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ROLE OF THE AMP-ACTIVATED PROTEIN KINASE 
AS AN ENERGY SENSOR IN THE HYPOTHALAMUS

Obesity and Type 2 diabetes are syndromes with nu-
merous possible etiologies. Evidence indicates that
AMPK influences many metabolic processes (lipogen-
esis, fatty acid oxidation, glucose utilization) that are
dysregulated in obesity and diabetes, suggesting that
changes in AMPK expression and/or activity could be
one possible mechanism for explaining metabolic de-
fects of Type 2 diabetes. Several lines of evidence indi-
cate that the central nervous system, mainly the hypo-
thalamus, plays an important role in the control of
body weight and metabolism. Indeed the hypothalamus
senses and integrates neural, endocrine and metabolic
signals and engages distinct effector pathways. Several
data have indicated that afferent signals, such as leptin,

insulin and glucose, act by modulating the activity of
efferent signals that regulate a number of metabolic
processes. Recent data and preliminary results from
our laboratory implicate leptin as being important in
the regulation of peripheral as well as central AMPK.

We propose to determine whether hypothalamic
AMPK acts as an energy sensor involved in the ner-
vous control of energy balance and food intake. Pre-
liminary results from our team showing decreased
AMPK activity in hypothalamus in response to re-
feeding, leptin or glucose injection support this hy-
pothesis. To further analyze this hypothesis, we are
studying (1) the regulation of AMPK activity in the
hypothalamus by afferent signals reflecting the ener-
getic state such as leptin, insulin, glucose; (2) investi-
gating which neuronal pathways are involved in the
regulation of AMPK activity by refeeding and leptin
using mice lacking the MC4 receptor. Characteriza-
tion of neuronal pathways is performed by immuno-
histochemistry on brain slices (using antibodies
against phosphorylated AMPK and specific neuropep-
tides). To better understand the role of AMPK in hy-
pothalamus, we are (3) investigating whether suppres-
sion of AMPK in hypothalamus by refeeding or leptin
is involved in satiety and whether the counterregulato-
ry response to hypoglycemia is mediated by activation
of AMPK. We will inject adenoviruses encoding ei-
ther a dominant negative or a constitutively active
AMPK directly into the hypothalamus to modulate
AMPK activity. Investigating the role of hypothalamic
AMPK will lead to a better understanding of the
mechanisms involved in the control of energy balance
and the etiology of metabolic alterations observed
during obesity and diabetes.
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determine whether an initiating autoantigen needs to be
expressed throughout the autoimmune process to main-
tain activated, autoaggressive T cells. The only way to
address this issue is to ‘subtract’ the initiating antigen
from the autoimmune process at different times.

We believe that the use of the unique and novel
transgenic mouse model (RIP-LCMV-tet-NP), pro-
duced in the Von Herrath’s laboratory, in which a ‘non
tolerant’ viral protein is expressed as a self- (islet) an-
tigen solely in beta cells under the control of a tetracy-
cline-sensitive promoter to switch expression of this
antigen ‘on’ or ‘off’ during the autoimmune process,
will give us the opportunity to answer this question
and to greatly improve our understanding of the epi-
tope and antigenic spreading propagates and increases
the autoimmune process. Important feasibility data
published by the group of Von Herrath (see Christen et
al., The Journal of Immunology 2001; 166: 7023-32)
indicate that the production of a protein specifically
expressed in the pancreas and under the control of a
tetracycline sensitive promoter can be turned on or off
by withdrawing or adding doxycycline to the diet of
RIP-LCMV-tet-NP mice. This research group is thus
in the unique position of being able to either add or
withdraw a non tolerant autoantigen (NP) to or from
an ongoing autoimmune process.

Therapeutically, if we want to tolerize the response
to one or a few antigens, we have to be sure that they
are the drivers of the pathology. Because if not, the ef-
fect on the autoimmune process at a later stage (which
is the realistic time for human therapy) remains iffy
and is probably low to none, since autoaggressive re-
sponses to other antigens will have taken over. Thus,
our basic question about antigenic spreading will be
crucial for future immune interventions.
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Type 1 diabetes (T1D) is a T-cell mediated autoim-
mune disease, where insulin producing pancreatic beta
cells are destroyed by autoaggressive CD4 and CD8
lymphocytes. Importantly, autoreactive T cells are
found in the peripheral blood of most individuals but
are usually not activated. Thus, true tolerance, in the
sense of complete absence of autoreactive lympho-
cytes by thymic negative selection or peripheral dele-
tion, appears to be uncommon for certain autoanti-
gens. The number and avidity of autoreactive cells
that escape the thymic selection process are likely to
be reduced under physiological conditions. It is still
unclear how spontaneous loss of unresponsiveness or
ignorance to non tolerant self-antigens can occur in
the periphery under physiological conditions and what
role the initiating putative autoantigen(s) plays during
the different phases of the disease process.

