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9

Distinguished Reader!

and industry come together, where the meaning of the
term multidiscipline really exists. The Szentágothai János
Knowledge Center (SJKC) is a center of excellence initiated
by Semmelweis University and supported by the National
Office for Research and Technology. The consortium also
includes Richter Gedeon Ltd., a leading Hungarian phar-
maceutical company, the Faculty of Information Techno-
logies of Pázmány Péter Catholic University and the
Institute of Experimental Medicine (Hungarian Academy
of Sciences). 
Semmelweis University is also among the leading univer-
sities in Hungary regarding the number of research
papers published in high quality international journals. 

I sincerely hope that this review is a reliable indicator of
the high standard research activity at Semmelweis
University and it will succeed in its aim at promoting develop-
ment of inter-disciplinary teamwork.

Budapest, 2008

The mission of this booklet is to provide an overview on
the research laboratories of highest merit at Semmelweis
University and to offer an opportunity for establishing new
scientific co-operation on the field of various disciplines.
This review can enhance the efficiency of joint efforts
between research groups on an international level, thus
offering multiply strength of fruitful scientific collaboration
and grant application.

Semmelweis University is widely recognized as one of
Europe’s leading centers of medicine and health sciences.
With its 238-year-old tradition of academic excellence our
University ranks among the most prestigious Hungarian
research institutions where 1172 staff members in approxi-
mately 80 departments are involved in R & D activities.
Research projects in the preclinical and clinical depart-
ments are supported by both Hungarian and international
programs. Contract research sponsored by pharmaceuti-
cal companies is also an important part of scientific activ-
ity. Selected research groups are supported jointly by the
University and the Hungarian Academy of Sciences.

Our University is one of the recognized members of a vast
network of biomedical science; it is the site where academy

Tivadar Tulassay
Rector of Semmelweis University
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Hematol. Oncol. 25(2): 90–95.
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Csomor, J., Szepesi, Á., Kopper, L.

& Matolcsy, A. (2006)
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cytidine deaminase and aberrant
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Leukemia 20(6): 1089–1095.
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Bognár, A., Szepesi, Á., Kopper, L.

& Matolcsy, A. (2004)
Relationship between the mutational status of
VH genes and pathogenesis of diffuse large

B-cell lymphoma in Richter’s syndrome.
Leukemia 18(2): 326–330.

11

Contact information:

András Matolcsy, M.D., Ph.D., D.Sc. 
1st Department of Pathology and

Experimental Cancer Research
Üllôi út 26, H–1085 Budapest
Phone/Fax: +36 (1) 317 1074

E-mail: matolcsy@korb1.sote.hu
Web page: www.korb1.sote.hu

Members of the research unit:

Senior scientists:
Gábor Barna, Ph.D., Csaba Bödör, Ph.D.,

Balázs Csernus, M.D., Judit Csomor, M.D.,
Lilla Reiniger, M.D., Ph.D.,

Ágota Szepesi, M.D., Ph.D.,
Botond Timár, M.D., Ph.D.

Ph.D. students:
Zsófia Balogh, Éva Gagyi, M.D.

Technicians:
Adrienne Bárányné Pallag, Linda Deák,

Anikó Lengyel

Molecular basis of B-cell lymphoma
development and progression

The research activities of the group are centered
around the molecular mechanisms underlying the
development and progression of B-cell non-Hodgkin
lymphomas, especially folicular lymphoma and
chronic lymphocytic leukemia (CLL). Using extensive
mutation profiling of different genes, including IgVH,
BCL-6, BCL-2 we have characterized the clonal evo-
lution and transformation of these lymphoma enti-
ties. Based on these studies we have confirmed that
transformation of CLL to diffuse large B-cell lym-
phoma (Richter’s transformation) occur only in the
subgroup of CLL where the IgH gene is unmutated.
Our group have revealed several mechanisms
including abnormal methylation of hMLH1 and
hMSH2 mismatch repair genes, aberrant somatic
hypermutation (ASHM) targeting the c-MYC, PAX-5,
RhoH and PIM-1 proto-oncogenes and elevated ex-
pression of activation-induced cytidine deaminase
(AID) associated with lymphoma transformation and
progression. These findings suggest that genetic
instability may have a central role in the transforma-
tion process of indolent B-cell lymphomas.
Through mutational analysis of IgVH gene, we have
shown that in follicular lymphoma, the early descen-
dants of the original tumor clone and derivatives of
diversified tumor clones may both invade the bone
marrow, providing a direct evidence of clonal evolu-
tion. 
Our current interests are aimed at finding the progen-
itor of the transformed tumor cell population in CLL,
and we are also trying to reveal alternative molecular
mechanisms responsible for the development of
BCL-2 negative follicular lymphomas.
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There are two alternative mechanisms of liver regen-
eration: (1) the hepatocytes are able to return to the
cell cycle and replace the lost tissue by compensa-
tory hyperplasia; (2) if the hepatocytes are compro-
mised the facultative liver stem cell compartment is
activated and regenerates the liver. The first option is
studied by the observation of the regeneration follow-
ing surgical partial hepatectomy in experimental ani-
mals. We pay special attention to the structural
changes during the regenerative process. Alterations
of the liver architecture is analyzed by laser scanning
confocal and electron microscopy. A transgenic
mouse line is maintained in our department, which
overexpresses active TGF-β in the liver. These animals
provide excellent opportunity to understand the role
of this cytokine in the growth regulation of various
liver processes including regeneration.

The stem cell driven regeneration is also studied in
experimental animals and human specimens. The
combination of partial hepatectomy with 2-acetamino-
fluorene treatment results in the synchronized, in-
tense activation of the hepatic stem cell compartment.
We study the anatomical location, phenotype and
growth regulation of the stem cells in this experimen-
tal model. The so called ductular  proliferation of the
human liver may correspond a stem cell fed histologi-
cal reaction. We try to understand the role of hepatic
stem cells in different pathological liver processes by
the analysis of ductular reactions with various origin.
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Am. J. Pathol. 171: 1529–1537.

Szabó, E., Lódi, Cs., Korpos, É., Batmunkh, E.,
Rottenberger, Zs., Deák, F., Kiss, I., Tôkés, A., Lotz, G.,

László, V., Kiss, A., Schaff, Zs. & Nagy, P. (2007)
Expression of matrilin-2 in oval cells during

rat liver regeneration.
Matrix Biol. 26: 554–560.

Paku, S., Kopper, L. & Nagy, P. (2005)
Development of the vasculature in “pushing-type” liver

metastases of an experimental colorectal cancer.
Int. J. Cancer 115: 893–902. 

Paku, S., Dezsô, K., Kopper, L. & Nagy, P. (2005)
Immunohistochemical analysis of cytokeratin 7

expression in resting and proliferating biliary
structures of rat liver.

Hepatology 42: 863–870.

Paku, S., Nagy, P., Kopper, L.
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AAF-dose dependent differentiation of
oval cells into hepatocytes: confocal and

electron microscopic studies.
Hepatology 39: 1353–1361.
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The Developmental Biology Laboratory was set up in
1995. Before this date the major research interest of
the lab was immune morphology of the avian primary
lymphoid organs, such as bursa of Fabricius and thy-
mus, which are responsible for the B and T cell devel-
opment, respectively. While the immunologists inter-
ested in the phenotypic and functional maturation of
T and B cells, the morphologists turned to the 
early development of these organs. More than ten
years ago it was an intellectual challenge to study the
developmental biology of these organs which was
enlarged by the development of the spleen and gut-
associated lymphoid tissue (GALT). During the last
decade, in the short history of the Developmental
Biology Laboratory young scientists, student research
associates, graduate students and postdocs create a
living, active research group with international repu-
tation. Complex research work includes morphologi-
cal methods (light and electron microscopy, confocal
microscopy, immunocytochemistry), cell and organ
culturing, monclonal antibody production, embryo
microsurgery (transplantation, ablation, recombina-
tion of organ rudiments), chimera and parabiosis
(chick and quail).
The main research interest of the lab is the develop-
ment of the lymphoid organs, the epithelio-mesenchy-
mal interactions and neural crest cell differentiation.

Topics:
Development of the bursa of Fabricius, spleen and
thymus; organogenesis of the mucosa-associated
lymphoid tissue (MALT); differentiaton of the dendrit-
ic cells, in normal and pathological conditions; pro-
duction of avian specific antibodies; hemopoietic
stem cell colonization of primary and secondary lym-
phoid organs; development of the enteric nervous
system; bone marrow-derived hemopoietic cells in
the non-lymphoid organs; structure, phenotype,
function.
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Cell Tissue Res. 327(1): 83–92. 

Nagy, N., Bíró, E., Takács, A., Pólos, M.,
Magyar, A. & Oláh, I. (2005)

Peripheral blood fibrocytes contribute to the
formation of the avian spleen.

Dev. Dyn. 232(1): 55–66.

Nagy, N., Magyar, A., Tóth, M. & Oláh, I. (2004)
Origin of the bursal secretory dendritic cell.

Anat. Embryol. (Berl). 208(2): 97–107. 

