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Liesz) recently was approved a second funding period.  
In addition, CRC 1123 (vice speaker: Jürgen Bernhagen) 
started the third funding period.

Our investigators are acquiring increasing amounts of third-
party funding with 4.7 million Euro spent in 2021, and more 
than 4.1 million Euro spent in 2022. Within this period, ISD 
investigators published more than 145 papers in peer-revie-
wed international journals, including leading journals in the 
fields of Genetics, Neuroscience, Cardiovascular Research, 
and Science in general. Among the most recent accomplish-
ments in terms of collaborative grants are an international 
Network of Excellence on the Brain Endothelium (funded by 
the Leducq Foundation), ImmunoStroke (DFG FOR 2879), 
and several ERA-NET Neuron grants (funded by the Euro-
pean Commission).  

Relevant new infrastructure includes the instalment of a 
Zeiss LSM980 confocal microscope, a FEMTOSmart Galvo 
3-Photon microscope, and a Genomics unit equipped with 
nanoliter liquid handling robots for miniaturized molecular 
biology reactions. The new instrumentation further adds to 
the technology hubs of the DFG-funded excellence cluster 
for systems neurology (SyNergy). 

The ISD is part of an ever-growing neuroscience community 
in Munich, and is heavily involved in the SyNergy excellence 
cluster. SyNergy began its operations in early 2013 and has 
generated a major momentum with unprecedented opportu-
nities for infrastructure and collaboration across institutions. 
Building on the success of the first funding period, SyNergy 
successfully applied for continuation of funding with an 
even more developed strategic plan. 

The ISD further entertains close links with various collabo-
rative research centers, such as the CRC1123 on athero-
sclerosis, the CRC TR274 on checkpoints in CNS recovery, 
and ImmunoStroke, and is involved in multiple national, and 
international research hubs including networks funded by 
the Leducq Foundation, EU (FP7, Horizon2020, ERA-NET 
NEURON), and NIH, several of which are coordinated by the 
ISD. The ISD is further actively engaged in the Hertie Net-

work of Excellence in Clinical Neuroscience, which is about 
to move into its second funding phase. 

Among the plans for 2021/22 is the installment of a new Ju-
nior Research Group on Data Science for computational ge-
nomics, single-cell and spatial omics. Starting on November 
1st, 2022, Marios Georgakis, who has a focus on stroke epi-
demiology and bioinformatics, established his own research 
group. On December 1st, Anna-Sophie Wahl, an expert on 
experimental stroke research, who recently transitioned 
from the ETH Zurich, Switzerland, joined the ISD to set up 
her lab. We further hope to expand on our infrastructure for 
clinical trials, and will make an even stronger push towards 
the education of clinician scientists, clinical translation, and 
interventional studies. We are grateful for the opportunities 
provided to us and wish to report on our activities below. In 
the following, we highlight major achievements and develop-
ments in 2021/2022.

Prof. Martin Dichgans, MD 
Director, Institute for Stroke and Dementia Research

Stroke and Dementia rank among the most common  
diseases worldwide and the most pressing health problems 
in ageing societies. 

Stroke remains the leading cause of permanent disability 
and the second leading cause of death worldwide (Global 
Burden of Disease Study 2019). In Europe, more than 5 
million people suffer from dementia disorders, with almost 
two thirds accounted for by Alzheimer’s disease (AD) and 
cerebrovascular disease (CVD).

ISD investigators are listed among the most Highly Cited 
Researchers world-wide (Clarivate statistics, 2022). 
Once more, scientists from the ISD received prestigious 
research awards, including an Emmy Noether Award from 
the DFG (to Marios Georgakis), a Chan Zuckerberg Initiative 
(CZI) award (to Ozgun Gokce and Mikael Simons), the Leon 
Senior Scientist Prize (to Michael Ewers), and several Young 
Investigator awards. Ali Ertürk was appointed W3 professor 
for ‘Systems Biology and Technology Transfer’ (LMU). Mika 
Simons, who holds a W3 professorship at the Technical 
University Munich and is affiliated to the DZNE now also is 
affiliated to the Institute for Stroke and Dementia Research 
(ISD). Ozgun Gokce received a call for a W2 professorship in 
Bonn and will transition on April 1st 2023. The DFG funded 
research unit ImmunoStroke (FOR 2879; speaker: Arthur 
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Mission Statement

The Institute for Stroke and Dementia Research (ISD) 
strives to advance therapeutic options in stroke and 
dementia.

We are equally committed to comprehensive patient 
care and cutting-edge research. The ISD strives to 
provide the highest quality in preventing, recognizing, 
and treating stroke and cognitive decline, thus offe-
ring the best service to patients, their families, and 
referring physicians.

Center
for 
Stroke
and 
Dementia 
Research 
(CSD)

Background

Stroke and dementia rank among the ten most frequent  
diseases worldwide, and the most pressing health prob-
lems in ageing societies (WHO Report 2002). Each year, ab-
out 15 million people suffer a stroke. one every 3 seconds. 
Of these, almost 6 million die as a direct consequence 
of stroke, another 5 million are permanently disabled. In 
European countries, the number of strokes is expected to 
increase from 1.1 million in 2000 to about 1.5 million in 
2025. The number of people with dementia is estimated to 
increase from about 55 million worldwide in 2020 to 139 
million by 2050 (World Alzheimner Report 2020).

The foundation of the Institute for Stroke and Dementia Re-
search (ISD) bears on the initiative of Zygmunt Solorz-Żak, 
who sought to create an internationally recognized centre 
providing highly competitive interdisciplinary and transla-
tional research in the fields of stroke and dementia. In July 
2008 the Solorz-Żaks, the Ludwig-Maximilians University 
(LMU), the State of Bavaria, and the LMU Klinikum agreed 
on a long-term collaboration to install a dedicated center for 
stroke and dementia research.

Research Infrastructure

The Center for Stroke and Dementia Research (CSD) hosts 
comprehensive research infrastructure including the  
following (selection):

• �clinical trials team embedded into an outpatient clinic 
specialized on the diagnosis and treatment of stroke, cere-
brovascular disease, and neurodegenerative diseases that 
cause cognitive decline.

• biobank
• state-of-the-art human MRI research scanner
• state-of-the-art micro MRI/PET scanner
• �light-sheet microscopy (Ultramicroscope II and Blaze): 

fluorescent microscope scan of whole mouse body/organs 
and of large human organs 

• �in vivo 2-photon microscope
• �in vivo 3-photon microscope
• �facility for induced pluripotent stem cell (iPSC) culture, 

CRISPR genome editing, and differentiation
• electron microscopy (DZNE)
• ��multi-photon microscopy with 1300 nm pulsed IR laser 

and FLIM-FRET
• �cell sorters for single cell isolation
• �nanoliter liquid handling robots for miniaturized  

molecular biology reactions
• �Cytek Northern Lights spectral flow cytometer
• �confocal microscopy 
• wide-field calcium imaging
• life cell imaging
• proteomics unit (DZNE)
• �binding studies by dynamic mass redistribution and alpha-

technology
• peptide array-based protein binding mapping
• high-content screening
• isotope labs
• SPF facility
• zebrafish facility (DZNE)
• seminar rooms
• wet labs
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 September 2022   The Leducq Foundation has chosen 
to fund an International Network of Excellence on Brain 
Endothelium: A Nexus for Cerebral Small Vessel Disease 
(BRENDA) with 7.5 M USD over five years. The Network is 
coordinated by Martin Dichgans and Frank Faraci (Univer-
sity of Iowa, USA) and involves further investigators from 
Germany, Sweden, France, and the USA. 

 November 2022  Of the world’s population of scientists and 
social scientists, Highly Cited Researchers™ are 1 in 1,000. 
The current list from Clarivate identifies researchers who 
demonstrated significant influence in their chosen field 
or fields through the publication of multiple highly cited 
papers during the last decade. Their names are drawn from 
publications that rank in the top 1% by citations for field and 
publication year in the Web of Science™ citation index.

 January 2023  The Hertie Foundation will continue funding 
for its Network of Excellence in Clinical Neuroscience. The 
program provides support to junior scientists (4 from LMU 
and TUM) and facilitates collaborations across participating 
sites. The scientific focus of the Munich site (Speakers: 
Martin Dichgans and Thomas Korn) is on neurovascular, 
neurodegenerative, and neuroinflammatory diseases and 
their underlying mechanisms.

 December 2022  The European Commission will fund 14 
Transnational Research Projects on CVD – among them 
4 Networks with participation of ISD researchers: BiotaBB 
(Coordinator: Corinne Benakis), VasOx (Coordinator: Nick 
Plesnila), MeniSPYs (PI: Arthur Liesz), and MatriSVDs (PI: 
Martin Dichgans). These networks focus on the role of 
microbiota and the blood brain-barrier, oxidative stress, the 
meninges, and the microvascular matrisome in stroke and 
neurovascular disease.

With my team I aim at revealing fundamental  
principles of brain repair to deal with chronic impair-
ment after stroke and to identify novel targets to 
enhance functional recovery. We examine how  
surviving nerve cells participate in repair processes, 
how new connections are formed and old con-
nections are strengthened using a combination of 
chronic multiphoton imaging in vivo, optogenetics 
and deep learning paradigms to explore causal 
relationships between neuronal computation and the 
behavioral phenotype.

In our group, we aim to address a pressing need to 
optimize brain health with the development of precise 
and personalized preventive strategies oriented 
towards cerebrovascular pathologies. We analyze 
large-scale multi-dimensional data with the goal to  
detect novel disease-modifying drug targets, im
prove the molecular phenotyping of cerebrovascular 
disease, discover in vivo biomarkers of cerebrova-
scular pathologies, and develop patient-oriented risk 
stratification tools.

We record the activity of individual neurons in health and after 
stroke over several weeks in relation to the behavior.

The DFG awarded an Emmy Noether Award 
to Marios Georgakis for establishing an  
independent junior research group.

Leducq grant on Brain Endothelium in Cerebral 
Small Vessel Disease

Martin Dichgans among „Highly Cited  
Researchers 2022”

Hertie Network of Excellence in Clinical Neuro
science approved for prolongation

ERA-NET Collaborative grants on cerebrovascular 
diseases (CVD)

New Lab: 
„Neuronal repair and rewiring“ 
PI: Anna-Sophia Wahl

New Junior Research Group:
“Epidemiology and Bioinformatics –  
Stroke Precision Lab” PI: Marios Georgakis

News
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 February 2022  The EMBO Workshop on Stroke-Immunology 
running 9 – 12 March in Munich, Germany, will provide a 
platform for uniting experts in the field with leading scien-
tists from related research areas, including immunology, 
neuroscience, and advanced research tools. This shall faci-
litate close interactions and lasting relationships between 
established scientists in this emerging research area with 
leaders in related fields, accelerating further developments 
in stroke-immunology.

 March 2021  As an Emmy Noether awardee, Sarah Jäkel 
explores the role of oligodendrocytes – the myelin forming 
cells in the central nervous system – in the pathogenesis of 
Alzheimer’s disease. Applying cutting-edge transcriptomic 
approaches such as single-nuclei RNA-sequencing to post-
mortem human brain tissue as well as two and three-dimen-
sional human stem cell-derived oligodendrocyte cultures 
as model systems, she aims to characterize the functional 
oligodendrocyte cell states that she recently described and 
unravel their individual contribution to disease.

 July 2021  Michael Ewers received the prestigious 2021 
de Leon Prize for Neuroimaging awarded at the Alzheimer 
Association International Conference in Denver. The de Leon 
Prize in Neuroimaging recognizes senior scientists and is 
shared with Dr. Juan Fortea, Spain.

EMBO Workshop – Stroke-Immunology Sarah Jäkel joins ISD as a Junior Group Leader 

de Leon Senior Scientist Prize for Michael Ewers

 October 2021  The Bernhagen (ISD) and Kapurniotu (TUM) 
labs are among the awardees of this year’s m4 competition 
for innovative biomedical projects by the Bavarian State 
Ministry of Economic Affairs. Despite significant progress, 
atherosclerotic disease (stroke and myocardial infarction) 
remains the leading cause of death. Tackling residual inflam-
matory risk has evolved as a promising preventive strategy. 
The m4 award will enable the team to develop chemokine 
receptor mimics as drug leads to selectively inhibit key athe-
rosclerosis-causing chemokine

m4 Award for Bernhagen Lab

 June 2022  The Collaborative Research Center CRC1123 
“Atherosclerosis – Mechanisms & Networks of Novel Thera-
peutic Targets” was awarded a 3rd period until 2026. The 
cluster encompasses 20 projects. ISD scientists participate 
in projects A2, A3, B3, and B11. Jürgen Bernhagen is the 
Vice-Spokesperson. CRC1123 aims to elucidate the mecha-
nisms and molecular networks driving atherosclerosis and 
further the identification of therapeutic target candidates.

CRC1123 approved for another 4 years

November 2021  The Leducq Foundation awarded a new 
trans-atlantic network of excellence on circadian effects 
in stroke (coordinators: Eng Lo, Boston, & Alastair Buchan, 
Oxford). Together with basic, translational, and clinical scien-
tists in the USA, UK, and Spain, the ISD (PI: Steffen Tiedt) 
now seeks to understand how circadian biology affects 
stroke pathophysiology with the ultimate aim to identify 
novel therapeutic targets for stroke.

Leducq grant on circadian mechanisms in stroke

 July 2022  ISD research teams met for the annual scientific 
retreat to present their projects and discuss the science. 
At the heart of this meeting were presentations from PhD 
students, including an evening poster session, a guest 
talk by Nobel price laureate Reinhard Genzel, and focused 
workshops. The meeting further served as an opportunity to 
familiarize people with the medium- and long-term strategy 
of the ISD.

ISD Research Retreat

 October 2022  The German Research Foundation (DFG) 
has decided to fund the DFG Research Unit „ImmunoStroke: 
From Immune Cells to Stroke Recovery“ with 4.6 Million € 
for a second funding period of 3 years. The consortium is 
coordinated by Arthur Liesz and spans across 4 German uni-
versities, bringing together researchers in Munich, Hamburg, 
Essen and Münster. Find more information on https://immu-
nostroke.de.

2nd funding period for ImmunoStroke granted
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Outpatient 
Clinic

Outpatient clinic staff

Prof. Dr. med. Martin Dichgans / Clinical Director
PD Dr. med. Katharina Bürger / Senior Physician
PD Dr. med. Konstantinos Dimitriadis / Senior Physician
Prof. Dr. med. Arthur Liesz / Senior Physician

Regina Altmann / Documentalist
Imaine Ben Jeema / Study Nurse
Brigitte Faschinger / Study Nurse
Veronique Handfest / Social Worker
Sarina Heimmerer / Reception
Fabian Hirsch / Psychologist
Jonas Jäger / Student Worker
Daniel Janowitz / Physician
Dr. Maria Kaffe / Physician
Wiete Kaulbach / Reception
Nada Khalifeh / Student Worker
Barbara Klapacz / Documentalist
Dr. med. Anna Kopczak/ Physician
Dr. med. Bettina Küster / Physician
Adelina Maier / Student Worker
Michaela Müller / Psychologist 
Markus Proksch / Student Worker
Janina Schneider / Trainee
Martina Schnoor-Mayr / Reception
Dr. med. Arnulf Ignaz Steiger / Physician
Konstanze Strohm / Psychologist
Marie Susanne Suttmann / Study Nurse
Saskia Wernsdorf / Physician
Adelgunde Zollver / Study Nurse

We strive to provide the highest quality in re
cognizing, preventing, and treating cerebrovascular 
disease and cognitive decline, thus offering  
the best service to patients, their families and  
referring physicians. While meeting this priority, 
further progress is urgently needed. Much of our 
efforts go into investigator-initiated clinical studies 
and trials. We further collaborate with industry 
through participation into industry-driven multi-
center studies.

Major aims and topics of our clinical studies include:
• �the identification of disease mechanism through genetic 

and other omics approaches and through brain imaging.
• �the development of diagnostic and prognostic markers 

(MR imaging, PET, blood, CSF)
• �testing novel therapeutic strategies in randomized  

controlled trials.

Outpatient service at ISD is provided by board certified 
neurologists and psychiatrists, neuropsychologists, social 
workers, and specially trained staff for the conduct of obser-
vational studies and clinical trials Our efforts are targeted 
towards the implementation of validated treatments, and 
the search for novel therapeutic approaches. We are com-
mitted to providing the best possible treatment to individual 
patients, while acknowledging that individuals differ with 
respect to medical and non-medical factors (tailored treat-
ment, precision medicine).

Contact
Institute for Stroke and Dementia Research (ISD)
LMU Klinikum
Feodor-Lynen-Straße 17, 81377 München
Internet: www.isd-muc.de
E-Mail: ambulanz.isd@med.uni-muenchen.de
Tel.: +49-89-4400-46046

“More than ten years ago, my perception of subtle cog-
nitive impairment and my mother‘s dementia were the 
reason for a first appointment at the ISD outpatient clinic.

Even though I have been taking part in an observational 
study since then, the first time that someone mentioned 
there could be signs of a starting dementia was not be-
fore 2021. Then, finally I got the diagnosis of Alzheimer‘s 
disease. Despite our earlier suspects, my husband‘s and 
my life changed completely. 

From now on the participation in the ISD prevention 
program together with the professional and encouraging 
assistance of the ISD staff as well as the vivid exchange 
with other patients helped us to get along with the 
situation. In patient seminars and art lessons offered by 
the ISD, we learn to deal with feelings such as fear and 
helplessness. Over the years, I have come to value the 
unique atmosphere, professionalism, and empathy of the 
team. 

My husband and I, we think that the ISD team and the 
therapeutic options offered to us are crucial to live at 
best with the disease focussing on priorities that really 
matter.“
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Statistics | Outpatient Clinic

The number of appointments in 2021 and 2022 amounted 
to 1,871 and 2,107. While this is an increase of 13%, the 
numbers are still below pre-pandemic levels (2019: 2,632). 
The total number of clinical appointments was 1,373 (2021) 
and 1,564 (2022). The total number of research visits was 
498 (2021) and 543 (2022), which corresponds to an increa-
se of 9% percent.

Patients presenting to the SPU most often had one of the 
following diagnoses: 
1. Previous stroke or transient ischemic attack 
2. �Risk factors for ischemic stroke e.g. carotid artery  

stenosis, cervical artery dissection, patent foramen ovale 
3. �Risk factors for hemorrhagic stroke e.g. previous intra

cranial hemorrhage, cortical superficial siderosis, cerebral 
microbleeds, cavernoma or arteriovenous malformations

4. �General vascular risk factors e.g. hypertension,  
hyperlipidemia, obesity, or smoking

5. �Leukoencephalopathy of unknown origin or presumed 
vascular origin

6. �Suspected isolated CNS vasculitis: A special focus of the 
SPU is on rare genetic stroke etiologies, such as cere-
bral autosomal dominant arteriopathy with subcortical 
infarcts and leukoencephalopathy (CADASIL), cerebral  
autosomal recessive arteriopathy with subcortical infarcts 
and leukoencephalopathy (CARASIL), or Fabry disease. 

Patients presenting to the memory clinic usually had one of 
the following diagnoses: subjective cognitive disorder, mild 
cognitive impairment (MCI, including both amnestic MCI 
and non-amnestic MCI, both single- and multiple-domain), 
vascular dementia (VaD), Alzheimer’s disease (AD), other 
neurodegenerative dementias like frontotemporal lobar 
degeneration (FTLD), dementia with Lewy bodies (DLB), 
primary progressive aphasia (PPA) and mixed vascular and 
neurodegenerative dementia.

Clinical staff | outpatient clinic

function total number

physicians 7

neuropsychologists 3

study nurses 6

social workers 1

technical assistants 2

 outpatient office 3

clinical data manager 2

total 24

Costs | outpatient clinic

In 2022, the total costs for the outpatient clinic amounted  
to 943,971 €. 83% of these costs were covered by the  
Vascular Dementia Research Foundation.

personnel 884,896 €

material 54,215 €

investments 4,860 €

 total 943,971 €

Website Outpatient Clinic
https://www.lmu-klinikum.de/isd

Information by print products
For public outreach, the ISD is regularily producing 
flyers and products to inform patients about its work 
and prevention programs.

Follow us on Instagram
https://www.instagram.com/isd_lmu_klinikum/

Public outreach events: open house / prevention day
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As a tertiary referral center, our stroke prevention 
unit (SPU) covers the whole spectrum of neurova-
scular diseases with a special focus on primary 
and secondary stroke prevention. The risk of a 
first or recurrent stroke can be efficiently reduced 
through targeted prevention. To be successful, 
preventive interventions require early recognition 
of risk factors and their targeted treatment.

The SPU offers comprehensive diagnostic assessment, 
counselling and personalized treatment to patients  
and individuals at risk. The clinic is part of the Interdiscipli-
nary Stroke Center Munich (www.iszm.de). It closely collabo-
rates with neighboring disciplines, such as neuroradiology, 
neurosurgery, and vascular surgery. The SPU also serves 
as a platform for the planning, conduct and coordination of 
investigator-initiated trials (IITs).

Major research topics of the Stroke Prevention Unit are:
• cerebral small vessel disease 
• post-stroke dementia (PSD)
• cerebral amyloid angiopathy (CAA)
• carotid artery disease

Selected Publications

Markus HS, van Der Flier WM, Smith EE, Bath P, Biessels 
GJ, Briceno E, Brodtman A, Chabriat H, Chen C, de Leeuw 
FE, Egle M, Ganesh A, Georgakis MK, Gottesman RF, Kwon 
S, Launer L, Mok V, O‘Brien J, Ottenhoff L, Pendlebury S, 
Richard E, Sachdev P, Schmidt R, Springer M, Tiedt S, Ward-
law JM, Verdelho A, Webb A, Werring D, Duering M, Levine 
D, Dichgans M. Framework for Clinical Trials in Cerebral 
Small Vessel Disease (FINESSE): A Review. JAMA Neurol. 
2022 Nov 1;79(11):1187-1198. doi: 10.1001/jamaneu-
rol.2022.2262. 

Kopczak A, Schindler A, Sepp D, Bayer-Karpinska A, Malik R, 
Koch ML, Zeller J, Strecker C, Janowitz D, Wollenweber FA, 
Hempel JM, Boeckh-Behrens T, Cyran CC, Helck A, Harloff A, 
Ziemann U, Poli S, Poppert H, Saam T, Dichgans M. Compli-
cated Carotid Artery Plaques and Risk of Recurrent Ischemic 
Stroke or TIA. J Am Coll Cardiol. 2022 Jun 7;79(22):2189-
2199. doi: 10.1016/j.jacc.2022.03.376. Epub 2022 May 3. 

van den Brink H, Kopczak A, Arts T, Onkenhout L, Siero JCW, 
Zwanenburg JJM, Hein S, Hübner M, Gesierich B, Duering M, 
Stringer MS, Hendrikse J, Wardlaw JM, Joutel A, Dichgans 
M, Biessels GJ; SVDs@target group. CADASIL Affects Multip-
le Aspects of Cerebral Small Vessel Function on 7T-MRI. Ann 
Neurol. 2022 Oct 12. doi: 10.1002/ana.26527. Epub ahead 
of print. 

Georgakis MK, Fang R, Düring M, Wollenweber FA, Bode FJ, 
Stösser S, Kindlein C, Hermann P, Liman TG, Nolte CH, Kerti 
L, Ikenberg B, Bernkopf K, Poppert H, Glanz W, Perosa V, Ja-
nowitz D, Wagner M, Neumann K, Speck O, Dobisch L, Düzel 
E, Gesierich B, Dewenter A, Spottke A, Waegemann K, Görtler 
M, Wunderlich S, Endres M, Zerr I, Petzold G, Dichgans M; 
DEMDAS Investigators. Cerebral small vessel disease burden 
and cognitive and functional outcomes after stroke: A multi-
center prospective cohort study. Alzheimers Dement. 2022 
Jul 25. doi: 10.1002/alz.12744. Epub ahead of print. 

Cerebral small vessel disease features on brain MRI of stroke patients 
are associated with worse cognitive and functional outcomes in the 
first year after stroke.

Complicated nonstenosing carotid artery plaques (CAPs) are an 
under-recognized cause of stroke.

Patient appointment at the ISD
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Konstantinos Dimitriadis
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A decline of cognitive skills such as memory or 
attention may be normal and age-related, or  
attributable to disease processes such as vascular 
disease, depression, metabolic malfunction and 
potentially to neurodegenerative disorders inclu-
ding Alzheimer’s disease (AD).

Recent clinical trials have emphasized the potential of pre-
ventive treatment, particularly, when initiated in the pre-de-
mentia phase. Hence, there is a growing interest in improved 
options for early diagnosis. Our memory clinic offers com-
prehensive diagnostic workup, counselling, and treatment 
to individuals at risk of developing cognitive decline, as well 
as to subjects with mild cognitive impairment and patients 
suffering from early or moderate stages of dementia. Also, 
patient and caregiver-directed interventions are provided 
(patient and caregiver support group, music and art thera-
py). Group interventions had to be suspended during the 
pandemic and have now started again.

Major research topics of the Memory Clinic are:
• pre-MCI and MCI (mild cognitive impairment)
• Alzheimer’s disease (AD)
• vascular cognitive impairment (VCI)
• �cognitive reserve & mechanisms of resilience 
• frontotemporal lobar degeneration (FTLD)

White matter tissue alterations of major fibre tracts are a 
characteristic hallmark of both Alzheimer’s and cerebral 
small vessel disease. Using advanced MRI techniques, ISD 
investigators found that fibre density captures the effects of 
cerebral small vessel disease, while fibre-bundle cross-sec-
tion is largely determined by neurodegeneration following 
AD (Dewenter et al., 2022). 

Polygenic variation accounts for a substantial portion of 
the risk of Alzheimer’s disease, but its effect on the rate 
of fibrillar-tau accumulation as a key driver of dementia sym-
ptoms is unclear. Rubinski et al. showed that the rate of tau 
progression assessed via longitudinal molecular PET over 2 
years can be predicted by a set of genetic variants derived 
from the to-date largest GWAS on AD. They found that a 
polygenic risk score has utility for risk enrichment in clinical 
trials targeting tau pathology in AD.

Memory 
Clinic

Senior Physician:  
Katharina Bürger

Selected Publications

Rubinski A, Frerich S, Malik R, Franzmeier N, Ramirez A, 
Dichgans M, Ewers M; Alzheimer‘s Disease Neuroimaging 
Initiative (ADNI). Polygenic Effect on Tau Pathology Progres-
sion in Alzheimer‘s Disease. Ann Neurol. 2022 Dec 26. doi: 
10.1002/ana.26588. Epub ahead of print. 

Dewenter A, Jacob MA, Cai M, Gesierich B, Hager P, Kopczak 
A, Biel D, Ewers M, Tuladhar AM, de Leeuw FE, Dichgans M, 
Franzmeier N, Duering M; SVDs@target Consortium and 
Alzheimer’s Disease Neuroimaging Initiative (ADNI). Disen-
tangling the effects of Alzheimer‘s and small vessel disease 
on white matter fibre tracts. Brain. 2022 Jul 21:awac265. doi: 
10.1093/brain/awac265. Epub ahead of print.

Frimmer D, Buerger K. Kognitive Interventionen bei der Alz-
heimer-Krankheit. Fortschr Neurol Psychiatr. 2022 Jul;90(7-
08):344-351. German. doi: 10.1055/a-1869-4377. Epub 2022 
Jul 20.

Media coverage of the ISD outpatient clinic by local newspapers. 
Topic on prevention and diagnosis of Alzheimer‘s disease Patient appointment at the ISD
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Scope of research
The focus of ISD research is on the following topics:
• �Small vessel disease | Microvessels 
• �Atherosclerosis
• �Stroke-Immunology
• �Vascular cognitive impairment | Post-stroke dementia 
• �Neurodegeneration (AD, FTLD)
• Biology of Glia and Neuroinflammation
• Neuronal Repair and Rewiring
• Epidemiology
• Human iPSC-based disease models

Methodological approaches include
• �Prospective investigator-initiated observational and  

interventional studies in patients
• Interventional clinical trials (IITs)
• �Genetics and second-generation -omics 
• �Mendelian randomization studies
• Single cell sequencing | Computational biology
• CRISPR/Cas genome editing
• �Induced pluripotent stem cells (iPSCs) | Tissue  

engineering | Advanced in vitro models
• Immune cell phenotyping | FACS
• Biochemistry | Proteomic techniques
• Receptor-ligand interaction profiling
• �Experimental stroke models (ischemia, hemorrhage,  

subarachnoid hemorrhage)
• �Experimental atherosclerosis models (chronic  

atherogenesis, neointima formation, hyperlipidemia)
• �In vivo microscopy (multi-photon, FLIM-FRET,  

light-sheet, confocal) 
• Tissue clearing & light sheet microscopy
• Behavioral testing
• MRI & PET (human and mouse)
• Advanced image postprocessing analysis
• Spatial transcriptomics
• Proteomics or brain microvessels, and defined cell-types

Research Groups

Translational Research Martin Dichgans
Vascular Biology Jürgen Bernhagen
Biology of Glia and Neuroinflammation Mikael Simons
Stroke-Immunology Arthur Liesz
Brain Imaging and Biomarker Michael Ewers
iPSC-Models of Brain Diseases Dominik Paquet
Experimental Stroke Research Nikolaus Plesnila
Acute Brain Injury Ali Ertürk
Vascular Cognitive Impairment Marco Düring

Junior Research Groups

Systems Neuroscience Ozgun Gokce
Microbiome-Gut-Brain Interactions Corinne Benakis
Alzheimer’s Disease Neuroimaging Nicolai Franzmeier
Oligodendrocyte Pathology Sarah Jäkel
Molecular Biomarkers Steffen Tiedt
Epidemiology and Bioinformatics Marios Georgakis

Research

ISD Lab
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We are interested in the molecular, cellular, and physiolo-
gical mechanisms of stroke and cerebrovascular disease. 
We use genetic approaches to identify novel risk genes 
and explore their functional role in vitro and in vivo using 
genome-editing, proteomics, and imaging technology. We 
are particularly interested in cerebral small vessel disease 
and large artery atherosclerotic stroke.

A major starting point of our work are patients with stroke 
that are examined through prospective clinical studies 
along with healthy individuals. We apply genetic (GWAS and 
sequencing) and other omics techniques to identify novel 
targets and pathways relevant to specific mechanistically 
defined stroke subtypes. 

We use this information to explore relationships with 
informative intermediate (e.g. vascular, metabolic) and 
related phenotypes (e.g. coronary artery disease). We have 
established genetic mouse models for cerebral small vessel 
disease (SVD) derived from the genetic discoveries (e.g. 
HtrA1, Col4A1, Foxf2) and use these models to identify 
and characterize key molecular (e.g. TGF-ß signaling) and 
physiological (e.g. blood-brain-barrier) pathways and cellular 
targets (in particular vascular endothelial cells and brain 
pericytes) relevant to the pathogenesis of SVD.

Another area increasingly moving into the focus of our 
research is atherosclerosis. We in collaboration with others 
recently identified several risk loci for large artery stroke 
and are currently exploring the role of relevant genes (e.g. 
HDAC9, SCARF1) in atherogenesis and vascular injury.

Key Publications

Mishra A*, Malik R*, (...), Dichgans M  , Debette S .  
Stroke genetics informs drug discovery and risk prediction 
across ancestries. Nature. Nov;611(7934):115-123. doi: 
10.1038/s41586-022-05165-3. Epub 2022 Sep 30. 

Georgakis MK, (...), Dichgans M; DEMDAS Investigators. 
Cerebral small vessel disease burden and cognitive and func-
tional outcomes after stroke: A multicenter prospective co-
hort study. Alzheimers Dement. 2022 Jul 25. doi: 10.1002/
alz.12744. Epub ahead of print. 

Kopczak A, (...), Dichgans M. Complicated Carotid Artery 
Plaques and Risk of Recurrent Ischemic Stroke or TIA.  
J Am Coll Cardiol. 2022 Apr 27:S0735-1097(22)04687-3. 
doi: 10.1016/j.jacc.2022.03.376. Epub ahead of print. 

Rost NS, Brodtmann A, Pase MP, van Veluw SJ, Biffi A,  
Duering M, Hinman JD, Dichgans M. Post-Stroke 
Cognitive Impairment and Dementia. Circ Res. 2022 
Apr 15;130(8):1252-1271. doi: 10.1161/CIRCRESA-
HA.122.319951. Epub 2022 Apr 14. 

Georgakis MK, (...), Dichgans M. Targeting the CCL2-CCR2 
axis for atheroprotection. Eur Heart J. 2022 Mar 7:ehac094. 
doi: 10.1093/eurheartj/ehac094. Epub ahead of print. 

Malik R, Georgakis MK, Neitzel J, Rannikmäe K, Ewers M, 
Seshadri S, Sudlow CLM, Dichgans M. Midlife vascular risk 
factors and risk of incident dementia: Longitudinal cohort  
and Mendelian randomization analyses in the UK Biobank.  
Alzheimers Dement. 2021 Sep;17(9):1422-1431. doi: 
10.1002/alz.12320. Epub 2021 Mar 22. 

Georgakis MK, Malik R, Li X, Gill D, Levin MG, Vy HMT, Judy 
R, Ritchie M, Verma SS; Regeneron Genetics Center, Nadkar-
ni GN, Damrauer SM, Theodoratou E, Dichgans M. Geneti-
cally Downregulated Interleukin-6 Signaling Is Associated 
With a Favorable Cardiometabolic Profile: A Phenome-Wide 
Association Study. Circulation. 2021 Mar 16;143(11):1177-
1180. doi: 10.1161/CIRCULATIONAHA.120.052604. Epub 
2021 Mar 15. 