The aim of our project is to evaluate the pathogenet-
ic role of epitope and antigenic spreading in T1D and to

For further information, please contact:

Helge Raeder, MD, PhD student
Department. of Pediatrics
University of Bergen
Norway
Tel.: +47-55975277
E-mail: Helge.rader@pedi.uib.no



R 43

EFSD/Eli Lilly Research Fellowship in Diabetes & Metabolism
E. Carvalho, BIDMC and Harvard Medical School, Boston, USA

During my PhD project at the laboratory of Prof. Ulf
Smith in Gothenburg, Sweden, I worked mainly with
the various aspects of insulin signaling in Type 2 dia-
betes and obesity in human adipose tissue. I wanted to
learn about animal physiology and learn how to make
and work with transgenic animals. So in February
2001, I was headed to Boston to work in the laboratory
of Dr. Barbara Kahn, whose laboratory is a pioneer in
making and studying transgenic animals to further un-
derstand the metabolism of Type 2 diabetes and obesi-
ty. I would like, now after almost two and a half years
in Dr. Kahn’s laboratory and having learned much
about animal physiology, as well as many new tech-
niques, including the hyperinsulinemic-euglycemic
clamp technique, to return to Prof. Ulf Smith’s labora-
tory and use these new techniques in a new project.

Title: 
“The role of the adipose tissue in insulin resistance”

Aim:
1. To use wild type, IRS-1 –/– (null mice) and IRS-1

–/+ animals, which will be provided to us by Dr.
Ronald Kahn in Boston, to further study the role of
adipogenesis in insulin signaling. 

2. To overexpress in specific tissues the genes of im-
portance for adipogenesis based on our recent re-
sults (Yang et al. 2003 submitted JCI).

Background: 
Resistance to insulin action on glucose metabolism is a
common metabolic abnormality in individuals at in-
creased risk for Type 2 diabetes (Kahn et al. 1996). In-

sulin resistance aggregates in families and has been re-
ported in first-degree non-diabetic relatives of Type 2
diabetic subjects (Eriksson et al. 1989; Carvalho et al.
1999, Carvalho et al. 2001). Primary targets for insulin
action in vivo are liver, skeletal muscle, and adipose
tissue. Adipose tissue accounts for < 10 % of the insu-
lin-stimulated glucose uptake (Bjorntorp et al. 1971;
Kraegen et al. 1985). However, the adipose tissue
plays an important role in modulating insulin sensitivi-
ty through both the adipose-derived metabolites, like
free fatty acids, and its role as an endocrine tissue pro-
ducing a variety of hormones and cytokines (Abel et
al. 2001; Berg et al. 2001; Steppan et al. 2001). Abnor-
mal adipogenesis, either obesity or lipodystrophy, im-
pairs insulin action and predisposes to Type 2 diabetes
(Krotkiewski et al. 1983; Gavrilova et al. 2000). These
findings strongly support mechanisms beyond glucose
uptake through which adipose tissue can regulate glu-
cose homeostasis and direct experimental evidence for
this has also been obtained (Abel et al. 2001). 

We have previously identified low expression of
the key docking protein insulin receptor substrate-1
(IRS-1) in fat cells from Type 2 diabetic subjects as
well as in a cohort of non-diabetic but insulin-resistant
first-degree relatives. Low IRS 1 protein expression
was associated with low mRNA levels but not with
the common Gly972Arg polymorphism of the IRS 1
gene (Carvalho et al. 1999). These findings show that
a low expression of IRS 1 in fat cells predicts insulin
resistance and NIDDM. These results support the like-
lihood that an impaired transcriptional activation may
play a key role in the pathogenesis of NIDDM.