Gumati, M.K., Magyar, A., Nagy, N., Kurucz, E.,
Felföldi, B. & Oláh, I. (2003)

Extracellular matrix of different composition
supports the various splenic compartments
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Cell Tissue Res. 312(3): 333–343. 
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For decades the work team has been involved in
studies on human and experimental liver pathology,
virus-cell interactions and in particular, on chemical
and viral hepatocarcinogenesis. In foreign collabora-
tions, they have participated in the identification of
hepatitis C virus (HCV) components. They proved in
vivo and in vitro the association of the HCV core with
endoplasmic reticulum membranes and lipid drop-
lets. The group has also been involved in studies re-
lated to the effect of HCV on lipid metabolism. In clin-
ical collaboration, it has been demonstrated that
HCV type 1b causes liver steatosis too, as in the case
of HCV type 3a. The studies on liver fibrosis have re-
sulted in the work team being among the first to
observe and describe components characteristic to
the early stages of fibrogenesis in human liver dis-
eases, their latest detection has been that of matrilin
2 in both human and experimental liver tissues. The
role and significance of different growth factors, as
transforming growth factor α and β have been
proved in several liver diseases, especially in chronic
hepatitis and hepatocellular carcinoma (HCC). The
mutation of p53 was detected in 50% of HCCs of dif-
ferent etiology, excluding aflatoxin intoxication.
Among the cell junction proteins, the work team has
directed their focus on claudins, with a number of
reports on the role of claudins in several tumors,
including liver tumors. Based on their results, some
of the studied claudins may even serve as potential
therapeutic targets. From the hepatitis C virus recep-
tors, the recently described Claudin 1 has become
the work team’s object of investigation.
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Vascular diseases are the most prevalent life-threat-
ening diseases in industrialized countries, and are
rapidly increasing in importance in the developing
world. In the recent Oxford Vascular Study cere-
brovascular events were found to be the most fre-
quent acute manifestation of vascular diseases
(Rothwell et al. Lancet 366: 1773–1783, 2005).
Although cerebrovascular disorders have been stud-
ied extensively, several important questions could
not be clarified with experimental approaches based
only on classical pharmacological tools. The advent
of new gene targeting techniques opened the door
for better understanding of complex physiological
functions of the cerebral vasculature and their distur-
bances in diseases. Using transgenic animal models
we are currently studying the following questions:
How do nitric oxide synthase, cyclooxygenase and
heme oxygenase pathways interact in the regulation
of the cerebral circulation under physiological condi-
tions and during hypoxia and hypercapnia?
Which receptor(s) and potential secondary vaso-
active agents mediate the cerebrovascular effects of
nicotinic acid? Are these mechanisms involved in the
mediation of cerebral hyperemia and edema forma-
tion in pathological states such as acute liver failure
and endotoxemia?
Which intracellular signaling mechanisms mediate
the contractile effect of thromboxane-receptor activa-
tion in the cerebrovascular smooth muscle? Which of
these pathways are important in the development of
cerebrovascular dysfunction and vasospasm after
subarachnoid hemorrhage and traumatic brain injury
(TBI)?
Which GPCRs and downstream signaling pathways
mediate the increased release of endothelin-1 and
disruption of the blood brain barrier after TBI?
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Nature Medicine 14: 64–68.
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Metabolism 23: 653–657.
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divided into three major subfamilies; the inward recti-
fiers, the voltage sensitive-, and the two pore domain
(2P) background potassium channels. The major
interest of our group is the function and regulation of
the 2P type channels. We have previously shown that
2P type TASK channels are present and provide
highly negative membrane potential in adrenal
glomerulosa cells. Upon stimulation with angiotensin
II the TASK channels are inhibited what leads to
depolarization and consequently to stimulation of
aldosterone production. We have also demonstrated
that the angiotensin-induced inhibition is not mediat-
ed by conventional second messengers; instead, it is
the direct consequence of the breakdown of the
polyphosphoinositides in the plasma membrane.  
Different TASK channels are expressed also in neu-
rons in the peripheral and central nervous system.
We have shown that TASK1 and TASK3, if coex-
pressed, can form heterodimer channels, which has
different characteristic from the homomers, formed
by the parent subunits. 
We have cloned TRESK, the last known member of
the 2P family, and elucidated several details of its
regulation. The channel is activated by the calcium
signal. The effect is indirect and mediated by the cal-
cium sensitive phosphatase, calcineurin. In the pres-
ence of calcium, the activated phosphatase binds to
the intracellular loop of the cannel, this interaction is
necessary for the activation/dephosphorylation. We
have also shown that other intracellular scaffold pro-
tein/s also bind to TRESK, accordingly the regulation
of its activity is even more complex.
As 2P channels are also targets of several drugs e.g.
local or volatile anesthetics. The regulation or phar-
macological modulation of their function may also
have important clinical relevance.
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Our group studies the physiology of reactive oxygen
species (ROS).  Reactive oxygen species (ROS) play
an important role in many physiological processes
including host defense, hormone biosynthesis, fertil-
ization and cellular signalling. Altered production of
ROS have been implicated in the development of
immunodeficiency, hypothyroidism and cardiovas-
cular pathologies. In the last few years, several
enzymes were identified at the molecular level,
which are now thought to be responsible for ROS
production observed in diverse tissues. These
enzymes show a high degree of homology to the
phagocytic NADPH oxidase and are now designated
the Nox family of NADPH oxidases. Our group stud-
ies the function and regulation of several Nox/Duox
isoforms, including Nox4, Duox1, Duox2 and Nox1.
In our experiments we use different animal models,
including C. elegans and mice, where the function of
Nox enzymes is disrupted by different molecular bio-
logical techniques.
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We are interested in immunologic pathomechanism
of renal disease and atherosclerosis in animal
models. 
In renal transplantation we currently investigate the
role of lymphangioneogenesis in chronic graft rejec-
tion utilizing adenoviral gene-therapy. This work is in
collaboration with D. Kerjaschki (Vienna) and is sup-
ported by a bilateral grant.
In renal ischemia-reperfusion we investigate apo-
ptosis and oxidative stress, utilizing RNA interference
in vitro and in vivo, in collaboration with J. Lieber-
mann (Boston), supported by Fogarthy International
(FIRCA) and 2 OTKA grants.
In atherosclerosis we study the role of TGF-beta in
double-gene-modified mice in collaboration with E.
Ritz (Heidelberg), supported by a bilateral and an
Else-Kröne Stiftung grant.
In diabetes we develop novel diagnostic and thera-
peutic tools to measure glomerular filtration and
renal autoimmune activity, and to treat diabetic foot,
in collaboration with L. Korányi, DRC Drug Research
Center (Balatonfüred). We investigate novel protein
expression in diabetic nephropathy in collaboration
with H. Holthoefer (Helsinki, Dublin) and a novel
antibiotic with M. Waara (Helsinki) with EU7 support.
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function are affected through modulation of auto-
nomic nervous activity. Baroreflex function influences
vago–symphatetic balance and cardiac arrhythmic
activity. Baroreflex sensitivity has been established
as an independent cardiovascular risk factor. Sensi-
tivity of the baroreflex is determined partly by neural
mechanisms and partly by the distensibility of the
vessel wall in which baroreceptors are embedded. Our
recent research has focused on the contribution of
carotid artery elasticity to baroreflex sensitivity (BRS).
Physiology: In young healthy volunteers BRS is
directly related to carotid artery distensibility, a meas-
ure of vessel wall elasticity. Neural autonomic mech-
anisms mature in children, attaining peak level at
adolescence, in spite of gradual carotid stiffening.
During and after aerobic exercise the pressure–
diameter transduction is closely related to changes
in BRS, indicating importance of mechanical factors
in baroreflex control during adaptive responses.
Vitamin E supplementation of diet can significantly
increase carotid compliance and BRS.
Pathopysiology: In young, trained subjects with a
family history of hypertension, aerobic exercise train-
ing is associated with higher levels of BRS as com-
pared to the sedentary lifestyle. BRS is reduced dur-
ing pregnancy which is partly explained by increased
carotid artery stiffness. Baroreflex function is marked-
ly decreased in young adults on hemodialysis, which
is partly due to loss of carotid artery elasticity; renal
transplantation may prevent the impairment in baro-
reflex function. In patients with congenital heart dis-
ease carotid elastic variables indicate significant
carotid artery stiffening which is not associated with
reduced BRS. Congenital carotid stiffening might be
compensated by central autonomic adaptation.
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The focus of our laboratory, stem cell transplantation
and tissue engineering offers novel approaches for
the treatment of several diseases such as myocardial
infarction or traumatic conditions with significant
loss of tissue, which are difficult to treat in traditional
ways. However, there are several known and sus-
pected drawbacks which render the routine clinical
applications not yet feasible. It is difficult to find an
abundant source of pluripotent cells and it is prob-
lematic to make sure that the implanted stem cells
will not turn into a malignant tumor. Therefore, better
understanding of the behaviour of the stem cells is
required before the therapeutic benefits of cell
replacement therapies can be utilized. In our experi-
ments using confocal microscopy and flow cytometry
we have shown that addition of healthy cells to severe-
ly injured post-ischemic cardiomyocytes can rescue
the majority of cells form death. Healthy mitochon-
dria play a crucial role in this process either by restor-
ing energy levels in the dying cells or by inhibiting
cell death signals of damaged mitochondria.
Currently we aim to: (1) identify and characterize
amniotic stem cells, a novel source of human stem
cells, (2) investigate mitochondrial transfer and par-
tial cell fusion as an alternative route in the cellular
mechanisms of stem cell therapy, (3) create novel 3-
dimensional tissue engineering constructs for the
replacement of bone tissue. We expect that optimiza-
tion of the harvest and culture conditions of human
amniotic stem cells will result in significant improve-
ments in the use of these cells and new data will
highlight the role nanotubes and mitochondrial
transfer in stem cell therapy during oxidative stress
and ischemia. Conclusions drawn from these experi-
ments may markedly alter the current views of the
therapeutic effect of stem cells since it provides a
new alternative mechanism for host-graft interaction
besides transdifferentiation and cellular fusion.
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We have demonstrated that the active, GTP-bound
state of the small GTPase Rac is indispensable for
continuous activity of NADPH oxidase. Hydrolysis of
GTP to GDP reduces O2

.- production instantanously.
In vivo this is achieved by GTPase activating proteins
(GAPs). In PMN we have identified four different
RacGAPs and demonstrated their role in constant
down-regulation of NADPH oxidase activity. We dis-
covered the regulation of the substrate specificity of
p190GAP: acidic phospholipids inhibit the RhoGAP
but accelerate the RacGAP activity of the protein.
Phosphorylation by protein kinase C reverses the
effect of phospholipids. In case of p50GAP we
demonstrated that the protein is in an autoinhibited
state that can be released by the prenyl tail of the
small GTPase. We showed that in HeLa cells
p50GAP localizes to the late endocytic vesicle popu-
lation and participates in the regulation of receptor
endocytosis.   
O2