Prof. Dr. med. Martin Dichgans / PI
Dr. Yaw Asare / Postdoc
Dr. Nathalie Beaufort / Postdoc
Dr. Marios Georgakis / Postdoc
Dr. med. Anna Kopczak / Clinician Scientist
Dr. med. Maria Kaffe / Clinician Scientist
Barbara Lindner / Technical Assistant
Dr. Rainer Malik / Postdoc
Melanie Schneider / Technical Assistant
Dr. Katalin Todorov-Völgyi / Postdoc
Dr. Karin Waegemann / Research Coordinator
Jenni Alt / Team Assistant
Arailym Aronova / PhD Student
Jule Filler / PhD Student
Simon Frerich / PhD Student
Judit Gonzalez Gallego / PhD Student
Christina Schlegl / MD Student       
Luise Schröger / PhD Student
Federica Tosato / PhD Student
Luka Zivkovic / MD Student

https://www.isd-research.de/dichgans-lab
 @ISD_Research

Translational 
Stroke  
and Dementia 
Research

Principal Investigator: 
Martin Dichgans

Research

Risk prediction for ischemic stroke in a trial setting using an integ-
rated polygenic score. Compared to individuals in the middle decile 
(45-55%, gray area) individuals in the upper 0.1 percentile of the score 
distribution have a hazard ratio of 5.38 of experiencing an incident 
stroke (Mishra et al. Nature, 2022)
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Prof. Dr. rer. nat. Jürgen Bernhagen / PI
Barbara Hönig / Team Assistant
Dr. rer. nat. Omar El Bounkari / Senior Staff Scientist
Dr. med. Adrian Hoffmann / LMUexc Clinician Scientist
Simona Gerra / Technical Assistant
Maida Avdic / Technical Assistant
Dr. rer. nat. Markus Brandhofer / Postdoctoral Investigator 
Yuan Tian, PhD / Postdoctoral Investigator
Ying Gao, MD / PhD Student
Bishan Yang / PhD Student
Lin Zhang / PhD Student
Kobra Moradzadeh Gavbazeh / PhD Student
Simon Ebert / PhD Student
Noor Ismail, cand. med. / MD Student
Michael Kobina Otabil / PhD Student
Elena Siminkovic, cand. med. / MD Student
Lukas Spiller, cand. med. / MD Student
Dario Ponto, cand. med. / MD Student
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We are interested in mechanisms of cardiovascular 
disease and inflammation. The main focus is on atypical 
chemokines, inflammatory signaling-pathways, and leuko-
cyte recruitment in atherosclerosis, a chronic inflamma-
tory condition of arterial vessels and the main underlying 
condition of ischemic stroke. We study these mechanisms 
from basic vascular biology to the design of therapeutic 
strategies and clinical translation.

We discovered the cytokine MIF and characterized it as 
a key atypical chemokine (Bernhagen et al., Nature 1993; 
Bernhagen et al., Nat. Med. 2007). Relying on biochemical/
vascular biology methods in combination with multi-photon-
microscopy, scRNAseq, proteomics, transgenic mouse mo-
dels and clinical approaches, we study the entire MIF family 
(MIF, MIF-2, CXCR2, CXCR4, CXCR7, CD74, novel MIFs) and 
related chemokines in atherosclerosis, ischemic stroke, and 
myocardial infarction (e.g. Merk et al., PNAS 2011; Lüdike 
et al., Circulation 2012; Stoppe et al., Sci Transl Med 2018; 
Kontos et al., Nat Commun 2020; Tilstam et al., J Clin Invest 
2021). Capitalizing on collaborations at ISD, SFB1123, and 
DZHK, this involves deciphering ligand/receptor pathways, 
interactions between atypical and classical chemokines 
driving leukocyte recruitment, mechanisms of oxidation, 
ischemia/reperfusion and alarmins such as HMG-proteins 
(Schindler et al., Redox Biol 2018; Roth et al., Sci Transl Med 
2018; Dobersch et al., Nat Commun, 2021; Brandhofer et al., 
Cell Mol Life Sci 2022). Together with the Gokce Lab, we elu-
cidate links between MIF proteins, microglial inflammation 
and Alzheimer’s (AD) pathogenesis.

Another focus is on pathways mediated by the multi-protein 
signaling complexes such as the COP9 signalosome (CSN) 
atherogenesis and neuroinflammation, as well as NFκB/
HDAC9 and the NLRP3 inflammasome in cooperation with 
the Asare/Dichgans lab (Asare et al., Circ Res 2020; Asare 
et al., Signal Transduct Target Ther. 2022). The CSN is regu-
lates CRL E3 ligase NEDDylation, controlling degradation of 
various proteins. Based on our initial discovery linking the 
CSN to inflammation (Kleemann et al., Nature 2000), we 
identified an atheroprotective effect of CSN5 (Asare et al., 
PNAS 2017). Current work focuses on the CSN holocomplex 
and plaque destabilization and CSN-based pharmacological 

strategies. Capitalizing on local and international collabo-
rations, we pursue links to other inflammatory conditions 
and neurodegeneration in AD and ALS (e.g. Taş et al., Nat 
Commun 2022).

Vascular 
Biology

Principal Investigator: 
Jürgen Bernhagen

Key Publications

Kapurniotu A, Bernhagen J. Lasso-grafted designer cytoki-
nes. Nat Biomed Eng. 2022 Nov 24. doi: 10.1038/s41551-
022-00974-3. Epub ahead of print. 

Brandhofer M, Hoffmann A, (...), Kapurniotu A, Weber C, von 
Hundelshausen P, Bernhagen J. Heterocomplexes between 
the atypical chemokine MIF and the CXC-motif chemokine 
CXCL4L1 regulate inflammation and thrombus formation. 
Cell Mol Life Sci. 2022 Sep 12;79(10):512. doi: 10.1007/
s00018-022-04539-0. 

Asare Y, Shnipova M, Živković L, Schlegl C, Tosato F, Aronova 
A, Brandhofer M, Strohm L, Beaufort N, Malik R, Weber C, 
Bernhagen J, Dichgans M. IKKβ binds NLRP3 providing a 
shortcut to inflammasome activation for rapid immune res-
ponses. Signal Transduct Target Ther. 2022 Oct 19;7(1):355. 
doi: 10.1038/s41392-022-01189-3. 

Taş K, Volta BD, Lindner C, El Bounkari O, Hille K, Tian Y, (…), 
Weber C, Megens RTA, Bernhagen J, Kapurniotu A. Designed 
peptides as nanomolar cross-amyloid inhibitors acting via 
supramolecular nanofiber co-assembly. Nat Commun. 2022 
Aug 25;13(1):5004. doi: 10.1038/s41467-022-32688-0.

Georgakis MK*, Bernhagen J*, Heitman LH, Weber C, Dich-
gans M. Targeting the CCL2-CCR2 axis for atheroprotection. 
Eur Heart J. 2022 May 14;43(19):1799-1808. doi: 10.1093/
eurheartj/ehac094. 

Mohanta SK, (...), Michel JB, Bernhagen J, Dichgans M, 
D‘Agostino G, Guzik TJ, Olofsson PS, Yin C, Weber C, Lembo 
G, Carnevale D, Habenicht AJR. Neuroimmune cardiova-
scular interfaces control atherosclerosis. Nature. 2022 
May;605(7908):152-159. doi: 10.1038/s41586-022-04673-6. 
Epub 2022 Apr 27.

Schindler L, Smyth LCD, Bernhagen J*, Hampton MB, 
Dickerhof N*. Macrophage migration inhibitory factor (MIF) 
enhances hypochlorous acid production in phagocytic neu-
trophils. Redox Biol. 2021 Mar 30;41:101946. doi: 10.1016/j.
redox.2021.101946. Epub ahead of print. 



30 31ISD Annual Report 2021/2022 Research

Prof. Dr. med. Mikael Simons / PI
Jana Salovic / Team Assistant
Dr. Stefan Berghoff / Postdoc
Dr. Ludovico Cantuti-Castelvetri / Postdoc
Dr. med. Minou Djannatian / Clinician Scientist
Dr. Seiji Kaji / Postdoc
Dr. med Johanna Knoeferle / Postdoc
Dr. Lena Spieth / Postdoc
Alkmini Damkou / PhD Student
Liliana Pedro Domingues / PhD Student
Garyfallia Gouna / PhD Student
Tugberk Kaya / PhD Student
Shreeya Kedia / PhD Student
Swathi Radha / PhD Student
Lennart Schlaphoff / PhD Student
Vini Tiwari / PhD Student
Martin Zirngibl / PhD Student
Jianping Wu / PhD Student
Agata Rhomberg / Technician
Tommaso Di Genio / Master Student
Simona Vitale / Master Student
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Key Publications

Kaya T, Mattugini N, Liu L, Ji H, Cantuti-Castelvetri L, Wu J, 
Schifferer M, Groh J, Martini R, Besson-Girard S, Kaji S, Liesz 
A, Gokce O*, Simons M*. CD8+ T cells induce interferon-re-
sponsive oligodendrocytes and microglia in white matter 
aging. Nat Neurosci. 2022 Nov;25(11):1446-1457. doi: 
10.1038/s41593-022-01183-6. Epub 2022 Oct 24. 

Franklin RJM, Simons M. CNS remyelination and inflamma-
tion: From basic mechanisms to therapeutic opportunities 
Neuron 2022 Nov 2;110(21):3549-3565

Safaiyan S*, Besson-Girard S*, Kaya T, Cantuti-Castelvetri 
L, Liu L, Ji H, Schifferer M, Gouna G, Usifo F, Kannaiyan 
N, Fitzner D, Xiang X, Rossner MJ, Brendel M, Gokce O, 
Simons M*. White matter aging drives microglial diversity. 
Neuron. 2021 Apr 7;109(7):1100-1117.e10. doi: 10.1016/j.
neuron.2021.01.027. Epub 2021 Feb 18. 

Bosch-Queralt M, Cantuti-Castelvetri L, Damkou A, Schif-
ferer M, Schlepckow K, Alexopoulos I, Lütjohann D, Klose C, 
Vaculčiaková L, Masuda T, Prinz M, Monroe KM, Di Paolo G, 
Lewcock JW, Haass C, Simons M. Diet-dependent regula-
tion of TGFβ impairs reparative innate immune responses 
after demyelination. Nat Metab. 2021 Feb;3(2):211-227. doi: 
10.1038/s42255-021-00341-7. Epub 2021 Feb 18. 

Mukherjee C*, Kling T*, Russo B, Miebach K, Kess E, 
Schifferer M, Pedro LD, Weikert U, Fard MK, Kannaiyan N, 
Rossner M, Aicher ML, Goebbels S, Nave KA, Krämer-Albers 
EM, Schneider A*, Simons M*. Oligodendrocytes Provide An-
tioxidant Defense Function for Neurons by Secreting Ferritin 
Heavy Chain. Cell Metab. 2020 Aug 4;32(2):259-272.e10.  
doi: 10.1016/j.cmet.2020.05.019. Epub 2020 Jun 11. 

Glia are essential for the function of the nervous system. 
We study how glial cells contribute to brain function and 
how their dysfunction leads to diseases. Our research ran-
ges from functions of glia during nervous system develop-
ment and maintenance to their role in aging, neurodege-
nerative and inflammatory diseases. Our lab combines 
genetic, molecular, biochemical and advanced light and 
electron microscopy techniques to study how glia operate 
in health and disease.

Our focus is on myelin, an insulating membrane sheath pro-
duced by oligodendrocytes in the central nervous system. 

Destruction of myelin leads is a pathological hallmark of 
multiple sclerosis, but is also associated with several 
neurodegenerative disorders. Another focus is on the 
biology of microglia, and their functions in regenerative 
and degenerative processes.

One current research project is on white matter aging 
and on the question of how myelin aging drives chronic 

inflammatory responses, and how inflammation is linked 
to the pathogenesis of age-related diseases. We are also 
interested in the neuroprotective role of glia, in particular 
oligodendrocytes, in aging and neurodegeneration. To ad-
dress these questions, we make use of single cell genomics, 
proteomics and lipidomics, and combine these analyses 
with functional studies in vivo by employing genetics and 
imaging techniques.

Another important area of research is on the functions of 
lipoproteins in development, regeneration, aging and neuro-
degeneration with the CNS. We are analyzing how lipoprote-
ins function as vehicles in intercellular communication, and 
are exploring their functions as an extracellular surveillance 
and delivery system that connects lipid metabolic pathways 
between the different cells.

The lab is part of the Institute of Neuronal Cell Biology, 
belongs to the TUM Faculty of Medicine, and is affiliated 
with the German Center for Neurodegenerative Diseases 
and the Institute for Stroke and Dementia Research. Our lab 
is located at the Center of Stroke and Dementia Research at 
Campus Grosshadern in Munich.

30
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Key Publications

Benakis C, Simats A, Tritschler S, Heindl S, Besson-Girard 
S, Llovera G, Pinkham K, Kolz A, Ricci A, Theis FJ, Bittner S, 
Gökce Ö, Peters A, Liesz A. T cells modulate the microglial 
response to brain ischemia. Elife. 2022 Dec 13;11:e82031. 
doi: 10.7554/eLife.82031.  

Simats A, Liesz A. Systemic inflammation after stroke: 
implications for post-stroke comorbidities. EMBO Mol Med. 
2022 Sep 7;14(9):e16269. doi: 10.15252/emmm.202216269. 
Epub 2022 Aug 15. 

Heindl S, Ricci A, Carofiglio O, Zhou Q, Arzberger T, Lenart N, 
Franzmeier N, Hortobagyi T, Nelson PT, Stowe AM, Denes A, 
Edbauer D, Liesz A. Chronic T cell proliferation in brains after 
stroke could interfere with the efficacy of immunotherapies. 
J Exp Med. 2021 Aug 2;218(8):e20202411. doi: 10.1084/
jem.20202411. Epub 2021 May 26. 

Colombo AV, Sadler RK, Llovera G, Singh V, Roth S, Heindl 
S, Sebastian Monasor L, Verhoeven A, Peters F, Parhizkar S, 
Kamp F, Gomez de Aguero M, MacPherson AJ, Winkler E, 
Herms J, Benakis C, Dichgans M, Steiner H, Giera M, Haass 
C, Tahirovic S, Liesz A. Microbiota-derived short chain fatty 
acids modulate microglia and promote Aβ plaque deposition. 
Elife. 2021 Apr 13;10:e59826. doi: 10.7554/eLife.59826. 

Roth S, Yang J, Cramer JV, Malik R, Liesz A. Detection of cy-
tokine-induced sickness behavior after ischemic stroke by an 
optimized behavioral assessment battery. Brain Behav Im-
mun. 2021 Jan;91:668-672. doi: 10.1016/j.bbi.2020.11.016. 
Epub 2020 Nov 14. 

Roth S, Cao J, Singh V, Tiedt S, Hundeshagen G, Li T, Boeh-
me JD, Chauhan D, Zhu J, Ricci A, Gorka O, Asare Y, Yang J, 
Lopez MS, Rehberg M, Bruder D, Zhang S, Groß O, Dichgans 
M, Hornung V, Liesz A. Post-injury immunosuppression and 
secondary infections are caused by an AIM2 inflammasome-
driven signaling cascade. Immunity. 2021 Apr 13;54(4):648-
659.e8. doi: 10.1016/j.immuni.2021.02.004. Epub 2021  
Mar 4. 

We are interested in the interplay between the brain and 
the immune system after stroke. Acute brain lesions 
disturb the well-balanced interconnection between both 
systems. Hence, our research focuses on both directi-
ons of brain-immune interaction: The impact of immune 
mechanisms on neuronal damage and recovery and the 
systemic immunomodulation after stroke.

Our methodological spectrum covers diverse brain ischemia 
models, transgenic animal models, a broad spectrum of 
cutting-edge immunological techniques as well as histologi-
cal, biomolecular and behavioral analysis tools. The lab has 
a strong translational research focus with the ultimate goal 
to develop novel diagnostic tools, therapies and mecha-
nistic insights on the highly complex disease which stroke 
represents. 

Currently, the laboratory focuses on the following 
main research topics within the area of brain- 
immune interaction:

1. Chronic neuroinflammation and neurological 
recovery: Ischemic brain lesions not only induce an 

acute inflammatory response to the tissue injury but result 
in chronic neuroinflammation which is insufficiently resol-
ved. We are interested in the mechanisms contributing to 
chronic neuroinflammation and ist impact on neurological 
recovery.

2. The systemic inflammatory response to stroke Stroke 
induces a multi-phasic sterile inflammatory response in the 
systemic immune compartment. We investigate immuno-
logical mechanisms regulating the systemic immune res-
ponse and aim to identify novel immunological drug targets.

3. Immune-mediated comorbidities of stroke patients
The morbidity of stroke patients depends largely on non-
neurological comorbidities such as post-stroke infections, 
metabolic disorders and vascular inflammation (atheroscle-
rosis). We analyze the contribution of post-stroke inflamma-
tion to induction and exacerbation of such comorbidities.

Stroke- 
Immunology

Principal Investigator: 
Arthur Liesz
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Key Publications

Rubinski A, Frerich S, Malik R, Franzmeier N, Ramirez A, 
Dichgans M, Ewers M; Alzheimer‘s Disease Neuroimaging 
Initiative (ADNI). Polygenic Effect on Tau Pathology Progres-
sion in Alzheimer‘s Disease. Ann Neurol. 2022 Dec 26. doi: 
10.1002/ana.26588. Epub ahead of print. .

Rubinski A, Franzmeier N, Dewenter A, Luan Y, Smith R, 
Strandberg O, Ossenkoppele R, Dichgans M, Hansson O, 
Ewers M; Alzheimer’s Disease Neuroimaging Initiative 
(ADNI). Higher levels of myelin are associated with higher 
resistance against tau pathology in Alzheimer‘s disease. 
Alzheimers Res Ther. 2022 Sep 24;14(1):139 

Franzmeier N, Brendel M, Beyer L, Slemann L, Kovacs GG, 
Arzberger T, Kurz C, Respondek G, Lukic MJ, Biel D, Rubinski 
A, Frontzkowski L, (...), Stephens AW, Lee EB, Coughlin DG, 
Giese A, Grossman M, McMillan CT, Gelpi E, Molina-Porcel 
L, Compta Y, van Swieten JC, Laat LD, Troakes C, Al-Sarraj S, 
Robinson JL, Xie SX, Irwin DJ, Roeber S, Herms J, Simons 
M, Bartenstein P, Lee VM, Trojanowski JQ, Levin J, Höglinger 
G, Ewers M. Tau deposition patterns are associated with 
functional connectivity in primary tauopathies. Nat Commun. 
2022 Mar 15;13(1):1362. doi: 10.1038/s41467-022-28896-3. 

Ewers M, Luan Y, Frontzkowski L, Neitzel J, Rubinski A, 
Dichgans M, (...), Fox NC, O‘Connor A, Salloway S, Danek 
A, Buerger K, Bateman RJ, Habeck C, Stern Y, Franzmeier 
N; Alzheimer’s Disease Neuroimaging Initiative and the 
Dominantly Inherited Alzheimer Network. Segregation of 
functional networks is associated with cognitive resilience in 
Alzheimer‘s disease. Brain. 2021 Aug 17;144(7):2176-2185. 
doi: 10.1093/brain/awab112. 

Neitzel J, Franzmeier N, Rubinski A, Dichgans M, Brendel M; 
Alzheimer’s Disease Neuroimaging Initiative (ADNI), Malik R, 
Ewers M. KL-VS heterozygosity is associated with lower amy-
loid-dependent tau accumulation and memory impairment in 
Alzheimer‘s disease. Nat Commun. 2021 Jun 22;12(1):3825. 
doi: 10.1038/s41467-021-23755-z. 

Principal Investigator: 
Michael Ewers

Our research focuses on the spreading of key pathologies 
in Alzheimer’s disease (AD) and the improvement of pre-
diction tools. Specifically, we combine functional connec-
tomics, genetics and advanced molecular PET markers 
to model the spatiotemporal evolution of fibrillar tau and 
beta-amyloid. Our prediction models are tailored to enable 
precision-medicine guided patient-level prognosis of dis-
ease progression. Another research focus of our team cen-
ters on brain mechanisms underlying cognitive resilience 
in AD. Specifically, we examine the protective factors of 
the brain’s innate immune system along with functional 
network changes that alleviate cognitive decline. 

Functional connectome & progression of tau pathology 
Neurofibrillar tangles are the single most important drivers 
of neurodegeneration and cognitive decline in AD. The 
tau-bearing tangle deposits progress in spatiotemporally dis-
tinct patterns in the brain, but which factors shape that spa-
tial distribution is unclear. Based on joined resting-state fMRI 
connectivity and tau PET analysis, we found that fibrillar 
tau accumulation progresses from initial epicenters of high 
tau to those brain areas that are most closely connected to 
the epicenter in AD. We recently extended these findings on 
connectivity-based prediction of tau to 4R primary tauopa-
thies, combining PET and histopathologically detected tau. 
Therefore, our approach allows to predict the progression of 
tau accumulation across different tauopathies.

Modulating factors of beta-amyloid fibrillar tau  
Another research interest is to discovery those factors that 
modulate the susceptibility to develop tau pathology in AD. 
One focus centers on identifying genetic risk for the predic-
tion of beta-amyloid and tau accumulation. We demonstrat-
ed worsening effects of AD-risk variants in BIN1 (Franzmeier 
et al. Alzheimer’s dementia, 2022) are associated with faster 
tau pathology, but SNPs in Klotho were protective against 
both Aß and fibrillar tau (Neitzel et al. Nat Commun 2019). 
In addition, we developed a polygenic risk score to combine 
the effect of multiple SNPs for the prediction of tau-PET 
accumulation, which could be utilized for risk enrichment in 
clinical trials (Rubinski et al. Annals Neurology, 2022).

A second focus centers on myelin, i.e. the membrane protein 
which ensheats the axons in the brain. We revealed that 
ontogenetically lower myelinated brain regions are those 
that exhibit highest susceptibility to tau pathology in AD (Ru-
binski et al. Alz Res Ther, 2022). In patients with AD, myelin 
is reduced and a decrease of myelin was associated with 
faster tau accumulation (Rubinski et al. in progress). These 
findings suggest that myelin alterations may contribute to 
the etiology of AD and are a potential treatment target. 

Functional networks supporting cognitive resilience  
Cognitive resilience designates the ability to show dispropor-
tional high levels of cognitive function despite substantial 
brain pathology. Cognitive resilience is an important factor 
slowing down the development of dementia in AD, but the 
underlying mechanism are not well understood. To address 
that question, we focus on the topological characteristics 
of the functional connectome of the brain that underly 
resilience. Using graph theoretical analyses, we identified 
hub connectivity in the fronto-parietal control network as 
well as higher segregation of functional works (Ewers et al. 
Brain, 2021) as key neural substrates supporting cognitive 
resilience against pathologic tau. 

Brain 
Imaging & 
Biomarker
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The Paquet Lab aims to build human tissue models reca-
pitulating major brain diseases. To establish these models, 
we apply and combine cutting-edge technologies, such as 
CRISPR/Cas genome editing, induced pluripotent stem cells 
(iPSCs), differentiation of iPSCs into human brain cells, and 
brain tissue engineering. Using these models, we aim to 
understand the molecular and cellular mechanisms leading 
to nerve cell damage and death, and subsequent cognitive 
decline in patients with neuropsychiatric disorders and 
neurovascular impairments.

Due to the inaccessibility of human brain cells for molecular 
research, neurodegenerative diseases have mostly been 
studied in animal and simplified cellular models, which have 
significantly broadened our knowledge, but have drawbacks 
limiting successful translational research. We aim to address 
this gap by developing human iPSC-based model systems, 
which allow studying somatic cell types directly affected by 
disease, such as neurons, astrocytes, microglia, oligodendro-
cytes, smooth muscle cells and endothelial cells. 

We have recently established protocols for the optimized 
differentiation of major human brain cell types, developed effi-
cient technologies to introduce and remove patient mutations 
using CRISPR/Cas genome editing, and set up technologies 
to generate multicellular human tissues from stem cells mod-
eling brain parenchyma and the neurovascular unit (NVU). 

By engineering synergistic combinations of familial mutations 
causing Alzheimer’s disease (AD) or Frontotemporal dementia 
(FTD) into our models, we can elicit typical phenotypes, such 
as Abeta accumulation in the extracellular matrix of the AD 
model, or formation of Tau seeds, misfolding and aggregation 
in the FTD model. By showing these late-stage phenotypes, 
our models allow novel studies on disease mechanisms that 
were so far out of reach in existing models. 

Our in vitro human NVU model not only displays brain-typical 
features, such as tight and adherens junctions, barrier for-
mation, and perfusability, but loss of a gene associated with 
neurovascular diseases also causes characteristic disease 
phenotypes, such a barrier loss and increase of transport, 
both affecting BBB function. 

Principal Investigator: 
Dominik Paquet
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Pantazis CB, (...), Crusius D, Paquet D, Raulin AC, (...), Erle-
bach L, Welzer M, Kronenberg-Versteeg D, Lyu G, Arenas 
E, Coccia E, Sarrafha L, Ahfeldt T, Marioni JC, Skarnes WC, 
Cookson MR, Ward ME, Merkle FT. A reference human 
induced pluripotent stem cell line for large-scale collaborative 
studies. Cell Stem Cell. 2022 Dec 1;29(12):1685-1702.e22. 
doi: 10.1016/j.stem.2022.11.004. 

Scotto Rosato A, Krogsaeter EK, (…), Gruber-Schoffnegger 
D, Cotman S, Johannes L, Crusius D, Boehm U, Wahl-Schott 
C, Biel M, Bracher F, De Leonibus E, Polishchuk E, Medina 
DL, Paquet D*, Grimm C*. TPC2 rescues lysosomal storage 
in mucolipidosis type IV, Niemann-Pick type C1, and Batten 
disease. EMBO Mol Med. 2022 Sep 7;14(9):e15377. doi: 
10.15252/emmm.202115377. Epub 2022 Aug 5. *co-senior 
authors

Reifschneider A, Robinson S, van Lengerich B, Gnörich J, 
Logan T, Heindl S, (...), Klimmt J, Götzl JK, Liesz A, Bürger 
K, Brendel M, Levin J, Diehl-Schmid J, Suh J, Di Paolo G, 
Lewcock JW, Monroe KM*, Paquet D*, Capell A*, Haass C*. 
Loss of TREM2 rescues hyperactivation of microglia, but not 
lysosomal deficits and neurotoxicity in models of progra-
nulin deficiency. EMBO J. 2022 Feb 15;41(4):e109108. doi: 
10.15252/embj.2021109108. Epub 2022 Jan 12.  *co-senior 
authors

Weisheit I, Kroeger JA, Malik R, Wefers B, Lichtner P, Wurst 
W, Dichgans M, Paquet D. Simple and reliable detection of 
CRISPR-induced on-target effects by qgPCR and SNP genoty-
ping. Nature Protocols 16, 2021: 1714–1739.

Weisheit I, Kroeger JA, Malik R, Klimmt J, Crusius D, Dannert 
A, Dichgans M, Paquet D. Detection of Deleterious On-Target 
Effects after HDR-Mediated CRISPR Editing. Cell Rep. 2020 
May 26;31(8):107689. doi: 10.1016/j.celrep.2020.107689. 

Klimmt J, Dannert A, Paquet D. Neurodegeneration in a dish: 
advancing human stem-cell-based models of Alzheimer‘s 
disease. Curr Opin Neurobiol. 2020 Apr;61:96-104. doi: 
10.1016/j.conb.2020.01.008. Epub 2020 Feb 26.
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The main interest of the laboratory is to study cerebral 
microvessels in health and disease and to use the evolving 
knowledge to develop novel therapeutic strategies for 
patients. For this purpose, we use in vitro and in vivo mod-
els for acute and chronic brain disorders, e.g., ischemic 
and hemorrhagic stroke or brain trauma, and investigate 
neuro-vascular morphology and function by using AAV- 
and nanoparticle-based labeling and genetically encoded 
sensor technology together with in vivo multi-photon 
microscopy. 

Current investigations focus around two main topics: 1) the 
role of the cerebral microcirculation for brain injury after 
subarachnoid hemorrhage (SAH) and 2) the function of 
cerebral microvessels following cerebral ischemia.

Experiments on the cerebral microcirculation of the isch-
emic penumbra using nanoparticle tracing, transgenic re-
porter mice, and in vivo microscopy revealed that pericytes, 
the contractile cellular elements of cerebral capillaries, 
constrict during and long-term after cerebral ischemia.  
Thus, pericytes may be involved in the no-reflow phenome-
non after ischemic stroke. Post-ischemic microvascular  
constrictions may also mediate leukocyte plugging,  
however, we observed such changes only in the infarct 
core. In the ischemic penumbra leukocytes adhered mainly 
to post-capillary venules, a process which was blunted 
by inhalation of NO. Our most recent results suggest that 
post-ischemic tissue perfusion may be critically limited by 
the secondary formation of microvascular clots. Delayed 
micro-clot formation induces significant changes in the 
surrounding brain parenchyma and may thus contribute to 
neuroinflammation and additional tissue damage beyond its 
effects on tissue perfusion. 
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Key Publications

Khalin I, Adarsh N, Schifferer M, Wehn A, Groschup B, 
Misgeld T, Klymchenko A, Plesnila N. Size-Selective Transfer 
of Lipid Nanoparticle-Based Drug Carriers Across the Blood 
Brain Barrier Via Vascular Occlusions Following Traumatic 
Brain Injury. Small. 2022 May;18(18):e2200302. 

Terpollili NA, Dolp R, Waehner K, Schwarzmaier SM, Rumbler 
E, Todorov B, Ferrari MD, van den Maagdenberg AMJM, 
Plesnila N. CaV2.1 channel mutations causing familial hemi-
plegic migraine type 1 increase the susceptibility for cortical 
spreading depolarizations and seizures and worsen outcome 
after experimental traumatic brain injury. Elife. 2022 Mar 
3;11:e74923. doi: 10.7554/eLife.74923. 

Auffenberg E, Hedrich UB, Barbieri R, Miely D, Groschup B, 
Wuttke TV, Vogel N, Lührs P, Zanardi I, Bertelli S, Spielmann 
N, Gailus-Durner V, Fuchs H, Hrabě de Angelis M, Pusch M, 
Dichgans M, Lerche H, Gavazzo P, Plesnila N*, Freilinger 
T*. Hyperexcitable interneurons trigger cortical spreading 
depression in an Scn1a migraine model. J Clin Invest. 2021 
Nov 1;131(21):e142202. doi: 10.1172/JCI142202. 

Liu H, Schwarting J, Terpolilli NA, Nehrkorn K, Plesnila N. 
Scavenging Free Iron Reduces Arteriolar Microvasospasms 
After Experimental Subarachnoid Hemorrhage. Stroke. 2021 
Dec;52(12):4033-4042. 

Seker FB, Fan Z, Gesierich B, Gaubert M, Sienel RI, Ples-
nila N. Neurovascular Reactivity in the Aging Mouse Brain 
Assessed by Laser Speckle Contrast Imaging and 2-Photon 
Microscopy: Quantification by an Investigator-Independent 
Analysis Tool. Front Neurol. 2021 Nov 11;12:745770. 

Khalin I, Severi C, Heimburger D, Wehn A, Hellal F, Reisch 
A, Klymchenko AS, Plesnila N. Dynamic tracing using 
ultra-bright labeling and multi-photon microscopy identifies 
endothelial uptake of poloxamer 188 coated poly(lactic-co-
glycolic acid) nano-carriers in vivo. Nanomedicine. 2022 
Feb;40:102511.
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My laboratory is interested in understanding key mech-
anisms leading to neurodegeneration and inflammation 
in acute brain injuries and dementia. In particular, we are 
interested in studying the skull-meninges connections that 
we recently discovered. Towards this goal we use unbiased 
technologies including single cell RNAseq, Mass Spec-
based proteomics, and deep tissue antibody labeling and 
imaging by clearing technologies that we have developed.

We recently found that there are direct vascular connections 
between the skull and the meninges (which we named 
skull-meninges connections, SMCs), which mediate the 
exchange of cells and molecules between the skull and 
the brain, especially after a stroke (Cai, …, Ertürk Nature 
Neuroscience, 2019). This discovery suggests that the skull 
marrow cells might be directly involved in brain function in 
health and disease. Therefore, a better understanding of the 
skull bone marrow – meninges – brain interactions could 
reveal novel therapeutics and diagnostics. Easier accessibil-
ity of the skull compared to brain parenchyma makes it also 
attractive to study, which might eliminate hurdles of drug de-
livery into the brain, especially to control neuroinflammation. 

We use artificial intelligence-based algorithms (deep 
learning) to analyze our biological data, in particular those 
coming from the imaging of entire transparent organs and 
rodent bodies. This approach provides an unbiased view on 
biological mechanisms in action, and helps us to identify 
previously unpredicted key mechanisms, such as the in-
volvement of skull marrow in brain pathologies.

Principal Investigator: 
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Bhatia...Ertürk A. Spatial proteomics in optically cleared pre-
clinical & clinical specimens Cell (in press) (cover)

Cai M…Ertürk A. Cellular level whole mouse imaging with 
vDISCO. Nat. Protocols (in press)

Mohanta SK, Peng L, Li Y, Lu S, Sun T, Carnevale L, Perrotta 
M, Ma Z, Förstera B, Stanic K, Zhang C, Zhang X, Szczepa-
niak P, Bianchini M, Saeed BR, Carnevale R, Hu D, Nosalski 
R, Pallante F, Beer M, Santovito D, Ertürk A, Mettenleiter TC, 
Klupp BG, Megens RTA, Steffens S, Pelisek J, Eckstein HH, 
Kleemann R, Habenicht L, Mallat Z, Michel JB, Bernhagen J, 
Dichgans M, D‘Agostino G, Guzik TJ, Olofsson PS, Yin C, We-
ber C, Lembo G, Carnevale D, Habenicht AJR. Neuroimmune 
cardiovascular interfaces control atherosclerosis. Nature. 
2022 May;605(7908):152-159. doi: 10.1038/s41586-022-
04673-6. Epub 2022 Apr 27. 

Richardson DS, Guan W, Matsumoto K, Pan C, Chung K, 
Ertürk A, Ueda HR, Lichtman JW. TISSUE CLEARING. Nat 
Rev Methods Primers. 2021;1(1):84. doi: 10.1038/s43586-
021-00080-9. Epub 2021 Dec 16. 

Gruber T, Pan C, Contreras RE, Wiedemann T, Morgan DA, 
Skowronski AA, Lefort S, De Bernardis Murat C, Le Thuc O, 
Legutko B, Ruiz-Ojeda FJ, Fuente-Fernández M, García-Vil-
lalón AL, González-Hedström D, Huber M, Szigeti-Buck K, 
Müller TD, Ussar S, Pfluger P, Woods SC, Ertürk A, LeDuc CA, 
Rahmouni K, Granado M, Horvath TL, Tschöp MH, García-
Cáceres C. Obesity-associated hyperleptinemia alters the 
gliovascular interface of the hypothalamus to promote hyper-
tension. Cell Metab. 2021 Jun 1;33(6):1155-1170.e10. doi: 
10.1016/j.cmet.2021.04.007. Epub 2021 May 4. 

Molbay M, Kolabas ZI, Todorov MI, Ohn TL, Ertürk A. A 
guidebook for DISCO tissue clearing. Mol Syst Biol. 2021 
Mar;17(3):e9807. doi: 10.15252/msb.20209807.  
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We are interested in the mechanisms by which vascular 
dysfunction causes cognitive decline. The major focus of 
our work is on cerebral small vessel disease (SVD), the 
most common cause of vascular cognitive impairment 
(VCI) and also a frequent finding in patients with neurode-
generative disease, including Alzheimer`s disease.

