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he Minerva Foundation Institute for Medical

Research is a privately owned biomedical institute

currently consisting of seven research groups. The
Minerva Institute has recently moved to a new location
in Biomedicum 2 with ultramodern facilities and new
laboratories spaces, as part of the larger Biomedicum
Helsinki conglomerate of research laboratories. This move
has further contributed to the development of the Institute
and created an inspiring scientific environment.

The year 2009 has been an exceptional one at Minerva.
In April 2009, the Minerva Foundation Institute celebrat-
ed its 50th anniversary by hosting a scientific symposium
at Biomedicum Helsinki. Distinguished scientists were in-
vited to talk about themes of current interest related to
the research performed at Minerva. The symposium was
a success, with the participation of an enthusiastic audi-
ence consisting of students, scientists and local research-
ers as well as of invited guests and Minerva employees.
The meeting was followed by dinner at Kalastajatorppa, a
renowned restaurant in central Helsinki, and a friendly get-
together party with a gathering of former and current Min-
erva staff . The celebration and all its events were highly
appreciated by the participants.

Apart from celebration, 2009 was also a year for strenuous
and hard work to improve the Institute and its capabili-
ties to support ingenious and creative science. To further
strengthen the activities at Minerva, two new groups were
recruited to the Institute during this year. These were the
group of Dr. Jacob Stenman, working on novel methods
to analyze gene expression in medically relevant diseases,
and that of Docent Vesa Olkkonen, working on regulatory
mechanisms and protein networks involved in maintain-
ing lipid balance in cells, particularly in relation to chang-

es in cardiovascular diseases and fatty liver/metabolic syn-
dromes. These two groups will establish themselves rapidly
and be fully active in the coming year. We are pleased to
welcome them both to Minerva and wish them all the best
and success in their scientific endeavor.

With the growth of research and activities at Minerva, the
administration at the Institute has also been reviewed and
made more efficient by including monthly meetings among
the Board of Directors. In addition, professional administra-
tors, chosen as representatives for the Finnish Academy,
paid a visit to Minerva in December 2009, and a report of
this gathering will follow later with valuable suggestions
and advice to further improve the administrative measures
and routines applied at the Minerva Institute. All this will
make the Institute ready to update its activities and meet
new challenges in the future.

The research at Minerva is focused on the study of basic
cellular and molecular mechanisms underlying important
human diseases, including cardiovascular diseases, diabe-
tes and neurological degenerative disorders. The objectives
range from studies of single cells and molecules to analy-
ses of experimental animals and human patient material. In
this Annual Report, the different groups at Minerva present
themselves and their research activities, including recent
achievements and a list of publications.

Additionally, a total of three Master’s theses (Pro Gradu
thesis) were completed at Minerva during this year.

Generous funding has been obtained from The Minerva
Foundation, The Sigrid Jusélius Foundation, Medicinska
Understodsforeningen Liv och Halsa, The Finnish Academy
and several other sources.
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e study basic mechanisms underlying

neurodegenerative diseases and excitotoxic

damage by focusing on cell death pathways and
proteins in disease pathogenesis. Our aim is to contribute
to developing better therapies to combat cell death and
degeneration. In this context, we study the organelle
dysfunction and protein aggregation that occur during the
course of many neurological diseases. Neurotrophic factor
signaling and the regulation of neuronal stem cells by
growth factors are further interests of the group.

Ongoing projects:

Regulation of Neural Progenitor cells

Neural progenitor cells (NPCs) are highly dividing cells with
the capacity for self-renewal, which can give rise to both
neurons and glial cells. These cells are expressed in the
developing neuroepithelium of the embryonic brain, and
then in discrete neurogenic areas in the adult brain. NPCs
are regulated by intrinsic and extrinsic factors that influ-
ence neurogenesis and brain tissue homeostasis. We are
interested in proteins that influence the proliferation and
stemness of NPCs and have focused on membrane-bound
proteases and their inhibitors HAI-1 and HA-2 (see Fig 1),
as well as on different ion channels expressed by the NPCs.
In our recent study (Sippel et al., see below), we provided
evidence to show that the cell death regulator Bruce is ex-
pressed in NPCs and affects the process of cytokinesis and
the cells’ response to stress hormones. Apart from NPCs
from rodents, we also study brain cancer stem cells ob-
tained from malignant human gliomas to reveal mecha-
nisms of their cell proliferation and survival.