.- production is an electrogenic process that results
in strong depolarization of activated phagocytes. We
showed that plasma membrane depolarization is
responsible for inhibition of Ca2+ entry into activated
PMN and that  cells deficient in any of the oxidase
subunits (CGD) suffer serious alterations of Ca2+

metabolism. On the basis of careful quantitative
analysis we revealed the correlation between O2

.- pro-
duction, membrane depolarization, K+ release and
bacterial killing. We demonstrated that BK type K+

channels are absent in PMN and do not play any role
in the killing process. We propose that NADPH oxi-
dase plays dual role in the antimicrobial defense:
both the chemical effect of its product (O2

.- and its
metabolites) and the ionic movement initiated by the
electrogenic electron transfer contribute to success-
ful elimination of microorganisms. 
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Our group analyzes the molecular mechanisms of
phagocyte function and its role in various disease
states such as autoimmune inflammation or osteo-
porosis. Ongoing projects in the lab include:
1) Signal transduction mechanisms in neutrophils.
Using a gene-targeting approach, we are currently
testing the role of various kinases (Src-family kinas-
es, Syk, etc.) and other intracellular signaling mole-
cules (e.g., PLCγ2, p190RhoGAP) in integrin- and Fc-
receptor-mediated neutrophil functions. These stud-
ies will reveal novel receptor-proximal signal trans-
duction processes likely involved in neutrophil-medi-
ated inflammation.
2) Molecular mechanisms of osteoclast differentia-
tion and function. In these studies, the development
and bone-resorbing function of osteoclasts is being
studied in the absence of various intracellular signal-
ing molecules (Syk, PLCγ2, etc). We also attempt to
associate these signaling molecules with specific cell
surface receptors such as RANK, c-fms or β3-integrins.
These studies will reveal novel aspects of osteoclast-
mediated bone resorption, likely involved in patho-
logical bone loss during osteoporosis or autoimmune
arthritis.
3) Molecular players of in vivo autoimmune inflam-
mation. During this series of experiments, we test the
contribution of the above signal transduction mole-
cules (Src-family kinases, Syk, PLCγ2, etc.) to the de-
velopment of autoimmune inflammatory diseases in
vivo. We currently focus on autoantibody-induced
arthritis but will extend these studies to other arthritis
and glomerulonephritis models.
Our research activity will likely provide significant
novel information on the molecular mechanisms of
phagocyte-mediated inflammatory and bone dis-
eases and will likely point to novel targets of pharma-
cological therapy.
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Mechanism of adaptation to long-term orthostatic
and anti-orthostatic gravitational loading in extre-
mity veins and in the systemic circulation

Recently, a number of evidence has been provided to
show that all three layers – the tunica intima, media,
and adventitia – of rat hind limb veins respond to
chronic orthostatic and in certain cases also to anti-
orthostatic body position (a ground-base model of
microgravity) with adaptive microvesicular, myogenic,
and neural mechanisms, respectively. Vascular net-
work properties adapt too. A part of these experimen-
tal results – e.g., microvesicular system of the venous
endothelium, or enhanced myogenic response – has
been verified also in human studies. In addition, using
a new non-invasive method, developed by us for in
vivo human investigations, fundamental information
has been collected to characterize the distensibility of
different healthy and diseased (e.g., postthrombotic)
large veins in respect of the body position, intralumi-
nal pressure, body region, and age. 
Taking into consideration that the systemic arterial
blood pressure responses to gravitation stress are
decisive in ability of the whole organism to adapt, we
developed combined techniques and protocols using
telemetry, special tilt-cages, and appropriate con-
scious rat models for studying the nature and mecha-
nism of short- and long-term cardiovascular reactions
to orthostatic and anti-orthostatic effects. Interesting-
ly, both of these body positions resulted in a hyperten-
sive response which proved to be dependent on in-
tact sympathetic innervation, and it was connected
specifically with the gravitational effects. Non-specific
stress could be excluded. Most probably, vestibulo-
sympathetic reflex activation plays a role in this blood
pressure response which calms down both during the
head-up and the head-down tilting in a couple of days.
(Number of original papers published in international
journals during the last 5 years: 24.)
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Our research activities focus on the regulation of renal
function and microcirculation under normal and
pathological conditions, with the approach “from mol-
ecules to bedside”. We have identified new morpho-
logical and functional phenomena of the juxta-
glomerular apparatus and proven that the afferent
arteriole is not a uniform vessel. Fenestrated endothe-
lium and filtration were described and visualized in
vivo in the distal, renin-granulated area for the first
time. The short-loop feedback mechanism was
demonstrated in the regulation of glomerular filtration.
The development of nano-channels and regulation of
permeability depend on angiotensin II and VEGF. To
study kidney fibrosis we established an in vitro model
of transforming growth factor-beta (TGF-beta) induced
epithelial-mesenchymal transformation (EMT) in proxi-
mal tubular cells. In the presence of intact cell con-
tacts, cells resist the transforming effect of TGF-beta.
This led us to the “two-hit model”: namely both epithe-
lial cell injury and the presence of TGF-beta are neces-
sary for the induction of EMT. In the regulation of EMT,
we described a network of signaling molecules in-
volving Rho G-proteins, the MAPK cascade, the SMAD
pathway and the beta-catenin/TCF pathway. In SLE
MRL/lpr mice, renal damage could not be prevented,
unlike skin injuries, in response to intravenous
immunoglobulin. Here pregnancy decreases the erup-
tion of skin symptoms, augmenting lupus nephritis.
We developed an in vitro complement activation
model and noted that the supernatant of stimulated
human lymphocytes contained a potent and natural
complement inhibitor. 
The results of these experiments open new scientific
frontiers and may help better understand the regula-
tion of glomerular dynamics, the renin-angiotensin sys-
tem and the development of renal fibrosis. They can
serve as the basis for new therapeutic approaches
against progressive renal fibrosis and hypertension.
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Cerebrovascular diseases belong to the leading caus-
es of death in Hungary. Rational therapy of these
pathophysiologic disturbances can not be carried out
without a detailed map about the main elements and
mechanisms participating in the physiological regula-
tion of the cerebral blood supply. Investigation of the
role of perivascular nerves, NO, PARP enzyme and
non-perikaryal elements of the brain (axons, olygo-
dendrocytes, endothelial cells, blood-brain barrier) in
the regulation of cerebral blood flow (CBF) is incom-
plete, especially in connection with diseases leading
to brain ischemia: blood loss, circulatory shock, dia-
betes and stroke.  Investigation of this regulatory role
of the non-perikaryal elements was in the focus of our
studies. The main findings, obtained in anesthetized
animals, in cerebrocortical microvessels, or in endo-
thelial cell cultures are as follows: (1) Vasodilatory
action of the CO2 in the cerebrovascular bed is medi-
ated by nitric oxide [NO] (2) In brain ischemia, caused
by severe arterial hypotension, the classic vasodilato-
ry effect of CO2 is reversed: increased PaCO2 results
in decreased CBF. (3) In the decompensated phase
of the hemorrhagic shock the blood-brain barrier
function is lost, mainly because the expression of
occludin and cadherin is dramatically reduced. (4)
Painful somatic afferent stimulation results in a signif-
icant increase of the regional cerebral blood flow
(thalamus, somatosensory cortex) while total cerebral
blood volume remains unchanged at the same time
(5) Endothelium-dependent cerebral vasodilation is
significantly reduced in  insulin-resistant  animals: this
is a consequence of disturbed cyclooxigenase medi-
ated processes,  without simultaneous change in the
NO-mediated vasodilatory processes. (6) The PARP
enzyme plays an important role in the development of
ischemic brain damage: selective blockade of  PARP
results in a significant decrease of the infarct area of
the brain, both in the gray and in the white matter.
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We have been studying the formation and effects of
cytosolic Ca2+ signal for 25 years. After examining
phosphoinositide metabolism, the formation of inositol
trisphosphate (IP3) in glomerulosa cells and the de-
scription of its receptor (1986), our attention shifted
to the participation of mitochondria in the process of
Ca2+ signalling. We were the first to describe the
effect of cytosolic Ca2+ signal on the Ca2+-dependent
activation of mitochondrial dehydrogenases in intact
cells (1992). In later studies we focused on the con-
trol of mitochondrial Ca2+ uptake. Although some of
our data was compatible with the general view that
high-Ca2+ microdomains are formed between the IP3

receptor-channel in the endoplasmic reticulum and
apposing mitochondria and these microdomains
facilitate Ca2+ accumulation by mitochondria, we have
also provided evidence that the low submicromolar
Ca2+ signals can also induce net Ca2+ uptake by mito-
chondria in adrenal glomerulosa. Later we extended
this observation to ovarian luteal and insulin produc-
ing tumour cells. Moreover, we observed that angio-
tensin II, a Ca2+ mobilising hormone, in addition to in-
ducing mitochondrial Ca2+ signal via primarily induc-
ing cytosolic Ca2+ signal, also exerts an inhibitory
action on mitochondrial Ca2+ uptake. This inhibition
is brought about by the simultaneous activation of
p38 MAPK and a novel-type protein kinase C. The
significance of this negative feed-back mechanism is
presumably the protection of mitochondria from cal-
cium overload that could otherwise result in apopto-
sis of the cell.  Presently we are analysing the details
of this inhibition.
Besides providing driving force for Ca2+ uptake mito-
chondrial oxidases are also sources of free radicals.
To better understand the biophysical properties of
such electron transfer systems, we use the phago-
cyte NADPH oxidase in electrophysiological meas-
urements, focusing on the direct demonstration of
reversed electron flow across oxidases.
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High and low calcium-dependent mechanisms
of mitochondrial calcium signalling.

Cell Calcium (published on-line: February 19, 2008,
doi:10.1016/j.ceca.2007.11.015)

Szanda, G., Koncz, P., Várnai, P. & Spät, A. (2006)
Mitochondrial Ca2+ uptake with and without the

formation of high-Ca2+ microdomains.
Cell Calcium 40: 527–537.