Our methodological expertise is in structural and functional 
neuroimaging in humans using advanced analytical and 
statistical techniques. We use datasets from large cohorts, 
including population-based samples, as well as patients 
with stroke and genetically defined forms of SVD. A specific 
focus of our group is on CADASIL, an inherited form of SVD 
and model disease for pure VCI.

A major theme is the development of biomarkers for VCI. 
We established a fully automated and robust biomarker 
based on diffusion tensor imaging. The marker is available 
publicly (www.psmd-marker.com) and already implemented 
in many studies world-wide. Building on this work, we are 
currently evaluating more advanced diffusion models for an 
improved characterization of tissue alterations.

Another focus of our work is on the interplay between vas-
cular and neurodegenerative pathology. Our group estab-
lished the link between subcortical pathology and changes 
of cortical morphology implying a role for remote, secondary 
neurodegeneration in stroke and VCI. Recently, we were able 
to disentangle the effects of vascular and neurodegenerative 
pathology on white matter tracts by using the fixel-based 
analysis framework (Dewenter et al., Brain 2022).

Principal Investigator: 
Marco Düring
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Key Publications

Dewenter A, Jacob MA, Cai M, Gesierich B, Hager P, Kopczak 
A, Biel D, Ewers M, Tuladhar AM, de Leeuw FE, Dichgans M, 
Franzmeier N, Duering M; SVDs@target Consortium and 
Alzheimer’s Disease Neuroimaging Initiative (ADNI). Disen-
tangling the effects of Alzheimer‘s and small vessel disease 
on white matter fibre tracts. Brain. 2022 Jul 21:awac265. doi: 
10.1093/brain/awac265. Epub ahead of print. 

Konieczny MJ, Dewenter A, Ter Telgte A, Gesierich B, Wie-
gertjes K, Finsterwalder S, Kopczak A, Hübner M, Malik R, Tu-
ladhar AM, Marques JP, Norris DG, Koch A, Dietrich O, Ewers 
M, Schmidt R, de Leeuw FE, Duering M. Multi-shell Diffusion 
MRI Models for White Matter Characterization in Cerebral 
Small Vessel Disease. Neurology. 2021 Feb 2;96(5):e698-
e708. doi: 10.1212/WNL.0000000000011213. Epub 2020 
Nov 16. 

Dewenter A, Gesierich B, Ter Telgte A, Wiegertjes K, Cai M, 
Jacob MA, Marques JP, Norris DG, Franzmeier N, de Leeuw 
FE, Tuladhar AM, Duering M. Systematic validation of  
structural brain networks in cerebral small vessel disease.  
J Cereb Blood Flow Metab. 2022 Jun;42(6):1020-1032. doi: 
10.1177/0271678X211069228. Epub 2021 Dec 20. 

Verburgt E, Janssen E, Jacob M, Cai M, Ter Telgte A, Wie-
gertjes K, Kessels RPC, Norris DG, Marques J, Duering M, 
Tuladhar AM, De Leeuw FE. Role of small acute hyperintense 
lesions in long-term progression of cerebral small vessel  
disease and clinical outcome: a 14-year follow-up study. 
J Neurol Neurosurg Psychiatry. 2022 Oct 21:jnnp-2022-
330091. doi: 10.1136/jnnp-2022-330091. Epub ahead of 
print. 

van den Brink H, Kopczak A, Arts T, Onkenhout L, Siero JCW, 
Zwanenburg JJM, Hein S, Hübner M, Gesierich B, Duering M, 
Stringer MS, Hendrikse J, Wardlaw JM, Joutel A, Dichgans 
M, Biessels GJ; SVDs@target group. CADASIL Affects Multip-
le Aspects of Cerebral Small Vessel Function on 7T-MRI. Ann 
Neurol. 2022 Oct 12. doi: 10.1002/ana.26527. Epub ahead 
of print. 

Fixel-based analysis of diffusion MRI allows to untangle white matter 
alterations in major fiber tracts due to Alzheimer’s disease and  
cerebral small vessel disease (Dewenter et al., Brain 2023)
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The immune and the nervous system evolved to respond 
to changes in the environment. Both systems recognize 
the outer world (by antibodies or sensory organs), learn 
(pathogens or food sources), and remember them. Back 
in 1967, Hood, Gray, & Dreyer proposed a genetic learning 
and memory mechanism for the immune and the nervous 
systems. Since then, site-specific somatic recombination 
and hypermutation in T and B cells have been well estab-
lished as a genetic mechanism for learning and memory in 
the immune system but how the nervous system achieves 
learning and memory is still unclear. In the last ten years, 
revolutionary developments in high-throughput “-omics” 
measurements allowed us to characterize interactions 
between immune and nervous systems, which revealed 
surprising roles of immune mechanisms in shaping the 
nervous system in health and disease. Our group focuses 
on identifying shared mechanisms regulating nervous and 
immune systems and how these two systems regulate 
each other during aging and diseases. 

1. Role of white matter and cerebrovascular aging in neu-
rodegeneration
White matter volume starts to decrease gradually from 50 
years of age onwards. Electron microscopy studies per-
formed in non-human primates have shown that the major 
changes observed during normal aging are not a loss of 
neurons, but rather changes in myelinated nerve fiber mor-
phology. Our single-cell RNA-seq work showed that aging 
results in microglial activation in the white matter. We pro-
pose that age-related gliovascular changes induce myelin 
damage, which in turn affects microglia function in the white 
matter. Our group focuses on understanding how age-rela
ted gliovascular changes form and lead to the development 
neurodegenerative diseases.

2. Emerging Roles of cytokines in neurological diseases
The highest expressed chemokine in neurons is macro-
phage migration inhibitory factor (MIF), which is also a new-
ly identified nuclease. In collaboration with Prof. Bernhagen, 
we are studying MIF functions in the brain. We are testing if 
targeting MIF functions is a viable therapeutic strategy for 
neurodegenerative disorders. 
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Key Publications

Kaya T, Mattugini N, Liu L, Ji H, Cantuti-Castelvetri L, Wu J, 
Schifferer M, Groh J, Martini R, Besson-Girard S, Kaji S, Liesz 
A, Gokce O, Simons M. CD8+ T cells induce interferon-respon-
sive oligodendrocytes and microglia in white matter aging. 
Nat Neurosci. 2022 Nov;25(11):1446-1457. doi: 10.1038/
s41593-022-01183-6. Epub 2022 Oct 24. 

Besson-Girard S, Ji H, Gehring K, Bulut B, Kaya T, Usifo 
F, Simons M, Gokce O. Dissociation of microdissected 
mouse brain tissue for artifact free single-cell RNA sequen-
cing. STAR Protoc. 2021 Apr https://doi.org/10.1016/j.
xpro.2021.100590

Safaiyan S, Besson-Girard S, Kaya T, Cantuti-Castelvetri 
L, Liu L, Ji H, Schifferer M, Gouna G, Usifo F, Kannaiyan N, 
Fitzner D, Xiang X, Rossner MJ, Brendel M, Gokce O, Simons 
M. White matter aging drives microglial diversity. Neuron. 
2021 Feb 11:S0896-6273(21)00073-8. doi: 10.1016/j.
neuron.2021.01.027. Epub ahead of print.

Ozgun Gokce accepted a call to become an Associate  
Professorship at the University of Bonn. He will be leaving 
the ISD on April 1st 2023.
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The gut microbiome has been reproducibly demonstrated 
to play a pivotal role in brain health and brain disease. Re-
cent experimental and clinical studies suggest that stroke 
out-come is substantially impacted by the composition 
of the gut microbiome, which acts as a key modulator of 
immunity and metabolism (Benakis et al., Curr. Opin. Neu-
robiol. 2020; Benakis et al., Nat. Med. 2016). The research 
focus of our lab is to understand the bidirectional link 
between the gut microbiome and the brain after stroke. 
This research paradigm will enable the development of 
novel therapeutic strategies to improve recovery in stroke 
patients.

Gut-to-brain communication may 
occur via the production of meta
bolites from gut-resident bacteria. 
Indeed, there is accumulating 
evidence showing that metab-
olites derived from the microbi-
ome influence brain diseases by 
regulating intestinal immune-cell 
function.

Here, we have a multi-target strategy by looking at the 
specific role of the gut metabolites on the brain function 
directly as well as on gut immune cells. In particular, we are 
investigating whether these microbiota-derived factors can 
restore the compromised brain barrier function (blood brain 
barrier and meningeal compartment) in cerebral ischemia. 
In an other project, we are testing whether microbial metab-
olites can polarize regulatory T cells in the gut and promote 
stroke recovery.  

In addition to our interest in better deciphering the biological 
mechanism behind the gut-brain axis interaction in mouse 
stroke models, we aim to better understand the changes 
and function of the microbiota in stroke patients. Indeed, 
specific associations between microbiota and stroke out-
come remain unclear, and stroke patients are often elderly 
and present with comorbidities, confounding stroke-me-
diated microbiota alterations. Using bioinformatic tools 
to analyse bacterial sequencing meta-data across several 
studies and countries, we are looking at interaction between 

host variables and microbial associations with stroke and 
determine whether controlling for these factors can identify 
robust signatures.

The key objective of our research group is to investigate 
whether metabolites produced by gut bacteria can influence 
stroke-induced neuroinflammation in mice and patients, as 
well as post-stroke comorbidities such as chronic neuroin-
flammation, cognitive decline and depression.

To reach this goal, we use a combination of metabolomics, 
metagenomics, bioinformatic pipelines, flow cytometry 
analysis, scRNAseq, and in-vitro immune cell culture, as 
well as mouse models (photo-convertible transgenic mice, 
humanized-fecal microbiota transplantation mice, probiot-
ics/postbiotics) to elucidate the mechanisms involved in 
microbiome-gut-brain interactions.

Principal Investigator: 
Corinne Benakis
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Intestinal cell mobilization after stroke. (a) Pseudotime analysis of 
the differentially expressed genes in CD11c cells isolated from the 
gut, brain and blood after stroke in WT mice reveals two paths from 
the gut to the brain. (b) Immunohistochemistry images and magnifi-
cation of the ileum small intestine in sham (top row) and stroke (bot-
tom row) of CD11c-eYFP mice (yellow) counterstained with phalloidin 
(magenta) to visualize the villi.
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Sorbie A, Delgado Jiménez R, Benakis C. Increasing trans-
parency and reproducibility in stroke-microbiota research: 
A toolbox for microbiota analysis. iScience. 2022 Feb 
26;25(4):103998. doi: 10.1016/j.isci.2022.103998. 

Benakis C, Simats A, Tritschler S, Heindl S, Besson-Girard 
S, Llovera G, Pinkham K, Kolz A, Ricci A, Theis FJ, Bittner S, 
Gökce O, Peters A, Liesz A. T cells modulate the microglial 
response to brain ischemia. Elife. 2022, 11, e82031.

Fink D., Yogesh I., Beer A., Jimenez R. D. & Benakis C. Gut 
microbial metabolites as immunomodulators in acute brain 
injury. Cond Med 2021, 4(1):28-38.

Benakis C, Poon C, Lane D, Brea D, Sita G, Moore J, Murphy 
M, Racchumi G, Iadecola C, Anrather A. Distinct commensal 
bacterial signature in the gut is associated with acute and 
long-term protection from ischemic stroke. Stroke. 2020, 51, 
1844-1854.

Benakis C, Brea D, Caballero S, Faraco G, Moore J, Mur-
phy M, Sita G, Racchumi G, Ling L, Pamer EG, Iadecola C, 
Anrather J. Commensal microbiota affects ischemic stroke 
outcome by regulating intestinal T cells. Nat. Med. 2016, 22: 
516-523.
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Alzheimer’s disease is characterized by the accumulation 
of cerebral beta-amyloid (Aβ) and tau pathology, which to-
gether cause progressive neurodegeneration and cognitive 
decline.

Our overarching goal is to better understand the mecha-
nisms that promote the development and progression of 
Alzheimer’s disease in order to develop clinically applicable 
personalized medicine models for predicting patient-spe-
cific disease trajectories (e.g. Franzmeier et al., Alzheimers 
Dement, 2020; Biel et al., Alz Res Ther, 2022). To this end, we 

combine multi-modal neuroimaging methods including pos-
itron-emission tomography (PET) and magnetic resonance 
imaging (MRI) with clinical assessments and genetics in 
large-scale patient data. 

A major research focus is the prediction of trans-neuronal 
tau pathology spread, i.e. the major driver of neurodegen-
eration and cognitive decline in Alzheimer’s disease. In a 
translational approach, we combine tau-PET imaging with 
MRI-based connectomics for modeling connectivity-based 
tau spreading patterns (e.g. Franzmeier et al., Brain, 2019; Nat 
Commun, 2020; Sci Adv, 2020; Steward et al., Alzheimers De-
ment, 2022). We have recently established connectivity-based 
tau spreading models, which allow accurate prediction of 
future tau spreading patterns on the patient level (Franzmeier 
et al., Sci Adv, 2020; Pichet Binette, Franzmeier et al., Nat 
Commun, 2022). These prediction models have high clinical 
utility, as they can be utilized to determine patient-specific 
endpoints in tau targeting trials which can drastically en-
hance the sensitivity for detecting treatment effects 

In ongoing collaborative work, we are extensively validating 
these tau spreading models across atypical Alzheimer’s dis-
ease variants and other neurodegenerative tauopathies.

For our second major interest, we study mechanisms by 
which life-style factors and genetic variants (i.e. SNPs)  
modulate Alzheimer’s disease risk. Here, we found recently 
that key risk SNPs in the BIN1 gene drive specifically the de-

velopment of tau pathology (Franzmeier et al., Nat Commun, 
2019, Alzheimers Dement, 2021), whereas carriage of SNPs 
related to neuronal plasticity (i.e. BDNFVal66Met) can be ben-
eficial and attenuate the effect of Alzheimer’s disease pathol-
ogy on neurodegeneration and cognitive decline (Franzmeier 
et al., Mol Neurodeg, 2020). In addition, we have identified pro-
tective brain mechanisms that are related to life-style factors 
(e.g. education) and buffer the effect of Alzheimer’s disease 
related brain changes on cognitive decline (e.g. Franzmeier et 
al., Neurology, 2017; Brain, 2018; Alz Res Ther, 2018).

In summary, our research is motivated by the understand-
ing of brain mechanisms that 1) promote the progression 
of AD pathology and 2) mechanisms that may help protect 
individuals from developing dementia despite the presence 
and progression of AD pathology. As an outlook, we aim to 
bring together these different lines of research to determine 
how protective mechanisms, genetics and functional brain 
networks may modulate the spread and progression of 
AD pathology and the development of AD-related cognitive 
impairment.
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Biel D, Suárez-Calvet M, Hager P, Rubinski A, Dewenter A, 
Steward A, Roemer S, Ewers M, Haass C, Brendel M, Franz-
meier N; ADNI. sTREM2 is associated with amyloid-related 
p-tau increases and glucose hypermetabolism in Alzheimer’s 
disease. EMBO Mol Med. 2023 Jan 9:e16987. doi: 10.15252/
emmm.202216987. Epub ahead of print. .

Steward A, Biel D, Brendel M, Dewenter A, Roemer S, Rubinski 
A, Luan Y, Dichgans M, Ewers M, Franzmeier N; ADNI. Func-
tional network segregation is associated with attenuated tau 
spreading in Alzheimer’s disease. Alzheimers Dement. 2022 
Nov 25. doi: 10.1002/alz.12867. Epub ahead of print. 

Biel D, Luan Y, (...), Römer S, Steward A, Rubinski A, Zheng 
L, Schöll M, Shcherbinin S, Ewers M, Franzmeier N; ADNI. 
Combining tau-PET and fMRI meta-analyses for patient-cen-
tered prediction of cognitive decline in Alzheimer’s disease. 
Alzheimers Res Ther. 2022 Nov 7;14(1):166. doi: 10.1186/
s13195-022-01105-5. 

Pichet Binette A, Franzmeier N, Spotorno N, Ewers M, Brendel 
M, Biel D; Alzheimer’s Disease Neuroimaging Initiative, (...), 
Hansson O. Amyloid-associated increases in soluble tau relate 
to tau aggregation rates and cognitive decline in early Alzhei-
mer’s disease. Nat Commun. 2022 Nov 4;13(1):6635.

Frontzkowski L, Ewers M, Brendel M, Biel D, Ossenkoppele R, 
Hager P, Steward A, Dewenter A, Römer S, Rubinski A, Buerger 
K, Janowitz D, Binette AP, Smith R, Strandberg O, Carlgren NM, 
Dichgans M, Hansson O, Franzmeier N. Earlier Alzheimer‘s 
disease onset is associated with tau pathology in brain hub 
regions and facilitated tau spreading. Nat Commun. 2022 Aug 
20;13(1):4899. doi: 10.1038/s41467-022-32592-7. 

Franzmeier N, Brendel M, Beyer L, Slemann L, Kovacs GG, 
Arzberger T, Kurz C, Respondek G, Lukic MJ, Biel D, Rubinski 
A, Frontzkowski L, (...), Höglinger G, Ewers M. Tau deposition 
patterns are associated with functional connectivity in prima-
ry tauopathies. Nat Commun. 2022 Mar 15;13(1):1362. doi: 
10.1038/s41467-022-28896-3. 
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We aim at understanding the role of oligodendrocytes – the 
myelin forming cells in the central nervous system – in 
Alzheimer’s disease. For decades, the pathology in Alzhei-
mer’s has been considered purely neuronal, however, recent 
advances have clearly demonstrated glial involvement, initi-
ating a shift in scientific focus. Oligodendrocytes have been 
shown to be the first cell type to transcriptionally change 
in the earliest stages of the disease, while the functional 
importance of these changes still remains unknown. With 
an expertise in human oligodendrocyte biology, our work 
focusses on describing changes in the cellular distribution 
of oligodendrocytes in the human brain and to unravel how 
their functional changes contribute to the pathogenesis of 
Alzheimer’s disease.

Our work is based on the observation that developmental cor-
tical myelination does not happen all at once and late myelin-
ated regions are affected earlier by Alzheimer’s disease than 
early myelinated ones. My previous work revealed oligoden-
drocytes in the human brain are heterogeneous, representing 
different states that might exhibit different functions. In the 
context of Alzheimer’s disease, this could in turn influence 
the vulnerability of neurons to degenerate within different 
brain areas. Hence, by understanding the distribution and the 
function of different oligodendrocyte states we aim to explain 
why some brain regions are more affected by Alzheimer’s 
than others. 

We use a combination of cutting-edge transcriptomic ap-
proaches such as single-nuclei RNA-sequencing on post-mor-
tem human brain tissue, as well as two and three-dimensional 
human stem cell-derived oligodendrocyte cultures as model 
systems in which we recreate and characterize the function-
al oligodendrocyte cell states, giving our research a highly 
translational character. 

Our long-term vision is to compare oligodendrocyte pathology 
in different neurodevelopmental and neurovascular disorders 
that can ultimately lead to the discovery of novel therapeutic 
targets.Principal Investigator: 

Sarah Jäkel 
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of glial signatures across brain regions. bioRxiv. 2022.

Jäkel S, Williams A. What Have Advances in Transcriptomic 
Technologies Taught us About Human White Matter Patholo-
gies? Front Cell Neurosci. 2020 Aug 4;14:238. 

Jäkel S, Williams A. What Have Advances in Transcriptomic 
Technologies Taught us About Human White Matter Patholo-
gies? Front Cell Neurosci. 2020 Aug 4;14:238. 

Falcão AM, van Bruggen D, Marques S, Meijer M, Jäkel S, 
Agirre E, Samudyata, Floriddia EM, Vanichkina DP, Ffrench-
Constant C, Williams A, Guerreiro-Cacais AO, Castelo-Bran-
co G. Disease-specific oligodendrocyte lineage cells arise in 
multiple sclerosis. Nat Med. 2018 Dec;24(12):1837-1844. 

Transcriptional analysis of oligodendrocytes. 
A Scheme of experimental setup for single nuclei RNA-sequencing 
experiment on post-mortem human brain tissue. B UMAP plot of all 
recovered cell types. C Differential gene expression of oligodendro-
cytes between Ctrl and AD suggest impaired differentiation in AD 
patients.

Oligodendrocytes in the visual cortex of control and AD patients. A 
quantifications of oligodendrocyte lineage (OLIG2) cells and mature 
oligodendrocytes (CNP) across different cortical layers show a signi-
ficant reduction of oligodendrocytes in AD patients. B Quantifications 
of MBP mRNA across different cortical layers show no significant 
transcriptional changes in AD patients. C Quantification of MBP 
mRNA normalized to the number of oligodendrocytes show an increa-
se in AD patients, indicating that oligodendrocytes in AD patients are 
compensating for the loss of cells.
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We aim to identify circulating signatures that inform on 
the local and systemic effects of stroke and to explore the 
underlying molecular and pathophysiological mechanisms. 
Events in most organs including the local and systemic 
events (e.g. stress) related to acute stroke are captured by 
the circulating proteome and metabolome. In a bedside-to-
bench-approach we apply profiling technologies on human 
samples to identify differentially regulated molecules and 
study their functional role in vitro and in vivo using experi-
mental stroke models, transgenic animal models, different 
imaging modalities, and a broad range of biomolecular 
tools. 

Our work is motivated by the heterogeneity of ischemic 
stroke, which poses a challenge for assigning patients to 
optimal treatment strategies and is a major reason for the 
large number of failed clinical trials. Current diagnostic 
algorithms are insufficient to capture both the mechanisms 
leading to and following stroke. The number of circulating 
proteins (3.500) and metabolites (25.000) exceeds the num-
ber of proteins and metabolites currently assessed in clinical 
practice (≈ 20) by several orders of magnitude thus illustrating 
the potential of profiling studies to inform beyond established 
diagnostic algorithms. Our ultimate goal is to implement 
meaningful circulating biomarkers in clinical stroke care.

To achieve this, we have recruited more than 3,000 patients 
with acute stroke or stroke-like diseases into our CIRCULAting 
biomarkers after Stroke (CIRCULAS) study, which focuses on 
early and serial biosampling in the acute phase of stroke. In a 
precision medicine approach, combining deep clinical  
phenotyping with profiling technologies, such as RNA 
sequencing, proteomics, and metabolomics, as well as ultra-
sensitive single-molecule and point-of-care technologies, we 
have identified novel markers for stroke on different molecu-
lar levels.
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cally Downregulated Interleukin-6 Signaling Is Associated 
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Association Study. Circulation. 2021 Mar 16;143(11):1177-
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JC, Dichgans M. Genetically determined blood lipids and 
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NAHA.118.035905.

Cerebrovascular diseases represent a leading cause of 
death and disability worldwide. Our work is motivated by a 
pressing need to optimize cerebrovascular health with the 
development of precise and personalized preventive and 
therapeutic strategies. To this end, we use large-scale and 
multi-dimensional data from epidemiological studies and 
human biobanks (genomics, transcriptomics, proteomics, 
imaging) and apply bioinformatic tools to inform such strat-
egies. We have a special focus on extra- and intracranial 
atherosclerosis, one of the most common causes of stroke. 

Our goals include: (i) the discovery of disease-modifying drug 
targets for novel therapeutic and preventive strategies against 
cerebrovascular disease, (ii) the deeper molecular and pheno-
typing of cerebrovascular pathologies, (iii) the discovery of in 
vivo biomarkers of cerebrovascular disease activity, and (iv) 
the development of personalized risk stratification tools for 
patients with or at risk for cerebrovascular disease. 

Discovery of drug targets for cerebrovascular disease 
Using human genetic data as our starting point, we bridge  
different multiomics levels with causal inference methods, 
such as Mendelian randomization, in order to dissect  
mechanisms leading to cerebrovascular disease. Our vision is 
to inform the development of disease-modifying treatments 
for cerebrovascular pathologies by triangulating the results 
from human genetics with data from epidemiological studies, 
human biobanks, and experimental models. 

Deeper molecular phenotyping of cerebrovascular disease 
pathomechanisms
Using human samples, we apply novel high-throughput  
techniques, such as single-cell sequencing and spatial  
transcriptomics to deeper characterize cerebrovascular  
disease lesions at higher resolution.  For this purpose, we  
recently developed the AtherOMICS biobank, which involves 
the collection of atherosclerotic plaque samples from 
patients undergoing carotid endarterectomy. Our vision is to 
detect disease processing signatures with diagnostic and 
therapeutic relevance.

Discovery of in vivo personalized biomarkers 
The third key area of exploration involves the discovery of 
novel readouts of cerebrovascular disease presence and 
activity. We bridge data from high-throughput molecular  
technologies in human samples with imaging technologies, 
such as CT and MRI, as well as with multiomics analyses of 
peripheral blood samples, in order to detect in vivo pheno-
types of disease activity. Our vision is to use such in vivo 
biomarkers as endpoints in clinical trials testing disease- 
modifying treatments.

Development of risk stratification tools
Cerebrovascular disease is highly heterogeneous, as is the 
predisposition of individuals to it depending on their genetic 
profiles and lifestyles. Over and over again, we see that the 
one-size fits all approaches we apply in the clinic do not 
equally work for all. We aim to develop efficient risk stratifica-
tion tools by applying approaches that range from the devel-
opment of polygenic risk scores in the general population to 
deploying deep learning methods in neuroimaging studies of 
stroke patients. Our vision is to identify individuals that might 
benefit from specific preventive or therapeutic approaches.

Principal Investigator: 
Marios Georgakis
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 October 2022  Among the hallmarks of brain aging is a 
decline in white matter volume and function. Using scRNA-
seq, the Gokce and Simons labs characterized age-related 
oligodendrocyte and microglial states. They identified a 
population of interferon-responsive oligodendrocytes (IRO) 
and microglia (IRM) that localize near CD8+ T cells in white 
matter. Lack of CD8+ T cells prevented age-related cell loss 
in white matter. Their findings unravel a so-far unknown role 
of the adaptive immune system during brain aging. Kaya et 
al. Nat Neurosci. 2022

 September 2022  A GWAS meta-analysis of >110,000 stroke 
patients and 1.5 Mio controls from five different ancestries 
identified multiple novel stroke risk loci. The study provides 
genetic evidence for putative drug effects with converging 
evidence for drugs targeting F11 and KLKB1 among others. 
Drugs targeting F11 and F11a are currently being examined 
in phase II trials for stroke prevention. A polygenic score 
predicted ischemic stroke across ancestries and in clinical-
trial participants with cardiometabolic disease. Mishra et al 
Nature. 2022

CD8+ T cells induce IFN-responsive oligodendro-
cytes & microglia in white matter aging

Stroke genetics informs drug discovery and risk 
prediction across ancestries

 May 2022  Complicated nonstenosing carotid artery 
plaques (CAPs) are an under-recognized cause of stroke. 
Applying high-resolution contrast-enhanced carotid MRI to 
patients with acute ischemic stroke, ISD investigators found 
complicated CAP ipsilateral to acute ischemic anterior 
circulation stroke to be associated with an increased risk 
of recurrent ischemic stroke or TIA. Carotid plaque imaging 
identifies high-risk patients who might be suited for inclu-
sion into future secondary prevention trials. Kopczak et al. J 
Am Coll Cardiol. 2022 

 March 2022  Tau pathology drives neuronal dysfunction in 
4-repeat tauopathies. Here, ISD researchers combined tau-
PET, resting-state fMRI and histopathology data, to show 
that brain connectivity is associated with tau deposition 
patterns in patients with 4-repeat tauopathies. Franzmeier et 
al. Nat Commun. 2022

Complicated carotid artery plaques and risk of 
recurrent ischemic stroke or TIA

Brain connectivity is associated with tau  
deposition in 4-repeat tauopathies

 October 2022  A rapid immune response to signals released 
from pathogens and injuries is critical for maintaining tissue 
integrity and restoring homeostasis. This response is largely 
mediated by the concerted action of pattern recognition 
receptors. Such cooperativity has been described for Toll 
like receptors (TLRs) and the NLRP3 inflammasome, but the 
underlying molecular mechanisms remain elusive. ISD inves-
tigators now demonstrate that IKKβ binds NLRP3 providing 
a shortcut to inflammasome activation for rapid immune 
responses. Asare et al. Signal Transduct Target Ther. 2022

A shortcut to inflammasome activation 

 December 2022  Identifying subtle tissue changes at 
disease initiation or characterizing the molecular perturba-
tions that trigger disease progression remains difficult in 
animal models or post-mortem human organs. To address 
this challenge, ISD investigators developed DISCO-MS, a 
3D spatial-omics technology that combines methods of 
tissue clearing with cutting edge AI, robotics and proteomics 
technologies. They applied DISCO-MS to an Alzheimer’s 
disease mouse model and to atherosclerotic plaques in the 
human heart to identify spatial-molecular maps. Bhatia et al. 
Cell 2022. 

December 2022 3D spatial-omics technology to 
tackle complicated diseasesResearch 

News
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 June 2021  ISD researchers found that a common variant 
in the anti-aging gene KLOTHO is associated with reduced 
fibrillar tau, a key pathology in Alzheimer’s disease. Neitzel et 
al. Nat Commun. 2021

 March 2021  Drugs targeting IL6 signaling have been appro-
ved for autoimmune diseases but the repurposing potential 
for other indications remains unknown. ISD researchers de-
veloped a genetic score predicting IL6 signaling activity over 
lifetime. In a phenome-wide association study they found 
genetically downregulated IL6 signaling to be associated 
with a favourable cardiometabolic profile including a lower 
risk of coronary artery disease and diabetes, and an increase 
in HDL cholesterol levels. Their results support repurposing 
of IL6R blockade as a strategy for lowering vascular risk.​ 
Georgakis et al. Circulation 2021

 September 2021  CSDs are the electrophysiological correla-
te of migraine aura and involved in the propagation of brain 
damage after ischemic and traumatic brain injury. Using 
a novel migraine mouse model, the Plesnila Lab in colla-
boration with Tobias Freilinger, Holger Lerche (Tübingen, 
Germany), and Massimo Mantegazza (Nice, France) found 
that CSDs are triggered by inhibitory interneurons. This 
counterintuitive finding unravels the so far unknown cellular 
mechanism for the initiation of CSDs. Auffenberg et al. J Clin 
Invest. 2021 

Common KLOTHO SNP protects against Tau 
pathology

Genetic downregulation of IL-6 signaling leads to 
a favourable cardiometabolic profile

Interneurons trigger cortical spreading  
depolarizations (CSDs)

 March 2021  Stroke patients are predisposed to life-threate-
ning infections after the initial ischemic event. This  
phenomenon is caused by a severe state of post-injury 
immunosuppression, which is characterized by a loss of  
T cells. Stefan Roth (Liesz Lab) in collaboration with others 
demonstrates that monocytes sense injury-released cell-
free DNA via the AIM2 inflammasome inducing extrinsic T 
cell death. Uncovering this mechanism could open up new 
therapeutical approaches. Roth et al.  
Immunity 2021

 February 2021  Aging & vascular risk factors are associated 
with WM lesions and loss, but the role of microglia in aging 
WM has been elusive. Using single-cell RNA sequencing, ISD 
and DZNE investigators identified WM-associated microglia 
(WAMs), which form in a TREM2-dependent but APOE in-
dependent manner and are characterized by age-dependent 
activation of genes implicated in phagocytic activity and 
lipid metabolism. Thus, WAMs may represent a potentially 
protective response required to clear degenerated myelin 
accumulating during WM aging and disease. Safaiyan et al. 
Neuron 2021

AIM2-inflammasome signaling cascade causes post-
stroke immunosuppression & secondary infections

White matter (WM) aging drives microglial  
diversity 

 March 2021  Leveraging data from the UK Biobank 
(N=229,976 participants) ISD investigators examined whet-
her cardiovascular health measured by the ‘Life’s  
simple 7’ score is associated with incident all-cause  
dementia. They found that higher blood pressure was  
associated with higher risk of dementia both in  
longitudinal and Mendelian Randomization analyses.  
These findings underscore the importance of blood  
pressure control in midlife to mitigate dementia risk.  
Malik et al. Alzheimers Dement. 2021

 July 2021  Age-related loss of white matter integrity is a ma-
jor determinant of cognitive decline and dementia. Analysing 
data from >30.000 UK Biobank participants, ISD investiga-
tors in collaboration with Matthew Traylor (London) found 
the complement component C4-BS variant to associate with 
age-related WM injury. These findings suggest a role of the 
complement systems and of gene-environment interactions 
in age-related loss of white matter microstructural integrity. 
Traylor et al. Brain 2022

 October 2022  In a whole-exome sequencing study on 
>16.000 individuals, ISD investigators found rare variants 
in the protease domain of HTRA1 to associate with brain 
WMH burden. The frequency of such variants in the general 
population was 1:450 and their presence corresponded to 
a larger effect than meeting the criteria for conventional 
vascular risk factors. Variants in EGFL8, which falls into a 
common pathway with HTRA1, also associated with WMH 
burden. Malik et al. Brain 2021

Life’s simple 7 and incident dementia riskRole of complement component C4 in age-related 
white matter injury

Role of HTRA1 in brain white matter  
hyperintensities
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Investigator 
Initiated  
Studies 

Stroke Prevention Unit

 Observational Studies 

DEMDAS (NCT01334749)
The DZNE Mechanism of Dementia after After Stroke Study  
The DEMDAS (DZNE Mechanisms of Dementia After Stroke) 
study is a longitudinal prospective multicenter study of 
600 stroke cases with follow-up assessments until 5 years. 
The aim of the study is to identify predictors of post-stroke 
dementia and mild cognitive impairment.  A particular focus 
will be on biological markers (neuroimaging, biochemical 
markers derived from blood) and on interactions between 
vascular and neurodegenerative mechanisms. 
Disease: Acute stroke
Funding: DZNE/Helmholtz
Coordinator: M Dichgans
Publications: Georgakis et al. Alzheimer‘s and Dementia 2022

PROSCIS (NCT01364168)
PROspective Stroke Cohort with Incident Stroke  
The primary aim of the prospective observational study is to 
derive and validate risk scores for vascular endpoints (recur-
rent stroke, myocardial infarction, and other complications 
of stroke) and for death following an incident stroke. For this 
purpose patients with an incident stroke will be followed for 
36 months
Disease: Acute stroke
Funding: Vascular Dementia Research Foundation
PI: M Dichgans
Publications: Mishra et al. Nature 2022

HIFI-CAA (ISRCTN10514229)
HIgh Frequency Imaging in patients with Cerebral Amyloid 
Angiopathy  
HIFI is an observational prospective study with serial, mon-
thly MRI imaging. The aims are to i) evaluate the develop-
ment and temporal evolution of incident and prevalent focal
convexity subarachnoid hemorrhages (fSAH) and cortical 
superficial siderosis (cSS) in CAA patients and ii) assess the 
monthly incidence of acute ischemic lesions in CAA patients 
with cSS/fSAH and to compare the incidence with lobar ICH 
survivors.