Cell death control in neurons and in
different disease models

In this project, we study cellular signaling and proteins in-
fluencing neuronal viability in brain development and in
various diseases. Using transgenic mice, we observed that
X-linked Apoptosis Protein (XAIP) is able to influence NF-kB



signaling in neurons, reducing oxidative stress and elevat-
ing brain-derived neurotrophic factor (BDNF) levels in vivo
and in vitro (Kairisalo et al., see below). The precise mecha-
nism by which XIAP affects neuronal signaling is currently
under investigation. We have recently become interested
in the role of transcription, particularly that of nuclear co-
activators such as PGC1, in the regulation of neuronal sur-
vival and metabolism.

Previous studies in our group have disclosed the impor-
tance of endoplasmic reticulum (ER) stress in various neu-
rological diseases, including Huntington’s disease (Reijo-
nen et al., Exp Cell Res, 2008). We have continued these
studies and shown that a decline in NF-kB activation is a
contributing factor in disease pathogenesis and is linked
to ER stress and protein aggregation (Reijonen et al., un-
published). In addition, the roles of the proteasome and
autophagy, acting either as friend or foe in ER stress and in
neuronal diseases, are currently being addressed.

Role of ubiquitin ligases and of MIR/Mylip in
neuronal metabolism.

Protein degradation is an important cellular event that is
disturbed in many diseases. We are interested in ubiquitin
ligases and ubiquitin-specific proteases that regulate pro-
tein stability in cells, including neurons. We have previous-
ly identified the ligase MIR/Mylip that interacts with the
myosin regulatory light chain and influences neurite out-
growth and cell motility. This protein, also known as Idol,
was recently shown to influence the ubiquitination and
stability of LDL receptors in the liver and in macrophages
(for discussion see Lindholm et al., 2009). We are currently
studying the regulation and targets of Mylip/Idol in neuro-
nal cells and in brain metabolism in more detail.

Publications

Kairisalo M, Korhonen L, Sepp M, Pruunsild P, Kukkonen JP,
Timmusk T, Blomgren K, Lindholm D. NF-kB-dependent
regulation of Brain-derived Neurotrophic factor in
hippocampal neurons by X-linked Inhibitor of Apoptosis
Protein. Eur J Neurosci 2009; 30: 958-966

Lindholm D, Bornhauser BC, Korhonen L. Mylip makes an Idol
turn into regulation of LDL receptor. Cell Mol Life Sci 2009;
66: 3399-3402

MTP

Expression of the membrane-bound serine protease
Matriptase (MTP) and its inhibitors HAI-1 and HAI-2 in devel-
oping neuroepithelium as shown by immunohistochemistry

Ramstrom C, Chapman H, Viitanen T, Afrasiabi E, Fox H, Kivela
J, Soini S, Korhonen L, Lindholm D, Pasternack M, Térnquist
K. Regulation of HERG (KCNH2) Potassium channel surface
expression by Diacylglycerol. Cell Mol Life Sci; Epub 2009
Oct 27

Sippel M, Rajala R, Korhonen L, Bornhauser B, Sokka A-L,
Naito M, Lindholm D. Dexamethasone regulates expression
of BRUCE/Apollon and the proliferation of neural progenitor
cells. FEBS Letters 2009; 583: 2213-2217

Wootz H, Enjin A, Wallén-Mackenzie A, Lindholm D, Kullander
K. Reduced VGLUT2 expression increases motor neuron
viability in ALS-Sod1G93A mice. Neurobiol Dis; Epub 2009
Sep 19

Reviews:

Korhonen L, Putkonen N, Lindholm D. Proteasome role in
neurodegeneration, In: Handbook of the Neuroscience of
Aging 2009 (Editors Patrick R. Hof and Charles V. Mobbs):
Pp 155-160. Invited Book chapter

Trokovic R, och Lindholm D. Inducerade pluripotenta stamceller-
nya l6ften och mojligheter foér forskning och terapi . Finska
Lakaresallskapets Handlingar 2009; 169: 50-55. Review

Lindholm D. Idé och ork i forskningen. Finska Lakaresallskapets
Handlingar 2009; 169: 4-5. Ledare

Theses completed in the group in 2009:

The following Pro Gradu theses were accepted at the University
of Helsinki this year:

Ulrika Furustrand: Rollen av Cystatin B och Metyltransferase
vid celldodsreglering.