Pitter, J.G., Szanda, G., Duchen, M.R. & Spät, A. (2005)
Prostaglandin F2alpha potentiates the calcium

dependent activation of mitochondrial
metabolism in luteal cells.

Cell Calcium 37(1): 35–44.

Spät, A. & Hunyady, L. (2004)
Control of aldosterone secretion: a model for
convergence in cellular signaling pathways.

Physiol. Rev. 84: 489–539.
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Since 1985 our main scientific interest was on car-
diovascular and volume homeostasis. Particular
emphasis was put on natriuretic peptide research,
and we succeeded in describing the intracellular
mechanism of atrial natriuretic peptide (ANP) secre-
tion. We have also proved that the negative feedback
phenomenon is true for ANP release as well. Using
direct cardiac gene transfer we located the stretch
responsive elements in the promoter region of B-type
natriuretic peptide (BNP) for the first time in vivo.
Later our research involved other peptides as well,
such as endothelin (ET), adrenomedullin (AM) and
apelin (AP). We characterized the direct arrythmo-
genic effect of intracoronary and intrapericardial ET
infusions, and showed for the first time that the
human pericardial fluid can contain a 100-fold more
ET as compared to human plasma. Members of our
research group described the positive inotropic
effect of AM and AP in isolated heart system and later
we partially characterized the mechanisms of these
effects, comparable to the catecholamine effect in
magnitude. Extensive work was done on angiotensin
II (AII) induced cardiac hypertrophy in healthy and
diebetic rats. We described the antiproliferative
effect of AII receptor type 2 in vivo in cardiac tissue.
Lately we characterized the role NF-kappa-B and sev-
eral kinases in the AII induced cardiac hypertrophy.
Our current interest lies at the crossroads of physio-
logical and pathological hypertrophy. We are about
to set up a standard model of physical training in
rats, which we shall combine with various disease
models such as diabetes, myocardial infarction and
cardiac hypertrophy.
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Circulation 108(19): 2414–2422.
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hydrate metabolism, biotransformation, steroid meta-
bolism and protein processing are compartmentalized
in the ER. The involved enzymes usually receive their
substrates and cofactors from, or release their prod-
ucts to, the cytosol. Therefore, passage of those com-
pounds across the ER membrane is indispensable.
Moreover, these reactions often require a special
microenvironment provided by the ER lumen. Since
the lumen is regarded as a more oxidizing compart-
ment than the cytosol, the regulation of its redox
homeostasis is crucial. Our group has been interested
in the study of intraluminal enzymatic processes, the
corresponding transporters and luminal redox. In par-
ticular, the more important recent research topics are
as follows:  
Participation of small redox-active compounds in the
electron transfer of the oxidative protein folding.
Transport of pro- and antioxidants in the ER. Luminal
redox homeostasis and ER stress.
The functioning of the glucose-6-phosphate trans-
porter – hexose-6-phosphate dehydrogenase – 11β-
hydroxysteroid dehydrogenase type 1 axis in the ER.
Its role in preadipocyte differentiation and in the patho-
genesis of the metabolic syndrome. Extra-hepatic
manifestations of the system. Redox state and anti-
apoptotic properties of the luminal pyridine nucleotide
pool. Cross-talk between the pyridine nucleotide and
thiol/disulfide redox systems.
Role of ER channels (e. g., translocon) in the non-
specific low-affinity low-capacity transport of small
molecules and ions. Contribution to the substrate sup-
ply of luminal enzymes.
Effect of phytopharmacons on the ER. Green tea fla-
vanols as inhibitors of prereceptorial steroid hormone
activation.
In vivo animal models of the redox-based ER stress
and ER-dependent cell death. ER stress in anti-
oxidant deficiency and in prooxidant dominancy.
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The endoplasmic reticulum (ER) is a continuous
membrane network in the cytosol. Its closed
internal compartment, the ER lumen, can com-
prise about 10% of the total cell volume.
Several metabolic pathways related to carbo-
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The Signal Transduction Laboratory focuses on tyro-
sine kinase signaling pathways, with particular inter-
est on protein-protein interactions. Cortactin is a
ubiquitous actin-binding protein that was originally
identified as a substrate for the protein tyrosine
kinase Src. It is accumulated in peripheral, actin-
enriched structures of cells, including lamellipodia
and membrane ruffles, suggesting that cortactin
facilitates actin network formation. In addition, recent
data suggest that it regulates various aspects of cell
dynamics, including integrin signaling, vesicular
transport, axon guidance, and cell migration. A large
body of evidence indicates that cortactin is also
implicated in the pathogenesis of human neoplasia.
Using dominant negative constructs and siRNA tech-
niques, our laboratory wishes to reveal the mecha-
nism by which cortactin regulates integrin signaling
and cell movement. 
Caskin proteins belong to the family of large scaffold
proteins participating in the formation of large multi-
protein complexes at the post-synaptic density.
Caskin1 has been identified through its interaction
with Cask, an adaptor protein of the plasma mem-
brane. The structure of Caskins suggests that they
may interact with several other proteins, therefore,
we searched for binding partners. Using a yeast two-
hybrid technique several novel binding partners of
Caskin-1 were identified. Currently, we validate and
analyze those interactions. Finally, our laboratory will
produce Caskin1, Caskin2, and double conditionally
knock-out mice to study the physiological roles of
this scaffold protein family in the brain.
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lie the lethal inherited disease cystic fibrosis. CFTR
belongs to the superfamily of ABC proteins, which
couple hydrolytic cycles at conserved nucleotide-
binding domains (NBDs) to diverse cellular func-
tions. The 48 human ABC proteins are involved in
insulin secretion, antigen presentation, cholesterol-
and bile-salt transport, drug detoxification, and multi-
drug resistance. CFTR is unique among ABC pro-
teins in that its transmembrane domains comprise an
ion channel. This provides an opportunity to study
individual conformational transitions of a native ABC
protein by recording the ionic current which flows
through its pore. Opening and closing of CFTR's ion-
permeation pathway is controlled by dynamic dimer-
ization-dissociation of its NBDs, driven by a cycle of
ATP binding and hydrolysis. We study the various
steps of this enzymatic cycle, and the conformational
coupling between the catalytic site and the channel
gate.

Gating of the TrpM2 cation channel

TrpM2 ion channels are found in the plasma mem-
brane and play a central role in the development of
cell death following ischaemic brain injury. These
Ca2+-permeable nonselective cation channels are
activated by ADP-ribose released from mitochondria,
and modulated by other NAD metabolites, Ca2+, and
H2O2. The molecular mechanisms of these effects are
unknown. The C-terminal domain of TrpM2 is an
active ADP-ribose pyrophosphatase, but the role of
this enzymatic activity is unclear. Our aim is to reveal
the molecular mechanism by which binding of lig-
ands and the enzymatic activity of the C-terminal
domain regulate gating of the channel pore.

Our experimental approaches include recording and
analysis of single-channel and macroscopic patch-
clamp currents, site-directed mutagenesis, and pro-
tein biochemistry.
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Thermodynamics of CFTR channel gating:

a spreading conformational change
initiates an irreversible gating cycle.

J. Gen. Physiol. 128: 523–533.

Csanády, L., Chan, K.W., Nairn, A.C.
& Gadsby, D.C. (2005)

Functional roles of nonconserved structural segments in
CFTR’s NH2-terminal Nucleotide Binding Domain.

J. Gen. Physiol. 125: 43–55.

48

Laboratory of
Ion Channel
Research

László Csanády, M.D., Ph.D.
Assistant Professor

Gating of the CFTR chloride channel

CFTR is a chloride ion channel expressed at the
apical surfaces of epithelia, where it regulates
transepithelial salt and water movement. De-
fects in CFTR function, due to mutations, under-

Contact information:

László Csanády, M.D., Ph.D.
Department of Medical Biochemistry

Puskin u. 9, H–1088 Budapest
Phone: +36 (1) 266 2755 ext. 4023

Fax: +36 (1) 267 0031
E-mail: csanady@puskin.sote.hu

Members of the research unit:

Senior scientist:
András Szöllôsi, Ph.D.

Technician:
Dorottya Mayer, M.D.

Key words:

patch-clamp
ion channel

gating
CFTR
TrpM2

49



The research team has a long-standing expertise in
stress protein (molecular chaperone) research. The
group has discovered the ATP-binding properties
and two ATP-binding sites of the 90 kDa heat shock
protein (Hsp90) and contributed a lot to our under-
standing of the functions of this wide-spread chaper-
one of key importance in a growing number of anti-
cancer therapies. We proposed and partially proved
the concept of “chaperone-overload”, i. e. the func-
tional shortage of active, “damaged protein-free”
molecular chaperones in stress and aged organisms.
Péter Csermely is a leading figure of the chaperone
field, who was involved in the delineation of the
mechanism of action of the emerging class of novel
drug-candidates, chaperone co-inducers. Csaba Sôti
is a recognized expert in aging-research, who made
significant advances in the recognition of the role of
molecular chaperones in aging organisms and cells.
The present research of the group is performed in
two major areas: (1) role of stress proteins in ageing;
and (2) analysis of the topology, dynamics and evolu-
tion of biological networks. In aging-related research
we use cellular models and C. elegans to study the
interdependence of the sirtuin-related and heat
shock factor-dependent pathways. In network-relat-
ed studies we proposed the ‘weak-link concept’, list-
ing a large number of examples showing that weak
links stabilize all networks from molecules to soci-
eties. We recently discovered the novel, integrative
ModuLand method family to determine overlapping
modules of complex systems. We use the modular
analysis to determine the hot-spots of drug-target
proteins, to discover novel drug targets in cellular
networks including protein-protein interaction net-
works, metabolic networks and signal transduction
networks. We also assess network dynamics by com-
paring the changes of hierarchical modules of vari-
ous cellular networks in stress, aging and diseases.
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Nature 440: 667–670.
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FASEB J. 20: 1018–1020,
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The efficiency of multi-target drugs: the network
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ad1. For the better understanding of the mechanism
of photodynamic inactivation it is necessary to have
a deeper knowledge about the interaction of sensitiz-
ers with macromolecules of biological importance.
Two main targets of photodynamic inactivation are
the cellular membranes and nucleic acids. With the
aim to study the effect of molecular structure on dye
– DNA binding, a series of free base and metal com-
plexed cationic porphyrins bearing 1–4 positive
charges have been selected. T7 phage nucleopro-
tein (NP) serves as a model on which the structural
and functional consequences of dark binding of
drugs and consequent photoinduced reactions can
be studied simultaneously. The structural studies
can be extended also to isolated T7 DNA and nucle-
osomes so that the role of various DNA packaging
conditions can be followed. The effect of the symme-
try and polarity of the porphyrin molecules on their
membrane localization and interaction with mem-
brane lipids were investigated by fluorescent label-
ing of liposomes.
ad2. Tuberculosis is a devastating disease against
which present countermeasures are clearly not
enough. Isoniazid (INH) is a first-line drug for the
inactivation of M. tuberculosis. Recently new INH
derivatives were synthesized. Membrane-separated
compartments are the main targets of these drugs
and therefore their interactions constitute a particu-
lar focus. Our aim is the characterization of the
molecular forces that govern complexation of candi-
date compounds with cellular membranes and target
proteins.
Experimental techniques include: CD, absorption and
emission spectroscopy, Dynamic Light Scattering,
Differential Scanning Calorimetry, Isothermal Titration
Calorimetry, PCR, microbiological titration; prepara-
tion of T7 bacteriophage with optical grade purity;
preparation of liposomes with various techniques.
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In recent years, we have two main research top-
ics: (1) Photodinamic inactivation of microbial
systems; (2) targeting of antimicrobial drugs to
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The vital role of protein conformational dynamics in
their functioning has been recognized now more
than 30 years ago. The hierarchy of the interactions
between the atoms and atomic groups that build up
the structure of macromolecules allows for a broad
scale of conformational fluctuations both on a time
scale and in their amplitudes. These internal motions
of the conformation allow for ligands, substrates and
antagonists to penetrate the volume of large proteins
and diffuse to the active center, and equally, are
needed for macromolecules to be able to interact
with each other. 
The research group applies both experimental and
computational approaches to unravel the role of con-
formational  dynamics in protein function, and the
dynamic consequences of modifications.
Experimental techniques include: Fourier Transform
Infrared and UV-VIS Absorption and Emission (fluo-
rescence and phosphorescence) Spectroscopy –
both time resolved and steady state methods, ther-
modynamic stability measurements, Dynamic Light
Scattering, Isothermal Titration Calorimetry. Compu-
tational approaches rely on the 8-modul cluster SGI
Altix 350, 2-processor PC-s, and an SGI workstation.
The group performs molecular dynamics simulations
using the CHARMM software package, and elabo-
rates computational methods to describe the large
scale, collective motions of proteins.
In recent years, the following proteins and problems
have been studied: (1) Interpretation of the effect of
various allosteric effectors of human hemoglobin on
the cooperative oxygen binding; (2) Domain-domain
interactions in phosphoglycerate kinase. Dynamic
coupling of the domains in the folding and misfold-
ing phenomena, dynamic conditions of substrate
binding, optimization of conditions for designing L-
nucleotide analog drug molecules that are efficiently
phosphorylated by PGK; (3) Understanding the func-
tional conformational changes of dUTPase.

Recent publications:

Balog, E., Laberge, M. & Fidy, J. (2007)
The influence of interdomain interactions on the

intradomain motions in yeast phosphoglycerate kinase.
A molecular dynamics study.

Biophys. J. 92: 1–8.

Schay, G., Smeller, L., Tsuneshige, A.,
Yonetani, T. & Fidy, J. (2006)

Allosteric effectors influence the tetrameric stability
of both R and T states of hemoglobin A.

J. Biol. Chem. 281: 25972–25983. 

Laberge, M., Kövesi, I., Yonetani, T. & Fidy J. (2005)
R-state hemoglobin bound to heterotropic effectors:

models of the DPG, IHP and RSR13 binding sites.
FEBS Letters 579: 627–632. 

Osváth, S., Köhler, G., Závodszky, P. & Fidy, J. (2005)
Asymmetric effect of domain interactions on the

kinetics of folding in yeast phosphoglycerate kinase.
Protein Science 14: 1609–1616.

Laberge, M., Szigeti, K. & Fidy, J. (2004)
The charge transfer band in horseradish peroxidase

correlates with heme in-plane distortions
induced by calcium removal.

Biopolymers (Biospectroscopy) 74: 41–45. 

54

Functional
Protein Dynamics
Laboratory

Judit Fidy, Ph.D., D.Sc., Habil. Med.
Professor and Chair 

Contact information:

Judit Fidy, Ph.D., D.Sc., Habil. Med.
Department of Biophysics and

Radiation Biology 
Puskin u. 9, H–1088 Budapest

Phone: +36 (1) 267 6261
Fax: +36 (1) 266 6656

E-mail: judit@puskin.sote.hu
Web page: http://biofiz.sote.hu

Members of the research unit:

Senior scientists:
László Smeller, Ph.D., Ferenc Tölgyesi, Ph.D.,

Levente Herényi, Ph.D.,
Szabolcs Osváth, Ph.D., Erika Balog, Ph.D.

Ph.D. students:
Gusztáv Schay, István Kövesi, Krisztián Szigeti,

Gergely Agócs, Dániel Veres
Technician:

Katalin Estók-Lévai

Key words:

protein conformational dynamics

55



Recent publications:

Turu, G., Simon, A., Gyombolai, P., Szidonya, L.,
Bagdy, G., Lenkei, Z. & Hunyady, L. (2007)

The role of diacylgycerol lipase in constitutive
and angiotensin AT1 receptor-stimulated

cannabinoid CB1 receptor activity.
J. Biol. Chem. 282: 7753–7757. 

Szidonya, L., Süpeki, K., Karip, E., Turu, G., Várnai, P.,
Clark, A.J.L. & Hunyady, L. (2007)

AT1 receptor blocker-insensitive mutant AT1A
angiotensin receptors reveal the presence of
G protein-independent signaling in C9 cells.
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Mol. Endocrinol. 20: 953–70. 
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The type 1 (AT1) angiotensin II receptor (AT1R) has
important roles in cardiovascular regulation and salt-
water homeostasis, and drugs targeting the renin-
angiotensin system are widely used in medicine. The
aim of this laboratory is to reveal the relationship be-
tween the structure and function of AT1Rs. Molecular
biological and biophysical methods are employed to
investigate these questions, including studies in ex-
pression systems using confocal microscopy, bio-
chemical analysis of signal transduction and intracel-
lular trafficking pathways, and resonance energy trans-
fer methods. The results of the laboratory have pro-
vided evidence that AT1R internalization is β-arrestin
and dynamin dependent, and have identified and
characterized the compartments involved in intracel-
lular trafficking of the receptors after internalization.
The research also focuses on the mechanisms of the
signal transduction of angiotensin receptors, includ-
ing studies on G-protein dependent and independ-
ent pathways, and receptor dimerization. The find-
ings of this group have provided evidence that stim-
ulation of AT1R can cause diacylglycerol lipase-medi-
ated activation of cannabinoid CB1 receptors, and
current studies are aimed to elucidate the mecha-
nism of this response. The laboratory participates in
international collaborations, collaborative studies with
clinical scientists to identify genetical abnormalities
in endocrine or metabolic disorders and in a project
aimed to develop compounds that modify the signal
transduction for the treatment of cardiovascular dis-
eases. 
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The theme of the research activity is thrombolysis
(dissolution of thrombi under physiological and
pathological conditions). The main aim is to learn
the fibrinolytic processes under in vivo condition.
Fibrinolysis by the plasmin(ogen) system is rather
well known in vitro, but how it is changed in com-
partments (between solid and fluid phase, where
there are extreme alterations in reactions rates) is
poorly understood. In a thrombus, besides fibrin
and platelet there are other molecular and cellular
components, which may modify fibrinolysis (plas-
minogen activation, fibrin degradation, plasmin
inactivation) and their influences are also poorly
described.
Therefore, the components, present in a human
arterial thrombus removed by surgery, are studied
with immuno-morphological methods, and their
effect on fibrinolysis is determined in vitro by enzy-
mology. According to our hypothesis and our pre-
liminary experimentations, the role of endothelial
cells, platelets (and their components), polymor-
phonuclear cells, immunoglobulins and the pro-
tease inhibitors of blood plasma seem to be reason-
able for study.
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The research group has developed an original tumor-
selective somatostatin analogue, TT-232, which suc-
cessfully passed clinical phase II/a trial. The group has
designed novel follow up compounds identifying the
most important domains essential for biological activi-
ty. Some of the new compounds inhibit cell prolifera-
tion and neurogenic and non-neurogenic inflammation
even more efficiently than TT232. Patent application
has been filed. Utilization of the invention would result
in a new non-steroid type anti-inflammatory drug.
More than 80 diseases are connected to insufficient
angiogenesis. The research group successfully de-
signed and developed two small molecular weight
compounds of different type which are able to induce
angiogenesis both in vitro and in vivo. The lead com-
pound caused a 10-times enhancement in the genera-
tion of veins compared to the control. International
patent application has been filed. 
The group has participated in the development of
novel peptidomimetic kinase inhibitors for various
pathologically relevant targets.
The research group has an intensive cooperation with
N-Gene Kft. in the field of development of hepato- and
dermatoprotective agents. Our scientific approach is
based on the recently revealed central role of endo-
plasmic reticulum stress in a wide variety of diseases.
N-Gene developed an antidiabetic agent, which suc-
cessfully passed clinical phase II trial. Our group inves-
tigated and proved the hepatoprotective effect of these
compounds, which work was supported by an NKTH
grant.
The endoplasmic reticulum related effects of the tea-
flavanols was studied by the research group. The re-
sults show that epigallocatechin gallate efficiently in-
hibits a key enzyme in the processing and quality con-
trol of glycoproteins in the endoplasmic reticulum. The
observed effect can lead to the accumulation of mis-
folded proteins in the lumen and to a consequent en-
doplasmic reticulum stress, which may contribute to
the antitumor effect of the molecule.
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Our research interests focus on two main fields: neu-
roprotection in the ischemic brain and investigation
of the brain microvessel endothelium as a blood-
brain barrier (BBB) model. We are experienced in the
culture of different cell types, neuronal cells (PC12),
fibroblasts, vascular smooth muscle cells, cells from
early restenosis, and endothelial cells especially
from human brain microvessel (HBEC). Furthermore
transient and permanent brain ischemia models are
used to study apoptosis and repair mechanisms of
neurons in the ischemic penumbra. Different anti-
apoptosis strategies, stem cell implantation, anti-
apoptotic bcl genes transfer using adenovirus con-
structs and propargyl-amine molecules are tested
after ischemia or hypoxia. Repair strategies are
measured with behavioral tests. Different signal mol-
ecules are monitored with immunocyto(histo)chemi-
cal methods by confocal microscope. The protein
expressions are detected with Western blot and
ELISA. Genetic methods are completed our tech-
niques. In the laboratory, a new double labeling
method was developed to simultaneous measure of
ROS and mitochondrial permeability pore opening.
We described a reverse regulation of HBEC and
myointimal hyperplasia cell proliferation by a heat-
shock protein co-inducer after hypoxia.   
Our previous endothelial studies demonstrate that
the HBEC culture appears to be a relevant system to
study the interaction between endothelial cells and
the pathological factors (hypoxia, elevated level of
inflammatory cytokines, hemostatic factors and
lipids). Presently we are characterizing the expres-
sion of efflux transporters of the ATP binding-cas-
sette superfamily on HBEC. We are modulating their
expression and efflux activity in physiological and
pathological circumstances. We are investigating the
expression of different genes according to whether
are constitutively or inducibly expressed in HBEC
culture. 
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related genes in search for association with
rheumatoid arthritis. We perform database analysis
combined with artificial neural network-based pre-
diction of glycosylation in order to compare the gly-
cosylation of normal human and bacterial proteins,
known human autoantigens and human T cell epi-
topes. We are investigating the role of NO in regula-
tion of the expression of galectins as well as other
glycosylation-related genes. 
Citrullination. Experiments are on their way to clarify
the role of citrullination of the “shared epitope”-con-
taining autologous cartilage aggrecan T cell epi-
topes in rheumatoid arthritis.

