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Das Zentrum fiir Neurologie im Jahr 2008

Das Jahr 2008 war fiir das Zentrum fiir Neurologie eine Zeit des Ubergangs.

Die Abteilung fiir Allgemeine Neurologie wurde seit dem Weggang von Prof. Weller zu Beginn des
Jahres kommissarisch durch Prof. Arthur Melms geleitet. Dank des besonderen Engagements von
Prof. Melms und aller drztlichen Mitarbeiter war es moéglich, die Leistung der Klinik in ihrer ganzen
Breite aufrecht zu erhalten. Die Berufungsverhandlungen fir die Nachfolge sind mittlerweile nahezu
abgeschlossen, sodass wir mit groRer Zuversicht in die weitere klinische und wissenschaftliche Zukunft
des Zentrums fuir Neurologie sehen.

Gleichzeitig war das Zentrum auf wissenschaftlichem Gebiet auf , Expansionskurs".

Nach einer langen Vorbereitungsphase wurde im Dezember 2008 das Werner-Reichardt Zentrum
fur Integrative Neurowissenschaften (CIN), das bislang einzige eingeworbene Exzellenzcluster der
Universitat Tubingen, offiziell aus der Taufe gehoben. Eine ganze Reihe von Berufungsverfahren fiir
Professuren und Nachwuchsgruppen konnten bereits erfolgreich abgeschlossen werden.

Eine besondere Bedeutung fiir die Zukunft des Zentrums kommt auch der erfolgreichen Bewerbung
des HIH als Partnerstandort des in Griindung befindlichen ,Deutschen Zentrums fir Neurodegene-
rative Erkrankungen in der Helmholtz-Gemeinschaft, DZNE" zu. Die dadurch ermdglichte langfristige
Sicherung von Forschungsmitteln wird den neurowissenschaftlichen Standort in Tiibingen erheblich
starken. Die Gestaltung der Zusammenarbeit der neuen Professuren und Arbeitsgruppen des DZNE
mit den bestehenden Strukturen des HIH und des CIN wird aber auch ganz neue Herausforderungen
bringen.

Zahlreiche erfolgreiche
Drittmitteleinwerbungen,
wie zum Beispiel im Rahmen
des Nationalen Genomfor-
schungsnetzes NGFNplus,
einer der hochkompetitiven
ERC Junior Research Awards
fur Dr. Marc Himmelbach
von der Sektion Neuropsy-
chologie, sowie zahlreicher
DFG- und EU-Férderungen
belegen dariiber hinaus die
wissenschaftliche Leistungs-
fahigkeit des Zentrums.

Die Vielfalt und der Erfolg
der wissenschaftlichen
Aktivitaten hat nach einer

A Abbildung: . L
Verleihung der Ehrensenatorwiirde der Universitit an Dr. Michael Endres, Evaluation der gemeinnit-
Vorstandsvorsitzender der Gemeinnitzigen Hertie-Stiftung. zigen Hertie-Stiftung dazu

gefiihrt, dass das HIH inzwi-
schen in die Spitzengruppe der europdischen Hirnforschungsinstitute vorstoBen konnte.
Die wichtige Rolle, die das HIH im Leben der Universitat Tubingen spielt, fand seinen Ausdruck in
der Verleihung der Ehrensenatorwiirde der Universitdt an Dr. Michael Endres, den Vorstandsvorsit-
zenden der Gemeinnitzigen Hertie-Stiftung.

Prof. Dr. Thomas Gasser, Prof. Dr. Mathias Jucker, Prof. Dr. Arthur Melms, Prof. Dr. Peter Thier
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University Hospital for Neurology and Hertie Institute for Clinical Brain Research

In 2001, the Charitable Hertie Foundation, the State of Baden Wiirttemberg, the University of Tlibin-
gen and its Medical Faculty and the Tubingen University Hospital signed the contract that founded
the “Center of Neurology", one of the largest centers for clinical and disease-oriented brain research
in Germany.

The center consists of two closely interconnected institutions, the University Hospital for Neurology
and the Hertie Institute for Clinical Brain Research.

The major objectives of the Center are the care for neurologic patients by the University Hospital and
the pursuit of neuroscientific research within the Hertie Institute. The center is particularly commit-
ted to the promotion of young researchers and to the dissemination of scientific progress.

Presently, the center consists of four Departments:

The Department of General Neurology (Acting Director: Prof. Dr. A. Melms)
The Department of Neurodegenerative Diseases (Director: Prof. Dr. T. Gasser)
The Department of Cognitive Neurology (Director: Prof. Dr. P. Thier)

The Department of Cellular Neurology (Director: Prof. Dr. M. Jucker)

The first three departments provide patient care within the University Hospital for Neurology. The
largest clinical department is the Department of General Neurology, with its main focus on neuroim-
munology, neurovascular diseases and neurooncology. This department also runs the stroke-unit/
ICU, providing care for patients with acute stroke and other serious acute neurologic conditions.
The clinical focus of the Department of Neurodegenerative Diseases is the early differential diagnosis
as well as the treatment of neurodegenerative diseases, such as Parkinson's disease, the ataxias, the
spastic paraplegias, and some forms of dementia but also of other movement disorders, such as the
dystonias or essential tremor. This service is provided on a 21-bed ward for inpatients and through
several outpatient specialty clinics.

The Department of Cognitive Neurology provides neuropsychological testing and diagnostic evalu-
ations for patients with vestibular and neuroophtalmologic disorders for inpatients and outpatients
of all clinical departments.

The fact that three of the four departments of the center actively participate in the clinical care of
patients with neurologic diseases is crucial to the concept of successful clinical brain research at the
Hertie Institute. This is of course most obvious in clinical drug trials, which are conducted for example
on the treatment of Parkinson's disease, multiple sclerosis, and brain tumors. However, the very tight
interconnection of science and patient care is of eminent importance to all areas of disease-related
neuroscience. It forms the very center of the Hertie concept and distinguishes the Hertie Institute
from other institutions of neuroscientific research.
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1 Neurologische Klinik und Hertie-Institut fiir klinische Hirnforschung mim
Mit dem im Jahre 2001 unterzeichneten Vertrag zwischen der gemeinnitzigen Hertie-Stiftung (GHS)
und dem Land Baden-Wirttemberg, der Universitat Tibingen und ihrer medizinischen Fakultat sowie
dem Universitatsklinikum Tubingen wurde das ,,Zentrum fir Neurologie" geschaffen, eines der
groften Zentren fur klinische und krankheitsorientierte Hirnforschung in Deutschland.
Das Zentrum besteht aus zwei eng verbundenen Institutionen, der Neurologischen Klinik und dem
Hertie-Institut fur klinische Hirnforschung (HIH).
Die Aufgaben des Zentrums liegen sowohl in der Krankenversorgung durch die Neurologische Klinik
als auch in der wissenschaftlichen Arbeit der im HIH zusammengeschlossenen Forscher. Besonderer
Wert wird auf die Heranbildung und Foérderung des wissenschaftlichen Nachwuchses sowie auf den
Wissenstransfer zwischen Forschung und Klinik gelegt.

Das Zentrum besteht derzeit aus vier Abteilungen:

Abteilung fir Allgemeine Neurologie (Komm. Direktor: Prof. Dr. A. Melms)

Abt. f. Neurologie m. Schwerpunkt neurodegenerative Erkrankungen (Direktor: Prof. Dr. T. Gasser)
Abteilung fir Kognitive Neurologie (Direktor: Prof. Dr. P. Thier)

Abteilung fur Zellbiologie Neurologischer Erkrankungen (Direktor: Prof. Dr. M. Jucker)

Die drei erstgenannten Abteilungen sind an der klinischen Versorgung beteiligt. Mit 52 Betten ist
die Abteilung fiir Allgemeine Neurologie die grofte klinische Abteilung. Ihre Schwerpunkte sind die
GefaBerkrankungen des Gehirns, die Neuroimmunologie und die Neuroonkologie. Die Abteilung
betreibt die Schlaganfall- und Intensivstation der Klinik (,, Stroke-Unit"), in der Patienten mit akutem
Schlaganfall und anderen schweren akuten neurologischen Krankheitsbildern behandelt werden.
Die Abteilung Neurologie mit Schwerpunkt Neurodegenerative Erkrankungen konzentriert sich in
ihrem klinischen Bereich auf die Diagnostik und Therapie von neurodegenerativen Erkrankungen wie
Morbus Parkinson, die Ataxien, spastische Spinalparalysen und Demenzen, aber auch von anderen
Bewegungsstorungen wie den Dystonien oder dem Tremor. Flr die Bewéltigung dieser klinischen
Aufgaben stehen der Abteilung eine Schwerpunktstation mit 21 Betten und mehrere Spezialambu-
lanzen zur Verfugung.

Die Abteilung furr kognitive Neurologie verfugt nicht tiber Betten, stellt jedoch die konsiliarische und
ambulante neuropsychologische Versorgung und die Diagnostik im Bereich neurovestibuldrer und
neuroophthalmologischer Erkrankungen sicher.

Die Beteiligung dieser Abteilungen an allen Aspekten der klinischen Versorgung ist eine Grundlage
der erfolgreichen klinischen Hirnforschung am Hertie-Institut. Dies gilt ganz offensichtlich fir Medi-
kamentenstudien, die am Zentrum zum Beispiel in der der Therapie der Parkinson-Krankheit und der
Multiplen Sklerose sowie in der Hirntumorbehandlung in erheblichem Umfang durchgefiihrt werden.
Aber auch in allen anderen Bereichen der krankheitsbezogenen Forschung ist die besonders enge
Verkntipfung von Klinik und Grundlagenforschung ein fundamentaler Aspekt des Hertie-Konzepts
und ein Alleinstellungsmerkmal gegentiber anderen Institutionen der Hirnforschung.







University Hospital for Neurology

Structure of the Clinical Departments

The Center of Neurology comprises three general neurological wards, one mixed neurological-
neuro-surgical ward and an intensive care/stroke unit with a total of 73 beds.

The wards, 41 (ROSA), 42 (B5-Nord), 44 (B5-Sud, intensive care and stroke unit) and 45 (B5-Ost)
are part of the Department of General Neurology. The ward 43 (B5-West) is part of the Depart-
ment of Neurodegenerative Diseases. The general neurology wards 41 and 42 provide special care
for brain tumor patients. Due to the primary care agreement of the University Medical Center and
the district of Tubingen, the whole spectrum of neurological diseases including neurotrauma cases
of the peripheral and central nervous system is referred to the Center of Neurology. The services
are located in the CRONA hospital building. The central clinical laboratories, the Departments of
Surgery (including Neurosurgery), Orthopedics, Radiology (including Neuroradiology), Radiooncol-
ogy and Anesthesiology, as well as the Departments of Pediatrics and Internal Medicine are in close
proximity.

By the end of 2008, after a period of reorganisation of the clinical structure and refurbishing, all neu-
rological wards are located on the fifth floor of the B-tower of the CRONA building. This is expected
to impove efficiency and the work flow within the Center of Neurology.

The neurological outpatient clinics primarily take care of patients referred from neurologists and
in-patients from the other departments of the University Medical Center. Specialized outpatient
clinics are open for patients seeking expert opinion in cerebrovascular disorders and stroke, neuroim-
munology, neurodegenerative diseases, neurooncology, chronic neuropathic pain and epilepsy. For
patients on intensive care units and for patients who are unable to be seen in the general neurologi-
cal clinic, a neurological consult service is provided. This service also includes the Berufsgenossen-
schaftliche Unfallklinik and the Paul-Lechler-Krankenhaus in Tibingen as part of commitment to the
interdisciplinary geriatric center.




University Hospital for Neurology

Clinical Efficacy Data

Inpatient Care

The inpatient units of the University Hospital for Neurology treated more than 4.000 patients in
2008.

Number of admissions: 4.037 (2007: 4.272)
Length of stay: 5,4 days (2007: 5,3)
Case-Mix-Index: 1,63 (2007: 1,51)

Coratrovascutar iseases | > < Figure1:
In-patient Diagnosis
Episodc and parosysma isorcers | - 5 Groups 2008 (%).

Extrapyramidal and movement disorders [ TN ¢ 2
Demyetinating diseases | NN 7 5
Malignant necplasms _ 69
Not eisewhere classified [N 55
Dorsopatnies [N 54
infammatory iseases [N 33
Other disorders of the nervous syster [N 2.2
Potmeuropatnies [ 24
Other neoplasms [ 2.1
Mental and behavioural disorders [l 1.8
Cerebral paisy and other paraitic syndromes [ 1.5
Diseases of the ear and mastoid process [l 1.3

Nerve, nerve root and plewus disorders [JJi]1.2

otners | 0.2

In 2008 we saw again an increase of admissions in the Stroke and Intensive Care Sector.

<« Figure 2:
Admissions Stroke/
Intensive care Unit.
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University Hospital for Neurology

Outpatient Clinics

Neurooncology

This outpatient clinic sees more than 150 new patients each year and all visits add up to more
than 800 patient contacts. The main focuses are (i) monitoring of outpatients’ chemotherapies, (ii)
follow-up examinations of patients without current specific anti-tumor therapy at longer intervals,
and (iii) evaluation of patients who have been diagnosed and treated at a community facility and are
informed about futher diagnostic and therapeutic options, including experimental therapies within
neurooncological trials. A fraction of these patients are included into the regular follow-ups of the
clinic. Patients are regularly seen on Mondays and Tuesdays, but there are flexible appointments for
urgent situations at any time. This outpatient clinic is run by C. Braun of the neurooncology team of
the department, and supervised by Prof. Dr. A. Melms. The neurooncological outpatient clinic serves
as an interdisciplinary clinic of the Center of Neurooncology at the Stidwestdeutsche Tumorzentrum
/ Comprehensive Cancer Center Tubingen. This implies a regular exchange between colleagues of
the Departments of Neurosurgery, Radiooncology, Neuroradiology, Pediatrics and Oncology. Com-
plex diagnostic or therapeutic issues are discussed in the Brain Tumor Board (Coordination by C.
Braun and Prof. Dr. A. Melms) on Tuesdays at 4 p.m. Since October 2004, the German Cancer Coun-
cil sponsors clinical neurooncology in Tiibingen within the German Glioma Network (www.gliom-
netzwerk.de). M. Jeric and U. KUstner are study nurses involved in the organization of all outpatient
clinics, multicenter trials and specific education of the patients.

Restless Legs Syndrome

Restless Legs Syndrome (RLS) affects more than 4 million people in Germany. Although one of
the most common neurological disorders, RLS is largely underdiagnosed and often not sufficiently
treated. One major problem is the lack of morphological markers for RLS. To date, diagnosis is based
only on the patient’s history.

In the RLS outpatient clinic about 50 patients with different disease stages are seen every month. The
main focus lies on the evaluation of a detailed medical history, neurological examination, and tran-
scranial sonography. Typical comorbidities such as depression and anxiety disorders, sleep disorders,
chronic pain syndromes, and movement disorders such as periodic limb movements and essential
tremor are routinely assessed in all patients. In close cooperation with the Neurosonology and Elec-
tromyography laboratories differential diagnoses are followed. This thorough workup enables dif-
ferentiation of RLS subtypes in order to optimize the treatment strategies according to the patient's
specific needs. Since effective medical treatment can only be achieved by concomitant adaptation of
daily habits, including nutrition, exercise, and sleep habits, individual counseling concerning life style
management is offered in close cooperation with local lay groups (RLS association).

We have a major interest in a more profound understanding of the RLS pathophysiology in order to
improve diagnosis and treatment of this common disorder. By establishing a sonographic marker for
RLS, we were able to improve the diagnostic approach to RLS. Within the scope of our RLS outpa-
tient clinic we perform clinical and epidemiologic studies to evaluate the diagnostic value of transcra-
nial sonography for RLS and to assess the connection between RLS and its common comorbidities.
Moreover, our patients are offered to take part in studies investigating possible alterations of the
iron metabolism of the brain using MRl and CSF examinations. Additionally, we collect DNA samples
from patients with sporadic and familial RLS for genetic analysis.

Patients are seen by Dr. J. Godau and Prof. Dr. D. Berg.

11 —
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Outpatient Clinics
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Neuroimmunological Disorders

Patients with multiple sclerosis, myasthenia gravis, immune-mediated neuropathies, and other neu-
roimmunological disorders are regularly seen in the clinic for neuroimmunological diseases. Complex
cases may be discussed in interdisciplinary conferences with collegues from rheumatology, neu-
roophthalmology, neuroradiology, and neuropathology.

Patients with multiple sclerosis are referred for diagnosis, follow up, or second opinion. Counselling
about immunomodulatory and immunosuppressive therapy follows the guidelines by the German
‘Multiple Sclerosis Therapy Consensus Group'. Standardized examination of patients is performed
according to the Expanded Disability Status Score (EDSS) and the Multiple Sclerosis Functional Com-
posite Score (MFSC). Patients interested to take part in clinical trials are interviewed, screened,
and recruited after presentation in this clinic. M. Jeric (study nurse) is organizing appointments
and offers training for injection of interferons and copaxone. M. Dengler (MS nurse) takes care of
patients receiving IVIG or therapeutic antibodies like natalizumab. In 2008 the clinic was run by
Dr. M. Albert, , PD Dr. Bischof, Dr. C. Frischholtz, and Dr. M. Pick, under the supervision of Prof. A.
Melms.

Headache and Neuropathic Pain

Our Headache Outpatient Unit focuses on the diagnosis and treatment of primary headache disor-
ders and facial pain. Patients can be referred by either their general practioner or neurologist. Apart
from treatment of patients with episodic migraine, we are specialized in the therapy of chronic head-
ache disorders like chronic migraine, chronic tension type headache, and medication overuse head-
ache. Moreover, we take care of patients with rare primary headache disorders like cluster headache,
hemicrania continua, or SUNCT-syndrome. Since 2006, the patients are seen by Dr. S. Schuh-Hofer,
who has specialized on headache and neuropathic pain during her training at the Department of
Neurology at the Charité University Hospital Berlin.

Within the UKT, there is a close collaboration with the Department of Anesthesiology which orga-
nizes interdisciplinary pain conferences. Moreover, the Department of Neurology closely collaborates
with the “Palliative Care Unit" in Tlbingen (“Tibinger Projekt zur hduslichen Versorgung Schwer-
kranker"”, Dr. T. Schlunk).

Geriatrics

The Center of Geriatric Medicine was established at the University Medical Center of Tibingen in
1994 to improve the care for geriatric patients in this region. The activities of the University Clinics
for Medicine IV, Neurology, and Psychiatry are currently coordinated by the University Clinic for
Psychiatry and Psychotherapy. External partners are the Paul-Lechler-Krankenhaus in Tubingen, the
community hospital in Rottenburg and the rehabilitation clinic in Bad Sebastiansweiler near Tiibin-
gen. The supervisors of the neuro-geriatric team provide a regular consult service for these institu-
tions. The neuro-geriatric team takes an active part in seminars, teaching, and training activities of
the Center of Geriatric Medicine.

Geriatric patients are a special group of elderly people, usually over 70 years of age, who present
with multiple and complex medical problems. In our patients, disabilities from cerebrovascular and
neurodegenerative diseases are most prevalent in combination with cardiovascular, respiratory, and



University Hospital for Neurology

Outpatient Clinics

metabolic disorders. Approximately 30% of the patients admitted to the department including the
stroke unit are over 65 years old and most of them conform to the definition of geriatric patients.
Geriatric patients are often handicapped by incontinence, cognitive decline or dementia, and suscep-
tibility to falls, all of which complicate the reconvalescence from the primary disease. Specific deficits
are identified by geriatric assessments. Neuro-geriatric patients receive physiotherapy for mobility
training, neuropsychological training, speech therapy for aphasia and dysphagia, and occupational
therapy for handicaps concerning activities of daily living. Counselling of patients, spouses, and
family members about community services and organization of geriatric rehabilitation is managed by
Dipl. Soz.Pad.-FH A. Steinhauser and Dipl.Soz.Pad. van der Lipp from the social-medicine service.
Scientific projects on the evaluation of geriatric problems include collaborative studies with the
Department of Geriatric Medicine at the Robert-Bosch Hospital in Stuttgart (Dr. Globas, Dr. Maetz-
ler, Prof. Becker) and with the Department of Psychiatry and Psychotherapy (Prof. Eschweiler, Dr.
Leyhe). A monthly case-presentation of patients with dementias is organized by Dr. Leyhe.

Staff directly involved in the different services and projects include Prof. A. Melms, Prof. Berg, PD Dr.
T. Haarmeier, Prof. R. Krliger, Dr. Globas, and Dr. Maetzler.

Neurovascular Diseases & Neurorehabilitation

The neurovascular outpatient clinic provides services for patients with neurovascular diseases includ-
ing ischemic and hemorrhagic stroke, cerebral and cervical artery stenosis, microvascular disease,
cerebral vein thrombosis, vascular malformations, and cerebral vasculitis. Its focus is on diagnosis,
treatment planning, secondary prevention, and neurorehabilitation strategies. Diagnostic tests per-
formed as part of an outpatient visit include: blood tests, duplex ultrasound of cervical and intrac-
ranial vessels, electrocardiogram, echocardiogram, and evaluation by a physiotherapist focusing on
rehabilitation potential. Computed tomography and magnetic resonance imaging are carried out in
cooperation with the Department of Neuroradiology at the University of Tabingen.

The clinic is staffed with a resident and an attending physician (PD Dr. A. Luft, Prof. A. Melms).

Epilepsy

Currently, there are approximately 150 patients who visit the clinic for patients with epilepsy regu-
larly.

All aspects of this disorder are covered, including diagnosis, initial treatment, and care for patients
with refractory disease. Many patients are referred by neurologists to answer questions regarding
the management of difficult clinical situations, e. g. pregnancy or permission to drive motor vehicles.
Inpatients from other departments are also seen when epilepsy is caused by a systemic disease or is
complicating treatment.

Within the University Hospital, there is a close collaboration with the Department of Neurosurgery
and the Epilepsy Clinic of the Neuropediatric Department. There is also interaction with the centers
for epilepsy at the University hospitals in Freiburg and Bonn.

This clinic is run by Dr. S. Schuh-Hofer and supervised by PD Dr. T. Haarmeier.

13 —
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Parkinson's Disease

The Center of Neurology at the University of Tibingen runs the largest outpatient clinic for patients
with Parkinsonian syndromes in southern Germany. More than 130 patients are seen every month.
A major focus of the clinic is the early differential diagnosis of different Parkinsonian syndromes.
The development of transcranial sonography by members of the department draws patients from
all over Germany to confirm their diagnosis which, if necessary, is substantiated by other tests, like
the smelling test or neuroimaging investigations with SPECT and/or PET. Genetic testing is offered
to patients and relatives with familial Parkinsonian syndromes who may obtain genetic counseling in
cooperation with the Department of Medical Genetics.

The second focus is the treatment of patients in later stages of the disease with severe non-motor
symptoms or drug-related side effects. In some of these patients, treatment may be optimized by
intermittent or continuous apomorphine or duodopa application, which is supervised by a specially
trained nurse. Other patients may be referred for deep brain stimulation (DBS) of the subthalamic
nucleus or the thalamus.

Various multicenter drug trials, for patients in different stages of the disease, offer the possibility
to participate in new medical developments. Currently, we offer participation in studies involving
a non-competitive mGlu5 receptor antagonist (AFQO056), the selective, reversible MAO-B Inhibi-
tor safinamide, a partial D2/D3 and complete 5-HT1A agonist (Pardoprunox), and a combination
of Levodopa, Carbidopa, and the COMT-inhibitor entacapone (Stalevo®), as well as observational
studies of different medications. These activities are supported by the study nurses Ute Kistner,
Gabriele Lutz and Marion Jeric, as well as the documentalist Tanja Riedl. Additionally, the impact of
various standardized physical activities on motor function as well as neuronal plasticity, determined
by MRI-measurement, is being investigated in studies in cooperation with the Sports Departments
at the Universities of Tubingen and Stuttgart. For patients with progressive supranculear palsy (PSP)
an investigator initiated phase 2 open-label trial with the cholinesterase inhibitor rivastigmine®
has been started as well as a 6 weeks audio-biofeedback training study with a movement sensor to
improve postural control in cooperation with the Robert-Bosch-Hospital in Stuttgart.

With the improvement of motor control by new treatment strategies, non-motor symptoms in
patients with advanced Parkinsonian syndromes are an area of increasing importance. In particular,
dementia and depression have been recognized to be frequent in these patients. Standards in diag-
nosis of these symptoms are being established and optimized treatment is offered.

Seminars and courses on specific topics related to diagnosis and treatment for neurologists, in coop-
eration with the lay-group for Parkinson's patients (the Deutsche Parkinson-Vereinigung, dPV) are
organized. Moreover, visitors from all over the world are trained in the technique of transcranial
sonography in monthly hospitations and regular teaching courses.

Appointments are scheduled daily in the outpatient clinic of the Center of Neurology. Patients are
seen by Prof. T. Gasser, Prof. D. Berg, K. Brockmann; A. Di Santo; Dr. A. Gaenslen; Dr. J. Godau; H.
Huber; K. Srulijes as well as the neuropsychologist Dr. rer nat. I. Liepelt.

Deep Brain Stimulation

Also known as “brain pacemaker”, deep brain stimulation (DBS) is considered the most significant
progress in the treatment of neurodegenerative movement disorders over the last decades. As a
novel treatment option DBS has been implemented in Tlibingen in cooperation with the Department
of Neurosurgery already in 1999. The concept of treatment and medical attendance developed by



University Hospital for Neurology

Outpatient Clinics

the network for deep brain stimulation of the University Clinic of Tubingen (BrainStimNet; www.
brainstimnet.de) involves close interaction between neurologists, neurosurgeons, psychiatrists and
physiotherapists. Patients are referred from outside neurologists as well as our own outpatient clin-
ics for neurological movement disorders and psychiatric diseases. In 2008 interventions for DBS
were performed on 45 patients including patients with Parkinson's disease, essential tremor, neu-
ropathic tremor and dystonia. The growing relevance of Tubingen as a specialized center for deep
brain stimulation was further recognized by its inclusion into the European EARLYSTIM-study group.
Moreover based on own basic research in the identification of novel targets for DBS in Parkinson's
disease, a study on the therapeutic effect of DBS in the pedunculopontine nucleus was implemented
in Tuebingen.

Patients who are likely to benefit from DBS undergo a detailed program of standardized neurologi-
cal, neuropsychological, neuroradiological, and cardiological examinations on our ward for neurode-
gerative disorders. Patients treated with DBS are closely followed by our outpatient clinic to ensure
optimal adjustment of stimulation parameters.

The outpatients clinic for DBS is focused on patient selection and counselling of patients eligible for
DBS based on neurological examination and medical history. Moreover the BrainStimNet Tlubingen
organizes regular conferences for patients and relatives in cooperation with the German Parkinson's
disease Association (dPV).

Appointments are scheduled two days per week in the outpatient clinic for DBS.

Patients are seen by Dr. T. Wachter, Dr. S. Breit, D. Weiss and Prof. Dr. R. Kriiger.

Dystonia

Our outpatient clinic offers a comprehensive evaluation and a full range of therapies for patients
with different forms of dystonia, spasticity, and hyperkinetic movement disorders.

About 450 outpatients are regularly treated with botulinum toxin (BoNT) injections in intervals of
3-6 months. The clinic is a centre for “qualified botulinum toxin treatment” (Arbeitskreis Botulinum-
toxin, German Neurological Society).

We are specialized on different forms of idiopathic, symptomatic and genetic dystonias with cranial,
cervical, segmental and generalized distribution.

New treatment approaches for camptocormia or antecollis are translated form research to clinical
pratice.

For patients with dystonias or spasticity BoNT treatment is optimized by EMG and ultrasound-
guided injection techniques.

Our clinic participates in the collaborative Tuebingen BrainStimNet (www.brainstimnet.de). Patients
with insufficient response to standard dystonia treatments are screened and evaluated for pallidal
deep brain stimulation (DBS) at our centre.

Treatment evaluations also include physical and ergotherapeutic therapies. A specialized ergothera-
peutic service for task-specific dystonias focussed on retraining is offered (Frau Wiesemeier, Thera-
piezentrum UKT). An increasing number of outpatients with spasticity have been managed with a
combined treatment of BoNT injections and physiotherapy at the local MTR (Medical Training and
Rehabiliation Centre, University of Tuebingen).

Basic courses in botulinum toxin injection therapy for cranial and cervical injections have been con-
tinued.
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The tradition of expert meetings together with regional movement disorder experts has been con-
tinued. Meetings in 2008 were focussed on the practical use of dystonia genetics, the application
of EMG and ultrasound for BoNT injections and presentation rounds for extraordinary patients from
the regional clinics.

We have continued our strong
collaboration with the dysto-
nia clinic at the University of
Innsbruck, Prof. Dr. J. Miller,
and have detected worsen-
ing of cervical dystonia, so
called “reverse sensory geste”,
in selected cervical dystonia
patients from both clinics.
Appointments are scheduled
every week on Wednesday and
Thursday in the Outpatient
Clinic of the Center of Neurol-
ogy.

Medical Staff: Dr. F. Asmus
(Head), Dr. M. Bauer, Dr. R.
von Coelln, Dr. T. Lindig.

A Figure:
Molecular action of BoNT.

Neurologic Memory Clinic

Dementia is one of the most frequent problems of the elderly population and a major cause of dis-
ability and mortality. The most common forms of dementia are Alzheimer's disease and vascular
dementia, and dementia associated with Parkinsonian syndromes (including idiopathic Parkinson's
disease, diffuse Lewy body disease, progressive supranuclear palsy). The latter syndromes also rep-
resent the clinical and scientific focus of our memory clinic. Some of the dementive syndromes are
treatable, and a minority of them (e.g. inflammation-associated dementias) are potentially curable.
A thorough investigation with clinical, neuropsychological, biochemical and imaging methods of
progressive cognitive deficits is therefore essential.

In a weekly memory outpatient clinic we offer such a program. In addition, multimodal therapeutic
strategies including medication, memory training, and social counseling are provided, in co-opera-
tion with the memory clinic of the Department of Psychiatry.

A particular aim of our clinical and imaging studies are a better understanding of the differences /
similarities between Alzheimer's disease and dementias associated with parkinsonism. Furthermore,
we focus on the time course of disease progression and the efficacy of existing and new treatment
options.

Clinicians: Dr. W. Maetzler, Prof. Dr. D. Berg

Neuropsychology: Dr. rer. nat. |. Liepelt.
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Spastic Paraplegias

The outpatient clinic for spastic paraplegias offers a specialist setting for the differential diagnostic
workup and genetic characterization of patients with spastic paraplegia using the facilities of the
Hertie Institute for Clinical Brain Research and cooperations with the Institute of Medical Genetics
and the Department of Neuroradiology.

Therapeutic options depend essentially on the underlying cause of the disease. If no causal treatment
is available, therapeutic options include antispastic drugs, intrathecal application of Baclofen, and
local injections of Botulinum toxin.

A national network for hereditary spastic paraplegia research, funded by the German Ministry of
Education and Research (BMBF), is coordinated in Tlibingen as part of the German Network of
Hereditary Movement disorders (GeNeMove) (http://www.genemove.de). This project runs a natu-
ral history study and develops progression markers for spastic paraplegia as an essential prerequisite
for forthcoming therapeutic trials. Genetic diagnostics are offered for the most frequent subtypes.
Additionally, new variants are genetically characterized on a research basis.

The clinic is run by Dr. R. Schiile and Dr. K. Karle and is supervised by Prof. Dr. L. Schols.

Ataxia

The ataxia clinic provides tools to discover the cause of ataxia in close cooperation with the Depart-
ment of Neuroradiology (MRT, MR-Spectroskopy) and the PET-center. In cooperation with the Insti-
tute of Medical Genetics we search for the genetic basis in patients and families with hereditary
ataxias.

Therapeutic options depend largely on the underlying cause of ataxia, the genetic defect, and con-
comitant symptoms. In cooperation with the Center of Physiotherapy, we developed special exercise
programs for ataxia and evalu-
ate therapeutic effects by ataxia
scores, gait analysis, and quanti-
tative tests for fine motor skills.
Within the European research ini-
tiative EURO-SCA (http://www.
eurosca.org/) and the German
Network for hereditary Movement
disorders (GeNeMove) (http://
www.genemove.de), we offer a
placebo-controlled trial with ide-
benone in Friedreich's ataxia and
analyze progression markers and
disease modifying factors of spi-
nocerebellar ataxias in a prospec-
tive natural history study.

The clinic is run by Dr. M. Syn-
ofzik, Dr. Ch. Linnemann and Dr.
T. Lindig and is supervised by Prof.
Dr. L. Schéls.
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Leukodystrophies in Adulthood

Leukodystrophies are usually regarded as diseases that occur in infancy and childhood. However,
for most leukodystrophies adult-onset forms have been identified but still frequently escape detec-
tion. The German Ministry of Education and Research (BMBF) supports a national research network
for leukodystrophies (LeukoNet) (http://www.leukonet.de/) that analyzes the natural course of the
diseases and especially adult variants as an essential prerequisite for therapeutic studies. Nerve con-
duction studies and evoked potentials are currently investigated as potential progression markers.
Genotype-phenotype studies help to recognize unusual disease manifestations and to identify fac-
tors modifying the course of leukodystrophies.

Patients are seen by Prof. Dr. L. Schols.

Motoneuron Disease

Motoneuron diseases are caused by the degeneration of motor neurons in the cerebral cortex (upper
motor neuron) and the ventral horns of the spinal cord (lower motor neurons). In the most common
form of motoneuron disease — amyotrophic lateral sclerosis (ALS) — both upper and lower motor
neurons are affected. In less frequent types of motoneuron disease the upper or the lower motor
neuron is affected selectively.

Detailed neurological examination provides essential diagnostic information. Paraclinical tests include
nerve conduction studies, electromyography, and evoked potentials. Additional diagnostic proce-
dures (e. g. blood tests, lumbar puncture, and imaging of the brain and spinal cord) are necessary to
exclude rare diseases mimicking ALS. Therefore, in most cases an in-patient treatment is required to
confirm the diagnosis of ALS. Follow-up of patients as well as management of symptoms and com-
plications are provided by the clinic.

The clinic is run by Dr. M. Synofzik, supervised by Prof. L. Schéls.

Neuropsychology

Strokes not only lead to motor and sensory impairment, but often also cause disorders of higher
brain functions such as speech, attention, perception, memory, intelligence, problem solving or spa-
tial orientation. The prerequisite for designing a treatment strategy which is effective and tailored
to the patient’s particular needs is a careful neuropsychological evaluation of the specific pattern
of disorders. The Neuropsychology Outpatient Clinic determines, for example, whether a patient
exhibits an abnormal degree of forgetfulness, whether a patient exhibits signs of dementia, whether
he is capable of planning appropriate actions to perform given tasks, whether speech is impaired, or
which kinds of attention-related functions may have been damaged and need to be treated. These
and other examinations are carried out in the Neuropsychology Outpatient Clinic of the Neuropsy-
chology Section by Elisabeth Becker and supervised by Prof. Dr. Dr. H.-O. Karnath.
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Dizziness Service

The dizziness outpatient service offers state-of-the-art diagnostic evaluation, treatment and follow-
up for patients suffering from acute or chronic dizziness. As the limited resources of the unit should
be primarily devoted to the assessment of patients suffering from specific forms of dizziness, admit-
ting institutions are requested to filter out patients whose complaints are an unspecific reflection of
a more general problem. The dizziness service is available for outpatients on Wednesday mornings.
The diagnostic work-up starts with a precise assessment of the history and character of the com-
plaints, followed by a thorough clinical examination with special emphasis on visual, vestibular, and
oculomotor functions complemented by electronystagmography, measurement of subjective verti-
cal, electroencephalography, and ultrasound examination of the major blood vessel supplying the
brain. If needed, high resolution 3D eye movement measurements based on cutting-edge video or
search coil techniques are added. As a result of this work-up, functional alterations compromising
spatial vision and orientation may be disclosed, which in many cases do not have a morphological
basis ascertainable by brain imaging techniques. Revealing specific forms of dizziness leads to the
application of specific therapeutic measures such as exercises customized to treat benign paroxys-
mal positional vertigo. Most of the patients seen in the unit suffer from dysfunction of the organ of
equilibrium, the vestibular labyrinth, or a disturbance of the brain mechanisms processing vestibular
information. In others, the dizziness can be understood as a specific form of phobia or related psy-
chological maladjustment. Currently, attempts are being made to establish improved therapeutic
offers also for this latter group of patients not suffering from a primary neurological or otological
condition. The dizziness service is run by PD Dr. T. Haarmeier and Dr. J. Pomper.
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Neurosonology and Echocardiography Laboratory

The ultrasound laboratory is equipped with a Toshiba and Siemens Sequoia Color-coded Duplex
sonography systems as well as portable CW/PW Doppler probes. Routine diagnostic tests include
Duplex imaging of carotid, vertebral, and subclavian arteries, as well as the Circle of Willis (with and
witout contrast). Functional testing for vertebral steal, persistent foramen ovale, cerebral microem-
bolism (HITS), and CO2 vasoreactivity tests are routinely performed.

The laboratory consists of a unit in the neurology outpatient clinic focusing mainly on neurosonol-
ogy of extracranial and intracranial arteries. The ultrasound unit in close proximity to the Stroke
Unit is run by Dr. Erharhaghen, a cardiologist and intensive care specialist who performes transtho-
racic and transesophageal echocardiography. The mobile ultrasound scanner can be moved to the
Stroke Unit for various ultrasound applications (abdomen, thyroid, peripheral vessels). The scanner
is equipped with a high-resolution linear probe to allow for an assessment of stenosis and plaque
morphology. Each year we conduct approximately 4,000 examinations of extracranial arteries and
approximately 3,000 transcranial Doppler or color-coded Duplex exams. Dr. Erharhaghen performed
approximately 1000 transthoracic and 200 transesophageal echocardiographies each year. Our
residents are trained according to DEGUM guidelines for 4 months in the neurosonology laboratory.
Laboratory staff: neurology resident, R. Mahle (staff technician); supervisor and head of laboratory
PD Dr. A Luft, Dr. B. Greve.

EEG Laboratory

The electroencephalography (EEG) laboratory is equipped with 1 mobile digital and 3 stationary
recording places (IT-Med). For analysis, 5 additional PC-based EEG terminals are available. The
recording and analysis workstations are connected via an internal network, and digital EEG data
are stored on local servers making all previous and current EEGs available 24 hours a day, 7 days a
week. An additional mobile paper EEG recording unit is used for brain-death diagnostics. On the
neurological stroke unit, a digital 4-channel EEG unit is available and is used to continuously monitor
patients with severe brain dysfunction such as status epilepticus, or in various forms of coma. Each
year, approximately 3,000 EEGs are recorded in outpatients and inpatients. The typical indications
are epilepsy, brain tumors, stroke, brain injury, neurodegenerative disorders, and coma or milder
forms of altered consciousness. EEG training is conducted according to the DGKN guidelines. The
EEG training course lasts for 1 year and is provided for 6 neurological residents at a time. Laboratory
staff: M. Dengler, B. Worner (staff technicians); PD Dr. T. Haarmeier (head of laboratory).

Neuropsychological Testing

In addition to motor and sensory impairment, stroke often leads to cognitive or affective disor-
ders. These disorders affect attention, perception, memory, language, intelligence, planning and
action, problem solving, spatial orientation, or sensori-motor coordination. Effective treatment of
these impairments requires a careful neuropsychological examination of the impairment. Neuropsy-
chological examinations for the Center of Neurology are conducted at the Neuropsychology Section
(head Prof. Dr. Dr. H.-O. Karnath).
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Transcranial B-mode sonography laboratory

The method to visualize morphological changes of the brain parenchyma in neurodegenerative dis-
orders has been pioneered by Prof. G. Becker and Prof. D. Berg and is being continuously advanced
and extended in its application by the
group of D. Berg.

Patients with various movement and
neurodegenerative disorders come
from all over Germany to receive
additional diagnostic information by
this supplementary neuroimaging
tool, which is especially helpful in the
early and differential diagnosis of dis-
eases.

Regular teaching courses as well as
monthly individual training programs
attended by medical doctors and sci-
entists from all over the world are
held to spread the method.

EP Laboratory

The EP (evoked potentials) laboratory provides a full range of evoked potential procedures for both
inpatient and outpatient testing. All recordings are performed using a 4-channel system and can be
conducted in the laboratory as well as in patient rooms, intensive care units and operating rooms.
Procedures include visual evoked potentials, brain stem auditory evoked potentials, short latency
somatosensory evoked potentials of the upper and lower extremities, and spinal evoked potentials.
Around 2,500 examinations are performed each year on more than 1,600 patients. The recordings
are conducted by Mrs. A. Deutsch and Mrs. J. Grimm who are supervised by PD Dr. T. Haarmeier.
According to the guidelines of the German Society for Clinical Neurophysiology, the recordings are
analyzed and interpreted during daily conferences visited by up to six interns. Apart from the interns
of our own clinic who attend for at least one year, colleagues from the Departments of Neurosurgery
and Neuropediatrics make use of this continuing training.

Electromyography Laboratory

The EMG Laboratory offers all the standard electromyography and neurography procedures for the
electrodiagnosis of neuromuscular diseases including polyneuropathies, entrapment neuropathies,
traumatic nerve lesions, myopathies, myasthenic syndromes, and motor neuron diseases. In selected
cases, polygraphic recordings for tremor registration, registration of brainstem reflexes, exteroceptive
reflexes and reflexes of the autonomous nervous system are performed. The laboratory is equipped
with two digital systems (Nicolet Viking IV and Toennies Multiliner). A portable system (Nicolet
Viking Quest) is available for bedside examinations. A backup system (Nicolet Viking IV) is currently
used in the dystonia outpatient clinic. In 2008, more than 3,000 patients were seen and more than
20,000 recordings were done. In most cases (approximate 80%), a combination of neurography and
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electromyography is requested. In addition, a Magstim 200 stimulator is available for transcortical
magnetic stimulation and recording of motor cortex-evoked potentials in approximately 500 patients
per year. The EMG Laboratory is organized by Mrs. J. Grimm who also performs neurography with
surface electrodes. In 2008, the EMG Laboratory was run by Dr. S. Jacob under the guidance of PD
Dr. T. Haarmeier and Prof. A. Melms.

ENG Laboratory

Approximately 300 patients suffering from otoneurological or neuro-ophthalmological problems are
examined each year using electronystagmography (ENG). Most patients examined present specific
vestibular syndromes (also see Dizziness Service). For diagnosis, eye movements are recorded binocu-
larly using DC oculography, are digitally stored and analyzed off-line. Eye movements are induced by
single diodes to test saccades or gaze holding, by a laser system eliciting smooth pursuit eye move-
ments, and by whole field visual stimuli to evoke optokinetic nystagmus in all directions. Besides
testing of visually guided eye movements which provide information on cerebellar and brainstem
functions, emphasis is placed on the examination of the vestibular system including the search for
spontaneous nystagmus, head shaking nystagmus, positioning/positional nystagmus, and the assess-
ment of the vestibulo-ocular (VOR) reflex (caloric and rotation tests). The recordings are performed
by Mrs. C. Friedrich and analyzed by Dr.
J. Pomper. For more complex questions,
e. g., isolated testing of single canals,
movements of the eyes and head, as
a function of head rotation and visual
stimulation, are measured in three
dimensions using magnetic search coils.
The laboratory also offers non-invasive
eye movements recording using video
techniques (Scalar) and performs oto-
lith testing such as the measurement of
the subjective visual vertical assessed by
asking a patient to adjust a line (laser)
to their subjective vertical. The labora-
tory is supervised by Dr. J. Pomper and
PD Dr. T. Haarmeier.

Clinical Chemistry Laboratory

The Clinical Chemistry Laboratory collects more than 2,000 samples of cerebrospinal fluid (CSF)
per year throughout the university medical center. Routine parameters include cell count, glucose,
lactate and protein analysis, i. e., albumin and 1gG in serum and CSF. Oligoclonal bands in CSF and
serum are detected by isoelectric focusing and silver staining. Cytotology of CSF is analyzed on
cytospins after Giemsa or Pappenheim staining. Junior staff are routinely trained to perform basic
CSF examination techniques and the interpretation of results as part of their speciality training.
The laboratory takes part in quality management activities of CSF parameters. Immunopathology
includes the determination of a set of autoantibodies for the diagnosis of certain neuroimmunologi-
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cal syndromes: autoantibodies to acetylcholine receptors, autoantibodies to muscle specific tyrosine
kinase (MuSK), autoantibodies to titin for myasthenia gravis, and autoantibodies to gangliosides for
immunoneuropathies. CSF-levels of amyloid peptide beta42, tau, and phospho-tau are measured to
differentiate various forms of dementia. Cell populations in CSF and blood samples are examined
by cytometry with a FACScalibur. The laboratory is supervised by Prof. Dr. A. Melms and PD Dr.
Bischof.

Neurocardiology Laboratory

Cardiac diseases represent the leading cause of death. This is mainly due to ischemic heart disease.
The Dutch TIA Study demonstrated that patients with a TIA or minor stroke have an increased
cardiovascular mortality. Stroke, therefore, seems to represent an index event for cardiac diseases.
Cardiovascular investigations after stroke not only identify cardio-embolic sources of cerebral events
but also allow for the identification of vascular risk factors.

Diseases of the heart are responsible for 20% of all strokes and usually cause territorial apoplexies.
Hypertension is the main risk factor for strokes. After an acute stroke, cardiac investigations are
urgently required to find potential cardiac causes for stroke in order to reduce the risk of recurrence
of an early stroke within days or weeks. Our department has its own laboratory for neurocardiology,
headed by cardiologist Dr. J. Erharhaghen. The laboratory is fully equipped with a modern multifunc-
tion ultrasound and echocardiography machine (Acuson Sequioa 512, Siemens) including probes for
transthoracic and transesophageal investigations as well as abdominal and other soft tissue ultra-
sound (pleural, thyroid etc). The same equipment can be used for colour-coded Doppler and duplex
investigation of the extracranial as well as intracranial vessels. This enables us to perform bedside
vascular investigations and echocardiography of stroke patients on our 13-Bed ICU and Stroke Unit
immediately after diagnosis.

Yearly, we perform approximately 1000 echocardiographic investigations, including M-Mode, 2-D
mode, pulse-wave and continuous-wave Doppler and color Doppler investigations as well as con-
trast-enhanced echocardiography. The younger the patients are, the higher is the probability of iden-
tifying a cardiac cause of stroke. In younger patients, we regularly search for a patent foramen ovale
and atrial septum aneurysm using a transesophageal device with contrast-enhancement. All investi-
gations are done according to the guidelines of the German and European Society of Cardiology.
Atrial fibrillation represents the most common arrhythmia in the elderly. Atrial fibrillation, in com-
bination with additional risk factors, represents a very common cause of stroke. In our stroke unit,
we have a completely equipped long term registration unit consisting of 24-hour ECG (Holter ECG),
24-hour ambulatory blood pressure measurement, and 7-day event recorders. Yearly, we record well
over 900 24-hour ECGs and 700 24-hour ambulatory blood pressure measurements. In order to find
the underlying causes of syncope, we perform tilt table investigations. To identify a hypersensitive
carotid bulb, carotid pressure testing is performed. Dr. Jite Erharhaghen is responsible for the neu-
rocardiology laboratory.
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Physiotherapy

Occupational Therapy

All neurological inpatients with sensory or motor
deficits, movement disorders, pain syndromes,
and degenerative spinal chord disease are allo-
cated to individualized physiotherapy. Further-
more, group treatments are offered to Parkinson
Patients. Currently nine physiotherapists are
working within the “TherapieZentrum"” respon-
sible for the neurological wards.