ISD investigators coordinate and run a number  
of investigator-initiated clinical studies and  
trials (IIT), including both interventional and  
observational studies (for additional information  
see www.clinicaltrials.gov).

Selection

Disease: Cerebral amyloid angiopathy (CAA)
Funding: Vascular Dementia Research Foundation
PI: M. Düring

CIRCULAS
CIRCULating biomarkers After Stroke  
Currently, clinical decision-making in the acute phase of 
stroke is guided by neuroimaging, which lacks accuracy and 
is not available worldwide. Bloodbased biomarkers are pre-
dicted to be an integral element of future precision medicine. 
CIRCULAS is a case-control study with longitudinal biosam-
pling aimed at identifying novel bloodbased biomarkers to 
support decisionmaking in the acute phase of stroke. 
Funding: Corona-Stiftung
Disease: Stroke
Coordinator: S. Tiedt
Publications: Tiedt et al. Ann Neurol. 2020, Tiedt et al. Neuro-
logy 2018

 Interventional Studies 

ICARUS (NCT04412187)
Inflammatory faCtors AfteR acUte ischemic Stroke  
ICARUS is an interventional single-centre hospital-based 
cohort study in patients with acute ischemic stroke. The 
aims of the study are to i) define the charaacteristics and 
determinants of microglial activation after human stroke, 
and ii) assess the correlation of microglial activation with cir-
culating inflammatory markers, structural brain changes on 
neuroimaging, and neurological outcomes. ICARUS involves 
serial TSPO-PET imaging along with serial MRI, immune cell 
profiling in blood, and both clinical and laboratory assess-
ments.
Disease: Acute ischemic stroke
Funding: DFG
PI: M. Dichgans

FIND-AF-2 (NCT04371055)
Intensive Rhythm Monitoring to Decrease Ischemic Stroke 
and Systemic Embolism
Find-AF 2 is an interventional multicentre randomised open 
parallel controlled trial with blinded endpoint assessment. 
The primary objective is to determine, whether enhanced, 

prolonged and intensified ECG-monitoring leads to a reduc-
tion of cardioembolism (recurrent ischemic stroke or sys-
temic embolism) by increasing the detection and adequate 
anticoagulation of underlying paroxysmal atrial fibrillation.
Disease: Acute ischemic stroke
Funding: DFG
PI: M. Dichgans

 Clinical Trials 

TREAT-SVDs (NCT03082014)
EffecTs of Amlodipine and other Blood PREssure Lowering 
Agents on Microvascular FuncTion in Small Vessel DiseaseS
In the multicentre, multinational open-label randomized trial 
TREAT-SVDs, we investigate the effects of three common 
blood pressure lowering drugs, amlodipine (calcium channel 
blocker), atenolol (beta-blocker) and losartan (AT1-receptor 
blocker) on microvascular function in patients with sporadic 
SVDs and CADASIL. Our aim is to demonstrate a beneficial 
effect of specific antihypertensive drug-classes on microva-
scular function in human SVDs. 
Disease: Cerebral Small Vessel Diseases, CADASIL
Funding: EU/Horizon 2020
Coordinator: M. Dichgans 
Publications: Kopczak et al. Eur Stroke J 2022

PRISE  
Effects of a probiotic dietary supplement on the gut microbio-
me of stroke patients. 
We are conducting a single-center interventional study of 
the brain-gut axis in stroke patients using a commercially 
available probiotic product approved as a dietary supple-
ment. While taking the supplement, we will perform a cha-
racterization of the gut microbiome and its intervention-de-
pendent diversity in our study participants. Additionally, we 
will document the resulting changes in the functional profile 
of this microbiome. Based on these observations, we would 
like to investigate the validity of probiotics as modulators of 
the microbiome in the context of stroke. 
Funding: ISD
PI: A. Liesz 
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ESCAPE-NEXT Phase 3 (NCT04462536) 
Efficacy and Safety of Nerinetide in Participants With Acute 
Ischemic Stroke Undergoing Endovascular Thrombectomy 
Excluding Thrombolysis
ESCAPE-NEXT is a Phase 3, randomized, multicentre, 
blinded, placebo-controlled trial in which patients with acute 
stroke are included on an emergency basis. The primary 
purpose of this study is to determine if a single dose of neri-
netide can reduce global disability in people who have had a 
stroke and are selected for endovascular therapy without the 
use of a tissue plasminogen activator.
Disease: Acute ischemic stroke
Sponsor: NoNO Inc.
Co-PI: M. Dichgans; Co-PI: K. Dimitriadis

ANNEXa-I Phase 4 (NCT03661528) 
Trial of Andexanet Alfa in ICH Patients Receiving an Oral FXa 
Inhibitor
ANNEXa-I is a randomized, multicenter clinical trial desig-
ned to determine the efficacy and safety of andexanet alfa 
compared to usual care in patients presenting with acute 
intracranial hemorrhage within 6 hours of symptom onset 
to baseline scan and within 15 hours of taking an oral factor 
Xa inhibitor.
Disease: Acute Intracranial Hemorrhage
Sponsor: Alexion Pharmaceuticals, Inc.
PI: K. Dimitriadis

ENRICH-AF Phase 4 (NCT03950076)
EdoxabaN foR IntraCranial Hemorrhage Survivors With Atrial 
Fibrillation
This interventional, multicenter trial aims to assess whether 
Edoxaban compared to non-antithrombotic medical therapy 
(either no antithrombotic therapy or antiplatelet monother-
apy) reduces the risk of stroke in high-risk atrial fibrillation 
patients with previous intracranial hemorrhage.
Disease: Intracranial Hemorrhages, Atrial Fibrillation
Sponsor: Hamilton Health Sciences, through its Population 
Health Research Institute
PI: M. Dichgans

Memory Clinic

 Observational Studies 

EGO 
Emotional resilience as a protective factor in mild cognitive 
impairment
This observational study aims to identify functional brain 
network mechanisms that confer resilience against the 
impact of Alzheimer`s disease related brain changes on 
cognitive performance.
Disease: Alzheimer`s disease
Funding: LMU FöFoLe
PI: N. Franzmeier

DELCODE 
(German Clinical Trials Register Nr: DRKS00007966)
DZNE – Longitudinal Cognitive Impairment and Dementia 
Study
This observational multicenter study investigates different 
risk groups and individuals in an early stage of Alzheimer‘s 
disease over a period of several years with the aim of a 
better understanding of early disease stages, improved 
prediction of disease progression and identification of new 
markers for early Alzheimer‘s dementia diagnosis
Disease: Alzheimer`s disease
Funding: DZNE/Helmholtz
PI: K. Bürger 

DESCRIBE
A DZNE Clinical Registry Study of Neurodegenerative Disea-
ses
The aim of the DESCRIBE study is to use the results ob-
tained in the context of normal patient care, together with 
the results of studies on biomaterials (blood, nerve water, 
lacrimal fluid and urine) including genetic tests, for scientific 
purposes and thus to increase knowledge of neuro-degene-
rative diseases and thus create the conditions for better 
therapies.
Disease: Neurodegenerative Diseases
Funding: DZNE/Helmholtz
PI: K. Bürger

 Clinical Trials 

Embark Phase 3 (NCT04241068)
A Study to Evaluate Safety and Tolerability of Aducanumab 
in Participants With Alzheimer‘s Disease Who Had Previ-
ously Participated in the Aducanumab Studies 221AD103, 
221AD301, 221AD302 and 221AD205
The primary objective of this clinical trial is to evaluate the 
safety and tolerability of aducanumab over 100 weeks of 
treatment after a wash-out period imposed by discontinua-
tion of feeder studies in participants who had previously 
received aducanumab or who had previously received pla-
cebo.
Disease: Alzheimer`s disease
Sponsor: Biogen
PI: K. Bürger

INVOKE-2 Phase 2 (NCT04592874)
A Phase 2 Study to Evaluate Efficacy and Safety of AL002 in 
Participants With Early Alzheimer‘s Disease
This phase 2 randomized, double blind, placebo controlled 
study evaluates the efficacy and safety of AL002 in partici-
pants with Early Alzheimer‘s Disease.
Disease: Alzheimer`s disease
Sponsor: Alector Inc.
PI: K. Bürger

EVOKE Phase 3 (NCT04777396)
A Research Study Investigating Semaglutide in People With 
Early Alzheimer‘s Disease
This clinical trial aims to find out whether the medicine, se-
maglutide, has a positive effect on early Alzheimer‘s disease.
Disease: Early Alzheimer‘s Disease
Sponsor: Novo Nordisk A/S
PI: K. Bürger

ELAN (NCT03148457)
Early versus Late initiation of direct oral Anticoagulants in 
post-ischaemic stroke patients with atrial fibrillatioN
The international, multicentre trial aims to estimate the 
net benefit of early versus late (current standard practice) 
initiation of direct oral anticoagulants in patients with acute 
ischaemic stroke related to atrial fibrillation.
Disease: Ischaemic Stroke
Funding: Inselspital (University Hospital) Bern
Co-PI: A. Liesz

CONVINCE (NCT02898610)
(German Extension) COlchicine for PreventioN of Vascular 
Inflammation in Non-CardioEmbolic Stroke
CONVINCE is a randomized open label trial to compare 
low-dose colchicine plus usual care, to usual care alone, to 
prevent non-fatal recurrent ischaemic stroke and coronary 
events and vascular death after non-severe, non-cardioem-
bolic stroke.
Disease: Ischaemic Stroke
Funding: German Research Foundation (DFG)
PI: M. Dichgans, K. Dimitriadis

ELAN (NCT03148457)
Early versus Late initiation of direct oral Anticoagulants in 
post-ischaemic stroke patients with atrial fibrillatioN
The international, multicentre trial aims to estimate the 
net benefit of early versus late (current standard practice) 
initiation of direct oral anticoagulants in patients with acute 
ischaemic stroke related to atrial fibrillation.
Disease: Ischaemic Stroke
Funding: Inselspital (University Hospital) Bern
Co-PI: A. Liesz
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Collaborative 
Research
Selection

Munich Cluster for Systems Neurology (SyNergy)  
(DFG funded Excellence Initiative)

www.synergy-munich.de/index.html
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Glio-vascular dysfunction and 

immune pathology

Phenome Hub  
(Clinical Part & Biobank)

B3 - Tandem
Small vessel disease (SVD) 
– multiscale imaging from 

models to patients
Dichgans, Plesnila, Ertürk

C5 - Tandem
Pharmacological inhibition of 
HDAC9 for atheroprotection 
and its effects on neuropro-

tection
Dichgans, Weber, 

Liesz, Bernhagen, Plesnila

A
Immune pathology  

and neurodegeneration

Nanoscale Hub  
(Electron Microscopy)

Macroscale Hub
 (MRI & PET) 
M. Dichgans

N. Franzmeier

Mesoscale Hub 
(Tissue Clearing & 

A. Ertürk 
M. Todorov

Microscale Hub 
(Light Microscopy)

A5 - Tandem
Investigating pathogenic 
protein seeding in human 

iPSC-derived models of AD 
and FTD

Paquet, Herms, Hartl, Haass

D
From pathomechanisms 
towards clinical impact

Transcriptome Hub 
 (Single cells)
J. Bernhagen 

O. Gokce

B5 - Tandem
Cellular mechanisms of pro-

longed functional impairment 
after transient ischemic attacks

Liebscher, Liesz

C6- Tandem
Role of Sensory Neuroimmune 

Cardiovascular Interfaces in 
Atherosclerosis

Weber, Dichgans, Bernhagen, 
Lichtenthaler, Herms

B 
Glio-vascular dysfunction and 

neurodegeneration  

Proteome Hub  
(Antibody & Proteomics)

B2 -Tandem
Identifying key regulators of 
neuronal replacement after 

neurodegeneration and stroke
Götz, Liesz, Dichgans, Ninkovic

C3 - Tandem
Exploring neurovascular 

disorders in isogenic human 
iPSC-derived in vitro models 
involving APP, Notch3, and 

Foxf2 mutations
Paquet, Dichgans, Plesnila

Vascular disease including coronary artery disease (CAD) and 
stroke is the leading cause of death and morbidity worldwide 
and imposes exorbitant socioeconomic costs. 
This dilemma could be alleviated by improving vascular 
prevention and therapy based on a refined mechanistic perva-
sion of atherosclerosis as the underlying pathology. Beyond 
the emergence of PCSK9 inhibitors for efficient control of 
hyperlipidemia, the recent positive outcome of the CANTOS 
trial has lend convincing support to pursuing the concept that 
targeting inflammatory pathways has major impact in the 
pathogenesis and treatment of atherosclerosis.  It remains 
the long-standing mission of the collaborative research center 
(CRC) 1123 in a third period  to provide an in-depth mecha-
nistic understanding of molecular networks in atherogenesis, 
atheroprogression and atherothrombosis and to improve the 
identification and validation of relevant therapeutic target 
candidates.  

A02 Physical and functional interactions of chemokines with 
potent inflammatory effectors in atherosclerosis: focus on 
galectins : PI: J. Bernhagen
A03 The MIF protein/receptor network in atherosclerosis: 
mechanisms, novel members, and specific therapeutic strate-
gies: PI: J. Bernhagen
B03 Mechanistic Role of HDAC9 in Atherosclerosis:   
PI: M. Dichgans, Y. Asare
B11: Inflammation begets inflammation – impact of remote 
injuries on atherosclerosis progression: PI: A. LIesz

The inflammatory response to ischemic brain injury has 
meanwhile been well established as a key pathomechanism 
contributing to stroke outcome. Stroke is traditionally not 
considered an inflammatory disease, yet it shares multiple 
features with (auto)immune brain disorders. While these neu-
roinflammatory mechanisms have been described in detail 
for the acute phase after ischemic brain injury, mechanisms 
of brain-immune interaction during recovery in the chronic 
phase after stroke still await clarification. Likewise, conse-
quences of immunomodulatory interventions for post-stroke 
repair and neuroplasticity are barely understood. Therefore, 
this Research Unit focus on studying the role of neuroin-
flammation for tissue remodeling and long-term recovery 
following stroke. 

Coordinator FOR 2879: A. Liesz
A2: Inflammasomes in post-stroke regeneration.  
PI: A. Liesz
A3: The role of microglia in cortical connectivity during reco-
very after stroke. PI: A. Liesz
C2: Microglia-PET as a surrogate marker for post-stroke 
neuroinflammation. PI: M. Dichgans 
Z2: Standardization of animal models and outcome parame-
ters. PI: A. Liesz, G. Lovera
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German Research Foundation

FOR 2879 – From Immune to Stroke Recovery

FOR 2879:  ImmunoStroke: From 
immune cells to stroke recovery

www.immunostroke.de/

CRC 1123: Atherosclerosis:  
Mechanisms and Networks of 
Novel Therapeutic Targets

sfb1123.med.uni-muenchen.de
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Modulation of brain barrier function by microbiota-derived 
factors in cerebral ischemia (BiotaBB)

Recent evidence identifies the gut microbiota as a modulator 
of brain function in health and diseases also by acting on 
the different brain barriers, the blood-brain barrier (BBB) and 
meninges. To date, it remains unclear whether gut metaboli-
tes affect the dysfunction of brain barriers in stroke. The aim 
of this project is to investigate the role of microbiota-derived 
factors in restoring compromised brain barrier function in 
cerebral ischemia.  

Coordinator: C. Benakis

The meninges as a new player in post-stroke recovery 
(MeniSPYs)

The meninges have been described as an important cerebral 
invasion route in primary autoimmune diseases and import-
ant in regulating cerebral blood flow, antigen drainage to the 
systemic immune compartment and recirculation of leukocy-
tes from brain to blood. However, little is known about the role 
of meninges in ischemic stroke. We will focus on meningeal 
gateways to understand the key mechanisms controlling me-
ningeal inflammation and inflammatory cell recruitment with 
particular emphasis on the role of meningeal inflammatory 
actions on unfavourable outcomes after stroke that could be 
therapeutically targeted for the benefit of patients.

PI: A. Liesz 

Projects

Role of oxidative stress for neuro-vascular function (VasOx)

Reactive oxygen species (ROS) play a detrimental role upon 
reperfusion from cerebral ischemia, the current standard 
therapy for ischemic stroke. The exact vascular and cellular 
mechanisms of this „reperfusion injury“, however, remains 
largely unknown due to the lack of methodology to measure 
ROS in vivo and the lack of animal models. The current pro-
ject will use novel multicistronic chemogenetic technology to 
measure and induce ROS in a cell specific manner in vivo. The 
results of VasOx will identify the temporal and cellular profile 
of ROS production after cerebral ischemia and decipher the 
underlying gene expression thereby defining novel molecular 
and cellular targets for future precision medicine therapeutics 
for stroke patients.

Coordinator: N. Plesnila

Multidimensional interrogation of microvascular matrisome 
abnormalities in cerebral small vessel diseases (MatriSVDs)

Cerebral small vessel diseases (cSVDs) are a leading cause of 
stroke and dementia with no mechanism-based treatments. 
We aim to provide novel insights into fundamental mecha-
nisms underlying the loss of mural cells and remodeling of 
the microvascular extracellular matrix (ECM), the two major 
outcomes common to cSVDs. Our overarching hypothesis is 
that perturbations of the brain microvascular matrisome— the 
ensemble of ECM and associated proteins—are a convergent 
pathway in cSVDs.

PI: M. Dichgans

ERA-NET Neuron: 
ISD was successful in the lates ERA-Net call 2022 on “Cerebrovascular Diseases 
including Small Vessel and Brain Barrier Dysfunction” with the following 4 projects:

www.neuron-eranet.eu/

CLINSPECT-M
CLINICAL MASS SPECTROMETRY CENTER  
MUNICH

www.mscoresys.de/

This project unites an outstanding team of Munich-based ex-
perts in proteomics, medicine and bioinformatics to translate 
mass spectrometry-based proteomics into clinical practice. 
With a biological-medical focus on diseases of the nervous 
system the overarching goals of CLINSPECT-M are to de-
monstrate that mass spectrometry in systems medicine i) is 
technically and logistically feasible ii) generates novel insights 
into disease biology iii) uncovers biomarkers for diagnosis, 
prognosis and treatment response and iv) provides short-, 
medium- and long-term clinical translation opportunities 
aiding clinical decision making for individual patients.

PI: M. Dichgans

Targets for Intervention: Affected pathways and mechanis-
tic exploitation for prevention of stroke and dementia

Cerebral small vessel disease (SVD) is a major cause of 
stroke, disability and dementia. It is caused by a dysfunc-
tion of the small arteries, which supply blood to the deep 
brain regions. Smooth muscle cells (SMC) that surround the 
vessels regulate blood flow and ensure a sufficient blood 
supply. Despite the consensus that SVDs are initiated by an 
endothelial dysfunction including blood-brain barrier (BBB) 
failure, the pathophysiology remain largely unknown. SVDs@
target thus addressed one of the most pressing health issues 
in ageing societies. The project ended in Dec 2021 after six 
years. SVDs@target has discovered new pathomechanisms 
of SVDs and found promising key players which could serve 
as novel therapeutic targets. New MRI markers related to 
SVDs were identified and new MRI protocols were developed 
to assess vascular functions and to measure cardiac and 
respiration-induced brain deformations simultaneously.
The results of SVDs@target will improve the preventive treat-
ment of the disease and will lead to a significant benefit at the 
individual and societal level.
https://www.svds-at-target.eu/

Coordinator: M. Dichgans

SVDs@target
Small vessel diseases in a mechanistic 
perspective

www.svds-at-target.eu/
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Local Collaborations

Over the past years, the ISD has established strong partners-
hips: locally, nationally, and internationally – through third 
party funded networks including CRCs, EU-funded projects, 
and from private foundations such as the Leducq Foundation 
and Cure Alzheimer’s fund. Locally, we are most strongly 
connected to institutions at the LMU and TUM, the German 
Center for Neurodegenerative Diseases (DZNE) and the Max 
Planck Institutes. Nationally, our collaborators are spread 
across Germany, while internationally we are mostly connec-
ted within Europe, but also to the US and Asia.

LMU (Ludwig-Maximilians-Universität) 
TUM (Technische Universität München)
HMGU (Helmholtz Zentrum München)
DZNE (German Center for Neurodegenerative Diseases) 
MPI (Max-Planck-Institutes) 
DHS (Deutsches Herzzentrum)

Selection of Collaborations with other German Sites 

• DZNE Bonn
• University of Bonn
• University of Cologne
• University of Duisburg
• University of Essen
• University of Gießen
• University of Göttingen
• Universitätsklinikum Hamburg-Eppendorf
• Charite Berlin
• Forschungszentrum Jülich
• Univ. Schleswig-Holstein
• Universität Kiel
• RWTH Aachen

Selection of International Collaborations

• Columbia University, New York, USA
• University of Vermont, Burlington, USA
• University of Iowa, Iowa, USA
• University of Edinburgh, UK
• University of Cambridge, UK
• University of Copenhagen, Denmark
• University of Uppsala, Sweden
• University of Gothenburg, Sweden
• University Paris Diderot, Paris, France
• Institut Pasteur de Lille, France
• University of Bordeaux, France
• Hungarian Academy of Sciences, Budapest, Hungary
• A.I. Virtanen Inst. for Molecular Sciences, Kuopio, Finland
• UMC Radboud, Nijmegen, The Netherlands
• UMC Utrecht, The Netherlands
• �European Institute for Biomedical Imaging  

Research, Vienna, Austria
• Yale University, New Haven, USA
• Duke NUS and National Heart Center, Singapore

Two new networks funded by  Leducq Foundation in  
2021 & 2022: 

www.fondationleducq.org

Leducq Foundation: Trans-Atlantic Network of Excellence 
on Circadian Effects in Stroke (CIRCA)

Circadian rhythms affect almost all aspects of mammalian 
biology, so any pursuit of therapies for clinical disease may 
be meaningless without considering circadian mechanisms. 
This translational network aims to investigate in experimental 
models and human how circadian biology influences cere-
brovascular disease, with the aim to reveal novel targets for 
effective therapies.

PI: S. Tiedt

Leducq Foundation: International Network of Excellence 
on Brain Endothelium: A Nexus for Cerebral Small Vessel 
Disease 

Brain endothelial cells (BECs) have unique roles at the blood-
brain barrier (BBB) and in controlling cerebral blood flow. 
This essential integrator function seems to be progressively 
degraded in SVD so BEC dysfunction serves as a nexus for 
the loss of brain health. The leading risk factor for SVD is 
hypertension. We propose a two-hit mechanism where hyper-
tension synergizes with genetic predisposition to drive SVD. 
BRENDA will tackle these questions and significantly advance 
the understanding of BECs, their impact on brain health, and 
their potential as targets of novel therapies.

The international Network of Excellence BRENDA is sup-
ported by the Foundation Leducq with 7,5 Mio USD over five 
years and coordinated by Martin Dichgans and Frank Faraci 
(University of Iowa, USA).

Coordinator and PI: M. Dichgans
PI: D. Paquet
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Funding
Institutional funds (spent)  

Courtesy of Vascular Dementia Research Foundation*

2021 2022

Personnel costs 3,105,721 € 3,587,163 €

Material 832,875 € 790,668 €

Travel expenses 20,303 € 65,527 €

Investments 466,587 € 178,054 €

Total 4,425,486 € 4,621,412 €

*not including costs for outpatient clinic

Third party funds spent in 2022 (€)

Source Number of projects Funds spent

BMBF/DLR 6 220,180 €

DFG 49 2,372,311 €

EU 4 424,403 €

Others 26 936,279 €

LMU 15 182,962 €

Total 100 4,136,135 €

Third party funds spent in 2021 (€)

Source Number of projects Funds spent

BMBF/DLR 8 448,644 €

DFG 47 2,135,663 €

EU 5 567,474 €

Others 22 1,313,094 €

LMU 19 271,103 €

Total 101 4,735,978 €

Funding

Project Role Period

Munich Cluster for Systems Neurology (SyNergy) EXC 2145

Basic funding
M. Dichgans
A. Liesz
D. Paquet

01/2019 -
12/2025

Tandem-projects

J. Bernhagen (PI)
M. Dichgans (PI)
A. Liesz (PI)
N. Plesnila (PI)
D. Paquet (PI)

Technology hubs

A. Ertürk (PI)  
M. Dichgans (PI) 
N. Franzmeier (PI) 
O. Gokce (PI)

Clinician Scientist Program M. Georgakis 
A. Kopczak

Early Excellence Academy S. Jäkel (PI)

Confocal Microscope 
Multispectral Flow Cytometer

M. Dichgans 
S. Jäkel 
A. Liesz

Collaborative Research Centre, CRC1123: Atherosclerosis: Mechanisms and Networks of Novel Therapeutic Targets

TP A3: The MIF protein/receptor network in atherosclerosis: mechanisms, novel members, 
and specific therapeutic strategies J. Bernhagen (PI)

10/2014 - 
06/2026TP B3: Mechanistic Role of HDAC9 in Atherosclerosis M. Dichgans (PI) 

Y. Asare (PI)
TP B11: Inflammation begets inflammation – impact of remote injuries on atherosclerosis 
progression A. Liesz (PI)

Research Unit-FOR 2879: From immune cells to stroke recovery, A. Liesz (Coordinator)

TP-A2: Inflammasomes in post-stroke regeneration A. Liesz (PI)

05/2018 - 
10/2025

TP-A3: The role of microglia in cortical connectivity during recovery after stroke G. Llovera (PI) 
A. Liesz (PI)

TP-B4 „Priming von meningealen Immunzellen zur Regeneration nach Schlaganfall“ C. Benakis (PI)

TP-C2: Microglia-PET as a surrogate marker for post-stroke neuroinflammation M. Dichgans (PI)

TP-Z2: Standardization of animal models and outcome parameters G. Llovera (PI)
A. Liesz (PI)

Transregio 274: Checkpoints of Central Nervous System Recovery

TP-A02: Targeting microglia for the resolution of chronic neuroinflammation after stroke A. Liesz (PI)

01/2020 - 
12/2023

TP-A06: The role of lipid-sensing nucl. receptors as checkpoints in regul. phagocyte func-
tion during recovery from demyelinating injury M. Simons (PI)

TP-B01: The role of inflammatory cytokine signalling for efficient remyelination in MS M. Simons (PI)

TP-Z02: Genomics and Bioinformatics Platform O. Gokce (PI)

Transregio 128: Initiating/effector versus regulatory mechanisms in MS – progress towards tackling the disease

TP-B07: Association betw. cholesterol metabolism in myeloid cells and remyelination in 
mouse and human M. Simons

01/2021 - 
06/2024TP-B13: Can a disturbed iron metabolism in phagocytes contribute to the development of 

chronic inflammation in MS? M. Simons

Project Role Period

iBioStroke - Identifikation 
und klinische Validierung 
von Biomarkern für den 
langfristigen Krankheits-
verlauf nach zerebraler 
IschämieSchlaganfall

N. Plesnila 04/2020 - 
03/2023

CLINSPECT-M - Klinisches 
Massenspektrometrie Zent-
rum München

M. Dichgans  
(PI)

03/2020 - 
02/2023

Role of Regnase-3 in viral 
myocarditis

M. Fischer 
(PI)

03/2020 - 
02/2023

Link between DAMPs and 
MIF proteins in cardiac re-
modeling after I/R injury and 
relevance for heart failure

J. Bernhagen 
(PI)

12/2019 - 
11/2022

Astrozytärer Metabolismus 
nach ischämischem Stress N. Plesnila 12/2019 - 

11/2022 

Treat-ION - Pathophysiologi-
sche Mechanismen

N. Plesnila 
(PI)

09/2019 - 
08/2022

MISST- Ebenen-spezifische 
Untersuchung der synap-
tischen Fehlfunktion nach 
Schlaganfall

N. Plesnila 09/2018 - 
08/2022
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Project Role Period

Emmy Noether

Deciphering the role of oligodendricytes in the pathogenesis of Alzheimer‘s disease S. Jäkel (PI) 3/2021 - 2/2023

Die Rolle Hirn-sezernierter Alarmine als Mediatoren immunologischer Komorbiditäten nach 
Schlaganfall A. Liesz (PI) 1/2020 - 6/2022

Projects

Uncovering the role of rare and low-frequency mutations in stroke using a polygenic risk 
score informed approach – implications for risk prediction

M. Dichgans (PI)
R. Malik (PI) 5/2022 - 4/2025

Die Rolle von T-Zellen als Modulatoren der Mikroglia-Reaktivität bei der Alzheimer-Krankheit A. Liesz (PI) 4/2022 - 4/2025

Die Reevaluierung des “no-reflow” Phänomens: Verzögert auftretende Verschlüsse der zere-
bralen Mikrozirkulation als neue Therapieoption für den ischämischen Schlaganfall

N. Plesnila (PI) 
I. Khalin (PI) 3/2022 - 2/2025

Deciphering the development and diversity of white and gray matter microglia in neurodege-
neration and aging

O. Gokce (PI) 
M. Simons (PI) 2/2022 - 3/2024

T-Zellen als Regulatoren der Mikroglia-Funktion in Schlaganfall C. Benakis (PI) 4/2021 - 12/2022

The MIF protein family in cardiac ischemia and heart failure: molecular mechanisms and 
translational avenues J. Bernhagen (PI) 7/2020 - 6/2022

Role of MIF-2 in wound healing J. Bernhagen (PI) 7/2018 - 6/2022

Clinician Scientist PRogram In Vascular MEdicine: PRIME S. Tiedt 4/2019 - 3/2022

X-KINGDOM-MIF: Comparative analysis of macrophage migration inhibitory factor (MIF) 
protein function in animal and plant kingdoms. J. Bernhagen (PI) 2/2020 - 1/2022

Die Langzeitfolgen eines Schlaganfalls auf die systemische Immunität A. Simats (PI) 1/2021- 12/2021

Entwicklung genetisch kodierter K+-Fluoreszenzsensoren N. Plesnila (PI) 11/2017 - 9/2021

Identifikation von Inhibitoren der pathologischen Notch3-Aggregation C. Haffner (PI) 1/2017 - 7/2021

Molecular mechanisms of recessive and dominant mutations in the small vessel disease-re-
lated high temperature requirement protease HTRA1

M. Dichgans (PI) 
N. Beaufort (PI) 11/2016 - 6/2021

Strukturelle und funktionelle Konnektivität bei der cerebralen Mikroangiopathie: Pathome-
chanistische Einblicke durch die Untersuchung genetischer und sporadischer Fälle M. Düring (PI) 4/2017 - 6/2021

ERC: The biology of myelin and lipoproteins within a glial network M. Simons (PI) 1/2022 - 12/2026

ERC Starting Grant: -T-cell-driven inflammatory mechanisms promote recovery after acute 
brain injury (RecoverInFlame)

A. Liesz (PI) 11/2018 - 10/2023

Marie Skłodowska-Curie: Immunological mechanisms of post-stroke dysfunction and recove-
ry of neurovascular coupling (VasoRecovery)

A. Liesz (PI) 4/2020 - 4/2022

Horizon 2020: Small Vessel Diseases in a mechanistic perspective: Targets for Intervention. 
Affected pathways and mechanistic exploitation for prevention of stroke & dementia (SVDs@
target)

M. Dichgans 1/2016 - 12/2021

"Horizon 2020: Common mechanisms and pathways in Stroke and Alzheimer's disease 
(CoSTREAM)“

M. Dichgans (PI) 12/2015 - 5/2021

Project Role Period

Foundation Leducq

Leducq Trans-Atlantic Network of Excellence On Circadian Effects in Stroke (CIRCA) S. Tiedt (PI) 1/2022 - 12/2026

Adelson Foundation

Molecular pathways in Remyelination and Neuroprotecion M. Simons (PI) 10/2022 - 9/2025

Minerva Stiftung

Functional dissection of the Insula-reward system connectivity in control of immunity O. Gokce (PI) 4/2019 - 4/2022

BrightFocus Foundation

An iPSC-derived human brain tissue model for Alzheimers disease D. Paquet (PI) 7/2019 - 6/2022

Development of a human iPSC-based Tauopathy model showing advanced phenotypes D. Paquet (PI) 1/2022 - 6/2025
The role of brain connectivity as a mechanistic link between Amyloid and Tau  
pathology spread in Alzheimer´s disease N. Franzmeier (PI) 7/2019 - 6/2022

Dr. Helmut Legerlotz-Stiftung

Assoziation zwischen protektivem Klothoprotein und Tau-pathologie bei AD Bürger/Ewers (PIs) 1/2022 - 12/2022

Hertie Stiftung

Hertie Academy 2020 N. Franzmeier  5/2020 - 10/2023

Else Kröner Fresenius Stiftung

Harnessing Reward Circuitry for Stroke Recovery O. Gokce (PI)  5/2020- 5/2025

Corona Stiftung
Precision Medicine in Stroke (PREMISE): integrating deep phenotyping from 1000 stroke 
patientes and experimental stroke models S. Tiedt (PI) 7/2020 - 7/2025

Fritz Thyssen Stiftung

Developing personalized biomarkers of subclinical arterial pathology with deep learning in 
carotid ultrasound images M. Georgakis (PI)  7/2022 - 6/2024

Friedrich-Baur-Stiftung

Nanoimmunotherapy targeting HDAC9 for vascular protection Y. Asare (PI) 5/2020 - 11/2021

The long-term consequences of stroke on systemic immunity A. Simats (PI) 7/2021 - 7/2022

Characterization of CNS potassium dynamics S. Filser (PI) 7/2021 - 12/2022

Gut Brain axis in stroke C. Benakis (PI) 7/2022 - 12/2023
Erweiterte Charakterisierung des MIF/CXCK4L1. (…) M. Brandhofer (PI) 7/2022 - 12/2023

Bayerisches Staatsministereium für Gesundheit und Forschung
DigiMed Bayern: P4 medicine for carotid stenosis and stroke M. Dichgans 10/2018 - 11/2024

M4-Award „SELECKREM“ J. Bernhagen 7/2022 - 6/2024

NIH: Genetics of Early-Onset Stroke Consortium M. Dichgans 1/2018 - 12/2023

Alzheimer Association

Determing Cell Autonomous and Non-cell Autonomous Mechanisms (…) D. Paquet 11/2022 - 12/2022

Connectivity as a universal predictor of tau spreading in atypical AD N. Franzmeier 1/2022 - 12/2023

CSL Behring Innovation Identify novel alarmin molecules as therapeutic targets to prevent 
early recurrent cardiovascular events after stroke

A. Liesz 6/2020 - 6/2024

Chan Zuckerberg Initiative DAF Role of white matter and cerebrovascular aging in neuro-
degeneration

Gokce/Simons 
(PIs) 1/2021 - 5/2022
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Graduate School of Systemic Neurosciences (GSN)
Under the umbrella of the Munich Center of Neurosciences 
– Brain & Mind (MCN), the GSN coordinates high-quality 
and integrated master and doctoral research programs in 
the neurosciences. ISD staff actively participates in this 
ambitious program. The program offers: 1) structured, 
student-centered training in English; 2) comprehensive state 
of-the-art training within the exceptionally broad scope of 
neuroscience topics and technologies in Munich; 3) ECTS-
based grading; 4) personal career planning and coaching 
for scientific and related careers; 5) lab rotations within the 
MCN/GSN, with collaborating institutions at LMU, TUM, the 
Max-Planck-Institutes, the Helmholtz Center Munich, and 
their international partners; and 6) an international network 
for careers in academia and RTD projects (see www.mcn.
lmu.de). Martin Dichgans and Judit Gonzalez-Gallego (PhD 
student) are on the scientific board of the GSN.