II. The immunoregulatory role of cell-derived micro-
vesicles: microvesicles (exosomes, ectosomes and
apoptotic bodies) are generated by cells upon activa-
tion and apoptosis-inducing signals, and are recog-
nized as novel mediators of the intercellular commu-
nication. We are currently carrying out (1) basic
structural studies on microvesicles, (2) studies that
focus on basic functional aspects of the microvesicle-
mediated intercellular communication and (3) on the
in vivo function of cell-derived microvesicles.

III. The immunological roles of mast cells: Cross-
linking the high affinity IgE receptors by IgE and anti-
gen results in the activation of mast cells. As activated
mast cells play a crucial role not only in allergy and
asthma, but also in tumorigenesis, intestinal helminth
infections, autoimmune diseases, such as rheuma-
toid arthritis. Our research group focuses on the
identification of genes and stimulatory mechanisms
that are novel in mast cells. To accomplish this aim,
expression micro-array technology and a wide variety
of molecular biological and immunological methods
are applied.
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related genes in search for association with
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The most important findings:
Presentation of the first evident of Helicobacter pylori
infection as a triggering factor of attacks in patients
with hereditary angioedema (HAE). This result was
confirmed by a multicenter study within the EU
Concerted Action PREHAEAT Project. 
Sex hormones play an important role in HAE.
Predictive value of SHBG and progesterone levels in
frequency of attacks were shown.
Creating a novel interactive, locus-specific mutation
database of the C1-inhibitor gene (www.hae.biomem-
brane.hu). Mutation screening of the C1-inhibitor
gene among Hungarian patients was performed. 
Relationship exsists between the copy number of
genes (C4A, C4B) encoding the fourth component of
complement and the clinical course of HAE. We
proved the efficacy and safety of human C1-inhibitor
concentrate with retrospective analyis. 
Strong correlation was found between the with C1-
inhibitor (C1-INH) autoantibodies and the severity of
disease in C1-INH concentrate naive patients. 
The proatherogenic lipid profiles of danazol prophy-
laxis was demonstrated. 
Our group participated in creating of international
consensus algorithm for the diagnosis, therapy and
management of HAE. 
We established the European HAE Working Group in
1998 and launched a conference series. International
C1-INH Deficiency Workshops have been organized
since 1999 every second year. The 5th Workshop
took place in 2007.
We initiated the HAENETWORK project  which aims
education, introduction of modern diagnostic meth-
ods and appropriate treatment modalities in different
neighbouring countries. Up to now, assistance to
establishing regional HAE Centers has been provided
for Ukraine, Bulgaria, Macedonia, and Romania.
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The Imunogenomics Research Group primarily is
involved in oncogenomic studies. The central ques-
tion in the last years is the role of histamine in gener-
ation, maintenance and metastases of tumors. For
these experiments, in vivo and in vitro models are
used, including histidine decarboxylase (HDC) gene
targeted mice and transfected cell lines. For gene
transfection to murine melanoma cell lines HDC
sense and antisense constructs are used. The influ-
ence of overexpressed HDC resulting in high hista-
mine content is studied by microarray experiments
studying the global expression of human genome.
Our data show, that histamine reveals procarcino-
genic effect on the tumors (melanoma, colorectal
cancer). Based on gene pathway analysis new gene
regulatory circuits pathways were identified, sug-
gesting that histamine targets anti-cancer mecha-
nisms at multiple points, through downregulating
both insulin-like growth factor receptor expression,
inhibitory TGF β production and anti-angiogenic
fibulin-5, simultaneously. Several peptides cleaved
by surface proteases from extracellular matrix were
also proved to be involved in colorectal cancer
spreading.  Using surgical material from colon can-
cer, microarray experiments and gene pathway
analysis identified that downregulation of insulin-like
growth factor receptor expression on tumor tissue,
leads to decrease of MDR1, an ABC transporter mol-
ecule. A definite shift of histamine receptor expression
(suppression of H1 and H4 histamine receptor
expression) was also found adenocarcinoma cells
from colon tumor. The inhibition requires MAP
kinase pathway. The in vivo genomic data were also
confirmed by experiments carried out on human
colon cancer cell lines. Moreover in adrenal cancer
micro RNA (miRNA) pattern is examined, as well.
Informatic analysis is performed in order to predict of
the targets of elevated miRNA. The role of mast cells
in cancer microenvironment is studied; too, several
new genes (mostly serine proteases) were annotated
affecting the growth of tumor.
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Main activities of the research group was concentrat-
ed in two topics: (1) association between some alle-
les and extended haplotypes in the central (class III)
region of main histocompatibility complex (MHC)
with some diseases with high morbidity and mortali-
ty; (2) role of the complement system in stroke and
other cerebrovascular diseases.
Main findings of these studies: 
Topic 1: (a) Serum C4 (fourth component of comple-
ment)  protein concentrations correlate with C4 gene
size and polygenic variations, and body mass index;
(b) regular smoking is strongly associated with the
8.1 extended haplotype (AH8.1) mainly in women;
(c) in patients with cystic fibrosis carriers of AH8.1
had a significantly delayed pulmonary colonization;
(d) a novel method based on real-time PCR was
worked out which allows counting of the copy num-
bers of the two genes (C4A and C4B) of the C4 pro-
tein; (e) a strong association was detected in the
Icelandic and Hungarian populations between carri-
er state of low C4B gene copy number, and the sus-
ceptibility to coronary artery disease and myocardial
infarction, this association, however, was restricted
only those subjects who were smokers at the time of
the investigation; (f) the short term (1 year) mortality
of the patients with myocardial infarction was
markedly and significantly higher among smoking
carriers of low C4B copy number; (g) susceptibility of
the AH8.1 carriers for colorectal cancer was signifi-
cantly higher as compared to the non-carriers.
Topic 2: (a) Strong association was found between
high serum concentration of the third component of
complement (C3) with pre-existing severe coronary
artery disease and new vascular events in women;
(b) ischemia-reperfusion led to systemic comple-
ment activation after carotis endarterectomy opera-
tion; (c) early complement activation that occurs
already during admission in patients with ischemic
stroke was demonstrated, the intensity of comple-
ment activation is correlated with the unfavorable
outcome of the stroke. 
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The clinical significance of the negative acute phase
reactant human fetuinA/alpha2HS glycoprotein
The acute phase reaction plays a crucial role in the
organization and execution of the response to vari-
ous injuries. Human fetuinA/alpha2HS glycoprotein
(AHSG) a negative acute phase reactant: its serum
concentration decreases during the acute phase
reaction. AHSG is a multifunctional molecule. It accu-
mulates in calcified tissues, inhibits extraosseal calci-
fication, is in involved in embryonic tissue differentia-
tion, facilitates phagocytosis and inhibits lymphocyte
mitogenic response. In adults AHSG is produced by
the liver parenchyma cells.
We found decreased serum AHSG concentration in
chronic liver diseases (cirrhosis, fatty liver and
tumors) but not in acute viral hepatitides. Low AHSG
level was associated with high mortality rate in
patients with alcoholic liver cirrhosis. Its 1-year pre-
dictive value was equal to that of the Child-Pugh and
was better than the MELD scores. In chronic C virus
hepatitis we observed a paradoxical alteration of
acute phase reactants that returned to normal on
successful therapy. This reflects that the virus modi-
fies the acute phase response.
The rat analogue protein pp63 was shown to be a
natural inhibitor of the insulin receptor tyrosine
kinase (IRTK). We demonstrated that human recom-
binant AHSG inhibited the IRTK activity suggesting
that AHSG may increase tissue insulin resistance.
We found that serum AHSG was significantly higher
in gestation diabetes (GDM) compared to non-dia-
betic pregnant women. We observed significant neg-
ative correlations between serum AHSG and anthro-
pologic parameters of the newborn in GDM. With
tumor necrosis factor alpha and leptin AHSG con-
tributes to the insulin resistance of pregnancy and
may negatively regulate embryonic development.
Now we focus on phosphorylated AHSG in obesity,
metabolic syndrome and type 2 diabetes mellitus as
tissue insulin resistance is probably associated with
this form of the molecule.
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During recent years we have successfully demon-
strated new cellular immunological interactions
between mechanisms maintaining bronchial asthma
and those activated be pregnancy. T lymphocytes of
pregnant asthmatics are able to release larger
amounts of cytokines like interferon-gamma and
interleukin-4. These observations may lead to better
understand the mechanism along which pregnancy
impairs asthma. Our later similar studies indicated,
that the number of activated CD4 and CD8 T cells,
NK T cells, NK as well as B cells remain unchanged
in asthmatic pregnant versus healthy pregnant
women. This contrast with the non-pregnant state,
when asthma induces doubling of activated pool of
these lymphocyte subsets. We were the first to
demonstrate these pregnancy-specific modifications
of the pathogenesis of asthma (about 7% of preg-
nant women suffer from asthma). In an experimental
asthma model in mice we have created a new,
steroid resistant form of allergic asthma by timed
treatment of allergic asthmatic mice by bacterial
endotoxin. In this study we have also shown that spe-
cific inhibition of iNOS is a strong inhibitor of airway
hyperresponsiveness. The other line of our immuno-
logical research is transplantation immunology.
Recently we have published on neuronal NOS, sex
differences and single nucleotide polymorphisms in
tracheal and kidney transplant rejection. Currently
our cell immunological investigations have been
extended to pulmonary sepsis and lung cancer. 
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In 2007 the research group created a software for its
pharmacogenomic biobank and database in active
collaboration with the Pázmány Péter Catholic
University Faculty of Information Technology, the
Hungarian Academy of Sciences Research Group
for Veterinary Medicine and with the Laboratory of
Toxicology of the Semmelweis University  Department
of Forensic Medicine. In collaboration with the Rt.
Europe Ltd. and the Roche Diagnostics Division we
are developing a laboratory unit of pharmaco-
genomics with both diagnostic and research capabili-
ties.  
Within this multicentric facility we aim to carry out
pharmacogenomic genotyping and phenotyping to
determine metabolic factors in individuals before
chronic or “dangerous” medication is administered
(medication by drugs that are known to provoke cer-
tain severe adverse reactions) or even before a strat-
egy for therapy is devised. This unit will serve as a
medical service unique in the Central Hungarian
region. The growing knowledge on genetically deter-
mined metabolic factors will facilitate decreasing the
possibility of life threatening drug side effects.
Diagnostics include complete genotyping and phe-
notyping of the CYP2D6, CYP2C8/9 and