The physiotherapist treatment is based on guide-
lines which have been worked out for special dis-
ease groups according to the current knowledge.
This includes for example lumbar disc proplaps,
stroke, ataxia and Parkinson's disease.

During the year 2008, 2.408 patients were
seen.

Currently, four occupational therapists are working part-time in the department (I. Hartmann, A.
Nolck, M. Wallis, S. Wiesemeier). The treatment program is focused on patients with handicaps
from acute strokes, brain tumors, inflammatory diseases, movement disorders, neurodegenerative

diseases, and disabilities from dis-
orders of the peripheral nervous
system. In 2008, 917 patients were
seen.

Occupational therapy provides the
following training programs: train-
ing in motor function to improve
patient’s ability to perform daily
activities, training in sensorimotor
perception, adaptive equipment
recommendations and usage train-
ing, cognitive training, occupational
training for writer’s cramp in dys-
tonia patients, and counselling of
spouses and relatives.
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Speech Therapy

Neurological patients with swallowing and language disorders receive speech therapy while staying

in hospital.

The emphasis within the team of three speech therapists is the treatment of patients with dysphagia

(approximately 1.132 patients in 2008).

Every acute stroke patient receives a bedside
and, if necessary, a videoendoscopic or video-
fluoroscopic swallowing examination. Therefore
dysphagia can be recognized at an early stage,
aspiration pneumonia can be prevented and
specific therapy can be planned for every indi-
vidual patient.

Additionally, in 2008 approximately 191 patients
with aphasia and dysarthria received an inten-
sive language treatment. The aim of the speech
therapy is to improve their communication abil-

ity.

Physical, Occupational & Speech Therapy
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M | B The Hertie Institute for Clinical Brain Research (HIH) is in many
] ] ways an innovative institution, even an experiment.

In Germany, the HIH is without precendent in its close relationship to the Clinical Uni-
versity Department of Neurology. Three of the four HIH-departments are directly involved, although
to different degrees, in patient care. In every-day practice this means that many of the scientists at
the HIH are physicians, and they regularly change their workplace: from the lab-bench to the ward,
and back. This structure is both promising and demanding: it is intended to promote patient- and
disease-oriented research and thus allow true “translational medicine”, as it is often called today.
But it is also demanding, as it calls for a higher degree of flexibility, cooperation and mutual under-
standing on the part of all members of the institute than what is often found in traditional university
settings.

The internal organization of the HIH is no less innovative, and diverges from the traditional structure
of university institutes. The HIH is governed by its board of directors, who elect a chairman for a
two-year term on a rotating basis. The chairman reports to the assembly of research group leaders
of the HIH on a monthly basis. Through this meeting, the (at latest count) eighteen research group
leaders of the HIH participate in the development of the institute. They are represented in the elec-
tion committee when the institute hires new group leaders, and their voice is heard in matters of
investment into new equipment and infrastructure.

Another innovative feature of the HIH is that it hosts independent junior research groups with a
tenure track option. The first one, focussing on neuroregeneration in the spinal cord, has been
established in 2006, a second group with a focus on
synaptic plasticity in drosophila has been recently
established. These groups are funded by a “research
pool” for three to five years.

Twice a year, the board of directors presents the
achievements of the institute to the “Kuratorium”,
the oversight committee consisting of distinguished
neuroscientists, who are following the institute with
constructive criticism and advice.

In the six years of its existence, the HIH has been
growing rapidly. Its development is far from com-
plete.

Groups at the HIH, under the leadership of Prof. P.
Thier, have been instrumental in the successful bid
of the university of Tbingen for a “cluster of excel-
lence” within the excellence initiative of the German
federal government. The “Werner Reichardt Centre
for Integrative Neuroscience (CIN)" was formally
founded in December of 2008. It will bring numer-
ous new professorships and junior research groups
to Tubingen, enriching neuroscience and providing
new opportunities also for the HIH, particularly as
the CIN made it possible to secure the construction
of a second research building.

Finally, the HIH, together with the Medical Faculty,
the University and the University Hospital success-
fully applied for a partner institute of the “German
Center for Neurodegenerative Diseases within the
Helmholtz-Association (DZNE).

All these developments will ensure the long-term
success of the neuroscience community in Tlbin-
gen.

|
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B | B Das Hertie-Institut fir klinische Hirnforschung (HIH) ist in vielerlei
[ [ Hinsicht eine innovative Institution, ja sogar ein Experiment.

In Deutschland ist die enge und vielseitige Verbindung von HIH und Neurologischer
Klinik in einer Zentrumsstruktur ohne Beispiel. Drei der vier Abteilungen des HIH sind direkt, wenn
auch in unterschiedlichem AusmaB, an der Patientenversorgung beteiligt. In der taglichen Praxis
bedeutet das, dass viele der Wissenschaftler am HIH auch Arzte sind - und dass sie regelméaBig
ihren Arbeitsplatz wechseln: von der Laborbank zum Krankenbett und zuriick. Diese Struktur ist
gleichzeitig ein Vorteil, aber auch eine Herausforderung: sie soll in einer Weise, wie sie an tradi-
tionell aufgebauten Universitdtskliniken kaum moglich ist, die patienten- und krankheitsorientierte
Forschung fordern, und — um es mit einem heute gdngigen Begriff auszudricken- translationale
Medizin ermoglichen. Diese Struktur ist aber auch eine Herausforderung, da sie mehr Flexibilitat,
Kooperationsbereitschaft und gegenseitiges Verstandnis erfordert, als dies in oft traditionellen Uni-
versitatsstrukturen Gblich ist.
Auch die Binnenorganisation des HIH ist nicht weniger innovativ und weicht von der traditionellen
Struktur eines Universitdtsinstituts ab. Das HIH wird von seinem Vorstand geleitet, der sich aus den
vier Abteilungsleitern zusammensetzt und der sich firr einen zweijahrigen Turnus einen Vorsitzenden
wahlt. Der Vorsitzende unterrichtet monatlich die Arbeitsgruppenleiter tiber neue Entwicklungen im
HIH. Durch die Empfehlungen dieser Versammlung nehmen die derzeit achtzehn Arbeitsgruppen-
leiter aktiv an der Gestaltung und Weiterentwicklung des HIH teil. Die AG-Leiter sind bei der Aus-
wahl neuer Gruppenleiter vertreten und beraten den Vorstand bei der Tatigung von Investitionen.
Ein weiterer innovativer Aspekt des HIH ist die Einrichtung von abteilungsunabhdngigen Junior-
Arbeitsgruppen im ,Tenure Track-Verfahren. Die erste dieser Arbeitsgruppen, die sich schwerpunk-
tméaRig mit neuroregenerativen Prozessen des Riickenmarks beschéaftigt, wurde im Frihjahr 2006
eingerichtet, eine zweite Gruppe, mit dem Fokus auf der Untersuchung synaptischer Plastizitat im
Drosophila-Modell wurde Ende 2008 etabliert. Diese Gruppen werden flr drei bis finf Jahre aus
dem zentralen Forschungspool des HIH finanziert.
Zweimal im Jahr wird das HIH von seinem Kuratorium, das sich aus namhaften deutschen Neurowis-
senschaftlern zusammensetzt, besucht. Die Evaluationen dieses Gremiums sind dem Institut eine
wertvolle Hilfe bei der weiteren Entwicklung.
Das Hertie-Institut ist in den sechs Jahren seiner Existenz rasch gewachsen. Seine Entwicklung ist
noch lange nicht abgeschlossen.
Arbeitsgruppen des HIH waren unter Fiithrung von Prof. P. Thier maRgeblich daran beteiligt, dass sich
die Universitdt Tubingen erfolgreich um ein Exzellenzcluster im Rahmen des Exzellenzwettbewerbs
der Bundesregierung bewerben konnte. Das dadurch geférderte , Werner-Reichardt Centrum fir Inte-
grative Neurowissenschaften (CIN)" wurde im Dezember 2008 offiziell gegriindet. Mit ihm werden
eine Vielzahl von neuen Professuren
und Nachwuchsgruppen die neurowis-
senschaftliche Landschaft in Tibingen
bereichern und damit auch dem HIH
neue Entfaltungsmoglichkeiten bieten,
nicht zuletzt durch die Realisierung eines
zweiten Forschungsgebdudes.

Dariberhinaus war das HIH zusam-

men mit Fakultit, Universitit und
Klinikum im Jahr 2008 auch mit seiner
Bewerbung als Partnerstandort des
.Deutschen Zentrums fir Neurodegen-
erative Erkrankungen in der Helmholtz-
Gemeinschaft" (DZNE) erfolgreich. Diese
erfreulichen Entwicklungen werden den
Forschungsstandort Tiibingen langfristig
sichern und bereichern.

29 __






Acting Director: Prof. Dr. Arthur Melms

Department of

General Neurology






General Neurology

Departmental Structure

The Department of General Neurology covers a wide spectrum of neurological diseases. It is part
of the University Medical Center and also provides primary care in the district of Tubingen for
patients with neurological disorders. Patients are referred from all over southern Germany as well
as the neighbouring countries according to the clinical and scientific expertise of the Department,
i.e., cerebrovascular diseases (ischemia, intracranial hemorrhage, vasculitis, vascular malformations),
neuroimmunology (multiple sclerosis, myasthenia gravis and others), and neurooncology. Special-
ized neurooncology and stroke teams (stroke unit and early rehabilitation) provide multidisciplinary
expert care for these disorders. As an integral part of the Comprehensive Cancer Centre (CCC), the
Centre of Neurooncology is formed by the departments of neurology, neurosurgery, radiooncology,
neuroradiology and brain pathology. Specialized outpatient clinics include a neuroimmunology clinic,
and provide long term care for these patients. Other specialized clinics include epilepsy, headache
and chronic pain syndromes. The aim of these outpatient clinics is not only to offer the best available
therapy but also to provide the infrastructure for clinical studies and research. Specialized wards and
outpatient clinics of the Department of General Neurology therefore provide the clinical basis for the
research groups at the Hertie Institute of Clinical Brain Research. Internationally renowned research
groups are active in neurooncology (Dr. Tabatabai, PD Dr. Naumann), cerebrovascular diseases,
rehabilitation and neuroplasticity (Prof. Dr. Luft), neuroimmunology (Prof. Melms, PD Dr. Bischof,
Dr. Greve) and brainstem/cerebellar systems neurophysiology (PD Dr. Haarmeier). These research
groups are located in the immediate proximity of the clinical setting in the CRONA hospital building
and the Hertie Institute for Clinical Brain Research. Close collaborations exist with the other depart-
ments and research groups at the Hertie Institute. The department also cooperates closely with the
physiotherapy department at the University Medical Center (Therapiezentrum), which is focused on
physiotherapy for low back pain and stroke rehabilitation.

The Department of General Neurology offers lectures for medical students, physicians in train-
ing, nursing staff, physiotherapists and and speech therapists. The grand round series welcomes
internationally renowned clinical scientists giving state of the art lectures. The neurovascular lunch
conference and the general neurology therapy seminar cover recent advances in neurology, internal
medicine, neurosurgery, neuro-ophthalmology, neuroradiology and other areas relevant to the treat-
ment of patients with neurological diseases. The lectures of basic and clinical neurology, the neurol-
ogy seminar, the neuroexamination course and the intracranial pressure seminar are an integral part
of the Medical School curriculum.
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Arbeitsgruppe Neuro-Onkologie

Arbeitsgruppenleiter:
Ulrike Naumann, Ghazaleh Tabatabai

Die Arbeitsgruppe fiir Molekulare Neuro-Onkologie befasst sich mit verschiedenen Fragen der
Biologie und Entwicklung neuer Therapiestrategie bdsartiger Hirntumoren.

Forschungsschwerpunkte umfassen die Aufdeckung von Mechanismen, die zur Entstehung des
Glioblastoms, des bosartigsten Hirntumors, flthren und die Erforschung der Ursachen, warum
diese Tumoren weitestgehend resistent gegenliber konventionellen Behandlungsmethoden wie
Chemotherapie und Bestrahlung sind. Desweiteren werden neuartige Therapiestrategien entwi-
ckelt: Einige Ansdtze zielen darauf, das kdrpereigene Immunsystem, das durch TGF-B, ein vom
Gliom gebildetes Zytokin, gehemmt wird, wieder zu aktivieren. Nach einer derartigen Immunthe-
rapie ,reaktivierte” Immunzellen kénnten dann die Gliomzellen erkennen, diese vernichten und
so den Tumor entfernen.

Die Entwicklung von Viren, die fiir die Gliom-Therapie eingesetzt werden kdnnen, ist ein weite-
rer Forschungsschwerpunkt: Urspriinglich krankheitserregende Viren kdnnen genetisch verdndert
und zur Tumorbekdmpfung umfunktioniert werden. Diese veranderten, ,krebsaufldsenden” (=
onkolytischen) Viren befallen und vermehren sich ausschlieBlich in Tumorzellen. Durch die Ver-
mehrung der Viren in der Tumorzelle wird diese lysiert, d.h. aufgelost und die frei werdenden
Viren befallen weitere, umliegende Krebszellen. Da das Virus ist nicht fahig ist, sich in ,Nicht-
Tumorzellen” zu vermehren, bleiben normale Kérperzellen unbeeinflusst. Andere Viren werden
eingesetzt, um kdrpereigene Zellen (z.B. Stammzellen aus dem Blut) zu Transportsystemen umzu-
funktionieren. Diese verdnderten Stammzellen wandern spezifisch zum Tumor und kénnen daher
als Transportvehikel genutzt werden, um therapierelevante Wirkstoffe oder Eiweile gezielt zum
Ort des Tumors zu tragen.

Des Weiteren befassen sich die Forscher der Arbeitsgruppe mit der Einwanderung von Tumorzel-
len in das gesunde Hirngewebe, erforschen, warum Gliomzellen mit nur geringen Konzentratio-
nen an Sauerstoff und Néhrstoffen Gberleben und wie diese Zellen sich gegen den Prozess des
programmierten Zelltods (Apoptose) schitzen. Ebenso werden in Kooperation mit pharmazeuti-
schen Herstellern Hemmstoffe, sogenannte ,small molecules” hinsichtlich ihrer Einsetzbarkeit in
der Gliomtherapie ausgetestet.
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Neuro-Oncology

Group leaders:
Ulrike Naumann,
Ghazaleh Tabatabai

The Laboratory of Molecular
Neuro-Oncology sets its focus
on molecular, cell biological,
metabolic and immunologi-
cal aspects of malignant brain
tumors leading to the devel-
opment of new strategies for
glioma therapy. The devel-
opment of new therapies for
malignant glioma involves viral
therapy using oncolytic ade-
novirus as well as replication
deficient adenovirus to express
therapeutic genes, the iden-
tification of genes as putative
new targets for glioma gene
therapy, the mechanism of
glioma tropisms of hematopoi-
etic stem cells as well as in how
far these cells can be used as
a shuttle for the transportation
of therapeutic genes. In addi-
tion, induction of cell death in
glioma cells using small mole-
cules is another focus of exper-
imental glioma therapy.

Apoptosis (programmed cell
death) is a well organized pro-
cess of cellular suicide. Disor-
ganization of this process leads
to uncontrolled proliferation
and survival, important pro-
cesses in cancer development.
We have tested whether ade-
noviruses coding for genes
that regulate cell death are
useful tools for future glioma
gene therapy: CTS-1, a chime-
ric tumor suppressor, is based
on the sequence of the tumor
suppressor gene p53. This pro-
tein, also named “guardian of
the genome", is mutated and
therefore inactivated in more

than 50% of tumors. Over-
expression of CTS-1 in glioma
cells induced cell death and
blocked cell proliferation. To
identify genes involved in
CTS-1 mediated cell death in
glioma, we generated a CTS-1-
resistant glioma cell line. Whole
genome expression array anal-
ysis showed differential expres-
sion of about 560 genes in
parental and resistant cells. In
a recent project, some of the
genes identified so far were
analyzed regarding their func-
tion in glioma. Future studies
will analyze whether some of
these genes are feasible as tar-
gets for glioma gene therapy. A
second strategy to induce p53
activity in tumor cells sets the
goal to reactivate mutant p53.
Three “small molecule” p53
rescue compounds, P53R1,
-R2 and -R3, restore the activ-
ity of mutant p53 proteins.
These compounds induced p53
recruitment to target promoters

in glioma cells, induced p53-
dependent growth arrest and
sensitized glioma cells to cas-
pase-mediated apoptosis (Fig.
1). This study defines poten-
tially effects of small molecules
which open up new perspec-
tives for cancer therapy.

Transforming growth factor-B
(TGF-B)isabundantly expressed
in malignant glioma and cru-
cial for the tumor micromi-
lieu. TGF-B not only enhances
migration and invasion of
glioma cells but also inhibits an
effective anti-glioma immune
response. TGF-B mediates its
biologic effects through inter-
actions with TGF-B receptors
-1l to -Ill. Soluble TGF-B recep-

V  Figure 1:

P53R3 sensitises for Apo2L.0-induced
apoptosis upstream of caspase
activation. T98G cells were pretreated
with P53R3 (20 mg/ml) for 24 h

and co-treated with Apo2L.0 (100
ng/ml) for 6 h, lysed and analysed

for the processing of caspases 8

and 3 and PARP by Immunoblot.
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tors abrogate the TGF-f3 effect
by competing for the binding of
the ligand to its receptor. In an
experimental glioma model we
used adenoviral gene transfer
to express soluble TGF-f recep-
tors Il and Il in human glioma
cell lines. The resulting data
commend soluble TGF-f recep-
tors as an immunotherapeutic
tool since the lytic functions of

A

against cancer. These viruses
identify and solely replicate in
tumor cells. Non-neoplastic
cells were infected, but the
virus does not replicate. As a
consequence of replication, the
tumor cell is killed. In our stud-
ies we are testing an adenovirus
(Ad-DELO) which exclusively
replicates in chemoresistant
tumor cells. As a side effect,
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mass and are therefore feasible
shuttle vehicles for therapeu-
tic molecules. Lentivirus could
also be used to infect so called
glioma stem cells (GSC). GSC,
which are highly resistant to
conventional cancer therapy,
are presumably responsible
for the generation of glioma
recurrence. Therefore, GSC are
highly interesting objects for

Ad-LacZ Ad-TBR-lIs Ad-TBR-llIs Ad-TBR-lIs
Ad-eGFP Ad-eGFP Ad-LacZ Ad-TBR-llIs
1 . -
i h- .

natural killer cells were restored
by the expression of soluble
TGF-B receptors. In vivo, the
transduction of glioma cells
with soluble TGF-B receptors
markedly prolonged survival of
tumor bearing mice indicating
that the expression of soluble
TGF-B receptors could be used
as a possible therapy of glioma
(Fig. 2).

The development of oncolytic
adenovirus for glioma virother-
apy is another focus of interest.
Viruses are known as induc-
tors of disease. But not every
virus induces sickness in man.
For this, so called “oncolytic
viruses" could be used to fight

infection of the cells with Ad-
DELO leads to enhanced sen-
sitivity towards chemotherapy.
Armament of Ad-DELO with
a shRNA against a DNA repair
enzyme, MGMT, further sensi-
tizes infected cells to chemo-
therapy. Treatment of glioma
bearing mice showed prolonged
median survival of mice having
a combinatorial therapy with
Ad-DELO and temozolomide, a
chemotherapeutic drug.

Lentiviruses were used to trans-
duce hematopoietic progeni-
tor cells to express therapeutic
genes. These infected hemo-
topoietic progenitor cells were
directly targeted into the tumor

A Figure 2:

Expression of soluble TGF-B receptors
repress the inhibitory effects of
TGF-B on the lytic activity of NK
cells: GFP-positive LN-308 glioma
cells were infected the indicated
viruses and then irradiated with 30
Gy. After irradiation, human NK

cells were added. Lysis of eGFP-
positive glioma cells was assessed
microscopically 24 h after co-culture.

new therapeutic approaches.
To analyze the cell-cell interac-
tions between tumor cells and
transduced hematopoietic stem
cells as well as to analyze mech-
anisms of tumor angiogenesis,
we established, in cooperation
with the department of cellular
neurology, 2-Photon-Miscros-
copy (Fig. 3).
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» Figure 3:
2-Photon
microscopic
demonstration
of intracerebrally
GFP-transduced
glioma cells

(left panel:
overview; 10-fold
magnification;
right panel:
border area,
40-fold
magnification).

38

In the Sonderforschungspro-
gramm “Therapeutic resistance
of solid tumors” we are inte-
grated in a network of scientific
projects to analyse the molec-
ular mechanisms responsible
for resistance. Herein we are
focussing to identify the role of
the sphingolipid signaling path-
ways as well as of GSC.
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homepage:

http://www.hih-
tuebingen.de/an/research0/
neuro-onkologie/

Supported by: DFG, BMBF,
Deutsche  Krebshilfe, 1ZKF,
Fortline, SFB773, Bridging

Grant Hertie-Stiftung
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Nordhammer, U. Obermtller,
J. Rieger, J. Seznec, B.
Silkenstedt, |. Tritschler, M.
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Weinmann L, Wischhusen J, Demma M.J, Naumann U, Roth P, Das-
Mahapatra B, Weller M (2008) A novel p53 rescue compound induces
p53-dependent growth arrest and sensitises glioma cells to Apo2L/
TRAIL-induced apoptosis. Cell Death Differ 15:718-29

Naumann U, Maass P, Gleske A.K, Aulwurm S, Weller M, Eisele G
(2008) Glioma gene therapy with soluble transforming growth factor-
B receptors Il and Ill. Int J Oncol 33:759-65

Tabatabai G, Herrmann C, von Kirthy G, Mittelbronn M, Grau S,
Frank B, Mohle R, Weller M, Wick W (2008) VEGF-dependent induc-
tion of CD62E on endothelial cells mediates glioma tropism of adult
hematopoietic progenitor cells. Brain 131:2579-95
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Arbeitsgruppen Neurorehabilitation & Neuroplastizitat
Arbeitsgruppenleiter: Andreas R. Luft

Fur Schlaganfallpatienten mit motorischer Behinderung stellen physiotherapeutische Verfahren
eine der erfolgreichsten Behandlungsformen auch mehrere Jahre nach dem Schlaganfall dar.

Besonders vielversprechend sind neuartige Trainingsprogramme fur Arme und Beine, die die Lern-
fahigkeit des Gehirns nutzen, um verlorene Bewegungen wieder zu erlangen. Beidseitiges rhyth-
misches Armtraining des kranken und des gesunden Armes gleichzeitig ist so eine Therapieform
fur die obere Extremitdt. Gangtraining auf einem Laufband ist eine entsprechende Therapie fur
die untere Extremitdt. Unklar blieben bisher die (neuro)-wissenschaftlichen Grundlagen dieser
Therapien. Wir untersuchen die Verdnderungen in Netzwerken des Gehirns, die durch diese The-
rapien ausgelost werden und die Wirksamkeit der Therapie moglicherweise erklaren kénnen. So
konnten wir zeigen, dass beidseitiges Armtraining den Cortex der gesunden Hirnhalfte aktivieren
kann, Laufbandtraining fordert neuronale Netzwerke in Hirnstamm und Kleinhirn. Der Erfolg der
Therapie korreliert mit den Verdnderungen an diesen Netzwerken. Zukiinftige Studien untersu-
chen diese Verdnderungen genauer und versuchen Fragen zu beantworten wie ,sind diese Ver-
dnderungen anhaltend oder temporar?“, ,verdndert sich die Hirnstruktur?" oder ,verdndert die
Therapie die Blutversorgung des Gehirns?".

Diese Therapien basieren auf den Prinzipien des motorischen Lernens. Motorisches Lernen ist eine
wichtige Fdhigkeit nicht nur in der Entwicklung und im téglichen Leben. Lernen erlaubt auch, dass
das nach einer Hirnverletzung verbleibende Gehirn, z.B. nach einem Schlaganfall, Funktionen
zur Bewegungssteuerung der zerstérten Hirnareale Gbernehmen kann. Diese Vorgange erfordern
plastische Verdnderungen an Nervenzellen und den aus ihnen zusammengesetzten Netzwerken.
Motorisches Lernen wird ebenfalls durch solche ,plastischen” Vorgdnge im Motorkortex ver-
mittelt. Wir studieren diese Vorgange, die Neurotransmitter und Eigenschaften von Neuronen,
die diese Vorgdnge vermitteln. Unser Schwerpunkt liegt dabei auf dem dopaminergen und dem
GABAergen (inhibitorischen) System im Motorkortex. Unser Ansatz verbindet Verhalten mit Elek-
trophysiologie und Molekularbiologie.

39



General Neurology

[ 1]

BI0

G

SR

Se0

&0

SH0

§l contralesional
- 7 lonal

580 4
570 4
560
550 1
540 4
330 |
520 4
510 1
500
a0

Neurorehabilitation
& Neuroplasticity

(Group leader:
Andreas R. Luft)

Clinical studies

With more than 120.000 new
strokes happening in Germany
every year and an aging popu-
lation, neurorehabilitation is of
high interest for patients and
society alike. Despite the effec-
tiveness of acute stroke thera-
pies (thrombolysis and stroke

unit care), 30-50% of stroke
patients are left disabled, either
due to motor, speech, visual or
cognitiveimpairment. Exploring
the brain’'s capacity for plastic-
ity that can provide functional
compensation and recovery,
is necessary to develop novel
treatment approaches and pro-
tocols. Several interventions
consisting of training, pharma-
cological, and electrical stimu-
lation have been developed and
tested empirically as well as in
randomized controlled trials.
Apart from testing clinical
effectiveness, it is necessary to
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understand the physiology of
recovery. Better understanding
will help to optimize and indi-
vidualize treatment protocols
and to develop novel rehabili-
tative strategies.

Projects

Bilateral arm training: We study
whether humorous rewards
(movies, smily faces) improve
the therapeutic benefits of bilat-
eral arm training (BATRAC) in
stroke psurvivors with chronic
hemiparesis. BATRAC is known
to improves arm and hand
function and is associated with
de novo recruitment of premo-
tor cortex in both the damaged
and the intact hemisphere,
as determined by functional
magnetic resonance imaging
(Luft et al, JAMA 2004, Whi-
tall et al. Stroke, submitted).
A randomized clinical study is
currently recruiting at the Uni-
versity Hospital in Tubingen
(recruitment in 2008 was 12
subjects).

Aerobic exercise training: Aer-
obic treadmill training exercise
(T-EX) improves walking veloc-
ity, cardiovascular fitness, and
economy of gait and leads to
recruitment of subcortical net-
works  (midbrain-cerebellum)
for leg movement (see Figure
1). These findings indicate that
specific rehabilitation inter-
ventions can augment certain
brain circuits to improve motor
function in chronic stroke sur-
vivors. Targeting these circuits
may lead to novel approaches

<« Figure 1:

Changes in brain activity after
tradmill aerobic exercise are observed
in brainstem and cerebellum.
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in neurorehabilitation and may
provide further benefits to the
patient. In collaboration with
the Robert Bosch Hospital in
Stuttgart, we are conducting a
clinical trial to test the effects
of treadmill aerobic exercise
therapy on  cerebrovascu-
lar pathophysiology. Modern
imaging techniques (arterial
spin labeling, fMRI and struc-
tural MRI) will be employed to
test the hypothesis that T-EX
improves cerebrovascular reac-
tivity and reduces microvas-
cular damage. The study has
finished recruitment and will be
completed by May 2009.

Basic science

Our main interests are the
mechanisms of plasticity in the
motor cortex during learning
and recovery. We assess learn-
ing on a behavioral level using
a well-calibrated behavioral
model (single pellet reaching)
in rats. We combine electro-
physiological, morphological
and molecular approaches with
the objective of understand-
ing how motor memories are
stored so safely that they are
hardly forgotten and whether
this potential can be used to
improve motor function after

brain injury. The techniques
we use in order to assess our
questions are: brain stimulation
and recording of field poten-
tials, immunohistochemistry,
3D-reconstruction of neurons,
Western Blot, RT-PCR.

Projects

Cortical plasticity in motor
learning: Because our previous
studies showed that consolida-
tion of a motor skill requires
protein synthesis in motor
cortex, we investigated which
proteins are being synthesized

< Figure 2:
Somatosenso
maps change
and evoked
potentials

ry

recorded using

a thin film

microelectrode

array are

enhanced after

intracortical

application of
the D2-receptor

antagonist
reaclopride.
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using a microarray genechip
experiment. Candidate genes
were verified using quantitative
RT-PCR. A series of genes are
up- or down- regulated during
the early stage of motor skill
learning. Two of these encode
for Dopamine D2 receptor and
Tachykini-1, the precursor of
Substance P. We tested phar-
macologically in vivo whether
dopamine and D1/D2 antago-
nists as well as Substance P
affect learning. The injection
of Sub P or Dopamine into the
motor cortex prior to training
enhances the acquisition of the
skill. Dopamine antagonists
impair learning and synaptic
plasticity within cortex indicat-
ing the existence of a dopamin-
ergic system in motor cortex
that supports learning and cor-
tical plasticity. This system has
been described morphologi-
cally 20 years ago, but no func-
tional role had been found.

Neuroplasticity after stroke:
Motor recovery after stroke
depends in part on cortical
plasticity and reorganization in
the motor system. These events
may be similar to the ones
mediating motor learning in the
healthy. To prove this hypoth-
esis we explore whether recov-
ery requires similar processes in
cortex as motor learning. Using
a rat model of cortical stroke
by phtothrombosis, we explore
whether recovery depends
on protein synthesis in motor
cortex.

Cortical electrophysiology:
Transient expansion of the
forelimb  representation in
motor cortex occurs during
learning, correlates in extent
with the gain in performance,

Key Publications

Molina-Luna K, Hertler B, Buitrago MM, Luft AR (2008) Motor learn-
ing transiently changes cortical somatotopy. Neuroimage 40(4):1748-
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Hosp JA, Molina-Luna K, Hertler B, Atiemo CO, Stett A, Luft AR
(2008) Thin-film epidural microelectrode arrays for somatosensory
and motor cortex mapping in rat. J Neurosci Methods 172:255-62

Luft AR, Macko RF, Forrester LW, Villagra F, Ivey F, Sorkin JD, Whitall
J, McCombe-Waller S, Katzel L, Goldberg AP, Hanley DF (2008) Tread-
mill exercise activates subcortical neural networks and improves walk-
ing after stroke: a randomized controlled trial. Stroke 39(12):3341-50

and is reversed after a short
rest period. If prevented, e.g.
by removing cholinergic input
to motor cortex, learning does
not occur (Conner et al. 2003).
Therefore, this change in motor
cortex organization seems to
be required for movement
learning.

We perform cortical stimula-
tion mapping and recording
of the somatosensory evoked
potential using a novel epidur-
ally implanted thin-film micro-
electrode array (Molina-Luna
et al. 2006). This array tech-
nology does not damage the
integrity of cortex while pro-
viding accurate estimates of
motor cortical maps and SEP
recordings with high signal-
to-noise ratio. Modulation of
dopaminergic transmission
inside motor cortex alters corti-
cal excitability and changes the
somatosensory somatotopical
map (Fig. 2).

Supported by: Deutsche Forsc-
hungsgemeinschaft (SFB 550,
Lu 478/5), 1ZKF University of
Tubingen, U.S. Veteran Affairs
Administration.
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Arbeitsgruppe Neuroimmunologie
Arbeitsgruppenleiter: Arthur Melms, Felix Bischof

Wir beschéftigen uns mit grundlagenwissenschaftlichen Fragen zur Entstehung neuroimmu-
nologischer Krankheiten wie der Multiplen Sklerose, der Myasthenia gravis und entziindlichen
Muskelkrankheiten. Diese Erkrankungen werden durch autoreaktive T- und B-Lymphozyten her-
vorgerufen, die im Immunrepertoire jedes Individuums vorhanden sind und sich normalerweise
in einem nicht-aktivierten Zustand befinden. Ein wichtiges Element der Immuntberwachung zur
Unterdriickung unerwiinschter Immunreaktionen sind regulatorische T-Lymphozyten, die im
Thymus heranreifen und sich mithilfe bestimmter Merkmalen von anderen Lymphozytenpopula-
tionen unterscheiden lassen. Wir verglichen diese Zellpopulation zwischen gesunden Probanden
und Patienten mit Multipler Sklerose oder Myasthenia gravis und fanden, dass regulatorische
T-Lymphozyten bei beiden Gruppen zwar in dhnlicher Haufigkeit vorhanden waren, aber bei
Patienten mit diesen neuroimmunologischen Krankheiten eine Funktionsstérung aufwiesen, die
bei unbehandelten Patienten am deutlichsten ausgepragt war. Verlaufsuntersuchungen zeigten,
dass dieses Defizit durch Behandlung mit Corticosteroiden und anderen in der Standardtherapie
eingesetzten Medikamenten teilweise korrigiert werden kann. Die Aufklarung dieser Funktions-
stérung kénnte es ermdglichen, neue Ansatzpunkte zur Verbesserung der Therapie von Autoim-
munerkrankungen wie der Multiplen Sklerose zu entwickeln.

Bei der Multiplen Sklerose gelangen autoreaktive T-Lymphozyten Uber die Blut-HirnSchranke
in das Hirngewebe und rufen dort die fur diese Erkrankung typischen entziindlichen Entmar-
kungslasionen hervor. Wir untersuchen am Tiermodell der experimentellen autoimmunen Enze-
phalomyelitis (EAE) nach Immunisierung mit einem Peptid des Proteolipidproteins (PLP), einem
Myelinantigen, die Schliisselvorgédnge der T-Zellaktivierung und das Migrationsverhalten auto-
reaktiver T-Lymphozyten auf ihrem Weg vom lymphatischen Gewebe in das zentrale Nerven-
system (ZNS). Zur Detektion und Quantifizierung autoreaktiver T-Lymphozyten verwenden wir
Tetramere I6slicher MHC-Molekiile, die mit einem PLP-Peptid beladen sind und somit komple-
mentér an die T-Zellrezeptoren PLP-spezifischer T Zellen binden. Mithilfe einer Kombination Fluo-
reszenz-markierter Tetramere und monoklonaler Antikdrper gegen Oberflichenmerkmale lassen
sich bestimmte Zellpopulationen voneinander abgrenzen und Informationen Uber ihren jeweiligen
Aktivierungszustand gewinnen. So konnte man zeigen, dass nur aktivierte T Zellen in der Lage
sind, die Blut-Hirnschranke zu tberwinden und in das ZNS einzuwandern. Antigen-spezifische T
Zellen stellen davon nur eine Minderheit dar. Im Gegensatz zur Multiplen Sklerose, deren Zielan-
tigene noch nicht eindeutig identifiziert sind, erlaubt unser Modellsystem bei der EAE auch die
Detektion autoantigen-spezifischer (PLP-spezifischer) regulatorischer T Zellen, deren Anteil im
Verlauf der EAE relativ zu den PLP-spezifischen T-Effektorzellen zunimmt. Sind regulatorische T
Zellen nicht mehr in der Lage, autoaggressive Effektorzellen zu hemmen, liegt eine fundamentale
Stérung des immunologischen Netzwerkes vor, die die Entwicklung eines chronischen Entziin-
dungsprozesses im ZNS beglnstigt und moglicherweise aufrecht erhalt.

43



Neuroimmunology

(Group leader:
Arthur Melms)

The neuroimmunology group
investigates the pathogenesis
of multiple sclerosis, myasthe-
nia gravis, and inflammatory
muscle diseases. These autoim-
mune diseases are mediated by
autoreactive T and B lympho-
cytes which are present in the
normal immune repertoire but
usually remain in an inactive
state. There are several check-
points in the immune system
to control autoreactive T cells.
These include the generation of
T cell repertoire in the thymus,
the activation of autoreactive
T cells in the periphery, the
engagement of costimulatory
signals and upstream of these
events the presentation of
immunogenic peptides by anti-
gen presenting cells (APC). The
focus of our research, in recent
years, has been the character-
ization of lysosomal proteases
involved in antigen processing

58K Golgi protein

in APC. To this end, we have
conducted extensive quantita-
tive gene expression studies
with real-time PCR of highly
purified cell populations. These
revealed different APC signa-
tures of molecules involved in
the antigen presentation path-
way, especially a heterogeneous
pattern of lysosomal proteases
in dendritic cells (DC), mono-
cytes, B lymphocytes, thymic
epithelial cells, and myoblasts.
In the context of myasthenia
gravis, we found an increased
expression of certain proteases
in the thymus, which may con-
tribute to the presentation of
peptides to select autoreac-
tive T cells. Modulation of
antigen processing may offer
a novel approach to interfere
with the activation of autoim-
mune T lymphocytes. Another
focus is on regulatory T cells,
which are a particular subset of
T cells with the ability to sup-
press immune responses. A loss
of regulatory T cells is usually
associated with complex auto-
immune syndromes. In myas-
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thenia gravis, the frequency of
CD4+CD25+ Treg cells which
originate from the thymus is
not different from healthy con-
trols, but Tregs in myasthe-
nia are functionally impaired.
This has also been observed in
patients with multiple sclerosis,
suggesting a more common
dysfunction in autoimmune
diseases. Immunosuppressive
treatment partially compen-
sates for this deficit. Tuning of
regulatory T cells has a thera-
peutic potential for cell therapy
in autoimmune diseases.

Finally, we investigated the T
cell traffic from the priming in
regional lymph nodes to the
invasion of the CNS. Autore-
active T cells were tracked by
murine MHC class Il tetram-
ers and gave novel insight into
the dynamics, frequency, and
recruitment of autoreactive T
cells in experimental autoim-
mune encephalomyelitis (EAE)
an animal model of multiple
sclerosis.

V¥ Figure:

Cathepsin W (CatW) is present inside the Golgi apparatus. NKL cells
were stained with antibody against the 58K Golgi protein (left panel,
green), which stains the Golgi apparatus, and antibody against CatW

(middle panel, red) and viewed with a confocal fluorescence microscope.
The overlay of the two stainings is also shown (right panel).

Overlay
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Current projects address the
following issues:

Selection of autoreactive T cells
in the thymus and dysfunction
of regulatory T cells in myas-
thenia gravis ( C. Stoeckle).

Frequency, function and dis-
tribution of regulatory T cell
populations in neuroimmuno-
logical diseases ( C. Stoeckle, F.
Bischof)

Manipulation of antigen pro-
cessing as an approach to
modulate the activation of
autoreactive T cells:

e Preservation or destruc-
tion of peptides forming T
cell epitopes by differential
expression of lysosomal
proteases in antigen pre-
senting cells (C. Stoeckle)

e Modulation of antigen pre-
sentation as an experimen-
tal strategy to treat EAE (F.
Bischof)

¢ Immunological  memory
and chronicity in autoim-
munity (F. Bischof)

Techniques used in the labora-
tory include basic immunologi-
cal methods, cell separation
and tissue culture, prolifera-
tion-/suppression assays, cyto-
fluorometry, molecular biology
techniques to clone and express
recombinant polypeptides,
guantiative RT-PCR for gene
expression studies, confocal
laser-scanning microscopy,
immunohistochemistry,  and
preparative and analytical
HPLC. In 2008, our work was
supported by grants from the
DFG (SFB 685 and GK 794), the
GemeinUtzige Hertie Stiftung,
and the intramural programs of
the Medical Faculty of the Uni-
versity of Tlibingen.

homepage: http://www.
medizin.unituebigen.de/neu-
rologie/0/NktaanDO_F_NIm.
html)
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M. Albert, F. Bischof, S.
Csazsko, E. Dubois, C. Moll,
P. Quecke, C. Stoeckle, M.
Scholl, P. Schroth, M. Thiede,
L. Weber, A. Wuttke
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IZKF Nachwuchsgruppe Neuroimmunologie
Arbeitsgruppenleiter: Bernhard Greve

In der Arbeitsgruppe werden am Tiermodell der Multiplen Sklerose, der experimentellen autoim-
munen Enzephalomyelitis (EAE), innovative Therapiestrategien getestet. Insbesondere wird ver-
sucht, mittels neuronaler Stammzellen immunmodulatorisch wirkende Botenstoffe gezielt in
Entziindungsherde einzubringen. Damit soll die fur die neurologische Symptomatik verantwortli-
che Inflammation im Zentralnervensystem vermindert werden.

Neuronale Stammzellen stellen einen neuen experimentellen Therapieansatz in der EAE dar: Zum
einen kdénnen sie geschddigte Zellen, z.B. Oligodendrozyten, ersetzen. Zum anderen sezernie-
ren sie per se Botenstoffe, die die Entzlindungsreaktion beeinflussen. Neuronale Stammzellen
haben einen ausgeprdgten Pathotropismus, d.h. diese Zellen wandern selbstdndig innerhalb des
Zentralnervensystems in Regionen ein, in den Entziindungsreaktionen oder sonstige Formen der
Zellschadigung stattfinden. Wir machen uns diesen Tropismus zu Nutze, um gezielt immunmodu-
latorische Botenstoffe in die Regionen des Korpers zu bringen, in denen Entziindungsreaktionen
stattfinden. Zu diesem Zweck setzten wir genetisch veranderte neuronale Stammzellen ein, die
ein anti-inflammatorisch wirkendes Zytokin produzieren. Wir testen der Erfolg der Behandlung
von an EAE erkrankten Tiere mit solchen Zellen und untersuchen dariber hinaus in vitro, wie
solche Zellen mit Immunzellen interagieren.

Andere Projekte in unserer Gruppe beschéftigen sich mit der genetischen Regulation von Autoim-

munerkrankungen. Hierzu werden gezielt Gene untersucht, die die Empfanglichkeit (Suszeptibili-
tat) fur MS/EAE oder auch immunologische Subphdnotypen beeinflussen.
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IZKF Junior Group
Neuroimmunology

(Group leader:
Bernhard Greve)

Multiple sclerosis (MS) is a
disabling disease in which an
autoimmune response directed
against self antigens leads to
damage of oligodendrocytes
with subsequent demyelina-
tion and axonal damage. Cur-
rent therapeutic approaches
include multi-step, escalat-
ing immunomodulation and
immunosuppression including
corticosteroids, B-interferons,
glatiramer acetate and immu-
nosuppressants such as mitox-
antron or cyclophosphamide.
The recently established drug
natalizumab is targeting the
adhesion molecule very late
antigen 4 (VLA-4) and inhibits
the migration of immune cells
into the central nervous system
(CNS). Although current thera-
peutic approaches still focus on

modulation or suppression of
the immune system, recently
the concept of remyelination
and damage repair has been
becoming more and more
important.

The animal model of MS,
experimental autoimmune
encephalomyelitis (EAE), can
be induced in different animal
species, including rodents, by
immunization with encepha-
litogenic CNS-associated pro-
teins and immunodominant
peptides. The pathology of EAE
in mice and rats resembles in
varying aspects the pathology
of MS, including T cell and anti-
body responses, demyelination
and axonal damage as well as
clinical aspects such as occur-
rence of paralysis and different
disease courses. Various thera-
peutic agents currently in clini-
cal use or development have
been discovered using animals
models, the most prominent
being glatiramer acetate and

natalizumab. Therefore, EAE
is a valuable model to investi-
gate pathomechanisms as well
as evaluating new therapeutics
in MS.

Auto-reactive CD4 T cells are
a central component of the
pathophysiology in MS and
EAE although other cell types
(CD8 T cells, B cells) have been
implicated in CNS inflammation
as well. The current concept
of CD4 T cell lineage devel-
opment include effector cells
such as the classical T helper
(Th) 1 and Th2 cells and, more
recently, I1L-17-producing Th17
T cells. Naive precursor cells
can be differentiated into IL-
17-producing cells by TGF-$
and IL-6. The central role of
Th17 cells for the pathogenesis
of chronic inflammation is cur-
rently being discovered.

On the other hand, effector
CD4 T cells are controlled by
various subsets of regulatory
T cells (Treg). FoxP3-positive
Treg may develop within the
thymus or are induced in the
periphery by TGF-B in absence
of IL-6. FoxP3-negative Tr1
cells are induced by IL-10 and
are themselves characterized by
the production of this cytokine.
IL-10 inhibits the production of
a broad range of pro-inflam-
matory cytokines (e.g. TNF,
IL-1) and chemokines as well as
expression of MHC class Il by
antigen presenting cells, skews
B cell function and can directly
induce T cell anergy.

<« Figure 1
Murine neuronal stem cells (MNSC)
grow in typical neurospheres in culture.
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An emerging approach for a
comprehensive therapy inte-
grating various mechanisms of
established and experimental
therapies is the treatment with
neural stem cells. Neural pre-
cursors, migrating to inflamed
CNS tissue, may (i) decrease the
levels of inflammatory media-
tors, (ii) enhance the number
of new myelin-producing cells
and regenerating neurons, (iii)
produce growth factors pro-
moting remyelination and (iv)
reduce development of astro-
cyte scars.

In the mouse, multipotent
neural stem cells are pres-
ent in the subventricular zone
(SVZ) of the lateral and third
ventricle, in the hippocampus
area and in the spinal cord
ependymal layer. In vitro, they
can be differentiated into dif-
ferent cell types including neu-
rons, oligodendrocytes and
astrocytes. During murine EAE,
SVZ cells have been shown to
be mobilized into the periven-
tricular white and gray matter
structures and some cells are
found in demyelinating lesions.
Recently, it has been shown
that endogenous neural stem
cells express B7 costimulatory
molecules which enable them
to interact with T cells. Cul-
tured mouse neural precur-
sor cells express VLA-4 and
CD44 enabling them to inter-
act with the blood brain barrier
and to enter the CNS. Vascu-
lar endothelial growth factor
(VEGF) is guiding the tumor-
directed migration of human
neural stem cells. Furthermore,
it has been shown that neural
precursor cells, when injected
into mice or rats with EAE,
home to areas of demyelina-

A Figure 2:
After intravenous injection of PKH-labeled neuronal stem cells (red)
into mice with EAE, the cells can be detected within the CNS.

tion and axonal loss and are
participating in remyelination
processes. Neural precursors
also accumulate in perivascu-
lar areas and survive repeated
episodes of CNS inflammation.
Coherent with these observa-
tions, it has been demonstrated
that peripheral injection of
neural precursors ameliorates
clinical EAE, even if injected
after disease onset.

Besides these intrinsic anti-
inflammatory and repair-induc-
ing properties, neural stem cells
may be used for CNS delivery
of disease-modifying factors. In
contrast to other gene delivery
methods (e.g. direct injection
of adenoviral vectors into the
CNS) this concept makes use
of the unique pathotropism of
neural stem cells which enables
them not only to enter the CNS
from the periphery but also
directs their migration within
the brain to sites of inflam-

mation, demyelination, trauma
or tumor growth. However, in
most of the studies conducted
so far using cell-based gene
delivery, cell lines were injected
directly into tumors or into the
CNS.

