations 21 724 23 738 
 
External Grants 21 724 22 944 
 
Contract research      994      595 
 
Total  77 807 78 057 
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Undergraduate Teaching  
The department participates in 7 different study programmes (utbildningsprogram): medicine, 
pharmacy, biomedicine (Bachelor and Master programmes), nursing, biomedical laboratory 
science and dieticians and dispensers. In addition, it hosts a number of single subject courses 
(fristående kurser). Some 1500 students per year are given education at the department. 
 

 

Medicine 
The department contributes teaching in anatomy, cell biology and physiology with both 
traditional lectures and problem based learning as well as with seminars and laboratory 
experiments. Most of this teaching is given during terms 1-3 of the programme but extensive 
parts are also 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 115 students are enrolled every semester. 
 

Biomedicine 
This three-year Bachelor programme aims to give students a thorough understanding of 
normal morphology and function of the human body. The programme is given annually and 
provides 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.  

The two-year Master programme in Biomedicine is an international programme that aims to 
give a deeper knowledge in the subjects taught in the Bachelor's programme, and also offers 
the students an opportunity to specialize in their field of interest. The department gives the 
first course in the programme, Major Diseases - Homeostasis and Endocrine Disorders. The 
programme enrolls approximately 30 students annually.   
 

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 140 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 130 
students are enrolled in the spring semester and 150 students are enrolled in the autumn 
semester. Thus approximately 280 students are enrolled every year. 
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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, histology, cell biology and physiology in the form of lectures, seminars and 
laboratory experiments. Some 35 students are enrolled each year 

 

Single subject courses (fristående kurser) 

Anatomy A (evening course) 
Transplantation biology (evening course) 

Cell biology I and II (evening course) 
Medical cell biology (laboratory project course) 

Histology 
Basic medical physiology 

Summer research school 
Major Diseases - Homeostasis and endocrine disorders 

  
 

Graduate Teaching  
The department has the responsibility for two of the Mandatory Courses for Graduate 
Students Introduction to Scientific Research – enrolling 80 Graduate students per year and 
Scientific Presentation – enrolling 40-50 Graduate students per year. 

 

MD/PhD programme 
MCB is responsible for the administration and content of the MD/PhD programme. The 
Medical Faculty and Upsala Society of Physicians provide grants for three 
undergraduate medical studies per year to join the MD/PhD programme. These students 
pursue medical undergraduate studies in parallel with a graduate research project. After 
finishing medical studies the MD/PhD studens have a period of full-time research leading to 
half-time or Licentiate exam. Students then continue with internship combined with continued 
graduate research project studies. After obtaining the MD an full-time research period leads to 
the PhD.  

 
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 
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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  
Marianne Ljungkvist, Technician   

Marianne.Ljungkvist@mcb.uu.se   018 471 4967  
Jan Saras, research engineer 

Jan.Saras@mcb.uu.se 
 

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 6 TIRF (or evanescent wave) microscopes, two of which are 
custom-built systems with prism-type configuration and 4 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 
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of single molecules involved in exocytosis of secretory vesicles (Sebastian Barg, 018 471 
4660).  
 

PALM and STORM superresolution microscopy 
One of the multicolour TIRF microscopes is equipped for stochastic superresolution 
microscopy in live and fixed cells. Fluorescently labeled proteins (eg. GFP fusion proteins or 
antibody labelling) can be localized with a resolution of 20-50 nm. (Sebastian Barg, 018 471 
4660). 
 

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) and an upright high speed confocal microsope for in vivo studies (Zeiss 
LSM5 Live, Mia Phillipson, 018 471 4419).  

 
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). 

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). 

Mesoscale multiplex immunoassays (Erik Gylfe, 018, 471 4428 
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Prizes and awards 2012 
Per-Ola Carlsson:  Johnny Ludvigsson Prize to young type 1 diabetes researcher 

in Sweden 2012 

Mia Phillipson: Knut and Alice Wallenberg Fellow in medicine 
 
Mia Phillipson: Ragnar Söderberg Researcher in medicine  
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