CYP2C18/19 gene systems, and determination of
certain polymorphisms of the NAT1/NAT2 genes
with phenotyping of acethylation-metabolization
speed via HPLC. Further research will complete the
diagnostic palette with the enzyme system
CYP3A4/5, and also the full genotyping analysis of
NAT1 and NAT2. This research work is based on our
clinical experiences dealing with many patients with
drug induced diseases, majority of them manifest in
skin symptoms.
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development of statistical methods to analyze thou-
sands of genetic and biochemical markers in clinical
studies, however, have not kept pace with the
progress of high-throughput technologies. Further-
more, biostatistical strategies are underdeveloped to
analyze complex interactions in clinical studies. 
The aim of our group is to introduce a data-mining
tool, described in operations-research for non-
medical applications, into medical research, allow-
ing the analysis of complex interactions. This goal
will be achieved by the organization of a model clini-
cal study and determination of large number of
genetic and biochemical markers. Chronic heart fail-
ure is investigated to build up a large database con-
taining pathway-based genomic data together with
detailed clinical characteristics, phenotypes and out-
comes. Analysis of this database will be done by log-
ical analysis of data (LAD). LAD is able to describe
patterns of interacting variables with high power to
predict phenotypes/outcomes. The components
(molecular-, or other types of interactions) of predic-
tive patterns obtained in LAD models will be checked
and biologically validated in new studies including
functional genetic, endothelial cell-based-, and
immunochemical assays to delineate the molecular
interactions within the models. As a result, interac-
tion based risk-stratification models, together with
mechanism of action, will be obtained for characteri-
zation of clinical phenotypes; for prediction of out-
comes. Furthermore, the improved LAD software
may fuel follow-up research in a wide spectrum of
applications where identification of interacting vari-
ables is the cardinal question. We are looking for-
ward to get contact with interested groups to apply
LAD on their databases.
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We presented first that female gender and estradiol
improves survival and attenuates renal tissue dam-
age following renal I/R injury. We demonstrated that
females are more protected from the functional dis-
orders of Na+,K+ ATPase enzyme caused by loss of
tubular polarity. Our data suggest that heat shock
protein (HSP) 72 plays a major part in the reintegration
of Na+,K+ ATPase.
We are working in several areas: (1) importance of
erythropoietin treatment related to renal I/R injury
and kidney transplantation; (2) role of sex hormones
and gender in control and progression of renal fail-
ure; (3) mechanisms of HIF-HSP pathway, with partic-
ular interest in erythropoietin susceptibility as part of
long-term graft survival; (4) role of nitric oxide in con-
trol of kidney function and renal ischemic suscepti-
bility; interactions with other systems, such as PI3-
kinase/SGK1 pathway.
We use a variety of techniques. Animal studies
involve rat models of: (1) I/R injury; (2) kidney trans-
plantation; (3) experimental ureter obstruction.
Blood sampling and urine collection allows to look at
electrolyte-water homeostasis and responses to se-
veral agents following animals longitudinally through
evolving kidney disease. In vitro techniques are: cell
culture, cloning strategies, siRNA. mRNA expression
by real-time PCR and protein levels by Western-blot
are used to quantify of molecular changes. We use
histochemical staining and confocal laser scanning
microscopy. In collaboration with laboratories we
evaluate biochemical assays on enzyme activity and
have access to FACS analysis.
Our research may help to improve the ability of the
kidney to tolerate I/R damage.  Furthermore possible
gender differences might change our existing thera-
peutic protocols in everyday clinical therapy.
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Our research focuses on the pathophysiology
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Presently we have genomic DNA and clinical data
from 425 children with asthma, 150 allergic, but with-
out asthma and 300 healthy controls. First, we inves-
tigated selected polymorphisms in candidate genes
for association with asthma or allergy. Later we stud-
ied several genetic polymorphisms, whether they
influence the susceptibility to asthma in individuals
infected with Chlamydia pneumoniae or Myco-
plasma pneumoniae. We have also developed a
mouse model of allergic airway inflammation, with
similar symptoms as the human asthma. We have
used histidine decarboxylase gene-targeted (HDC
KO) mice, lacking histamine, to investigate the effect
of histamine deficiency on the development of asth-
ma. Presently we carry out partial genome screen-
ings in asthma and allergy in chromosome regions of
11q13, 14q22 and 17q12–21 with a high-through-
put genotyping method. These are regions earlier
found to be associated with asthma, but the exact
causative variations are still unknown.
Our other research focus is the genetic, genomic and
pharmacogenomic study of acute lymphoblastic
leukemia, testicular cancer and osteosarcoma. We
have collected DNA samples and clinical data from
more than 700 patients. We investigate several poly-
morphisms and haplotypes in candidate genes,
whether they influence the susceptibility to the dis-
ease or the effect or side effects of the applied thera-
py. Presently, we study, whether 48 SNPs in 11
genes, involved in the metabolism of Vincristin, influ-
ence the effect of the chemotherapy. We are also
planning to screen the genes involved in the metab-
olism of methotrexate for SNPs with our high-
throughput genotyping system, and analyze their
effect on the chemotherapy.
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Our research group began to work in the field of
the investigation of the genetic background and
pathomechanism of asthma and allergy in
1999. First we started with the collection of
blood, DNA and clinical data from children with
allergy, asthma and from healthy children.
Presently
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Our research group has intensive studies on the fol-
lowing fields: (1) isolation and detection of free DNA;
(2) isolation of fetal cells in maternal blood;
(3) searching genes, gene polymorphisms in com-
plex diseases (preeclampsia); (4) detection of genetic
diseases using modern methods and technologies.
We obtained very interesting results on introduction
of non-invasive prenatal detection of genetic disease.
We were able to isolate free fetal DNA from maternal
blood and to isolate fetal nucleated cells from mater-
nal blood. Two publications from our research group
appeared in the respected Clinical Chemistry. We
continue our studies on this field to avoid the invasive
amniocentesis and chorionic villus sampling, and to
have a simple method to predict genetic disease in
the fetus.
We received significant results on study of complex
diseases like preeclampsia and HELLP syndrome.
We studied several mutations (Leiden mutation, pro-
thrombin) and gene polymorphisms (VEGF, MTHFR)
on high number of preeclamptic and HELLP syn-
drome patients. Several publications appeared from
our group in different high quality journals.
Significant improvements have occured in the
molecular diagnostic technics since the development
of polymerase chain reaction (PCR). Quantitative real-
time PCR method became available in the last cou-
ple of years. This method combines amplification of
the target DNA with detection of the amplicons in the
same capillary tube. The risk of carry over or contam-
ination is significantly reduced in this closed system.
Multiplexing can be assesed in the same sample.
We have the experience to optimize the PCR reac-
tions for all kind of applications with SYBRGreen I or
FRET probe systems using different type of tissues.
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The main research activity of the laboratory is the
study of the nature of genetic polymorphisms in the
human population. Our specific interest is related to
genetic background of human behavior and psychi-
atric disorders. Numerous polymorphisms of the
dopamine and serotonin neurotransmitter system
have been studied in the laboratory in respect to
their association to various human traits and psychi-
atric disorders. Molecular biology of the determined
promoter polymorphisms have been assessed by
reporter gene constructs and by cotransfection of
transcription factors in neuronal and astroglial cell
lines.
Recently we started to work on the transcriptional
effects of hypoxia and its relation to various genes of
the dopamine and serotonin system. Moreover, we
just started to investigate the expression changes in
rat nervous system as the consequence of diabetes.  
The laboratory has numerous ongoing funds for the
research, including an EU and an NIH-FIRCA fund,
as well as national grants of OTKA and ETT. Our
research group also participates in K+F activity. 
As our research has a strongly interdisciplinal nature,
we have numerous national and international col-
laborations, including EU member and non-member
states, as well as the US.
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Our research group has been working on antibiotic
resistance mechanisms in Gram-negative bacteria to
determinate the molecular basis of beta-lactamase
mediated resistance in Gram-negative bacteria. Our
group has published the first extended-spectrum –
beta-lactamase (ESBL) producing Klebsiella pneumo-
niae outbreak in Hungary. We investigated the risk fac-
tors for colonization and infection of ESBL and non-
ESBL-producing K. pneumoniae and K. oxytoca
strains. We have also done animal experiments with
ESBL-producing K. pneumoniae strain to compare the
therapeutic effect of different antibiotics – beta-lac-
tams, aminglycosides, carbapenems and to investi-
gate the in vitro and in vivo inoculum effect. In collab-
oration with Dr. David Paterson’s laboratory at the
University of Pittsburgh, PA, US we have conjointly iso-
lated and identified 5 novel beta-lactamases.  We were
working on the ESBL-detection in Enterobacter cloa-
cae too. We developed a real-time PCR method for
detection of multiple SHV beta-lactamases in a single
isolate. We determinate the antibiotic resistance pro-
file of multidrug-resistance (MDR) Gram-negative bac-
teria – specially Enterobacteriaceae, Pseudomonas
aeruginosa – isolated from clinical samples. We inves-
tigate the phenotypic and genotypic backgrounds of
the antibiotic resistance special regard to beta-lac-
tams, aminoglycosides and quinolones. We determi-
nate the minimal inhibitory concentrations (MICs) of
the tested drugs, the isoelectric points, the kinetic
parameters, the presence of the outer membrane pro-
teins and their role in the resistance. We study the
genetic background of the resistance mechanisms by
detecting with PCR the genes of different beta-lacta-
mases, topoisomerases and other quinolone resistant
determinants, the genes of multi-drug efflux pumps.
We determinate the sequences of that genes. We
study the molecular epidemiological relation among
the resistant strains using different molecular tech-
niques. 
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Mitochondrial dysfunction and reactive oxygen
species (ROS) are involved in the pathogenesis of
acute and chronic brain diseases. Mitochondria are
susceptible to ROS-mediated functional injury, but
also responsible for the generation of ROS. One of
the aims of our team is to reveal mitochondrial mech-
anisms and molecules responsible for the ROS pro-
duction. Special emphasis is put on the regulation of
ROS production by in situ mitochondria present in
their normal intracellular environment.