In our project we make use of
the pathotropism of neuronal
stem cells by treating mice suf-
fering from EAE with stem cells
which are genetically modified
to produce an anti-inflamma-
tory cytokine. Therefore we
use the intrinsic anti-inflam-
matory and regenerative abili-
ties of neuronal stem cells and
at the same time use them as
a vehicle for delivery of an
immune-modulating cytokine
to sites of inflammation. Fur-
thermore we study the inter-
action of neuronal stem cells
with auto-reactive T cells in
vitro under various experimen-
tal conditions. One additional
aspect of our work is to inves-

< Figure 2:
After intravenous
injection of PKH-
labeled neuronal
stem cells (red)
into mice with
EAE, the cells
can be detected
within the CNS.
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tigate whether neuronal stems Key Publications

cells are able to induce regula- Greve B, Hoffmann P, Vonthein R, Kun J, Lell B, Mycko MP, Selmaj
tory T cells. KW, Berger K, Weissert R, Kremsner PG (2008) NCF1 gene and
pseudogene pattern: association with parasitic infection and autoim-
Further projects of our group munity. Malar J 7:251
focus on intracellular signaling Greve B, Simonenko R, llles Z, Peterfalvi A, Hamdi N, Mycko MP,
pathways during autoimmune Selmaj KW, Rozsa C, Rajczy K, Bauer P, Berger K, Weissert R (2008)
responses and the genetic Multiple sclerosis and the CTLA4 autoimmunity polymorphism CT60:
no association in patients from Germany, Hungary and Poland. Mult

regulation of autoimmune dis-
Scler 14(2):153-8

eases. To this end we examine
possible associations of specific
candidate genes with MS/EAE
or immunological sub-pheno-
types of these diseases.

homepage:  http://www.hih-
tuebingen.de/an/research0/
neuro-immunologie/eni/
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Arbeitsgruppe Neurophonetik (,,neuro-speech”)
Arbeitsgruppenleiter: Hermann Ackermann

Unsere Arbeitsgruppe beschéftigt sich mit den zerebralen Grundlagen der Sprechmotorik und der
Sprachlautwahrnehmung, eines nur den Menschen zur Verfligung stehenden ,Kanals" akustischer
Kommunikation, der wiederum die Voraussetzung eines ebenfalls unserer Spezies vorbehalte-
nen verbalen Codes der Informationsverarbeitung darstellen diirfte. Zur Anwendung kommen (i)
akustische und kinematische Analysen der Sprech- / Stimmstérungen bei , Modellerkrankungen™
des zentralmotorischen Systems, (ii) psychoakustische und —linguistische Experimente sowie (iii)
funktionell-bildgebende Untersuchungen (funktionelle Kernspintomographie, fMRI; Ganzkopf-
Magnetenzephalographie, MEG) zu den zerebralen Mechanismen der Verarbeitung von Laut-
sprache. Im vergangenen Jahr standen drei Fragestellungen im Vordergrund (geférdert von der
Deutschen Forschungsgemeinschaft):

a. die Interaktionen des zentral-auditiven und zentral—-visuellen Sys-
tems im Rahmen der Sprachlautwahrnehmung (SFB 550),

b. die funktionell-neuroanatomische Kompartimentalisierung des zereb-
ralen Netzwerks der Sprechmotorikkontrolle (DFG AC 55/6-2),

c. die zerebralen Korrelate / Grundlagen von “Sprachtalenten” wie der Fahig-
keit des akzentfreien Gebrauchs von Fremdsprachen (DFG AC 55/7-1).

In den folgenden Absatzen soll der erstgenannte Forschungsschwerpunktetwas detaillierter dar-
gestellt werden.

Mit Hilfe von fMRI und Ganzkopf-MEG werden die rdumliche Verteilung hamodynamischer Akti-
vierungsmuster bzw. der Zeitverlauf evozierter Magnetfelder wahrend der Verarbeitung audio-
visueller Stimuluskonfigurationen erfasst. Die bisherigen MEG-Befunde weisen auf mehrere
Schnittstellen von zentral-auditivem und —visuellem System hin, die sich (i) frihen Komponenten
der Aufmerksamkeitslenkung, (ii) transmodalen ,,imagery"-Prozessen und schlieBlich (iii) der pho-
nologischen Verrechnung sprachlich-kategorialer Informationseinheiten zuordnen lassen. Einer-
seits kdnnen diese Untersuchungen einen Beitrag zu der immer noch ungeldsten Frage leisten,
inwieweit audiovisuelle Illusionen wie z.B. der McGurk-Effekt an eine Signal-nahe oder eine eher
abstrakt-kategoriale Ebene der Informationsverarbeitung gebunden sind, andererseits lassen sich
durch die Analyse visueller Effekte auf die auditive Sprachwahrnehmung auch Modellvorstellun-
gen der Linguistik zur Reprdsentation sprachlicher Lautstrukturen tberpriifen, z.B. die Annahme
einer ,phonologischen Zwischenebene" der Wortverarbeitung.

Zumindest einige blinde Menschen sind in der Lage, ultra-schnelle verbale AuBerungen einer
Silbenrate von bis 25 Silben pro Sekunde zu verstehen. Unter diesen Bedingungen ist Proban-
den ohne Visuseinschrdnkungen auditive Sprachwahrnehmung véllig unméglich. Als ein weiterer
Aspekt ,audiovisueller Interaktionen” sollen mit Hilfe funktionell-bildgebender Methoden die
zerebralen Mechanismen dieser Féhigkeiten untersucht werden. Erste Ergebnisse deuten darauf
hin, dass blinde Probanden offensichtlich Gyrus fusiformis und visuellen Kortex (!) zur Sprachlaut-
wahrnehmung mit heranzuziehen vermégen.

51 —



General Neurology

V¥ Figure 1:
Time course
of mismatch
responses to

visual speech

deviants
(subspace
projection onto
bilateral dipole
sources; RH =
right, LH = left
hemisphere)
within the
central- auditory
system (left
panel) and at a
more posterior
location (about 2
cm; right panel).

Dipole Moment (nAm)

Neurophonetics group

(Group leader:
Hermann Ackermann)

The "neuro-speech" group
investigates the neural bases
of speech communication -
an unique capability of our
species - based upon several
approaches: (i) acoustic and
kinematic analyses of speech
motor deficits in patients with
cerebral disorders / diseases,
(ii) psychoacoustic and -lin-
guistic experiments, and (iii)
functional-imaging techniques
(functional magnetic resonance
imaging, fMRI; whole-head
magnetoencephalography,
MEG). At the moment, our
scientific  work focuses on
three issues (supported by the
German Research Foundation):

a. interactions of the central-
auditory and -visual system
during speech perception (SFB
550),

Auditory dipole,
speech

-15
-100

b. functional compartmental-
ization of the brain network of
speech motor control (DFG AC
55/6-2),

c. cerebral correlates of “speech
/ language talents” (DFG AC
55/7-1).

The following  paragraphs
address the first of these
research domains, i.e., the
interactions of the central-
auditory and -visual systems
during speech perception.

In case an auditory speech
signal is synchronized with a
video display of a speaking
face, the visual channel may
elicit auditory illusions — if the
phonological information of
the video is not congruent with
the auditory input. The so-
called McGurk effect, i.e., the
perception of the phoneme /d/
if an acoustic /b/ is paired with
a video of a speaker uttering
/g/, represents a well-known
example of such an illusion.

Visual dipole,
speech

| |
100 200 300

Time (ms)

— = LH

| | |
100 200 300

Time (ms)

In our first whole-head MEG
study addressing audiovisual
interactions (Hertrich et al.,
Neuropsychologia 2007), we
used an oddball design in order
to elicit mismatch responses
to rare stimuli differing from
audiovisual standard /pa/ or /
ta/ syllables (= frequent event)
either in the acoustic or in
the visual channel. This study
revealed the latency of the
mismatch response to visual
deviants (> 200 ms) to be con-
siderably prolonged as com-
pared to acoustic deviants (180
ms). Furthermore, the visually-
induced mismatch responses
encompassed two compo-
nents: the earlier one (ca. 220
ms) was bound to a source
location posterior to the cen-
tral-auditory system and later-
alized to the right hemisphere
whereas the later one, peaking
at a latency of about 275 ms,
could be assigned to a dipole
source within left-hemisphere
auditory cortex (see Figure 1).
Among others, these findings
clearly support a "late fusion"
model of audiovisual speech
perception. Conceivably, logi-
cal phonological operations act
both upon visual and auditory
features (e.g., the labial "place
of articulation", derived from a
visible bilabial gesture), giving
rise to a perceptual (1) phoneme
(re)construction (e.g., /p/). This
suggestion is in line with a rela-
tively broad temporal window
for the integration of auditory
and visual features (ca. 200 ms)
as reported in earlier studies on
the McGurk effect.

Apart from insights into audio-
visual fusion processes during
speech perception, the whole-
head MEG study referred to
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Acoustic M50 p|M100 Early Late
information > —» mMvF MMF
Visual V170 270 Visual
information g ’@5 » MMF
A Figure2: Figure 2 displays the model of

Sequence of interactions between the auditory and visual information “streams” as
derived from the MEG data. The numbers within the green circles refer to different
effects of visual motion upon evoked magnetic fields during AV speech perception:
(1) bilateral speech-unspecific attenuation of auditory

evoked M50 fields (preparatory baseline shift),

(2) AV interactions at the level of the auditory evoked M100

component (differential pre-representational impact of visual speech

and non-speech information; speech signals = hypoadditive M100

enhancement, non-speech signals = M100 attenuation),

(3) phonetic-linguistic coding (“weighting") of visual information outside the
central-auditory system in terms of left-hemisphere suppression of /ta/-syllables,
(4) cross-modal sensory memory operations, developing into a fused

phonetic percept, as indicated by a speech-specific visually induced left-

lateralized late component (275 ms) of the mismatch field (MMF).

also revealed some interest-
ing differential early effects
of visual /pa/ and /ta/ stimuli
on auditory evoked mag-
netic fields, even in case these
videos were paired with acous-
tic non-speech tone signals. In
order to further analyze these
early encoding characteris-
tics of visual speech features,
a subsequent MEG investiga-
tion (Hertrich et al., Journal of
Cognitive Neuroscience 2009)
focused on pre-attentive pro-
cesses within the temporal
domain of the auditory M50
and M100 fields. This study
revealed (i) supramodal visual
motion effects within the M50
window of an opposite polar-
ity to the auditory M50 during
application both of speech (syl-
lables) and non-speech stimuli
(contraction/expansion of a
circle pattern), (ii) a speech-
specific hypoadditive impact
of the speaking face upon the
central-auditory system within
the time domain of the auditory
M100 field, and (iii) categori-

cal (= all-or-nothing) effects of
movement size of the speaking
lips, conceivably, reflecting the
transition of visual information
from an analogue to a cat-
egorical representation. More
specifically, responses to visual
motion in case of /ta/ syllables
appear to be suppressed, an
operation that might be related
to the phonological under-
specification of coronal con-
sonants in the mental lexicon.

audiovisual speech perception
processes derived from these
results.

As a follow-up study to the
second  whole-head MEG
experiment, the same stimu-
lus configurations served as
the test materials of an event-
related fMRI study in order
to obtain a more fine-grained
cerebral localization of the
various audiovisual processing
stages of speech perception
referred to. This investigation
allows for two major conclu-
sions (Hertrich et al., in prepa-
ration). First, the hypoadditive
magnetic fields of the auditory
cortex in response to visual
speech stimuli - as documented
in the preceding MEG study
could be confirmed: silent visual
speech motion, usually, gave

V¥ Figure 3:
Functional
magnetic
resonance
imaging

(fMRI) during
application of
speech (a, b, ¢
and non-speech
(d, e, ) stimuli
(versus baseline,
i.e., static

visual stimuli);
separate display
of acoustic-only
(a, d), visual-
only (b, e), and
AV trials (c, f;
threshold: voxel-
level p < 0.001,
uncorrected;
cluster-level p <
0.05, corrected).
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» Figure 4:
Hemodynamic
activation (fMRI;
versus baseline)
during perception
of ultra-fast
(upper panels)
as compared

to slow speech
(lower panels) in
a blind listener.
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rise to hemodynamic responses
even in primary auditory cortex
whereas, by contrast, non-
speech control stimuli (circle
patterns moving in a concentric
fashion) did not activate the
upper temporal lobe (Figure 3).
In the presence of an acoustic
speech signal, furthermore,
visual motion did not elicit
additional hemodynamic acti-
vation of the central auditory
system. Second, visual motion
yielded a distributed response

pattern, encompassing infe-
rior occipitotemporal areas,
inferior frontal gyrus (IFG),

and inferior parietal structures
(IPG). At the level of occipito-
temporal cortex, hemodynamic
activation was approximately
proportional to the perceived
size of movement, indicating
an analogue mode of stimulus
encoding. In the absence of an
acoustic signal, by contrast,
the hemodynamic reaction of
right IFG (pars triangularis) was
characterized by overpropo-
tional activation in response to
visual /pa/ as compared to /ta/
syllables. Furthermore, left IFG
as well as left IPG showed an
interaction of motion size with
the speech/nonspeech factor,

indicating the range of speech
(speaking face) and non-speech
visual motion (moving geomet-
ric pattern) to be processed in a
different manner.

As a further aspect of the inter-
actions between the central-
auditory and -visual system,
our group has begun functional
imaging studies in blind sub-
jects capable to perceive ultra-
fast synthetic speech of up to
ca. 25 syllables per second. The
cerebral mechanisms of this
learned ability of blind patients
have not yet been investigated
so far. A first single-case study
(Hertrich et al., Neurocase, in
press) revealed hemodynamic
activation of primary visual
cortex and fusiform gyrus
during auditory speech percep-
tion in this subject (Figure 4).

homepages: http://homep-
ages.uni-tuebingen.de/ingo.
hertrich/

http://homepages.uni-tuebin-
gen.de/hermann.ackermann/
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Departmental Structure

The Department of Neurodegenerative Diseases (Chairman: Prof. Dr. Thomas Gasser) was founded
with the generous support of the Charitable Hertie Foundation and started operations on September
1, 2002. The department follows a comprehensive approach towards basic and clinical research in
the field of neurodegenerative diseases and movement disorders, from their molecular genetic basis
and diagnosis to treatment and patient care.

Through its clinical division, the department treats patients with neurodegenerative diseases and
movement disorders in one inpatient unit of 21 beds (Ward 43, under the supervision of Prof. Schols
and Prof. Kriiger) and a number of specialized outpatient clinics. Diagnosis, differential diagnosis,
and treatment of these disorders are carried out by specially trained staff on all levels, including
nurses, physiotherapists, occupational and speech therapists, as well as neurologists.

The department also offers specialized and up-to-date diagnostic procedures for neurodegenerative
diseases, including innovative techniques such as transcranial sonography of the brain parenchyma,
smell testing, and neuropsychological testing, and has full access to the entire spectrum of diagnostic
procedures provided by the Center of Neurology. For many inherited neurodegenerative diseases
and movement disorders, genetic testing is offered, in close collaboration with the Department of
Medical Genetics.

Innovative treatment for patients with Parkinson's disease and other movement disorders include
deep brain stimulation (DBS, supervised by Prof. Kriiger in close collaboration with Dr. Garabaghi of
the Department of Neurosurgery), but also continuous and intermittent apomorphine treatment in
Parkinson's patients with severe fluctuations, or botulinum toxin treatment in patients with dystonias
and spastic gait disorders.

The close collaboration of the specialized inpatient unit with the outpatient clinics for Parkinson's
disease, dementias and Restless legs syndrome (supervised by Prof. Berg), dystonias, ataxias, spastic
paraplegias, and neurogenetic disorders provides highly efficient patient management. The equally
close interaction with basic research groups of the Hertie Institute for Clinical Brain Research, on the
other hand, allows truly translational research with a rapid transfer of scientific progress into clinical
practice.

This innovative concept includes active education and training of scientific and clinical junior staff.
The “Section for Clinical Neurogenetics”, established in 2004 and headed by Prof. Schoéls, with its
focus on ataxias and spastic paraplegias, attracts patients with these rare diseases from all over
Germany.

The basic research of the department was strengthened by the establishment of a “Section for

Functional Neurogenetics” in 2006, headed by Prof. Kahle, who joined the department coming from
Munich, and who provides his expertise in the biochemistry and cell biology of neurodegeneration.
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Arbeitsgruppe Genetik
Arbeitsgruppenleiter: Thomas Gasser

Viele neurodegenerative Erkrankungen und Bewegungsstérungen, wie die Parkinson-Krankheit,
die Amyotrophe Lateralskerose oder die Torsionsdystonie sind , genetisch komplexe" Erkran-
kungen. Dies bedeutet, dass die Erkrankungen nur bei einem kleinen Teil der Patienten familiar
gehduft auftreten und durch Mutationen in einem bestimmten Gen verursacht werden, wahrend
die Ursache bei dem weitaus grosseren Teil der Patienten weiterhin unklar ist. Es gibt jedoch viele
Hinweise dafir, dass auch bei der zuletzt genannten Patientengruppe bestimmte Verdnderungen
in identifizierten Krankheitsgenen zum Krankheitsrisiko beitragen.

Die Arbeitsgruppe beschiftigt sich mit der Identifizierung und Charakterisierung dieser Gene,
und setzt dazu Methoden der Gensequenzierung, der Kopplungsanalyse und der Assoziationsstu-
dien ein. Auch biochemische und zellbiologische Methoden werden eingesetzt, um die Funktion
der Genprodukte und die Folgen der krankheitsverursachenden Mutationen zu analysieren.

Im Jahre 2004 konnten wir nachweisen, dass Mutationen in dem Gen fir die , Leucin-rich repeat
kinase 2" (LRRK2) eine autosomal-dominant erbliche Form der Parkinson-Erkrankung verursa-
chen. Inzwischen konnten wir und andere zeigen, dass Mutationen in diesem Gen die hdufigste
bekannte Ursache der Parkinson-Krankheit tiberhaupt sind. Die Arbeitsgruppe beschéftigt sich
weiter intensiv mit diesem Gen, wobei die Beschreibung des Verlaufs und des klinischen Erschei-
nungsbilds (Phanotyp), sowie die Suche nach Biomarkern und krankheitsmodifzierenden Faktoren
im Vordergrund steht.

Aber auch andere ,Parkinson-Gene" werden intensiv weiter untersucht, wie etwa das Gen fir
»a-Synuklein”, das “Parkin-Gen", das die hdufigste rezessiv erbliche Form der Erkrankung ver-
ursacht, oder das erst vor Kurzem als Parkinson-Risikofaktor identifizierte Gen fur die Gluco-
cerebrosidase, das bislang nur als ursédchlich fur die seltene Gaucher-Erkrankung bekannt war.
In grossen nationalen Konsortien, wie etwa dem Nationalen Genomforschungsnetz NGFNplus,
der Helmholtz-Allianz, aber auch in vielen internationalen Kooperationen werden mit neuesten
Methoden, etwa der ,, genomweiten Assoziationsuntersuchungen” weitere genetische Risikofak-
toren gesucht.

Letztlich besteht das Ziel all dieser Studien darin, die molekularen Mechanismen der Krankheits-

entstehung zu verstehen und auf dieser Basis neue Methoden der Friihdiagnose und Therapie zu
entwickeln.
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Cumulative Percent

Genetics of Parkinson's
Disease and Other
Movement Disorders

(Group leader:
Thomas Gasser)

It is generally assumed that
many genes and genetic loci
contribute to familial and spo-
radic Parkinson's disease (PD)
and other neurodegenerative
diseases and movement dis-
orders, such as the dystonias.
Specific mutations in these
genes cause rare familial forms
of the respective conditions,
whereas other, more common
sequence variants, often called
‘single nucleotide polymor-
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phisms' or ‘SNPs’, are thought
to increase susceptibility to the
sporadic disorders. Using the
methods of linkage and asso-
ciation studies, we are study-
ing those genes and loci in a
large number of families and
patients. The indispensable
prerequisite for these studies is
a large collection of DNA-sam-
ples from carefully character-
ized patients. Blood and clinical
data are collected in the Uni-
versity Hospital Department

of Neurology but also sent in
by mail from many collaborat-
ing physicians and neurologic
centers. DNA is isolated and
data are entered into a com-
prehensive DNA-databank by
Ann-Kathrin Hauser and Katja
Hesse.

Leucine rich repeat kinase
2 (LRRK2, Park8)

In 2004, we have identified
mutations of the LRRK2 gene
(Leucine-rich repeat kinase 2)
as a cause for autosomal-dom-
inant Parkinson's disease. This
gene turned out to be clearly
the most common cause for
familial PD known to date,
accounting for about 5 to 10%
of familial and 1 to 5% of spo-
radic cases (in some isolated
populations this number may
reach 30 to 40%).

In a large collaborative effort
with many groups around the
world, we have conducted the
largest survey to describe the
clinical phenotype and pen-
etrance of LRRK2-mutations.
According to this study on
more than 400 patients, the
risk of developing PD, for a
person inheriting the common
G2019S mutation, is 28% at
59 years, 51% at 69 years and
74% at 79 years. The motor
and non-motor symptoms of
LRRK2-associated PD are a bit
more benign than idiopathic PD
(Healy et al., Lancet Neurology,
fig. 1). In our own outpatient-
unit, we are presently following
more than 30 LRRK2-mutation
carriers with and without overt
symptoms of parkinsonism lon-
gitudinally, collecting clinical
and imaging data as well as

blood, serum and CSF, in order
to identify biomarkers that
might reflect the development
and progression of the disease
before overt clinical symptoms
arise (Fig. 2).

Other work regarding LRRK2
includes the characterization
of a transgenic mouse model
(PhD-student Marta Garcia
Moralles, under the supervision
of IZKF-group leader Dr. Dr.
Saskia Biskup) and the estab-
lishment of patient-derived
ex-vivo cellular models by Dr.
Martina Wolfle and PhD-stu-
dent Benjamin Schmid.

Functional Characterization
of the Parkin Gene

Mutations in the parkin gene
cause early onset autosomal-
recessive juvenile parkinsonism
(AR-JP). The parkin gene prod-
uct is an E3 ubiquitin protein
ligase. PhD-student Oliver
Rothfuss and Dr. Nadja Pat-
enge, in a project supported by
the Fortline-Programm, have
identified another potentially
important function of parkin:
by chromatine-immuno-precip-
itation (CHIP), they have dem-
onstrated that parkin interacts,
directly or indirectly, with the
mitochondrial genome and that
it may promote protection and
repair of mitochondrial DNA
(RothfuB et al., HMG submit-
ted)

a-synuclein and
Parkinson disease

The a-synuclein-gene (abbrevi-
ated as SNCA) is still the pro-
totypical PD-gene, although
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< Figure 2:

Imaging studies in presymptomatic
LRRK2-mutation carriers may identify
the time when neurodegeneration
starts long before clinical symptoms
appear. This is of eminent
importance for the design of
effective neuroprotection studies.

Presymplomatic
Phase

for the microtubule associated
protein tau (MAPTau) (Fig.
3). This study has now estab-
lished SNCA beyond doubt as
a risk factor for sporadic PD, a
finding that has not come as
a complete surprise, given the
strong link on the pathologic
level. Odds ratios are rela-
tively small, about 1.3 in the
heterozygous state, and 1.6 to

Symptomatic
Phase

-

mutations in the coding region
are much less common than
those in LRRK2 or parkin,
because the encoded protein
is the major component of the
Lewy-body, the characteristic
protein aggregate found in PD,
and duplications and triplica-
tions of SNCA have been identi-
fied as another cause of familial
PD in a few families, indicating
that an increase in wild-type
protein load is sufficient to
cause neuronal damage.

While the causative role of

the University of Tibingen
(Prof. O. Riess) and the labo-
ratory for neurogenetics at the
NIH (Dr. A. Singleton).

More than 1600 casesand 4000
controls were included in the
exploratory phase, typing more
than 500.000 single nucleotide
polymorphisms (SNPs) using
Illumina technology. The 384
top hits were then genotyped
in a confirmatory sample of
another 3500 cases and 4000
controls. Interestingly, only
two clear risk loci were found:

2 in the homozygous state, but
as allele frequencies of the risk
alleles are high, the population
attributable risk is in the range
of 10%.

By contrast, the finding of
MAPTau as a major risk factor
for sporadic idiopathic PD was
surprising, as it appears to
over-rule the long-held separa-
tion of neurodegenerative dis-
eases in synucleinopathies (PD,
dementia with Lewy-bodies,
and multiple system atrophy
(MSA)) and tauopathies (pro-

SNCA point mutations and the genes for a-synuclein and  gressive supranuclear palsy
multiplications for familial PD is <« Figure 3:
unchallenged, the possible role 2 ' Results of a

. . genome-wide
of SNCA-polymorphisms in the association

study (GWAS).
Association with
variants at two
loci remained

development of the sporadic
disease reported by us and
others has been much more

it i b G
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to identify new risk variants Bonferroni

h .‘ “

correction: SNCA
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genetic variance
of disease
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collaboration with the Depart-
ment of Medical Genetics of

chamosome potibion in Mb
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(PSP), frontotemporal dementia
(FTL-D) and others). Neverthe-
less, experimental evidence for
an interaction of a-synuclein
and tau has been accumulating
over the last years, and our dis-
covery will put those findings
in a new and exciting clinico-
genetic perspective.

What is the potential risk-
conferring mechanism? In her
PhD-work, Julia Fuchs was able
to demonstrate that SNCA-risk

(Fuchs et al., 2008), and that
in vivo, high-risk variants are
associated with a higher level
of protein-expression in the
blood, suggesting that the
variants may act by causing
a chronic, slight a-synuclein
over-expression. Currently,
intense efforts are pursuing
this line of research, trying to
identify the true causative vari-
ants as well as suitable read-
outs of a-synuclein metabolism
in blood and CSF.

Neurodegenerative Diseases

treat mutation carriers and not
only to reduce the frequency of
their episodes of dystonia, but
also to avoid long-term delete-
rious complications (Weber et
al., J Clin Invest, 2008).

Neuroinflammation
in Parkinson's and
Alzheimer's disease

Lars Stolze and PhD-student
Christian Thetard continued

homepage:
http://www.hih-
tuebingen.de/
nd/forschung/

their work on the influence of
the cellular immune response

variants lead to a higher gene
expression when cloned into
Genes for the torsion

parkinson/ a luciferase reporter system
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dystonias

Another genetically complex
disorder studied by our group
is torsion dystonia (TD). The
most common genetic form,
generalized early-onset torsion
dystonia, is caused by muta-
tions in the gene for TorsinA
(TOR1A). The mutation causes
the disease with reduced
penetrance of about 30%.
Christoph Kamm was able to
demonstrate for the first time
in a European population that
the penetrance of the gene is
strongly modified by a known
polymorphism, D216H (Kamm
et al., 2008). We were fortu-
nate to be able to contribute to
the discovery of a novel disease
gene by the group of Holger
Lerche in Ulm: we contributed
one family characterized by
Christoph Kamm (Kamm et al.,
2007) to his study of paroxys-
mal exercise-induced dystonia
(PED). This study identified
mutations in the glucose trans-
porter GLUT1 as causative in
this rare disorder. This is of great
significance as it immediately
implies that a ketogenic diet is
a simple and effective way to

on protein aggregation in AD
and PD. An aggregation of
CD11+ microglial cells in the
brains of transgenic animals
with protein aggregation in the
vicinity of aggregates, support-
ing earlier observations of a
role of cell mediated immunity
in neurodegenerative diseases.

Other Projects

In his continued studies on
the genetic basis of amyo-
trophic lateral sclerosis (ALS),
PhD-student Rubén Fernandez
Santiago could strengthen the
evidence for a role of the vas-
cular endothelial growth factor
(VEGF) gene by contributing
his data to a large multicenter
meta-analysis.

Staff:

R. v. Coelln, R. Ferndndez
Santiago, M. Garcia Miralles,
A. Hauser, K. Hesse, C.
Kamm, C. Klein, N. Patenge,
O. Rothfuss, B. Schmid,
C. Schulte, M. Sharma, C.
Thetard, M. Wolfle
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Parkinsonsyndrome, Demenzen und RLS: Ursachen,
Friiherkennung und Therapiestrategien

Arbeitsgruppenleiterin: Daniela Berg

Obwohl es sich bei der Parkinsonerkrankung, den neurodegenerativen Demenzen (z.B. Alzhei-
mer Demenz, Parkinson-Demenz, Lewy-Kdérperchen-Demenz) und dem Restless-Legs-Syndrom
(RLS — Bewegungsunruhe der Beine) aufgrund des haufigen Vorkommens um ,Volkskrankheiten"
handelt, ist die sichere Diagnose insbesondere im Anfangsstadium haufig schwierig zu stellen.
Spezifische Therapien werden daher oft erst mit Verzégerung eingeleitet.

Bei den neurodegenerativen Erkrankungen sind bei Auftreten erster sichtbarer Symptome bereits
so viele Nervenzellen geschédigt, dass eine nervenzellschiitzende Therapie nur noch wenig bewir-
ken kann. Ziel muss daher sein, durch die Entwicklung zuséatzlicher Verfahren eine friihe, sichere
Diagnose zu ermoglichen und Verfahren zur Identifikation von Risikogruppen zu etablieren, die

von einer nervenzellschitzenden Therapie profitieren kdnnten.
V¥ Abbildung:

. . . . In den Abbildungen sind
Dartiber hinaus wird der Ursache verschiedener Marker nachgegangen — z.B. SN-  \erschiedene Au%fa”igkeiten’ die

Hyperechogenitit (=vermehrte Helligkeit der Substantia nigra im Ultraschall des  der Parkinsonerkrankung und
Gehirns), fur die eine Assoziation mit einem vermehrten Eisengehalt und Mikrogli- Demenzen vorangehen konnen,
' g gl dargestellt. In groRen prospektiven
aaktivierung bereits gezeigt werden konnte. Kohortenstudien wird die Bedeutung
dieser Marker bezuglich einer
Krankheitsentwicklung und ihre
Verdnderungen im Verlauf untersucht.

Die Signalausdehnung der Substantia nigra Parkinsonerkrankung

ist nicht nur fir die Parkinsonerkrankung von  Identifikation pramotorischer Marker
Bedeutung. Wir konnten zeigen, dass sich bei

RLS-Patienten eine verminderte Echogeni- Primotorische Phase
tdt der Substantia nigra findet, die in Kern-

Motorische Phase

. . . . 100% E
spinuntersuchungen mit einem verminderter .
Eisengehalt in dieser Region und weiteren 2 ! :

. L , E Genetische Vulnerabilitat :
Strukturen des Gehirns assoziiert ist. Diese 2 SN Hyperachogenitit
Entdeckung kann zukiinftig nicht nur zur bes- %

seren Diagnostik, sondern auch zum besseren
Verstandnis der Erkrankung und zur Entwick-
lung weiterer Therapien beitragen.

-]
i

Ziel: Meuroprotektion

Ein neuer Schwerpunkt der Arbeitsgruppe ist Demenzen
die Suche von klinischen, bildgebenden und  Identifikation prémklinischer Marker

Liquor-/Blut-Markern fir die Progressive sup- Priiklinische Phase Klinische Phase
ranukledre Blickparese, und die Etablierung Erste Auftilligkeiten (MCI)
von sensitiven Messmethoderﬁ fUr.veré'mderte - Diagnose Demenz
Korperbewegungen. Davon ist ein besseres 2 Leichte ische Defizite
Versténdnis fur derartige neurodegenerative 22 Genstische Veranlagung m’ Eﬂf‘_
Bewegungsstorungen und Erkenntnisse, z. B.  £§% * Serummarker
.. .. = REM-Schiaf-Stjrungen
Uber den Ablauf von Stiirzen, zu erwarten. ge Stérung der Genthswahmehmung
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Dauer der Erkrankung -
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Parkinsonism, dementia
and RLS: Causes,

early diagnosis and
therapeutic strategies

(Group leader: Daniela Berg)

|. Parkinson's disease
(Brockmann; Di Santo;
Fruhmann-Berger;
Gaenslen; Godau; Groeger;
Huber; Liepelt; Srulijes)

With a prevalence of about 2%
in the population older than
60 years, Parkinson's disease is
one of the most common neu-
rodegenerative disorders.

"Hyperechogenicity of the sub-
stantia nigra (SN)", known to
be present in more than 90%
of Parkinson's disease (PD)
patients was shown to consti-
tute a valuable biomarker for
the very early diagnosis of PD
and differential diagnosis of
Parkinsonian syndromes in a
prospective study supported by
the Michael J. Fox Foundation.
Moreover, in yet healthy sub-
jects displaying this ultrasound
feature, a striking association
with risk and premotor markers
such as positive family history
for PD, slight neuropsychologi-
cal and motor impairment as
well as REM Sleep Behaviour

» Figure 1:

Disorder (RBD) could be found.
First analyses of a large tri-
center (Universities of Tubin-
gen, Homburg, Innsbruck)
cross-sectional study, including
more than 1800 healthy sub-
jects aged 50 years and older
showed a marked association
of SN hyperechogenicity and
a variety of premotor makers
singularily and in combination.
Ongoing follow-up examina-
tions, also supported by the
Michael J. Fox Foundation, will
show the value of single and/or
combined markers as predictors
for the development of PD.

As the reason for SN hyper-
echogenicity is still unknown
and as there exists a genetic
vulnerability for the ultrasound
sign, search for genes possibly
accounting for the ultrasound
sign are carried on, supported
by the National Genome
Research Network (NGFN).

To validate effective thera-
peutic strategies, progression
markers for the neurodegener-
ative process in PD are essential
- both before and after motor
manifestation. With funding of
Johnson&Johnson Pharmaceu-
tical Research a longitudinal
study could be initiated, aiming
to identify progression markers
in subjects defined as high risk

Grey matter cluster
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(by co-occurrence of a number
of premotor markers) and early
PD patients in comparison to
controls.

A specific search for disease
and progression markers is
being carried on in a longitu-
dinal study on LRRK2 patients
and mutation carriers using
clinical,  neuropsychological,
neuroimaging as well as blood
and CSF markers.

The desire to develop broad
therapeutic concepts has lead
to three different approaches:

(i) In a number of clinical stud-
ies, phase Il to IV, new drugs
could be evaluated.

(ii) With support of the German
Parkinson association (dPV) the
hypothesis that proper nutri-
tion may have a positive effect
on disease manifestation and
progression was reviewed and
condensed as an advisory bro-
schure for patients.

(iii) Physical therapy and spe-
cific exercise play an impor-
tant role in the treatment of
PD in all disease stages. In
collaboration with the Sports
Departments of the Universi-
ties of Tubingen and Stuttgart
we investigated the effect of

White matter cluster

Changes in brain morphology of patients with idiopathic
Parkinson's disease induced by a disease specific 3 months
motor training. Coloured areas mark regions where
significant differences in grey / white matter volume

could be observed when comparing T1w-3D MRI images

of pre-training and post-training condition between

all patients. Changes seen in the brainstem and the
cerebellum were associated with a regain of motor function,
indicating that even the brain of neurodegeneratively
diseased subjects shows plasticity and can be trained.

A Lentiform nucleus

B Cerebellum

2 brainstem, middie
cerebeliar peduncle
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specific exercise on the brain
grey and white matter. It could
be demonstrated that even
in the diseased brain certain
functions could be recovered
by specific training. Further
effort is put on the evaluation
of different forms of exercise
to meet the specific needs of
PD patients in different disease
stages. (Figure 1)

II. Progressive supranuclear
palsy — an atypical
Parkinsonian syndrome
(Srulijes, Maetzler)

Progressive supranuclear palsy
(PSP) is a rare, severe neuro-
degenerative disease. So far,
no effective therapy is known.
Recently two subgroups of the
disease have been defined. As
the differentiation of PSP in the
two subtypes is based on ret-
rospective, neuropathological
data, a study was designed to
define the PSP subtypes intra
vitam and to search for addi-
tional in-vivo markers which
have the potential to differ-
entiate the given subtypes.
Despite the low prevalence of
the disease a large group of
almost 30 PSP patients could
be recruited and is currently
being investigated by neuroim-

aging (MRl and FDG-PET),
neuropsychological testing,
electrooculography,  nystag-

mography, accelerometry, an
acuity paradigm, and blood
and cerebrospinal fluid analy-
ses. The demographic analysis
of the first 25 patients shows
that our PSP subgroups are
basically comparable  with
those proposed. Analyses of
these comprehensive data will
enable a deeper inside into the

pathological mechanisms of
this devastating disease, with
the option to define more spe-
cific therapeutic targets.

New therapeutic options are
followed with two strategie:

1. Subjects with PSP often
suffer from cognitive deficits.
Based on promising preliminary
observations, a phase 2 open-
label trial with the cholinest-
erase inhibitor Rivastigmine®
has been started. The efficacy
of cholinergic treatment on
specific cognitive functions,
motor performance and the
occurrence of side effects in
PSP-related dementia will be
measured. Preliminary results
point to a positive effect of the
drug on distinct cognitive defi-
cits.

2. In collaboration with the
Geriatric Department of the
Robert-Bosch-Hospital in Stut-
tgart (Head PD Dr. C. Becker)
we started a 6 weeks training
study on PSP subjects with a
movement sensor on the lower
back connected with audio-
biofeedback to improve pos-
tural control.

[ll. Dementias in Lewy body
diseases (Maetzler; Liepelt)

Dementiain Parkinson's disease
is the second most common
form of neurodegenerative
dementia. However, until now,
there are no definite criteria for
clinical diagnosis. Moreover,
there exists no clear catego-
rization of dementias in Lewy
body diseases.

In a study comprising 100 sub-
jects with clinically defined
PD the pattern and extent

of cognitive impairment is
being defined and compared
to findings in FDG-PET to set
up criteria for the diagnosis of
dementia.

Due to abnormal neuronal
a-synuclein inclusions (Lewy
bodies, LB), dementia with
Lewy bodies (DLB), Parkinson
disease with dementia (PDD)
and Parkinson disease with-
out dementia (PDND) are sub-
sumed under the term “Lewy
body diseases”, LBD, as they
share a large number of similar-
ities. Furthermore, similar neu-
ropathologic and biochemical
changesin LBD and Alzheimer's
disease (AD) suggest that there
is also some overlap between
these two most frequent neu-
rodegenerative diseases. With a
positron emission tomography
paradigm detecting B-amyloid
as AD-typic changes (Figure 2),
we were able to show that cog-
nitive decline In LBD is to a large
extent independent from AD-
type changes. However, about
one quarter of LBD patients do
show these AD-type changes
paralleled by further signs and
symptoms associated with AD,
indicating that these patients
may rather suffer from a sub-
type of AD than from classi-
cal Parkinson disease. Actually

A Figure 2:
Positron emis
tomography
images of a
beta-amyloid
detecting
substance (PI
mean uptake
ratios, cerebe
= 1) of patien

sion

B,

llum
ts

with Alzheimer

disease (AD),

dementia with

Lewy bodies

(DLB), Parkinson

disease with

dementia (PDD),
Parkinson disease
without dementia

(PDND), and
of healthy
controls (HC)

demonstrate that
AD-like amyloid

pathology
is present in
a relevant

percentage of
demented Lewy

body disease
patients.
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there is a focus on the inves-
tigation of body fluid markers
which may serve as pathophys-
iologically relevant biomark-
ers for the progression of LBD
subjects.

IV. Restless-Legs-
Syndrome (Godau)

Restless-Legs-Syndrome (RLS)
is a very common sensorimo-
tor disorder affecting about
10% of the German popula-
tion. However little is known
about the pathophysiological
changes underlying the devel-
opment of RLS and tools to
objectively diagnose RLS are to
be developed.

Using transcranial B-Mode
sonography it could be dem-
onstrated in large cohorts that
decreased echogenicity of the
substantia nigra (SN) is a valu-
able sonographical marker for
RLS with very good sensitiv-
ity, specificity and predictive
values.  Additionally, other
abnormalities could be found,

Key Publications

including brain regions like the
red nucleus and the brainstem
midline raphe. Those are cor-
related with common comor-
bidities such as periodic limb
movements and depression,
which may have a major impact
on the quality of life even in
sufficiently treated patients.

Using MRI, an association of
RLS with reduced tissue iron
content of the whole brain was
found. Further MRI and CSF
studies are currently performed
for a better understanding of
the pathophysiologic role of
impaired iron metabolism in
the development of RLS. More-
over, also in patients with other
disorders such as polyneuropa-
thy similar abnormalities of
brain structures on transcranial
sonography have been found.
These new insights may help
to better understand changes
of brain structure and function
which may promote develop-
ment of RLS.

Additionally, in epidemiological
studies, occurrence of symp-

toms, comorbidities and long-
term effects of treatment are
investigated, aiming to improve
the understanding and treat-
ment of RLS. For example,
we found that rotigotine, a
new dopamine agonist is most
effective in the reduction of
augmentation, one of the most
feared side effects of RLS med-
ication.
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Arbeitsgruppe Funktionelle Neurogenomik
Arbeitsgruppenleiter: Rejko Kriiger

Noch vor 15 Jahren war eine Beteiligung erblicher Faktoren bei der Entstehung der Parkinson-
Krankheit héchst umstritten. Erst mit der Identifikation von Mutationen im alpha-Synuklein Gen
als Ursache fur die Parkinson-Krankheit in wenigen Familien mit vielen Betroffenen konnte eine
Beteiligung vererbter Ursachen an der Krankheitsentstehung beispielhaft gezeigt werden. Heute
kennen wir viele Gene, die verschieden vererbte Formen eines familidren Parkinson-Syndroms
verursachen konnen. Darlberhinaus ergeben sich Hinweise fir eine Anzahl weiterer Gene, die
nicht allein, aber moglicherweise zusammen mit anderen Erb- und/oder Umweltfaktoren die
Parkinson-Krankheit auch bei sogenannten sporadischen Patienten, bei denen keine weiteren
Betroffenen in der Familie bekannt sind, verursachen kdénnen.

Unsere Arbeitsgruppe hat in den letzten Jahren erfolgreich zur Entdeckung von neuen Krank-
heitsgenen bei der Parkinson-Krankheit beigetragen und ist spezialisiert auf die Untersuchung
neu gefundener Gen-Mutationen hinsichtlich ihrer Auswirkungen auf den Uberleben von Ner-
venzellen bei der Parkinson-Krankheit. Hierzu werden neben molekulargenetischen Methoden
zur Mutationssuche in Kandidatengenen auch genetische Zellkultur- und Tiermodelle eingesetzt,
um moglichst genau die Signalwege, Uber die krankheitsverursachende Mutationen, die Nerven-
zellen schadigen, zu untersuchen. Dabei kommen neben biochemischen Methoden zur Untersu-
chung von Protein-Bindungen auch Funktionstests zur Messung der Energiegewinnung der Zelle,
der Verdnderung von Zellorganellen und des Zelliiberlebens unter Stress zum Einsatz.

Beispielhaft haben wir im Jahre 2008 eine Verdnderung in einem Bindungspartner des Parkinson-
assoziierten Proteins Synphilin-1 als Risiko fur die Parkinson-Krankheit bei der DNA Untersuchung
von mehr als 500 Parkinson Patienten identifiziert (Wahl et al., 2008; Bonin et al., 2008). Das von
uns gefundene Omi/HtrA2 (PARK13) Gen verursacht eine sehr seltene Ursache der Parkinson-
Krankheit, wie wir in einer internationalen Studie an Uber 15.000 Probanden aus 17 Landern
von 4 Kontinenten zeigen konnten (Strauss et al, 2005; Kriger et al., 2009; Abstract). Aktuelle
Arbeiten weisen auf eine besondere Bedeutung der Kraftwerke der Nervenzelle, der Mitochon-
drien, im Rahmen der Entstehung der Parkinson-Krankheit hin. Wir konnten erstmals zeigen,
dass bestimmte bei der Parkinson-Krankheit mutierte Proteine, Omi/HtrA2 und DJ-1, eine direkte
Wirkung auf die Mitochondrien-Form und —Funktion haben und einen Abbau geschéddigter Mito-
chondrien beeinflussen (Krebiehl et al., 2008; Kieper et al., 2009; Abstracts).

Ziel der Arbeiten ist die Entdeckung neuer genetischer Ursachen der Parkinson-Krankheit und das
Verstdndnis der damit verbundenen Mechanismen des Zelltods dopaminproduzierender Zellen,
um neue Strategien zu entwickeln, wie friihzeitig in den Krankheitsprozess eingegriffen werden
kann und die Funktion der Nervenzellen bewahrt werden kann.
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» Figure 1:
Using
fluorescence
microscopy
with ApoTome
technique (Zeiss,
Germany), we
confirmed the
subcellular
co-localistation
of Omi and a
new interacting
protein in
mitochondria.
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Functional
Neurogenomics
Laboratory

(Group leader:
Rejko Kriiger)

One major focus of the group
is the elucidation of molecular
signaling pathways leading to
neurodegeneration in Parkin-
son's disease. Using mutation
screenings in a large sample of
German PD patients, we iden-
tified novel mutations in genes
that are responsible for famil-
ial PD and deciphered genetic
variants in candidate genes that
are associated with sporadic
PD. As a major focus our group
intensively studies the func-
tional consequences of identi-
fied mutations, investigating
molecular signalling cascades
in the pathogenesis of PD. In
this context, we are interested
in the identification of novel
interacting proteins, character-
ization of proteasomal func-
tion, analyses of mitochondrial
function and dynamics, and
the effects of cell viability in
cellular and transgenic animal

models of the disease. These
studies aim at the develop-
ment of novel neuroprotective
therapeutic strategies in the
treatment of PD as the most
common  neurodegenerative
movement disorder.

Characterization of Omi/
HtrA2 as a novel gene

in the pathogenesis of
Parkinson's disease

We identified the first muta-
tions in the Omi/HtrA2 gene
in PD, two heterozygous amino
acid substitutions (A141S and
G399S; Strauss et al., 2005).
Based on cell culture models
derived from  Omi/HtrA2
knockout mice our experi-
ments focus on the further
characterization of Omi/HtrA2
mutations regarding mitochon-
drial function, protease activity
and differential substrate bind-
ing (DFG-supported project
KR2119/3-1). We describe arole
of Omi/HtrA2 in protein qual-
ity control in the mitochondria
(Radke et al., 2008). We used
fibroblasts from knockout mice

Interact ing protein

merge

and observed the differences in
the mitochondrial potential and
the levels of reactive oxygen
species (ROS) that lead to char-
acteristic alterations in mito-
chondrial dynamics shown by
life cell imaging (Kieper et al.,
submitted). Moreover we gen-
erated Omi/HtrA2 transgenic
mice to validate our findings in
vivo and to further characterize
the phenotype of Omi/HtrA2
mutations based on behav-
ioral observations, biochemi-
cal and immunocytochemical
experiments and functional
brain imaging. Another strat-
egy to define the role of Omi/
HtrA2 in neurodegeneration is
to identify novel interactors.
Using GST pulldown assays
with physiological and mutant
Omi/HtrA2 and subsequent
mass spectroscopy we iden-
tified an intramitochondrial
target of Omi/HtrA2, that we
named OIP-2. Current experi-
ments focus on the functional
significance of this interaction
for protein quality control in
the mitochondria. (see fig. 1)

Characterization
of DJ-1-mediated
neurodegeneration

Based on a DJ-1 knockout (KO)
mouse model we describe a
novel role of DJ-1 in the regu-
lation of mitochondrial mor-
phology in mouse embryonic
fibroblasts (Krebiehl et al.,,
2008, Abstract). Loss of DJ-1
was related to an accumula-
tion of intramitochondrial
reactive oxygen species (ROS)
and disturbed mitochondrial
membrane potential. Using live
cell imaging and automated
assessment of mitochondrial



morphology we found char-
acteristic alterations of mito-
chondrial dynamics in DJ-1 KO
cells. ROS production in the
mitochondria is a fundamental
regulatory event in autophagy
which ultrastructural analyses
revealed disrupted lysosomal
degradation pathways in DJ-1
KO cells. Indeed we found dys-
regulation of autophagy in cells
lacking physiological DJ-1 pro-
tein. (see fig. 2)

The role of Mortalin in
neurodegeneration in
Parkinson's disease

To understand the function
and potential signalling path-
ways of DJ-1-mediated neuro-
degeneration, we performed
GST pulldown assays with DJ-1
and subsequent mass spectros-
copy and identified Mortalin/

« Figure 2:

Analyses of mitochondrial
morphology and dynamics in
primary cortical neurons of DJ-1
knockout mice using Mitotracker
(Molecular Probes, USA) as a dye.