MMRS and IRTG1123
The Munich Medical Research School (MMRS) is an 
umbrella organization at LMU that coordinates doctoral 
degrees at LMU Medical School. IRTG1123 is the Integrated 
graduate program of the CRC 1123 “Atherosclerosis” and 
offers a dedicated PhD program for doctoral researchers 
in athero-sclerosis and cardiovascular medicine. IRTG1123 
students obtain a doctoral degree according to the umbrella 
guidelines of MMRS. Depending on the student’s/supervi-
sor’s academic background, the following doctoral degrees 
can be obtained: PhD in Medical Research with interna-
tional compatibility; the German Dr. rer. nat.; the Dr. hum. 
biol. (Human Biology); and the Dr. med. (Human Medicine). 
Doctoral researchers enrolled in IRTG1123 typically undergo 
a 3-year structured PhD program, allowing the students to 

Participation 
in Graduate 
Schools

collect necessary ECTS points and engage in cutting-edge 
atherosclerosis research. MD thesis students can join the 
program for the duration of their protected research time. 
The structured program encompasses: 1) Basic science 
seminars focusing on atherosclerosis, inflammation, and 
immunology; 2) Advanced methods courses with an emp-
hasis on in vivo animal models and state-of-the-art imaging; 
3) Soft skill seminars on communication, presentation and 
topics relevant for an academic and non-academia science 
career; 4) Scientific education provided by lecture series (by 
renowned national¬/international speakers), annual retreats, 
workshops and summer schools. Every PhD student is 
assigned a thesis advisory committee, which supervises 
the work, its feasibility and milestones and advises the 
student regarding career planning. ISD staff participates in 
IRTG1123 with currently 5 PhD/MD students in training; A. 
Aronova (PhD student at ISD) is one of the Student Spoke-
spersons of IRTG1123.

MMRS / FöFoLe-MD doctoral studies in Molecular and 
Clinical-Translational Medicine
The FöFoLe-MD doctoral study program in Molecular and 
Clinical-Translational Medicine aims at a comprehensive 
and structured training of MD students in medical research. 
The program was installed at LMU Medical School in 2011 
and fosters the research training of the most talented and 
motivated 40 MD students of LMU as part of a structured 18 
months doctoral thesis program, in which the MD students 
spend full-time in the lab in a dedicated manner protec-
ted from curricular duties, and accompanied by a tailored 
theoretical training program. In a competitive procedure, 
professors and PIs of the Medical School propose MD 
thesis projects and the best students are matched with 
suitable labs and projects. The program is funded by both an 
18-month fellowship for the MD students and a bench fee 
for the thesis project and conference participation. 
Several ISD labs have successfully competed in this pro-
gram and hosted a total of 12 FöFoLe MD thesis students in 
2021-2022.

Clinician Scientist Program PRIME
Starting in 2019, the DFG-funded clinician scientist PRrog-
ram In vascular MEdicine (PRIME; coordinator: S. Massberg) 

promotes clinical and scientific careers of clinician scien-
tists with a vascular research focus. PRIME is integrated 
into the interdisciplinary Munich Clinician Scientist Program 
(MCSP) framework to pursue the following aims: 1) esta-
blish an institutionalized vascular clinician scientist program 
for talented early career researchers as a track integrated 
into the respective resident programs; 2) provide flexible 
models of protected research time adapted to the specific 
needs of clinical training within the participating disciplines, 
while minimizing delay in board certification; 3) provide a 
scientific qualification program that addresses the needs 
of clinician scientists with a vascular focus; 4) connect this 
with an advanced scientist program to establish a sustained 
pipeline for independency of highly qualified early career 
researchers; and 5) expand the mentoring/role model pro-
gram to the needs of PRIME to enhance visibility and appeal 
of the program. PRIME convenes groups of disciplines with 
a vascular focus. Specific measures are implemented to 
grant equal opportunity of clinician scientists. Independent 
experts on governance and performance management in 
academic research institutions evaluate PRIME and provide 
applicants and PIs with feedback. The ISD has a coordina-
ting role in the PRIME Neurovascular Medicine Cluster.

Hertie Academy of Clinical Neuroscience
The Hertie Academy of Clinical Neuroscience enrolls highly 
talented young medical and clinician scientist from five Ger-
man universities that form the Hertie Network of Excellence 
in Clinical Neuroscience. All fellows undergo a mentored 
3-year structured training program, that is intended to 
provide the fellows with key leadership skills required for an 
independent scientific career path.

CRC 1123
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Teaching Sinitski D, Wang S, Yang B, Zan C I Current topics in molecular athero-
sclerosis research (7C4047)

Boulesteix A, (...) I MMRS lecture series “Good Scientific Practice” 
(7C4091)

Anders H, (...) I Interdisziplinäre Vorlesung: Promotionsstudium Mole-
kulare Medizin und Systembiologische Medizin (7C0422)

Bernhagen J, (...) I Practical Course Molecular and Cellular Cardiova-
scular Medicine (7C0485)

(...), Bürger K, (...)I Demonstration nuklearmedizinischer Befunde im 
Rahmen der Demenzdiagnostik (7P0602)

Paquet D I Experimental research on neurodegenerative and neurava-
scular disorders (7C0189)

(...), Bürger K, (...) I Demonstration nuklearmedizinischer Befunde im 
Rahmen der Demenzdiagnostik (790602)

Dichgans M, Hamann G, Opherk C I Neurologische Notfall- und Inten-
sivmedizin (7P0603)

Bürger K, Dichgans M, Wollenweber F | Interdisziplinäre Therapie von 
Demenzen (7P0607)

Dichgans M, Klein M, Straube A I Neurovaskuläre Intensivmedizin; Vor-
stellung ausgewählter Krankheitsbilder (7P0609)

Dichgans M, Wollenweber F | Interdisziplinäre Behandlung des Schlag-
anfalls (7P0610)

Crispin A, Ewers M, (...) I Exercise: Advanced

Crispin A, Ewers M, (...) I Seminar: Advanced Methods in Clinical Epide-
miology: Design, Evidence Synthesis, Safety and Quality (07565) 

2021 I Faculty of Biology 

Dichgans M, (...) I Molecular Neurogenetics and Experimental Stroke 
Research (19018)

Dichgans M, (...) I Molecular Neurogenetics and Experimental Stroke 
Research (19023)

Dichgans M, (...) I WP 10.1 Biomedical Neuroscience – Lecture 
(19257)

Dichgans M,(...) I Neuroimmunological methods in experimental 
stroke research (19280)

Dichgans M, Liesz A, Roth S, Benakis C I Neuroimmunological met-
hods in experimental stroke research (19339)

Ewers M, Düring M, Franzmeier N, Malik R, Stöcklein S I Structural and 
Functional Connectomics in Neuroimaging (19356)

Schneider M, Dichgans M I Experimental stroke research – Introduc-
tion to laboratory animal science (19285)

2022 I Faculty of Medicine

Dichgans M, Wollenweber F I Interdisziplinäre Behandlung des Schlag-
anfalls (7C0014)

Dichgans M, Hamann G, Opherk C I Experimentelle Ansätze in der 
Schlaganfalltherapie (7C0017)

Dichgans M I Demenzen: Molekulare Grundlagen und pathophysio-
logische Konzepte (7C0019)

Plesnila N, Filser S, Khalin I, Seker B I Experimentelle Schlaganfallfor-
schung (7C0123)

Plesnila N, Dichgans M, Ewers M, Liesz A, Malik R, Paquet D I Stroke 
and Dementia Research - News and Views (7C0124)

Dichgans M, Klein M, Straube M I Neurovaskuläre Intensivmedizin; 
Vorstellung ausgewählter Krankheitsbilder (7C0025)

Dichgans M, Liesz A I Developments and trends in neuroimmunologi-
cal research (7C0155)

Dichgans M, Plesnila N I Tutorial on good scientific practice in experi-
mental stroke research (7C0156)

Biel D, Dewenter A, Ewers M, Franzmeier N, Malik R, Stöcklein S I 
Structural and Functional Connectomics in Neuroimaging (7C0170)

Paquet D I Experimental research on neurodegenerative and neurava-
scular disorders (7C0189)

Paquet D I Current developments in human in vitro research on neuro-
degenerative and neurovascular disorders (7C0190)

Filser S, (...) I Neurovascular Research Journal Club (7C01994)

Bartenstein P, (...)| Demonstration nuklearmedizinischer Befunde im 
Rahmen der Demenzdiagnostik (7C0233)

Biel D, (...) I Strukturelle Magnetresonanztomographie in der Demenz-
forschung (7C0248)

Biel D, (...) I Multimodale Bildgebung zu Gehirnveränderungen bei der 
Alzheimer Demenz (7C0263)

(...), Plesnila N, (...) I MMRS lecture series “Good Scientific Practice” 
(7C4091)

Anders H, Bernhagen J, (...) I Interdisziplinäre Vorlesung: Promo-
tionsstudium Molekulare Medizin und Systembiologische Medizin 
(7C0422)

Androvic P, Bernhagen J, El Bounkari O, Gökce Ö I Practical Course 
Molecular and Cellular Cardiovascular Medicine (7C0485)

Bernhagen J, (...) I Current developments in vascular biology: mecha-
nisms and pathologies (7C0375)

Androvic P, (...) I Doktorandenkolloqium: (kardio)vaskuläre Pathologien 
- von den Grundlagen der vaskulären und Neurobiologie zur Patho-
genese (7C0376)

Bartenstein P, (...) I Demonstration nuklearmedizinischer Befunde im 
Rahmen der Demenzdiagnostik (7P0602)

Dichgans M, Hamann G, Opherk C I Neurologische Notfall- und Inten-
sivmedizin (7P0603)

Bürger K, Dichgans M, Wollenweber F I Interdisziplinäre Therapie von 
Demenzen (7P0607)

Dichgans M, (...) I Neurovaskuläre Intensivmedizin; Vorstellung ausge-
wählter Krankheitsbilder (7P0609)

Dichgans M, Wollenweber F I Interdisziplinäre Behandlung des Schlag-
anfalls (7P0610)

Bernhagen J, (...) I Current topics in molecular atherosclerosis re-
search (7C4047)

2022I Faculty of Biology

Dichgans M, (...) I Molecular Neurogenetics and Experimental Stroke 
Research (19020)

Dichgans M, Liesz A, Roth S, Benakis C I Neuroimmunological met-
hods in experimental stroke research (19359)

Ewers M, (...) I Structural and Functional Connectomics in Neuroima-
ging (19376)

2021 I Faculty of Medicine

Dichgans M, Wollenweber F | Interdisziplinäre Behandlung des Schlag-
anfalls (7C0014)

Dichgans M, Hamann G, Opherk C | Experimentelle Ansätze in der 
Schlaganfalltherapie (7C0017) 

Beaufort N, Dichgans M, Haffner C, Malik R | Demenzen: Molekulare 
Grundlagen und pathophysiologische Konzepte (7C0019)

Dichgans M, Filser S, Hallal F, Plesnila N, Seker B I Experimentelle 
Schlaganfallforschung (7C0123)

Beaufort N, (...) I Stroke and Dementia Research - News and Views 
(7C0124)

Dichgans M, Klein M, Straube A I Neurovaskuläre Intensivmedizin; Vor-
stellung ausgewählter Krankheitsbilder (7C0025)

Dewenter A, Düring M, Ewers M, Franzmeier N, Malik R, Stöcklein S I 
Structural and Functional Connectomics in Neuroimaging (7C0170)

Paquet D I Current developments in human in vitro research on neuro-
degenerative and neurovascular disorders (7C0190)

(...), Bürger K, (...)| Demonstration nuklearmedizinischer Befunde im 
Rahmen der Demenzdiagnostik (7C0233)

Dichgans M, Liesz A I Developments and trends in neuroimmunologi-
cal research (7C0155)

Dichgans M, Plesnila N I Tutorial on good scientific practice in experi-
mental stroke research (7C0156)

Bürger K, Dichgans M, Düring M, Ewers M, Franzmeier N I Strukturelle 
Magnetresonanztomographie in der Demenzforschung (7C0248)

Düring M, Ewers M, Franzmeier N I Multimodale Bildgebung zu Gehirn-
veränderungen bei der Alzheimer Demenz (7C0263)

Bernhagen J, (...) I Current developments in vascular biology: mecha-
nisms and pathologies (7C0375)

Bernhagen J, (...) I Doktorandenkolloqium: (kardio)vaskuläre Patho-
logien - von den Grundlagen der vaskulären und Neurobiologie zur 
Pathogenese (7C0376)



79ISD Annual Report 2021/2022 Theses

following stroke. Gian Marco Calandra, PhD (GSN), started 2021

Effect of DOCA-induced hypertension in genetic mouse models of 
cSVD - Exploring the ‘second hit‘ hypothesis. Luise Sophia Klara Schrö-
ger, PhD (GSN), 2021.

Investigating modulators of Alzheimer’s disease through multimodal 
neuroimaging biomarkers. Anna Steward, PhD (GSN), started 2021.

The neuro-immunomodulatory effect of gut microbiota-derived me-
tabolites in experimental stroke. Rosa Delgado, PhD (MMRS), started 
2020

Influence of the circadian rhythm on infarct volume and the metabolic 
response after experimental stroke. Vanessa Granja Burbano, PhD 
(GSN), started 2020

Temporal profile and determinants of the systemic catabolic response 
in the acute phase of ischemic stroke. Evan Hunter Stanton, PhD 
(GSN), started 2020

Cardiac dysfunction chronically after ischemic stroke. Sijia Zhang, 
PhD, started 2020

Functional genomic investigation of cerebrovascular disease. Simon 
Frerich, PhD (GSN), started 2020

Therapeutic potential of progesterone after traumatic brain injury. 
Kosisochukwu Umeasalugo, PhD (GSN), started Mar 2020

Investigating genomic damage during brain aging via single cell geno-
mic technologies. Katrin Gehring, Master & PhD, started 2020

Prediction of cognitive and functional impairment after stroke using 
neuroimaging markers. Rong Fang, PhD (MMRS), started 2019

Investigating molecular signatures of brain aging via single cell geno-
mic technologies. Tugberk Kaya, PhD (GSN), started 2019

Cell autonomous effect of FOXF2 deficiency in mouse brain vascu-
lature and a human BBB in vitro model. Judit González-Gallego, PhD, 
started 2018

The role of GABA in neuronal energy metabolism. Bernhard Groschup, 
PhD (GSN), started 2018

Single-cell approach on the modulation of immune cell identity in 
ageing and disease. Simon Besson-Girard, PhD (GSN), started 2018

The impact of post-stroke inflammation in atherosclerotic plaque rup-
ture and recurrent stroke. Jiayu Cao, PhD (MMRS), started Oct 2018

Elucidating the role of Tau isoform expression in a human iPSC-de-
rived Tauopathy model. Angelika Dannert, PhD, started 2018

Inflammatory pathways as drug targets for cardiovascular disease - 
insights from human genomics. Marek Konieczny, PhD, started 2018

Characterization of the novel MIF protein DDTL/MIF-3 in human athero-
sclerotic plaque tissue. Noor Ismail, Dr. med. (FöFoLe), started 2022

Characterizing the role of microglia in the formation of microvascular 
occlusions and the blood brain barrier integrity following the ischemic 
stroke. Eva Krestel, Dr. med., started 2021

Mapping the systemic response to stroke. Charlotte Forster, Dr. med., 
started 2021

Protein composition distinguishes cardioembolic and large-artery 
atherosclerotic thrombi. Teresa Wölfer, Dr. med., started 2020

Utilization of routine laboratory results to determine the prevalence of 
systemic complications and to predict thrombectomy success, inter-
ventional complications, and functional outcome after thrombectomy. 
Michael Karg, Dr. med., started 2020

Molecular pathways in atherosclerotic vascular inflammation. Luka 
Zivkovic, Dr. med., started 2019

Role of HDAC9 in NF-kB driven pro-inflammatory responses. Thomas 
James-Campbell, Dr. med., started 2018

Effects of selective class IIa HDAC inhibition with TMP195 on proat-
herogenic mechanisms in endothelial cells and macrophages. Kyra 
Thomas, Dr. med., started 2018

Investigation of cytotoxic brain edema formation by in vivo 2-Photon 
Microscopy. Senbin Hu, MD, started 2021.

Role of inflammation on brain edema following acute brain injury. 
Yinghuimin Guo, MD, started 2021

The role of HDAC9 in NLRP3 inflammasome activity. Christina Schlegl, 
MD, started 2020

Investigating the role of CD74 in CD4+ T cell regulation. Iris Woltering, 
Dr. med., started 2020
 
Expanding the (atypical) chemokine interactome: network modulation 
through MIF-2/CCL20 heterooligomerization. Elena Siminkovitch, Dr. 
med. (FöFoLe), started 2020
 
DCN1-inhibitors: A new pharmacological strategy in atherosclerosis 
therapy. Dario Ponto, Dr. med. (FöFoLe), started 2020

Completed:

Modulation of Neuroinflammation and Stroke Outcome by the COP9 
Signalosome. Yuan Tian, PhD (MMRS), 2022.

Effects of Hdac9 targeting on proinflammatory responses in vivo and 
in vitro in macrophages and monocytes. Lydia L. Yu, Dr. med, 2022

Role of large vessel stroke relevant gene HDAC9 in NF-κB activation + 
atherogenic processes in vascular cells. Yury Bokov, Dr. med., 2022

Left frontal hub connectivity enhances task related brain network se-
gregation and cognition in aging – implications for cognitive reserve. 
Lukas Frontzkowski, Dr. med., 2022

Tau-network mapping of domain-specific cognitive impairment in AD. 
Ying Luan, PhD (Chinese Scholarship Council), 2022

Tractography-based diffusion MRI markers of cerebral small vessel 
disease. Anna Dewenter, PhD (GSN), 2022

Analysis of the brain vasculature in a novel mouse model of HTRA1-
related cerebral small vessel disease. Ameli Gerhard, MD, Sep 2022.

The pericyte response to ischemic stroke. Josh Shrouder, PhD, 2021

Role of inhaled nitric oxide on vascular inflammation after experimen-
tal ischemic stroke. Rebecca Sienel, PhD, 2022

Detection of deleterious on-target effects after CRISPR-mediated 
genome editing in human induced pluripotent stem cells. Isabel Weis-
heit, PhD (GSN), 2021

A human stem-cell-derived cortical tissue model to investigate Alzhei-
mer’s disease. Julien Klimmt, PhD (GSN), 2022

Interactions between MIF-family proteins and the classical chemokine 
ligand/receptor network. Markus Brandhofer, Dr. rer. nat.,  2022
 
The MIF homolog MIF-2/D-DT in atherosclerosis: Functional role and 
links to hepatic lipid metabolism. Chunfang Zan, PhD (IRTG1123), 
2022
 
Role of the COP9 Signalosome in Atherogenic Inflammation. Jelena 
Milic, PhD (IRTG1123), 2022
 
MIF proteins and their receptors in atherogenesis: Structure-activity 
relationships and novel cellular routes. Christine Krammer, Dr. rer. nat. 
(IRTG1123), 2021

Effects of amyloid and tau pathology on brain function and cognition 
in Alzheimer‘s disease. Anna Rubinski, PhD, 2021
 

Theses
Investigating the brain mechanisms that underlie cognitive resilience 
in neurodegenerative diseasese. Jannis Denecke, PhD (GSN) started 
2022

Proteomics capturing the biology of thrombus formation. Yasin 
Eshraghi, PhD, started 2022

Temporal and spatial characterization of molecular outflow after 
stroke. Linjie Zhang, PhD, started 2022

Fabian Wagner: Understanding the role of Amyloid in Tau spreading, 
PhD, started 2022

Functional characterization of distinct oligodendrocyte states in Alz-
heimer‘s disease pathology. Nadia Dorosti, PhD (GSN), started 2022

Chemokine receptor ectodomain mimics as therapeutic tools in athe-
rosclerosis. Simon Ebert, Dr. rer. nat., started 2022
 
Role of the ACK interactome in atherosclerosis. Michael Kobina Otabil, 
PhD (IRTG1123), started 2022
 
Mechanisms underlying atheroprotection by the COP9 signalosome. 
Yue Yuan, PhD, started 2022

Genomic, biochemical and functional characterization of novel MIF 
family proteins. Kobra Moradzadeh, PhD (IRTG1123), started 2022

Generation and Characterization of COL4A1 Small Vessel Disease. 
Joseph Kroeger (GSN), PhD, submitted Dec 2022

Biomarkers of inflammation in stroke patients and risk of stroke recur-
rence. Jana Mattar, MD, started 2022

Cell-type specific effects of HDAC9 in atherogenic inflammation. 
Federica Tosato, PhD, started 2021

Role of SCARF1 in atherosclerosis, Arailym Aronova, PhD (MMRS), 
started 2021

Predictors for cognitive impairment and dementia after stroke. Jule 
Marie Filler, PhD (GSN), started 2021

Using human iPSCs to study oligodendrocyte pathology in  
Alzheimer’s disease. Courtney McQuade, PhD (GSN), started 2021

Functional adaptations of the contralateral neuronal network  
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Stroke-Immunology Conference 2021, Online, March 2021 | 
A. Liesz: organizer

7th European Stroke Conference Virtuell, September 2021 I 
M. Dichgans: scientific chair 

ISGC Workshop, Bordeaux, September 2022 | M. Dichgans: 
scientific chair

Scientific Review Advisory Board ISD, Munich, September 
2022 I M. Dichgans: organizer

External Speakers in ISD Live and virtual Talks 

Dr. Bram Heijs, Assistant Professor, Leiden University Medi-
cal Center, Mass Spectrometry Imaging, Netherlands

Andy Shih, PhD, Seattle Children’s Research Institute Seattle, 
WA, USA

Dr. Gregor-Alexander Pilz, Department for Cell Biology, 
BioMedizinisches Centrum, LMU, Munich

Simon Schäfer, Department of Psychiatry and Psychothera-
py, TUM, Munich

Silvia Cappello, Developmental Neurobiology, Max Planck 
Institute of Psychiatry, Munich

Wouter Peelaerts, PhD, Laboratory of Neurobiology and 
Gene Therapy, KU Leuven, Belgium

Prof. Dr. Jerome Mertens, Institute of Molecular Biology, 
CMBI, Leopold-Franzens-University Innsbruck, Austria

Prof. Dame Pamela Shaw, Sheffield Institute for Translatio-
nal Neuroscience, University of Sheffield, UK

Mathew Blurton-Jones, PhD, Department of Neurobiology 
and Behavior, University of California Irvine, USA

Ulf Dettmer, PhD, Ann Romney Center for Neurologic Disea-
ses, Harvard Medical School, USA

Michael Ratz, PhD, Department of Cell and Molecular Biolo-
gy, Karolinska Institutet, Stockholm, Sweden

Rory Koenen, PhD, Associate Professor Biochemie, School 
for Cardiovascular Diseases, Fac. Health, Medicine and Life 
Sciences, CARIM Maastricht University, Netherlands

Else Charlotte Sandset, MD, PhD, Oslo University Hospital, 
Stroke Unit, Dept of Neurology, Norwegen

Veronique Miron, PhD, UK Dementia Research Institute at 
The University of Edinburgh, UK

Michael Snyder, PhD, Stanford B. Ascherman Professor and 
Chair, Department of Genetics, Director, Stanford Center for 
Genomics and Personalized Medicine, School of Medicine, 
Stanford University, USA

Prof. Jürgen Cox, Max-Planck-Institut für Biochemie, Mu-
nich

Maren Büttner, PhD, LIMES Institute, University of Bonn ; 
German Center of Neurodegenerative Diseases (DZNE), 
Bonn; Department of Computational Health, Helmholtz 
Munich

Li Gan, PhD, Helen and Robert Appel Alzheimer’s Disease 
Research Institute, Feil Family Brain and Mind Research 
Institute, Weill Cornell Medicine, New York, USA

Dr. Marius Wernig, Stanford University School of Medicine, 
California, USA

Dr. Jonas Neher, Experimental Neuroimmunology, DZNE 
Tübingen

Thomas Carmichael, MD, PhD, Department of Neurology, 
David Geffen School of Medicine at UCLA, USA

ISD staff has been or is significantly involved in the
organization of the following conferences and events

International Neurotrauma Society (INTS) Meeting, Berlin, 
July 2022 | N. Plesnila: Conference Chair

ADPD Conference, Barcelona, March 2022 | D. Paquet: ses-
sion chair and speaker

Lecture series about CRISPR genome editing at LMU 
Center for Advanced Studies (CAS), Munich, 2021-2022 | D. 
Paquet: scientific organizer and speaker

Cardiac Regeneration and Vascular Biology Conference,
San Servolo, October 2021 | J. Bernhagen, co-organizer

2021 Virtual Conditioning Medicine Workshop
Hearts and Brains: Conditioning medicine for cardiovascu-
lar and neurovascular disease | April 2021, J. Bernhagen, 
speaker

Virtual MIF Lecture Series 2021-2023 | Monthly , J. Bernha-
gen, organizer

Alzheimer’s Association International Conference (AAIC), 
San Diego, 2022 | M. Ewers, session chair: 

Alzheimer Imaging Conference, Amsterdam 2023 | M. 
Ewers, co-organizer

Japanese Society of Immunology Meeting 2022, Kumamo-
to, December 2022 | A. Liesz: keynote speaker

ESOC 2022, Lyon, May 2022 | A. Liesz: Program committee, 
scientific chair, speaker

Neuroscience School of Advanced Studies, Venice, April 
2022 | A. Liesz: Convenor & Scientific Chair

EMBO Workshop „Stroke-Immunology“, Munich, March 
2022 | A. Liesz: organizer

Conferences,
Trainings
and Events

Events80
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2022

Asare Y, Shnipova M, Živković L, Schlegl C, Tosato F, Aronova A, 
Brandhofer M, Strohm L, Beaufort N, Malik R, Weber C, Bernhagen J, 
Dichgans M. IKKβ binds NLRP3 providing a shortcut to inflammaso-
me activation for rapid immune responses. Signal Transduct Target 
Ther. 2022 Oct 19;7(1):355. doi: 10.1038/s41392-022-01189-3. 

Biel D, Luan Y, Brendel M, Hager P, Dewenter A, Moscoso A, Otero 
Svaldi D, Higgins IA, Pontecorvo M, Römer S, Steward A, Rubinski 
A, Zheng L, Schöll M, Shcherbinin S, Ewers M, Franzmeier N; Alzhei-
mer’s Disease Neuroimaging Initiative. Combining tau-PET and fMRI 
meta-analyses for patient-centered prediction of cognitive decline in 
Alzheimer‘s disease. Alzheimers Res Ther. 2022 Nov 7;14(1):166. 
doi: 10.1186/s13195-022-01105-5.

Benakis C, Liesz A. The gut-brain axis in ischemic stroke: its relevance 
in pathology and as a therapeutic target. Neurol Res Pract. 2022 Nov 
14;4(1):57. doi: 10.1186/s42466-022-00222-8. 

De Marchis GM, Dittrich TD, Malik R, Zietz AV, Kriemler LF, Ference 
BA, Dichgans M, Georgakis MK. Genetic proxies for PCSK9 inhibition 
associate with lipoprotein(a): Effects on coronary artery disease 
and ischemic stroke. Atherosclerosis. 2022 Nov;361:41-46. doi: 
10.1016/j.atherosclerosis.2022.09.007. Epub 2022 Sep 26. 

Rubinski A, Frerich S, Malik R, Franzmeier N, Ramirez A, Dichgans M, 
Ewers M; Alzheimer‘s Disease Neuroimaging Initiative (ADNI). Po-
lygenic Effect on Tau Pathology Progression in Alzheimer‘s Disease. 
Ann Neurol. 2022 Dec 26. doi: 10.1002/ana.26588. Epub ahead of 
print. 

Kaya T, Mattugini N, Liu L, Ji H, Cantuti-Castelvetri L, Wu J, Schif-
ferer M, Groh J, Martini R, Besson-Girard S, Kaji S, Liesz A, Gokce 
O*, Simons M*. CD8+ T cells induce interferon-responsive oligoden-
drocytes and microglia in white matter aging. Nat Neurosci. 2022 
Nov;25(11):1446-1457. doi: 10.1038/s41593-022-01183-6. Epub 
2022 Oct 24. 

Zan C, Yang B, Brandhofer M, El Bounkari O, Bernhagen J. D-do-
pachrome tautomerase in cardiovascular and inflammatory disea-
ses-A new kid on the block or just another MIF? FASEB J. 2022 
Nov;36(11):e22601. doi: 10.1096/fj.202201213R. 

Jaworek T, A, (...), Malik R, Dichgans M, Mitchell BD, Kittner SJ; 
Early Onset Stroke Genetics Consortium of the International Stroke 
Genetics Consortium (ISGC). Contribution of Common Genetic Va-
riants to Risk of Early Onset Ischemic Stroke. Neurology. 2022 Aug 
31;99(16):e1738–54. doi: 10.1212/WNL.0000000000201006. Epub 
ahead of print.

Broocks G, Hanning U, Bechstein M, Elsayed S, Faizy TD, Brekenfeld 
C, Flottmann F, Kniep H, Deb-Chatterji M, Schön G, Thomalla G, 

Publications

Number of publications 134

Impact factor: total / average 1530.05 / 11.42

Number of publications with 
first and / or senior authorships

40

Impact factor: total / average 529.44 / 13.24

Number of publications 113

Impact factor: total / average 1756,18 / 15.54

Number of publications with 
first and / or senior authorships

49

Impact factor: total / average 774.33 / 16.47

20
22

20
21

Publications

Kemmling A, Fiehler J, Meyer L; German Stroke Registry–Endova-
scular Treatment (GSR-ET) Study Group. Association of Thrombec-
tomy With Functional Outcome for Patients With Ischemic Stroke 
Who Presented in the Extended Time Window With Extensive Signs 
of Infarction. JAMA Netw Open. 2022 Oct 3;5(10):e2235733. doi: 
10.1001/jamanetworkopen.2022.35733.

van den Brink H, Kopczak A, Arts T, Onkenhout L, Siero JCW, Zwa-
nenburg JJM, Hein S, Hübner M, Gesierich B, Duering M, Stringer 
MS, Hendrikse J, Wardlaw JM, Joutel A, Dichgans M, Biessels GJ; 
SVDs@target group. CADASIL Affects Multiple Aspects of Cerebral 
Small Vessel Function on 7T-MRI. Ann Neurol. 2022 Oct 12. doi: 
10.1002/ana.26527. Epub ahead of print. 

Pichet Binette A, Franzmeier N, Spotorno N, Ewers M, Brendel M, 
Biel D; Alzheimer’s Disease Neuroimaging Initiative, Strandberg O, 
Janelidze S, Palmqvist S, Mattsson-Carlgren N, Smith R, Stomrud 
E, Ossenkoppele R, Hansson O. Amyloid-associated increases in 
soluble tau relate to tau aggregation rates and cognitive decline in 
early Alzheimer‘s disease. Nat Commun. 2022 Nov 4;13(1):6635. doi: 
10.1038/s41467-022-34129-4. 

Thavayogarajah T, Sinitski D, El Bounkari O, Torres-Garcia L, Lewinsky 
H, Harjung A, Chen HR, Panse J, Vankann L, Shachar I, Bernhagen J, 
Koschmieder S. CXCR4 and CD74 together enhance cell survival in re-
sponse to macrophage migration-inhibitory factor in chronic lympho-
cytic leukemia. Exp Hematol. 2022 Nov;115:30-43. doi: 10.1016/j.
exphem.2022.08.005. Epub 2022 Sep 9. 

Nemy M, Dyrba M, Brosseron F, Buerger K, Dechent P, Dobisch L, 
Ewers M, Fliessbach K, Glanz W, Goerss D, Heneka MT, Hetzer S, 
Incesoy EI, Janowitz D, Kilimann I, Laske C, Maier F, Munk MH, Per-
neczky R, Peters O, Preis L, Priller J, Rauchmann BS, Röske S, Roy N, 
Scheffler K, Schneider A, Schott BH, Spottke A, Spruth EJ, Wagner 
M, Wiltfang J, Yakupov R, Eriksdotter M, Westman E, Stepankova O, 
Vyslouzilova L, Düzel E, Jessen F, Teipel SJ, Ferreira D. Cholinergic 
white matter pathways along the Alzheimer‘s disease continuum. 
Brain. 2022 Oct 26:awac385. doi: 10.1093/brain/awac385. Epub 
ahead of print. PMID: 36288546.

Mishra A*, Malik R*, (...), Dichgans M#, Debette S#. Stroke genetics 
informs drug discovery and risk prediction across ancestries. Nature. 
2022 Nov;611(7934):115-123. doi: 10.1038/s41586-022-05165-3. 
Epub 2022 Sep 30. 

Brandhofer M, Hoffmann A, Blanchet X, Siminkovitch E, Rohlfing AK, 
El Bounkari O, Nestele JA, Bild A, Kontos C, Hille K, Rohde V, Fröhlich 
A, Golemi J, Gokce O, Krammer C, Scheiermann P, Tsilimparis N, 
Sachs N, Kempf WE, Maegdefessel L, Otabil MK, Megens RTA, Ippel 
H, Koenen RR, Luo J, Engelmann B, Mayo KH, Gawaz M, Kapurniotu 
A, Weber C, von Hundelshausen P, Bernhagen J. Heterocomplexes 
between the atypical chemokine MIF and the CXC-motif chemokine 
CXCL4L1 regulate inflammation and thrombus formation. Cell Mol 

Life Sci. 2022 Sep 12;79(10):512. doi: 10.1007/s00018-022-04539-0. 