Jenny Kivinen: Activity-Dependent Regulation of Ubiquitin-
Specific Protease 14 (Usp14) in Rat Hippocampal Neurons.
Maria Sippel: Glukokortikoider reglerar BRUCE och

cellproliferationen i embryonala neurala stamceller.
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Main research activities

he group studies mechanisms and repair of end-

organ damage in cardiovascular and renal diseases.

In this context, the local expression of components of
the renin-angiotensin-aldosterone system, other vasoactive
factors, and apoptosis has been studied in hypertension,
heart failure, and in progression of renal damage. In
addition, the cardiovascular and renal-protective properties
of new cardiovascular drugs have been evaluated.

Recent studies have shown that the heart contains resident
stem/progenitor cells which are able to activate, proliferate
and form new cardiac cells after myocardial damage. In
agreement with these findings, we were able to demon-
strate that neo-formation of cardiomyocytes and vascular
structures increases after experimental myocardial infarc-
tion (MI) and that this regenerative process can be modu-
lated by therapeutic interventions.

The role of the heme oxygenase-1-carbon monoxide (HO-
1/C0O) axis, an interesting novel pathway related to cardi-
oprotection and cardiac regeneration after myocardial in-
jury, was studied in the post MI cardiac remodelling and
regenerative process. HO-1 acts as an endogenous protec-

co
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o Fe* Biliverdin-
reductase

Fig.1. Heme oxygenase-1 and biologically active molecules
produced from heme.



Fig. 2. Generation of new vascular stuctures after myocardial infarction in the rat either by induction of HO-1 (panel A) or by
treatment with a CO-donor (panel B). Panel C: untreated control group. vVWF: von Willebrand factor, a-SMA, alpha smooth
muscle actin.

tive mechanism in various stress situations, mediating anti-
apoptotic, anti-inflammatory, and anti-proliferative effects
based on the break-down of pro-oxidative heme and gen-
eration of biologically active molecules, biliverdin, CO and
iron (Fig. 1). In addition, HO-1 and CO are involved in the
regulation of angiogenesis.

Our studies showed for the first time that induction of
HO-1 promotes cardiac regeneration and angiogenesis af-
ter experimental MI. Part of the protective effects of HO-1
appeared to be mediated through the generation of CO.
Treatment with a CO-donor significantly increased the
amount of c-kit+-positive cardiac stem cells and stimu-
lated their differentiation into cardiomyocytes and vascu-
lar structures in the infarct area (Fig. 2). Increased expres-
sion of hypoxia inducible factor-1 alpha (Hif-1 alpha), stro-
mal cell derived factor-1 (SDF-1) and vascular endothelial
growth factor (VEGF-B) were found in the infarct areas of
CO-donor pre-treated hearts. This suggests that these fac-
tors potentially promoted the increased migration of c-kit+
cardiac stem cells into the infarct area and subsequent vas-
culogenesis and myocardial regeneration. Modulation of
the HO-1/CO axis may thus provide a new tool for the re-
pair of cardiac injury and prevention of post Ml cardiac fail-
ure. The novel findings on cardiac stem cells open a com-
pletely new possibility avenue for to improvinge the treat-
ment of chronic heart failure in the future.

Publications

Eraranta A, Lakkisto PJ, Tikkanen I, Mustonen JT, Porsti IH.
Paricalcitol and renin-angiotensin components in remnant
kidneys. Kidney Int 2009; 75: 339-340

Lakkisto P, Csonka C, Fodor G, Bencsik P, Voipio-Pulkki L-M,
Ferdinandy P, Pulkki K. The heme oxygenase inducer
hemin protects against cardiac dysfunction and ventricular
fibrillation in ischaemic/reperfused rat hearts: role of
connexin 43. Scand J Clin Lab Invest 2009; 69: 209-218

Louhelainen M, Vahtola E, Forsten H, Merasto S, Kytd V,
Finckenberg P, Leskinen H, Kaheinen P, Tikkanen I, Levijoki
J, Mervaala E. Oral levosimendan prevents post-infarct heart
failure and cardiac remodeling in Diabetic Goto-Kakizaki
rats. J Hypertens 2009; 27: 2094-2107

Tikkanen |, Lakkisto P, Segersvard H, Siren J-M, Forsten H,
Palojoki E, Laine M. Hjartats stamceller och regeneration vid
hjaratskada. Finska Lakaresallskapets Handlingar 2009; 169:
2, 30-35