Grp75 as a novel interactor.
Mortalin/Grp75, an intrami-
tochondrial stress response
protein, plays a crucial role for
mitochondrial homeostasis. It
has been linked to Parkinson's
disease due to reduced levels
of mortalin/Grp75 in affected
brain regions of PD patients.
Mortalin/Grp75 is involved
in mitochondrial import,
stress response and cell death
related to aging. We screened
for mutations in the Morta-
lin gene in a large number of
PD patients and found a novel
variant only present in one PD
patient. The functional charac-
terization of this mutation is of
major interest to define mecha-
nisms of susceptibility to cellu-
lar stress (Burbulla et al., 2009;
Abstract). (see fig. 3)
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The role of synphilin-1
in neurodegeneration
in Parkinson's disease

Synphilin—1 is linked to abnor-
mal protein degradation in PD.
Using high troughput mutation
screening we identified the
first mutation in the synphi-
lin-1 gene in PD and defined a
role of the TGF-beta mediated
pathway in synphilin-1-medi-
ated toxicity using Microarray
analysis of (Marx et al., 2003;
Bonin et al., 2008). Our group
identifed a novel specific inter-
action of synphilin-1 with the
regulatory proteasomal pro-
tein S6 ATPase (tbp7; Marx et
al., FASEB J, 2007). To define
a possible role of S6 ATPase
in PD pathogenesis, we per-
formed a genetic screening in
a large sample of German PD
patients. We identified a novel
rare variant acting as a risk to
develop sporadic PD (Wahl et
al., 2008). Synphilin-1 aggre-
gates display the key features
of the so called “aggresomes”
due to their perinuclear local-
ization. Recent evidence sug-
gested that autophagy (i.e. the
active transport and degrada-
tion of intracellular compo-
nents, proteins and organelles

« Figure 3:
Studies of the
subcellular
localisation of
overexpressed
wildtype and
mutant Mortalin
in HEK293

cells reveals
mitochondrial
import of the
wildtype protein.

WT Mortalin

Mitochondria Colocalization
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in lysosomes) may be involved
in aggresomal clearance. The
aim of our work is to assess, if
the pharmacological activation
of autophagy is effective in the
clearance of SYPH1 aggregates
and whether this modulation
of autophagic pathways is able
to rescue cells from death.
For this purpose, we perform
treatments with combinations
of stressors and activators of

Neurodegenerative Diseases
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autophagy on GFP-tagged
SYPH1 overexpressing cul-
tured cells, and then we evalu-
ate aggregates by fluorescence
microscopy and cell viability
using biochemical assays (see  Patents:
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»  Figure 4:
Analyses of
synphilin-1
aggregates

that display the
key features of
the so called
“aggresomes”
due to their
perinuclear
localization in

HEK293 cells

overexpressing
wildtype and
mutant synphilin-
1-EGFP-fusion
protein.
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Arbeitsgruppe Genetik von
Dystonien und Dystonie-Plus-Syndromen

Arbeitsgruppenleiter: Friedrich Asmus

.Dystonie” ist der Uberbegriff fiir neurologische Erkrankungen, bei denen die willkiirliche Kon-
trolle tiber Bewegungen einzelner Kérperregionen bis hin zum gesamten Korper gestort ist.
Auftreten kdnnen sowohl ungewollte, anhaltende (tonische) aber auch wiederholte (phasische,
repetitive) Bewegungen.

Dystonien werden in der Klinik nach ihrer Ursache klassifiziert. Forschungsthema unserer Gruppe
ist der Einfluss erblicher Faktoren auf die Entstehung der sog. idiopathischen Torsionsdystonien
und der ,Dystonie-Plus-Syndrome*.

Verschiedene neuere epidemiologische Studien zeigen, dass entgegen fritherer Annahmen Ver-
wandte von Dystonie-Patienten in bis zu 20% der Familien auch Symptome der Dystonie zeigen.
Dies legt nahe, dass genetische Faktoren einen wichtigen Beitrag zur Entstehung von Dystonien
leisten.

Unsere Arbeitsgruppe verwendet dabei verschiedene Untersuchungstechniken:

e Klassische Familien-Analyse”. Gerade bei den Dystonie-Plus-Syndromen, bei denen
zusatzlich zur Dystonie andere Symptome einer Bewegungsstérung, wie z.B. Myoklonien
auftreten, folgt die Vererbung einem klassischen Vererbungsmuster nach Mendel, wird
also dominant, mit 50%igem Risiko einer Vererbung an Kinder Betroffener oder rezessiv
mit 25%igem Risiko der Weiterverebung libertragen. Unser besonderes Interesse gilt dabei
den Dystonie-Plus Syndromen, der dopa-responsiven Dystonie (DRD, DYT5), der Myoklo-
nus-Dystonie (M-D, DYT11) und den genetisch heterogenen, nicht neurodegenerativen
Dystonie-Parkinson-Syndromen (RDP, DYT12, DYT16). Durch die genetischen Arbeiten
unserer Gruppe sollen neben der Erforschung der Dystonie-Plus Syndrome selbst durch die
Entdeckung neuer dystonie-assoziierter Pathways auch das Verstandnis der idiopatischen,
sporadischen Dystonien verbessert werden.

e, Assoziations-Studien”. Bei diesem Studientyp werden genetische Varianten untersucht,
welche die Erkrankungsentstehung beglnstigen.Historisch waren Assoziationsstudien auf
das Vorliegen sog. Kandidatenhypothesen angewiesen. Ergebnisse pathohistologischer
oder biochemischer Studien bei Menschen oder hdufiger in Tiermodellen wurden auf ihre
Gultigkeit bei Patienten untersucht. Methodisch bedingt konnten bei diesen Studien bis-
lang nur bekannte Genvarianten, z.B. im TorsinA-Gen (DYT1), auf die Entstehung und die
Ausbreitung fokaler oder segmentaler Dystonien untersucht werden. Unsere Arbeitsgruppe
bereitet im Rahmen einer nationalen und internationalen Kooperation eine genomweite
Assozationsstudie bei verschiedenen idiopathischen Dystonien vor. Diese Untersuchungs-
technik erlaubt erstmals rein methodenbasiert (= statistischer Vergleich von 500'000 single
nucleotide Polymorphismen (SNP) tiber das gesamte Genom), die Erstellung einer Assoza-
tionsanalyse. Mit dieser Technik verknlpft ist die Erwartung des Aufdeckens neuer Gene,
die an der Entstehung von Dystonien mitwirken. Dies gelang bislang schon bei anderen
Erkrankungen, z.B. dem Restless Legs Syndrom, bei denen klassische genetische Methoden
auch keine relevanten Erkenntnisse zeigten.

YA —



Neurodegenerative Diseases

Genetics of Dystonia

(Group leader:
Friedrich Asmus)

We have continued and exten-
ded our efforts in the genetic
characterisation of dystonia-plus
syndromes.

In Myoclonus-Dystonia (M-D),
over 20 novel and recurrent
mutations of the SGCE gene
were identified. For the first
time, a heterozygous deletion
in exon 10 of the SGCE gene
was detected in a patient with
a typical M-D phenotype. The
vast majority of SGCE mutations
published to date reside in the
“extracellular” exons 1 to 8. In
an Irish girl with M-D, a deletion
of exon 10 was detected, intro-
ducing a putative frameshift of
the translational reading frame.
Therefore, mutated mRNA spe-
cies might either be removed
by nonsense-mediated mRNA
decay or translated mRNA might
lack important intracellular inter-
action motifs.

We assessed the phenotypic
spectrum in patients with SGCE
mutations. In three patients
megabase deletions of the 7g21
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region were correlated with the
clinical presentation. The dele-
tion size was determined by the
novel technique of assessment
of copy number variation (CNV)
with single nucleotide poly-
morphism (SNP) chip arrays[1].
Here, over 100'000 SNPs are
genotyped and analysed for
CNVs genome wide (see figure).
Beside obvious phenotypic fea-
tures like M-D or split hand/split
foot malformation with senso-
rineural hearing loss (SHFM1D,
OMIM 220600), subtle altera-
tions were observed like mild
joint laxity related to heterozy-
gosity for COL1A2, the causative
gene for dominant osteogenesis
imperfecta. Of even greater
importance for genetic coun-
selling, one patient's deletion of
the KRIT1 gene caused cerebral
cavernous malformations type
IV, which had been overlooked
before the availability of the test
result, but need further imaging
follow-up.

Phenotypic characteristics for the
differentiation of Myoclonus-
Dystonia and Benign Hereditary
Chorea caused by TITF-1 muta-
tions had been suggested after
the assessment of mutation-
positive index patients[2]. We
have confirmed these criteria in
a previously undiagnosed cohort
of paediatric patients with child-
hood-onset “jerky"” movement

<« Figure:

Correlation of clinical phenotype
and size of heterozygous megabase
deletions in the 721 region around
the SGCE gene. (A) Results of
genome wide copy number analysis
using Affymetrix 100K SNP arrays.
Reduced Log2 ratios in the 7921.11 to
7q21.3 region indicate heterozygous
genomic deletions of differing size
(1.63Mb-8.78 Mb).(B) Heterozygous
deletions of pathogenic genes in
humans were confirmed by qPCR
experiments. For clinical details

see text. (from Asmus et al.).
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disorders. Only BHC displayed
continuous choreatic limb move-
ments. Only SGCE mutation
carriers displayed lightning-like
myoclonic jerks rarely seen at
rest but consistently aggravated
by action. Two further catego-
ries emerged: myoclonic dysto-
nia, characterised by prevailing
dystonia and jerks limited to the
body regions of active dystonia
and a novel category "“Dysto-
nia with poly-mini myoclonus
(D-PMM)"[3]. This hyperkinetic
movement disorder is characte-
rized by a paediatric-onset, limb
dystonia (i.e. writer's cramp) and
myoclonus of low amplitude
limited to the arms and pectora-
lis muscles. D-PMM is inherited
in an autosomal-recessive inhe-
ritance mode and will be further
studied genetically.

homepage:  http://www.hih-
tuebingen.de/gen.html
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Sektion Klinische Neurogenetik
Sektionsleiter: Ludger Schols

Neurogenetische Forschung ermdglicht vielféltige neue Einblicke in pathophysiologische Prozesse
und die Genese neurodegenerativer Erkrankungen. Die Mdglichkeit, Gber die Identifizierung des
ursdchlichen Gendefekts Krankheiten von ihrer primaren Ursache her zu untersuchen, bietet ein-
zigartige Chancen, die zugrunde liegenden Krankheitsmechanismen zu erforschen und Strategien
zu entwickeln, um korrigierend in diese einzugreifen. So werden neurogenetische Krnakheiten
trotz ihrer Seltenheit zu Modellen fur haufige neurodegenerative Erkrankungen, wie z. B. den
Morbus Parkinson oder Alzheimer. Die Sektion Klinische Neurogenetik untersucht genetische
Grundlagen und Krankheitsmechanismen bei erblichen Bewegungsstérungen und Stoffwechsel-
verdnderungen des Gehirns. Besondere Schwerpunkte bilden die Ataxien und Spastischen Spinal-
paralysen.

Bei den Ataxien kommt es durch eine Degeneration des Kleinhirns zu Koordinationsstérungen
mit unsicher-schwankendem Gang, Ungeschicklichkeit der Hande, undeutlichem Sprechen und
Augenbewegungsstérungen. Ataxien weisen trotz ihrer Seltenheit viele verschiedene genetische
Ursachen auf. Fir die hdufigsten, autosomal dominant vererbten Formen, die Spinocerebelldren
Ataxien (SCA) Typ 1, Typ 2, Typ 3 und Typ 6 wird in einem von der EU geforderten Projekt der
natlrliche Erkrankungsverlauf untersucht. Ein genaues Wissen liber das Fortschreiten der Erkran-
kung ist eine unverzichtbare Voraussetzung fur die Planung zukinftiger Therapiestudien. Fur die
haufigste Form der rezessiv vererbten Ataxien, die Friedreich-Ataxie, lduft derzeit eine multizen-
trische Studie, in der verschiedene Dosierungen von Idebenone gegen Placebo getestet werden.
In Kooperation mit der Medizinischen Genetik in TGbingen und der Arbeitsgruppe von Michel
Koenig in Strasbourg suchen wir nach Ursachen frith beginnender Ataxien, bei denen Symptome
bereits vor dem 25. Lebensjahr auftreten.

Die hereditdren spastischen Spinalparalysen (HSP) fiihren zu einer schleichend zunehmenden
Gangstérung durch Einsteifen und Schwéche der Beine aufgrund zunehmender Spastik. In Tlbin-
gen wird ein vom BMBF gefordertes deutschlandweites Netzwerk ftir HSP koordiniert, in dem die
Grundlagen fir kiinftige Therapiestudien erarbeitet werden. Hier haben wir die Spastic Paraplegia
Rating Scale (SPRS) als verlédssliches Mal fiir die Schwere einer HSP entwickelt und erarbeiten in
einer Untersuchung des natdrlichen Erkrankungsverlaufs essentielle Daten flr zuklnftige Thera-
piestudien. In dem europdischen Netzwerk EUROSPA streben wir eine Verbesserung der geneti-
schen Diagnostik fiir HSP-Patienten an.

Jiingst konnten wir in einer deutschen Familie mit dominant vererbter HSP einen neuen Genort
(SPG36) identifizieren und arbeiten derzeit an der Identifizierung des krankheitsverursachenden
Gens. Da die motorischen Nervenzellen (Motoneurone) fiir die Beinmuskeln sehr lange Fortsatze
(Axone) bendtigen, um die Steuerungsimpulse von der Hirnrinde bis zum Ausgang des Riicken-
marks zu leiten, sind sie besonders anféllig fiir Stérungen des axonalen Transports. Dies ist ver-
mutlich ein hdufiger Pathomechanismus bei der HSP, den wir in Zellkulturen von Motoneuronen
sowie in einem transgenen Fliegenmodell untersuchen. Diese Fliegen tragen dieselben Mutatio-
nen in ihrem Motor fiir den axonalen Transport (Kinesin, verantwortlich fiir SPG10) wie einige
unserer Patienten. Ziel ist ein besseres Verstandnis der zur HSP fiihrenden Krankheitsprozesse und
langfristig die Entwicklung neuer therapeutischer Strategien.

Weitere Erkrankungen, an denen die Klinische Neurogenetik am Hertie-Institut arbeitet sind die

Leukodystrophien im Erwachsenenalter, Erkrankungen der Mitochondrien, die Amyotrophe Late-
ralsklerose und der essentielle Tremor.
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» Figure 1:
MRI in SPG4

(A), SPG11 (B)
and SPG 15 (C).
In SPG11 and
SPG15 the corpus
callosum is thin
especially in the
anterior parts.
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Clinical Neurogenetics

(Group leader:
Ludger Schols)

The Section of Clinical Neu-
rogenetics focuses on heredi-
tary movement disorders and
neurometabolic diseases with
special interest in ataxia and
spastic paraplegia. The work
is dedicated to translational
research taking advantage of
the close cross-linking of the
Hertie-Institute and the Uni-
versity Clinic. To this end we
have established a network of
clinical and laboratory research.
At the Department of Neuro-
degenerative Diseases we run
outpatient clinics specialised
in ataxia, spastic paraplegia,
amyotrophic lateral sclerosis,
leukodystrophies and neu-
rogenetic diseases. National
and international registries of
patients with these rare disor-
ders help to assemble a critical
number of patients for clinical
studies. We run natural history
studies since prospective anal-
yses of the natural progression
are missing in most neuroge-
netic diseases although such
data are essential to design
therapeutic studies. In imag-
ing studies and electrophysi-
ological analyses we aim to
establish biomarkers of dis-
ease activity. Biomaterials like
DNA, RNA, CSF, lymphoblasts
and fibroblasts are gathered

A B

for rare neurogenetic diseases
and stored in the biobank at
the HIH. They serve as essen-
tial tools for the identification
of new disease genes, func-
tional analyses and cell culture
models. Transgenic drosophila
carrying mutations found in
our patients help to a better
understanding of pathogenesis
in motor neuron degeneration
and may serve as a screening
tool for potential therapeutical
compounds.

Ataxia
(Matthis Synofzik, Christoph
Linnemann, Tobias Lindig)

Cerebellar ataxias divide in
a still increasing number of
genetic subtypes. Autosomal
dominant ataxias are geneti-
cally recognised as spinocer-
ebellar ataxias (SCA) with 28
subtypes identified so far. In
the EUROSCA consortium sup-
ported by the European Union
(http://www.eurosca.org/) we
set up a European registry for
SCA with more than 3.000
patients suffering from this
rare disease. In preparation for
upcoming intervention studies
we generate data on the pro-
gression of SCA in an interna-
tional natural history study and
aim to establish electrophysio-
logical parameters as biomark-
ers of disease progression.

Early onset ataxia (EOA) fre-
quently shows autosomal reces-
sive inheritance and is caused
by loss of function mutations
in mitochondrial proteins like
in Friedreich's ataxia, the most
frequent recessive ataxia in the
western world. Other patho-
genic mechanisms in EOA
include impaired protection to
oxidative stress and impaired
DNA repair mechanisms. We
identified mutations in the
mitochondrial polymerase
gamma (POLG) as the second
most frequent cause of EOA
in our cohort. Sensory neu-
ropathy and external ophthal-
moplegia are clinical hallmarks
suggesting POLG mutations in
EOA patients.

Although  physiotherapy s
regarded as most important
in ataxia, specific therapeuti-
cal concepts are scarce and not
evaluated. In cooperation with
Doris Brotz and Winfried Ilg we
developed an ataxia training
program focussing on coordi-
native exercises and evaluated
it by clinical rating scales and
computerized gait analysis.
Patients with cerebellar ataxia
who regularly performed this
training improved their mov-
ment control to an amount that
equals the natural progression
of two or more years. Longterm
follow-up of these patients is
on the way.

In Friedreich's ataxia we par-
ticipate in a phase Il trial with
idebenone. Preliminary data
suggests that idebenone may
by its antioxidative potency and
function as OXPHOS enhancer
improve not only cardiac hyper-
trophy but also neurological
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deficits at least at high doses in
early stages of the disease.

Hereditary spastic
paraplegia (HSP)
(Rebecca Schille,
Kathrin Karle)

HSP is characterized by degen-
eration of the corticospinal
tract. Clinically, HSP presents as
slowly progressive gait disorder
with spasticity restricted to or
pronounced in the lower limbs.
Since motor neurons to the
legs have among the longest
axons of the nervous system it
is likely that HSP is primarily an
axonal disease with factors like
axonal transport being crucial
in pathogenesis.

In a BMBF-supported project
(GeNeMove; http://www.gen-
emove.de) we set up a national
network of spastic paraplegia
clinics including more than 400
patients with this rare disease.
Here we developed the spastic
paraplegia rating scale (SPRS)
as a measure of disease sever-
ity in HSP. With the help of this
scale and an inventory of com-
plicating signs and symptoms
we analyse the clinical spec-
trum of HSP and assess disease
progression in a natural history
study.

Genetically HSP is highly het-
erogeneous with about 40
genes and loci identified so
far. Most recently three new
genes for autosomal recessive
HSP have been cloned. Spastic
paraplegia with thin corpus cal-
losum, mental retardation and
axonal neuropathy comprise
the clinical characteristics of
both, SPG11 and SPG15 (figure

1), while SPG5 presents as pure
spastic paraplegia.

In a European network (EURO-
SPA) with partners in Paris,
Rome and Jerusalem we aim
to identify new genes for
autosomal dominant  HSP.
Recently, we mapped a new
locus for adHSP in a German
family (SPG36). Currently, we
work intensively in cloning the
responsible gene.

Primary motor neuron cul-
ture allows to anylse axonal
outgrowth in mouse models
of HSP (figure 2). At the HIH
we assess axonal transport of
mitochondria in motor neurons
using live cell imaging. In coop-
eration with Tobias Rasse we
developed a transgenic droso-
phila. model of SPG10 with
kinesin mutations found in our
HSP families. This model will
be used to further study patho-
genesis and screen for effective
interventional strategies.

Tobias Lindig evaluates MRI
tools for the assessment and
quantification of spinal cord
degeneration. Beside 3D imag-
ing for volumetric analyses
he assesses the corticospinal
tract in diffusion tensor images
(figure 3). Comparison of cere-
bral and spinal seeds will help
to clarify whether HSP is pri-
marily an axonal or rather a
neuronal disease.

Leukodystrophies
and neurometabolic
disorders in adulthood

Leukodystrophies are com-
monly regarded as diseases of
infancy although for most
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leukodystrophies  adult-onset
forms have been defined. In
the BMBF supported national
leukodystrophy network

(http://www.leukonet.de/) we
analyze the natural course of
leukodystrophies in adulthood
as an essential prerequisite for
therapeutical studies. Neuroim-
aging including MRI and MR
spectroscopy helps to identify

MRI in vanishing white matter disease
demonstrating cystic degeneration
predominantly in the frontal white
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Since patients with leukodystro-
phies in adulthood frequently
present with atypical pheno-

types and do not always show
white matter abnormalities on
MRI we screen patients with
apparently idiopathic forms of
ataxia, spastic paraplegia, dys-
tonia, demyelinating periph-
eral neuropathy, dementia and
epilepsy for underlying leu-
kodystrophies.

In some disorders like cere-
brotendinosis  xanthomatosa
or Refsum disease metabolic
abnormalities can be improved
by restrictive diets or supple-
mentary therapy. In an increas-
ing number of leukodystrophies
substrate inhibition, enzyme
substitution or hematopoetic
stem cell transplantation are
upcoming new therapeutic
options.

Genetics of executive
dysfunction

In a collaborative project with
Dr. T. Miinte (Neuropsychology
Magdeburg) and Dr. A. Rodri-
guez-Fornells (Neuropsychol-
ogy Barcelona) we investigate
the effect of genetic variations
of the dopaminergic system on
cognitive function. A cohort of
650 students from the Univer-
sity of Barcelona is analyzed for
polymorphisms in four genes
(DRD4, COMT, MAO, DAT)
known to modulate dopamin-
ergic function. Influence of
genotypes on executive func-
tion is studied in a multimodal
approach including an exten-
sive neuropsychological test
battery, event-related brain
potentials and functional MRI.
Polymorphisms of the genes
for the D4 dopamine receptor
and COMT were shown to be
associated with distinct differ-
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ences in error monitoring and
response inhibition. Further-
more, the same polymorphisms
were shown to modulate the
response to monetary gains
and losses in a gambling task.
These studies have been sup-
ported by the Volkswagen
foundation.
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Arbeitsgruppe Funktionelle Neurogenetik
Arbeitsgruppenleiter: Philipp Kahle

In heutigen Zeiten erhohter Lebenserwartung stellen altersabhdngige neurodegenerative Erkran-
kungen eine zunehmende Belastung nicht nur firr den einzelnen Patienten, sondern auch fir die
gesamte Gesellschaft dar. Alle diese chronisch fortschreitenden Erkrankungen wie Morbus Parkin-
son und Lewykdrper-Demenz sowie frontotemporale Demenzen und amyotrophe Lateralsklerose
sind durch intrazelluldre EiweiR-Ablagerungen und Neuronenverlust charakterisiert. Auf zelluldrer
Ebene, und vom klinischen Bild einmal abgesehen, unterscheiden sich diese Krankheiten somit
lediglich durch die Identitat des jeweiligen zur Ablagerung neigenden Proteins, der subzelluldren
Lokalisation der entstehenden Aggregate, sowie letztendlich durch den Zelltod verschiedener
neuronaler Subpopulationen.

Die Arbeitsgruppe beschaftigt sich im Bereich der Proteopathien hauptsdchlich mit dem Par-
kinson-verursachenden synaptischen Protein a-Synuklein. Wir haben schon vor einiger Zeit ein
a-Synuklein transgenes Mausmodell geschaffen, welches die menschliche Neuropathologie her-
vorragend abbildet (siehe Kahle (2008) Acta. Neuropathol. 115:87). Erstaunlicherweise ist in
Nagetieren das flr Parkinson-Symptome verantwortliche nigrostriatale Dopaminsystem kaum
durch a-Synukleinopathie beeintrachtigt, wohl aber Bereiche im Grosshirn, die auch im Menschen
bei Lewykorper-Demenz betroffen sind, insbesondere der Mandelkern (Amygdala), interessanter-
weise bei zunehmendem Alter (Freichel et al. (2007) Neurobiol. Aging 28:1421). In kombinierten
Lernverhaltensversuchen und histologischen Untersuchungen erforschen wir nun die kognitiven
Nervenbahnen in alternden transgenen Mdausen, um die Auswirkungen von a-Synuklein Ver-
dnderungen (Fehlfaltung, abnorme Phosphorylierung, etc.) auf kognitive Neurotransmission zu
verstehen (Schell et al. im Druck; Mbefo et al. eingereicht). Molekulare und zelluldre Aspekte von
a-Synukleinopathie werden weiter in einfacheren Modellsystemen wie Caenorhabditis elegans
und Zellkulturen studiert.

Die Arbeitsgruppe ist weltweit fiihrend bei der Erforschung von Mausmodellen fiir Lewykorper-
Demenz. So wurde der 1. Internationale Workshop ,a-Synuclein in Health and Disease" in Lau-
sanne/Schweiz am 24.-26. 9. 2008 auch mit Unterstlitzung der Gemeinnitzigen Hertie-Stiftung
organisiert. Diese Forschung wurde zundchst mit einem Hertie-Bridging Grant anfinanziert und
konnte im Jahr 2008 erfolgreich in die Helmholtz-Allianz “Mental Health in an Aging Society”
eingebracht werden.

Nicht nur die Erforschung der proteopathischen Eiweisse, sondern auch die zelluldren Verteidi-
gungsmechanismen tragen entscheidend zum Krankheitsverstandnis bei. Man vermutet, dass die
rezessiven Parkinson-Gene hier wirken. Wir konnten zeigen, dass das weitaus haufigste Parkin-
son-Genprodukt Parkin, welches fehlgefaltete Eiweisse steuert, in einem neuartigen Parkinson-
Zellkulturmodell neuroprotektiv wirkt, und den Wirkmechanismus auf die Unterdriickung von
Stress-aktivierten Kinasen zurtickfihren (Hasegawa et al. (2008) J. Neurochem. 105:1700). Diese
Veroffentlichung bildete den erfolgreichen Abschluss eines Humboldt-Stipendiaten (Dr. Takafumi
Hasegawa), und zusammen mit der intensiven Erforschung der Regulation von Zelltod-vermit-
telnden Kinase-Wegen durch ein zweites rezessives Parkinson-Gen, DJ-1 (Gorner et al. (2007)
J. Biol. Chem. 282, 13680-13691; Waak et al. im Druck), die Grundlage furr das Einwerben eines
weiteren grésseren Grants im Rahmen des Nationalen Genomforschungsnetzes (NGFNplus). Auch
das wichtige dominante Parkinson-Gen LRRK2 spielt eine Rolle als direkter Ausldser von Kinase-
Wegen. Diese Forschung flihrte zu 2 Dissertationsabschliissen (Susanne Weber, Dr. med. magna
cum laude; Christian Klein, Dr. rer. nat. magna cum laude).

Vo —



Functional
Neurogenetics

(Group leader:
Philipp Kahle)

Age-related neurodegenera-
tive diseases are a severe and
increasingly worrisome burden
for our aging population. Most
of the chronic neurodegenera-
tive diseases (Parkinson's dis-
ease [PD], Lewy body dementia
[LBD], Alzheimer's disease,
frontotemporaldementia[FTD],
amyotrophic lateral sclerosis
[ALS], etc.) are characterized
by intracellular protein inclu-
sions that are specific for each
of these diseases. We inves-
tigate the molecular, cellular,
and histopathological mecha-
nisms underlying aggregation
of the PD/DLB-associated syn-
aptic protein a-synuclein and
the FTD/ALS-associated TAR
DNA-binding protein. Patho-
logical proteolytic processing,
phosphorylation pathways,
and oxidative modifications
are modelled in cell culture and
transgenic animal models such
as mice and worms. Cytotoxic
mechanisms including impair-

ments of the ubiquitin-protea-
some system and mitochondrial
malfunction modulated by
PD-associated genes (parkin,
DJ-1, LRRK2, Omi/HtrA2, and
others) are studied. We wish to
understand the molecular basis
of the remarkable specificity of
intracellular protein aggrega-
tion killing particular neuronal
subpopulations, which cause
the characteristic syndromes of
neurodegenerative movement
disorders and dementias in
human patients and are recapit-
ulated in our transgenic mouse
models (see Kahle (2008) Acta.
Neuropathol. 115:87).

Characterization and
Behavioural Consequences
of a-Synucleinopathy

in Transgenic Mice

We have established trans-
genic mice ectopically express-
ing human a-synuclein A30P
mutation under the con-
trol of the Thy1 promoter,
which  recapitulate  human
a-synucleinopathy down to
the ultrastructural level. The

dopaminergic system of aSYN
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transgenic mice is remarkably
spared, but cognition of aged
(Thy1)-h[A30PlaSYN mice is
severely impaired, most likely
due to their amygdala neuropa-
thology (Freichel et al., (2007)
Neurobiol. Aging 28:1421).
Moreover, old transgenic mice
ultimately die of locomotor
deterioration, caused by brain
stem and spinal motoneu-
ron pathology. Based on our
experimental evidence these
transgenic mice serve as a
valuable model for LB demen-
tia. Heinrich Schell analyzes
and characterizes the effects
of a-synuclein aggregation,
fibrillization, and the result-
ing cytotoxicity and behavioral
impairments.  Susann  Horn
together with Elena Hausherr
are studying the use of viral
models of a-synucleinopathy.
This work is supported by the
Helmholtz Alliance for Mental
Health in an Aging Society.

» Figure:
Intracellular
ROS formation
triggered by
tyrosinase.

DCF fluorescence
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Signal Transduction of
Leucine-Rich Repeat
Kinase 2 (LRRK2)

The two monogenic auto-
somal-dominant hereditary
PD genes encode leucine-rich
repeat kinase-2 (LRRK2) and
a-synuclein. In collaboration
with Novartis Pharma Ltd.,
Basel, Switzerland, Iria Car-
ballo Carbajal together with
Susanne Weber has system-
atically investigated the three
MAPK modules. Expression of
LRRK2 stimulated the activat-
ing tyrosine phosphorylation of
extracellular  signal-regulated
kinases (ERK1 and ERK2), but
not c-Jun N-terminal kinases
and p38 MAPKs. We propose
that the physiological role of
LRRK2 involves initiation of
the ERK pathway and eventu-
ally induction of a-synuclein
expression as part of a pro-
survival pathway. Furthermore,
Christian Klein is investigat-
ing the mode of activation of
LRRK2 and other members of
this so-called ROCO kinase
family. This work is supported
by the Hertie Foundation.

Cytoprotective Role of
Parkin on Dopaminergic
Neurodegeneration

Mutations in the PARK2/
PARKIN gene account for
most cases of recessive par-
kinsonism, and may genetically
predispose to PD. Parkin is a
broadly functional cytoprotec-
tive enzyme with E3 ubiqutin
ligase activity. However, it is
not understood how parkin
protects the PD affected dop-
aminergic (DAergic) neurons.
To investigate the molecu-

lar and cellular mechanisms
of DA neurotoxicity and their
modulation by PD-associated
genes, Dr. Takafumi Hasegawa
has developed novel neuronal
cell lines co-expressing human
PD-associated genes together
with transcriptionally regulated
tyrosinase. Tyrosinase, a key
enzyme in the biosynthesis of
melanin, catalyzes both the
hydroxylation of tyrosine to
L-DOPA and the subsequent
conversion of L-DOPA and DA
to their specific o-quinones.
Massive intracellular produc-
tion of reactive oxygen species
occurs as a by-product, which
leads to the activation of apop-
totic pathways. Using this cell
culture model of PD-relevant
oxidative DA  neurotoxicity,
Hasegawa, Treis, et al. (2008)
could demonstrate that parkin
suppresses apoptotic stress-
activated protein kinase signal-
ing. We are currently identifying
the regulatory parkin effector
proteins, and their exact ubiq-
uitin modification(s).

Regulation and
Modulation of the E3
Ubiquitin Ligase Parkin

Many familial PD cases are
caused by mutations in the
parkin gene, causing autosomal
recessive juvenile Parkinsonism
(AR-JP). The parkin gene prod-
uct has been suggested to
function as an E3 ubiquitin
protein ligase for a variety of
unrelated substrate proteins.
Modification of proteins with
ubiquitin often leads to their
proteasomal targeting and sub-
sequent degradation. However,
dependent on the quantity of
ubiquitin moieties ligated, their

specific linkage, as well as the
usage of various ubiquitin-
like modifiers (UBLs), further
complex regulatory functions,
other than simple degrada-
tion, have already been antici-
pated. Moreover, a relationship
between the specific ubiquitin
linkage and the formation of
aggresome/Lewy bodies has
already been proposed. To shed
light into the diverse effects
of protein modification by
UBLs, Dr. Wolfdieter Springer
together with Sven Geisler and
Nicole Springer / Diana Skujat
investigate parkin as well as the
seven-in-absentia homolog-1
and dorfin, two enzymes of the
same functional class involved
in PD. He studies the regula-
tory and modulatory effects
of post-translational modifica-
tions on function and activity
of these different E3 ligases
(Yamamoto et al.,, 2005), as
well as the cooperative actions
of these enzymes with respect
to linkage and ligation of ubig-
uitin and related modifiers in
cell-free assays, transfected cell
lines, and C. elegans (Springer
and Kahle, 2006). This work is
supported by the fortiine pro-
gram.

Molecular Mechanisms
of DJ-1 Mediated Anti-
Oxidative Stress Response

The recessive PD gene PARK7
encodes DJ-1, a protein with
redox signalling and transcrip-
tional modulator activity. DJ-1
was shown to be a component
of the androgen receptor com-
plex and the apoptosis signal
regulated kinase-1 complex.
However, these activities do
not fully explain the selective
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dopaminergic neuron loss in
PD. Jens Waak together with
Stephanie Weber found that
the loss of survival-promoting
activity of the DJ-1 mutants
with destabilizing C-terminal
mutations  correlated  with
impaired anti-apoptotic signal-
ling. Furthermore, wild-type,
but not mutant DJ-1 facilitated
the Akt pathway and simul-
taneously blocked the apop-
tosis signal-regulating kinase
1, with which DJ-1 interacted
in a redox-dependent manner
(Gorner et al., 2007). This work
is supported by the German
National Genome Research
Network  (NGFNplus), and
Novartis Pharma Ltd., Basel,
Switzerland.

Regulation of Mitochondrial
Integrity by Parkinson's
Disease Associated Genes

Besides dysfunctions of the
cellular protein folding/degra-
dation systems, mitochondrial
respiration defects and the
resulting oxidative stress as well
as cell death signals derived
from these organelles, seem to
contribute to the pathogenesis
of PD. Two recently identified
genes, both of which are local-
ized to mitochondria, the kinase
PINK1 and the protease HtrA2/
Omi thus provide a direct link.
Kira Holmstrom analyzes the
physiological roles of both,
PINK1 and HtrA2/0Omi, their
protein-protein interactions as
well as the pathogenic mecha-
nisms originating from distinct
familial mutations. Ms. Holm-
strém is a member of the NEU-
ROTRAIN Early Stage Research
Training Programme funded
through the EU FP6.

Cell Biology of the
Frontotemporal Dementia
Associated Nuclear

Splice Factor TDP

Like a-synuclein as the major
constituent of Lewy Bodies,
proteolytic fragments of the
nucleic acid binding protein
TDP-43 in cytosolic and nuclear
inclusions were recently iden-
tified as neuropathological
hallmarks of frontotemporal
dementias and amyotrophic
lateral sclerosis. It is to show
now if the cytosolic aggregates
are actively neurotoxic or if the
cytosolic sequestration of the
nuclear protein TDP deprives
neurons of a vital splicing /
transcription factor. Therefore,
Fabienne Fiesel and Marlene
Anderson are generating suit-
able vectors for overexpression
and silencing of potentially
neurotoxic TDP fragments for
usage in cell culture and in
vivo. First experimental data
provide evidence that TDP is
indeed able to aggregate in our
cell culture system. Thus, our
established model system reca-
pitulates the aggregation prop-
erties and can now be used to
analyze the pathogenic mecha-
nisms as well as the biological
functions of TDP. This work
is supported by the German
Competence Net ,Neurode-
generative Dementias”.
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Projektgruppe C. elegans
Projektgruppenleiter: Wolfdieter Springer

Der auRerst simple und nur Tmm lange (@ 70pm) Fadenwurm Caenorhabditis elegans, kurz C.
elegans lebt normalerweise in der Blumenerde und erndhrt sich dort von Bakterien. Da er dennoch
eine enorme Konservierung biochemischer und zelluldrer Komplexitét zeigt ist er mittlerweile zum
best untersuchten Organismus und auch zu einem vollwertigen Modellsystem der biomedizini-
schen Forschung avanciert. Es findet sich ndmlich zu rund 65% aller bislang identifizierten huma-
nen Krankheitsgene ein entsprechendes Homolog im Genom des Wurms. Die Nachwuchsgruppe
verwendet den Wurm nicht trotz, sondern gerade wegen seiner Einfachheit, um Gene die mit der
Parkinson'schen Erkrankung (PD) oder auch frontotemporalen Demenzen (FTD) assoziiert sind,
zu untersuchen. Dabei liegt das Augenmerk auf der Charakterisierung der physiologischen bzw.
pathophysiologischen Funktionen der entsprechenden gesunden bzw. mutierten Genprodukte.

Im Jahr 2008 erhielten C. elegans Forscher bereits zum dritten Mal den Nobelpreis fur ihre grund-
legenden Arbeiten an diesem Wurm, die sich samtlich auf hhere Organismen Ubertragen lieBen.
Erst wurde der Preis 2002 an Sidney Brenner verliehen. Seine Arbeitsgruppe entdeckte den pro-
grammierten Zelltod und beschrieb erstmals alle Zellteilungen und Differenzierungen eines voll-
stdndigen Organismus vom befruchteten Ei bis hin zum adulten Tier. C. elegans zeichnet sich
durch eine konstante Zellzahl von exakt 959 Zellen aus. 302 dieser, also fast 1/3 aller Zellen, sind
Neurone die aufgrund ihrer Verschaltungen und ihres chemischen Inhalts 118 verschiedenen neu-
ronalen Klassen zugeordnet werden kdnnen. Von besonderem Interesse der Nachwuchsgruppe
sind die lediglich 8 Dopamin-enthaltende Neurone (Abb. 1) sowie die Muskel-innervierenden
Motorneurone (Abb. 2) deren Zellkdrper und Fortsétze sich in vivo untersuchen lassen.

Im Jahr 2006 wurde dann die Entdeckung der RNA-Interferenz (RNAI) und die daraus resul-
tierende Methodik des , gene silcening” geehrt. Bei C. elegans lassen sich seine rund 19.000
Gene gezielt und ganz einfach durch ,Flttern” entsprechender dsRNA-produzierender Bakterien
manipulieren. Seine einfache Haltung und kurze Generationszeit (2,5 Tage bei 25°C) sowie seine
enorm grofRe Reproduktionsfdhigkeit (bis zu 100.000 pro Woche ausgehend von einem einzel-
nen Hermaphrodit) vereinfachen dies weiterhin. In Kombination mit biochemischen Methoden
konnte die Nachwuchsgruppe 2008 ein umfassendes Netzwerk genetischer wie auch physikali-
scher Interaktoren erstellen und somit neue weiterfiihrende Signalwege identifizieren.

Dieses Jahr wurde der Nobelpreis erneut an C. elegans Forscher verliehen, diesmal fiir die Einfuh-
rung des grin fluoreszierenden Proteins (GFP). Aufgrund seiner einmaligen Transparenz lassen
sich intrazelluldre Prozesse an einem lebenden Organismus studieren. 2008 erhielt die Projekt-
gruppe die Moglichkeit, eigene transgene Linien mittels Mikroinjektion herzustellen. Daraufhin
wurden zahlreiche transgene Wurmstdmme generiert um die bereits identifizierten Interaktionen
und Signalwege auch in vivo im zelluldaren Kontext eines Organismus studieren zu kénnen. Dabei
wurden u.a. auch ,,humanisierte Wiirmer" generiert die das gesunde menschliche Gen oder auch
die Krankheits-verursachenden mutierten Formen produzieren. Die so generierten transgenen
Tierstamme sind Gegenstand der momentanen Forschung.
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» Figure 1:
Transgenic GFP
lines used for
visualization

of the 6 DA
neurons and
their processes in
the head region
of C. elegans.
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C. elegans Group

(Project leader:
Wolfdieter Springer)

We use the nematode
Caenorhabditis elegans to iden-
tify the biological functions of
genes involved in various neu-
rodegenerative diseases, and,
moreover, to completely dis-
sect the implicated key regu-
latory pathways (Springer and
Kahle, 2006). We are particu-
larly interested in the elucida-
tion of molecular and cellular
pathogenic mechanisms result-
ing in Parkinson's disease (PD)
or frontotemporal dementia
(FTD).

Regulation and Modulation
of the Parkin E3 Ubiquitin
Ligase Activity

We are studying the physi-
cal and genetic interactions of
Parkin with genes involved in
the ubiquitin de-/conjugation
system (Springer et al., 2005).
In 2008 we have identified
novel co-factors of Parkin and
thus have established a com-
prehensive interaction network
by a directed and hypothesis-
driven combinatorial approach
of C. elegans RNAi and Yeast-
two-hybrid  screening. The
knowledge of all putative co-
factors provides the essential
basis in order to fully under-
stand the complex multilayer
control of the E3 ubiquitin

ligase activity. Currently we are
assessing the effects of co-fac-
tor selection on type and mode
of ubiquitin conjugation medi-
ated by Parkin.

Autophagic/Lysosomal
Contribution to the
Pathogenesis of PD

Impairments of cellular protein
degradation systems clearly
contribute to the pathology of
neurodegenerative  diseases.

However, until now mainly the
involvement of the proteasome

has been studied, whereas the
contribution of the autophagic/
lysosomal pathway remains
enigmatic. Impaired autophagy
as well as permeabilization of
the lysosomal membrane has
been suggested to result in
various types of cell death. In
order to completely understand
the molecular mechanisms of
protein metabolism, we are
investigating the autophagic/
lysosomal involvement as well
as cell death routes deriving
from these organelles. This

Key Publications

A Figure 2:

Molecules differentially labeled with
fluorescent proteins (EGFP or mCherry)
are being co-expressed to study their
functional consequences in vivo.

work is ongoing and supported
by the fortiine-Programm.

Cell Biology of the
Frontotemporal Dementia
Associated Genes

In 2008 the group started
to phenotypically character-
ize deletion mutants of the C.
elegans TDP-43 and Progranu-
lin homologs. As a comple-
ment to the knock-out strains
we have already generated
various transgenic C. elegans
lines ectopically expressing
the respective worm or human
genes which are currently ana-
lyzed in detail. Similar to the
human situation, TDP-43 can
be forced to aggregate when
expressed in specific neuronal
subpopulations of C. elegans.

homepage: http://www.hih-
tuebingen.de/nd/research/
funct-neurogenet/

Staff:
S. Geisler, N. Springer/D.
Skujat, A. Treis
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ditis elegans Parkin mutant with altered solubility couples alpha-synu-
clein aggregation to proteotoxic stress. Hum Mol Genet 14:3407-23

Springer W, Kahle PJ (2006) Mechanisms and models of alpha-synu-
clein-related neurodegeneration. Curr Neurol Neurosci Rep 6, 432-6



Director: Prof. Dr. Peter Thier

Department of

Cognitive Neurology






Cognitive Neurology

Departmental Structure

The Department of Cognitive Neurology (DCN), headed by Prof. Dr. P. Thier, was founded in the
year 2000 with support from the program “C4-Department of Neuroscience at Neurology Clinics"
of the Hermann and Lilly-Schilling Foundation. In the year 2002, in which the Neurology Clinic was
reorganized, the DCN became a constitutional part of the newly founded twin institutions, namely
the University Hospital of Neurology and the Hertie Institute for Clinical Brain Research. In the
beginning of 2004, it was reinforced by the formation of a Section on Neuropsychology associated
with a professorship for neuropsychology both taken over by Prof. Dr. Dr. H.-O. Karnath. In summer
2008 the Section on Computational Sensomotorics, headed by Prof. Dr. M. Giese, newly appointed
W3-professor, and funded by the German Research Council within the framework of the Excellence
Cluster “Centre for Integrative Neuroscience"”, was installed at the department.

The DCN is devoted to research on the basis of higher brain functions and their disturbances due
to disease of the nervous system. To this end, the DCN adopts multifarious approaches: the conse-
quences of circumscribed brain lesions are analyzed using classical neuropsychological techniques in
conjunction with state-of-the-art psychophysical, behavioral and brain imaging methods. In order to
explore the neuronal underpinnings of higher human brain functions in more detail, primate as well
as rodent models are used, allowing recording of single- and multi-neuron signals and the correlation
of these signals with well-defined behaviors or perceptual states as well as the targeted manipula-
tion of neurons and neuronal circuits and their consequences for function. In-vitro techniques such
as whole cell patch clamp recordings from isolated brain slices are being applied in an attempt to
characterize the membrane and synaptic properties of identified neurons participating in neuronal
circuits underlying higher brain functions such as learning and memory. In close collaboration with
the interdisciplinary centers for magnetoencephalography and magnetic resonance imaging (MRI)
at the Medical Faculty functioning imaging experiments are carried out that tie up the behavioral
experiments on patients with brain lesions, on the one hand, and experiments on animal models, on
the other hand.

Several members of the DCN are engaged in the neuroscientific Collaborative Research Center (SFB)
550: “Recognizing, localizing, acting: Neurocognitive mechanisms and their flexibility”, supported by
the German Research Council (DFG) and coordinated by P. Thier.

Two former young investigator groups changed their status in 2008: the first one is the young
investigator group on “Neuronal mechanisms of numerical categories and concept formation”, set
up within the framework of the SFB 550 and headed by Prof. Dr. A. Nieder, who became chairman
of the Department of Animal Physiology at the University of Tlibingen and moved his group to the
Institute of Zoology. The second one on the “Representation of action and learning”, headed by
Prof. Dr. M. Giese and funded by the Volkswagen Foundation until 2007, turned into the Section on
Computational Sensomotorics funded by the DFG within the framework of the Excellence Cluster
“Werner Reichardt Centre for Integrative Neuroscience (CIN)". Another two former young investiga-
tor groups, supported by the BMBF program “Biofuture 2000" (PD Dr. C. Schwarz) and the Heisen-
berg program of the DFG respectively (Prof. Dr. U. llg), are being continued as independent research
groups within the DCN. All members of the DCN contribute significantly to research-oriented teach-
ing at the International Graduate School for Neural and Behavioural Sciences. Further teaching is
deployed at the Faculties of Biology (Prof. Dr. U. llg) and Informatics (Prof. Dr. M. Giese and Dr.
W. llg) and, of course, at Tibingen Medical School. In 2008 Prof. Dr. U. llg became Director of the
newly established Competence Center of Neuroscience that provides unique training opportunities
for high school students and their teachers.
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MRI-Labor
Arbeitsgruppenleiter: Fahad Sultan, Peter Dicke

Diese Arbeitsgruppe nutzt kernspintomographische Techniken, um Einblicke in die Architektur
und die Arbeitsweise des Gehirns zu gewinnen und den Einsatz elektrophysiologischer Unter-
suchungsmethoden in der Analyse von Nervenzellen und Nervenzellverbdnden zu optimieren.
Neben der Anwendung etablierter kernspintomographischer Techniken in der Untersuchung des
menschlichen und tierischer Gehirne gilt ein wesentliches Augenmerk der Arbeitsgruppe der Ent-
wicklung nicht-invasiver und auch invasiver kernspintomographischer Untersuchungstechniken,
die Einblicke in die funktionelle Organisation von Gehirnen versprechen, die mit traditionellen
Methoden nicht erreichbar erscheinen. Ein Beispiel hierfiir stellen korrelierende Human- und
Affen-fMRI-Experimente dar, die den Briickenschlag zwischen einzelzellelektrophysiologischen
Untersuchungen an Affen und fMRI-Experimenten an Menschen ermdglichen. Mit diesem Ansatz
untersucht die Arbeitsgruppe derzeit u.a. die Grundlagen der Wahrnehmung der Blickrichtung
Anderer, ein wesentliches Element der nichtverbalen sozialen Kommunikation. Weiterhin werden
die neuronalen Grundlagen der verdeckten visuellen Suche erforscht. Ein zweites Beispiel stellen
Versuche dar, kernspintomographische Verfahren zur Darstellung mono- und polysynaptischer
Verbindungen zu nutzen. In Zusammenarbeit mit Prof. Nikos Logothetis vom Max-Planck-Institut
fur Biologische Kybernetik und unter Nutzung der tierexperimentellen Scanner dieser Arbeits-
gruppe versuchen wir, elektrische Stimulation mit fMRI zu kombinieren, um den Nachweis von
stimulations-evozierten BOLD-Signalen zur Charakterisierung von funktionell relevanten Verbin-
dungen zu nutzen.