Dichgans M, Sandset EC, Kelly PJ. Organizational Update From the 
European Stroke Organization. Stroke. 2022 Oct;53(10):e450-e452. 
doi: 10.1161/STROKEAHA.122.039851. Epub 2022 Sep 26. 

Rubinski A, Franzmeier N, Dewenter A, Luan Y, Smith R, Strandberg 
O, Ossenkoppele R, Dichgans M, Hansson O, Ewers M; Alzheimer’s 
Disease Neuroimaging Initiative (ADNI). Higher levels of myelin are 
associated with higher resistance against tau pathology in Alzhei-
mer‘s disease. Alzheimers Res Ther. 2022 Sep 24;14(1):139. doi: 
10.1186/s13195-022-01074-9. 

Dichgans M, Meschia JF. Advances in Stroke: Genetics, Genomics, 
Precision Medicine. Stroke. 2022 Oct;53(10):3211-3213. doi: 
10.1161/STROKEAHA.122.039305. Epub 2022 Sep 16. 

Wilmes M, Pinto Espinoza C, Ludewig P, Stabernack J, Liesz A, Nicke 
A, Gelderblom M, Gerloff C, Falzoni S, Tolosa E, Di Virgilio F, Rissiek 
B, Plesnilla N, Koch-Nolte F, Magnus T. Blocking P2X7 by intracere-
broventricular injection of P2X7-specific nanobodies reduces stroke 
lesions. J Neuroinflammation. 2022 Oct 12;19(1):256. doi: 10.1186/
s12974-022-02601-z. 

Tiedt S, Buchan AM, Dichgans M, Lizasoain I, Moro MA, Lo EH. The 
neurovascular unit and systemic biology in stroke - implications for 
translation and treatment. Nat Rev Neurol. 2022 Oct;18(10):597-612. 
doi: 10.1038/s41582-022-00703-z. Epub 2022 Sep 9. 

Dawson J, Béjot Y, Christensen LM, De Marchis GM, Dichgans M, 
Hagberg G, Heldner MR, Milionis H, Li L, Pezzella FR, Taylor Rowan 
M, Tiu C, Webb A. European Stroke Organisation (ESO) guideline on 
pharmacological interventions for long-term secondary prevention 
after ischaemic stroke or transient ischaemic attack. Eur Stroke J. 
2022 Sep;7(3):I-II. doi: 10.1177/23969873221100032. Epub 2022 
Jun 3. 

Taş K, Volta BD, Lindner C, El Bounkari O, Hille K, Tian Y, Puig-Bosch 
X, Ballmann M, Hornung S, Ortner M, Prem S, Meier L, Rammes G, 
Haslbeck M, Weber C, Megens RTA, Bernhagen J*, Kapurniotu A*. 
Designed peptides as nanomolar cross-amyloid inhibitors acting via 
supramolecular nanofiber co-assembly. Nat Commun. 2022 Aug 
25;13(1):5004. doi: 10.1038/s41467-022-32688-0. 

Frontzkowski L, Ewers M, Brendel M, Biel D, Ossenkoppele R, Hager 
P, Steward A, Dewenter A, Römer S, Rubinski A, Buerger K, Jano-
witz D, Binette AP, Smith R, Strandberg O, Carlgren NM, Dichgans 
M, Hansson O, Franzmeier N. Earlier Alzheimer‘s disease onset is 
associated with tau pathology in brain hub regions and facilitated tau 
spreading. Nat Commun. 2022 Aug 20;13(1):4899. doi: 10.1038/
s41467-022-32592-7. 

Markus HS, van Der Flier WM, Smith EE, Bath P, Biessels GJ, Briceno 
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Simats A, Liesz A. Systemic inflammation after stroke: implica-
tions for post-stroke comorbidities. EMBO Mol Med. 2022 Sep 
7;14(9):e16269. doi: 10.15252/emmm.202216269. Epub 2022 Aug 
15. 

Brandhofer M, Bernhagen J. Cytokine aerobics: Oxidation controls 
cytokine dynamics and function. Structure. 2022 Jun 2;30(6):787-
790. doi: 10.1016/j.str.2022.05.005. 

Panstruga R, Donnelly SC, Bernhagen J. A cross-kingdom view on 
the immunomodulatory role of MIF/D-DT proteins in mammalian and 
plant Pseudomonas infections. Immunology. 2022 Jul;166(3):287-
298. doi: 10.1111/imm.13480. Epub 2022 Apr 25. 

Charidimou A, (...), Dichgans M, (...), Greenberg SM. The Boston 
criteria version 2.0 for cerebral amyloid angiopathy: a multicentre, 
retrospective, MRI-neuropathology diagnostic accuracy study. 
Lancet Neurol. 2022 Aug;21(8):714-725. doi: 10.1016/S1474-
4422(22)00208-3. 

Li T, Liesz A. Immunity in Stroke: The Next Frontier. Thromb Hae-
most. 2022 Sep;122(9):1454-1460. doi: 10.1055/s-0042-1748890. 
Epub 2022 Jun 10. 

Rauchmann BS, Brendel M, Franzmeier N, Trappmann L, Zaganjori 
M, Ersoezlue E, Morenas-Rodriguez E, Guersel S, Burow L, Kurz C, 
Haeckert J, Tatò M, Utecht J, Papazov B, Pogarell O, Janowitz D, 
Buerger K, Ewers M, Palleis C, Weidinger E, Biechele G, Schuster 
S, Finze A, Eckenweber F, Rupprecht R, Rominger A, Goldhardt O, 
Grimmer T, Keeser D, Stoecklein S, Dietrich O, Bartenstein P, Levin J, 
Höglinger G, Perneczky R. Microglial Activation and Connectivity in 
Alzheimer Disease and Aging. Ann Neurol. 2022 Nov;92(5):768-781. 
doi: 10.1002/ana.26465. Epub 2022 Aug 25. 

Mitchell BL, Diaz-Torres S, Bivol S, Cuellar-Partida G; International 
Headache Genetics Consortium, Gerring ZF, Martin NG, Medland 
SE, Grasby KL, Nyholt DR, Rentería ME. Elucidating the relationship 
between migraine risk and brain structure using genetic data. Brain. 
2022 Sep 14;145(9):3214-3224. doi: 10.1093/brain/awac105. 

Le Guen Y, (...), Dichgans M, Rujescu D. Association of Rare APOE 
Missense Variants V236E and R251G With Risk of Alzheimer Disease. 
JAMA Neurol. 2022 Jul 1;79(7):652-663. doi: 10.1001/jamaneu-
rol.2022.1166. 

Rudilosso S, Chui E, Stringer MS, Thrippleton M, Chappell F, Blair G, 
GarcÃa DJ, Doubal F, Hamilton I, Kopczak A, Ingrish M, Kerkhofs D, 
Backes WH, Staals J, van Oostenbrugge R, Duering M, Dichgans M, 
Wardlaw JM; SVDs@Target Investigators. Prevalence and Signifi-
cance of the Vessel-Cluster Sign on Susceptibility-Weighted Imaging 
in Patients With Severe Small Vessel Disease. Neurology. 2022 May 
23;99(5):e440–52. doi: 10.1212/WNL.0000000000200614. Epub 
ahead of print. 

E, Brodtman A, Chabriat H, Chen C, de Leeuw FE, Egle M, Ganesh A, 
Georgakis MK, Gottesman RF, Kwon S, Launer L, Mok V, O‘Brien J, 
Ottenhoff L, Pendlebury S, Richard E, Sachdev P, Schmidt R, Springer 
M, Tiedt S, Wardlaw JM, Verdelho A, Webb A, Werring D, Duering 
M, Levine D, Dichgans M. Framework for Clinical Trials in Cerebral 
Small Vessel Disease (FINESSE): A Review. JAMA Neurol. 2022 Nov 
1;79(11):1187-1198. doi: 10.1001/jamaneurol.2022.2262. 

Georgakis MK, Malik R, Richardson TG, Howson JMM, Anderson 
CD, Burgess S, Hovingh GK, Dichgans M, Gill D. Associations of 
genetically predicted IL-6 signaling with cardiovascular disease risk 
across population subgroups. BMC Med. 2022 Aug 11;20(1):245. doi: 
10.1186/s12916-022-02446-6. 

Mai H, Rong Z, Zhao S, Cai R, Steinke H, Bechmann I, Ertürk A. Sca-
lable tissue labeling and clearing of intact human organs. Nat Protoc. 
2022 Oct;17(10):2188-2215. doi: 10.1038/s41596-022-00712-8. 
Epub 2022 Jul 20. 

Egle M, Hilal S, Tuladhar AM, Pirpamer L, Bell S, Hofer E, Duering 
M, Wason J, Morris RG, Dichgans M, Schmidt R, Tozer DJ, Barrick 
TR, Chen C, de Leeuw FE, Markus HS. Determining the OPTIMAL 
DTI analysis method for application in cerebral small vessel disease. 
Neuroimage Clin. 2022;35:103114. doi: 10.1016/j.nicl.2022.103114. 
Epub 2022 Jul 13. 

Georgakis MK, Fang R, Düring M, Wollenweber FA, Bode FJ, Stösser 
S, Kindlein C, Hermann P, Liman TG, Nolte CH, Kerti L, Ikenberg B, 
Bernkopf K, Poppert H, Glanz W, Perosa V, Janowitz D, Wagner M, 
Neumann K, Speck O, Dobisch L, Düzel E, Gesierich B, Dewenter A, 
Spottke A, Waegemann K, Görtler M, Wunderlich S, Endres M, Zerr I, 
Petzold G, Dichgans M; DEMDAS Investigators. Cerebral small vessel 
disease burden and cognitive and functional outcomes after stroke: A 
multicenter prospective cohort study. Alzheimers Dement. 2022 Jul 
25. doi: 10.1002/alz.12744. Epub ahead of print.

Dewenter A, Jacob MA, Cai M, Gesierich B, Hager P, Kopczak A, Biel 
D, Ewers M, Tuladhar AM, de Leeuw FE, Dichgans M, Franzmeier N, 
Duering M; SVDs@target Consortium and Alzheimer’s Disease Neu-
roimaging Initiative (ADNI). Disentangling the effects of Alzheimer‘s 
and small vessel disease on white matter fibre tracts. Brain. 2022 Jul 
21:awac265. doi: 10.1093/brain/awac265. Epub ahead of print. 

Scotto Rosato A, Krogsaeter EK, Jaślan D, Abrahamian C, Mon-
tefusco S, Soldati C, Spix B, Pizzo MT, Grieco G, Böck J, Wyatt A, 
Wünkhaus D, Passon M, Stieglitz M, Keller M, Hermey G, Markmann 
S, Gruber-Schoffnegger D, Cotman S, Johannes L, Crusius D, Boehm 
U, Wahl-Schott C, Biel M, Bracher F, De Leonibus E, Polishchuk E, 
Medina DL, Paquet D#, Grimm C#. TPC2 rescues lysosomal storage 
in mucolipidosis type IV, Niemann-Pick type C1, and Batten disea-
se. EMBO Mol Med. 2022 Sep 7;14(9):e15377. doi: 10.15252/
emmm.202115377. Epub 2022 Aug 5. 

Publications

Mayerhofer E, Malik R, Parodi L, Burgess S, Harloff A, Dichgans M, 
Rosand J, Anderson CD, Georgakis MK. Genetically predicted on-sta-
tin LDL response is associated with higher intracerebral haemorrhage 
risk. Brain. 2022 Aug 27;145(8):2677-2686. doi: 10.1093/brain/
awac186. 

Kopczak A, Schindler A, Sepp D, Bayer-Karpinska A, Malik R, Koch 
ML, Zeller J, Strecker C, Janowitz D, Wollenweber FA, Hempel JM, 
Boeckh-Behrens T, Cyran CC, Helck A, Harloff A, Ziemann U, Poli S, 
Poppert H, Saam T, Dichgans M. Complicated Carotid Artery Plaques 
and Risk of Recurrent Ischemic Stroke or TIA. J Am Coll Cardiol. 
2022 Jun 7;79(22):2189-2199. doi: 10.1016/j.jacc.2022.03.376. Epub 
2022 May 3. 

Jessen F, Wolfsgruber S, Kleineindam L, Spottke A, Altenstein S, 
Bartels C, Berger M, Brosseron F, Daamen M, Dichgans M, Dobisch 
L, Ewers M, Fenski F, Fliessbach K, Freiesleben SD, Glanz W, Görß 
D, Gürsel S, Janowitz D, Kilimann I, Kobeleva X, Lohse A, Maier F, 
Metzger C, Munk M, Preis L, Sanzenbacher C, Spruth E, Rauchmann 
B, Vukovich R, Yakupov R, Weyrauch AS, Ziegler G, Schmid M, Laske 
C, Perneczky R, Schneider A, Wiltfang J, Teipel S, Bürger K, Priller 
J, Peters O, Ramirez A, Boecker H, Heneka MT, Wagner M, Düzel 
E. Subjective cognitive decline and stage 2 of Alzheimer disease in pa-
tients from memory centers. Alzheimers Dement. 2022 Apr 22. doi: 
10.1002/alz.12674. Epub ahead of print. 

Böttcher A, Zarucha A, Köbe T, Gaubert M, Höppner A, Altenstein 
S, Bartels C, Buerger K, Dechent P, Dobisch L, Ewers M, Fliessbach 
K, Freiesleben SD, Frommann I, Haynes JD, Janowitz D, Kilimann I, 
Kleineidam L, Laske C, Maier F, Metzger C, Munk MHJ, Perneczky R, 
Peters O, Priller J, Rauchmann BS, Roy N, Scheffler K, Schneider A, 
Spottke A, Teipel SJ, Wiltfang J, Wolfsgruber S, Yakupov R, Düzel E, 
Jessen F, Röske S, Wagner M, Kempermann G, Wirth M. Musical Ac-
tivity During Life Is Associated With Multi-Domain Cognitive and Brain 
Benefits in Older Adults. Front Psychol. 2022 Aug 25;13:945709. doi: 
10.3389/fpsyg.2022.945709. 

Hahn M, Gröschel S, Hayani E, Brockmann MA, Muthuraman M, 
Gröschel K, Uphaus T; German Stroke Registry—Endovascular Treat-
ment (GSR-ET) Study Group. Sex Disparities in Re-Employment in 
Stroke Patients With Large Vessel Occlusion Undergoing Mechanical 
Thrombectomy. Stroke. 2022 Aug;53(8):2528-2537. doi: 10.1161/
STROKEAHA.121.037386. Epub 2022 Apr 21. 

Rost NS, Brodtmann A, Pase MP, van Veluw SJ, Biffi A, Duering M, 
Hinman JD, Dichgans M. Post-Stroke Cognitive Impairment and 
Dementia. Circ Res. 2022 Apr 15;130(8):1252-1271. doi: 10.1161/
CIRCRESAHA.122.319951. Epub 2022 Apr 14.

Parodi L, Myserlis EP, Chung J, Georgakis MK, Mayerhofer E, 
Henry J, Montgomery BE, Moy M, Xu H, Malik R, Langefeld CD, 
Dichgans M; NINDS-Stroke Genetics Network, Woo D, Rosand J, 
Anderson CD; International Stroke Genetics Consortium. Shared 

genetic background between SARS-CoV-2 infection and large ar-
tery stroke. Int J Stroke. 2022 May 11:17474930221095696. doi: 
10.1177/17474930221095696. Epub ahead of print. 

Vöglein J, Franzmeier N, Morris JC, Dieterich M, McDade E, Simons 
M, Preische O, Hofmann A, Hassenstab J, Benzinger TL, Fagan 
A, Noble JM, Berman SB, Graff-Radford NR, Ghetti B, Farlow MR, 
Chhatwal JP, Salloway S, Xiong C, Karch CM, Cairns N, Perrin RJ, Day 
G, Martins R, Sanchez-Valle R, Mori H, Shimada H, Ikeuchi T, Suzuki 
K, Schofield PR, Masters CL, Goate A, Buckles V, Fox NC, Chrem P, 
Allegri R, Ringman JM, Yakushev I, Laske C, Jucker M, Höglinger G, 
Bateman RJ, Danek A, Levin J; Dominantly Inherited Alzheimer Net-
work. Pattern and implications of neurological examination findings in 
autosomal dominant Alzheimer disease. Alzheimers Dement. 2022 
May 24. doi: 10.1002/alz.12684. Epub ahead of print. 

Živković L, Asare Y, Bernhagen J, Dichgans M, Georgakis MK. Phar-
macological Targeting of the CCL2/CCR2 Axis for Atheroprotection: A 
Meta-Analysis of Preclinical Studies. Arterioscler Thromb Vasc Biol. 
2022 May;42(5):e131-e144. doi: 10.1161/ATVBAHA.122.317492. 
Epub 2022 Apr 7. 

Bellenguez C, (...), Dichgans M, (...), Ewers M, (...), Lambert JC. New 
insights into the genetic etiology of Alzheimer‘s disease and rela-
ted dementias. Nat Genet. 2022 Apr;54(4):412-436. doi: 10.1038/
s41588-022-01024-z. Epub 2022 Apr 4. 

Ali M, Sung YJ, Wang F, Fernández MV, Morris JC, Fagan AM, Blen-
now K, Zetterberg H, Heslegrave A, Johansson PM, Svensson J, 
Nellgård B, Lleó A, Alcolea D, Clarimon J, Rami L, Molinuevo JL, Suá-
rez-Calvet M, Morenas-Rodríguez E, Kleinberger G, Haass C, Ewers 
M, Levin J, Farlow MR, Perrin RJ; Alzheimer’s Disease Neuroimaging 
Initiative (ADNI); Dominantly Inherited Alzheimer Network (DIAN), 
Cruchaga C. Leveraging large multi-center cohorts of Alzheimer 
disease endophenotypes to understand the role of Klotho heterozy-
gosity on disease risk. PLoS One. 2022 May 26;17(5):e0267298. doi: 
10.1371/journal.pone.0267298. 

Georgakis MK, Bernhagen J, Heitman LH, Weber C, Dichgans M. 
Targeting the CCL2-CCR2 axis for atheroprotection. Eur Heart J. 
2022 Mar 7:ehac094. doi: 10.1093/eurheartj/ehac094. Epub ahead 
of print. 

Rannikmäe K, Rawlik K, Ferguson AC, Avramidis N, Jiang M, Pirastu 
N, Shen X, Davidson E, Woodfield R, Malik R, Dichgans M, Tenesa 
A, Sudlow C. Physician-Confirmed and Administrative Definitions of 
Stroke in UK Biobank Reflect the Same Underlying Genetic Trait. Front 
Neurol. 2022 Feb 2;12:787107. doi: 10.3389/fneur.2021.787107. 

Georgakis MK, Parodi L, Frerich S, Mayerhofer E, Tsivgoulis G, Pirruc-
cello JP, Slowik A, Rundek T, Malik R, Dichgans M, Rosand J, Ander-
son CD; NINDS Stroke Genetics Network (SiGN). Genetic Architecture 
of Stroke of Undetermined Source: Overlap with Known Stroke Etiolo-



86 87ISD Annual Report 2021/2022

enstab J, McDade E, Feederle R, Karch CM, Schlepckow K, Morris 
JC, Kleinberger G, Nellgard B, Vöglein J, Blennow K, Zetterberg H, 
Ewers M, Jucker M, Levin J, Bateman RJ, Haass C; Dominantly 
Inherited Alzheimer Network. Soluble TREM2 in CSF and its asso-
ciation with other biomarkers and cognition in autosomal-dominant 
Alzheimer‘s disease: a longitudinal observational study. Lancet Neu-
rol. 2022 Apr;21(4):329-341. doi: 10.1016/S1474-4422(22)00027-8. 
Erratum in: Lancet Neurol. 2022 May;21(5):e5. 

Owolabi MO, Thrift AG, Mahal A, Ishida M, Martins S, Johnson WD, 
Pandian J, Abd-Allah F, Yaria J, Phan HT, Roth G, Gall SL, Beare R, 
Phan TG, Mikulik R, Akinyemi RO, Norrving B, Brainin M, Feigin VL; 
Stroke Experts Collaboration Group. Primary stroke prevention world-
wide: translating evidence into action. Lancet Public Health. 2022 
Jan;7(1):e74-e85. doi: 10.1016/S2468-2667(21)00230-9. Epub 2021 
Oct 29. Erratum in: Lancet Public Health. 2022 Jan;7(1):e14. 

Steiner T, Dichgans M, Norrving B, Aamodt AH, Berge E, Christen-
sen H, Fuentes B, Khatri P, Korompoki E, Martí-Fabregas J, Quinn 
T, Toni D, Zedde M, Sacco S, Turc G. European Stroke Organisation 
(ESO) standard operating procedure for the preparation and publi-
shing of guidelines. Eur Stroke J. 2021 Sep;6(3):CXXII-CXXXIV. doi: 
10.1177/23969873211024143. Epub 2021 Sep 24. 

Lindgren AG, Braun RG, Juhl Majersik J, Clatworthy P, Mainali S, 
Derdeyn CP, Maguire J, Jern C, Rosand J, Cole JW, Lee JM, Khatri 
P, Nyquist P, Debette S, Keat Wei L, Rundek T, Leifer D, Thijs V, Lem-
mens R, Heitsch L, Prasad K, Jimenez Conde J, Dichgans M, Rost 
NS, Cramer SC, Bernhardt J, Worrall BB, Fernandez-Cadenas I; Inter-
national Stroke Genetics Consortium. International stroke genetics 
consortium recommendations for studies of genetics of stroke 
outcome and recovery. Int J Stroke. 2022 Mar;17(3):260-268. doi: 
10.1177/17474930211007288. Epub 2021 Apr 26. 

Egle M, Hilal S, Tuladhar AM, Pirpamer L, Hofer E, Duering M, Wason 
J, Morris RG, Dichgans M, Schmidt R, Tozer D, Chen C, de Leeuw FE, 
Markus HS. Prediction of dementia using diffusion tensor MRI mea-
sures: the OPTIMAL collaboration. J Neurol Neurosurg Psychiatry. 
2022 Jan;93(1):14-23. doi: 10.1136/jnnp-2021-326571. Epub 2021 
Sep 11. 

Khalin I, Adarsh N, Schifferer M, Wehn A, Groschup B, Misgeld 
T, Klymchenko A, Plesnila N. Size-Selective Transfer of Lipid Na-
noparticle-Based Drug Carriers Across the Blood Brain Barrier Via 
Vascular Occlusions Following Traumatic Brain Injury. Small. 2022 
May;18(18):e2200302. doi: 10.1002/smll.202200302. Epub 2022 
Apr 5. 

Merino-Serrais P, Plaza-Alonso S, Hellal F, Valero-Freitag S, Kas-
tanauskaite A, Muñoz A, Plesnila N, DeFelipe J. Microanatomical 
study of pyramidal neurons in the contralesional somatosensory 
cortex after experimental ischemic stroke. Cereb Cortex. 2022 Mar 
30:bhac121. doi: 10.1093/cercor/bhac121. Epub ahead of print. 

gies and Associations with Modifiable Risk Factors. Ann Neurol. 2022 
May;91(5):640-651. doi: 10.1002/ana.26332. Epub 2022 Mar 3. 

Hautakangas H, (...), Dichgans M, (...), Pirinen M. Genome-wide analy-
sis of 102,084 migraine cases identifies 123 risk loci and subtype-spe-
cific risk alleles. Nat Genet. 2022 Feb;54(2):152-160. doi: 10.1038/
s41588-021-00990-0. Epub 2022 Feb 3.

Zellner A, Müller SA, Lindner B, Beaufort N, Rozemuller AJM, Arzber-
ger T, Gassen NC, Lichtenthaler SF, Kuster B, Haffner C, Dichgans M. 
Proteomic profiling in cerebral amyloid angiopathy reveals an overlap 
with CADASIL highlighting accumulation of HTRA1 and its substrates. 
Acta Neuropathol Commun. 2022 Jan 24;10(1):6. doi: 10.1186/
s40478-021-01303-6. 

Brosseron F, (...), Bürger K, Janowitz D, Dichgans M, (...), Ewers M, 
(...), Heneka MT; DELCODE study group. Soluble TAM receptors sAXL 
and sTyro3 predict structural and functional protection in Alzheimer‘s 
disease. Neuron. 2022 Mar 16;110(6):1009-1022.e4. doi: 10.1016/j.
neuron.2021.12.016. Epub 2022 Jan 6. 

Mohanta SK, Peng L, Li Y, Lu S, Sun T, Carnevale L, Perrotta M, Ma Z, 
Förstera B, Stanic K, Zhang C, Zhang X, Szczepaniak P, Bianchini M, 
Saeed BR, Carnevale R, Hu D, Nosalski R, Pallante F, Beer M, Santo-
vito D, Ertürk A, Mettenleiter TC, Klupp BG, Megens RTA, Steffens S, 
Pelisek J, Eckstein HH, Kleemann R, Habenicht L, Mallat Z, Michel 
JB, Bernhagen J, Dichgans M, D‘Agostino G, Guzik TJ, Olofsson PS, 
Yin C, Weber C, Lembo G, Carnevale D, Habenicht AJR. Neuroimmu-
ne cardiovascular interfaces control atherosclerosis. Nature. 2022 
May;605(7908):152-159. doi: 10.1038/s41586-022-04673-6. Epub 
2022 Apr 27. 

Papadopoulos A, Palaiopanos K, Björkbacka H, Peters A, de Lemos 
JA, Seshadri S, Dichgans M, Georgakis MK. Circulating Interleu-
kin-6 Levels and Incident Ischemic Stroke: A Systematic Review 
and Meta-analysis of Prospective Studies. Neurology. 2022 Mar 
8;98(10):e1002-e1012. doi: 10.1212/WNL.0000000000013274. Epub 
2021 Dec 30. 

Georgakis MK, Malik R, Burgess S, Dichgans M. Additive Effects 
of Genetic Interleukin-6 Signaling Downregulation and Low-Density 
Lipoprotein Cholesterol Lowering on Cardiovascular Disease: A 2×2 
Factorial Mendelian Randomization Analysis. J Am Heart Assoc. 
2022 Jan 4;11(1):e023277. doi: 10.1161/JAHA.121.023277. Epub 
2021 Dec 20. 

Frerich S, Malik R, Georgakis MK, Sinner MF, Kittner SJ, Mitchell BD, 
Dichgans M. Cardiac Risk Factors for Stroke: A Comprehensive Men-
delian Randomization Study. Stroke. 2022 Apr;53(4):e130-e135. doi: 
10.1161/STROKEAHA.121.036306. Epub 2021 Dec 16. 

Morenas-Rodríguez E, Li Y, Nuscher B, Franzmeier N, Xiong C, Suá-
rez-Calvet M, Fagan AM, Schultz S, Gordon BA, Benzinger TLS, Hass-

Publications

O, Levin J, Brendel M; German Imaging Initiative for Tauopathies 
(GII4T). Additive value of [18F]PI-2620 perfusion imaging in progres-
sive supranuclear palsy and corticobasal syndrome. Eur J Nucl Med 
Mol Imaging. 2022 Sep 14. doi: 10.1007/s00259-022-05964-w. Epub 
ahead of print.

Zatcepin A, Heindl S, Schillinger U, Kaiser L, Lindner S, Bartenstein P, 
Kopczak A, Liesz A, Brendel M, Ziegler SI. Reduced Acquisition Time 
[18F]GE-180 PET Scanning Protocol Replaces Gold-Standard Dynamic 
Acquisition in a Mouse Ischemic Stroke Model. Front Med (Lau-
sanne). 2022 Feb 10;9:830020. doi: 10.3389/fmed.2022.830020. 

Plesnila N. Are We Looking Into an Iron Age for Subarachnoid He-
morrhage? Stroke. 2022 May;53(5):1643-1644. doi: 10.1161/STRO-
KEAHA.121.037670. Epub 2022 Feb 24. 

Schwarzmaier SM, Knarr MRO, Hu S, Ertürk A, Hellal F, Plesnila 
N. Perfusion pressure determines vascular integrity and histo-
morphological quality following perfusion fixation of the brain. J 
Neurosci Methods. 2022 Apr 15;372:109493. doi: 10.1016/j.jneu-
meth.2022.109493. Epub 2022 Feb 10. 

Reifschneider A, Robinson S, van Lengerich B, Gnörich J, Logan T, 
Heindl S, Vogt MA, Weidinger E, Riedl L, Wind K, Zatcepin A, Pesä-
maa I, Haberl S, Nuscher B, Kleinberger G, Klimmt J, Götzl JK, Liesz 
A, Bürger K, Brendel M, Levin J, Diehl-Schmid J, Suh J, Di Paolo G, 
Lewcock JW, Monroe KM, Paquet D, Capell A, Haass C. Loss of 
TREM2 rescues hyperactivation of microglia, but not lysosomal defi-
cits and neurotoxicity in models of progranulin deficiency. EMBO J. 
2022 Feb 15;41(4):e109108. doi: 10.15252/embj.2021109108. Epub 
2022 Jan 12. 

Sienel RI, Kataoka H, Kim SW, Seker FB, Plesnila N. Adhesion of 
Leukocytes to Cerebral Venules Precedes Neuronal Cell Death and Is 
Sufficient to Trigger Tissue Damage After Cerebral Ischemia. Front 
Neurol. 2022 Jan 24;12:807658. doi: 10.3389/fneur.2021.807658. 

Khalin I, Severi C, Heimburger D, Wehn A, Hellal F, Reisch A, Klym-
chenko AS, Plesnila N. Dynamic racing using ultra-bright labeling and 
multi-photon microscopy identifies endothelial uptake of poloxamer 
188 coated poly(lactic-co-glycolic acid) nano-carriers in vivo. Nano-
medicine. 2022 Feb;40:102511. doi: 10.1016/j.nano.2021.102511. 
Epub 2021 Dec 13. 

Teipel SJ, Dyrba M, Ballarini T, Brosseron F, Bruno D, Buerger K, 
Cosma NC, Dechent P, Dobisch L, Düzel E, Ewers M, Fliessbach K, 
Haynes JD, Janowitz D, Kilimann I, Laske C, Maier F, Metzger CD, 
Munk MH, Peters O, Pomara N, Preis L, Priller J, Ramírez A, Roy N, 
Scheffler K, Schneider A, Schott BH, Spottke A, Spruth EJ, Wagner 
M, Wiltfang J, Jessen F, Heneka MT. Association of Cholinergic Basal 
Forebrain Volume and Functional Connectivity with Markers of Inflam-
matory Response in the Alzheimer‘s Disease Spectrum. J Alzheimers 
Dis. 2022;85(3):1267-1282. doi: 10.3233/JAD-215196. 

Traylor M, Malik R, Gesierich B, Dichgans M. The BS variant of C4 
protects against age-related loss of white matter microstructural 
integrity. Brain. 2022 Mar 29;145(1):295-304. doi: 10.1093/brain/
awab261. 

Liedtke C, Nevzorova YA, Luedde T, Zimmermann H, Kroy D, Strnad 
P, Berres ML, Bernhagen J, Tacke F, Nattermann J, Spengler U, 
Sauerbruch T, Wree A, Abdullah Z, Tolba RH, Trebicka J, Lammers 
T, Trautwein C, Weiskirchen R. Liver Fibrosis-From Mechanisms of 
Injury to Modulation of Disease. Front Med (Lausanne). 2022 Jan 
11;8:814496. doi: 10.3389/fmed.2021.814496. 

Franzmeier N, Brendel M, Beyer L, Slemann L, Kovacs GG, Arzberger 
T, Kurz C, Respondek G, Lukic MJ, Biel D, Rubinski A, Frontzkowski 
L, Hummel S, Müller A, Finze A, Palleis C, Joseph E, Weidinger E, 
Katzdobler S, Song M, Biechele G, Kern M, Scheifele M, Rauchmann 
BS, Perneczky R, Rullman M, Patt M, Schildan A, Barthel H, Sabri O, 
Rumpf JJ, Schroeter ML, Classen J, Villemagne V, Seibyl J, Stephens 
AW, Lee EB, Coughlin DG, Giese A, Grossman M, McMillan CT, Gelpi 
E, Molina-Porcel L, Compta Y, van Swieten JC, Laat LD, Troakes C, 
Al-Sarraj S, Robinson JL, Xie SX, Irwin DJ, Roeber S, Herms J, Si-
mons M, Bartenstein P, Lee VM, Trojanowski JQ, Levin J, Höglinger 
G, Ewers M. Tau deposition patterns are associated with functio-
nal connectivity in primary tauopathies. Nat Commun. 2022 Mar 
15;13(1):1362. doi: 10.1038/s41467-022-28896-3. 

Zille M, Plesnila N, Boltze J. Pharmacologically targeting inflam-
mation and improving cerebrospinal fluid circulation improves 
outcome after subarachnoid haemorrhage. EBioMedicine. 2022 
Mar;77:103937. doi: 10.1016/j.ebiom.2022.103937. Epub 2022 Mar 
13. 

Fung C, Z‘Graggen WJ, Jakob SM, Gralla J, Haenggi M, Rothen HU, 
Mordasini P, Lensch M, Söll N, Terpolilli N, Feiler S, Oertel MF, Raabe 
A, Plesnila N, Takala J, Beck J. Inhaled Nitric Oxide Treatment for 
Aneurysmal SAH Patients With Delayed Cerebral Ischemia. Front 
Neurol. 2022 Feb 18;13:817072. doi: 10.3389/fneur.2022.817072. 

Terpollili NA, Dolp R, Waehner K, Schwarzmaier SM, Rumbler E, 
Todorov B, Ferrari MD, van den Maagdenberg AMJM, Plesnila N. 
CaV2.1 channel mutations causing familial hemiplegic migraine type 
1 increase the susceptibility for cortical spreading depolarizations 
and seizures and worsen outcome after experimental traumatic brain 
injury. Elife. 2022 Mar 3;11:e74923. doi: 10.7554/eLife.74923. 

Katzdobler S, Nitschmann A, Barthel H, Bischof G, Beyer L, Marek K, 
Song M, Wagemann O, Palleis C, Weidinger E, Nack A, Fietzek U, Kurz 
C, Häckert J, Stapf T, Ferschmann C, Scheifele M, Eckenweber F, 
Biechele G, Franzmeier N, Dewenter A, Schönecker S, Saur D, Schroe-
ter ML, Rumpf JJ, Rullmann M, Schildan A, Patt M, Stephens AW, 
van Eimeren T, Neumaier B, Drzezga A, Danek A, Classen J, Bürger 
K, Janowitz D, Rauchmann BS, Stöcklein S, Perneczky R, Schöberl F, 
Zwergal A, Höglinger GU, Bartenstein P, Villemagne V, Seibyl J, Sabri 



88 89ISD Annual Report 2021/2022 Publications

Herzberg M, Dorn F, Trumm C, Kellert L, Tiedt S, Feil K, Küpper C, 
Wollenweber F, Liebig T, Zimmermann H. Middle Cerebral Artery M2 
Thrombectomy: Safety and Technical Considerations in the German 
Stroke Registry (GSR). J Clin Med. 2022 Aug 8;11(15):4619. doi: 
10.3390/jcm11154619. 