Vaajanen A, Lakkisto P, Virtanen |, Kankuri E, Oksala O,
Vapaatalo H, Tikkanen I. Angiotensin receptors in the eyes
of arterial hypertensive rats. Acta Ophthalmol; Epub 2009
Sep 16
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nsulin stimulates glucose transport activity in skeletal

muscle ~4-fold, and a large part of this stimulation

is due to a net translocation of GLUT4 from an
intracellular compartment to the cell surface. In a
collaborative study with investigators from Sweden and
the UK, we have examined the extent to which insulin or
the AMPK activator AICAR can lead to stimulation of the
exocytosis limb of the GLUT4 translocation pathway. We
have tagged the endogenous GLUT4 using a biotinylated
photoaffinity label to study the kinetics of exocytosis of
the tagged protein in rat and human skeletal muscle in
response to insulin or AICAR. In rat epitrochlearis muscle,
insulin exposure leads to a 6-fold stimulation of the GLUT4
exocytosis rate. In human vastus lateralis muscle, insulin
stimulates GLUT4 translocation by a similar 6-fold increase
in the exocytosis rate constant. AICAR treatment does not
markedly increase the exocytosis rate constant in either rat
or human muscle. Thus, insulin-stimulation of the GLUT4
exocytosis rate constant is sufficient to account for most
of the observed increase in glucose transport activity in rat
and human muscle (1).

The upstream transcription factor 1 (USF1) gene is associ-
ated with familial combined hyperlipidemia, the most com-
mon genetic dyslipidemia in humans. In collaboration with
professor Leena Palotie and professor Marja-Riitta Taskin-
en, we have explored the molecular mechanism through
which the strongest-associating intronic single-nucleotide
polymorphism variant in USF1 is involved in the develop-
ment of dyslipidemia. We have studied the effects of the
risk variant on gene expression in human adipose tissue
and muscle. Global transcript profiles of 47 fat biopsies as-
certained for carriership of the risk allele were tested for
differential expression of known USF1 target genes as well
as for broader effects on the transcript profile. Allelic im-
balance of USF1 in fat was assessed using a quantitative
sequencing approach. The possible allele-specific effect of
insulin on the expression of USF1 was studied in 118 mus-



cle biopsies before and after a euglycemic hyperinsulinemic
clamp. The risk allele of single-nucleotide polymorphism
rs2073658 abolishes the inductive effect of insulin on the
expression of USF1 in muscle and fat. The expression of
numerous target genes is in turn altered in adipose tissue.
Thus, in risk allele carriers, a defective response of USF1 to
insulin results in the suboptimal response of relevant target
genes. This may contribute to the enhanced risk of devel-
oping dyslipidemia and coronary heart disease (2).

In 2008, the head of the Metabolic group was granted a
3-year funding from the Academy of Finland to promote
his Clinical Researcher’s Career. This funding enables him
to devote 50% of his annual working time to research
2009-2011. Consequently, the research activity of the
group has increased during 2009, and the group has ex-
panded. Among the new investigators, students of genet-
ics Stephanie von Kraemer and Cynthia Moed started re-
search aiming at Master’s theses. Medical student Johan-
nes Karkkainen started Ph.D. studies in Autumn 2009, and
M.Sc. Maria Semenova joined the team in the beginning
of December 2009.

Publications

Karlsson HKR, Chibalin AV, Koistinen HA, Yang J, Koumanov
F, Wallberg-Henriksson H, Zierath JR, Holman GD. Kinetics
of GLUT4 trafficking in rat and human skeletal muscle.
Diabetes 2009; 58: 847-854

Naukkarinen J, Nilsson E, Koistinen HA, Séderlund S, Lyssenko
V, Vaag A, Poulsen P, Groop L, Taskinen MR, Peltonen L.
Functional variant disrupts insulin induction of USF1:
mechanism for USF1-associated dyslipidemias. Circulation:
Cardiovascular Genetics 2009; 2: 522-9

Skrobuk P, von Kraemer S, Karkkainen J, Koistinen H. Reglering
av glukosmetabolism i skelettmuskel hos manniskan. Finska
Lakaresallskapets Handlingar 2009; 169 (2): 56-62
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he group has continued to study the diagnosis,

pathogenesis and treatment of fat accumulation in

the liver due to non-alcoholic causes (non-alcoholic
fatty liver disease, NAFLD). Fat accumulation in the liver
is necessary to observe insulin resistance or the metabolic
syndrome in humans.