We have also examined the in vivo phenotypes as
well as the insulin signaling and action in cells from
healthy non-diabetic but insulin-resistant first-degree
relatives characterised as having normal or low, less
than 50% of normal, IRS 1 expression. The results
showed that a low IRS 1 expression is associated with
a marked impairment in insulin-stimulated PI3-kinase
activity and downstream insulin signaling. Further-
more, GLUT4 protein expression and insulin-stimulat-
ed glucose transport are also reduced, which suggests
the possibility of a coordinate regulation of IRS 1 and
GLUT4, probably at the level of gene transcription
(Carvalho et al. 2001). Whether these perturbations are
causally related to insulin resistance or whether they
reflect a common pathogenetic mechanism(s) remains
to be established. However, the abnormalities seen in



this group of healthy subjects are very similar to those
seen in cells from Type 2 diabetic subjects. Thus, it ap-
pears that diabetic traits can be present in the adipose
tissue long before Type 2 diabetes develops.

To further identify potential mechanisms for insulin
resistance, we characterised the expression of genes in-
volved in adipogenesis in pre-differentiated and differ-
entiated cells using RNA from whole adipose tissue bi-
opsies, and in differentiated cells using RNA from iso-
lated adipocytes obtained from the same individuals.
We compared gene expression in cells from healthy,
non-diabetic insulin-resistant first-degree relatives of
Type 2 diabetic subjects and a similar group of insulin-
sensitive individuals using quantitative real-time PCR.
We also characterised global gene transcriptional pro-
files in differentiated adipose cells and skeletal muscle
from the same individuals using oligonucleotide mi-
croarrays (Yang et al. 2003 submitted JCI). Genes en-
coding components of the Notch and Wnt signalling
cascades showed a reduced expression in pre-differen-
tiated cells from resistant compared to sensitive sub-
jects while Pref-1, EGFL6, Cyclin D1, and SFRP-4
were highly expressed in differentiated cells. Expres-
sion of PPARγ, CEBPα, and SREBP-1 was also de-
creased and this was associated with a reduced expres-
sion of differentiation markers like aP2, Adiponectin,
GLUT4, IRS-1, Lipoprotein lipase, and UCP-1 in the
adipose tissue. Notch-1, Dishevelled-1, and Adiponec-
tin also showed an impaired development-related tran-
scriptional activation and inactivation.

These results revealed a gene expression profile con-
sistent with a distorted adipogenesis in insulin-resistant
subjects. The adipogenic precursor cells showed a re-
duced potential for commitment and development to ful-
ly differentiated adipose cells. This finding is consistent
with an impaired recruitment of new adipocytes. Further-
more, the mature adipose cells from the insulin-resistant
subjects demonstrated evidence of an increased “dedif-
ferentiation”. The adipose tissue dysfunction in these in-
dividuals represents an early event in, and may be caus-
ally related to, insulin resistance. These differentially ex-
pressed adipogenic genes represent candidates for inves-
tigation during the presently proposed project, giving us
further insight into the mechanisms for insulin resistance. 

To summarize, based on our recent observation that
fat cells from Type 2 diabetic and a cohort of healthy,
non-diabetic but insulin-resistant first-degree relatives
of Type 2 diabetic subjects have low IRS-1 protein
and gene expression. I would like to further investi-
gate the role of this key docking protein in adipogene-
sis. As a tool we are going to use wild type, IRS-1 –/–
and IRS-1 –/+ transgenic animals provided to us by
Dr. Ronald Kahn from the Joslin Diabetes Center in
Boston. In addition, we want to create transgenic ani-
mals overexpressing adipogenic genes that were dif-
ferentially expressed in adipocytes of the healthy, non-
diabetic insulin-resistant first-degree relatives and
characterise their role in insulin resistance. 

Methodology:
Aim 1:
– Breeding and genotyping the IRS-1 –/– and IRS-1

–/+ transgenic animals for the desired study group.
– Isolation and culture of adipocytes for studies of

glucose uptake, glucose metabolism and protein ex-
pression.

– Immunoblotting for proteins of interest.
– Measurements of gene expression, using the Affy-

metrix microarray system as well as quantitative Q-
RT-PCR.

– Culture of preadipocytes from WT and IRS-1 KO
animals to examine role of IRS-1 on adipogenesis
and terminal differentiation 

Aim 2: 
– Generate transgenic animals using the AP2-promo-

tor / enhancer to drive the overexpression of adipo-
genic genes in adipose tissue.

– Determining tissue-specificity of transgene expres-
sion and levels of transgene overexpression.

– Effect of gene overexpression on growth, weight,
adiposity and insulin sensitivity.