Quandt F, Flottmann F, Madai VI, Alegiani A, Küpper C, Kellert L, 
Hilbert A, Frey D, Liebig T, Fiehler J, Goyal M, Saver JL, Gerloff C, 
Thomalla G, Tiedt S; GSR investigators and the VISTA-Endovascu-
lar Collaborators. Machine Learning-Based Identification of Target 
Groups for Thrombectomy in Acute Stroke. Transl Stroke Res. 2022 
Jun 7. doi: 10.1007/s12975-022-01040-5. Epub ahead of print. 
PMID: 35670996.

Sanchez JD, Martirosian RA, Mun KT, Chong DS, Llorente IL, Uphaus 
T, Gröschel K, Wölfer TA, Tiedt S, Hinman JD; DEMDAS Study Group. 
Temporal Patterning of Neurofilament Light as a Blood-Based Biomar-
ker for Stroke: A Systematic Review and Meta-Analysis. Front Neurol. 
2022 May 16;13:841898. doi: 10.3389/fneur.2022.841898. 

Mittermeier A, Reidler P, Fabritius MP, Schachtner B, Wesp P, Ertl-
Wagner B, Dietrich O, Ricke J, Kellert L, Tiedt S, Kunz WG, Ingrisch 
M. End-to-End Deep Learning Approach for Perfusion Data: A Proof-
of-Concept Study to Classify Core Volume in Stroke CT. Diagnostics 
(Basel). 2022 May 5;12(5):1142. doi: 10.3390/diagnostics12051142. 

Feil K, Matusevicius M, Herzberg M, Tiedt S, Küpper C, Wischmann 
J, Schönecker S, Mengel A, Sartor-Pfeiffer J, Berger K, Dimitriadis K, 
Liebig T, Dieterich M, Mazya M, Ahmed N, Kellert L. Minor stroke in 
large vessel occlusion: A matched analysis of patients from the Ger-
man Stroke Registry-Endovascular Treatment (GSR-ET) and patients 
from the Safe Implementation of Treatments in Stroke-International 
Stroke Thrombolysis Register (SITS-ISTR). Eur J Neurol. 2022 
Jun;29(6):1619-1629. doi: 10.1111/ene.15272. Epub 2022 Feb 19. 

Schoeberl F, Tiedt S, Schmitt A, Blumenberg V, Karschnia P, Burbano 
VG, Bücklein VL, Rejeski K, Schmidt C, Busch G, von Bergwelt-
Baildon M, Tonn JC, Schmitt M, Subklewe M, von Baumgarten L. 
Neurofilament light chain serum levels correlate with the severity 
of neurotoxicity after CAR T-cell treatment. Blood Adv. 2022 May 
24;6(10):3022-3026. doi: 10.1182/bloodadvances.2021006144.  

Mourtzi N, Hatzimanolis A, Xiromerisiou G, Ntanasi E, Geoargakis 
MK, Ramirez A, Heilmann-Heimbach S, Grenier-Boley B, Lambert 
JC, Yannakoulia M, Kosmidis M, Dardiotis E, Hadjigeorgiou G, Sakka 
P, Scarmeas N. Association between 9p21-23 Locus and Frailty in 
a Community-Dwelling Greek Population: Results from the Hellenic 
Longitudinal Investigation of Ageing and Diet. J Prev Alzheimers Dis. 
2022;9(1):77-85. doi: 10.14283/jpad.2022.2. 

Argyris AA, Mouziouras D, Samara S, Zhang Y, Georgakis MK, Bla-
cher J, Safar M, Sfikakis PP, Protogerou AD. Superiority of 24-Hour 
Aortic Over 24-Hour Brachial Pressure to Associate With Carotid 

Chovsepian A, Berchtold D, Winek K, Mamrak U, Ramírez Álvarez I, 
Dening Y, Golubczyk D, Weitbrecht L, Dames C, Aillery M, Fernan-
dez-Sanz C, Gajewski Z, Dieterich M, Janowski M, Falkai P, Walczak 
P, Plesnila N, Meisel A, Pan-Montojo F. A Primeval Mechanism of 
Tolerance to Desiccation Based on Glycolic Acid Saves Neurons in 
Mammals from Ischemia by Reducing Intracellular Calcium-Me-
diated Excitotoxicity. Adv Sci (Weinh). 2022 Feb;9(4):e2103265. doi: 
10.1002/advs.202103265. Epub 2021 Dec 14. 

Sorbie A, Delgado Jiménez R, Benakis C. Increasing transparency 
and reproducibility in stroke-microbiota research: A toolbox for micro-
biota analysis. iScience. 2022 Feb 26;25(4):103998. doi: 10.1016/j.
isci.2022.103998. 

Franzmeier N, Ossenkoppele R, Brendel M, Rubinski A, Smith R, 
Kumar A, Mattsson-Carlgren N, Strandberg O, Duering M, Buerger 
K, Dichgans M, Hansson O, Ewers M; Alzheimer‘s Disease Neuroi-
maging Initiative (ADNI)* and the Swedish BioFINDER study. The 
BIN1 rs744373 Alzheimer‘s disease risk SNP is associated with faster 
Aβ-associated tau accumulation and cognitive decline. Alzheimers 
Dement. 2022 Jan;18(1):103-115. doi: 10.1002/alz.12371. Epub 
2021 Jun 1. 

Schönecker S, Martinez-Murcia FJ, Rauchmann BS, Franzmeier N, 
Prix C, Wlasich E, Loosli SV, Bochmann K, Gorriz Saez JM, Laforce 
R Jr, Ducharme S, Tartaglia MC, Finger E, de Mendonça A, Santana 
I, Sanchez-Valle R, Moreno F, Sorbi S, Tagliavini F, Borroni B, Otto M, 
Synofzik M, Galimberti D, Vandenberghe R, van Swieten J, Butler C, 
Gerhard A, Graff C, Danek A, Rohrer JD, Masellis M, Rowe J, Levin 
J; Genetic Frontotemporal Dementia Intiative (GENFI). Frequency 
and Longitudinal Course of Motor Signs In Genetic Frontotemporal 
Dementia. Neurology. 2022 Aug 10;99(10):e1032–44. doi: 10.1212/
WNL.0000000000200828. Epub ahead of print. 

Franzmeier N, Höglinger GU. Inferring the sequence of brain volume 
changes in progressive supranuclear palsy using MRI. Brain Com-
mun. 2022 May 12;4(3):fcac113. doi: 10.1093/braincomms/fcac113. 

Blume T, Deussing M, Biechele G, Peters F, Zott B, Schmidt C, Franz-
meier N, Wind K, Eckenweber F, Sacher C, Shi Y, Ochs K, Kleinberger 
G, Xiang X, Focke C, Lindner S, Gildehaus FJ, Beyer L, von Ungern-
Sternberg B, Bartenstein P, Baumann K, Adelsberger H, Rominger A, 
Cumming P, Willem M, Dorostkar MM, Herms J, Brendel M. Chronic 
PPARγ Stimulation Shifts Amyloidosis to Higher Fibrillarity but Impro-
ves Cognition. Front Aging Neurosci. 2022 Mar 30;14:854031. doi: 
10.3389/fnagi.2022.854031. 

Schwedhelm E, Tiedt S, Lezius S, Wölfer TA, Jensen M, Schulz R, 
Böger R, Gerloff C, Thomalla G, Choe CU. Effective high-density lipo-
protein cholesterol is associated with carotid intima-media thickness 
and vascular events after acute ischemic stroke. Atherosclerosis. 
2022 Sep;357:9-13. doi: 10.1016/j.atherosclerosis.2022.08.001. 
Epub 2022 Aug 7. 

brain injury. Nat Commun. 2022 May 12;13(1):2659. doi: 10.1038/
s41467-022-29992-0. 

Bhatia HS, Brunner AD, Öztürk F, Kapoor S, Rong Z, Mai H, Thielert 
M, Ali M, Al-Maskari R, Paetzold JC, Kofler F, Todorov MI, Molbay M, 
Kolabas ZI, Negwer M, Hoeher L, Steinke H, Dima A, Gupta B, Kalt-
enecker D, Caliskan ÖS, Brandt D, Krahmer N, Müller S, Lichtenthaler 
SF, Hellal F, Bechmann I, Menze B, Theis F, Mann M, Ertürk A. Spatial 
proteomics in three-dimensional intact specimens. Cell. 2022 Dec 
22;185(26):5040-5058.e19. doi: 10.1016/j.cell.2022.11.021. 

Özen I, Mai H, De Maio A, Ruscher K, Michalettos G, Clausen F, Gott-
schalk M, Ansar S, Arkan S, Erturk A, Marklund N. Purkinje cell vulne-
rability induced by diffuse traumatic brain injury is linked to disruption 
of long-range neuronal circuits. Acta Neuropathol Commun. 2022 
Sep 5;10(1):129. doi: 10.1186/s40478-022-01435-3. 

 Reiff T, Eckstein HH, Mansmann U, Jansen O, Fraedrich G, Mudra H, 
Böckler D, Böhm M, Debus ES, Fiehler J, Mathias K, Ringelstein EB, 
Schmidli J, Stingele R, Zahn R, Zeller T, Niesen WD, Barlinn K, Binder 
A, Glahn J, Hacke W, Ringleb PA; SPACE-2 Investigators. Carotid 
endarterectomy or stenting or best medical treatment alone for mo-
derate-to-severe asymptomatic carotid artery stenosis: 5-year results 
of a multicentre, randomised controlled trial. Lancet Neurol. 2022 
Oct;21(10):877-888. doi: 10.1016/S1474-4422(22)00290-3. 

Benakis C, Simats A, Tritschler S, Heindl S, Besson-Girard S, Llovera 
G, Pinkham K, Kolz A, Ricci A, Theis FJ, Bittner S, Gökce Ö, Peters A, 
Liesz A. T cells modulate the microglial response to brain ischemia. 
Elife. 2022 Dec 13;11:e82031. doi: 10.7554/eLife.82031. 

Kleineidam L, (...), Buerger K, Janowitz D, Ewers M, Rauchmann BS, 
Perneczky R, Kilimann I, Görß D, Teipel S, Laske C, Munk MHJ, Spott-
ke A, Roy N, Brosseron F, Heneka MT, Ramirez A, Yakupov R, Scherer 
M, Maier W, Jessen F, Riedel-Heller SG, Wagner M. Midlife occupa-
tional cognitive requirements protect cognitive function in old age by 
increasing cognitive reserve. Front Psychol. 2022 Dec 8;13:957308. 
doi: 10.3389/fpsyg.2022.957308.

Coenen M, Kuijf HJ, Huenges Wajer IMC, Duering M, (...), Dewenter 
A, Enzinger C, Ewers M, Exalto LG, Franzmeier N, Groeneveld O, Hilal 
S, Hofer E, Koek DL, Maier AB, McCreary CR, Padilla CS, Papma JM, 
Paterson RW, Pijnenburg YAL, Rubinski A, Schmidt R, (...), DeCarli 
C, Biessels GJ, Biesbroek JM. Strategic white matter hyperintensity 
locations for cognitive impairment: A multicenter lesion-symptom 
mapping study in 3525 memory clinic patients. Alzheimers Dement. 
2022 Dec 12. doi: 10.1002/alz.12827. Epub ahead of print. 

Pantazis CB, Yang A, (...), Janssen LJM, Lourenco VS, van der Kant 
R, Crusius D, Paquet D, Raulin AC, Bu G, Held A, Wainger BJ, Gabriele 
RMC, Casey JM, Wray S, Abu-Bonsrah D, Parish CL, Beccari MS, 
Cleveland DW, Li E, Rose IVL, Kampmann M, Calatayud Aristoy C, 
Verstreken P, Heinrich L, Chen MY, Schüle B, Dou D, Holzbaur ELF, Za-

Arterial Damage on the Basis of Pressure Amplification Variability: the 
SAFAR Study. Hypertension. 2022 Mar;79(3):648-658. doi: 10.1161/
HYPERTENSIONAHA.121.17906. Epub 2022 Jan 7. 

Betrouni N, Jiang J, Duering M, Georgakis MK, Oestreich L, Sachdev 
PS, O‘Sullivan M, Wright P, Lo JW, Bordet R; Stroke and Cognition 
(STROKOG) Collaboration. Texture Features of Magnetic Resonance 
Images Predict Poststroke Cognitive Impairment: Validation in a 
Multicenter Study. Stroke. 2022 Nov;53(11):3446-3454. doi: 10.1161/
STROKEAHA.122.039732. Epub 2022 Jul 13. 

Yofoglu LK, Karachalias F, Georgakis MK, Tountas C, Argyris AA, 
Zhang Y, Papaioannou TG, Blacher J, Weber T, Vlachopoulos C, 
Protogerou AD. Association of Pressure Wave Reflections With Left 
Ventricular Mass: a Systematic Review and Meta-Analysis. Hyper-
tension. 2022 Dec 30. doi: 10.1161/HYPERTENSIONAHA.122.19980. 
Epub ahead of print. 

Wiegand TLT, Sollmann N, Bonke EM, Umeasalugo KE, Sobolew-
ski KR, Plesnila N, Shenton ME, Lin AP, Koerte IK. Translational 
neuroimaging in mild traumatic brain injury. J Neurosci Res. 2022 
May;100(5):1201-1217. doi: 10.1002/jnr.24840. Epub 2021 Mar 31. 

Dewenter A, Gesierich B, Ter Telgte A, Wiegertjes K, Cai M, Jacob 
MA, Marques JP, Norris DG, Franzmeier N, de Leeuw FE, Tuladhar 
AM, Duering M. Systematic validation of structural brain networks 
in cerebral small vessel disease. J Cereb Blood Flow Metab. 2022 
Jun;42(6):1020-1032. doi: 10.1177/0271678X211069228. Epub 
2021 Dec 20.

Finze A, Wahl H, Janowitz D, Buerger K, Linn J, Rominger A, Stöcklein 
S, Bartenstein P, Wollenweber FA, Catak C, Brendel M. Regional 
Associations of Cortical Superficial Siderosis and β-Amyloid-Positron-
Emission-Tomography Positivity in Patients With Cerebral Amyloid 
Angiopathy. Front Aging Neurosci. 2022 Feb 3;13:786143. doi: 
10.3389/fnagi.2021.786143. 

Kapurniotu A, Bernhagen J. Lasso-grafted designer cytokines. Nat 
Biomed Eng. 2022 Nov 24. doi: 10.1038/s41551-022-00974-3. Epub 
ahead of print. 

Steward A, Biel D, Brendel M, Dewenter A, Roemer S, Rubinski A, 
Luan Y, Dichgans M, Ewers M, Franzmeier N; Alzheimer‘s Disease 
Neuroimaging Initiative (ADNI). Functional network segregation is 
associated with attenuated tau spreading in Alzheimer‘s disease. 
Alzheimers Dement. 2022 Nov 25. doi: 10.1002/alz.12867. Epub 
ahead of print. 

Empl L, Chovsepian A, Chahin M, Kan WYV, Fourneau J, Van Steen-
bergen V, Weidinger S, Marcantoni M, Ghanem A, Bradley P, Conzel-
mann KK, Cai R, Ghasemigharagoz A, Ertürk A, Wagner I, Kreutzfeldt 
M, Merkler D, Liebscher S, Bareyre FM. Selective plasticity of callosal 
neurons in the adult contralesional cortex following murine traumatic 



90 91ISD Annual Report 2021/2022 Publications

2021

de Brito Robalo BM, Biessels GJ, Chen C, Dewenter A, Duering M, 
Hilal S, Koek L, Kopczak A, Yin Ka Lam B, Leemans A, Mok V, Onken-
hout LP, van den Brink H, de Luca A. Diffusion MRI harmonization 
enables joint-analysis of multicentre data of patients with cerebral 
small vessel disease. Neuroimage Clin. 2021;32:102886. doi: 
10.1016/j.nicl.2021.102886. Epub 2021 Nov 18. 

Marini S, Georgakis MK, Anderson CD. Interactions Between Kidney 
Function and Cerebrovascular Disease: Vessel Pathology That Fires 
Together Wires Together. Front Neurol. 2021 Nov 24;12:785273. doi: 
10.3389/fneur.2021.785273. 

Seker FB, Fan Z, Gesierich B, Gaubert M, Sienel RI, Plesnila N. Neu-
rovascular Reactivity in the Aging Mouse Brain Assessed by Laser 
Speckle Contrast Imaging and 2-Photon Microscopy: Quantification 
by an Investigator-Independent Analysis Tool. Front Neurol. 2021 Nov 
11;12:745770. doi: 10.3389/fneur.2021.745770. 

Tilstam PV, Schulte W, Holowka T, Kim BS, Nouws J, Sauler M, 
Piecychna M, Pantouris G, Lolis E, Leng L, Bernhagen J, Fingerle-
Rowson G, Bucala R. MIF but not MIF-2 recruits inflammatory macro-
phages in an experimental polymicrobial sepsis model. J Clin Invest. 
2021 Dec 1;131(23):e127171. doi: 10.1172/JCI127171.

Taylor-Bateman V, Gill D, Georgakis M, Malik R, Munroe P, Traylor M; 
International Consortium of Blood Pressure (ICBP). Cardiovascular 
Risk Factors and MRI Markers of Cerebral Small Vessel Disease: A 
Mendelian Randomization Study. Neurology. 2021 Nov 29:10.1212/
WNL.0000000000013120. doi:10.1212/WNL.0000000000013120. 
Epub ahead of print. 

Dyrba M, Hanzig M, Altenstein S, Bader S, Ballarini T, Brosseron F, Bu-
erger K, Cantré D, Dechent P, Dobisch L, Düzel E, Ewers M, Fliessbach 
K, Glanz W, Haynes JD, Heneka MT, Janowitz D, Keles DB, Kilimann I, 
Laske C, Maier F, Metzger CD, Munk MH, Perneczky R, Peters O, Preis 
L, Priller J, Rauchmann B, Roy,N, Scheffler K, Schneider A, Schott BH, 
Spottke A, Spruth EJ, Weber MA, Ertl- Wagner B, Wagner M, Wiltfang 
J, Jessen F, Teipel SJ; ADNI, AIBL, DELCODE study,groups. Improving 
3D convolutional neural network comprehensibility via interactive 
visualization of relevance maps: evaluation in Alzheimer‘s disease. 
Alzheimers Res Ther. 2021 Nov 23;13(1):191. doi: 10.1186/s13195-
021-00924-2.

Zhang Y, Liesz A, Li P. Coming to the Rescue: Regulatory T Cells 
for Promoting Recovery After Ischemic Stroke. Stroke. 2021 
Dec;52(12):e837-e841. doi: 10.1161/STROKEAHA.121.036072. Epub 
2021 Nov 22. 

Georgakis MK, Petridou ET. Long-term Risk of Cognitive Impairment 
and Dementia Following Bilateral Oophorectomy in Premenopausal 
Women-Time to Rethink Policies? JAMA Netw Open. 2021 Nov 

nellati MC, Basundra R, (...), Ward ME, Merkle FT. A reference human 
induced pluripotent stem cell line for large-scale collaborative studies. 
Cell Stem Cell. 2022 Dec 1;29(12):1685-1702.e22. doi: 10.1016/j.
stem.2022.11.004. 

Völter F, Beyer L, Eckenweber F, Scheifele M, Bui N, Patt M, Barthel H, 
Katzdobler S, Palleis C, Franzmeier N, Levin J, Perneczky R, Rauch-
mann BS, Sabri O, Hong J, Cumming P, Rominger A, Shi K, Bartens-
tein P, Brendel M. Assessment of perfusion deficit with early phases 
of [18F]PI-2620 tau-PET versus [18F]flutemetamol-amyloid-PET 
recordings. Eur J Nucl Med Mol Imaging. 2022 Dec 27. doi: 10.1007/
s00259-022-06087-y. Epub ahead of print.

Georgakis MK, Malik R. International Section for Early Career and 
Training. Stroke. 2022 Dec;53(12):e527-e530. doi: 10.1161/STRO-
KEAHA.122.037579. Epub 2022 Nov 2. 

and is a target against cognitive decline. EMBO Mol Med. 2021 Nov 
8;13(11):e13659. doi: 10.15252/emmm.202013659. Epub 2021 Oct 
11.

Malik R, Beaufort N, Frerich S, Gesierich B, Georgakis MK, Rannik-
mäe K, Ferguson AC, Haffner C, Traylor M, Ehrmann M, Sudlow CLM, 
Dichgans M. Whole- exome sequencing reveals a role of HTRA1 
and EGFL8 in brain white matter hyperintensities. Brain. 2021 Oct 
22;144(9):2670-2682. doi: 10.1093/brain/awab253. 

Aswendt M, Green C, Sadler R, Llovera G, Dzikowski L, Heindl S, 
Gomez de Agüero M, Diedenhofen M, Vogel S, Wieters F, Wieder-
mann D, Liesz A, Hoehn M. The gut microbiota modulates brain 
network connectivity under physiological conditions and after acute 
brain ischemia. iScience. 2021 Sep 9;24(10):103095. doi: 10.1016/j.
isci.2021.103095. 

Tüshaus J, Müller SA, Shrouder J, Arends M, Simons M, Plesnila N, 
Blobel CP, Lichtenthaler SF. The pseudoprotease iRhom1 controls 
ectodomain shedding of membrane proteins in the nervous system. 
FASEB J. 2021 Nov;35(11):e21962. doi: 10.1096/fj.202100936R. 

Driga MP, Catalin B, Olaru DG, Slowik A, Plesnila N, Hermann DM, 
Popa-Wagner A. The Need for New Biomarkers to Assist with Stroke 
Prevention and Prediction of Post-Stroke Therapy Based on Plasma-
Derived Extracellular Vesicles. Biomedicines. 2021 Sep 15;9(9):1226. 
doi: 10.3390/biomedicines9091226.

Levin MG, Klarin D, Georgakis MK, Lynch J, Liao KP, Voight BF, 
O‘Donnell CJ, Chang KM, Assimes TL, Tsao PS, Damrauer SM; VA 
Million Veteran Program. A Missense Variant in the IL-6 Receptor 
and Protection From Peripheral Artery Disease. Circ Res. 2021 Oct 
29;129(10):968-970. doi: 10.1161/CIRCRESAHA.121.319589. Epub 
2021 Sep 22.

Auffenberg E, Hedrich UB, Barbieri R, Miely D, Groschup B, Wuttke TV, 
Vogel N, Lührs P, Zanardi I, Bertelli S, Spielmann N, Gailus-Durner V, 
Fuchs H, Hrabě de Angelis M, Pusch M, Dichgans M, Lerche H, Ga-
vazzo P, Plesnila N#, Freilinger T#. Hyperexcitable interneurons trigger 
cortical spreading depression in an Scn1a migraine model. J Clin 
Invest. 2021 Nov 1;131(21):e142202. doi: 10.1172/JCI142202. 

Biechele G, Blume T, Deussing M, Zott B, Shi Y, Xiang X, Franzmeier 
N, Kleinberger G, Peters F, Ochs K, Focke C, Sacher C, Wind K, 
Schmidt C, Lindner S, Gildehaus FJ, Eckenweber F, Beyer L, von 
Ungern-Sternberg B, Bartenstein P, Baumann K, Dorostkar MM, 
Rominger A, Cumming P, Willem M, Adelsberger H, Herms J, Brendel 
M. Pre-therapeutic microglia activation and sex determine therapy 
effects of chronic immunomodulation. Theranostics. 2021 Aug 
19;11(18):8964-8976. doi: 10.7150/thno.64022.

Schwedhelm E, Schwieren L, Tiedt S, von Lucadou M, Gloyer NO, 
Böger R, Magnus T, Daum G, Thomalla G, Gerloff C, Choe CU. Se-

1;4(11):e2133016. doi: 10.1001/jamanetworkopen.2021.33016. 

Burgstaller S, Bischof H, Rauter T, Schmidt T, Schindl R, Patz S, 
Groschup B, Filser S, van den Boom L, Sasse P, Lukowski R, Plesnila 
N, Graier WF, Malli R. Immobilization of Recombinant Fluorescent 
Biosensors Permits Imaging of Extracellular Ion Signals. ACS Sens. 
2021 Nov 26;6(11):3994-4000. doi: 10.1021/acssensors.1c01369. 
Epub 2021 Nov 9. 

Liu H, Schwarting J, Terpolilli NA, Nehrkorn K, Plesnila N. Scavenging 
Free Iron Reduces Arteriolar Microvasospasms After Experimental 
Subarachnoid Hemorrhage. Stroke. 2021 Dec;52(12):4033-4042. doi: 
10.1161/STROKEAHA.120.033472. Epub 2021 Nov 9. 

Steiner T, Dichgans M, Norrving B, Aamodt AH, Berge E, Christen-
sen H, Fuentes B, Khatri P, Korompoki E, Martí-Fabregas J, Quinn 
T, Toni D, Zedde M, Sacco S, Turc G. European Stroke Organisation 
(ESO) standard operating procedure for the preparation and publi-
shing of guidelines. Eur Stroke J. 2021 Sep;6(3):CXXII-CXXXIV. doi: 
10.1177/23969873211024143. Epub 2021 Sep 24. 

Wiegertjes K, Jansen MG, Jolink WM, Duering M, Koemans EA, 
Schreuder FH, Tuladhar AM, Wermer MJ, Klijn CJ, de Leeuw FE. 
Differences in cerebral small vessel disease magnetic resonance 
imaging markers between lacunar stroke and non-Lobar intra-
cerebral hemorrhage. Eur Stroke J. 2021 Sep;6(3):236-244. doi: 
10.1177/23969873211031753. Epub 2021 Aug 25. 

Sporns PB, Kemmling A, Minnerup H, Meyer L, Krogias C, Puetz V, 
Thierfelder K, Duering M, Kaiser D, Langner S, Massoth C, Brehm A, 
Rotkopf L, Kunz WG, Karch A, Fiehler J, Heindel W, Schramm P, Royl 
G, Wiendl H, Psychogios M, Minnerup J. CT Hypoperfusion-Hypoden-
sity Mismatch to Identify Patients With Acute Ischemic Stroke Within 
4.5 Hours of Symptom Onset. Neurology. 2021 Nov 23;97(21):e2088-
e2095. doi: 10.1212/WNL.0000000000012891. Epub 2021 Oct 14.

Xiang X, Wind K, Wiedemann T, Blume T, Shi Y, Briel N, Beyer L, Bie-
chele G, Eckenweber F, Zatcepin A, Lammich S, Ribicic S, Tahirovic S, 
Willem M, Deussing M, Palleis C, Rauchmann BS, Gildehaus FJ, Lind-
ner S, Spitz C, Franzmeier N, Baumann K, Rominger A, Bartenstein 
P, Ziegler S, Drzezga A, Respondek G, Buerger K, Perneczky R, Levin 
J, Höglinger GU, Herms J, Haass C, Brendel M. Microglial activation 
states drive glucose uptake and FDG-PET alterations in neurodegene-
rative diseases. Sci Transl Med. 2021 Oct 13;13(615):eabe5640. doi: 
10.1126/scitranslmed.abe5640. Epub 2021 Oct 13. 

Islam MR, Kaurani L, (...), Brosseron F, Buerger K, Cosma NC, Fliess-
bach K, Heneka MT, Janowitz D, Kilimann I, Kleinedam L, Laske C, 
Metzger CD, Munk MH, Perneczky R, Peters O, Priller J, Rauchmann 
BS, Roy N, Schneider A, Spottke A, Spruth EJ, Teipel S, Tscheuschler 
M, Wagner M, Wiltfang J, Düzel E, Jessen F; Delcode Study Group, 
Rizzoli SO, Zimmermann WH, Schulze TG, Falkai P, Sananbenesi 
F, Fischer A. A microRNA signature that correlates with cognition 



92 93ISD Annual Report 2021/2022

2021 Oct 7;13(10):e13742. doi: 10.15252/emmm.202013742. Epub 
2021 Aug 19. 

Wehn AC, Khalin I, Duering M, Hellal F, Culmsee C, Vandenabeele P, 
Plesnila N, Terpolilli NA. RIPK1 or RIPK3 deletion prevents progres-
sive neuronal cell death and improves memory function after trauma-
tic brain injury. Acta Neuropathol Commun. 2021 Aug 17;9(1):138. 
doi: 10.1186/s40478-021-01236-0.

Dichgans M, Beaufort N, Debette S, Anderson CD. Stroke Gene-
tics: Turning Discoveries into Clinical Applications. Stroke. 2021 
Aug;52(9):2974-2982. doi: 10.1161/STROKEAHA.121.032616. Epub 
2021 Aug 17. 

Biel D, Brendel M, Rubinski A, Buerger K, Janowitz D, Dichgans M, 
Franzmeier N; Alzheimer’s Disease Neuroimaging Initiative (ADNI). 
Tau-PET and in vivo Braak-staging as prognostic markers of future 
cognitive decline in cognitively normal to demented individuals. 
Alzheimers Res Ther. 2021 Aug 12;13(1):137. doi: 10.1186/s13195-
021-00880-x. 

Hofmann E, Soppert J, Ruhl T, Gousopoulos E, Gerra S, Storti G, 
Tian Y, Brandhofer M, Schweizer R, Song SY, Lindenblatt N, Pallua N, 
Bernhagen J, Kim BS. The Role of Macrophage Migration Inhibitory 
Factor in Adipose-Derived Stem Cells Under Hypoxia. Front Physiol. 
2021 Jul 21;12:638448. doi: 10.3389/fphys.2021.638448. 

Fabritius MP, Wölfer TA, Herzberg M, Tiedt S, Puhr-Westerheide D, 
Grosu S, Maurus S, Geyer T, Curta A, Kellert L, Küpper C, Liebig T, 
Ricke J, Dimitriadis K, Kunz WG, Zimmermann H, Reidler P. Course 
of Early Neurologic Symptom Severity after Endovascular Treatment 
of Anterior Circulation Large Vessel Occlusion Stroke: Association 
with Baseline Multiparametric CT Imaging and Clinical Parameters. 
Diagnostics (Basel). 2021 Jul 15;11(7):1272. doi: 10.3390/diagno-
stics11071272. 

Dichgans M, Sandset EC, Kelly P. Organizational Update From the 
European Stroke Organisation. Stroke. 2021 Aug;52(8):e517-e519. 
doi: 10.1161/STROKEAHA.121.035358. Epub 2021 Jul 26. 

Schafflick D, Wolbert J, Heming M, Thomas C, Hartlehnert M, Börsch 
AL, Ricci A, Martín-Salamanca S, Li X, Lu IN, Pawlak M, Minnerup J, 
Strecker JK, Seidenbecher T, Meuth SG, Hidalgo A, Liesz A, Wiendl H, 
Meyer Zu Horste G. Single-cell profiling of CNS border compartment 
leukocytes reveals that B cells and their progenitors reside in non-di-
seased meninges. Nat Neurosci. 2021 Sep;24(9):1225-1234. doi: 
10.1038/s41593-021-00880-y. Epub 2021 Jul 12. 

Wirtz TH, Saal A, Bergmann I, Fischer P, Heinrichs D, Brandt EF, 
Koenen MT, Djudjaj S, Schneider KM, Boor P, Bucala R, Weiskirchen 
R, Bernhagen J, Trautwein C, Berres ML. Macrophage migration 
inhibitory factor exerts pro-proliferative and anti-apoptotic effects 
via CD74 in murine hepatocellular carcinoma. Br J Pharmacol. 2021 

rum Sphingosine-1-Phosphate Levels Are Associated With Severity 
and Outcome in Patients With Cerebral Ischemia. Stroke. 2021 
Dec;52(12):3901-3907. doi: 10.1161/STROKEAHA.120.033414.Epub 
2021 Sep 9. 

GBD 2019 Stroke Collaborators. Global, regional, and national bur-
den of stroke and its risk factors, 1990-2019: a systematic analysis 
for the Global Burden of Disease Study 2019. Lancet Neurol. 2021 
Oct;20(10):795-820. doi: 10.1016/S1474-4422(21)00252-0. Epub 
2021 Sep 3. 

Meschia JF, Dichgans M. Genetics, Genomics, and Precision Medi-
cine. Stroke. 2021 Oct;52(10):3385-3387. doi: 10.1161/STROKEA-
HA.121.033966. Epub 2021 Sep 2.

Schwarting J, Nehrkorn K, Liu H, Plesnila N, Terpolilli NA. Role of Pial 
Microvasospasms and Leukocyte Plugging for Parenchymal Perfusi-
on after Subarachnoid Hemorrhage Assessed by In Vivo Multi-Photon 
Microscopy. Int J Mol Sci. 2021 Aug 6;22(16):8444. doi: 10.3390/
ijms22168444.

Basdeki ED, Kollias A, Mitrou P, Tsirimiagkou C, Georgakis MK, Chat-
zigeorgiou A, Argyris A, Karatzi K, Manios Y, Sfikakis PP, Protogerou 
AD. Does Sodium Intake Induce Systemic Inflammatory Response? A 
Systematic Review and Meta-Analysis of Randomized Studies in Hu-
mans. Nutrients. 2021 Jul 30;13(8):2632. doi: 10.3390/nu13082632. 

Gouna G, Klose C, Bosch-Queralt M, Liu L, Gokce O, Schifferer M, 
Cantuti- Castelvetri L, Simons M. TREM2-dependent lipid droplet 
biogenesis in phagocytes is required for remyelination. J Exp Med. 
2021 Oct 4;218(10):e20210227. doi: 10.1084/jem.20210227. Epub 
2021 Aug 23. 

Wiegertjes K, Chan KS, Telgte AT, Gesierich B, Norris DG, Klijn CJ, 
Duering M, Tuladhar AM, Marques JP, Leeuw FE. Assessing cortical 
cerebral microinfarcts on iron-sensitive MRI in cerebral small vessel 
disease. J Cereb Blood Flow Metab. 2021 Dec;41(12):3391-3399. 
doi: 10.1177/0271678X211039609. Epub 2021 Aug 20. 

Verdelho A, Biessels GJ, Chabriat H, Charidimou A, Duering M, Go-
defroy O, Pantoni L, Pavlovic A, Wardlaw J. Cerebrovascular disease 
in patients with cognitive impairment: A white paper from the ESO 
dementia committee - A practical point of view with suggestions for 
the management of cerebrovascular diseases in memory clinics. Eur 
Stroke J. 2021 Jun;6(2):111-119. doi: 10.1177/2396987321994294. 
Epub 2021 Feb 7. 