In Ergdnzung dieser Ansdtze, in deren Zentrum die funktionelle Kernspintomographie steht, stellt
einen weiteren Schwerpunkt des Labors die Entwicklung maRgeschneiderter Implantate auf der
Grundlage struktureller MR-Aufnahmen dar, die von den priméar elektrophysiologisch arbeiten-
den Arbeitsgruppen der Abteilung bendtigt werden. Um mechanisch stabile Bedingungen fir
die Einzelzellableitung einzelner Hirnzellen zu gewdhrleisten, ist es notwendig, einen stereotak-
tisch definierten Zugang zu den Zielregionen des Hirns mit mdglichst groBer Reproduzierbarkeit
(<100pm) zu gewdhrleisten. Grundlage fir die Produktion angepasster Implantate sind kernspin-
tomographische Aufnahmen des Kopfes und CAD-Rekonstruktionen der Schadeloberflache, die
eine Herstellung passgenauer Implantate erméglichen. Diese Implantate werden aufgrund der
des guten Formschlusses und der Nutzung biokompatibler Materialien gut akzeptiert und ermog-
lichen so lange Standzeiten und eine geringe Infektanfélligkeit. Die Arbeiten des Labors werden
durch Spezies-vergleichende anatomische Untersuchungen komplettiert, in denen strukturelle
Kernspintomographie in Ergdnzung konventioneller neuroanatomischer Techniken eingesetzt
wird, um ein besseres Verstandnis der Phylogenese des Kleinhirns und seiner moglichen Beitrage
zu nichtmotorischen Leistungen zu erzielen.
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MRI Laboratory

(Group leaders:
Fahad Sultan, Peter Dicke)

We humans impress by the
unparalleled expansion of our
brains after an evolutionary
process that distanced us from
our fellow primates. Functional
magnetic resonance imaging
(fMRI) exploiting magnetic
alterations induced by the level
of blood-oxygenation satura-
tion (BOLD) and structural
MRI has allowed us to observe
many aspects of the human
brain in an incomparable way.
Nevertheless, aside from the
temporal and spatial limits of
fMRI and MRI, the method
only allows us to observe some
aspects of the complex actions
and structures of the neuronal
machinery, requiring invasive
methods to further elucidate
the underlying mechanisms.
On the one hand, we use MRI
to optimize other invasive tech-
niques with better temporal
and spatial resolution (such as
single unit recordings) and on
the other hand, together with
Prof. Dr. N. Logothetis from
the Max Planck Institute for
Biological Cybernetics we use
invasive techniques such as
electrical stimulation in animals
to utilize the unique 3D capa-
bilities of MRI to image the
brain's functional connectivity.

Correlative human and
monkey fMRI (Peter Dicke)

fMRI of gaze following in
humans: The direction of a
person's gaze indicates what
object he or she is paying
attention to and a shift in gaze

direction indicates a change of
the object of attention. Hence,
gaze direction may serve as a
key to developing an under-
standing of the other one's
interests and possible inten-
tions. Indeed, humans make
use of eye-gaze, i.e. the orien-
tation of someone else's eyes
relative to objects in the world,
very early during development
and impaired processing of
gaze information may be the
basis of disturbances of social
communication such as autism.
The substrates and the princi-
ples underlying gaze direction
are only insufficiently under-
stood. We have used fMRI to
delineate the relevant areas in
the human brain and (see B) to
characterize analogue areas in
the monkey brain, which — in
the long run — will be explored
using electrophysiological
techniques. In an event-related
functional magnetic resonance
imaging experiment, human
subjects actively followed the
directional cue provided by
the eyes of another person
towards an object in space or,
in the control condition, used
a non-directional symbolic cue
(gray value of the iris) to make
an eye movement towards an
object in space. Our results
(Materna et al. 2008a) show
that the posterior part of the
STS region und the cuneus are
specifically involved in extract-
ing and using detailed direc-
tionalinformation from the eyes
of another person to redirect
ones own gaze and establish
joint attention. In a following
study we could furthermore
show that the posterior STS
is as well able to extract non-
eye specific spatial information
from body parts as a pointing

finger to direct the gaze of a
viewer to the target of interest
(Materna et al. 2008b) (see fig.
1). The IPS, on the other hand,
seems to be involved in encod-
ing spatial direction and medi-
ating shifts of spatial attention
independent of the type of cue
that triggers this process.

fMRI of gaze following in
monkeys: We have established
a monkey fMRI setup, using
a standard clinical 3T scanner
(TimTrio Siemens). The monkey
is studied in a “sphinx" pos-
ture heading in the direction of
the bore of the scanner. Visual
stimuli are projected onto a
fronto-parallel screen 30cm
away. The eyes are tracked
using a home-made, MRI-com-
patible eye tracker, consisting
of a low cost CMOS-camera
in conjunction with infrared
illumination and software that
extracts the center of the pupil.
Due to the motion sensitivity of
the EPI sequences, one major
prerequisite of the experi-
ment is that the monkey does
not move, which is assured
by using primate chairs with
particularly robust design and
training protocols that empha-
size the avoidance of move-
ments. Training is carried out
in a dummy scanner having the
same geometrical scale as the
3T scanner. The principal aim of
this project is the identification
of areas in the monkey brain
that are functionally equivalent
to those of humans, allowing
one to use results obtained by
electrophysiologically  explor-
ing the activated areas in the
monkey brain in order to draw
inferences on the properties
of the activated areas in the
human brain. We are currently
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Figure 1a: Example of the pictures presented in both conditions: gaze following and finger pointing. Figure 1b: Group data (n=17) showing the
activation patterns for A: the gaze following— rest contrast, B: the finger pointing — rest contrast, C: the gaze following— finger pointing contrast

and D: the finger pointing — gaze following contrast superimposed on a SPM brain template. A, B: lateral view, C, D: anterior and posterior view. D:
additional overlay on a sagittal T1 image of one of the subjects, P < 0.001 uncorrected. R, right hemisphere; L, left hemisphere; DLPFC, dorsolateral
prefrontal cortex; FEF, frontal eye field; IPS, intraparietal sulcus; STS, superior temporal sulcus; MT/V5+, medial temporal area; LG, lingual gyrus.

using this approach to analyze
the neuronal underpinnings
of gaze direction processing.
Rhesus monkeys have been
successfully trained to use gaze
direction as offered by por-
traits of other monkeys in order
to reallocate their attention to
particular objects in space. Two
of the animals trained have
been studied successfully in an
fMRI experiment which showed
that gaze following activates a
region in and around the supe-

rior temporal sulcus, whose
location seems to correspond
to the area seen in the cor-
responding experiments on
humans (see fig. 2 ).

The relative contributions of
eye vs. head direction in gaze
following: The direction of
gaze in space depends on two
linked coordinate systems: the
eye-in-head and the head-
in-space frame of reference.
In this study we address the

question whether the process-
ing of gaze in space is carried
out in a single brain region, or
whether different regions code
eye-in-head and head-in-space
separately. The latter seems to
be favored by psychophysical
experiments that show that the
angle of the eyes with respect
to the head influences the per-
ception of gaze although gaze
angle in space is unchanged.
Our study resulting on 18 sub-
jects suggest separate regions
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in the STS for the processing
of eye gaze and head gaze
respectively

The function of the dorsal
frontoparietal network during
covert visual search: Visual
scenes explored covertly are
initially represented in a reti-
nal frame of reference (FOR),
but it seems likely that “later”
stages of the cortical network
use non-retinal or eye centered
representations as they may
ease the integration of dif-
ferent sensory modalities for
the formation of supramodal
representations of space. We
tested if the cortical elements
involved in covert attention are
based on eye-centered or non-
eye-centered coding by using

fMRI. Subjects were scanned
while detecting a target item (a
normally oriented “L") amidst a
set of distractors (rotated “L"s).
The array was centered either
5° right or left of the fixation
point, independent of eye-gaze
orientation, which was varied
in 3 steps, straight relative to
the head, 10° left or 10° right.
A quantitative comparison of
the BOLD responses for the 3
eye-gaze orientations revealed
higher activations for the right
intraparietal sulcus (IPS) and
the right frontal eye field (FEF)
for search directed to the con-
tralateral eye-centered space,
independent of whether the
array was located in the right
or left (head-centered) hemis-
pace. The corresponding areas

Cognitive Neurology

in the left hemisphere showed
the reverse pattern, i.e. an acti-
vation by search in the right
eye centered hemispace. In
other words, the IPS and FEF,
members of the cortical net-
work underlying covert search,
operate in an oculocentric
FOR. We started the training
of monkeys executing a similar
task to locate the functional
equivalent regions for a more
detailed investigation on the
level of single units.

V¥ Figure 2:
Comparison between the significant (p<0.001, uncorrected) Bold response pattern for the eye gaze following > color
matching contrast in humans (a) and the head gaze following > color matching contrast in monkey M1 (b) and M2(c).

pSTS: posterior superior temporal sulcus: mSTS. Middle superior temporal sulcus; r: right hemisphere.
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In-vivo imaging of the
monkey brain's connectivity
with fMRI and electrical
stimulation (Fahad Sultan)

Revealing excitable subcortical
networks by microstimulation-
fMRI of the deep cerebellar
nuclei: Electrical stimulation,
combined  with  functional
magnetic resonance imag-
ing (es-fMRI), is proving to
be an important tool to study
the functional properties of
spatially distributed neuronal
networks of the brain. In this
subproject, we want to under-
stand how information s
propagated between the two
major cortices of the primate
brain, the neocortex and the
cerebellar cortex. Methods to
study widely distributed net-
works of the brain function-
ally have been rather limited
up to now. Our initial experi-
ments showed that the evoked
blood oxygen level-dependant
(BOLD) responses were due
to the stimulation of pyrami-
dal axons (Tolias and Sultan et
al., Neuron 48:901-911, 2005).
Furthermore, es-fMRI revealed
the primary projection sites of
the stimulated areas. However,
irrespective of the stimulation
parameters, there was no indi-
cation of transsynaptic propa-
gation of the activity within
the neocortex. In this project
we want to electrically stimu-
late the deep cerebellar nuclei
to see whether es-fMRI can be
a useful in-vivo polysynaptic
tracing tool. Experiments were
performed on three rhesus
monkeys. Chambers were cen-
tred on the deep cerebellar
nuclei (DCN) by the stereologi-
cal coordinates obtained from
a pre-surgery high resolution

MR scan. So far we have elec-
trically stimulated 19 different
sites in different parts of the
deep cerebellar nuclei. Electrical
stimulation of the DCN leads to
reliable transsynaptic responses
in the neocortex. Surprisingly,
the BOLD responses can be
observed in multiple neocor-
tical sites extending beyond
classical  cerebellar targets
(such as primary motor cortex)
and also extending to the
hemisphere ipsilateral to the
stimulation site. An analysis of
the BOLD amplitude in cortical
and subcortical structures indi-
cated that the bilateral spread
of activity is already present
at subcortical levels, i.e. the
thalamus. Currently we cannot
exclude the possibility that we
stimulated fibres of passage
that then activated the contral-
ateral DCN and hence contrib-
uted to the bilateral neocortical
activation patterns. However,
the observation of wide-spread
BOLD responses in thalamic
regions outside the known thal-
amic termination sites of the
DCN indicates that the DCN
are able to drive brainstem cir-
cuits effectively that then reach
neocortex through several thal-
amic nuclei. These results indi-
cate that, apart from the direct
DCN -thalamic projection, indi-
rect routes exist by which the
cerebellum can mediate infor-
mation to the neocortex that
may be equally important and
effective despite requiring the
additional passage through
synapses in met- and mesen-
cephalic structures.

Flattened representation of the
neocortical areas of Macaca
mulatta: The macaque cere-
bral cortex corresponds to a

disk of roughly 130 mm diam-
eter and constitutes of possi-
bly over one hundred different
areas as described by a wealth
of anatomical, electrophysi-
ological and neurochemical
studies. Based on the recently
published MRI and histology
atlas (Saleem and Logothetis,
A combined MRI and histol-
ogy atlas of the rhesus monkey
brain in stereotaxic coordi-
nates. London: Academic Press;
2007) we provide a flattened
representation of these areas
using techniques implemented
in the mrVISTA software suite
(Wandel et al., J Cogn Neuro-
sci 12, 739-752, 2000). For this
we segmented 125 areas of
the neocortex on MR sections
based on corresponding his-
tological sections of the same
monkey. The border between
white and grey matter was also
marked and used for surface
mesh and flat map generation.
The segmented areas were
then projected onto the flat
maps. Our results showed that
the surface areas on these flat
maps were in good agreement
with previously published data
for areas such as V1, V2 and
also for the total neocortex.
The differences in these cases
ranged between 3 and 6%.
The average size of an area was
140 mmA2 and the seven larg-
est areas were V1, V2, V4,1-
2, 3a-b, and F1. These results
confirm previous work that in
the macaques the largest brain
regions are devoted to vision,
followed by regions devoted
to somatosensation and motor
control.

Comparative  anatomy: In
another project of the MRI
laboratory we study the com-
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parative anatomy of the cere-
bellum. A part of the brain that
shows some marked variations
in size and shape in the primate
order. To understand the com-
plex position of the cerebellum
in the mammalian evolution we
decided to take a closer look at
the much simpler cerebellum of
birds to search for correlation
of cerebellar size and behav-
ioural specialization. So far the
analysis of the cerebellum of
24 bird families showed that
some birds with large brains
(crows, parrots and woodpeck-
ers) have a specially enlarged
cerebellum (Sultan, Current
Biology, 15:R649-650, 2005).
The enlarged region of the
cerebellum receives trigeminal
and visual inputs and is likely
related to the birds' ability to
use their beaks to manipu-
late their environment, very
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similar to the primates’ usage
of their hands. Together with
Mark Augath and Nikos Logo-
thetis (Max Planck Institute
for  Biological Cybernetics)
we have employed structural
MRI to analyze non-invasively
the morphology of bird brains
obtained from the Naturhisto-

risches Museum Basel (Port-
mann collection) and from the
Zoological Museum of Amster-
dam. So far we have success-
fully imaged two species of
hornbills (one species dated
from the year 1888) and recon-
structed the cerebellar surface
of one.

homepage:  http://www.hih-
tuebingen.de/abteilungen/kn/
forschungO/mri-labor/
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Sektion Neuropsychologie

Sektionsleiter: Hans-Otto Karnath

Arbeitsschwerpunkte der Sektion Neuropsychologie sind die Untersuchung der Raum-
orientierung und des Objekterkennens des Menschen. An Patienten mit Hirnschddigungen und
an gesunden Versuchspersonen werden unter Einsatz funktioneller Bildgebung (fMRT), transkra-
nieller Magnetstimulation (TMS) und der Registrierung von Augen- und Handbewegungen die
Mechanismen unserer Wahrnehmung der Korperorientierung, Prozesse der Aufmerksamkeit und
Raumexploration sowie die visuomotorischen Koordinationsprozesse beim Zeigen und Greifen
untersucht. Die Ubergeordnete Frage, die der Arbeit der Sektion Neuropsychologie zugrunde
liegt, ist die Frage danach wie Organismen sensomotorische Koordinationsleistungen erbringen.
Zur Generierung eines sinnvollen motorischen Handelns, z.B. bei der Exploration und der Ori-
entierung im Raum oder dem Ausfiihren von Ziel- und Greifbewegungen, ist die Nutzung und
Abstimmung einer Vielzahl sensorischer Informationen erforderlich, die in unterschiedlichen Koor-
dinatensystemen vorliegen und sich standig verdndern. Wie unser Gehirn diese Aufgabe bewal-
tigt stellt ein Grundproblem der Kognitiven Neurowissenschaften dar. Die Erkenntnisse erlauben
uns nicht nur die grundlagenwissenschaftlichen Fragen besser zu verstehen, sondern auch neue
Strategien flr die Behandlung von Patienten zu entwickeln, die nach einer Hirnschadigung Sto-
rungen in diesen Bereichen aufweisen.
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Section for
Neuropsychology

(Section Head:
Hans-Otto Karnath)

The Section for Neuropsychol-
ogy focuses on the investiga-
tion of spatial cognition and
object recognition in humans.
The current issues of our work
comprise the perception of
body orientation, spatial atten-
tion and exploration, and visuo-
motor coordination in grasping
and pointing movements. We
investigate patients with brain
lesions as well as healthy sub-
jects using functional magnetic
resonance imaging (fMRI),
transcranial magnetic stimula-
tion (TMS), and eye- and hand
movement recordings. These
approaches aim to elucidate
the integration processes of
perceptual information from
different modalities and their
use in the control of action. To
accomplish the initiation and
execution of adequate motor
behavior, e.g. during explora-
tion of space or grasping an
object, a continuous updat-
ing and alignment of incoming
sensory information is required
as this information is coded in
different coordinate systems
and changes fast in our envi-
ronment. A better understand-
ing of these processes not only

» Figure 2:

allows us new insights into
normal brain functions, but
also enables us to develop new
approaches for the treatment
of patients with brain lesions
and their functional disorders.

Current research topics are

related to:

* Anosognosia

e Action control and senso-
rimotor coordination

e Auditory localization in
space

e Comparative studies in
human and non-human

primates

e Exploration of space

e Extinction

e Object perception

e Pusher-Syndrome

e Pure alexia

e Visual integration and
simultanagnosia
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Himmelbach, E. Huberle,
W. Linzenbold, A. Mandler,
T. Pflugshaupt, J. Rennig,
B. Ritzinger, W. Réhrich, P.
Rupek, J. Suchan, L. Ticini,
N. Zaretskaya, |. Zindorf
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Normalized Perfusion-Weighted Imaging (PWI). In
patients with stroke lesions, we use PWI to identify the
abnormally perfused brain area(s) that receive enough
blood supply to remain structurally intact, but not enough
to function normally. In order to recognize these common
areas in groups of patients, we analyse the increase of
time-to-peak (or TTP) lesion-inducted delays by using
spatial normalization of PWI maps as well as symmetric
voxel-wise inter-hemispheric comparisons. These new
techniques allow comparison of the structurally intact

but abnormally perfused areas of different individuals

in the same stereotaxic space, and at the same time

avoid problems due to regional perfusion differences

and to possible observer-dependent biases.
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Okulomotorik Labor
Arbeitsgruppenleiter: Uwe J. lig

Die Arbeitsgruppe versucht, die Mechanismen und das neuronale Substrat der sensorischen Inte-
gration aufzuklaren.

Die Wahrnehmung unserer Umwelt basiert nicht nur auf der Verarbeitung von Informationen
aus unseren Sinnesorganen. Verfolgt ein Zuschauer zum Beispiel die halsbrecherische Fahrt eines
Abfahrtsskildufers, so bewegt sich das Bild des Skifahrers auf der Netzhaut dank exakt ange-
passter Augengeschwindigkeit Gberhaupt nicht. Trotz der Abwesenheit einer Bewegung im Netz-
hautbild ist sich der Zuschauer jederzeit darliber bewusst, dass der Skifahrer mit vielleicht mehr
als 100 km/h zu Tale braust. In dieser Situation wird die Information Gber die Ausflihrung einer
Augenbewegung fir die subjektive Bewegungsempfindung benutzt.

Die Arbeitsgruppe bedient sich wichtiger Methoden moderner kognitiver Hirnforschung. So
werden einerseits in psychophysischen Untersuchungen die Wahrnehmungen von gesunden Ver-
suchspersonen analysiert. Beispielhaft flr zielgerichtetes Verhalten werden Augen- und Hand-
bewegungen registriert und analysiert. Andererseits wird das neuronale Entladungsmuster von
Nervenzellen im Gehirn von Rhesusaffen wéahrend der Ausfiihrung von zielgerichtetem Verhalten
oder wahrend der subjektiven Wahrnehmung aufgezeichnet und analysiert.

Es wurden zwei unterschiedliche Bereiche im Gehirn lokalisiert, die entscheidend zur Verrechnung
von Information Uber die Bewegung in der Netzhaut und lber die Bewegung der Augen beitra-
gen. Ein Bereich (Frontales Augenbewegungsfeld) liegt im Stirnlappen, die andere Region (Area
MT und MST) am Ubergang vom Hinterhauptlappen in den Scheitellappen.

In einer weiteren Studie konnten wir zeigen, dass Neurone in einer frithen Stufe der Informations-
verarbeitung entscheidend zu einer Misswahrnehmung der Geschwindigkeit eines Reizes beitra-
gen. Wird eine Versuchsperson gebeten, die Geschwindigkeit einer Punktwolke einzuschétzen, so
werden konsistente Fehler in der Einschdtzung der Geschwindigkeit durch die GroRe der Punkt-
wolke verursacht. Die Geschwindigkeit einer kleinen Punktwolke wird hoéher als die Geschwin-
digkeit einer groBen Punktwolke eingeschatzt, selbst wenn beide Punktwolken sich exakt gleich
schnell bewegen. Einzelne Nervenzellen im mittleren temporalen Areal (MT) zeigen in ihrer Kodie-
rung fur die Geschwindigkeit genau diese Abhangigkeit von der GroRe eines Reizes.

Die erzielten Resultate helfen, die Funktionsweise unserer eigenen GroRhirnrinde besser zu ver-
stehen und legen damit die Grundlage fir ein profundes Verstandnis der Ausfalle nach Schadigun-
gen dieser Hirnbezirke. Die Grundlagen der tierexperimentellen Methodik helfen entscheidend,
angewandte bio-medizinische Therapiemdglichkeiten wie die tiefe Hirnstimulation oder die tech-
nischen Implantate der Hérschnecke oder der Netzhaut zu verbessern.
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Oculomotor Laboratory
(Group Leader: Uwe J. llg)

The basic mechanisms under-
lying the execution of goal-
directed behavior (action) as
well as perception are the key
interest of the oculomotor
lab. Therefore, psychophysi-
cal studies as well as behav-
ioral experiments focusing on

the execution of hand and
eye movements with normal
human subjects are preformed.
The results of these studies are
compared with the insights
from experiments on awake
and trained rhesus monkeys
performing similar paradigms.
These insights are based on
the analysis of behavioral
parameters such as the details
of goal-directed hand and
eye movements, psychophysi-
cal results, single-unit activity
patterns as well as the conse-
quences of artificial activation
or inhibition of specific brain
areas. The brain areas under
examination are the middle
temporal area (MT, light green
in Fig. 1), the medial supe-
rior temporal area (MST, dark

green in Fig. 1) and the frontal
eye field (FEF, red in Fig. 1).

Recently, we focused on the
issue whether and how the FEF
contributes to the generation
of smooth pursuit. The first
question we tried to answer
was the question whether pur-
suit-related activity recorded
from the FEF was dominated
by retinal image slip signals.

The existence of extra-retinal
signals related to the ongoing
eye movements can be docu-
mented using the “imaginary”
pursuit target. This target does
not provide stimulation of the
central visual field.

If the pursuit-related activity
during pursuit of the real and
“imaginary" target is similar,
the interpretation is that the
neuron receives extra-retinal
signals related to eye speed in
addition to the retinal image
slip signals. Figure 2 gives the
eye movements and the firing
pattern of a typical neuron
recorded from the FEF.

The pursuit-related activity
during tracking of a real and

“imaginary” target is very sim-
ilar. This result is very robust,
the similarity can not only be
seen in individual neurons but
also in the population response
of all recorded neurons. It is
important to note that we
used a fixed initial fixation
period of 500 ms during each
trial in these studies. There-
fore, it is possible to assume
that the monkeys developed

A Figure 1:

A gives a side view of a simplified
monkey brain. The three marked
areas, i.e. the frontal eye field (FEF,
red), the middle temporal area (MT,
light green) and the medial superior
temporal area (MST, dark green)

are known to be important with
respect of the generation of smooth
pursuit as well as for the perception

of visual motion. B gives an idea of
the “imaginary” pursuit target used

in several studies. The monkeys

are trained to track the invisible
intersection of diagonals. This stimulus
makes it possible to elicit smooth
pursuit eye movements without retinal
image slip in the central visual field.

a prediction of the end of this
time interval and consequently
expected precisely the onset of
the pursuit target. The change
in the firing pattern towards a
more regular pattern might be
taken as an argument for this
notion.
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A Figure 2:

Having this first hint towards
the contribution of the FEF to
prediction in mind, we thought
about an eye movement para-
digm to address this ques-
tion in detail. Eye movements
provide the ground to quan-

tify experimentally the ability
to predict future events. As a
first step, we documented that
the ability of rhesus monkeys
to produce anticipatory eye
movements is very similar to
the ability of a human subject.
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A Figure 3:

shows the eye movements and the neuronal discharge
of a single neuron recorded from the frontal eye field.
Itis important to note that the eye movements directed
towards the real target (left panel) are very similar to the
eye movements elicited by the “imaginary” target (right
panel). Similarly, the neuronal responses do not show
differences. Therefore, this pursuit-related activity can
not be explained as the consequence of retinal image
slip processing (modified from llg and Thier 2008).

1000

600
time (ms)

A gives the population response of 58 neurons recorded from the frontal eye field. The vertical black line gives

the onset of pursuit target. The dotted vertical lines give the latencies of the neuronal responses; the solid vertical
lines give the latency of the eye movement. Importantly, the neuronal responses precede the eye movement onset,
absolutely necessary for a causal relationship of the FEF in the generation of pursuit. In addition, a slight increase of
activity during the initial 500 ms fixation period can be observed. This increase might be taken as a hint to the fact
that this neuron contributes to anticipation. This is further supported by the change of the firing pattern towards

a regular pattern expressed by a decrease of the Fano-Factor shown in B (modified from Ilg and Thier 2008).
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In short, we used a 500 ms gap
period during which the target
moved invisible for the subject.
During this period, predic-
tive smooth eye movements
were generated. We calculated
V500 as a measure for these
eye movements. When we
performed single-unit record-
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Labor PrimatenNeurokognition
Arbeitsgruppenleiter: Andreas Nieder

Seit 2003 untersucht die DFG-Nachwuchsgruppe PrimatenNeurokognition am HIH die neurona-
len Grundlagen numerischer Kategorien und Konzepte an verhaltenstrainierten Rhesusaffen und
menschlichen Probanden mittels kombinierter psychophysischer und neurophysiologischer Stu-
dien. Sprachliches Zdhlvermdgen beim Menschen tritt nicht de novo in der Evolution auf, sondern
entsteht aus biologischen Vorldufern. Nichtsprachliche Anzahl-Reprasentationen bei Affen sind
aufgrund der relativen Ahnlichkeit von Menschen- und Affengehirn von besonderem Interesse.
SchwerpunktmaBig werden der Prafrontalkortex und der hintere Parietalkortex untersucht, klas-
sische Assoziationskortizes, die eine dominante Rolle bei der Kodierung numerischer Information
und abstrakter Denkleistungen allgemein spielen. Hinsichtlich nichtsprachlicher Quantifizierungs-
leistungen weisen unsere Studien klar auf Homologien zwischen dem Menschen- und Affengehirn
hin und verdeutlichen den Nutzen nichtmenschlicher Primaten als Modellsystem. Kiinftig werden
diese Erkenntnisse erlauben, experimentellen Zugang zu zelluldren Substraten und Mechanismen
zu ermoglichen, die mit anderen hochentwickelten kognitiven Fahigkeiten, wie etwa syntaktische,
semantische und arithmetische Leistungen, in Verbindung stehen.

Mit dem Ruf des Arbeitsgruppenleiters an den Lehrstuhl flr Tierphysiologie an der Universitat
Tubingen im Jahre 2008 endet die Tdtigkeit der Arbeitsgruppe am HIH. Fur die erfolgreiche
Umsetzung der Experimente war die hervorragende Infrastruktur innerhalb des Hertie-Instituts
fur Klinische Hirnforschung entscheidend. Zum einen muss die verantwortungsvolle Arbeit mit
nichthumanen Primaten héchsten Anforderungen beziiglich Unterbringung, tierarztlicher Versor-
gung und operativer Ausstattung gentigen. Diese Anforderungen waren innerhalb der Abteilung
Kognitive Neurologie des HIH beispielhaft gegeben. Zum andern erlaubte uns die hervorragende
apparative Ausstattung am Universitdtsklinikum, unser Forschungsprogramm zu erweitern und
mittels funktioneller Bildgebung den Briickenschlag zur numerischen Kognition am Menschen
anzugehen. Die Mitglieder der Arbeitsgruppe PrimatenNeurokognition bedanken sich sehr herz-
lich fir die exzellenten Arbeitsbedingungen in den vergangenen fiinf Jahren am Hertie-Institut far
Klinische Hirnforschung in Tubingen.
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Primate NeuroCognition
Laboratory

(Group Leader:
Andreas Nieder)

The DFG-junior research group
PrimateNeurocognition inves-
tigates since 2003 at the HIH
the neuronal foundations of
numerical categories and con-
cepts in behaviorally-trained
rhesus monkey and human
subjects via a combination of
psychophysical and neuro-
physiological methodologies.
Verbal numerical competence
in humans does not emerge
de novo in humans, but builds
on  biological  precursors.
Because of the relative similari-
ties between the human and
monkey brain, non-linguistic
numerosity representations in

V¥ Figure:

Coding of spatial proportions in primate prefrontal cortex.
(A) Delayed match to proportion task. To start a trial the
monkey had to grasp a lever and maintain fixation. If the
sample and test display showed the same proportion,
i.e. the same length ratio between a reference and test
line, the monkey had to release the lever. The monkey
had to continue holding the lever until the second test
appeared (which was always a match) if the sample and
test display showed different proportions (probability

of match/non-match condition = 0.5). (B) Responses

of a proportion-selective neuron. In the top panel, the
neuronal responses are plotted as dot-raster histograms
(each dot represents an action potential, spike trains

are sorted and color-coded according to the sample
proportion illustrated by example stimuli on the left).
Middle panels show spike density functions (activity to a
given proportion averaged over all trials and smoothed
by a 150 ms Gaussian kernel). The first 500 ms represent
the fixation period followed by a 800 ms sample and

a 1000 ms delay phase (separated by vertical dotted
lines). Data from Vallentin & Nieder (Curr. Biol., 2008).

monkeys are of special inter-
est. Research focuses on the
prefrontal and the posterior
parietal cortices, classical asso-
ciation cortices that play a
dominant role in coding numer-
ical information and abstract
thinking in general. Within
the realm of nonverbal quan-
tification capabilities, our stud-
ies showed clear homologies
between human and monkey
brains and thus demonstrate
the need for nonhuman pri-
mates as model systems. In
the future, these findings will
enable us to tackle the cellu-
lar substrates and mechanisms
that are related to high-level
cognitive skills, such as syn-
tactic, semantic and arithmetic
capabilities.

The work of the junior research
group at the HIH ended in 2008
after the head of the group
accepted an offer as full profes-
sor at the Dept. Animal Physi-
ology, University of Tubingen.
To accomplish the experiments
over the last years successfully,
the excellent infrastructure of
the Hertie-Institute for Clinical
Brain Research was of para-
mount importance. On the one
hand, responsible experiments
in nonhuman primates rely
on the best housing facilities,
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veterinary treatment and sur-
gical equipment. These require-
ments were ideally fulfilled
at the Department of Cogni-
tive Neurology. On the other
hand, the excellent technical
equipment at the University
Hospital allowed us to extend
our research program to better
bridge findings between non-
human and human primates
by including human functional
imaging. The members of the
research group PrimateNeu-
rocognition are very grateful
to the Hertie Insitute for Clini-
cal Brain Research in Tubingen
for providing excellent research
conditions over the past five
years.

homepages: http://www.hih-
tuebingen.de/kn/forschung0/
labor-primatenneurokognition/

http://homepages.uni-tuebin-
gen.de/andreas.nieder/
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Labor fiir Aktive Wahrnehmung
Arbeitsgruppenleiter: Cornelius Schwarz

Die Arbeitsgruppe studiert aktive Wahrnehmung und ihre neuronalen Grundlagen anhand des
Vibrissensystems von Ratten und Mdausen. Analog zur aktiven taktilen Exploration, die Men-
schen und andere Primaten mittels Bewegungen der Hand und Fingerspitzen ausfiihren, ist die
aktive Vibrissenbewegung dieser Tiere grundlegender Bestandteil der sensorischen Informati-
onsaufnahme und der Wahrnehmung. Der Vorteil des Vibrissensystems ist, dass die Bewegung
(und entsprechende neuronale Steuersignale) relativ einfach ist, und dass neokortikale Gebiete im
lisenzephalen Nagerkortex leicht zuganglich fur sowohl optische als auch elektrophysiologische
Verfahren sind.

Die Arbeitsgruppe hat in den letzten Jahren ein weltweit einzigartiges experimentelles System
aufgebaut, in dem sowohl die taktile Wahrnehmung, die Vibrissenbewegung, als auch neuronale
Multielektrodensignale aus Motorkortex und primdrem somatosensorischem Kortex gemessen
werden kénnen. Die Attraktivitdt dieses Ansatzes ergibt sich aus der leichten Kombinierbarkeit
mit modernen Methoden der Bildgebung subzelluldrer Elemente (Zwei-Photonen Mikroskopie)
und gezielter genetischer Verdnderung von neuronalen Funktionen in Nagern (transgene Maus-
mutanten, lokale Genmodulation mittels viraler Vektoren etc.).

Die Arbeiten in den letzten Jahren konzentrierten sich auf die Schaffung von zuverldssigen psy-
chometrischen Verfahren (Stuttgen et al., 2006; Gerdjikov et al. 2008). Diese wurden dann ein-
gesetzt um die psychometrische Empfindlichkeit des gesamtem Tieres mit der Empfindlichkeit
einzelner Neurone zu vergleichen. Es stellte sich heraus, dass die Detektionsleistung des Tieres
sich durch 5 gleichzeitige Aktionspotentiale in 5 Neuronen des primdren somatosensorischen
Kortex erkldren ldsst (Stiittgen und Schwarz, 2008).

Das Modellsystem der aktiven Wahrnehmung wird in einem weiteren, mehr anwendungsorien-
tierten Ansatz, ausgenutzt. Es wird untersucht, inwieweit die direkte kortikale Signaleinspeisung
mittels Maschine-Hirn Schnittstellen vom Kontext der neuronalen Verarbeitung abhangt. Hierzu
wurden die detaillierten neuronalen Antworten auf Mikrostimulation in verschiedenen Stimulus-
situationen untersucht (Butovas und Schwarz, 2007). Es liegen erste Ergebnisse vor, die zeigen,
dass eingepragte Signale in verschiedenen Verhaltenssituationen (aktiv vs. passiv) unterschiedli-
che Wahrnehmungsschwellen aufweisen (Butovas und Schwarz, 2008).
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Active Perception Lab

(Group Leader:
Cornelius Schwarz)

Active perception in the
rat's whisker system

Background: Perception is an
active process as sensory sig-
nals are modulated by ‘top-
down' processes on all levels of
neural processing. The research
group exemplarily investigates
how perception is influenced
by movement-dependent
modulation of tactile signal
processing. The model system
employed for this purpose is
active whisking behavior in
rats and the underlying sen-
sorimotor signals in primary
somatosensory (‘barrel') and
primary motor cortices. Similar
to humans and other primates,
which use rhythmic movements
of fingertips, rats discriminate
texture and form of objects
by rhythmically sweeping their
vibrissae over it. The beauty of
the rat whisker system is that
the somatosensory body map
is laid out in great resolution
along the entire tactile path-
way. In addition, the motor
action is relatively simple (in
essence a whisker rotation
around one pivot point in the
skin) compared to arm and
hand movements in primates.
Previous work shows that a
movement-dependent signal,
presumably originating in pri-
mary motor cortex switches the
characteristics of tactile pro-
cessing in barrel cortex (Haiss
and Schwarz, 2005; Hentschke
et al., 2006).

Methods: Recording and stimu-
lation via chronically implanted
multielectrode arrays are com-
bined with precise tracking of
the fine vibrissae. Active vibris-
sae movements in head-fixed
rats are operantly conditioned.
The perception of the animal
is measured using go/no go
detection and discrimination
tasks.

Results: To establish the mea-
surements of the animal's per-
ception we have measured the
psychophysical  performance
and neuronal activity in pri-
mary afferents of rats using
highly precise whisker deflec-
tions. This work established the
presence of two psychophysi-
cal channels in the rat whisker
system which likens it to tactile
sensing using fingertips in pri-
mates (Stittgen et al., 2006).
We have extended this work
to precise comparison of psy-
chometric performance with
neurometric  sensitivities  of
barrel cortex neurons. Using
a likelihood model of popula-
tion firing, we have found that
5 action potentials in 5 barrel
cortex neurons are sufficient to
explain the detection perfor-
mance of the animal (Stattgen
and Schwarz, 2008). In a next
step a vibrotactile discrimina-
tion task was established. A
first study provided evidence
that the contribution of inten-
sity cues predominates other
physical vibration parameters
like kinematic features and fre-
quency and is encoded in spike
frequency of primary afferents
rather than in spike timing
(Gerdjikov et al., 2008). Fur-
thermore, we elucidated spe-
cific activation modes of the

whisker-related tactile system
(Stlittgen et al., 2008).

Perspectives. The next step will
be to work out the differences
of active vs. passive touch. To
this end, we will, firstly, com-
pare  psychophysical mea-
surements under conditions
of active and passive touch.
Secondly, we will measure the
strategy with which the ani-
mals solve the discrimination
in different ranges of stimulus
parameters, and ask in how far
such adaptive behavior and its
electrophysiological reflections
optimize perception.

Dynamic microstimulation/
Central machine-
brain interface

Background. We hypothesize
that the input-output func-
tion of a central machine-brain
interface changes dynamically
due to functional context (i.e.
the spatiotemporal pulse pat-
tern into which a specific pulse
is embedded, and the func-
tional state of the neuronal
structure).

Results. Using a psychophysical
detection task, we have shown
that series of repetitive pulses
of intracortical microstimula-
tion are detected better than
single pulses. In comparison
to independent pulses, how-
ever, only double pulses, but
not longer pulse series, yielded
superior access to perception
(Butovas and Schwarz, 2007).
Using the model system of
active perception, we have
obtained  preliminary  evi-
dence that electrophysiologi-
cal responses to single pulses
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and detection performance are
distinct for passive vs. active
touch (Butovas and Schwarz,
2008). In cooperation with
the Department of Technical
Informatics University Leipzig,
we have designed an algorithm
that uses electrophysiologi-
cal measurement of local field
potentials to extract contextual
information, and to adapt stim-
ulation parameters in real time.
It is hoped that the precision
with  which information can

be imprinted into cortical cir-
cuits via a machine-brain inter-
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face can be improved using
this technique (Brugger et al.,
2008).

V¥ Figure:

A: Set-Up. The schematic shows the position of the rat and
a piezo-actuator that contacts one of its whiskers. Reward
is a drop of water that can be licked off a spout.
B: Psychophysical paradigm. After a stimulus is given to the

whisker via the piezo-actuator (here a sigmoidal step) the rat has

600 ms time to indicate detection by emitting a lick at the spout.

The indicator lick is detected and leads to a water reward.

C: Comparison of sensitivity of the rat and its neurons in barrel cortex.
Results of a data based Monte-Carlo simulation assessing the match
between psychometric (gray) and neurometric curves. Five of the most
sensitive neurons in barrel cortex perform as well as the rat observer under
conditions of temporal uncertainty (i.e. rat/neuron observer do not know
when exactly the stimulus will appear) (Stuttgen and Schwarz, 2008).
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Cellular mechanisms
determining the deep
cerebellar nuclei
spike-output.

(Group leader:
Christine M. Pedroarena)

Background: The cerebellum is
involved in motor coordination
and the control of movement
timing, as is demonstrated by
loss of these functions with
cerebellar diseases. Within the
cerebellar circuits, the neu-
rons of the deep cerebellar
nuclei (DCNs) are key elements
because, firstly, they are the
main target of the cerebellar
cortex, secondly, they receive
copies of all cerebellar affer-
ent information, and thirdly,
they are the sole output of the
cerebellum signal to its target
structures. The present project
asks how intrinsic and synap-
tic mechanisms determine and
control DCN spike frequency
and timing.

Results: A first project focused
on intra-nuclear circuits. At
least, three different types of
DCNs can be distinguished
based on their neurotrans-
mitter content and projec-
tion patterns: glutamatergic,
GABAergic and  glycinergic
neurons. These different types
of DCNs are known to be
locally interconnected but the
synaptic effects of such path-
ways are not clear. Our studies
showed that glycinergic syn-
apses were developmentally
regulated and were activated
in animals older than 18 days.
Glycinergic synapses display
fast kinetics compatible with
a role in timing of the synaptic
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Stuttgen MC, Schwarz C (2008) Psychophysical and neurometric
detection performance under stimulus uncertainty. Nat Neurosci
11:1091-99
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encoding and behavioral discrimination in the rat whisker system. Soc
Neurosci 858.11

Pedroarena CM, Kamphausen S (2008) Glycinergic synaptic currents
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Stiittgen MC, Ruter J, Schwarz C (2006) Evidence for two separate
psychophysical channels as revealed by precise whisker deflections in
operantly conditioned rats. J Neurosci 26:7933-41

output of the principal gluta-
matergic DCNs (Pedroarena &
Kamphausen, 2008). A second
project investigates the role of
different potassium channels in
regulating timing of spontane-
ous and evoked DCNs firing.
We found that large calcium
dependent potassium chan-
nels (BK) control mainly the
interspike membrane potential
during spontaneous firing and
only indirectly the repolariza-
tion of action potentials. As
a consequence, BK channels
regulate the spontaneous firing
rate but have minor effects on
the activity evoked by depolar-
izing steps and the input/output
curves. These effects con-
trast with the role of BK chan-
nels in neurons of other brain
structures and with the effect
of other voltage dependent

potassium channels expressed
by DCNs' (Pedroarena, 2007).

homepage:  http://www.hih-
tuebingen.de/en/kn/forsc-
hungO/active-perception-lab/
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Gerdjikov, U. Pascht, C.
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Labor Sensomotorik
Arbeitsgruppenleiter: Hans-Peter Thier

Die Arbeit dieses Labors wird von der Uberzeugung bestimmt, dass jeder Versuch, die Funktion
der menschlichen GroBhirnrinde, des “menschlichsten” Teiles unseres Gehirns, zu verstehen, nur
gelingen kann, wenn wir die mégliche Rolle der “Gesprache" beriicksichtigen, die es mit einer
Vielzahl anderer Teile des Gehirns fiihrt. Diese Interaktionen basieren auf reichen anatomischen
Verbindungen und beziehen eine Reihe subkortikaler Kernsysteme wie die Basalganglien, das
Kleinhirn oder den Thalamus ein, um nur einige wesentliche subkortikale “Koprozessoren" zu
nennen.

In den zurlckliegenden Jahren hat sich die Arbeitsgruppe schwerpunktmaBig mit der Rolle des
Kleinhirns befasst, eines Teiles des Gehirns, der den wesentlichen Teil der von ihm verarbeiteten
Informationen unter Vermittlung der Brickenkerne aus der GroBhirnrinde bezieht und seinerseits
Uber die Kleinhirnkerne in die GroBhirnrinde zuriickprojiziert. Es besteht wenig Zweifel daran,
dass eine zentrale Leistung des Kleinhirns die Erméglichung motorischen Lernens ist, ein Gedanke,
der erstmals Gberzeugend von David Marr Ende der 60er Jahre des vergangenen Jahrhunderts
formuliert wurde. Mit dem Begriff des motorischen Lernens wird im Allgemeinen ganz global die
Verbesserung motorischer Leistungen durch Lernen und Uben bezeichnet. Lernen kann auf unter-
schiedlichen Zeitskalen stattfinden. Es kann Bewusstsein erfordern oder aber nicht. Motorisches
Lernen ist vielschichtig. Was genau ist der spezifische Beitrag des Kleinhirns, wodurch unterschie-
det er sich von denen des GroBhirns und welchen Bezug hat er zu Beitrdgen des Kleinhirns zu
anderen, nichtmotorischen Leistungen?