– Measurement of whole-body in vivo metabolic pa-
rameters with the hyperinsulinemic-euglycemic
clamp technique. 2-deoxy-glucose uptake in vivo in
the individual tissues as well as hepatic glucose
production.

– Perform Dual-energy X-Ray absorptiometry (DEXA)
analysis in order to determine the body composi-
tion in these animals.

– Carry out glucose and insulin tolerance tests to ana-
lyse glucose excursion in the study group.

– These animals will be generated to examine the spe-
cific phenotypes of animals carrying the transgene. 

– The effect of the novel genes currently identified
will also be examined in adipocyte cell lines, like
3T3-L1 cells, using adenoviral vectors. 

– Adipogenesis, adiponectin expression and secretion
as well as the insulin signaling pathways will be
examined. 

Expected results:
We have currently identified potential candidate genes
related to both adipogenesis and insulin resistance.
The present project is designed to examine the effects
of overexpressing / inhibiting these genes on adipo-
genesis and terminal differentiation of the adipocytes. 
We expect to expand both on our current, much in-
complete, understanding of the regulation of adipo-
genesis and its role in whole-body insulin sensitivity. 
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Report on an EFSD/MSD Travel Fellowship 
for Young Scientists 2003
Elisabeth Schremmer-Danninger, Diabetes Research Institute, Munich, Germany

3rd Human Islet Isolation & Transplantation 
Techniques (HIITT) Training Workshop

This workshop, hosted by the Minneapolis, Edmonton,
and Miami Clinical Islet Transplant Programs, took
place in the Diabetes Institute for Immunology and
Transplantation (Head: Prof. Dr. Bernhard J. Hering),
University of Minnesota, Minneapolis, and in the Min-
neapolis Marriott City Center, Minneapolis, Minnesota,
USA, during the last week of March 2003. 

The program topics were 

● islet product with: pancreas donor selection, pan-
creas procurement and preservation, islet isolation,

purification and culture, islet shipment and islet
product release testing;

● islet recipient with: recipient selection, islet-
tailored immunosuppressive treatment protocols,
islet implantation and peritransplant management,
metabolic and immunological monitoring, manage-
ment of complications;

● islet transplant program infrastructure with: setting
up the structure of an islet transplant program, ap-
plying for basic and clinical research funding, se-
curing 3rd party reimbursement, dealing with regu-
latory aspects, building and managing a cGMP islet
processing facility.

This program was organized into 12 sessions with an
open forum and a panel discussion following each ses-
sion. These open forums provided workshop partici-
pants with an opportunity to ask questions or to pres-
ent protocols used at their institutions.

The highlight and most interesting point within the
first session (“Building and Equipping a cGMP Islet Iso-
lation Facility”), was the tour of the University of Min-
nesota Islet Isolation Facility in quite small groups. One
could have a look into each laboratory room through a
window from the hallway surrounding the islet facility.
Everything, also cleaning procedure details for example
or cooling of the Cobe 2991 centrifuge, was explained
by Dr. Ansite, who is Head of the Isolation Lab. 

The talk given by Dr. Kandaswamy in session II
(“Donor Pancreas”) on pancreas procurement was really
helpful for me, because this would be discussed on 12th



May with Dr. Boesebeck in Klinikum Großhadern, Mu-
nich, and this talk together with information from the lab
in Milan, Italy, can provide a basis for the discussion.

Session III focused on “Islet Processing” including
a lecture on “The selection of Collagenase” (by Dr.
Cavanagh, Roche Pharmaceutical Products), which
seems to be the most crucial point within the isolation
procedure, a lecture on “Pancreas Cannulation Tech-
niques and Pancreas Distension” by Dr. Lakey, Uni-
versity of Alberta, Edmonot, Canada), lectures on
“Screen Size and Selection” and “Digestion Enhanc-
ers” by Dr. Ricordy, Diabetes Research Institute, Mi-
ami, USA, were highly informative and indicated dis-
tinct clues for our work here in Munich. Especially
considerations on the cannulation technique and also
on the choice of screen size for the round wire gauze
of the Ricordi digestion chamber were helpful for my
decisions for our procedure in Munich.

Session IV (“Islet Processing – continued”) ad-
dressed the islet purification. The decisive point in
this session for me was the advice to first test the den-
sity of the isolated islets and then decide about the
two densities for the setup of the continuous gradient
in the Cobe 2991 bag. Dr. Ricordi brought up quite a
new point on the “Rescue Process and Rescue Gradi-
ent Selection”, which can help to enhance the amount
of isolated islets by giving attention to the pellet in the
Cobe 2991 bag after centrifugation.