Causes of NAFLD

In a study using monozygotic and dizygotic twins, we
found that approximately 60% of the variation in serum
alanine aminotransferase (S-ALT), a marker of liver fat con-
tent, is genetically determined. Consistent with a contri-
bution of genetic factors to NAFLD, we showed that ge-
netic variation in PNPLA3 (adiponutrin), which is a lipase
hydrolyzing hepatic triglycerides, is associated with a 60%
increase in liver fat in humans with the rare GG as com-
pared to the common CC genotype, independent of age,
sex and BMI. Studies are currently underway both in vivo
and in vitro to understand the clinical and biochemical sig-
nificance of this gene. The in vitro studies are performed
by Julia Perttila in collaboration with docent Vesa Olkko-
nen at Minerva.

Diagnosis of NAFLD

We have developed a method to accurately predict NAFLD
and liver fat content based on routinely available clinical
and laboratory data and tested whether knowledge of the
genetic variant (rs738409) in the PNPLA3 gene increases
the accuracy of the prediction. The presence of metabolic
syndrome and type 2 diabetes, fasting serum (fS) insulin,
fS-aspartate aminotransferase (AST), and the AST/ALT ratio
were independent predictors of NAFLD. The score had an
area under the receiver operating characteristic curve of
0.87 in the estimation and 0.86 in the validation group.
This study was accompanied by an editorial in Gastroenter-
ology and the use of the equation has very recently been
replicated in two different groups.
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Fig. Medians and interquartile ranges of liver fat content
measured by 1H-MRS (p=0.011) (panel A), and serum AST
(p=0.002) (panel B) in different PNPLA3 (encoding adipo-
nutrin) rs738409 genotypes. *p<0.05, **p<0.01 for least-
square difference post hoc test. GG is the rare and CC the
common PNPLA3 genotype.

Pathogenesis of NAFLD

We have documented that lipolysis is increased independ-
ently of obesity in NAFLD, while hepatic lipid oxidation is
unchanged. Analysis of liver samples using lipidomics/me-
tabolomics approaches in collaboration with Matej Oresic
revealed that hepatic stearyl-CoA desaturase (SCD)-1 ac-
tivity and diacylglycerol but not ceramide concentrations
are increased in the non-alcoholic human fatty liver. We
also found that the proportion of saturated fatty acids is
increased. The increase in SCD-1 activity and saturated fat-
ty acids supports the idea that, in addition to lipolysis, de
novo lipogenesis contributes to increased liver fat content
in humans.

Lipodystrophy

Jussi Sutinen has continued studies addressing the met-
abolic effects of different antiviral drugs in patients with
highly active antiretroviral therapy (HAART)-induced lipo-
dystrophy.

Therapeutic aspects

We have completed the following intervention studies: i) a
12-month study on the effects of rimonabant (cannabinoid
1-receptor blocker) vs. placebo on the amount of liver fat
in obesity ii) a 4-year study on antihyperglycemic and lipid
effects of GLP-1 (Glucogon like peptide-1) agonist exenati-
de in patients with type 2 diabetes.

Publications

Sievers M, Walker U A, Sevastianova K, Setzer B, Wagsater
D, Erikksson P, Yki-Jarvinen H, Sutinen J. Gene expression
and immunohistochemistry in adipose tissue of HIV type-
1 infected patients with nucleoside analogue reverse —
transcriptase inhibitor — associated lipoatrophy. Journal of
Infectious Diseases 2009; 200: 252-262

Tikka S, Mykkanen K, Ruchoux MM, Bergholm R, Junna M,
Poyhonen M, Yki-Jarvinen H, Joutel A, Viitanen M, Baumann
M, Kalimo H. Congruence between NOTCH3 mutations and
GOM in 131 CADASIL patients. Brain 2009; 132: 933-939

Juurinen L, Tikkainen M, Saltevo J, Nikkila K, Lanki H,
Leppavuori E, Kock T, Teikari-Myyra T, Kauppinen-Makelin
R, Kotronen A, Yki-Jarvinen H. Nateglinide combination
therapy with basal insulin and metformin in patients with
type 2 diabetes. Diabetic Medicine 2009; 26: 409-415