Die Arbeitsgruppe hat in Zusammenarbeit mit Dr. S. Barash vom Weizmann Institut in Reho-
vot und Dr. M. Glickstein vom University College London sakkadische Adaptation als Beispiel
kleinhirnabhdngigen motorischen Lernens etabliert und die Mechanismen sakkadischen Lernens
in tierexperimentellen Untersuchungen sowie in ergdnzenden Untersuchungen an Patienten mit
Kleinhirnerkrankungen erforscht. Die Quintessenz dieser Untersuchungen ist die, dass sakkadi-
sches Lernen dazu dienen dirfte, natirrliche Veranderungen der Eigenschaften der Sakkaden-
effektoren, wie sie beispielsweise aus gebrauchsabhangiger Ermidung der Muskeln resultieren,
zu kompensieren. Grundlage dieser Kompensation ist ein Populationssignal, basierend auf der
kollektiven Aktivitat einer gréBeren Gruppe von cerebelldren Purkinjezellen, das durch Rickmel-
dungen Uber die Angemessenheit der Bewegung in eine Form gebracht wird, die ihm die Opti-
mierung von Sakkaden ermdglicht. Das Purkinjezellpopulationssignal kann somit als biologische
Realisierung eines inversen dynamischen Modells der Sakkadeneffektoren bzw. ganz generell der
motorischen Peripherie betrachtet werden, wie es von manchen theoretischen Konzepten zur
motorischen Kontrolle gefordert wird.
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» Figure 1:
Example of
simple and

complex spikes
recorded from a
single Purkinje
cell. The squares
define the
8-point template
against which
the records are
compared. Note
the consistency
of the individual
waveforms,
detected as
simple and
complex spike
waveforms
respectively. The
temporal extent
of each window
is 6.6 msec.
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Sensorimotor
Laboratory

(Group Leader:
Hans-Peter Thier)

Work in this group is guided
by the conviction that any
attempt to understand the
function of cerebral cortex,
the most ,humane” part of
our brains, will only be suc-
cessful if we take into account
its interactions with a number
of subcortical structures sup-
ported by extensive fiber sys-
tems connecting cortex with
the basal ganglia, the cerebel-
lum or thalamus, to mention
only the most important of
these subcortical ,coproces-
sors”. In recent years, the labo-
ratory has focused on the role
of the cerebellum, a part of the
brain that receives most of its
input from cerebral cortex by
way of the pontine nuclei and
in turn projects back to exten-
sive parts of cerebral cortex.
There can be little doubt that
one major function of the cer-

ebellum is motor learning, the
optimization of motor behav-
ior, a concept that was first
formulated cogently by the late
David Marr. However, what is
the specific cerebellar contri-
bution to motor learning and
how is this contribution real-
ized by neuronal circuits in the
cerebellum? Furthermore, what
is the relationship of a cerebel-
lar role in motor learning to its
putative role in a number of
cognitive operations? Can we
identify a computational prin-
ciple common to all of them? In
order to come up with answers
to these questions the group
has, in close collaboration with
Dr. S. Barash from the Weiz-
mann Institute, Rehovot, and
Dr. M. Glickstein from the Uni-
versity College London, estab-
lished saccadic adaptation as a
model of cerebellar-dependent
motor learning and explored
this specific form of learning in
experimental animals as well as
in patients suffering from cere-
bellar disease. The bottom line
of this work on saccadic adap-

tation, supported by recent
studies of other forms of motor
learning (smooth pursuit eye
movements, visually guided
hand movements) in the labo-
ratory is that the cerebellum
uses a population code in order
to continuously adjust an ide-
alized sketch of a movement
to the ever changing physical
properties of the body and its
interaction with the physics
of the world. The population
signal may be understood as
the neuronal realization of an
internal model as envisaged
by theoreticians. The elements
on which the population signal
is based are Purkinje cells —
specifically their simple spike
responses. Purkinje cells are
the only neurons in cerebel-
lar cortex, whose axons leave
cerebellar cortex, contacting
neurons in the deep cerebellar
nuclei, the major gateway to
the rest of the brain. Cerebel-
lar Purkinje cells (PCs) gener-
ate two responses: the simple
spike (SS), with high firing rates
(>100 Hz) and the complex
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spike (CS), characterized by
conspicuously low discharge
rates (1-2 Hz). (see Fig. 1)

Our previous work on the
posterior vermis, the major
representation of saccades
in the cerebellum, studied
the role of PC simple spike

responses. When tested in the
memory-saccade  paradigm,
in which center-out saccades
are made in darkness towards
the remembered location of a
cue, turned off a couple of 100
ms before the saccade is car-
ried out, most saccade-related
Purkinje cells exhibit pure sac-

cade-related bursts. When sac-
cades of different amplitudes
are carried out in the preferred
direction of a given cell, the
amplitude-dependency of the
saccade-related bursts is highly
idiosyncratic. Whereas some
cells may show a monotonous
increase in the number of

n = 98 neurons

A adapted

A

adaptation

0.4
no adaptation
» -250 0 250 010 20
g i Q
B time from saccade offset (ms) gain change (%)
oy
O 0.2
o
=
]
E & n = 74 neurons
adapted
0.05 A
adaptation
no adaptation
-250 0 250 20 -10 0
time from saccade offset (ms) gain change (%)
A Figure 2:

Change in complex spike population responses in the course of adaptation. (A) The left panel depicts the population
response based on 98 posterior vermal PC studied during outward adaptation and the right panel the mean saccadic gain
change (+/- s.e.m.) as a function of adaptation level for the 54 outward adaptation sessions which were necessary to collect
the PC contributing to the population data. (B) The left panel shows the population response for 74 posterior vermal PC
(not overlapping with the “outward” population) studied during inward adaptation. The right panel depicts saccade gain
change (+/- standard error) as a function of adaptation level based on 42 inward adaptation sessions which were required
to collect the sample of PC. Complex spike population responses are plotted as function of time relative to saccade offset
(x-axis; 0) and normalized adaptation level (y-axis) from no-adaptation (horizontal line) to full adaptation (top). The part
underneath the horizontal line represents trials prior to the onset of target displacements. The color code represents the
mean rate of CS activity in the population for time bins of 25 ms (x-axis) and adaptation bins, corresponding to 1/20

of the range from no to full adaptation. We used a Gaussian filter (s.d. 50 ms) to smooth the plot along the x-axis.
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spikes fired with increasing sac-
cade amplitude, others show
preferred amplitudes or no
dependency on amplitude at
all within a range of amplitudes
up to 40°. In other words, one
would most probably fail if one
tried to determine the duration
or amplitude of a saccade made
by the monkey by monitoring
the discharge pattern of indi-
vidual cells. Unlike individual
cells, though, larger groups of
these saccade-related Purkinje
cells provide a precise signature
of saccade duration and ampli-
tude. This is suggested by the
intriguingly precise relationship
between saccade duration and
the duration of the population
burst, the instantaneous dis-
charge rate of a larger (>n=50)
group  of  saccade-related
Purkinje cells, obtained by
considering the timing of each
spike fired by each cell in the
sample. The population burst
typically starts independent
of saccade duration a couple
of 10 ms before saccade onset
and peaks exactly at the time
the saccade starts, again inde-
pendent of saccade duration.
It is the decline of the popula-
tion burst, which depends on
saccade duration: it takes the
longer the longer the saccade
lasts. Independent of saccade
duration, the burst ends at

Key Publications

Catz N, Dicke PW, Thier P (2008) Cerebellar-
dependent motor learning is based on prun-
ing a Purkinje cell population response. PNAS
105(20):7309-7314

Catz N, Dicke PW, Thier P (2005) Cerebellar com-
plex spike firing is suitable to induce as well as sta-
bilize motor learning. Curr Biol 15:2179-2189

Thier P, Dicke PW, Haas R, Barash S (2000) Encod-
ing of movement time by populations of cerebellar
Purkinje cells. Nature 405:72-76

108

the end of the saccade, sug-
gesting that it may be the end
of the population signal that
determines saccade duration
and — considering the linear
relationship between duration
and saccade amplitude — also
saccade amplitude. Hence,
changing saccade amplitude,
i.e. saccadic learning, could be
based on changing the dura-
tion of the PC simple spike
population burst. In as yet
unpublished experiments we
recently demonstrated that this
is indeed the case.

Changes in saccade amplitude,
studied in experiments on sac-
cadic learning, take place if the
end points of saccades deviate
from the desired spatial loca-
tion — in other words, saccadic
learning is driven by a per-
formance error. If — as sug-
gested before — it is the simple
spike population response that
sets the saccade amplitude,
the performance error should
have an effect on the popu-
lation response, changing its
duration in a way that leads to
a reduction of the error. Con-
temporary theories of cerebel-
lar learning suggest that it is
the CS discharge pattern that
encodes the error signal that
drives changes in SS activ-
ity ultimately related to motor
behavior. This then predicts
that CS will discharge in relation
to the size error and at random
once the error has been elimi-
nated by the new behavior.
We tested this hypothesis by
recording CS from PCs of the
posterior vermis before, during
and following saccadic adap-
tation. Surprisingly, in clear
contradiction to the “error
signal” concept, we found that

CS occurred at random before
adaptation onset, i.e. when the
error was maximal and built up
to a specific saccade-related
discharge profile during the
course of adaptation. This pro-
file became most pronounced
at the end of adaptation, i.e.
when the error had been elimi-
nated (see fig. 2). We there-
fore suggest that CS firing may
underlie the stabilization of a
learned motor behavior, rather
than serving as an electrophys-
iological correlate of an error.
Currently, a major effort is
being made to understand the
role of a specific type of cer-
ebellar interneuron, the Golgi
cell, in shaping the population
signal.

In close interaction with the
Visual Perception Laboratory
(see below), the idea that the
cerebellum optimizes inverse
dynamics as well as forward
models of actions and effec-
tors has been successfully
used in order to get a handle
on the role of the cerebellum
in perception. In related work,
the subcortical basis of spatial
attention has been addressed
with focus on the superior col-
liculus and its interaction with
the frontal eye fields. (see Fig.
2)

homepage:  http://www.hih-
tuebingen.de/kn/forschung0/
sensomotorik-labor/
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Dash, A. lIgnashchenkova,
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Neuropsychologie der Handlungskontrolle
Arbeitsgruppenleiter: Marc Himmelbach

Im Jahr 2008 ist diese Arbeitsgruppe durch die Einwerbung umfangreicher Drittmittel aus der
Sektion Neuropsychologie (AG Karnath) hervorgegangen. Als Forschungsdisziplin versucht die
Neuropsychologie durch die Untersuchung und Beschreibung von Verhaltensstérungen nach
einer lokalen Schadigung des Gehirns die Funktionsweise des intakten menschlichen Gehirns zu
erschlieRen.

Drei Storungsbilder sind im Kontext der visuellen Handlungskontrolle von besonderer Bedeutung,
die visuelle Agnosie, die optische Ataxie und die GliedmaBenapraxie. Jedes dieser Stérungsbilder
steht mit einem Verarbeitungsschritt bei der Planung und Umsetzung von Handlungen in engem
Zusammenhang. Patienten mit visueller Agnosie kdnnen Gegenstdnde ihrer Umgebung zwar
sehen, jedoch nicht mehr erkennen. Ist in diesem Fall auch ein Erkennen der Handlungsmoglich-
keiten, die ein Objekt bietet, unmdglich? Patienten mit optischer Ataxie erkennen Gegenstidnde
und Objekte, zeigen jedoch grobe Fehler bei der Kontrolle der Richtung ihrer Handbewegungen
und der Steuerung der Handdffnung beim Ergreifen. Ist diese Beeintrachtigung von der folgenden
Benutzung der Objekte unabhédngig? Kann ein intaktes Wissen um den korrekten Gebrauch eines
Gegenstandes die Defizite reduzieren? Schlieflich zeigen Patienten mit einer GliedmaRenapraxie
ein fehlerhaftes Wissen um die Benutzung eines Objektes und grobe Fehler, wenn sie Handlungen
anderer nachahmen sollen.

Es erscheint uns offensichtlich, dass Erkennen (visuelle Agnosie), visuomotorische Kontrolle (opti-
sche Ataxie) und das Wissen um und das Erkennen von Handlungen (Apraxie) eng miteinander
verbunden sind und sich gegenseitig beeinflussen. Die Existenz dieser Patienten wurde dagegen
immer als Hinweis auf klar abgegrenzte, serielle Verarbeitungsschritte gewertet. Im Fokus der
Arbeitsgruppe stehen vergleichende Untersuchungen der visuellen und motorischen Leistun-
gen dieser Patienten. Die Patienten sollen Gegenstande erkennen, Greifbewegungen ausfihren
und den Gebrauch von Objekten demonstrieren. Dabei wird die ihnen zur Verfligung stehende
Information im Verlauf der Untersuchungen manipuliert, so dass Gemeinsamkeiten und Unter-
schiede der einzelnen Stérungsbilder dargestellt werden kdnnen. Diese neuropsychologischen
Untersuchungen werden ergédnzt durch die funktionelle Bildgebung des intakten Gehirns bei der
Ausfiihrung moglichst dhnlicher Aufgaben. So wird der urséchlichen Beschreibung im Falle der
Patientenuntersuchungen eine rdumlich prazise Lokalisation einzelner Verarbeitungsschritte und
der Interaktionen zwischen neuronalen Strukturen zur Seite gestellt. Ziel dieser Arbeit ist eine
Beschreibung des verzweigten Weges der Informationsverarbeitung vom Erkennen eines Objek-
tes bis zur Ausfiihrung einer zielorientierten Handlung. Die vergleichende Arbeit mit unterschied-
lichen Patientengruppen kann dabei bisher nicht bekannte Potentiale fiir eine Kompensation oder
sogar Restitution der jeweils beeintréchtigten Funktion aufdecken.
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» Figure:
Functional
magnetic
resonance
imaging of
immediate
(IMM) and
delayed (DEL)
action execution
in a patient with
optic ataxia due
to a bilateral
damage of the
occipito-parietal
cortices. In
stark contrast to
healthy humans,
this patient is
more accurate
in delayed than
in immediate
actions. Our
results show that
this behavioural
difference is

not due to
topographical
changes of

the residual
activation
pattern.
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Neuropsychology
of Action

(Group Leader:
Marc Himmelbach)

Three neuropsychological disor-
ders are of outstanding impor-
tance in the context of human
action control: visual agnosia,
optic ataxia, and limb apraxia.
Patients suffering from visual
agnosia can see but not rec-
ognize objects in their environ-
ment. Patients suffering from
optic ataxia successfully recog-
nize objects but demonstrate
gross misreaching and impaired
grip formation. Patients with
apraxia demonstrate impaired
knowledge about object usage

IMM B DEL

and deficient pantomime or
imitation of actions.

Obviously, recognition, sen-
sorimotor control, and action
knowledge are interdependent
processes. However, in the two
recent decades neuropsycho-
logical approaches primarily
aimed at functional segrega-
tion. An outstanding example
is the two visual streams model
in its various formulations. E.g.
one version authored by Milner

and Goodale proposed that an
occipito-temporal visual path-
way is primarily dedicated to
visual processing for perception
and memory, while a dorsal
occipito-parietal pathway shall
be dedicated to visual process-
ing for action control. One cru-
cial assumption of this modelisa
dependency of delayed actions
on the intact occipito-temporal
system with an immediate loss
of parietal involvement once an
action is delayed. In a behav-
ioral study we demonstrated
that this assumption must be
wrong. Recently, we addition-
ally showed that intact parts
of a patient's damaged parietal
cortex participate in the control
of delayed actions.

Our current projects explore
the interaction between visual
perception, action  knowl-
edge, and the execution of
appropriate actions especially
in patients with optic ataxia.
These patients' visuomotor
deficits seem to be restricted
to objects with less action
affordances in comparison to
familiar everyday objects. Our
studies comprise measure-
ments of reaching and grasping
movements and fMRI experi-

Cognitive Neurology

ments implementing similar
behavioral paradigms for the
examination of healthy humans
and neurological patients. The
comparison of healthy par-
ticipants and brain-damaged
patients in neuroimaging stud-
ies provides a powerful tool
to describe undisturbed infor-
mation processing on the one
hand and cortical reorganisa-
tion in brain-damaged patients
on the other hand.

homepage: http://homepages.
uni-tuebingen.de/marc.him-
melbach/index.html
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activation during immediate
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gia.2009.01.033
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Sektion Theoretische Sensomotorik
Sektionsleiter: Martin Giese

Die Sektion fiir Theoretische Sensomotorik befasst sich mit theoretischen Fragestellungen in
der Neurologie und in den Neurowissenschaften und technischen Anwendungen. Sie ist Teil des
Hertie Institutes fir klinische Hirnforschung und des Centrums fiir Integrative Neurowissenschaf-
ten (CIN).

Die Sektion bearbeitet drei Forschungsbereiche:

1. Kontrolle von komplexen Kérperbewegungen bei gesunden Probanden und neurologi-
schen Patienten. Ein Beispiel ist die Messung winziger Bewegungsverdnderungen, die bei
der Erkennung vorklinischer Symptome der Parkinsonschen Erkrankung helfen kénnen. Ein
anders Beispiel ist die Untersuchung der adaptiven Anpassung von Bewegungen bei Pati-
enten mit Kleinhirnstérungen.

2. Entwicklung und Testung neuronaler Modelle fir héhere visuelle Funktionen, insbeson-
dere fur die Erkennung von komplexen Bewegungen und Handlungen. Ein Beispiel ist die
Entwicklung physiologisch plausibler neuronaler Netzwerkmodelle, die erklaren wie ,Spie-
gelneurone’ zur visuellen Erkennung von zielgerichteten Handlungen beitragen kdnnten.
In diesem Zusammenhang arbeitet die Sektion eng mit Experimentalisten in den Bereichen
Elektrophysiologie und funktionelle Bildgebung zusammen.

3. Technische Anwendungen in Medizintechnik und biologisch inspirierte technische Systeme.
Beispiele sind technische Systeme flr die Bewegungsmessung sowie die Unterstiitzung und
Optimierung von Rehabilitation (Physiotherapie). Ein weiteres Beispiel sind biologisch ins-
pirierte Verfahren zur Simulation komplexer Kérperbewegungen mit Anwendungen in den
Bereichen Computeranimation und Robotik.

Die Sektion flr Theoretische Sensomotorik arbeitet eng mit dem Zentrum fir Neurologie und
anderen Gruppen des Hertie-Institutes und des CIN zusammen. Zudem bestehen enge Kontakte
zum Max-Planck-Institut fur Biologische Kybernetik (Tlibingen) und internationalen Forschungs-
zentren, z.B. dem M.L.T. (Cambridge, USA), dem Weizmann-Institut (Rehovot, Israel), der Ecole
Polytechnique Fédérale de Lausanne (Schweiz), und dem Collége de France (Paris).
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V¥ Figure 1:
Motion
laboratory of
the Section for
Computational
Sensomotorics.

Section Computational
Sensomotorics

(Section Head:
Martin Giese)

The Section for Computational
Sensomotorics works on theo-
retical problems in the context
of neurology and neuroscience
and technical applications. It
is part of the Hertie Institute,
the Centre for Integrative Neu-
roscience (CIN) and the medi-
cal faculty of the University of
Tlbingen. The Section provides
access to advanced facilities for
movement analysis, including a
motion capture laboratory with
two VICON motion capture
systems, data gloves, facilities
for stimulus presentation in
Virtual Reality, EMG, etc. (Fig.
1.
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Research is organized within
three main areas:

1) Control and measurement of
complex body movements in
healthy people and neurologi-
cal patients;

2) development and testing of
neural theories for high-level
vision, and specifically the rec-
ognition of body movements
and actions;

3) biomedical engineering and
biologically-inspired technical
applications.

1) Control and
measurement of complex
body movements

Core topics in this area are the-
oretical methods for the study
of complex body movements

and the underling neural con-
trol processes. Examples are
the development of sensitive
measures for subtle movement
deficits that are characteris-
tic for pre-clinical stages of
Parkinson's disease (Fig. 2) or
novel methods for the accurate
modelling and quantification
of subtle coordination deficits
in cerebellar ataxia, suitable
for the differentiation of differ-
ent classes of symptoms in gait
patterns and other complex
movements. Another problem
is the development of techni-
cal methods that are suitable
for the validation and improve-
ment of rehabilitation and
physiotherapy. Such experi-
ments are performed in col-
laboration with several clinical
groups in the Hertie Institute
and the Centre of Neurology.
At the same time, the Section
develops own experiments on
the motor control and adapta-
tion of complex body move-
ments investigating patients
and healthy controls.

2) Neural theories for
high-level vision and
action recognition

The second research focus
of the section is the develop-
ment and testing of theoretical
physiologically plausible neural
models. A particular focus of
this work has been the inves-
tigation of the recognition of
biological motion and actions.
This involves, on the one hand,
computer simulations of hierar-
chical dynamic neural models
whose components reproduce
detailed properties of neurons
in human and monkey visual,
parietal and premotor cortex.



On the other hand, the Sec-
tion also realizes psychophysi-
cal experiments to test specific
predictions from such neural
theories. In addition, the group
collaborates closely with other
experimental groups on func-

tional imaging and electro-
physiological experiments on
motion and action recognition.
An example is the investigation
of the ‘mirror neuron system’ in
premotor cortex in a joint SFB
project with the laboratories of
P. Thier (HIH) and G. Rizzolatti
(Univ. Parma). A specific focus
of this work is to investigate
how purely visual representa-
tions interact with motor rep-
resentations in the recognition
of complex movement patterns
that are relevant, or not rel-
evant for motor execution. A
variety of experiments suggests
a critical role of learning in the
processing of complex move-
ments and actions. The inves-

tigation of learning processes
and the interaction between
motor and visual learning is
thus a central topic in this
domain. Going beyond a local-
ization of relevant brain areas,
the ultimate goal of this work
is the identification of specific
detailed neural circuits that are
suitable for the realization of
the computational functions
that are required for the pro-
cessing of complex movements
and actions.

3) Biomedical engineering
and technical applications

A core interest in technical
applications is the develop-
ment of tools and methods
that support diagnostics and
rehabilitation in  neurology.
Examples are devices for the
measurement and quantifica-
tion of movement deficits out-

side the laboratory, specifically
in situations that are relevant
for everyday life. Another topic
in this area, that will be a focus
of future research are robotics
tools that are suitable for sup-
porting the quantification of
motor behaviour and physio-
therapy. Other projects in this
domain try to realize techni-
cal systems, e.g. in computer
vision and computer graphics,
exploiting biologically moti-
vated concepts. An example is
the development of learning-
based highly flexible represen-
tations for human movements
that are suitable for real-time
applications, e.g. in computer
animation and robotics. At the
same time, these technically
motivated models are useful
to study interactive behavior,
for example in human crowds
(Fig. 3). Another example is the
development of biologically
motivated computer vision

« Figure 2:
Recorded
postures
representing
characteristic
changes that
are typical for
different levels
of Parkinson's
disease.

113

Cognitive Neurology



Cognitive Neurology

— 114

A Figure 3:

are typical for different levels

cal Cybernetics (Tubingen),
Recorded postures representing ~ University of Ulm, Fraunhofer
characteristic changes that  |nstitutes (St. Augustin and

of Parkinson's disease.

systems for the recognition of
complex movement patterns,
e.g. in surveillance applica-
tions.

The Section is collaborating
with a variety of national and
international partners. National
cooperation includes the Max
Planck Institute for Biologi-

Stuttgart). Close international
partners are the Massachu-
setts Institute of Technology
(Cambridge, MA), Weizmann
Institute (Rehovot, Israel), Col-
lege de France (Paris, France),
and Harvard Medical School
(Boston, MA).

homepage:  http://www.uni-
tuebingen.de/uni/knv/arl/
index.html
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Labor fiir visuelle Wahrnehmung
Arbeitsgruppenleiter: Thomas Haarmeier

Neurologische Erkrankungen kénnen Stérungen des Sehens nach sich ziehen, die durch die in der
Vergangenheit verfligbaren Sehtests wie die konventionelle Bestimmung der Sehscharfe oder des
Gesichtsfeldes nicht erfasst wurden. Einige dieser Sehdefizite sind die Folge erkrankungsbedingter
Storungen der Augenbewegungen (der Okulomotorik), andere bedingt durch Ladsionen des zent-
ralen Nervensystems auBerhalb der primédren Sehrinde. Eines der wesentlichen Ziele der Arbeits-
gruppe ist es, diese Stérungen, die haufig nur Teilleistungen des Sehens betreffen, unter Einsatz
geeigneter psychophysischer Testverfahren zu erfassen. Ein Hauptaugenmerk gilt hierbei der
Frage, in welcher Weise sich gestorte Augenbewegungen auf das Sehen auswirken, ein zweites
gilt den neuronalen Grundlagen unserer bewussten visuellen Wahrnehmung, ihren Stérungen und
deren Auswirkungen auf visuomotorisches Verhalten. Die zur Klarung dieser Fragen eingesetzten
Methoden umfassen Patientenstudien, in denen die Auswirkungen von umschriebenen Hirnldsi-
onen auf okulomotorische Leistungen oder auf zuvor psychophysisch charakterisierte Sehleistun-
gen geprift werden, sowie die Untersuchung von Gesunden und Patienten mittels funktioneller
Bildgebung (Magnetenzephalographie, Elektroenzephalographie, funktionelle Kernspintomogra-
phie) oder mittels Stimulationstechniken (transkranielle Magnetstimulation, DC-Stimulation).

Aktuelle Projekte bearbeiten folgende Fragen:

a. Ziel fortlaufender Untersuchungen ist es, zu kldren, ob die funktionellen Beitrage des Klein-
hirns auf die Formung motorischer Leistungen beschrankt sind oder aber auch solche Leis-
tungen einschlieBen, die im Bereich perzeptuell-kognitiver Funktionen angesiedelt sind.
Wir studieren cerebellare Beitrdge zu nicht-motorischen Leistungen modellhaft am Bei-
spiel der visuellen Wahrnehmung und versuchen, die moglicherweise aus Kleinhirnldsionen
resultierenden Funktionsstérungen des cerebralen Kortex zu charakterisieren.

b. In psychophysischen und funktionell bildgebenden Untersuchungen werden die Mechanis-
men und neuronalen Substrate, die der rdumlichen Ausrichtung visueller Aufmerksamkeit
zugrunde liegen, beleuchtet.

c. Augenbewegungen ziehen notwendiger Weise Bildverschiebungen auf der Netzhaut
nach sich, welche nicht als Umweltbewegung interpretiert werden diirfen, um nicht die
Wahrnehmung eines konstanten, stationdren Raumes zu gefdhrden. Wir untersuchen die
zugrundeliegenden Mechanismen dieser Wahrnehmungskonstanz und die Relevanz ihrer
Stérungen fir die Entstehung von Schwindel.

d. In enger Zusammenarbeit mit dem hiesigen MEG-Zentrum wird die Bedeutung kortikaler
Oszillationen fur visuelle Wahrnehmungsleistungen studiert. Besonderer Schwerpunkt liegt
auf der Untersuchung langsamer Oszillationen und deren Kopplung mit hochfrequenten
Aktivierungen als moglicher Grundlage perzeptueller Entscheidungsprozesse.

e. Ziel von Stimulationsexperimenten (TMS, tDCS) ist es, Stimulationstechniken zu entwi-
ckeln, welche bei Gesunden und Patienten helfen konnen, visuelle Diskriminationsleistun-
gen zu verbessern.
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V¥ Figure 1:
Influences of
spatial attention
on visual motion
processing as
assessed by
MEG in normal
human subjects.
A - Sketch of
visual motion
stimuli presented.
B - Cortical
responses
induced by

visual motion
reflect the
strength of visual
motion (motion
coherence) only if
spatial attention
is directed to

the stimulus,

see also Handel
et al., 2008.
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Visual Perception
Laboratory

(Group Leader:
Thomas Haarmeier)

Neurological disorders may
cause visual deficits that have
not been covered in the past
by standard visual tests such as
the assessment of visual acuity
or perimetry. Some of these
deficits are due to oculomo-
tor disturbances while others
are a consequence of cere-
bral lesions outside primary
visual cortex. One of the major
goals of this group is to quan-
titatively measure such deficits
which frequently involve only
particular aspects of vision
using appropriate psychophysi-
cal tools. A main focus in this
respect is the dependency of
visual perception on the qual-
ity of eye movement behavior.
Other studies are directed at
the neural mechanisms under-
lying visual perception, its
disturbances, and its impact
on visuomotor behavior. To
address these questions differ-
ent experimental approaches
are employed including psy-
chophysical experiments per-
formed with normal human
subjects, the assessment of
visual performances as func-
tion of oculomotor deficits or

1
%' Contralateral to

the attended RDK
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focal brain lesions, functional
imaging studies (magnetoen-
cephalography, electroenceph-
alography, functional magnetic
resonance imaging), and tran-
scranial magnetic or direct cur-
rent stimulation (TMS, tDCS)
of human subjects.

Current studies focus on the
following topics. In ongo-
ing series of experiments we
have addressed the question
whether the cerebellum may
be involved in functions other
than motor control. For this,
visual perception has served us
as a model to exemplarily study

Contralateral la
the attended RDK

the role of the cerebellum in
cognition. Other experiments
are devoted to the mechanisms
underlying spatial shifts of
visual attention, the perception
of visual motion in the absence
or presence of eye movements,
and their cortical underpin-
nings with special emphasis
placed on the potential role of
synchronous oscillatory activity
of the human brain. The goal
of stimulation experiments
applying TMS and tDCS tech-
niques is the development of
new stimulation protocols that
may allow to improve visual
discrimination.

homepage:http://www.hih-
tuebingen.de/kn/forschung0/
labor-fuer-visuelle-wahrne-
hmung/
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Departmental Structure

The Department of Cellular Neurology, headed by Professor Mathias Jucker, was founded in May
2003. The research of this department focuses on the cellular and molecular mechanisms of brain
aging and age-related neurodegenerative diseases. Research is particularly concentrated on the
pathogenesis of Alzheimer's disease, the most frequently occuring age-related dementia with more
than 1 million people affected in Germany alone. It was in Tubingen that Alois Alzheimer described
the disease for the first time to his colleagues 100 years ago. On this occasion, the Department of
Cellular Neurology organized a milestone scientific meeting presenting 48 of the worldwide leading
scientists in the field as speakers on November 3 and 4, 2006.

Despite our interest in the pathogenesis and therapy of Alzheimer’s disease, we believe that we should
sustain diversity in our department since significant progress often comes from related research
topics. Currently our department is composed of four research groups: The Neuropathology group
uses transgenic mouse models to study the mechanisms of brain aging and in particular cerebral
amyloidosis. The group of Molecular Biology studies the processing and metabolism of proteins that
are involved in Alzheimer's disease and other proteopathies. The group of Molecular Imaging focuses
on neuronal plasticity in aging and dementia using 4D morphometric techniques including in vivo
2-photon imaging. More recently, a group using Drosophila as a model system to study aging and
synaptic function has been added.

In 2008 our department hosted scientists from more than 10 nations ranging from short-term fel-
lows, diploma students, PhD students, postdocs to group leaders from Iceland, India, Romania, Swit-
zerland, Canada, and USA to name but a few. The department includes two C3/W3 positions that
will be filled in the coming years through recruitment of group leaders into tenure-track positions
and/or recruitment of more clinically-oriented scientists to strengthen the bridge from our basic and
preclinical research towards clinical applications. The goal is to build a department with expertise
in brain aging and age-related neurodegenerative disease that is extramural highly competitive and
intramural socially attractive for coworkers.
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Arbeitsgruppe Neuropathologie
Arbeitsgruppenleiter: Mathias Jucker

Es ist seit langem bekannt, dass die Missfaltung von Proteinen die Ursache von vielen neuro-
degenerativen Krankheiten ist. Unklar bleibt jedoch, weshalb es zu dieser Missfaltung und den
darauffolgenden Ablagerungen von verdrehten Proteinen kommt und weshalb dies vorwiegend
in den Gehirnen alter Menschen geschieht.

Bei der Alzheimer-Krankheit wird das missgefaltete B-Amyloid (ApB)-Protein zwischen den Ner-
venzellen abgelagert (sog. Amyloid-Plaques). Dabei wird in einer ersten Phase die Kommunika-
tion der Nervenzellen gestdért und in einer spateren Phase kommt es zum Tod der Zellen. Das
gleiche AB-Protein kann sich aber auch in der GefiBwand ablagern, was zu einer sogenannten
Amyloidangiopathie fiihrt und dann in einer Ruptur der GefdBwand und in geféhrlichen Gehirn-
blutungen miindet.

Das Ziel unserer Arbeitsgruppe ist es, die Mechanismen aufzukldren, wie es zu solchen Missfaltun-
gen und Ablagerungen kommt, und darauf basierend therapeutische Strategien zu entwickeln.

Uber die letzten Jahre ist es uns gelungen, transgene Mausmodelle zu generieren, die entweder
Amyloid-Plaques entwickeln und somit die Alzheimer-Pathologie widerspiegeln oder aber das
AB-Protein in den GefaBen ablagern und damit ein Modell fiir die zerebrale Amyloidangiopathie
darstellen. Anhand dieser Modelle konnten wir zeigen, dass diese Amyloidablagerungen durch
eine Verabreichung von hoch verdiinnten Extrakten aus den Gehirnen von Alzheimer-Patienten
induziert werden kénnen. Im weiteren konnten wir zeigen, dass der Amyloid-induzierende Stoff
in diesen Extrakten das AB-Protein in missgefalteter Form selbst ist, welche bis heute nicht syn-
thetisch hergestellt werden kann.

Diese und andere Forschungsergebnissse erlauben uns nun, mit Hilfe unserer Mausmodelle eine
Therapie gegen die Alzheimer-Krankheit zu entwickeln. Erste Versuche sind vielversprechend und
die Amyloidbildung in der Maus kann verhindert werden. Unserer Annahme nach spielen hier-
bei sogenannte Mikroglia-Zellen, im Gehirn vorkommende Fresszellen, eine ganz entscheidende
Rolle.

Ein immer wichtiger werdender Forschungsszweig in unserem Bestreben, die therapeutischen
Erfolge in der Maus in die Klinik zu Gibertragen, ist nun, die diagnostische Filherkennung in Maus
und Mensch zu verbessern, um so frith wie moéglich eingreifen zu kénnen, bevor die Amyloidab-
lagerungen zum Sterben der Nervenzellen und somit zur Alzheimererkrankung fiihren, von der
weltweit zunehmend viele Menschen betroffen sind.
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Neuropathology

(Group leader:
Mathias Jucker)

Introduction

In normal aging and Alzheim-
er's disease (AD), amyloid-f
(AB) deposition occurs in both
parenchymal  plaques and
in vessels (cerebral amyloid
angiopathy, CAA). However,
CAA can also occur in the
absence of parenchymal amy-
loid plaques and vice versa. For
example, patients with heredi-
tary  cerebral hemorrhage
with amyloidosis-Dutch type
(HCHWA-D) develop a severe
form of AB-CAA but very few
amyloid plaques.

Although the most common
form of cerebral amyloido-
sis is of the AB-type, there
are other proteins which have
been linked to severe familial
forms of cerebral amyloidosis.
Hereditary cerebral hemor-
rhage with amyloidosis Icelan-
dic-type (HCHWA-I) is caused
by a point mutation in cysta-
tin C and patients suffer fatal
hemorrhagic stroke as early
as in their twenties. The amy-
loid in these patients consists
of mutated cystatin C (ACys).

Familial British Dementia (FBD)
and Familial Danish Dementia
(FDD) are autosomal dominant
disorders with death occurring
at 40-60 years of age. Both
diseases are caused by muta-
tions in the BRI2 gene, which
results in the generation of the
amyloidogenic ABri and ADan
peptides, in British and Danish
Dementia respectively, which
are then deposited as amyloid
in the brain.

Objectives

We are interested in studying
the mechanism and therapy of
cerebral amyloidosis. In par-
ticular, the following objectives
are pursued:

() AD, HCHWA-D, HCHWA-I,
FBD, and FDD share cerebral
amyloidosis as a common path-
ological hallmark, nevertheless
there is a puzzling variety of
additional  neuropathological
lesions and clinical phenotypes.
For example, CAA in HCHWA-
| leads to severe hemorrhagic
stroke, while CAA in FBD and
FDD does not lead to signifi-
cant bleeding but rather con-
tributes to dementia. Cerebral
amyloidosis in AD, FBD, and
FDD is thought to be the cause
of neurofibrillary tangle forma-

tion, however no tangles are
observed in HCHWA-D and
HCHWA-| patients. Thus, a
key question is whether amy-
loid-associated pathologies are
specific to an amyloid subtype
(AB, ACys, ABrietc.) or whether
the formation of any amyloid
is capable of triggering similar
toxic events.

() Cerebral amyloidosis occurs
in the aging brain. Hence it is
not clear what the age-related
changes are that make the
aging brain susceptible to cere-
bral amyloid formation and
deposition.

(Il AB-amyloidosis targeted
immunotherapies have been
developed but remain confined
to patients that lack significant
CAA due to the possibility of
CAA-induced hemorrhage as a
side effect. Can similar immu-
notherapies be developed for
CAA and non-AB amyloidoses
and what is the mechanism of
amyloid induction and clear-
ance in vivo?

V¥  Figure 1:

APPDutch transgenic mice (left)
develop cerebral amyloid angiopathy
(CAA) in the absence of parenchymal
amyloid, while APPPS1 mice (right)
develop predominately parenchymal
amyloid (amyloid plaques). Shown is
the AB-immunostained neocortex.
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Results

To study the significance of
CAA vs parenchymal amy-
loidosis, we have developed
various amyloid precursor pro-
tein (APP) transgenic mouse
lines using a neuron-specific
Thy-1 promoter. The APP-
Dutch mice represent the first
transgenic mouse model that
develops extensive CAA with
only very few parenchymal AB
deposits. In contrast, APPPS1
mice develop predominantly
parenchymal amyloid in the
absence of CAA (see fig. 1).
From these studies (Herzig et
al., 2004; Radde et al., 2006)
we have found that the ratio of

1ul

ent cerebral compartments has
important implications for cur-
rent anti-amyloid therapeutic
strategies which predominantly
target Ap1-42. To study how
AP aggregation and deposi-
tion is initiated in vivo we have
shown that brain extracts from
old APP transgenic mice with
amyloid plaques, like extracts
from Alzheimer patients, can
induce plaque formation in
young APP transgenic mice
(see fig. 2). When the AB pro-
tein was biochemically inac-
tivated or removed from the
brain samples, the extracts lost
their ability to induce amy-
loid deposition, showing that
the AP itself is necessary for

AD
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R
Ctr
Brain Extract YoungAPP ig mice
PBS
Analysis after 4 months

AB1-40/AB1-42 determines in
which compartment the amy-
loid forms. A high ratio favors
CAA, while a low ratio favors
parenchymal deposition. The
understanding that AP species
of different length can drive
amyloid pathology in differ-

the induction of the amyloid
plagues and the amyloid in
the vasculature. Surprisingly,
synthetically produced AP was
unable to induce amyloidosis,
suggesting that the ability of
AB to seed amyloid requires
structural characteristics of Ap
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that are generated in the living
brain. The importance of the
brain environment was under-
scored by experiments with
brain extracts from two differ-
ent APP transgenic mice. When
brain extracts from one geneti-
cally engineered mouse model
were injected into a different
mouse model, the appearance
of the induced amyloid depos-
its was found to depend on
both the host mouse and the
source of the extract. These
findings indicate that cerebral
amyloidosis can be induced in
the brain by AB, and that the
nature of the seeded aggre-
gates depends on the source
of the seeding material as well

Tg

Tgin'Wt

as the recipient. While this
mechanism bears important
similarities to that of prion dis-
ease, which can be triggered
by exposure to abnormally
folded prion proteins, there
is currently no evidence that
Alzheimer's disease is transmis-

« Figure 2:
Brain

extracts were
intracerebrally
injected into the
hippocampus
of young APP
transgenic mice.
Amyloid could
be induced

in the mouse
hippocampus
after injection of
an extract from
an Alzheimer
patient (AD)
and from aged
APP transgenic
(Tg) mice. In
contrast, few

or no amyloid
was detected
after injections
of brain extract
from an aged
control patient
(Ctrl) and
wild-type (Wt)
mouse. No
amyloid was
observed after
PBS injections or
with TG extract
injected into a
wildtype mouse.
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sible in the same sense as are
prion diseases. However, the
findings indicate that cellular or
environmental seeds, in addi-
tion to genetic factors, could
play a critical role in the ini-
tiation of Alzheimer's disease
(Meyer-Lihmann et al., 2006).

Outlook
To further understand how
abnormal  protein  process-

ing and aggregation leads to
cerebral amyloidosis, cellular
dysfunction, hemorrhage, and
dementia we have generated
cystatin C transgenic mice with
the HCHWA-I mutation and
BRI2 transgenic mice with the
FBD/FDD mutations. These
studies will now be instrumen-
tal forthe investigation whether
the various amyloid-associated
pathogenic events are specific
to certain amyloid subtypes or
whether the formation of any
amyloid is capable of trigger-
ing similar toxic events. More-
over by crossing Cystatin C tg
mice with APP transgenic mice
we have noted that Cystatin C
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inhibits AB-amyloidosis (Kaser
et al., 2007), an observation
that is now rigorously followed
up and may allow for devel-
opment of novel therapeutic
strategies. To study the mech-
anism of therapeutic amyloid
clearance we have initiated a
research program to investi-
gate the role of microglia in
the pathogenesis of cerebral
amyloidosis and Alzheimer's
disease.
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A Figure 3:
Microglia (green) surrounding
an amyloid plaque (red)
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Arbeitsgruppe Molekularbiologie
Arbeitsgruppenleiterin: Ellen Kilger

Das Amyloid Precursor Protein (APP) spielt eine wichtige Rolle bei der Entstehung der Alzheimer
Demenz (AD). Seine Spaltung durch verschiedene Proteasen fihrt neben weiteren Produkten
auch zur Entstehung von AB Peptiden, die im Gehirn von AD Patienten in amyloiden Plaques
abgelagert werden. Die physiologische Rolle des APP ist jedoch noch weitgehend unbekannt.
Verschiedene Strategien, die zur Therapie der AD entwickelt werden, beinhalten Hemmstoffe der
APP Prozessierung, um die Entstehung der AR Peptide zu senken und so deren Ablagerung im
Gehirn zu verhindern. So wird z.B. versucht, Inhibitoren fir die beteiligten Proteasen y-Sekretase
und BACE-1 zu entwickeln. Jedoch sind bis heute die Regulationsmechanismen der APP Prozes-
sierung nicht bis ins Detail aufgeklart. Der Fokus der Arbeitsgruppe liegt auf der Erforschung von
Faktoren, die an der Spaltung von APP sowie der Entstehung und Ablagerung von A beteiligt
sind, mit dem Ziel neue Ansatzmoglichkeiten zur Entwicklung von Medikamenten zu finden. In
diesem Zusammenhang konnten bereits neue Erkenntnisse zur Wirkung des Tyrosinkinase Inhibi-
tors Gleevec als Basis zur Entwicklung moglicher AR senkender Therapeutika gewonnen werden.

Neuere Studien weisen darauf hin, dass das Membranprotein Bri2 mit APP interagieren und die
APP Prozessierung beeinflussen kann. So bewirkte die Uberexpression von Bri2 in APP-transge-
nen Mdusen eine Reduktion der Amyloidablagerungen im Gehirn. Mutationen des Bri2-Gens ver-
ursachen dhnlich wie Mutationen im APP Gen eine neurodegenerative Erkrankung, die Familidre
Britische Demenz (FBD) und die Familidre Danische Demenz (FDD), ebenfalls mit charakteristi-
schen Amyloidablagerungen. In der Arbeitsgruppe wurde untersucht, auf welche Weise Bri2 und
dessen mutierte Formen ADanPP und ABriPP die Prozessierung von APP und die Enstehung von
AB beeinflussen. Sowohl Bri2 als auch ADanPP zeigten eine deutliche Reduktion von sekretiertem
AB in Zellkultur Experimenten. APP transgene Mause, die mit ADanPP exprimierenden Mé&usen
gekreuzt wurden, wiesen eine deutliche Reduktion der Amyloidablagerungen im Gehirn auf. Wei-
tere Untersuchungen zur Interaktion zwischen APP und Bri2 werden weitere Aufschllsse tiber die
Regulation der APP Prozessierung liefern. Darliber hinaus wird untersucht, ob Bri2-, ABri- oder
ADan-Peptide mit ABinteragieren und dessen Aggregation oder Degradation verdndern. Diese
Ergebnisse werden zu einem besseren Verstdndnis dessen filhren, wie man fiir therapeutische
Stratetegien gezielt auf die APP-Prozessierung einwirken kann. Darlberhinaus werden sie unser
Wissen erweitern, wie die Interaktion von Bri2 und APP moéglicherweise zur Entstehung zerebraler
Amyloidose und Demenz beitragt.

In der Arbeitsgruppe wurden zur Untersuchung von Amyloidablagerungen zusatzlich zwei neue
transgene Mausmodelle generiert. Mduse mit transgener Expression von APPswe und PS1L166P
unter der Kontrolle des GFAP Promoters sollen Aufschluss darliber geben, ob von Astrocyten
produziertes AB ebenfalls zur Ablagerung von Amyloid fiihren kann, oder im Gegensatz der neu-
ronale Ursprung fur die Amyloidbildung Voraussetzung ist. Ein zweites Mausmodell mit gezielter
Bildung des amyloidogenen AB42 in vaskuldren glatten Muskelzellen wird als Modell furr vasku-
lare Amyloidablagerungen etabliert.
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Molecular Biology
(Group leader: Ellen Kilger)

The major focus of the molec-
ular biology group is the pro-
cessing and cellular function of
the amyloid precursor protein
(APP). APP is one of the major
proteins involved in Alzheimer's
disease (AD), but its physiolog-
ical function remains elusive.
The group concentrates on the
regulation of APP processing,
with the aim to find new path-
ways to decrease the amount

APP

APPsp

A£ AP degradationT

7-sec

ce AICD

neprilysin t

IGIeevec treatmentl

A Figure 1:
APP processing
and working
model of Gleevec
mechanism.
Gleevec
treatment
increases

AICD levels

via a slowed
turnover of
AICD. Neprilysin
expression

is increased

by Gleevec,
mediated by
transcriptional
activation, which
probably involves
AICD signaling.
Increased
neprilysin
expression may
lower AR levels
by enhanced
degradation.
a-sec:
a-secretase,
y-sec:
y-secretase, nep:
neprilysin gene.

126

AlcDt —

A

of amyloid-beta (AB) peptides
as a therapeutical strategy for
AD. Thereby new insights into
the mechanism of Gleevec, a
known tyrosine kinase inhibi-
tor, could be provided (Fig.1),
which may serve as basis for
potential AP lowering drugs
(Eisele et al. 2007). In addition
the potential role of the APP
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intracellular domain AICD in
signal transduction is investi-
gated, which may be an impor-
tant physiological function of
APP with implications in AD.

The APP and the Bri2 protein
are both genetically linked to
specific forms of dementia.
Mutations in the Bri2 gene
cause Familial British Demen-
tia (FBD) and Familial Danish
Dementia (FDD). Both, APP
and Bri2 are processed by sev-
eral proteases, giving rise to
small peptides, which aggre-
gate and accumulate in plaques
and vascular deposits in the
brains of patients. In AD, oli-
gomerisation and aggregation
of AB peptides are thought to
be causative to the disease.
Recent in vitro results suggest
a direct interaction of Bri2 with
APP which leads to altered APP
processing and decreased A
secretion. However the under-
lying mechanisms have not yet
been satisfactorily elucidated.

To test a potential influence of
Bri2, we analyzed the process-
ing of APP after overexpression
of Bri2 in different APP express-
ing cell lines. In agreement
with published results (Fotino-
poulou et al. 2005; Matsuda
et al. 2005), we found that
overexpression of Bri2 leads to
a significant decrease in total
secreted AB and increase in
C99 fragments (Fig.2). Dif-
ferent from published results
no significant changes in the

<« Figure 2:

Bri2 overexpression leads to changes
in APP processing in HEK293-
APPwt cells. A: Total secreted AB is
reduced to 38% of controls (n=4,
p=0.0007), while APPs-a levels
remain unchanged. B: C99 is strongly
increased but APP and AICD levels
show no significant changes.

Cellular Neurology

levels of C83 or APPs-a were
found. Also levels of AICD
remained unchanged, although
C99 showed a strong increase
(Fig.2B). These results clearly
confirm that Bri2 influences
the processing of APP in cells,
reducing AB while probably

Key Publications

Eisele YS, Baumann M, Klebl
B, Nordhammer C, Jucker
M, Kilger E (2007) Gleevec
increases levels of the amyloid
precursor protein intracellular
domain and of the amyloid-beta
degrading enzyme neprilysin.
Mol Biol Cell 18(9):3591-600
Hamid R, Kilger E, Willem M,
Vassallo N, Kostka M, Bornho-
evd C, Reichert AS, Kretzschmar
HA, Haass C, Herms J (2007).
Amyloid  precursor  protein
intracellular domain modulates
cellular calcium homeostasis
and ATP content. J Neurochem
102:1264-75

not affecting APP signaling via
AICD. Similar to Bri2, also the
mutant form ADanPP lead to a
significant decrease in secreted
AB. In addition, by crossing
ADanPP transgenic mice with
APP transgenic mice, a signifi-
cant reduction in plaque load
was observed in double trans-
genic mice. Based on these
results we are currently further
investigating the mechanism of
how Bri2 interferes with APP
processing, AB generation and/
or degradation.

Staff:
A. Nagarathinam, Y. Eisele,
L. Behrends

homepage:  http://www.hih-
tuebingen.de/zellbiologie/
forschungsgruppen/molekular-
biologie/
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Arbeitsgruppe Molekulare Bildgebung
Arbeitsgruppenleiter: Michael Calhoun
Die Arbeitsgruppe Molekulares Imaging verwendet modernste Bildgebungsverfahren zur Unter-

suchung der neuronalen Grundlage von Lernen und Gedachtnis sowie des Einflusses von Alte-
rungsprozessen und der Alzheimer-Demenz.