Permeability transition could also be part of the
pathological scenario leading to neuronal cell death.
Understanding the molecular details of mitochondri-
al permeability transition pore (mPTP) is important to
elaborate effective cytoprotective strategies. Using
tissue culture of genetically modified mice (lacking
components of PTP), changes in mitochondrial func-
tions and morphology are studied with microfluori-
metric methods developed in our laboratory.

We have recently developed an online kinetic assay
for the adenine nucleotide translocase (ANT) activity.
Based on this assay, a computer model was devel-
oped to predict ANT activity as a function of mito-
chondrial membrane potential, as well as 22 other
mitochondrial parameters to investigate the condi-
tions mimicking tissue ischemia in which mitochon-
dria become ATP consumers. Using the ANT assay
and the computer model, we are establishing a diag-
nostic test for mitochondrial dysfunction-related
myopathies.
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Our main interest is the supraspinal innervation of
the reproductive organs and of the adrenal gland
using the viral transneuronal tracing technique.
Inoculation of an organ with the neurotropic virus
(Bartha’s strain  of pseudorabies virus)  results in
infection of all spinal and cerebral neuronal struc-
tures trans-synaptically connected with the organ
studied. The number of labeled neurons in an infected
structure  depends on the density of innervation of
the inoculated area. We demonstrated neural con-
nections between the brain and the  organs of repro-
duction. The findings provided the neuromorpholog-
ical evidence for the existence of the “brain-repro-
ductive organs-brain” neuronal circuit that presum-
ably is involved in the fine-tuning control of the repro-
ductive system. Further studies have indicated that
the intensity of  supraspinal labeling varies. In rats
with pharmacologically induced polycystic ovary syn-
drome viral infection of cerebral structures was con-
siderably diminished. Trans-synaptic labeling from
the uterus also showed variations. Recently we have
demonstrated in individual rats, by means of dual
transneuronal tracing using isogenic recombinant
strains of pseudorabies virus expressing a red fluo-
rescent protein or a green fluorescent protein gene,
the predominance in the innervation of both the left
ovary and the left adrenal gland. Data also revealed
that each ovary and each adrenal gland is innervated
both by side-specific neurons and neurons which
project to both the left- and right-sided organ.
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The research unit, supported by the Hungarian
Academy of Sciences and the Department of Human
Morphology and Developmental Biology of the
Semmelweis University, studies since decades the
central nervous system – anterior pituitary – target
endocrine gland system. Presently we are primarily
interested in the structural and functional aspects of
the glutamatergic innervation of prominent hypothal-
amic cell groups. We use vesicular glutamate trans-
porters as markers of glutamatergic elements and
inject glutamate receptor antagonists into various
hypothalamic structures to examine the functional
significance of the glutamatergic innervation. As
techniques autoradiography, single and double label
immunocytochemistry at the light and electron
microscopy level are applied, by means of mini-
pumps drugs are injected into hypothalamic cell
groups via implanted cannula, we determine hor-
mones by radioimmunoassay.
In the last five years we have reported that in the
hypothalamus glutamatergic fibers terminate on
gonadotropin-releasing hormone-containing neu-
rons, on growth hormone-releasing hormone-con-
taining nerve cells and on somatostatin immunoreac-
tive neurons. Further we have demonstrated that glu-
tamate receptor antagonist injected into the hypo-
thalamus blocks the suckling stimulus-induced
release of prolactin, and inhibits the prolactin
response to formalin stress. By means of radiola-
beled aspartate autoradiography, we mapped the
location of glutamatergic neurons projecting to hypo-
thalamic cell groups.
Currently we study the glutamatergic innervation of
the suprachiasmatic nucleus, key-structure of the
control of circadian rhythms, and investigate the
effect of sex steroids on the glutamatergic neurons in
various structures of the brain.
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The activity of the research group focuses on clinical,
epidemiological and pathological features of cere-
brovascular disorders and dementias. A single-cen-
ter large database including data of over 8000
patients with acute stroke has been established. The
effects of risk factors on stroke severity and outcome
are compared among different populations. Early fea-
tures of atherosclerosis are evaluated in the carotid
arteries by non-invasive methods. The pathomech-
anism, clinical and imaging characteristics of stroke
subtypes are analyzed in international co-operations.
Imaging features of cerebral small vessel diseases
are related to subtypes of cerebral infarcts. The
effects of small subcortical lesions on cognitive func-
tions are evaluated by psychometric tests.
Systematic reviews of health care interventions are
prepared to evaluate the scientific evidence in the
background of therapeutic practice. Pathological
features of stroke and dementia are also studied in
relation to the clinical findings. The distribution of the
hallmark lesions and their relation to other (especially
vascular) pathologies in Alzheimer’s disease and in
degenerative Parkinsonian-syndromes (mainly in
multiple system atrophy) are investigated using
stereological and morphometric methods. Autopsy
tissue is available from the Károly Schaffer Neuro-
pathology Laboratory and from international co-oper-
ations. The pathological features of transneuronal
degeneration in stroke are analyzed in the cortico-
spinal system and in the spinal cord. Patients with
familiar and rare forms of dementias are followed
with clinical, genetic and neuropathological methods.
Imaging and clinical studies in Alzheimer’s disease
are carried out. 
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original form during the course of evolution.
According to our opinion sleep provides a perfect
insight so as to understand human behavior. One of
the defining characteristics of sleep is the wide-
spread synchronization of individual neurons and
networks, which leads to the appearance of specific
low frequency EEG patterns. As synchronization
needs connectivity, the neuroanatomical condition
of efficient synchronization lies in intracortical and
corticothalamic synaptic infrastructure. Stable indi-
vidual differences in sleep-EEG are called individual
fingerprints and are supposed to reflect functional
neuroanatomy of underlying brain tissue. Based on
this idea we focus our research on sleep-EEG corre-
lates of aging, general and specific cognitive abili-
ties, personality and of trait-like affective styles in nor-
mal and pathological conditions such as autism
spectrum disorders and borderline personality disor-
der. The hitherto hidden aspects of the latter traits
and conditions are being unraveled by newly devel-
oped quantitative EEG methods and the parallel use
of volumetric MRI assessed brain morphology. We
consider that sleep-EEG combined with brain mor-
phology and complex psychological examination
offers the appropriate multidisciplinary approach
towards a more exhaustive understanding of the neu-
robiology of normal and pathological mental condi-
tions. Besides significantly enriching our factual
knowledge of the composite relationship between
brain function, structure and behavior, this approach
also hides expectedly multiple possibilities for devel-
oping new diagnostic tools in different psychiatric
disease.
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Our scientific interests are mainly, but not exclu-
sively related to sleep research, more specifically
to the relationship between sleep, behavior and
psychological phenomena. Sleep is an ancient
component of the mammalian behavioral reper-
toire which has been being preserved in its
original