Kotronen A, Velagapudi V R, Yetukuri L, Westerbacka J,
Bergholm R, Ekroos K, Makkonen J, Taskinen M-R, Oresic
M, Yki-Jarvinen H. Serum saturated fatty acids containing
triacylglycerols are better markers of insulin resistance than
total serum triacylglycerol concentrations. Diabetologia
2009; 52: 684-690

Kotronen A, Seppanen-Laakso T, Westerbacka J, Kiviluoto T,
Arola J, Ruskeepaa AL, Oresic M, Yki-Jarvinen H. Hepatic
stearoyl-CoA desaturase (SCD)-1 activity and diacylglycerol
but not ceramide concentrations are increased in the
nonalcoholic human fatty liver. Diabetes 2009; 58: 203-8

Kotronen A, Yki-Jarvinen H, Aminoff A, Bergholm R, Pietildinen
KH, Westerbacka J, Talmud PJ, Humphries SE, Hamsten A,
Isomaa B, Groop L, Orho-Melander M, Ehrenborg E, Fisher
RM. Genetic variation in the ADIPOR2 gene is associated
with liver fat content and its surrogate markers in three
independent cohorts. Eur J Endocrinol 2009; 160: 593-602

Kotronen A, Johansson LE, Johansson LM, Roos C, Westerbacka
J, Hamsten A, Bergholm R, Arkkila P, Arola J, Kiviluoto T,
Fisher RM, Ehrenborg E, Orho-Melander M, Ridderstrale
M, Groop L, Yki-Jarvinen H. A common variant in PNPLA3,
which encodes adiponutrin, is associated with liver fat
content in humans. Diabetologia 2009; 52: 1056-1060

Makkonen J, Pietildinen KH, Rissanen A, Kaprio J, Yki-Jarvinen
H. Genetic factors contribute to variation in serum alanine
aminotransferase activity independent of obesity and
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he main interests of the Unit are to understand how

calcium signaling is regulated in various cell types,

and how different lipid metabolites participate in
this process. The other main topic is how lipid derivatives,
especially metabolites of sphingomyelin, modulate thyroid
cancer cell migration and proliferation.

A substantial amount of work has been done to under-
stand calcium signaling in thyroid epithelial cells. In addi-
tion to receptor-mediated entry mechanisms, the regula-
tion of store-operated calcium entry was investigated. In
these studies, sphingomyelin derivatives (ceramide, sphin-
gosine and sphingosine 1-phosphate [S1P]) proved to be
very effective modulators of calcium signals. The investi-
gations during 2009 aimed at understanding the physio-
logical significance of the putative sphingosine-S1P “rheo-
stat”.

Currently, the Unit is elucidating the mechanisms by which
S1P and sphingosine kinase, i.e. the kinase phosphorylat-
ing sphingosine to S1P, regulate calcium entry. Our results
revealed that activation or overexpression of sphingosine
kinase resulted in a pronounced entry of calcium into thy-
roid cells. Furthermore, this effect was the result of intra-
cellular STP being transported out of the cells, by at least
the ATP-binding cassette multidrug resistant protein C1
(ABCCT). STP then potently activated S1P receptors on the
plasma membrane, resulting in enhanced calcium entry.
The result thus reveled a novel mechanism by which S1P
can activate calcium entry, i.e. by an autocrine effect. This
is probably of significant physiological importance. Prelimi-
nary results from our laboratory suggest that S1P activates
a member of the transient receptor potential family of cal-
cium channels.

Figure 1. Schematic representation of the autocrine S1P-
evoked calcium signalling in thyroid cells. DAG, diacylg-
lycerol; Sph, sphingosine; PKA, protein kinase A; PKC, pro-
tein kinase C; SK1, sphingosine kinase 1, PPA; protein phos-
phatase; Caly A; Calyculin A (a phosphatase inhibitor); PLC,
phospholipase C. The picture was reproduced from Grat-
schev et al., Endocrinology 150:5125-5134 (2009), with per-
mission of the Endocrine Society.

Figure 2. Intracellular calcium signals in cells stimulated with
1 pM S1P. The brighter the colour, the higher are the levels
of intracellular free calcium concentrations in the cells.