Die Alzheimer-Demenz (AD) ist eine fortschreitende Erkrankung des Gehirns mit irreversiblen
morphologischen und biochemischen Verdnderungen. Dazu gehoren die krankhafte Ablagerung
verschiedener EiweiBe (Proteine) in Nervenzellen, so genannte Neurofibrillen, sowie extrazellu-
lare Ablagerungen im Gehirngewebe (Amyloid-Plaques) und in den BlutgefdBen. Darlber hinaus
kommt es zum Verlust von Nervenzellen (Neuronen) und Synapsen in spezifischen Gehirnregio-
nen. Um eine sinnvolle Therapie fiir Patienten mit bereits bestehender AD-Erkrankung zu entwi-
ckeln, ist es wichtig, nicht nur die beteiligten Faktoren der Erkrankung zu kennen, sondern auch
deren Einfluss auf die neuronale Funktion zu verstehen. Ein geeignetes Modell hierfiir sind in
unserem Labor entwickelte transgene Mause, die solche spezifischen AD-Merkmale altersbedingt
entwickeln. Ein Ziel unserer Studien ist es, die lokale und systemrelevante Bedeutung von Amylo-
idablagerungen im Gehirngewebe (Amyloid Plaques) im Unterschied zu Amyloidablagerungen in
den Blutgefdssen (Amyloidangiopathie, CAA) auf die Funktion der Nervenzellen zu untersuchen.
Dazu verwenden wir die Methode der Fluoreszenz in situ Hybridisierung (FISH), die es uns erlaubt,
die Aktivitdt lern-assoziierter Gene nach Verhaltenstests sichtbar zu machen und zu vergleichen.
Mit dieser Technik konnten wir zeigen, dass Amyloidablagerungen sowohl im Gewebe als auch in
den BlutgefdlRen unabhédngig voneinander die Aktivitat dieser lern-assoziierten Gene reduzieren
und somit beide mdglicherweise zur Demenz bei Alzheimer-Patienten beitragen.

Um Lern- und Gedéachtnisprozesse detaillierter untersuchen zu kénnen, wurde in unserer Gruppe
ein Verhaltenstest mit Mdusen entwickelt, der tiber den Verlauf von sechs Testtagen neben lern-
begleitenden Aufmerksamkeitsprozessen vor allem verschiedene Lernaspekte des assoziativen
Belohnungslernens sowie des Regel- und Umkehrlernens untersucht. Anhand dieses Verhaltens-
tests konnten wir zeigen, dass spezifische Unterregionen im préafrontalen Kortex fiir verschiedene
Lernvorgange verantwortlich sind. In Zukunft werden diese Ergebnisse in den unterschiedlichen
Alzheimer-Mausmodellen von uns genauer erforscht werden.

Eine weitere Methode erméglicht es uns, verschiedene mikroskopische Strukturen im Gehirn
lebender Mdusen Uber einen gewissen Zeitraum zu beobachten. Durch die Kombination der
2-Photonen-Mikroskopie mit verschiedenen Fluoreszenz-Markern konnten wir beispielsweise die
Interaktion von Mikroglia-Zellen und sich formenden Amyloid-Plaques studieren. Mikroglia-Zel-
len reagieren schnell und dauerhaft auf Amyloid-Plaques und kénnen mit einem entsprechenden
Stimulus auch dazu veranlasst werden, diese zu beseitigen.

Far all diese Techniken sind hochspezialisierte analytische und computergesteuerte Auswertungs-
module erforderlich. Daher liegt ein weiterer wichtiger Schwerpunkt unserer Arbeitsgruppe auf
der Softwareentwicklung zur vier-dimensionalen Visualisierung und Quantifizierung neuronaler
Strukturen. Ein Projekt, das diese Technologie zur intrazelluldren Lokalisierung lern-assoziierter
Genprodukte in Nervenfortsdtzen (Dendriten) verwendet, ist momentan in der Entwicklung.
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Molecular Imaging

(Group leader:
Michael Calhoun)

The imaging group is study-
ing the neural substrates and
systems-level organization of
learning and memory, and
how these are affected by
aging and neurodegenerative
disease. Projects use higher-
order cognitive tasks, mouse
models developed specifically
to model diseases and/or for
visualization, and advanced
histological and in-vivo micros-
copy techniques. The follow-
ing paragraphs will detail four
individual projects with over-
lapping scientific and technical
aspects.

» Figure 1:

Massive reduction in Arc-positive
dentate gyrus granule cells
sollowing exploratory behavior in
both mice exhibiting parenchymal
and vascular amyloid.

V¥  Figure 2:
Increased expression of Arc in specific
PFC subregions following EDS.

Alzheimer's disease (AD) is
characterized by numerous
pathological abnormalities
including neurofibrillary tan-
gles, beta-amyloid deposition
in the brain parenchyma and
the vasculature, and localized
neuron and synapse loss. Here
we evaluate the independent
contributions of cerebral vas-

cular and parenchymal amy-
loid on cognitive decline by
using transgenic mouse models
which exhibit either vascular
(APPDutch mice) or parenchy-
mal amyloid (APPPS1 mice).
The behavioral induction of

Arc/Arg3.1 (activity-regulated
cytoskeleton-associated  pro-
tein), known to be necessary
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for memory consolidation
and learning, was analyzed to
provide a functional readout
of the status of memory sys-
tems. Mice with parenchymal
and vascular amyloid showed
a reduced induction of Arc
mRNA in the neocortex follow-
ing exploration of two novel
environments.  Stereological
quantification of the percent-
age of neocortical Arc mRNA-
positive neurons revealed a
decrease in both models (vas-
cular:  -17.5%; parenchymal:
-26%), and a similar reduc-
tion in total neocortical Arc
mRNA levels (-19% in both
models). The dentate gyrus
exhibited a more pronounced
decrease in the number of Arc-
expressing neurons (vascular:
-51%; parenchymal: -58%).
Young amyloid pre-depositing
mice from both models did
not reveal any changes in Arc
mRNA expression, and con-
trol mRNA levels were not dif-
ferent between any groups.
Taken together, our data indi-
cate that both parenchymal
and vascular amyloid impair
the induction of an important
learning-related gene, suggest-
ing that both pathologies con-
tribute to memory impairment
in Alzheimer's disease. (Wege-

nast-Braun et al., submitted).
(see fig. 1)

The prefrontal cortex (PFC)
is thought to be involved in
higher-level cognitive func-
tions such as decision-mak-
ing, executive function, and
working memory. Regional
activation via fMRI studies in
primates, and lesion studies
also in rodents have demon-
strated specificity within cogni-
tive domains for different PFC
subregions, and electrophysi-
ological studies have been able
to demonstrate specific firing
patterns for certain behaviors,
but all of these techniques
have limits in either the tem-
poral or spatial domains. We
have recently validated a set of
behavioral techniques in mice
which continue over several
days with subsequent test-
ing on simple and compound
discriminations (stimuli differ-
ing both with respect to odor
and digging medium), reversal
learning (CDrev), followed by a
new set of stimuli (intra-dimen-
sional shift; IDS), and a shift to
the previously irrelevant sen-
sory modality (e.g., from odor
to digging medium), termed
EDS, which is dependent on
the prefrontal cortex, and is

akin to the Wisconsin card-
sorting task used to test frontal
function in patients. Using this
task, followed by detailed ana-
tomical mapping of the imme-
diate-early gene Arc, we have
demonstrated that a larger
number of individual neurons
in specific PFC subregions are
activated during novel reward/
stimulus associations and/or by
changing attentional sets nec-
essary to solve the tasks (man-
uscript in preparation). (see fig.
2).

Arc plays an important role
in activity-dependent synap-
tic plasticity, including recent
studies demonstrating its role
in AMPA receptor recycling.
Both Arc RNA and protein have
been shown to be specifically
localized to activated dendritic
regions following electrophysi-
ological stimulation. We have
now demonstrated methodol-
ogy to simultaneously visual-
ize Arc RNA and protein within
dendrites of individual neurons
following behavioral tasks in
mice. In both dentate gyrus
granule cellsand CA1 pyramidal
cells, behavior induces Arc tran-
scription in a subset of neurons,
and Arc RNA is subsequently
transported into dendrites. In

<« Figure 3:
Localization

of Arc RNA
following
behavior within
dendrites of
hippocampal
neurons. The
graphin C
illustrates

the shift in
localization from
30 to 60 minutes
following
activation.
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» Figure 4:
Visualization

of microglia

and amyloid
plaques in a
living Iba1-GFP x
APPPS1 mouse.

130

CA1 pyramidal cells, Arc RNA
is distributed in a gradient from
the cell soma, extending up to
200 microns in dendrites within
an hour. Although granule cells
exhibit a similar gradient, Arc
transcription within these cells
is sustained, producing a rela-
tively homogenous distribu-
tion throughout the dendritic
tree by one hour following
induction. A subset of Arc
RNA-positive granules colocal-
ize with Arc protein labelling,
potentially indicating sites of
translation. These results pro-
vide baseline data on molecu-
lar events underlying learning
in-vivo, and are being applied
to understand factors influenc-
ing Arc transcription, transport
and dendritic translation. (see
fig. 3)

Microglial  cells aggregate
around amyloid plaques in
Alzheimer disease but, despite
their therapeutic potential,
various aspects of their reac-
tive kinetics and role in plaque

microglia

Iba1-GFP

amyloid plaques

Methoxy-X04
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Fletcher BR, Calhoun ME, Rapp PR, Shapiro ML (2006) Fornix lesions
decouple the induction of hippocampal arc transcription from behav-
ior but not plasticity. J Neurosci 26:1507-15

Calhoun ME, Fletcher BR, Yi S, Zentko DC, Gallagher M, Rapp PR
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pathogenesis remain hypothet-
ical. Through use of in-vivo,
two-photon imaging in trans-
genic mice, we demonstrate
that local resident microglia
rapidly send processes halting
plaque growth, and subse-
quently migrate to the site of
plague formation where indi-
vidual microglia somata remain
spatially stable for weeks.
Additional microglia are added
at a rate of two/plaque/month,
independent of plaque volume.
Larger plaques become sur-
rounded by larger microglia,
effectively covering the amy-
loid surface. At the plaque/

blood vessels

Texas Red dextran

glia interface, rapid membrane
movement was observed, and
systemically-injected amyloid-
binding dye was internalized.
Brain infusion of AR-antibody
resulted in a massive, transitory
microglia influx, an increase in
internalized AR, and removal
of existing amyloid deposits.
These results demonstrate how
microglia govern plaque growth
and clearance, providing a
model with multiple targets for
therapeutic intervention. (Bol-
mont et al., Journal of Neuro-
science, 2008). (see fig. 4)

homepage:http://www.hih-
tuebingen.de/zellbiologie/
forschungsgruppen/imaging/
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Arbeitsgruppe Drosophila
Arbeitsgruppenleiter: Tobias Rasse

Im Verlauf vieler neurodegenerativen Krankheiten wie der Alzheimer-Demenz sterben Nervenzel-
len und Nerven-Zellkontakten werden ausgeldst. Im Unterschied dazu ist es véllig normal und fur
den Lernprozess geradezu wichtig, dass Synapsen sich auch wieder [6sen kénnen. Denn die Ent-
fernung von Synapsen spielt eine wichtige Rolle bei der natiirlichen Reorganisation des Vernet-
zungsmusters der Zellen in unserem Hirn. Solch eine Verdnderung des synaptischen Netzwerkes
ist die Grundlage fur alle hoheren Hirnfunktionen, zum Beispiel dem Erlernen neuer Fahigkeiten.
Die Medikation dementer Patienten musste sicher stellen, dass die Medikamente nur auf den Teil
der Synapsen wirken, die den Gedédchtnisverlust auslésen — auf nichts anderes.

Daher wollen wir untersuchen, zu welchem Grad Neurodegeneration lediglich die Folge der Fehl-
leitung von Ublichen Signalwegen ist. AuBerdem soll der Frage nachgegangen werden, welche
Signalwege spezifisch wahrend der Entstehung einer neurodegenerativen Krankheit fehlgeleitet
werden. Wir hingegen wollen verstehen, wie genau das Zusammenspiel der Bausteine, die eine
Synapse bilden, bei fortschreitender Neurodegeneration gestdrt wird.

Dabei bedienen wir uns einer selbst entwickelten Methode, die es uns erlaubt, in der lebendigen
Fruchtfliegenlarve die Bedingungen zur Bildung von synaptischen Verbindungen zu untersuchen.
Hierzu werden einzelne Fruchtfliegenlarven direkt am Mikroskop betdubt. Dies erlaubt es uns, die
Struktur und molekulare Zusammensetzung identifizierter Synapsen zu dokumentieren. Ein paar
Stunden spdter wird die Larve ein zweites Mal vom Futter entfernt und mikroskopisch untersucht.
Hierbei konnen wir genau feststellen, wie sich einzelne Synapsen in der Zwischenzeit verdndert
haben. Diese Erkenntnisse sollten es uns langfristig ermoglichen, Strategien zu entwickeln, um
neurodegenerative Krankheiten ursdchlich anzugehen, und zwar von dem Ort des Informations-
verlustes her: der Synapse.
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Drosophila Group

(Group leader: Tobias Rasse)

Summary

Our research focuses on the
molecular mechanisms that
underlie memory storage and
aims at elucidating how these
are disturbed in the progres-
sion of neurodegenerative
diseases. We want to use the
Drosophila neuromuscular
junction as model system, since
it allows us tracing individual
synapses over the time course
of days in living intact animals.
Motor neurons that lose at 3rd
instar larval stage a significant
number of their synapses with-
out retracting completely, will
be used as a model for slowly
deteriorating neurons as seen
in neurodegenerative diseases,
e. g. Alzheimer's disease.

Methods of investigation

We want to use the in-vivo
imaging assay described in
Rasse et al., 2005 to study
neurodegeneration. At the
Drosophila neuromuscular
junction 99% of all synapses
are positive for both glutamate
receptors and the presynaptic
protein Bruchpilot. To study
the stabilization of synapses we
screened for mutants in which
more than 5% of all neuromus-
cular synapses are not properly
assembled synapses (lack of
either glutamate receptors or
Bruchpilot). The protein Bruch-
pilot was selected as presyn-
aptic marker for functional,
mature synapses, since its
presence ensures a high vesicle

release probability. Bruchpilot
clusters calcium and stabilizes
the overall active zone struc-
ture (Kittel et al., 2006; Wagh
etal., 2006). Therefore it seems
to be an important step during
the “maturation” of synapses
to acquire Bruchpilot. So far we
identified 7 interesting mutants
in which synapses are defective.
These mutants will be mapped
and characterized in detail.

Outlook

In these model mutants it will
be checked whether the abnor-
malities observed at the syn-
apses (lack of either Bruchpilot
or glutamate receptors) are
attributable to impaired assem-
bly or ongoing disassembly of
synapses. In vivo imaging of a
suitable set of model mutants
will allow us to investigate (1.)
the cellular cascade leading
to synapse disassembly. Fur-
thermore, we want to find out
whether (2.) disassembly of
synapses follows a “uniform”
temporal cascade irrespective
of the underlying cause of neu-
rodegeneration.

Next we want to study other
candidate genes identified
in our screens in light of our
broader understanding of the
cellular cascade leading to
neurodegeneration. We want
to understand (3.) the molecu-
lar cascades causing synapse
disassembly, which should be a
great aid in developing strate-
gies to stop or delay cognitive
decline in the progression of
neurodegenerative diseases.

homepage:

http://www.hih-
tuebingen.de/synaptic-plastic-
ity
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Arbeitsgruppe Neuroregeneration
Arbeitsgruppenleiter: Simone Di Giovanni
Die meisten akuten und chronischen neurodegenerativen Erkrankungen, zu denen unter anderen

Rickenmarksverletzungen, Schlaganfélle und die Alzheimer'sche Erkrankung gehéren, kénnen
bis heute nicht effektiv behandelt werden.

Diese Erkrankungen sind sowohl mit dem Absterben und Verlust von Nervenzellen verbunden als
auch mit mangelhafter Bildung und Regeneration von Nervenzellen und Axonen. Diese beiden
Komponenten sind fur die Spatfolgen motorischer und kognitiver Beeintrachtigungen im Rahmen
dieser Erkrankungen verantwortlich.

Das grundlegende Ziel unseres Labors ist, die Regeneration von Axonen bei Erkrankungen wie
Rickenmarksverletzungen, Schlaganféllen und neurodegenerativen Erkrankungen im Ganzen
voranzutreiben. Diesem Ziel ndhern wir uns durch die genaue Untersuchung der grundlegenden
molekularen Mechanismen der Neuronen. Indem wir aufdecken und verstehen lernen, woran die
Regeneration der Axone im Allgemeinen scheitert, kdnnen wir neuartige Strategien zur Férderung
der Regeneration entwickeln.

Wir nutzen flr unsere Untersuchungen sowohl in vitro als auch in vivo Experimente, d.h. wir
arbeiten sowohl mit Experimenten an Zellen als auch an Tieren wie Ratten und Mé&usen, wobei
wir die Gene untersuchen und verdndern, die Wachstumsprogramme in Neuronen steuern.

Unsere in vivo Modelle schlieBen auch akute Verletzungen des zentralen Nervensystems wie
Ruckenmarks- und Hirnverletzungen ein.

Wéhrend wir Gene und Proteine untersuchen, die fur die Regeneration wichtig sein konnen,
verwenden wir auch Medikamente, die auf diesen molekularen Ebenen wirken und testen sie an
unseren Modellen. Zwei der Medikamente, mit denen wir bereits jetzt in vitro Versuche durchfih-
ren und die wir auch in vivo testen wollen, sind Retinolsdure und TSA. Diese Prdparate erh6hen
die Aktivitdt von Genen wie p53, von dem wir zeigen konnten, dass es das Wachstum und die
Regeneration von Axonen fordert. Wir gehen davon aus, dass die Anwendung dieser Praparate
und die Regulierung spezifischer molekularer Abldufe der Einleitung von Regenerationsprozessen
bei Verletzungen des Nervensystems forderlich sind und zu besserer Regeneration bei Patienten
mit neurodegenerativen Erkrankungen fiihren kénnen.

Sollte sich unser Ansatz unter den Versuchsbedingungen als erfolgreich erweisen, so hoffen

wir, ihn auf klinische Studien mit Patienten, die von Schlafanfall, Wirbelsdulen- und Hirntrauma
betroffen sind, tibertragen zu kénnen.
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Laboratory for
Neuroregeneration
and Repair

(Group leader: Simone
Di Giovanni)

Our Research

Our research focuses on the
molecular and cellular mecha-
nisms of axon regeneration and
neuronal differentiation for the
repair of central nervous system
(CNS) damage, with particular
emphasis on Spinal Cord Injury
(SCI).

Background

Spontaneous regeneration fol-
lowing injury in the CNS and
spinal cord is extremely lim-
ited. A degree of axon sprout-
ing does occur, but failure in
effective axon regeneration

V¥  Figure 1:

Regeneration in the optic nerve. GAP-43
immunohistochemistry (green) and counterstaining
with a-NF-200 (red). Many more axons cross the
crush site (dotted line) up to 0,4 mm following TSA
delivery as opposed to vehicle. Scale bar: 100 uM.

and functional reinnervation
do not allow significant behav-
ioral recovery. The main reason
for the failed axon regenera-
tion in the CNS as opposed to
the successful regeneration in
the peripheral nerves is to be
found in a complex network of
molecules and signaling path-
ways that are specific of the
CNS and limit axon regenera-
tion post-injury.

In large part, functional recov-
ery reflects the number of sur-
viving cells and fiber tracts, the
extent of neural plasticity, and
the presence of a permissive
environment for regeneration.
Such processes are substan-
tially regulated by gene expres-
sion changes; temporally, these
alterations include an earlier
phase associated with inflam-
mation, extension of axonal
damage, cell death and loss,
and a later one characterized
by tentative axonal regenera-
tion and the formation of an
inhibitory environment and of
the tissue scar.

Therefore, the success of the
reparative processes depends
upon factors able to:

1. overcome the inhibitors of
axonal regeneration and limit-
ing the scar formation;

2. facilitate the spontaneous
mechanisms of neurite out-
growth and axonal regenera-
tion;

3. protect and replacing the
original cellular environment;

Aims and Approach

The major aims of our lab are
to:

1. investigate the molecular
pathways which mediate neu-
rite and axon outgrowth and
may mediate axon regenera-
tion overcoming the inhibitory
signaling of the CNS environ-
ment. This will allow the dis-
covery of possible therapeutic
targets for regeneration.

2. study the molecular path-
ways that promote neuronal
differentiation from undiffer-
entiated and progenitor cells
that might reveal useful to
favor regeneration by cellular
therapy.

We employ an in vitro approach
in both cell lines and primary
neurons to study mechanisms
of neurite outgrowth/axon
regeneration and neuronal dif-
ferentiation.

In vivo, we use models of Spinal
Cord Injury and Optic Nerve
Crush in rodents, including
the use of transgenic animals
to evaluate the in vivo effects
of the modulation of specific
molecular  pathways upon
regeneration and recovery of
function.

More specifically, our lab
focuses on how transcription
can affect cytoskeleton remod-
elingin neurite/axon outgrowth
and axon regeneration. There-
fore, the main goal is to identify
key transcriptional dependent
pathways that promote axon
regeneration on inhibitory
substrates such as myelin and
proteoglycans in vitro and in
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vivo. ldentifications of such
pathways will open opportuni-
ties for therapy by using spe-
cific molecular approaches and
drugs which will hopefully be
translated into a clinical use.

Taking advantage from data
obtained from our microar-
rays time series study in Spinal
Cord and Brain injury (see pub-
lications), and using a series
of bioinformatics approaches
(including Genomatix software
for promoter analysis), we have
recently defined a putative tran-
scriptional cascade between
upstream transcription factors
and downstream cytoskeleton
related gene targets function-
ally related to axonal plasticity
and regeneration.

Transcription factors of inter-
ests include p53, NFAT, and the
role of DNA and histone modi-
fying enzymes that affect the
status of chromatin and make
it more or less transcriptionally
active.

Current Projects include:

1. The role of the tumor sup-
pressor p53 in axon outgrowth
and regeneration: We have
recently shown that the tran-
scription factor p53 is required
for neurite/axon growth fol-
lowing growth factor adminis-
tration in vitro and is required
for physiological nerve regen-
eration following axotomy in
vivo (Di Giovanni et al., EMBO
J, 2006; Tedeschi et al., CDD,
2008). Moreover,  specifi-
cally acetylated p53 preferen-
tially exerts these effects by
triggering the expression of
genes involved in cytoskeleton

remodeling, which promote
neurite and axon outgrowth.
They include the actin bind-
ing protein Coronin 1b and the
GTPase Rab13, which we have
recently characterized. Never-
theless, the overall pro-axon
growth effects of p53 cannot
be accounted for by these two
proteins. Recent data in the lab
have shown that p53 signaling
is relevant for the activation of

important pro-axon regenera-
tion proteins such as GAP-43
(Tedeschi et al., CDD, 2008).
This project aims at defining
novel patterns of p53 signal-
ing and new downstream p53
targets that are important for
axon growth and regeneration
following spinal and brain inju-
ries (Andrea Tedeschi: andrea.
tedeschi@medizin.uni-tuebin-
gen.de)

2. NFAT family members in
axon regeneration: The nuclear
factor for activated T cells
(NFAT) is a transcription factor
that plays an important role
in axon growth and guidance
during development. Devel-
opmental processes are often
recapitulated  after injury.
Recent data in our lab have

shown that NFAT is able to bind
and affect transcription of cru-
cial factors that promote axon
outgrowth (Nguyen and Di
Giovanni, 1JDN, 2008; Nguyen
et al., under review). We there-
fore hypothesize that NFAT
might promote axon growth
also following SCI. To this end,
we have generated NFAT trans-
genic mice and crossed them
with yellow fluorescent protein

(YFP) transgenics, which pref-
erentially express YFP in motor
neurons and CST, with the goal
to image the extent of CST
sprouting and regeneration
after CST transection in vivo
by using two-photon fluores-
cent microscopy. This approach
will first establish methodology
applicable to a broad range of
questions in SCI, and will pro-
vide first data on the dynam-
ics of CST axon retraction and
regeneration, assess the con-
tribution of the NFAT depen-
dent transcriptional cascade,
and hopefully open opportuni-
ties for a specifically-targeted
therapeutic approach for axon
regeneration. (Tuan Nguyen:
tuan.nguyen@medizin.uni-tue-
bingen.de)

<« Figure 2:
E13 embryonic
neural stem
cells (NSC). P53
and NFAT-3
NSC regulate
the size and the
proliferation

of NSC.
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3. Retinoic acid and acetyl
transferases-dependent path-
ways in neuronal differen-
tiation and axon regeneration:
Acetylation increases gene
expression and protect neu-
rons from cell death. We have
recently shown that acetyla-
tion of specific transcription
factors can promote also axon
outgrowth through specific
histone modifying enzymes
dependent pathways (Gaub
et al., under review). The goal
of this project is to define the
importance of acetylation and
acetyltransferases  mediated
signalling in axon growth and
regeneration on both permis-
sive and inhibitory substrates
(myelin) in vitro and in vivo.
Currently the effects of retin-
oic acid and acetylation path-
ways on axon regeneration are
under investigation in SCI and
ONC in vivo models of axonal
injury. (Perrine Gaub: perrine.
gaub@medizin.uni-tuebingen.
de and Radhika Puttagunta:
Radhika.puttagunta@medizin.
uni-tuebingen.de)

4. Chromatin status and axon
regeneration: Chromatin status
profoundly affects transcrip-
tion. DNA methylation and
histone post-translational mod-
ifications are largely respon-
sible to determine favorable
chromatin conditions for spe-
cific occupancy of promoters
by transcription factors and for
transcription to work properly.
Efficient and specific transcrip-
tion is required for axon out-
growth and may play a role to
promote axonal regeneration.
We study the role of histone
modifications and DNA meth-
ylation in in vivo models of
axonal injury and regeneration

taking advantage of the dorsal
root ganglia system, at the cross

(Kirsi Forsberg: kirsi.forsberg@
medizin.uni-tuebingen.de)

road between the peripheral
and the central nervous system homepage:  http://www.hih-
(Elisa Floriddia: elisa.floriddia@ tuebingen.de/neuroregenera-
hotmail.it and Ricco Linder: ric-  tion_repair/

colindner@gmx.de)

Staff:
5. Transcriptional regulation H. Beck, E. Floriddia, K.
in neural stem cells: Transcrip-  Forsberg, P. Gaub, R. Linder,
tional control is essential to T. Nguyen, R. Puttagunta,
regulate neural progenitor cells ~ A. Tedeschi, A. Wittke

proliferation and differentia-
tion. Clarification of the molec-
ular mechanisms of neural
differentiation can help under-
standing some pro-regenera-
tive molecular changes in the
adult injured neurons that par-
tially recapitulate development.
Last, but not least, fostering
neural differentiation could be
useful to promote functional
recovery following a variety
of neurological disorders char-
acterized by neuronal loss and
damage. The roles of P53 and
NFAT in neural stem cells pro-
liferation and differentiation
are currently been investigated

Key Publications

Di Giovanni S (2006) Regeneration following Spinal Cord Injury, from
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Opinion on Therapeutic Targets 10(3):363-76

Knights CD, Catania J, Di Giovanni S, Muratoglu S, Perez R, Swartz-
beck A et al. (2006) Distinct p53 acetylation cassettes differentially
influence gene-expression patterns and cell fate. J Cell Biol 173:533—
44,

Di Giovanni S, Knights C, Beers J, Yakovlev A, Catania J, Avantag-
giati ML, and Faden Al. (2006) The tumor suppressor protein p53
is required for neurite outgrowth and axon regeneration. EMBO J
25(17):4084-96

Byrnes K, Stoica BA, Fricke S, Di Giovanni S, Faden Al. (2007) Cell
Cycle Activation Contributes to Post-Mitotic Cell Death and Second-
ary Damage after Spinal Cord Injury. Brain 130 (Pt 11):2977-92

Nguyen T, Di Giovanni S. (2008) NFAT signaling in neural develop-
ment and axon growth. Int J Dev Neurosci 26(2):141-5
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ahead of print]



Clinical Staff

Scientific Staff

Clinical Studies

Third-Party Funding
Publications

Awards, Appointments, Theses
Student Training

Conferences



Clinical Staff

B General Neurology

Head of the Department of General Neurology

Prof. Dr. A. Melms (Acting-Chairman)

Attending physicians

Dr. F. Asmus

PD Dr. F. Bischof

Dr. J. Erharhaghen (neuro-cardiology)
Dr. B. Greve (since 10/2008)

PD Dr. T. Haarmeier

PD Dr. A. Luft (until 8/2008)

Dr. J. Rieger (until 3/3008)

Dr. F. Schmidt (until 1/2008)

PD Dr. S. Schuh-Hofer (since 2/2008)
Dr. R. v. Coelln (until 12/2008)

Residents

Dr. M. Albert S. Bock Dr. K. Bradnova
C. Braun M. Eberle Dr. C. Fiola

Dr. C. Frischholtz Dr. C. Happold K. Horber

Dr. Huberle Dr. S. Jacob Dr. C. Kamm
H. Kiesewetter P. Kortvelyessy Dr. B. Liske

G. Maurer O. Preische Dr. M. Pick

D. Sengupta D. Schlak Dr. B. Schreiner
Dr. G. Tabatabai Dr. J. Theil Dr. M. Theil

M. Varga M. Voss Dr. T. Wachter

L. Zizlsperger

Technical staff

Dipl.-Ing. R. Berndt (Electronics, together with the Department of Cognitive Neurology)
Dipl. Inf. H. Rapp G. Hipp

Professorship for Neurorehabilitation

Prof. Dr. H. Ackermann PD Dr. I. Hertrich
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Heads of the Dept. of Neurology with Focus on Neurodegenerative Diseases

Prof. Dr. T. Gasser (Chairman)
Prof. Dr. L. Schoéls (Vice-Chairman, Section Head)

Attending physicians

Prof. Dr. R. Kriiger Prof. Dr. D. Berg

Residents

Dr. M. Bauer PD Dr. S. Breit Dr. K. Brockmann
Dr. A. DiSanto Dr. J. Godau Dr. H. Huber

Dr. K. Karle Dr. T. Lindig Dr. C. Linnemann
Dr. R. Schiile-Freyer Dr. K. Srulijes Dr. M. Synofzik
Dr. R. von Coelln Dr. D. Weil3

Heads of the Department of Cognitive Neurology

Prof. Dr. P. Thier (Chairman)
Prof. Dr. Dr. H.-O. Karnath (Section Head)

Physicians

PD Dr. T. Haarmeier Dr. J. Pomper Dr. B. Liske
Dipl.-Psych. E. Becker
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Senior staff

L. Wollny, M. Renner (PDL)

Station 43/45

C. Assenheimer, S. Baltes, S. Becht, M. Besser, S. Brandner, S. Clement, C. Cuk, J. Eisele, B. Eisemann,
R. Fais, M. Flore, M. Glockle, W. Hansen, S. Herter, M. Heymann, A. Hoffmann, A. Kleefeld, B.
Kloster, H. Krauter, J. Kronmdiller, S. Kurz, T. Kutscher, K. Lange, A. Mansour-Tokovic, C. Mattmiiller-
Wirth, S. Matzka, M. Maurer, A. Neuburger, D. Pachollek, K. Pfefferkorn, M. Schaible, H. Schiiler, K.
Schweinzbenz, A. Siegle, K. Siegle, R. Striebel, M. Troster, 1. Utsch-Sellnow, J. Vollmer

Station 42

A. Eisele, G. Hafele, R. Maier-Korneck, I. Sadowski, A. Schneider, U. Schweizer, S. Sciarrone, G.
Siegl

Intensive Care/Stroke Unit

K. Behnke, K. Eggart, W. Eissler, S. Erath-Digeser, U. Fischer, J. Fischer, A. Globas, S. Grumann, F.
Hauber, C. Hildebrand, H. Holzapfel, F. Horb, K. Huber, I. Jankowsky, R. Johner, P. Kaschowitz, D.
Kleck, J. Knaus, U. Kocher, M. Kunz, I. Lange, C. Léw, M. Lohmdller, M. Manteufel-Samavat, N.
Melzer, C. Moosmann, B. Moryson, N. Miller, P. Nipprasch, M. Rauch, C. Reuter, T. Rottmann,
M. Schéfer, J. Schmuck, J. Seiler, C. Tomschitz, L. Villinger, M. Wacheke, A. Weber, B. Weimar, G.
Weise, B. Weisser, E. Wener, U. Zimmermann,

Station 41

R. Frey, M. Gockner, J. Kraus, S. Mutscheller, C. Schaumburg, A. Schmid, H. Scholpp, B. Wurster

Technicians

K. BI6R (ENG, Neurosono) M. Dengler (EEG) E. Dubois (CFS Chemistry)
S. Ebner (CSF Chemistry) A. Eckert (CSF Chemistry) C. Friedrich (ENG)

J. Grimm (EMG) R. Mahle (EEG, Neurosono) A. Deutsch (EP)

P. Schroth (CSF Chemistry) B. Worner (EEG)

Secretaries

S. Bentz, E. Biesinger, G. Gonglach-Pfannenschmidt, I. Marterer, J. Miller, K. Otterbach, C. Riegraf,
D. Wieder, D. Thomma

Medical Documentation

B. Erb, MD, C. Brick, H. Feuerbacher
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Acting Director of the Department of General Neurology

Prof. Dr. A. Melms

Group leaders

Prof. Dr. H. Ackermann PD F. Bischof Dr. B. Greve
PD Dr. A. Luft PD Dr. U. Naumann

Scientific staff

B. Adams Dr. S. Anders Dr. S. Aulwurm
Dr. S. Bock N. Hamdi J. Klose

K. Molina-Luna J. My Lin Lam C. Offenhduser
Dr. A. Pekanovic Dr. M. Pick C. Rauner

Dr. J. Rieger M. Ronellenfitsch Dr. C. Stoeckle
K. M. Strauss Dr. G. Tabatabai F. Tritschler

Technical staff

S. Altenberendt B. Frank U. Hamacher
C. Herrmann M. Jahnke S. Kautzmann
A. Klumpp G. v. Klrthy U. Obermiiller
M. Schiffmann M. Scholl M. Thiede

N. Vetter

Medical Doctoral / Diploma Students

S. Cszasko M. Dirr I. Fischer

N. Hamdi A. Hauser B. Hertler

P. Hoffmann K. Horber T. Lanz

C. Moll P. Quecke A. Ryzhkova
M. Schubring-Giese C. Steiert S. Stehling

A. Wuttke
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Director of the Department of Neurodegenerative Diseases

Prof. Dr. T. Gasser

Group leaders

Dr. F. Asmus

Prof. Dr. R. Kriiger

Scientific staff

Prof. Dr. D. Berg
Prof. Dr. L. Schols

Prof. Dr. P. Kahle

Dr. Dr. S. Biskup
A. Di Santo

C. Funke

S. Geisler

K. Holmstrom
Dr. C. Kamm
Dr. C. Klein

T. Lindig

Dr. N. Patenge
H. Schell

R. Schiile-Freyer
Dr. W. Springer
M. Synofzik

J. Waak

PD Dr. S. Breit

R. Fernandez-Santiago
M. Garcia-Miralles
Dr. J. Godau

Dr. S. Horn

Dr. K. Karle

G. Krebiehl

Dr. C. Linnemann
O. Podlech

C. Schiesling

C. Schulte

K. Srulijes

C. Thetard

Dr. M. Wolfle

Technical staff / Administration

I. Carballo-Carbajal

F. Fiesel

Dr. A. Gaenslen
Dr. T. Hasegawa
H. Huber

N. Kieper

Dr. I. Liepelt

Dr. W. Maetzler
O. Rothfuss

B. Schmid

Dr. M. Sharma
Dr. L. Stoltze
Dr. R. von Coelln

C. Erhardt A. Hauser S. Heck

K. Hesse U. Kistner B. Maurer
P. Mech D. Mockel S. Schwarze
A. Seibel D. Skujat N. Springer
S. Weber

Medical Doctoral Students

D. Baumann G. Baysal T. Brissel

D. Cerkez K. Czarkowski C. Fenske

P. Heide D. Heine M. Herfurth
B. Kattner S. Keller M. Korzer
T. Kukiolka J. Lehmann D. Madzar
A. Manz C. Meiser A. Meyer

J. Michelis N. Rohrich R. Schauffele
C. Schelling D. Schmid-Bielenberg T. Schubert
S. Schiirger V. Siegert N. Spinnler
E.-M. Strohmeier I. Swid B. Unmuth
C. Urban A. Vogel C. U. Wahl
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S. Weber A. Wendt A.-K. Wevers

B. Wolf A. Wolpert

Director of the Department of Cognitive Neurology

Prof. Dr. P. Thier

Group leaders

Dr. P. Dicke Prof. Dr. M. Giese PD Dr. T. Haarmeier

Prof. Dr. U. llg Prof. Dr. Dr. H.-O. Karnath Prof. Dr. A. Nieder
(— 03/08)

PD Dr. C. Schwarz Dr. F. Sultan

Scientific staff

Dr. S. Butovas Dr. A. Casile Dr. N. Catz

Dr. T. Gerdjikov Dr. B. de Haan Dr. H. Hicheur

Dr. M. Himmelbach Dr. E. Huberle Dr. A. Ignashchenkova

Dr. W. llg Dr. A. Lindner Dr. C. Pedroarena

Dr. T. Pflugshaupt Dr. J. Pomper Dr. M. Stiittgen

A. Atabaki H. Becker U. Biber

S. Bongard S. Borchers V. Caggiano

A. Christensen S. Dash N. Daddaoua

I. Diester (— 09/08) F. Fleischer S. Freyberg

P. Georgieva S. Hamodeh B. Handel (— 04/08)

S. Kamphuis (— 06/2008) W. Linzenbold A. Mandler

K. Merten A. Mukovskiy L. Omlor

A.-N. Park A. Pilacinski M. Prsa

M. Ring B. Ritzinger W. Réhrich

C. Roether J. Suchan L. Ticini

[. Trigo-Damas O. Tudusciuc (— 09/08) K. Tziridis (— 08/08)

D. Vallentin F. Vintila I. Zindorf

Technical staff / Administration

R. Berndt G. Deussen (— 06/08) U. GroBhennig
D. Heller-Schmerold U. Pascht A. Starmans
Medical Doctoral Students

C. Bergner A. Burghardt L. Jourdan

I. Schmeh J. Schwarz
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Director of the Department of Cellular Neurology

Prof. Dr. M. Jucker

Group leaders / Project leaders

Dr. F. Baumann Dr. M. Calhoun Dr. E. Kilger

Dr. T. Rasse Dr. L. Stoltze

Scientific staff

J. Coomaraswamy C. Duma D. Eicke

Y. Eisele P. Fliger S. Grathwohl

N. Hallay J. Hefendehl J. Kern

S. Késer F. Langer A. Nagarathinam
Dr. J. Odenthal R. Radde D. Rosenkranz

B. Wegenast-Braun H. Wolfing

Technical staff / Administration

L. Behrends S. Eberle A. Fulgencio (maternity leave)
B. Graus I. Guhl (maternity leave) C. Krlger

U. Obermiiller C. Schéfer

Medical Doctoral Students / Master Students

L. Behrends K. DreiRigacker T. Finster

K. Grgur G. Heilbronner A. Humburg

M. Knopp S. Kramer V. Olik

S. Ott N. Rupp A. Wiedenbusch

Y. Zhang
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Independent Junior Research Group / Hertie Institute Administration

Independent Junior Research Group Leader

Dr. Dr. S. Di Giovanni

Scientific Staff

K. Forsber P. Gaub Dr. T. Nguyen
R. Puttagunta A. Tedeschi R. Linder

E. Floriddia

Technical staff / Administration

A. Wittke

Medical Doctoral Students / Master Students

A. Schmandke T. Schmandke

Hertie Institute Administration

W. Pfaff (Business Manager)
F. Bunjes B. Hoffmann J. Oesterle
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Clinical Studies - Department of General Neurology

NOA-08: Temozolomide (one week on/one week off) versus radiotherapy for first-line therapy of anaplastic
astrocytoma and glioblastoma in the elderly: a randomized phase Il study (Methvsalem) (phase Ill, recruitment
ongoing)

Enrolled patients: 44 Investigator: C. Braun (previously W. Wick)

Primary chemotherapy with temozolomide vs. radiotherapy in patients with low grade gliomas after stratifica-
tion for genetic 1p loss: a phase Il study (EORTC 22033/26033) (phase Ill, recruitment ongoing)
Enrolled patients: 8 Investigator: C. Braun (previously F. Schmidt)

Cilengitide (EMD121 974) and temozolomide with concomitant radiation therapy, followed by cilengitide and
temozolomide maintenance therapy in subjects with newly diagnosed glioblastoma. A multicenter, open-label,
uncontrolled phase I/1la study (phase I/lia, recruitment completed)

Enrolled patients: 7 Investigator: G. Tabatabai

NOAO5 Phase II-Studie zur Chemotherapie und Strahlentherapie der Gliomatosis cerebri
Enrolled patients: 11 Investigator: C. Braun (previously U. Herrlinger)

OSAG101 Multizentrische Phase IlI-Studie zur randomisierten Priifung der Kombination aus Bestrahlung +
Temodal + OSAG 101 versus Bestrahlung + Temodal
Enrolled patients: 9 Investigator: A. Melms (previously J. Steinbach)

ENZASTAURIN Il Enzastaurin und Radiotherapie in der Primdrbehandlung von Patienten mit neu diagnostizier-
tem Glioblastom ohne Methylierung von des MGMT Promotors
Enrolled patients: 1 Investigator: G. Tabatabai

FREEDOMS; CFTY720D2301: A 24-month double-blind, randomized, multicenter, placebo-controlled, paral-
lel-group study comparing efficacy and safety of FTY720 1.25 mg and 0.5 mg administered orally once daily
versus placebo in patients with relapsing-remitting multiple sclerosis. Sponsor Novartis (phase Ill, recruitment
closed)

Enrolled patients: 7 Investigators: A. Melms

TRANSFORMS (CFTY720D2302): A 12-month double-blind, randomized, multicenter, activecontrolled, paral-
lel-group study comparing the efficacy and safety of 0.5 mg and 1.25 mg fingolimod (FTY720) administered
orally once daily versus interferon B-1a (Avonex®) administered i.m. once weekly in patients with relapsing-
remitting multiple sclerosis. (phase Ill, recruitment closed)
Enrolled patients: 1 Investigator: A. Melms
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Clinical Studies - Department of Neurodegenerative Diseases

Ataxia

A phase Il double-blind, randomised, placebo-controlled study of the efficacy, safety and tolerability of Ide-
benone in the treatment of Friedreich's ataxia patients (phase Ill, recruitment completed)
Enrolled patients: 18 Investigators: L. Schéls, Ch. Linnemann, K. Karle, T. Lindig

Effectiveness of coordinative training in cerebellar and afferent ataxia (recruitment completed)
Enrolled patients: 16 Investigators: L. Schols, M. Synofzik

Parkinson’'s disease

The Effect of Deep Brain Stimulation of the Subthalamic Nucleus (STN-DBS) on Quality of Life in Comparison
to Best Medical Treatment in Patients with Complicated Parkinson's Disease and Preserved Psychosocial Com-
petence (EARLYSTIM-study)

Enrolled patients: 2 Investigators: R. Krlger, A. Gharabaghi, S. Breit, T. Wachter, D. Weiss

Auswirkungen der Tiefen Hirnstimulation auf prozedurale Lernprozesse bei idiopathischen Parkinson Patienten
- Analyse von zentralen Kohdrenzmustern
Enrolled patients: 26 Investigators: R. Krliger, T. Wéchter, D. Weiss, J. Lin Lam

A long term, double-blind, randomised parallel-group, carbidopa/levodopa controlled multicenter study to
evaluate the effect of StaveloTM in patients with Parkinson's disease requiring initation of levodopa therapy
(phase 111, recruitment completed)

Enrolled patients: 11 Investigators: D. Berg, A. Di Santo, H. Huber and co-workers

A multicenter, double-blind placebo-controlled, parallel-group study to assess Rasagiline as a disease modify-
ing therapy in early Parkinson's disease subjects (phase IV, recruitment completed)
Enrolled patients: 15 Investigators: D. Berg, A. Di Santo, H. Huber and co-workers

A randomised, double-blind, placebo-controlled, parallel-group clinical trial to examine the efficacy and safety
of early Pramipexole treatment versus delayed pramipexole treatment in patients with new onset Parkinson's
disease (phase 1V, recruitment ongoing)

Enrolled patients: 16 Investigators: D. Berg, A. Di Santo, and co-workers

Post marketing observational study on the effect of Rivastigmin in Parkinson's disease with dementia. Verlaufs-
beobachtungsstudie Studie von Novartis (phase IVb, recruitment ongoing)
Enrolled patients: 4 Investigators: D. Berg, K. Srulijes and co-workers

Apomorphin - post marketing observational study in advanced Parkinson's disease (phase IVb, recruitment
ongoing)
Enrolled patients: 5 Investigators: D. Berg, K. Schweitzer, A. Gaenslen, and co-workers
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A multi-centre, randomized, double-blind, placebo-controlled, parallel-group, multiple oral dose titration study
in patients with Parkinson's disease to assess the efficacy of AFQ056 in reducing L-dopa induced dyskinesias,
and the safety and tolerability of AFQ056 in combination with L-dopa (phase Ila with Tubingen as leading
center, recruitment for first part completed)

Enrolled patients : 10 Investigators: D. Berg, J. Godau, and co-workers

Trust (Transdermal Rotigotine User Surveillance Study): A naturalistic, multisite, observational study of Rotigo-
tine Transdermal Patch and other currently prescribed therapies in patients with Idiopathic Parkinson's Disease
(recruitment ongoing)

Enrolled patients: 5 Investigators: D. Berg, H. Huber, K. Srulijes

Relevant (Registry to Evaluate Advanced PD Treatment): a prospective, multi-center, multi-national, struc-
tured data collection initiative compiling data on the treatment of patients with Advanced Parkinson's Disease.
(recruitment ongoing)

Enrolled patients: 4 Investigators: T. Gasser, D. Berg, R. Krlger, K. Srulijes, H. Huber, D. Weiss

Collection and analysis of biological fluids obtained from pre- and symptomatic patients carrying pathogenic
LRRK2 mutations: Establishment of a correlation between Parkinson's Disease symptoms and selected, quan-
tifiable markers in those fluids

Enrolled patients: 72 Investigators: T. Gasser, K. Brockmann, A. di Santo, D. Berg

Clinical Studies - Department of Cognitive Neurology

Quantification of subtle movement changes in healthy subjects with increased echogenicity of the substantia
nigra (phase Il, recruitment completed)
Enrolled patients: 100 Investigators: W. llg, I. Liepelt, C. Urban, M. A. Giese, D. Berg

Motor learning in patients suffering from cerebellar ataxia (phase I, recruitment completed)
Enrolled patients: 15 Investigators: W. llg, M. Synofzik, S. Burkhard, D. Brotz, M. A. Giese,
L. Schéls

Emotion perception from gait pattern in idiopathic Parkinson's disease and spinocerebellar ataxia (phase I,

recruitment ongoing)

Enrolled patients: 51 Investigators: C. L. Roether, C. Linnemann, S. U. Steele, A. Gaenslen,
D. Berg, L. Schols, P. Thier, M. A. Giese

151 —



Third-Party Funding

B General Neurology

152

Third-Party Funding - Department of General Neurology

Ongoing Grants

Phonetische Fremdsprachenbegabung

Project leader H. Ackermann, W. Grodd
Funding institution DFG
Funding period 04/06-03/08

Neurorehabilitation

Project leader H. Ackermann
Funding institution Kooperationsvertrag Hohenurach
Funding period 01/07-12/11

Zerebrale Kontrolle der Sprechmotorik (FMRT) (AC 55/6-2, HA)