Session V (“Islet Product Release Testing”) showed
the panel of assays, which have to be done to get infor-
mation about the quality of isolated islets. “Minimal Is-
let Requirements for Islet Transplant” by Dr. Shapiro,
University of Alberta, Edmonton, Canada, was the sec-
ond topic of this session. Here, point by point it was
listed what had to be looked for before transplantation:
1. After purification: islet enumeration, islet purity; 
2. After over-night culture: glucose-stimulated insulin
release, islet viability; 3. After 36–60 hr culture: islet
enumeration, islet viability, islet purity (cultured islets
before washing in transplant medium), gram stain, en-
dotoxin, cultures (islet supernatant before tx), myco-
plasma (islets in transplant media).

The “Selection and Screening of the Islet Trans-
plant Candidate” was the topic of the Session VI,
where Dr. Parkey from Minneapolis, Dr. Shapiro from
Edmonton and Dr. Ricordi from Miami demonstrated
how they dealt with this important point in their re-
spective clinics. The most interesting lecture in this
session was the talk by Dr. Shapiro on “Informed
Consent: Getting the Risks Across”. The short and
long term treatment risks must be balanced against the
ongoing risks associated with diabetes – and must be
balanced for the individual patient.

The “Interventional Radiology Procedures” (Dr.
Hunter, Minneapolis) was excellently introduced in Ses-
sion VII (“Islet Transplant Techniques”) and also both
types of islet infusion in the talk by Dr. Ricordi, Miami,
“Bag vs. Syringe Islet Infusion”. Dr. Ricordi prefers the

bag infusion, whereas I could see at the Hospital San
Raffaele, in Milan, Italy, the infusion with a syringe and
both seem to work quite well. The decision which tech-
nique will be used rests as an individual decision with
the radiologist and the islet isolator at least. 

After an introduction “Management of Immuno-
suppression” by Dr. Shapiro, Edmonton, in the Ses-
sion VIII “Islet Transplant Recipient Management”
the immunosuppressive regimens of the three major
islet transplant centers were presented: University of
Alberta, Edmonton, Dr. Shapiro; University of Miami,
Dr. Ricordi; University of Minnesota, Minneapolis,
Dr. Hering. Dr. Hering talked also about the “Insulin
and Anti-inflammatory Treatment in the Peri-Trans-
plant Period” and Dr. Shapiro went as far as the
“Management of Complications”, the procedure-relat-
ed complications and the risks of immunosuppression.

In Session IX “Islet Transplant Recipient Monitor-
ing” the “Metabolic Monitoring” and the “Immuno-
logical Monitoring” of the patient with Type 1 diabe-
tes mellitus were listed.

In Session X the “Islet Transplant Data Base” of
the three leading centers in Edmonton, Miami and
Minneapolis were shown. Dr. Hering, Minneapolis,
spoke about the “Collaborative Islet Transplant Regis-
try (CITR)”. 

Heading Session XI was “Dealing with Regulatory
Aspects”. Specific to American needs, the topics dealt
with “FDA (Food and Drug Administration)” and
“IRB (Institutional Review Board), GCRC (General
Clinical Research Center) and DSMB (Data Safety
and Monitoring Board)”. These administration depart-
ments direct and observe the specific American guide-
lines for the regulatory requirements and state that
“nothing will be more important as the verifying of
everything you have done in a protocol”.

The last Session XII “Islet Transplant Program In-
frastructure” showed as an important item the “Secur-
ing 3rd-Party Reimbursement” by Dr. Shapiro and
demonstrated the outstanding necessity of continuous
application for basic and clinical research funding. 

“Workshop Survey and Closing Remarks” by Dr.
Hering brought this Saturday evening to a late end.

Everything considered, this workshop was very in-
formative and could provide answers to all my ques-
tions that had arisen until then during the weeks of
work here in Munich with establishing our new islet
isolation laboratory and first setting up the procedure.
In a really concentrated way one could get insight into
one of the leading well equipped facilities in Minne-
apolis and theoretically also into those in Edmonton
and Miami. Every aspect of the whole elaborate meth-
od was highlighted and discussed in detail and within
such a small group everybody was encouraged to ask
helpful questions. 

I am thankful that I could participate in the 3rd

HIITT in Minneapolis with the help of an EFSD/MSD
Travel Fellowship. 
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