Investigations on the importance of S1P in regulating thy-
roid cancer cell migration have been particularly success-
ful. The studies show that S1P potently stimulates the
migration of some thyroid cancer cell types, whereas the



migration of some other tumor cell types is blocked. The
receptor profile for S1P is of crucial importance in this phe-
nomenon. Furthermore, recent studies clearly show that
S1P may stimulate the migration of thyroid cancer cells
by an autocrine mechanism. In these studies, the impor-
tance of the sphingosine-S1P “rheostat” is again high-
lighted. Over-expression of sphingosine kinase dramatically
increased the migratory potential of follicular thyroid can-
cer cells. In these cells, the S1P produced by sphingosine
kinase is transported out from the cells by ABCC1 (and
probably some other mechanisms as well) and, by an au-
tocrine mechanism, enhances cell migration. Considering
that sphingosine kinase may function as an oncogene,
these observations may be of significant clinical relevance.
Furthermore, in thyroid cancer cells, vascular endothelial
growth factor (VEGF) receptor 2 is an important part of the
signaling complex activated by S1P. This is emphasized by
recent results, which show that blocking VEGF receptor 2
potently attenuates the migratory response evoked by S1P,
and that S1P phosphorylates VEGF receptor 2.

An exciting series of investigations aim at understanding
the mechanisms of ceramide action on potassium chan-
nels. Our previous investigations in the Unit have shown
that ceramide evokes internalization and ubiquitin-medi-
ated degradation of the HERG potassium channel. Under-
standing the mechanisms by which ceramide (i.e. as a re-
sult of cellular stress) regulates HERG channel function is of
great importance, given the central role of HERG in the re-
polarization of e.g. cardiac action potentials. An important
issue is to investigate the mechanisms by which ceramide
internalizes HERG and which ubiquitin ligase participates
in this process. The project is quite complicated, and more
work is required. Another recent observation is that HERG
has an important role in regulating migration and prolifera-
tion of cancer cells. We have now shown that in MDA-MB-
435S cells, HERG is expressed and regulates both prolifera-
tion and migration. Blocking HERG potently inhibits both
proliferation and migration. Studies are planned to further
investigate this phenomenon.
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UNIT OF TARGETED
GENE-EXPRESSION
ANALYSIS

he aim of the Unit is to develop new multigene
Members of the Unit: predictor assays for cancer diagnostics with the main

focus on colon, prostate and breast cancer. In these
disease groups, there are approximately 500,000 new
cases yearly in Europe and the US. We are also developing
diagnostic gene sets for smaller disease groups such as
In addition Barrett's esophagus and Primary Sclerosing Cholangitis, in
which there are specific difficulties with currently available
diagnostic tests. A specific challenge for assays based
on MRNA expression analysis have been formalin-fixed
paraffin-embedded (FFPE) tissue samples, in which the RNA
molecules are degraded into shorter fragments. Genome-
controlled RT-PCR has been used successfully for this
purpose. This technique is based on competitive PCR and
Collaborators enables the amplification and quantitative measurement of
exceptionally short DNA fragments, making it suitable for
analysis of FFPE samples. Using melting curve analysis, wild
type and reference PCR amplicons are separately detected
and quantified in a closed-tube assay.

Improved diagnostics for colon cancer: In Dukes B colon
cancer, at diagnosis the disease has spread outside the
bowel but not into regional lymph nodes. While 80% of
cases can be cured by surgery alone, 20% subsequently
develop recurrent disease if no additional therapy is admin-
istered. Currently, adjuvant chemotherapy is therefore giv-
en to all Dukes B colon cancer patients, although the vast
majority of these patients are not expected to benefit from
Funded by: the treatment. Our aim of is to identify gene expression
patterns that would reflect aggressive behavior associated
with an increased risk of disease recurrence. This would al-
low for better targeting of adjuvant chemotherapy to the
patients most likely to benefit from it and decrease the
morbidity associated with chemotherapy. The study mate-
rial includes mRNA isolated from archival FFPE samples and
corresponding clinical follow-up data from 800 colon car-
cinoma patients.




Gene expression analysis from frozen versus FFPE samples using Genome-Controlled RT-PCR. The upper row shows expres-
sion profiles of snap frozen samples from three colon cancer specimens that were stored at -80°C for 5 years. The lower row
shows expression profiles of FFPE samples from the same three specimens that were stored at room temperature during the

same time period.