Project leader H. Ackermann
Funding institution DFG
Funding period 04/07-03/09

Zerebrale Mechanismen der auditiven Objekterkennung und der Sprachlautwahrnehmung: Funktionell-
bildgebende Untersuchungen (SFB 550, B1)

Project leaders H. Ackermann
Funding institution DFG
Funding period 01/08-12/08

Ausschaltung der autokrinen Effekte des Zytokins TGFbeta auf Gliomzellen durch Expression eines dominant-
negativen TGFbeta Rezeptors (fortiine F1311816)

Project leader G. Eisele
Funding institution Medical Faculty Univ. Tibingen
Funding period 07/07-06/08

Neural stem cell-based gene delivery in experimental autoimmune encephalomyelitis (1685-0-0)

Project leaders B. Greve
Funding institution IZFK Tubingen
Funding period 05/07-04/09

Dopamin im Motorkortex und motorisches Lernen (Lu 748/5-1)

Project leader A. Luft
Funding institution DFG
Funding period 10/07-09/09

Inhibitorische Mechanismen in der Konsolidierungsphase motorischer Fertigkeiten (SFB 550, C12)
Project leaders A. Luft

Funding institution DFG

Funding period 01/06-12/08



Third-Party Funding

General Neurology =

Nachwuchsgruppe, Phosphatasen fiir motorisches Lernen

Project leader A. Luft
Funding institution IZKF
Funding period 03/05-03/08

Robotics for lower extremity rehabilitation

Project leader A. Luft
Funding institution VA, USA
Funding period 01/06-12/10

Checkpoints in the thymus for the control of autoimmunity: antigen processing and regulatory T cells (SFB
685 B5)

Project leader A. Melms
Funding institution DFG
Funding period 07/05-06/09

Clinical studies

Project leader A. Melms, A.Luft, and co-workers
Funding institution Pharmaceutical industry
Funding period 01/08-12/08

p53-basierte experimentelle Therapie maligner Gliome (NA 770/1)

Project leader U. Naumann, M. Weller
Funding institution DFG
Funding period 01/07-12/09

XIAP-basierte experimentelle Therapie maligner Gliome (107553)

Project leader U. Naumann, M. Weller
Funding institution Deutsche Krebshilfe
Funding period 08/07-01/2010

Praklinische Untersuchungen zum Potential einer Therapie mit YB-1-abhdngigen onkolytischen Adenoviren
zur Therapie von Gehirntumoren (01GU0614)

Project leader U. Naumann, M. Weller
Funding institution BMBF
Funding period 01/07-12/09

Die Rolle von TRAIL-induzierten, nicht-apoptotischen Signalwegen bei Migration und Apoptoseresistenz
(fortiine F1311794)

Project leader J. Rieger
Funding institution Medical Faculty Univ. Tibingen
Funding period 10/07-09/08
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New Grants

Zerebrale Mechanismen der auditiven Objekterkennung und der Sprachlautwahrnehmung: Funktionell-
bildgebende Untersuchungen (SFB 550/B1)

Project leader H. Ackermann
Funding institution DFG

Funding period 01/09 - 12/09
Awarded on Dec 3, 2008

Investigation of the effect of GA on the dynamics of autoreactive T cell populations using MHC class Il
Tetramers

Project leader F. Bischof

Funding institution TEVA Pharma
Funding period 01/08 - 03/10
Awarded on Mar 19, 2008

Erforschung der molekularen Mechanismen einer ISCADOR-Behandlung im Gliobastom
Project leader U. Naumann

Funding institution Hans Sauer Foundation
Funding period 01/09 - 12/10
Awarded on Dec 4, 2008

Therapieresistenz solider Tumoren und ihre Uberwindung (SFB 773)

Project leader G. Tabatabai
Funding institution DFG

Funding period 07/08 - 06/12
Awarded on Jun 6, 2008

Third-Party Funding - Department of Neurodegenerative Diseases

Ongoing Grants

Rivastigmin (Exelon®) zur Behandlung der Demenz bei Patienten mit Progressiver Supranukledrer

Blickparese

Project leader D. Berg
Funding institution Novartis
Funding period 12/06-12/09

Bewegungstherapie bei Morbus Parkinson — Korrelation von morphologischen Veranderungen und positiven
Effekten auf Motorik und Alltagsbewaltigung

Project leader D. Berg
Funding institution Medical Faculty Univ. Tibingen
Funding period 08/07-08/08



Third-Party Funding

Neurodegenerative Diseases B

Study in patients with Parkinson's disease to assess the efficacy of AFQ056

Project leader D. Berg
Funding institution Novartis Pharma AG
Funding period 10/07-06/08

Prospective validation of risk markers for the development of Parkinson’s disease

Project leader D. Berg
Funding institution Michael J. Fox Foundation for Parkinson's Research
Funding period 12/07-05/09

Evaluation von Standards zur Diagnostik der Demenz bei Morbus Parkinson

Project leader . Liepelt, D. Berg
Funding institution Dr. Werner Jackstadt Foundation
Funding period 01/06-10/08

Bildgebung von Amyloid-Ablagerung im Gehirn von Patienlnnen mit Alzheimer Erkrankung, Lewykdrper-
Demenz, Parkinson-Erkrankung mit Demenz oder Zerebraler Amyloidangiopathie in vivo mittels Positronen-
Emissions-Tomographie

Project leader W. Maetzler, D. Berg
Funding institution AKF, Nr. 201-0-0
Funding period 12/06-02/09

Parkinsonism as a prototypical geriatric disease: gaining new insight into the pathophysiology, dual tasking
capacity and gerontechnological approaches for Parkinson's disease patients (Nr 32.5.1141.0019.0)

Project leader: W. Maetzler

Funding institution: Robert Bosch Foundation

Funding period: 01/08-12/11

Identification of Genetic Risk Factors for Parkinson’s Disease (01GS0468)

Project leader T. Gasser, D. Berg
Funding institution BMBF (NGFN2 und NGFN2 Aufstockung)
Funding period 08/04-05/08

Functional Genomics of Parkinson's Disease: Genomics of Parkinson's disease

Project leader T. Gasser, D. Berg
Funding institution BMBF/DLR
Funding period 06/08-05/11

EST: Early-stage training: Molecular mechanisms of Neurodegeneration

Project leader T. Gasser
Funding institution EU
Funding period 04/06-03/08

German Network of Hereditary Movement Disorders (GeNeMove): Dystonia (01GM0304)
Project leader T. Gasser

Funding institution BMBF

Funding period 05/06-04/09
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Competence Network Parkinson's diasease: DNA-Bank (01G10401)

Project leader T. Gasser
Funding institution BMBF
Funding period 09/06-03/08

Identifizierung und Validierung von Parkinson-Genen mit funktioneller Genomikin Zellkulturund Tiermodellen
(N1NV-S31T09, NGFN-2 Aufstockung)

Project leader P. Kahle
Funding institution BMBF
Funding period 08/07-05/08

Congruent Mechanisms of Neuroprotection Mediated by Recessive Parkinson's Disease Genes

Project leader P. Kahle
Funding institution Novartis Pharma
Funding period 08/06-07/08

Funktionelle Charakterisierung von Mutationen im Omi/HtrA2 Gen beim Parkinson-Syndrom (KR 2119/3-1)

Project leader R. Kruger
Funding institution DFG
Funding period 09/06-10/09

Charakterisierung von Mortalin als neues DJ-1-interagierendes Protein (F1313061)
Project leader R. Kriiger

Funding institution Medical Faculty Univ. TUbingen

Funding period 11/07-10/08

Deciphering molecular pathways of monogenic forms of Parkinson disease by cell culture and animal models
(01GS0468)

Project leader R. Krtiger, O. Riess, J.B. Schulz
Funding institution BMBF (NGFN2 und NGFN2-Aufstockung)
Funding period 09/04-05/08

GeNeMove: Hereditary Spastic Paraplegia (01GM0603)

Project leader L. Schoéls
Funding institution BMBF
Funding period 10/03-03/09

Leukonet: Clinical, neurophysiological and neuroradiological characterization of leukodystrophies in
adulthood (01GM0838)

Project leader L. Schaéls
Funding institution BMBF
Funding period 10/03-12/11

EUROSCA: SpinoCerebellar Ataxia Registry (EUROSCA-R) and Core Assessment for Interventional Therapies
(CAPIT-SCA) (LSHM-CT-2004-503304)

Project leader L. Schéls
Funding institution EU
Funding period 01/04-12/09



Third-Party Funding

Neurodegenerative Diseases B

Klonierung des Gens fiir eine neue Form der autosomal dominanten spastischen Spinalparalyse (Scho754/4-
1)

Project leader L. Schéls
Funding institution DFG
Funding period 07/06-08/09

EUROSPA: European and Mediterranean network on spastic paraplegias (01GM0807)

Project leader L. Schéls
Funding institution EU
Funding period 05/08-04/11

RISCA - Prospective study of individuals at risk for spinacerebellar ataxia (01GM0820)

Project leader L. Schols
Funding institution EU
Funding period 04/08-03/11

Functional Characterization of a Novel Parkin-Cathepsin Interaction (fortiine 1667-0-0)

Project leader W. Springer

Funding Institution Medical Faculty, Univ. Tiibingen
Funding period 06/07-05/09

New Grants

Pravalenz der Osteoporose bei Patienten mit Morbus Parkinson

Project leader D. Berg
Funding institution Novartis
Funding period 12/08-10/09
Awarded on Dec 2, 2008

Transkranielle Sonographie (TCS) bei Bewegungsstérungen — Methodik und klinische Relevanz

Project leader D. Berg
Funding institution Boehringer
Funding period 06/08
Awarded on Jun 11, 2008

Progression markers in the suspected premotor phase and early Parkinson’s disease

Project leader D. Berg
Funding institution Janssen Pharma
Funding period 12/08-12/11
Awarded on Nov 28, 2008

Hertie-Stipendienprogramm Neurowissenschaften

Project leader L. Burbulla
Funding institution Hertie Foundation
Funding period 12/08 - 11/11
Awarded on Nov 4, 2008
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NGFN Plus Parkinson Network: Scientific Administrative Office (01GS08134 TP1)

Project leader T. Gasser
Funding institution BMBF
Funding period 06/08 - 05/11
Awarded on Jul 7, 2008

NGFN Plus Parkinson Network: Genomics of Parkinson’s disease (01GS08134 TP2)

Project leader T. Gasser / D. Berg
Funding institution BMBF

Funding period 06/08 - 05/11
Awarded on Jul 7, 2008

Helmholtz alliance for mental health in an aging society: Subproject: Clinics and genetics of Parkinson’s

disease (HelMA)

Project leader T. Gasser

Funding institution BMBF, Helmholtz-Association
Funding period 07/08 - 06/11

Awarded on May 5, 2008

Schaffung und bildgebende Untersuchung von Zellkultur und Tiermodellen fiir TDP Pathologie (01 GI 0705/

TP)

Project leader P. Kahle
Funding institution BMBF
Funding period 10/07 - 09/10
Awarded on Jan 10, 2008

Regulation of apoptosis signal regulating kinase pathways by DJ-1 and Parkin (01GS08134-9)

Project leader P. Kahle
Funding institution BMBF / DLR
Funding period 06/08 - 05/11
Awarded on Jul 7, 2008

Auswirkungen der Tiefen Hirnstimulation auf prozedurale Lernprozesse bei idiopathischen Parkinson

Patienten — Analyse von zentralen Kohdarenzmustern

Project leader R. Kruger
Funding institution Medtronic
Funding period 04/08 - 03/09
Awarded on Apr 24,2008

Mitochondrial stress response in neurodegeneration and aging — dissection of Omi/HtrA2 and DJ-1 mediated

signalling pathways (01GS08134-10)

Project leader R. Kruger
Funding institution BMBF / DLR
Funding period 07/08 - 06/11

Awarded on Jul 7, 2008



Third-Party Funding

Neurodegenerative Diseases / Cognitive Neurology mEH

Internationales Netzwerk fir spinozerebelldre Ataxien (RISCA) (01 GM0820/TP)

Project leader L. Schéls
Funding institution BMBF / DLR
Funding period 04/08 - 03/11
Awarded on Apr 30, 2008

Internationales Netzwerk zur spastischen Paraplegie (EUROSPA) (01 GM0807/TP)

Project leader L. Schéls
Funding institution BMBF / DLR
Funding period 05/08 - 04/11
Awarded on Jun 13, 2008

mitoNet-German Network for Mitochondrial Diseases (TP A2)

Project leader L. Schéls
Funding institution BMBF / DLR
Funding period 02/09 - 01/12
Awarded on Sep 3, 2008

Third-Party Funding - Department of Cognitive Neurology

Ongoing Grants

Promotionsstipendium: Contributions of the superior colliculus in sensorimotor integration in humans (SFB
550, Integriertes Graduiertenkolleg)

Project leader S. Borchers
Funding institution DFG
Funding period 07/08-06/09

Action representation and learning (1/76 556)

Project leader M. Giese
Funding institution VW Foundation
Funding period 06/01-02/08

Quantitative Messung und theoretische Modellierung der visuellen Tuning-Eigenschaften von Mirrorneuronen
im pramotorischen Kortex (Area F5) von Affen (SFB 550, C10)

Project leaders M. Giese, P. Thier
Funding institution DFG
Funding period 01/06-12/08
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The expression of emotions through bodily movements (RGP54/2004)

Project leader M. Giese
Funding institution HFSO
Funding period 10/04-03/08

Learning of structured trajectory models with high flexibility for computer animation (Gl 305/2-1)

Project leader M. Giese
Funding institution DFG
Funding period 04/06-12/08

Communication with emotional body language (COBOL) (NEST-043403)

Project leader M. Giese
Funding institution EC
Funding period 11/06-10/09

Zerebro-zerebellare Kommunikation - Grundlage neurokognitiver Funktionen? (SFB 550, A2)
Project leader T. Haarmeier

Funding institution DFG

Funding period 01/00-12/08

Beteiligung der Colliculi superiores an der raumlichen Planung und Ausfithrung von visuell gesteuerten
Handbewegungen (HI 1371/1-1)

Project leaders M. Himmelbach, H.-O. Karnath
Funding institution DFG
Funding period 09/08-08/11

Peract: Marie Curie Training Site “Perception and action in space.” Project: Sensorimotor integration
(MEST-CT-2004-504321)

Project leader u.llg
Funding institution EC
Funding period 08/04-07/08

Geschwindigkeitsillusion und deren zentralnervose Grundlagen (IL 34/6-1)

Project leader u.llg
Funding institution DFG
Funding period 09/06-02/09

Alterungsprozesse der auditiven und multisensorischen Raumwahrnehmung (KA 1258/7-1)

Project leader H.-O. Karnath
Funding institution DFG
Funding period 10/07-09/09

Storungen motorischen Handelns nach Schadigungen des parietalen und des temporalen Cortex beim
Menschen (SFB 550, A4)

Project leader H.-O. Karnath
Funding institution DFG
Funding period 01/00-12/08



Third-Party Funding

Cognitive Neurology =

Verbundprojekt Visuo-raumliche Kognition: TP 5 "Higher order integration of space and gist in the human
parietal cortex” (01GW0654)

Project leader H.-O. Karnath
Funding institution BMBF
Funding period 01/07-12/09

Verbundprojekt Raumliche Orientierung: TP 1 “Fractionating disorders of spatial orientation and attention
in brain-damaged patients with spatial neglect and extinction” (01GW0641)

Project leader H.-O. Karnath
Funding institution BMBF
Funding period 01/07-12/09

Peract: Marie Curie Training Site “Perception and action in space.” Project: Spatial reference frames
(MEST-CT-2004-504321)

Project leader H.-O. Karnath
Funding institution EC
Funding period 08/04-07/08

European Research Network for Investigating Human Sensorimotor Function in Health and Disease
(O5RNP089 ERNI-HSF)

Project leader H.-O. Karnath
Funding institution ESF
Funding period 01/07-12/11

Kinematische Analyse komplexer Armbewegungen bei Schlaganfallpatienten (fortiine 1443-0-0)

Project leaders H.-O. Karnath, M. Giese
Funding institution Medical Faculty Univ. Tibingen
Funding period 04/07-03/09

Procedural learning deficits in patients with subcortical stroke (HIH 5.07.00058)

Project leaders A. Luft, H.-O. Karnath
Funding institution Hertie Foundation
Funding period 01/07-12/11

Promotionsstipendium: Rolle der elektrischen Synapsen in der inferioren Olive im Tiermodell (SFB 550,
Integriertes Graduiertenkolleg)

Project leader J. R. Mdller
Funding institution DFG
Funding period 02/08-10/08

Neuronale Mechanismen der Bildung numerischer Kategorien und Konzepte bei Affen (SFB 550, C11)
Project leader A. Nieder

Funding institution DFG

Funding period 01/03-12/08
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Career Development Award (CDA 0038/2004-C)

Project leader A. Nieder
Funding institution HFSO
Funding period 01/05-12/08

The neural coding of numerical, spatial and sensory magnitudes in the human and non-human primate brain
(1/81 035)

Project leader A. Nieder
Funding institution VW Foundation
Funding period 06/06-05/09

Aktive Bewegung als Grundlage der Texturdiskrimination. Psychophysikalische und elektrophysiologische
Untersuchungen der bewegungsabhédngigen Modulation von taktiler Wahrnehmung im Vibrissensystem der
Ratte (SFB 550, B11)

Project leader C. Schwarz
Funding institution DFG
Funding period 01/06-12/08

Context-dependent changes of signal transfer at a central machine-brain interface. A study using
multielectrode stimulation and recording in barrel cortex of awake rats during active and passive touch
(SCHW 577/7-1)

Project leader C. Schwarz
Funding institution DFG
Funding period 01/07-12/08

Analyse der zerebralen Wirkungen von Benzodiazepinen mit Hilfe von Knock-in-M&usen: Welche Subtypen
des GABAA-Rezeptors sind beteiligt? (SCHW 577/8-1)

Project leader C. Schwarz
Funding institution DFG
Funding period 10/07-09/10

Mikrostimulationsgetriggertes fMRI als Werkzeug zur Charakterisierung cerebello-cerebraler Schleifen (SFB
550, A9)

Project leader F. Sultan
Funding institution DFG
Funding period 01/03-12/08

Setup and maintenance of the Dept. Cognitive Neurology (TS 013/01.184/98)

Project leader P. Thier
Funding institution Schilling Foundation
Funding period 07/00-06/10

Ponto-cerebelldare Grundlagen zielgerichteten Agierens im Raum (SFB 550, A7)

Project leader P. Thier
Funding institution DFG
Funding period 01/00-12/08



Third-Party Funding

Cognitive Neurology =

Service and special functions (SFB 550, D1)

Project leader P. Thier
Funding institution DFG
Funding period 01/00-12/08

Peract: Marie Curie Training Site “Perception and action in space.” Project: Cortico-cerebellar interplay
(MEST-CT-2004-504321)

Project leader P. Thier
Funding institution EC
Funding period 08/04-07/08

Sensoprim: Marie Curie Training Site “Sensory information processing in non-human primates.”
(MEST-CT-2004-07825)

Project leader P. Thier
Funding institution EC
Funding period 07/04-06/08

3 Ts magnetic resonance scanner for functional imaging (Th 812/1-1)

Project leader P. Thier
Funding institution DFG
Funding period as of 2002

Von Helmholtz's missing reference signals: Do they reflect an adapting action of the cerebellum on the
cerebral cortex? (180 727)

Project leader P. Thier
Funding institution VW Foundation
Funding period 09/05-12/09

Die Bedeutung der Blickrichtung fiir soziale Kognition: Die neurobiologische Basis fiir Autismus
(01GA0503)

Project leader P. Thier
Funding institution BMBF
Funding period 07/05-06/08

Verbundprojekt Raumliche Orientierung: TP 2 "Towards the neuronal basis of spatial updating"
(01GW0641)

Project leader P. Thier
Funding institution BMBF
Funding period 01/07-12/09

Sachbeihilfe Competence Centre Neuroscience (35.5.8051.0149.0/MA01)

Project leader P. Thier
Funding institution Robert Bosch Foundation
Funding period 01/08-11/10

163



Third-Party Funding

B Cognitive Neurology

164

New Grants

Encoding of action kinematics and dynamics in the responses of mirror neurons in monkey premotor area F5

(SFB 550/TP C10)
Project leader
Funding institution
Funding period
Awarded on

M. Giese

DFG

01/09 - 12/09
Dec 3, 2008

Zerebro-zerebellire Kommunikation — Grundlage neurokognitiver Funktionen? (SFB 550/A2)

Project leader
Funding institution
Funding period
Awarded on

T. Haarmeier

DFG
01/09 - 12/09
Dec 3, 2008

Human reaching and grasping — cognitive networks of visual action control (211078)

Project leader
Funding institution
Funding period
Awarded on

M. Himmelbach
ERC
09/08-08/13
Aug 4, 2008

Schiilerlabor Neurowissenschaften (00.139.2008)

Project leader
Funding institution
Funding period
Awarded on

u.llg

Tschira Foundation
01/09-12/11

Sep 3, 2008

Stérungen motorischen Handelns nach Schiadigungen des parietalen und des temporalen Kortex beim

Menschen (SFB 550/A4)
Project leader

Funding institution
Funding period
Awarded on

H.-O. Karnath
DFG

01/09 - 12/09
Dec 3, 2008

Role of structural and functional brain damage on spatial cognition — combined DT tractrography and
perfusion MRI studies (EXC 307-CIN)

Project leader
Funding institution
Funding period
Awarded on

H.-O. Karnath
DFG

01/09 -12/10
Nov 25, 2008

4. Statussymposium “Dynamik und Adaptivitit neuronaler Systeme* (1/83 638)

Project leader
Funding institution
Funding period
Awarded on

A. Nieder

VW Foundation
02/08-08/08
Feb 20, 2008



Third-Party Funding

Cognitive Neurology =

Aktive Bewegung als Grundlage der Texturdiskrimination. Psychophysikalische und elektrophysiologische
untersuchen der bewegungsabhingigen Modulation von taktiler Wahrnehmung im Vibrissensystem der
Ratte (SFB 550/TP B11)

Project leader C. Schwarz
Funding institution DFG

Funding period 01/09 - 12/09
Awarded on Dec 3, 2008

Unravelling functional connectivity of widely distributed networks of the non-human primate brain (SFB
550/TP A9)

Project leader F. Sultan
Funding institution DFG

Funding period 01/09 - 12/09
Awarded on Dec 3, 2008

Sekretariat und Computerpool (SFB 550, D1)

Project leader P. Thier
Funding institution DFG

Funding period 01/09 - 12/09
Awarded on Dec 3, 2008

Sachkostenbeihilfe Gastwissenschaftler Halim Hicheur (3.3-FRAU/1128930 STP)

Project leader P. Thier

Funding institution Humboldt Foundation
Funding period 05/08-04/10
Awarded on Apr 8, 2008

Schiilerlabor Competence Centre Neuroscience (1.03.1/08/008)

Project leader P. Thier

Funding institution Hertie Foundation
Funding period 07/08 - 06/09
Awarded on Jul 4, 2008

Die zerebelldiren Grundlagen motorischen Lernens (SFB 550, A7)

Project leader P. Thier
Funding institution DFG

Funding period 01/09 - 12/09
Awarded on Dec 3, 2008
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Third-Party Funding - Department of Cellular Neurology

Ongoing Grants

Relational memory and learning-related gene induction in AD mouse models (IRG-05-13464)

Project leader M. Calhoun
Funding institution Alzheimer's Association USA
Funding period 10/05-09/08

Transgene Mausmodelle von familidrer britischer und danischer Demenz: der Einfluss von nicht-A beta
zerebraler Amyloidose und Angiopathie (JU 655/3-1)

Project leader J. Coomaraswamy, M. Jucker
Funding institution DFG
Funding period 01/08-12/10

Hertie-Stipendienprogramm Neurowissenschaften

Project leader C. Duma
Funding institution Hertie Foundation
Funding period 03/07-08/08

NGFN-2 extension - Functional Genome Research for Human Health (01GS0468)

Project leader M. Jucker
Funding institution BMBF / DLR
Funding period 08/07-05/08

Autophagie und chronische Erkrankungen (32-7532.22-28-18/3)

Project leader M. Jucker, L. Stoltze
Funding institution FSP des Landes Baden-Wiirttemberg
Funding period 03/06-12/08

Anti beta-amyloid ‘anticalins' as a promising therapeutic and specific approach to treat Alzheimer's disease
ARREST-AD (01GU0522)

Project leader M. Jucker
Funding institution BMBF / DLR
Funding period 07/06-06/09

Exogenous induction of cerebral amyloidogenesis (ZEN-06-27341)

Project leader M. Jucker
Funding institution Alzheimer's Association USA
Funding period 09/06 — 10/08

Kompetenznetz degenerative Demenzen, KNDD (01G10705)

Project leader M. Jucker
Funding institution BMBF / DLR
Funding period 10/07-09/10



Third-Party Funding
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Generation of APP transgenic mice

Project leader M. Jucker
Funding institution Koesler
Funding period 01/05-12/09

NGFN-Plus: Pathomechanism of Cerebral Amyloid Angiopathy

Project leader M. Jucker
Funding institution BMBF/DLR
Funding period 06/08-05/11

Scholarships for Alzheimer Research

Project leader M. Jucker
Funding institution Anonymous private donator
Funding period 01/08

Systematische Untersuchung von Signalwegen, die die Stabilisierungs von Synapsen regulieren (21-
655.023/572)

Project leader T. Rasse
Funding institution Eliteprogramm Landesstiftung Baden Wirttemberg
Funding period 03/07-12/08

APP fragments regulating synapse formation and elimination (AFl 07851)

Project leader T. Rasse
Funding institution Alzheimer Forschung Initiative e. V.
Funding period 01/08-10/09

Charakterisierung der Rolle von T-Zellen in der Alzheimer-Erkrankung (fortiine 1516-0-1)

Project leader L. Stoltze
Funding institution Medizinische Fakultat, Universitat Tubingen
Funding period 07/07-08/08

A new model for investigating the role of the human immune system in Alzheimer's disease (Thyssen
10.05.2.193)

Project leader L. Stoltze

Funding institution Fritz Thyssen Foundation
Funding period 11/05-04/08

New Grants

Transgene Mausmodelle fiir die familidre britische und danische Demenz: Rolle der Amyloidose fiir
Neurodegeneration und Dysfunktion

Project leader J. Coomaraswamy
Funding institution Carl-Zeiss Foundation
Funding period: 02/09 - 01/11
Awarded on Dec 18, 2008
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Hertie-Stipendienprogramm Neurowissenschaften

Project leader J. Hefendehl
Funding institution Hertie Foundation
Funding period 12/08 - 11/11
Awarded on Nov 4, 2008

Generation of APP transgenic mice

Project leader M. Jucker
Funding institution Koesler
Funding period 01/09 - 12/09
Awarded on Jan 2, 2008

ERA-Net ,NEURON" Transfer of misfolded protein as a pathogenetic mechanism in neurodegenerative

disease

Project leader M. Jucker
Funding institution BMBF / DLR
Funding period 02/09 - 01/12
Awarded on Sep 29, 2008

Verbundprojekt Kompetenznetz Demenzen - Neurodegeneration - Teilprojekt: AR and Tau aggregation:
Initiation, modulation and imaging (addition) (01 GI 0705)

Project leader: M. Jucker
Funding institution: BMBF / DLR
Funding period: 10/07 - 09/10
Awarded on: Sep 11, 2008

Third-Party Funding - Independent Junior Research Group

Ongoing Grants

The role of p53 tumor suppressor pathways in axon growth (fortiine F.1311786)

Project leader S. Di Giovanni
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Awards - Department of General Neurology

B. Amend
Carl-Liebermeister-Preis der Medizinischen Fakultat

S. Wintterle
Dietrich-Plester-Preis der Medizinischen Fakultat

C. Stoeckle
International Society of Neuroimmunology Travel Grant, Fort Worth, TX, USA

Habilitations

S. Schuh-Hofer
General Neurology — Pathophysiologie von Migrane und Clusterkopfschmerz: Periphere und zentrale Path-
omechanismen

Appointments

A. Luft
Assistant Professorship, Ziirich

Medical Thesis

B. Amend

Mechanismen zur Entstehung von Autoimmunitat im Zentralnervensystem
(Medical Faculty)

Supervisors: A. Melms, F. Bischof

J. Erharhaghen

Bedeutung der Perfusions-Computertomographie beim akuten ischdmischen Insult
(Medical Faculty)

Supervisor: A. Luft

C. Lange

Untersuchung autoreaktiver T-Helferzellen mit MCH Klasse Il Tetrameren wéhrend antigen-spezifischer Toler-
anzindukiton mit rekombinierten Invarianten Ketten im Tiermodell der multiplen Sklerose

(Medical Faculty)

Supervisors: A. Melms, F. Bischof

S. Wintterle

Die Rolle neuer Kostimulationsmolekile der B7-Familie in der Immunantwort
(Medical Faculty)

Supervisors: A. Melms, H. Wiend|
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Diploma

S. Csacsko

Antigen-spezifische Toleranzinduktion durch genetisch modifizierte Invariante Ketten
(Faculty of Biology)

Supervisors: F. Bischof, S. Stevanovic

S. Stehling

Oberflachenglykosylierungen auf murinen Immunzellen in gesunden Tieren und in der Entstehung von Autoim-
munitét

(Faculty of Biology)

Supervisors: F. Bischof, S. Stevanovic

A. Wuttke

Verhaltensbiologische Untersuchungen bei der experimentellen autoimmunen Enzephalomyelits
(Faculty of Biology)

Supervisors: R. Weissert, HA Mallot, A. von Ameln-Mayerhofer

Awards - Department of Neurodegenerative Diseases

K. Karle
Promotionspreis der Julius-Maximilians-Universitat Wiirzburg

K. Karle
Preis der Unterfrankischen Gedenkjahrstiftung fiir Wissenschaft

O. Rothfuss
Poster Award of the German Society of Neurogenetics

A. Seibel
Poster Award of the German Society of Neurogenetics

H. Schell
Travel Award, International Workshop ,,a-Synuclein in Health and Disease"”, Lausanne, Switzerland

R. Schiile
Poster Award of the German Society of Neurogenetics

J. Waak
Travel Award, 14th Annual Meeting of the German Society of Neurogenetics, Lubeck

Habilitations

S. Breit
Funktionelle Rolle des Nucleus pedunculopontinus in der Pathophysiologie der Basalganglien
Supervisor: T. Gasser
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Medical Theses

C. Wahl

Mutationsscreening und Assoziationsstudien der proteasomalen Untereinheit S6-ATPase bei Patienten mit Par-
kinsonscher Erkrankung

Supervisor: R. Kriiger

J. Godau

Transcranial sonography in the diagnosis of restless legs syndrome
(Medical Faculty)

Supervisor: D. Berg

S. Weber-EndreB
Molekulare und zellbiologische Charakterisierung der Parkinson-assoziierten Leuzin-reichen Repeat-Kinase 2
Supervisor: P. Kahle

A. Wolpert

Determination of CSl-spectroscopic norm values in the basal ganglia and thalamus
(Medical Faculty)

Supervisor: D. Berg

PhD Theses

J. Fuchs
Genetic Risk Factors and their functional Duplication in Parkinson's Disease
Supervisor: T. Gasser

C. Klein
Functional characterization of leucine-rich repeat kinase 2 dimerization
Supervisor: P. Kahle

C. Schiesling

Bedeutung von DJ-1 (PARK7?) in der Parkinson-Krankheit —

Funktionelle Charakterisierung und Identifikation von neuen interagierenden Proteinen
Supervisor: R. Kriiger

M. Sharma

Genetic Epidemiology of Parkinson Disease
Supervisor: T. Gasser

Diploma

M. Anderson

Cellular Effects of TDP Expression and Silencing
Biology, external Univ. Oldenburg

Supervisor: Philipp Kahle
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E. Hausherr

Post-translational Modifications Regulating a-Synuclein Aggregation and Transport
(biology)

Supervisor: Philipp Kahle

A. Treis

Regulation of the E3 Ubiquitin Ligase Parkin
(biology)

Supervisor: Philipp Kahle

Awards - Department of Cognitive Neurology

l. Diester
Hertie Reseach Prize 2008

T. Haarmeier
Felgenhauer Award, Deutsche Gesellschaft fiir Neurologie

M. Himmelbach
European Research Council Starting Grant

Appointments

M. Giese
W3 Professorship, University of Bochum, declined
W3 Professorship, University of Tiibingen, accepted

A. Nieder
Chair, Department of Animal Physiology, University of Tlibingen, accepted

C. Schwarz
Associate Professor, University of Maryland, declined

PhD Theses

I. Diester

Representational formats of numerical information in the monkey cortex
(Graduate School for Neural and Behavioural Sciences)

Supervisor: A. Nieder

M. Fruhmann Berger

On the relation between active and passive behaviour in patients with spatial neglect - Insigths from acute
stroke and the course of recovery

(Faculty of Information and Cognitive Science)

Supervisor: H.-O. Karnath, R. Ulrich
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B. Handel

Functional correlates of the physical and perceptual properties of coherent visual motion in humans
(Faculty of Biology/Medical School)

Supervisor: T. Haarmeier

S. Kamphuis

Toward the neuronal basis of gaze following, using fMRI in humans and monkeys
(Graduate School for Neural and Behavioural Sciences)

Supervisor: P. Thier

Medical Theses

M. Berner

Stérung der visuell-rdumlichen Wahrnehmung nach Kleinhirnldsion?
(Medical School)

Supervisor: H.-O. Karnath, S. Richter

P. Thiimmler

Blickdeviation nach linkshemisphéarischem Schlaganfall
(Medical School)

Supervisor: H.-O. Karnath

M. Synofzik

Die Rolle interner Modelle bei der Wahrnehmung von Eigenbewegungen
(Medical School)

Supervisor: P. Thier, A. Lindner

Diploma/Masters

P. F. Benz

Erstellung einer Software zur partiellen Virtualisierung von Experimentierumgebungen fir die perzeptionelle
Blickrichtungsbestimmung

Supervisor: P. Dicke, P. Thier

S. Borchers
The role of the human superior colliculus in visual search - an fMRI study
Supervisor: M. Himmelbach

P. Georgieva
Selective microstimulation in rat neocortex - An explorative study
Supervisor: C. Schwarz

C. V. B. Hiibner

Erstellung einer Software zum Design virtueller Experimentumgebungen: Bestimmung des Referenzsystems der
visuellen Verarbeitung artifizieller Blicke

Supervisor: P. Dicke, P. Thier
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W. Linzenbold
Untersuchung der Augenbewegung beim Lesen von bewegten und statischen Texten
Supervisor: U. J. llg

T. Wiestler

Modellierung motorischer Adaptionsprozesse bei Beinbewegungen unter dem Einfluss cerebelldarer Dysfunk-
tion

Supervisors: W. llg, P. Thier, A. Zell

Awards — Department of Cellular Neurology

J. Coomaraswamy
Fellowship, Carl-Zeiss-Stiftung, Postdoktorandenférderung

J. Hefendehl
Fellowship, Hertie-Stipendienprogramm Neurowissenschaften, Promotionsstipendium

Diploma

L. Behrends
Der Einfluss von APPL auf Bildung und Stabilisierung von Synapsen
Supervisor: T. Rasse / M. Jucker

S. Kramer
Kartierung und Charakterisierung der Mutante fluglotse
Supervisor: T. Rasse / M. Jucker

M. Knopp
Systematische Identifizierung von Genen, die zur Stabilisierung von Synapsen beitragen
Supervisor: T. Rasse / M. Jucker

A. K. M. Langenbruch

Active Zone Precursor Vesikel
Supervisor: T. Rasse / M. Jucker
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Lectures - Summer Term 2008

Principles of Neurology
Medical School
Prof. T. Gasser, Prof. A. Melms

Introduction to Clinical Neurology
Medical School
Prof. D. Berg, PD Dr. T. Haarmeier

Cellular and Molecular Biology of Neurons
Graduate School for Neural and Behavioural Sciences
Dr. N. Patenge / Dr. E. Kilger

Behaviour and Cognition: Neuropsychology
Graduate School for Neural and Behavioural Sciences
Prof. H.-O. Karnath

Fundamentals of Sensorimotor Integration
Faculty of Biology and Graduate School for Neural and Behavioural Sciences
Prof. Dr. U. llg

Neurodegenerative Disorders

Contribution to interdisciplinary lecture series: “Medicine of aging
Medical School

Prof. T. Gasser

"

Lectures - Winter Term 2008/2009

Principles of Neurology
Medical School
Prof. T. Gasser, Prof. A. Melms

Neurodegenerative Disorders

Contribution to interdisciplinary lecture series: “Medicine of aging
Medical School

Prof. T. Gasser

"

Introduction to Clinical Neurology
Medical School
Prof. D. Berg, PD Dr. T. Haarmeier

Genetic and Molecular Basis of Neural Disease

Graduate School for Cellular and Molecular Neurosciences
Prof. M. Jucker, Prof. T. Gasser, Prof. Schoéls
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Molecular and Cellular Biology
Graduate School for Neural and Behavioural Sciences
Dr. N. Patenge

Neurochemistry and Neurotransmitters
Graduate School of Cellular and Molecular Neuroscience
Prof. P. Kahle

Motor Systems
Graduate School for Neural and Behavioural Sciences
Prof. P. Thier

Neurophysiology
Graduate School for Neural and Behavioural Sciences
PD Dr. C. Schwarz, Dr. C. Pedroarena

Methods in Neuropsychology
Graduate School for Neural and Behavioural Sciences
Dr. M. Himmelbach

Nerve Regeneration and Repair
Graduate School for Neural and Behavioural Sciences
Dr. S. Di Giovanni

Seminars and Courses - Summer Term 2008

Neurological Examination

Medical School

Prof. T. Gasser, Prof. A. Melms, PD Dr. T. Haarmeier,

and staff of the Departments of General Neurology and Neurodegenerative Diseases

Neurology Seminar and Bedside Teaching
Medical School
Prof. D. Berg, PD Dr. T. Haarmeier, Prof. R. Krlger, Prof. A. Melms, Prof. L. Schols

Introduction to Clinical Medicine
Medical School
PD Dr. F. Bischof

TiiKliS"Intracranial Pressure”
Medical School
PD Dr. A. Luft, Prof. A. Melms, , Prof. M. Meyermann, Prof. T. Nadgele, PD Dr. B. Will

Contributions to i-KIliC , Infectious Diseases, Clinical Oncology and Emergency Medicine *

Medical School
Prof. A. Melms
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Seminars and Courses

Lunch Conference: Critical Care Neurology
Medical School
PD Dr. A. Luft, Dr. J. Erharhaghen

TiKIiS ,Treatment of Neurological Disorders/Case Presentations”

Medical School

Prof. D. Berg, PD Dr. Bischof, PD Dr. T. Haarmeier, PD Dr. A. Luft, Prof. R. Krtiger, Prof. A. Melms, Prof. L.
Schols

TiiKliS “Bedside Teaching”
Medical School
Prof. A. Melms

TiKIiS “Dr House — neurological cases”
Medical School
Dr. F. Asmus

TiKIiS “Imaging Techniques in Neurosciences”
Medical School
Prof. Dr. D. Berg

TuKIiF ,Trinucleotide Repeat Disorders*
Medical School
Prof. L. Schéls, Dr. T. Schmidt, Dr. P. Bauer

Current Trends in Neuro-oncology
Medical School
PD Dr. U. Naumann

Neuroscience Lecture Series
Medical School
Prof. T. Gasser, Prof. A. Melms, PD Dr. T. Haarmeier

Clinical Neuropathology QB5 (in cooperation with the Institute for Brain Research)
Medical School
Prof. A. Melms, Prof. R.. Meyermann, PD Dr. Will

Interdisciplinary Pain Seminar (in cooperation with the Clinic for Anaethesiology and Clinic for Neurosur-
gery)

Medical School

PD Dr. S. Schuh-Hofer

Journal Club Neuroimmunology
Medical School
Dr. B. Greve, Dr. C. Stoeckle
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Research Seminar Experimental Neurogenetics
Medical School
Prof. T. Gasser, Prof. L. Schols, Prof. D. Berg, Dr. F. Asmus, Dr. N. Patenge

Neurobiologisches Montagskolloquium
Medical School
Prof. U. llg, Prof. P. Thier

Current Problems of Sensorimotor Integration
Medical School
Prof. U. llg, PD Dr. C. Schwarz, Prof. P. Thier

Current Problems in Neuropsychology
Medical School
Prof. H.-O. Karnath

Neurobiology of the Cerebellum
Medical School
Dr. P. Dicke, PD Dr. C. Schwarz, Prof. P. Thier

Clinical Neuropsychology
Medical School
Prof. H.-P. Karnath

PERACT Colloquium
Medical School
Prof. H.-P. Karnath

Neurokolloquium Tiibingen

SFB 550, Hertie Institute for Clinical Brain Research, MPI for Biological Cybernetics, Graduate School for Neural
and Behavioural Sciences, Centre for Integrative Neuroscience

Prof. P. Thier

Current Concepts in Oculomotor Function
Faculty of Biology
Prof. U. Ilg

Neuroprosthetics
Graduate School for Neural and Behavioural Sciences
Prof. U. llg

Tierphysiologischer Kurs Bioinformatik
Faculty of Biology
Prof. U. lig

Neurophysiology Lab Practical

Graduate School for Neural and Behavioural Sciences
PD Dr. C. Schwarz, Dr. C. Pedroarena
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Student Training

Seminars and Courses

Pharmacotherapy of Parkinson's Disease
Contribution to interdisciplinary lecture series: “Pharmacology”
Prof. L. Schéls

Seminars and Courses - Winter Term 2008/2009

Neurological Examination

Medical School

Prof. T. Gasser, Prof. A. Melms, PD Dr. T. Haarmeier

and staff of the Departments of General Neurology and Neurodegenerative Diseases

Neurology Seminar and Bedside Teaching
Medical School
Prof. L. Schols, Prof. A. Melms, Prof. D. Berg, Prof. R. Kriiger, PD Dr. T. Haarmeier

Introduction to Clinical Medicine
Medical School
PD Dr. F. Bischof

TuKIiS “Intracranial Pressure”
Medical School
Dr. J. Erharhaghen, Prof. A. Melms, Prof. M. Meyermann, Dr. B. Will

Treatment of Neurological Disorders/Case Presentations

Medical School

Prof. D. Berg, PD Dr. F. Bischof, Dr. B. Greve, PD Dr. T. Haarmeier, Prof. R. Krtiger, Prof. A. Melms, Prof. L.
Schols

Lunch Conference: Critical Care Neurology
Medical School
Dr. J. Erharhaghen, PD Dr. T. Haarmeier, Dr. B. Greve

TiiKliS “Bedside Teaching”
Medical School
Prof. A. Melms

TiKIiS “Dr House — neurological cases”
Medical School
Dr. F. Asmus

TiiKliS “Advanced neurological examination”

Medical School
Prof. L. Schdls, Prof. T. Gasser
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Student Training

Seminars and Courses

Current Trends in Neuro-Oncology
Medical School
PD Dr. U. Naumann

Clinical Neuropathology (in cooperation with the Institute for Brain Research)
Medical School
Prof. A. Melms, Prof. R. Meyermann, PD Dr. Will

Interdisciplinary Brain Tumor Seminar

(in cooperation with the Departments for Neurosurgery, Neuroradiology, and Radiooncology)
Medical School

C. Braun

Neuroscience Lecture Series
Medical School
Prof. T. Gasser, Prof. A. Melms, PD Dr. T. Haarmeier

Neuropathological Case Presentation (in cooperation with the Institute for Brain Research)
Medical School
C. Braun, Prof. A. Melms, Prof. R.. Meyermann

Clinical Neuropathology QB5 (in cooperation with the Institute for Brain Research)
Medical School
Prof. A. Melms, Prof. R. Meyermann, PD Dr. Will

Interdisciplinary Pain Seminar

(in cooperation with the Clinic for Anaethesiology and Clinic for Neurosurgery)
Medical School

PD Dr. S. Schuh-Hofer

Journal Club Neuroimmunology
Medical School
Dr. B. Greve, Dr. C. Stoeckle

Research Seminar Experimental Neurogenetics
Medical School
Prof. T. Gasser, Prof. L. Schols, PD Dr. D. Berg, Dr. F. Asmus

Neurobiologisches Montagskolloquium
Medical School
Prof. U. llg, Prof. P. Thier

Current Problems of Sensorimotor Integration

Medical School
Prof. U. llg, PD Dr. C. Schwarz, Prof. P. Thier
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Student Training

Seminars and Courses / Lab Rotations

Current Problems in Neuropsychology
Medical School
Prof. H.-O. Karnath

Neurobiology of the Cerebellum
Medical School
Dr. P. Dicke, PD Dr. C. Schwarz, Prof. P. Thier

Clinical Neuropsychology
Medical School
Prof. H.-O. Karnath

Practical Course ‘Sensomotorik’
Medical School, Graduate School for Neural and Behavioural Sciences
Prof. M. Giese, Dr. M. Himmelbach, Dr. Winfried Ilg, Dr. A. Lindner, Prof. P. Thier

Neurokolloquium Tiibingen

SFB 550, Hertie Institute for Clinical Brain Research, MPI for Biological Cybernetics, Graduate School for Neural
and Behavioural Sciences, Centre for Integrative Neuroscience

Prof. P. Thier

Current Concepts in Oculomotor Function
Faculty of Biology
Prof. U. llg

Pharmacotherapy of Parkinson's Disease
Contribution to interdisciplinary lecture series: “Pharmacology’
Prof. L. Schéls

Lab Rotations - Summer Term 2008

Graduate School for Neural and Behavioural Sciences
Dr. F. Asmus, Dr. A. Luft, Dr. N. Patenge

Lab Rotations - Winter Term 2008/2009

Graduate School for Neural and Behavioural Sciences
Prof. U. llg, Prof. H.-O. Karnath, PD Dr. C. Schwarz

Graduate School for Molecular and Cellular Neuroscience
Prof. M. Jucker, Prof. P. Kahle, Dr. S. Di Giovanni
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Conferences

General Neurology / Neurodegenerative Diseases W N

Therapie neurologischer Erkrankungen - 24. Gemeinsame Fortbildungsveranstaltung der Neurologischen
Universitatskliniken Miinchen und Tiibingen

Tubingen, April 19, 2008

A. Luft (Tabingen), Th. Klopstock (Miinchen)

Conferences - Department of General Neurology

Aktuelle Therapie der Multiplen Sklerose
Tubingen, October 8, 2008
A. Melms, F. Bischof, B. Greve, M. Albert

Conferences - Department of Neurodegenerative Diseases

DGKN Symposium: B-mode sonography for neurological diseases
Magedeburg, April 12, 2008
D. Berg

Workshop: Current practice and new developments in deep brain stimulation
Tubingen, April 24-25, 2008
R. Kriiger

Workshop: Transkranial sonography in movement disorders
Tubingen, June 7, 2008
D. Berg

DGN Minisymposium: Application of transcranial sonography and MRI for the intra- and postoperative
monitoring of electrode positions in patients with DBS

Hamburg, September 13, 2008

D. Berg

International Workshop ,,a-Synuclein in Health and Disease*

Lausanne, Switzerland, September 24-26, 2008
P. Kahle

197 _—



Conferences

B Cognitive Neurology

Conferences - Department of Cognitive Neurology

1st Annual Conference "PrimateNeurobiology”
Tubingen, February 27-29, 2008
P. Thier

4th Status Conference “Dynamics and Adaptivity of Neuronal Systems: Integrative Approaches to Analyse
Cognitive Functions”

Tubingen, March 12-14, 2008

A. Nieder

23rd Annual Conference of the Society for Neuropsychology (GNP) 2008

Tubingen, October 9-12, 2008
H.-O. Karnath
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