Targeting of breast cancer therapy: There are several
agents currently available for breast cancer chemotherapy
that target specific genes that are over-expressed in cancer
cells. Such drugs include Tamoxifen (estrogen receptor, ER),
trastuzumab (HER2 or erbB2 tyrosine kinase), anthracyclins
(TOP2A -enzyme), lapatinib (erbB1 and erbB2 tyrosine ki-
nases) and bevasizumab (VEGF growth factor, VEGFR?2 lig-
and). Assays for measuring the protein expression of these
target genes with immunohistochemistry or in situ hybridi-
zation techniques are already in clinical practice. The aim is
to develop multigene predictor assays that include all cur-
rently known molecular targets for the drugs being used
in breast cancer chemotherapy. This type of assay could
potentially provide a more accurate quantitative analysis
of multiple target molecules than the currently available
assays. The study material, including mRNA isolated from
archival FFPE samples and corresponding clinical follow-up
data from 2000 breast cancer patients, is currently being
assembled.
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Evaluation of treatment benefit in prostate cancer: The
widespread use of Prostate Specific Antigen (PSA) test-
ing and screening programs have resulted in a dramatic
increase in prostate cancer incidence over the past decade.
Currently a large number of prostate cancer patients are
treated with surgery, radiation therapy, hormone therapy
or a combination of these modalities even though only a
minor portion of patients are likely to benefit. The aim is to
develop a diagnostic multigene predictor assay that would
provide additional prognostic information from a fine nee-
dle biopsy taken at the time of diagnosis. This would al-
low more accurate targeting of treatment modalities to
patients most likely to benefit from them. The study mate-
rial includes mRNA isolated from archival FFPE samples and
corresponding clinical follow-up data from 500 patients
operated for prostate cancer at the Helsinki University Cen-
tral Hospital over the time period 1982-1998.
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ADDITIONAL
RESEARCH

rej  Fyhrquist, M.D., D.Msc,
Fprofessor emeritus,  together

with his team consisting of Outi
Saijonmaa, Ph.D., docent, Anders
Eriksson, DVM, Emilie Kvist, student,
and Anna Nyman, student, has focused on the regulation
of renin-angiotensin system components, notably ACE2
regulation in endothelial cells. Telomeres in cardiovascular
disease has become our new field of interest.

.l . J

Publications

Fyhrquist F, Saijonmaa O. Reply to A.Dupont et al. (On the
importance of Angiotensin V). J Intern Med 2009; 265:
404-405

Fyhrquist F, Tiitu A, Saijonmaa O, Forsblom C, Groop P-H.
Telomere length and progression of nephropathy in Diabetes
type 1 patients. J Intern Med 2009; Epub June 4

Fyhrquist F, Saijonmaa O. Renin-angiotensinsystemet — en
uppdatering (Renin-angiotensin system — an update. Review
in Swedish) Finska Lakareséllskapets Handlingar 2009; 169:
23-29

alph Gréasbeck, M.D., D.Msc., Dhc,

professor emeritus, a founder

of the Minerva Institute, led the
small Unit of Biochemistry. The Unit also
consisted of a junior scientist, Mirkka
Sarparanta, M.Sc. and Ph.D. student, and Prof. Benoit
Dugué, Ph.D., who periodically visited the Unit. In 2009,
Mrs. Sarparanta left the group to take up a new position.
Consequently, and considering his age (79), Grasbeck
decided to abandon his radiochemical project, which in
practice means the cessation of the Unit and an end to
his experimental research, which started around 1952.
However, he continues to study and give advice concerning
rare forms of cobalamin deficiency, especially the Imerslund-
Grasbeck syndrome (IGS) and a congenital error in the
gastric intrinsic factor gene. This has led to invitations to
write about the subject in Current Pediatric Reviews and
Klinisk kemi i Norden. The first case of a mutated intrinsic
factor gene in Scandinavia was found and a manuscript
describing the case was submitted. Another manuscript
about the toxicity of cyanocobalamin was accepted by
the Journal of Child Neurology. In addition, Grasbeck has
continued to write historical articles, including descriptions
of the founding of the Minerva Institute and reviews on
the antique books of the Finska Lakaresallskapet (Finnish
Medical Society).
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Grasbeck R. Miten IFMSA ja FIMSIC kaynnistyivat (How IFMSA
and Finnish Medical Students’ International Committee
started). In the book FIMSIC 1954-2009. 55 vuotta
kansainvalista medisiinarielamaa (55 years of international
medical student life). Yliopistopaino, Helsinki, 2009, pp. 10-
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