Soldati C, Lopez-Fabuel I, Wanderlingh LG, Garcia-Macia M, Monfre-
gola J, Esposito A, Napolitano G, Guevara-Ferrer M, Scotto Rosato 
A, Krogsaeter EK, Paquet D, Grimm CM, Montefusco S, Braulke T, 
Storch S, Mole SE, De Matteis MA, Ballabio A, Sampaio JL, McKay 
T, Johannes L, Bolaños JP, Medina DL. Repurposing of tamoxifen 
ameliorates CLN3 and CLN7 disease phenotype. EMBO Mol Med. 

Publications

X, Kalia K, Plesnila N, Yavagal DR, Alvarez O. Stroke and stroke pre-
vention in sickle cell anemia in developed and selected developing 
countries. J Neurol Sci. 2021 Aug 15;427:117510. doi: 10.1016/j.
jns.2021.117510. Epub 2021 May 26. 

Vettermann FJ, Harris S, Schmitt J, (...),, Wetzel CH, Rupprecht R, 
Janowitz D, Buerger K, Perneczky R, Höglinger GU, Levin J, Haass 
C, Tonn JC, Niyazi M, Bartenstein P, Albert NL, Brendel M. Impact 
of TSPO Receptor Polymorphism on 18-FGE-180 Binding in Healthy 
Brain and Pseudo-Reference Regions of Neurooncological and Neuro-
degenerative Disorders. Life (Basel). 2021 May 26;11(6):484. doi: 
10.3390/life11060484. 

Megas IF, Simons D, Kim BS, Stoppe C, Piatkowski A, Fikatas P, 
Fuchs PC, Bastiaanse J, Pallua N, Bernhagen J, Grieb G. Macrophage 
Migration Inhibitory Factor-An Innovative Indicator for Free Flap Ische-
mia after Microsurgical Reconstruction. Healthcare (Basel). 2021 
May 21;9(6):616. doi: 10.3390/healthcare9060616. 

Marklund N, Plesnila N, Brody DL. Building the Evidence Base for 
Treatment of Chronic Subdural Hematoma. J Neurotrauma. 2021 
Jun 1;38(11):1465-1466. doi: 10.1089/neu.2021.29107.editorial. 

Noz MP, Ter Telgte A, Wiegertjes K, Tuladhar AM, Kaffa C, Kersten S, 
Bekkering S, van der Heijden CDCC, Hoischen A, Joosten LAB, Netea 
MG, Duering M, de Leeuw FE, Riksen NP. Pro-inflammatory Monocyte 
Phenotype During Acute Progression of Cerebral Small Vessel Disea-
se. Front Cardiovasc Med. 2021 May 13;8:639361. doi: 10.3389/
fcvm.2021.639361. 

Reidler P, Brehm A, Sporns PB, Burbano VG, Stueckelschweiger L, 
Broocks G, Liebig T, Psychogios MN, Ricke J, Dimitriadis K, Dichgans 
M, Kunz WG, Tiedt S. Circadian rhythm of ischaemic core progression 
in human stroke. J Neurol Neurosurg Psychiatry. 2021 May 26:jnnp-
2021-326072. doi: 10.1136/jnnp-2021-326072. Epub ahead of print. 

Heindl S, Ricci A, Carofiglio O, Zhou Q, Arzberger T, Lenart N, Franz-
meier N, Hortobagyi T, Nelson PT, Stowe AM, Denes A, Edbauer 
D, Liesz A. Chronic T cell proliferation in brains after stroke could 
interfere with the efficacy of immunotherapies. J Exp Med. 2021 Aug 
2;218(8):e20202411. doi: 10.1084/jem.20202411. Epub 2021 May 
26. 

Llovera G, Pinkham K, Liesz A. Modeling Stroke in Mice: Focal Corti-
cal Lesions by Photothrombosis. J Vis Exp. 2021 May 6;(171). doi: 
10.3791/62536. 

Hermann DM, Liesz A, Dzyubenko E. Implications of immune res-
ponses for ischemic brain injury and stroke recovery. Brain Behav 
Immun. 2021 Aug;96:292-294. doi: 10.1016/j.bbi.2021.05.020. Epub 
2021 May 21. 

von Streitberg A, Jäkel S, Eugenin von Bernhardi J, Straube C, Bug-

Nov;178(22):4452-4467. doi: 10.1111/bph.15622. Epub 2021 Aug 
24. 

Neitzel J, Franzmeier N, Rubinski A, Dichgans M, Brendel M; Alzhei-
mer’s Disease Neuroimaging Initiative (ADNI), Malik R, Ewers M. 
KL-VS heterozygosity is associated with lower amyloid-dependent 
tau accumulation and memory impairment in Alzheimer‘s disease. 
Nat Commun. 2021 Jun 22;12(1):3825. doi: 10.1038/s41467-021-
23755-z. 

Levin MG, Zuber V, Walker VM, Klarin D, Lynch J, Malik R, Aday AW, 
Bottolo L, Pradhan AD, Dichgans M, Chang KM, Rader DJ, Tsao PS, 
Voight BF, Gill D, Burgess S, Damrauer SM. Prioritizing the Role of 
Major Lipoproteins and Subfractions as Risk Factors for Peripheral Ar-
tery Disease. Circulation. 2021 Aug 3;144(5):353-364. doi: 10.1161/
CIRCULATIONAHA.121.053797. Epub 2021 Jun 18. 

Divanoglou N, Komninou D, Stea EA, Argiriou A, Papatzikas G, Tsaka-
lof A, Pazaitou-Panayiotou K, Georgakis MK, Petridou E. Association 
of Vitamin D Receptor Gene Polymorphisms with Serum Vitamin D 
Levels in a Greek Rural Population (Velestino Study). Lifestyle Ge-
nom. 2021;14(3):81-90. doi: 10.1159/000514338. Epub 2021 Jun 17. 

de Rojas I, (...), Buerger K, (...), Dichgans M, (...), Ewers M, (...), Ruiz 
A. Common variants in Alzheimer‘s disease and risk stratification 
by polygenic risk scores. Nat Commun. 2021 Jun 7;12(1):3417. 
doi:10.1038/s41467-021-22491-8. 

Herzberg M, Scherling K, Stahl R, Tiedt S, Wollenweber FA, Küpper 
C, Feil K, Forbrig R, Patzig M, Kellert L, Kunz WG, Reidler P, Zim-
mermann H, Liebig T, Dieterich M, Dorn F; GSR investigators. Late 
Thrombectomy in Clinical Practice : Retrospective Application 
of DAWN/DEFUSE3 Criteria within the German Stroke Registry. 
Clin Neuroradiol. 2021 Sep;31(3):799-810. doi: 10.1007/s00062-
021-01033-1. Epub 2021 Jun 7.  49: Llovera G, Simats A, Liesz A. 
Modeling Stroke in Mice: Transient Middle Cerebral Artery Occlusion 
via the External Carotid Artery. J Vis Exp. 2021 May 24;(171). doi: 
10.3791/62573. 

Stowe AM, Bernhagen J. Role of the immune system for conditioning 
in cerebrovascular diseases. Cond Med. 2021 Feb;4(1):1-2. 

Rauchmann BS, Ersoezlue E, (...), Janowitz D, Kilimann I, Laske 
C, Metzger CD, Munk MH, Peters O, Priller J, Ramirez A, Roeske 
S, Roy N, Scheffler K, Schneider A, Spottke A, Spruth EJ, Teipel S, 
Tscheuschler M, Vukovich R, Wagner M, Wiltfang J, Yakupov R, 
Duezel E, Jessen F, Perneczky R; DELCODE study group and the 
Alzheimer‘s Disease Neuroimaging Initiative (ADNI). Resting-Sta-
te Network Alterations Differ between Alzheimer‘s Disease Atrophy 
Subtypes. Cereb Cortex. 2021 Oct 1;31(11):4901-4915. doi: 10.1093/
cercor/bhab130. 

Bhattacharya P, Sarmah D, Dave KR, Goswami A, Watanabe M, Wang 



94 95ISD Annual Report 2021/2022

Lo EH, Albers GW, Dichgans M, Donnan G, Esposito E, Foster R, 
Howells DW, Huang YG, Ji X, Klerman EB, Lee S, Li W, Liebeskind 
DS, Lizasoain I, Mandeville ET, Moro MA, Ning M, Ray D, Sakadžić 
S, Saver JL, Scheer FAJL, Selim M, Tiedt S, Zhang F, Buchan AM. 
Circadian Biology and Stroke. Stroke. 2021 Jun;52(6):2180-2190. doi: 
10.1161/STROKEAHA.120.031742. Epub 2021 May 4. 

Cai M, Jacob MA, Norris DG, Duering M, de Leeuw FE, Tuladhar AM. 
Cognition mediates the relation between structural network efficiency 
and gait in small vessel disease. Neuroimage Clin. 2021;30:102667. 
doi: 10.1016/j.nicl.2021.102667. Epub 2021 Apr 20. 

Bischof H, Burgstaller S, Springer A, Matt L, Rauter T, Bachkönig OA, 
Schmidt T, Groschner K, Schindl R, Madl T, Plesnila N, Lukowski R, 
Graier WF, Malli R. Potassium ions promote hexokinase-II dependent 
glycolysis. iScience. 2021 Mar 22;24(4):102346. doi: 10.1016/j.
isci.2021.102346. Erratum in: iScience. 2021 May 04;24(5):102468. 

Colombo AV, Sadler RK, Llovera G, Singh V, Roth S, Heindl S, Sebas-
tian Monasor L, Verhoeven A, Peters F, Parhizkar S, Kamp F, Gomez 
de Aguero M, MacPherson AJ, Winkler E, Herms J, Benakis C, Dich-
gans M, Steiner H, Giera M, Haass C, Tahirovic S, Liesz A. Microbio-
ta-derived short chain fatty acids modulate microglia and promote 
Aβ plaque deposition. Elife. 2021 Apr 13;10:e59826. doi: 10.7554/
eLife.59826. 

Yuan S, Burgess S, Laffan M, Mason AM, Dichgans M, Gill D, Lars-
son SC. Genetically Proxied Inhibition of Coagulation Factors and 
Risk of Cardiovascular Disease: A Mendelian Randomization Study. 
J Am Heart Assoc. 2021 Apr 20;10(8):e019644. doi: 10.1161/
JAHA.120.019644. Epub 2021 Apr 9. 

Wierer M, Werner J, Wobst J, Kastrati A, Cepele G, Aherrahrou R, 
Sager HB, Erdmann J, Dichgans M, Flockerzi V, Civelek M, Dietrich A, 
Mann M, Schunkert H, Kessler T. A proteomic atlas of the neointima 
identifies novel druggable targets for preventive therapy. Eur Heart J. 
2021 May 7;42(18):1773-1785. doi: 10.1093/eurheartj/ehab140. 

Georgakis MK, van der Laan SW, Asare Y, Mekke JM, Haitjema S, 
Schoneveld AH, de Jager SCA, Nurmohamed NS, Kroon J, Stroes 
ESG, de Kleijn DPV, de Borst GJ, Maegdefessel L, Soehnlein O, Pas-
terkamp G, Dichgans M. Monocyte-Chemoattractant Protein-1 Levels 
in Human Atherosclerotic Lesions Associate With Plaque Vulnerabi-
lity. Arterioscler Thromb Vasc Biol. 2021 Jun;41(6):2038-2048. doi: 
10.1161/ATVBAHA.121.316091. Epub 2021 Apr 8. 

Schindler L, Smyth LCD, Bernhagen J#, Hampton MB, Dickerhof N#. 
Macrophage migration inhibitory factor (MIF) enhances hypochlo-
rous acid production in phagocytic neutrophils. Redox Biol. 2021 
May;41:101946. doi: 10.1016/j.redox.2021.101946. Epub 2021 Mar 
30. 

Verdelho A, Wardlaw J, Pavlovic A, Pantoni L, Godefroy O, Duering 

genthin F, Marr C, Dimou L. NG2-Glia Transiently Overcome Their 
Homeostatic Network and Contribute to Wound Closure After Brain 
Injury. Front Cell Dev Biol. 2021 Apr 27;9:662056. doi: 10.3389/
fcell.2021.662056. 

Fani L, Georgakis MK, Ikram MA, Ikram MK, Malik R, Dichgans M. 
Circulating biomarkers of immunity and inflammation, risk of Alzhei-
mer‘s disease, and hippocampal volume: a Mendelian randomization 
study. Transl Psychiatry. 2021 May 17;11(1):291. doi: 10.1038/
s41398-021-01400-z. 

Brea D, Poon C, Benakis C, Lubitz G, Murphy M, Iadecola C, Anrat-
her J. Stroke affects intestinal immune cell trafficking to the central 
nervous system. Brain Behav Immun. 2021 Aug;96:295-302. doi: 
10.1016/j.bbi.2021.05.008. Epub 2021 May 12. 

Gruber T, Pan C, Contreras RE, (...), Szigeti-Buck K, Müller TD, Ussar 
S, Pfluger P, Woods SC, Ertürk A, LeDuc CA, Rahmouni K, Granado M, 
Horvath TL, Tschöp MH, García-Cáceres C. Obesity-associated hy-
perleptinemia alters the gliovascular interface of the hypothalamus to 
promote hypertension. Cell Metab. 2021 Jun 1;33(6):1155-1170.e10. 
doi: 10.1016/j.cmet.2021.04.007. Epub 2021 May 4.

Liu L, Besson-Girard S, Ji H, Gehring K, Bulut B, Kaya T, Usifo F, Si-
mons M, Gokce O. Dissociation of microdissected mouse brain tissue 
for artifact free single-cell RNA sequencing. STAR Protoc. 2021 Jun 
10;2(2):100590. doi: 10.1016/j.xpro.2021.100590. 

Ballarini T, (...), Janowitz D, Kilimann I, Laske C, Maier F, Metzger CD, 
Munk M, Perneczky R, Peters O, Priller J, Ramirez A, Rauchmann 
B, Roy N, Scheffler K, Schneider A, Spottke A, Spruth EJ, Teipel SJ, 
Vukovich R, Wiltfang J, Jessen F, Wagner M; DELCODE study group. 
Mediterranean Diet, Alzheimer Disease Biomarkers and Brain Atrophy 
in Old Age. Neurology. 2021 May 5;96(24):e2920–32. doi: 10.1212/
WNL.0000000000012067. Epub ahead of print.

Hansen N, Singh A, Bartels C, Brosseron F, Buerger K, Cetindag AC, 
Dobisch L, Dechent P, Ertl-Wagner BB, Fliessbach K, Haynes JD, 
Heneka MT, Janowitz D, Kilimann I, Laske C, Metzger CD, Munk MH, 
Peters O, Priller J, Roy N, Scheffler K, Schneider A, Spottke A, Spruth 
EJ, Teipel S, Tscheuschler M, Vukovich R, Wiltfang J, Duezel E, Jes-
sen F, Goya-Maldonado R. Hippocampal and Hippocampal- Subfield 
Volumes From Early-Onset Major Depression and Bipolar Disorder to 
Cognitive Decline. Front Aging Neurosci. 2021 Apr 21;13:626974. 
doi: 10.3389/fnagi.2021.626974. 

Fabritius MP, Tiedt S, Puhr-Westerheide D, Grosu S, Maurus S, 
Schwarze V, Rübenthaler J, Stueckelschweiger L, Ricke J, Liebig 
T, Kellert L, Feil K, Dimitriadis K, Kunz WG, Reidler P. Computed To-
mography Perfusion Deficit Volumes Predict Functional Outcome in 
Patients With Basilar Artery Occlusion. Stroke. 2021 Jun;52(6):2016-
2023. doi: 10.1161/STROKEAHA.120.032924. Epub 2021 May 5. 

Publications

Consortium. Genetic basis of lacunar stroke: a pooled analysis 
of individual patient data and genome-wide association studies. 
Lancet Neurol. 2021 May;20(5):351-361. doi: 10.1016/S1474-
4422(21)00031-4. Epub 2021 Mar 25.

Molbay M, Kolabas ZI, Todorov MI, Ohn TL, Ertürk A. A guidebook 
for DISCO tissue clearing. Mol Syst Biol. 2021 Mar;17(3):e9807. doi: 
10.15252/msb.20209807. 

Richardson DS, Guan W, Matsumoto K, Pan C, Chung K, Ertürk A, 
Ueda HR, Lichtman JW. TISSUE CLEARING. Nat Rev Methods Pri-
mers. 2021;1(1):84. doi:,10.1038/s43586-021-00080-9. Epub 2021 
Dec 16. 

Rubinski A, Tosun D, Franzmeier N, Neitzel J, Frontzkowski L, 
Weiner M, Ewers M. Lower cerebral perfusion is associated with 
tau-PET in the entorhinal cortex across the Alzheimer‘s continuum. 
Neurobiol Aging. 2021 Jun;102:111-118. doi: 10.1016/j.neurobiola-
ging.2021.02.003. Epub 2021 Feb 10. 

Malik R, Georgakis MK, Neitzel J, Rannikmäe K, Ewers M, Seshadri 
S, Sudlow CLM, Dichgans M. Midlife vascular risk factors and risk 
of incident dementia: Longitudinal cohort and Mendelian rando-
mization analyses in the UK Biobank. Alzheimers Dement. 2021 
Sep;17(9):1422-1431. doi: 10.1002/alz.12320. Epub 2021 Mar 22. 

Ewers M, Luan Y, Frontzkowski L, Neitzel J, Rubinski A, Dichgans M, 
(...), Danek A, Buerger K, Bateman RJ, Habeck C, Stern Y, Franzmeier 
N; Alzheimer’s Disease Neuroimaging Initiative and the Dominantly 
Inherited Alzheimer Network. Segregation of functional networks is 
associated with cognitive resilience in Alzheimer‘s disease. Brain. 
2021 Aug 17;144(7):2176-2185. doi: 10.1093/brain/awab112. 

Georgakis MK, Malik R, Li X, Gill D, Levin MG, Vy HMT, Judy R, Ritchie 
M, Verma SS; Regeneron Genetics Center, Nadkarni GN, Damrauer 
SM, Theodoratou E, Dichgans M. Genetically Downregulated Inter-
leukin-6 Signaling Is Associated With a Favorable Cardiometabolic 
Profile: A Phenome-Wide Association Study. Circulation. 2021 Mar 
16;143(11):1177-1180. doi: 10.1161/CIRCULATIONAHA.120.052604. 
Epub 2021 Mar 15. 

Pfeiffer S, Tomašcová A, Mamrak U, Haunsberger SJ, Connolly NMC, 
Resler A, Düssmann H, Weisová P, Jirström E, D‘Orsi B, Chen G, 
Cremona M, Hennessy BT, Plesnila N, Prehn JHM. AMPK-regulated 
miRNA-210-3p is activated during ischaemic neuronal injury and mo-
dulates PI3K-p70S6K signalling. J Neurochem. 2021 Nov;159(4):710-
728. doi: 10.1111/jnc.15347. Epub 2021 Mar 18. 

Conrad J, Habs M, Ruehl M, Boegle R, Ertl M, Kirsch V, Eren O, Be-
cker-Bense S, Stephan T, Wollenweber F, Duering M, Dieterich M, 
Eulenburg PZ. Structural reorganization of the cerebral cortex after 
vestibulo-cerebellar stroke. Neuroimage Clin. 2021;30:102603. doi: 
10.1016/j.nicl.2021.102603. Epub 2021 Feb 23. 

M, Charidimou A, Chabriat H, Biessels GJ. Cognitive impairment 
in patients with cerebrovascular disease: A white paper from the 
links between stroke ESO Dementia Committee. Eur Stroke J. 2021 
Mar;6(1):5-17. doi: 10.1177/23969873211000258. Epub 2021 Feb 
28. 

Malik R, Georgakis MK, Vujkovic M, Damrauer SM, Elliott P, Karhunen 
V, Giontella A, Fava C, Hellwege JN, Shuey MM, Edwards TL, Rogne 
T, Åsvold BO, Brumpton BM, Burgess S, Dichgans M, Gill D. Relation-
ship Between Blood Pressure and Incident Cardiovascular Disease: 
Linear and Nonlinear Mendelian Randomization Analyses. Hyper-
tension. 2021 Jun;77(6):2004-2013. doi: 10.1161/HYPERTENSIONA-
HA.120.16534. Epub 2021 Apr 5. 

Gruner K, Leissing F, Sinitski D, Thieron H, Axstmann C, Baumgarten 
K, Reinstädler A, Winkler P, Altmann M, Flatley A, Jaouannet M, Zien-
kiewicz K, Feussner I, Keller H, Coustau C, Falter-Braun P, Feederle R, 
Bernhagen J, Panstruga R. Chemokine-like MDL proteins modulate 
flowering time and innate immunity in plants. J Biol Chem. 2021 Jan-
Jun;296:100611. doi: 10.1016/j.jbc.2021.100611. Epub 2021 Mar 30. 

Cheng S, Mao X, Lin X, Wehn A, Hu S, Mamrak U, Khalin I, Wostrack 
M, Ringel F, Plesnila N, Terpolilli NA. Acid-Ion Sensing Channel 1a 
Deletion Reduces Chronic Brain Damage and Neurological Deficits 
after Experimental Traumatic Brain Injury. J Neurotrauma. 2021 Jun 
1;38(11):1572-1584. doi: 10.1089/neu.2020.7568. Epub 2021 May 6. 

Stueckelschweiger L, Tiedt S, Puhr-Westerheide D, Fabritius MP, 
Mueller F, Kellert L, Maurus S, Grosu S, Rueckel J, Herzberg M, Liebig 
T, Ricke J, Dimitriadis K, Kunz WG, Reidler P. Decomposing Acute 
Symptom Severity in Large Vessel Occlusion Stroke: Association With 
Multiparametric CT Imaging and Clinical Parameters. Front Neurol. 
2021 Mar 11;12:651387. doi: 10.3389/fneur.2021.651387. 

Ives A, Le Roy D, Théroude C, Bernhagen J, Roger T, Calandra T. 
Macrophage migration inhibitory factor promotes the migration of 
dendritic cells through CD74 and the activation of the Src/PI3K/
myosin II pathway. FASEB J. 2021 May;35(5):e21418. doi: 10.1096/
fj.202001605R. 

von Streitberg A, Jäkel S, Eugenin von Bernhardi J, Straube C, 
Buggenthin F, Marr C, Dimou L. NG2-Glia Transiently Overcome Their 
Homeostatic Network and Contribute to Wound Closure After Brain 
Injury. Front Cell Dev Biol. 2021 Apr 27;9:662056. doi: 10.3389/
fcell.2021.662056.

Traylor M, Persyn E, Tomppo L, (...), Rosand J, Dichgans M, Jern C, 
Strbian D, Fernandez-Cadenas I, Zand R, Ruigrok Y, Rost N, Lem-
mens R, Rothwell PM, Anderson CD, Wardlaw J, Lewis CM, Markus 
HS; Helsinki Stroke, Study Dutch Parelsnoer Institute-Cerebrovascu-
lar Accident (CVA) Study Group; National Institute of Neurological 
Disorders and Stroke (NINDS) Stroke Genetics Network; UK DNA 
Lacunar Stroke Study Investigators; International Stroke Genetics 



96 97ISD Annual Report 2021/2022

Mechanical Thrombectomy. J Stroke. 2021 Jan;23(1):103-112. doi: 
10.5853/jos.2020.02404. Epub 2021 Jan 31. 

Weisheit I, Kroeger JA, Malik R, Wefers B, Lichtner P, Wurst W, Dich-
gans M, Paquet D. Simple and reliable detection of CRISPR-induced 
on-target effects by qgPCR and SNP genotyping. Nat Protoc. 2021 
Mar;16(3):1714-1739. doi: 10.1038/s41596-020-00481-2. Epub 2021 
Feb 17. 

Gronewold J, Kropp R, Lehmann N, Stang A, Mahabadi AA, Weimar 
C, Dichgans M, Moebus S, Kröger K, Hoffmann B, Jöckel KH, Erbel 
R, Hermann DM; Heinz Nixdorf Recall Study Investigative Group. 
Population impact of different hypertension management guidelines 
based on the prospective population-based Heinz Nixdorf Recall 
study. BMJ Open. 2021 Feb 17;11(2):e039597. doi: 10.1136/bmjo-
pen-2020-039597. 

Dobersch S, Rubio K, Singh I, Günther S, Graumann J, Cordero J, 
Castillo-Negrete R, Huynh MB, Mehta A, Braubach P, Cabrera-Fu-
entes H, Bernhagen J, Chao CM, Bellusci S, Günther A, Preissner KT, 
Kugel S, Dobreva G, Wygrecka M, Braun T, Papy-Garcia D, Barreto G. 
Positioning of nucleosomes containing γ-H2AX precedes active DNA 
demethylation and transcription initiation. Nat Commun. 2021 Feb 
16;12(1):1072. doi: 10.1038/s41467-021-21227-y. 

Feil K, Herzberg M, Dorn F, Tiedt S, Küpper C, Thunstedt DC, Papa-
nagiotou P, Meyer L, Kastrup A, Dimitriadis K, Liebig T, Dieterich M, 
Kellert L; GSR investigators†. Tandem Lesions in Anterior Circulation 
Stroke: Analysis of the German Stroke Registry-Endovascular Treat-
ment. Stroke. 2021 Apr;52(4):1265-1275. doi: 10.1161/STROKEA-
HA.120.031797. Epub 2021 Feb 16. 

Boltze J, Aronowski JA, Badaut J, (...), Plesnila N, Raval AP, Rueger 
MA, Sansing LH, Sohrabji F, Stagg CJ, Stetler RA, Stowe AM, Sun 
D, Taguchi A, Tanter M, Vay SU, Vemuganti R, Vivien D, Walczak P, 
Wang J, Xiong Y, Zille M. New Mechanistic Insights, Novel Treatment 
Paradigms, and Clinical Progress in Cerebrovascular Diseases. Front 
Aging Neurosci. 2021 Jan 28;13:623751. 

Schindler L, Zwissler L, Krammer C, Hendgen-Cotta U, Rassaf T, 
Hampton MB, Dickerhof N, Bernhagen J. Macrophage migration inhi-
bitory factor inhibits neutrophil apoptosis by inducing cytokine release 
from mononuclear cells. J Leukoc Biol. 2021 Nov;110(5):893-905. 
doi: 10.1002/JLB.3A0420-242RRR. Epub 2021 Feb 10. 

Harshfield EL, Georgakis MK, Malik R, Dichgans M, Markus HS. 
Modifiable Lifestyle Factors and Risk of Stroke: A Mendelian Rando-
mization Analysis. Stroke. 2021 Mar;52(3):931-936. doi: 10.1161/
STROKEAHA.120.031710. Epub 2021 Feb 4. 

Heinrichs D, Brandt EF, Fischer P, Köhncke J, Wirtz TH, Guldiken N, 
Djudjaj S, Boor P, Kroy D, Weiskirchen R, Bucala R, Wasmuth HE, 
Strnad P, Trautwein C, Bernhagen J, Berres ML. Unexpected Pro-Fi-

Bleilevens C, Soppert J, Hoffmann A, Breuer T, Bernhagen J, Martin 
L, Stiehler L, Marx G, Dreher M, Stoppe C, Simon TP. Macrophage 
Migration Inhibitory Factor (MIF) Plasma Concentration in Critically Ill 
COVID-19 Patients: A Prospective Observational Study. Diagnostics 
(Basel). 2021 Feb 17;11(2):332. doi: 10.3390/diagnostics11020332. 

Roth S, Cao J, Singh V, Tiedt S, Hundeshagen G, Li T, Boehme JD, 
Chauhan D, Zhu J, Ricci A, Gorka O, Asare Y, Yang J, Lopez MS, Reh-
berg M, Bruder D, Zhang S, Groß O, Dichgans M, Hornung V, Liesz A. 
Post-injury immunosuppression and secondary infections are caused 
by an AIM2 inflammasome-driven signaling cascade. Immunity. 2021 
Apr 13;54(4):648-659.e8. doi: 10.1016/j.immuni.2021.02.004. Epub 
2021 Mar 4. 

Wirtz TH, Reuken PA, Jansen C, Fischer P, Bergmann I, (...), Bernha-
gen J, Praktiknjo M, Stallmach A, Trautwein C, Trebicka J, Bruns T, 
Berres ML. Balance between macrophage migration inhibitory factor 
and sCD74 predicts outcome in patients with acute decompensation 
of cirrhosis. JHEP Rep. 2020 Dec 17;3(2):100221. doi: 10.1016/j.
jhepr.2020.100221. 

Lu Y, Xu Z, Georgakis MK, Wang Z, Lin H, Zheng L. Smoking and 
heart failure: a Mendelian randomization and mediation analysis. ESC 
Heart Fail. 2021 Jun;8(3):1954-1965. doi: 10.1002/ehf2.13248. Epub 
2021 Mar 3. 

Georgakis MK, Dichgans M. Serum Monocyte-Chemoattractant 
Protein-1 Could Be an Indicator of Coronary Artery Calcium Score-
Reply. JAMA Cardiol. 2021 May 1;6(5):605. doi: 10.1001/jamacar-
dio.2021.0073. 

Kopczak A, Schindler A, Dichgans M, Saam T. Reply: Comparison of 
Different Plaque Imaging Techniques to Detect Complicated Carotid 
Artery Plaques. J Am Coll Cardiol. 2021 Mar 2;77(8):1147-1148. doi: 
10.1016/j.jacc.2020.12.038. 

Safaiyan S*, Besson-Girard S*, Kaya T, Cantuti-Castelvetri L, Liu L, 
Ji H, Schifferer M, Gouna G, Usifo F, Kannaiyan N, Fitzner D, Xiang 
X, Rossner MJ, Brendel M, Gokce O, Simons M. White matter aging 
drives microglial diversity. Neuron. 2021 Apr 7;109(7):1100-1117.e10. 
doi: 10.1016/j.neuron.2021.01.027. Epub 2021 Feb 18. 

Kreuzer A, Sauerbeck J, Scheifele M, Stockbauer A, Schönecker S, 
Prix C, Wlasich E, Loosli SV, M Kazmierczak P, Unterrainer M, Catak 
C, Janowitz D, Pogarell O, Palleis C, Perneczky R, Albert NL, Bartens-
tein P, Danek A, Buerger K, Levin J, Zwergal A, Rominger A, Brendel 
M, Beyer L. Detection Gap of Right- Asymmetric Neuronal Degene-
ration by CERAD Test Battery in Alzheimer‘s Disease. Front Aging 
Neurosci. 2021 Feb 2;13:611595. doi: 10.3389/fnagi.2021.611595. 

Feil K, Herzberg M, Dorn F, Tiedt S, Küpper C, Thunstedt DC, Hinske 
LC, Mühlbauer K, Goss S, Liebig T, Dieterich M, Bayer A, Kellert L; 
GSR Investigators. General Anesthesia versus Conscious Sedation in 

Publications

May;268(5):1762-1769. doi: 10.1007/s00415-020-10369-6. Epub 
2020 Dec 29. 

Beyer L, Meyer-Wilmes J, Schönecker S, Schnabel J, Sauerbeck J, 
Scheifele M, Prix C, Unterrainer M, Catak C, Pogarell O, Palleis C, 
Perneczky R, Danek A, Buerger K, Bartenstein P, Levin J, Rominger A, 
Ewers M, Brendel M. Cognitive reserve hypothesis in frontotemporal 
dementia: A FDG-PET study. Neuroimage Clin. 2021;29:102535. doi: 
10.1016/j.nicl.2020.102535. Epub 2020 Dec 16. 

Amaefule CO, Dyrba M, (...), Janowitz D, Bürger K, Laske C, Munk M, 
Rudolph J, Glanz W, Dobisch L, Haynes JD, Dechent P, Ertl-Wagner 
B, Scheffler K, Kilimann I, Düzel E, Metzger CD, Wagner M, Jessen F, 
Teipel SJ. Association between composite scores of domain-specific 
cognitive functions and regional patterns of atrophy and functional 
connectivity in the Alzheimer‘s disease spectrum. Neuroimage Clin. 
2021;29:102533. doi: 10.1016/j.nicl.2020.102533. Epub 2020 Dec 
17. 

Li S, Daamen M, Scheef L, Gaertner FC, Buchert R, Buchmann M, 
Buerger K, Catak C, Dobisch L, Drzezga A, Ertl-Wagner B, Essler M, 
Fliessbach K, Haynes JD, Incesoy EI, Kilimann I, Krause BJ, Lange 
C, Laske C, Priller J, Ramirez A, Reimold M, Rominger A, Roy N, 
Scheffler K, Maurer A, Schneider A, Spottke A, Spruth EJ, Teipel SJ, 
Tscheuschler M, Wagner M, Wolfsgruber S, Düzel E, Jessen

F, Peters O, Boecker H; DELCODE Study Group. Abnormal Re-
gional and Global Connectivity Measures in Subjective Cognitive 
Decline Depending on Cerebral Amyloid Status. J Alzheimers Dis. 
2021;79(2):493-509. doi: 10.3233/JAD-200472.

Boltze J, Didwischus N, Merrow M, Dallmann R, Plesnila N. Circadian 
effects on stroke outcome - Did we not wake up in time for neuropro-
tection? J Cereb Blood Flow Metab. 2021 Mar;41(3):684-686. doi: 
10.1177/0271678X20978711. Epub 2020 Dec 18. 

Feil K, Küpper C, Tiedt S, Dimitriadis K, Herzberg M, Dorn F, Liebig 
T, Dieterich M, Kellert L; GSR Investigators. Safety and efficacy of 
mechanical thrombectomy in infective endocarditis: A matched ca-
se-control analysis from the German Stroke Registry-Endovascular 
Treatment. Eur J Neurol. 2021 Mar;28(3):861-867. doi: 10.1111/
ene.14686. Epub 2021 Jan 6. 

Lenz IJ, Plesnila N, Terpolilli NA. Role of endothelial nitric oxide 
synthase for early brain injury after subarachnoid hemorrhage in 
mice. J Cereb Blood Flow Metab. 2021 Jul;41(7):1669-1681. doi: 
10.1177/0271678X20973787. Epub 2020 Nov 30. 

Delgado Jiménez R, Benakis C. The Gut Ecosystem: A Critical Play-
er in Stroke. Neuromolecular Med. 2021 Jun;23(2):236-241. doi: 
10.1007/s12017-020-08633-z. Epub 2020 Nov 18. 

Konieczny MJ, Dewenter A, Ter Telgte A, Gesierich B, Wiegertjes K, 

brotic Effect of MIF in Non-Alcoholic Steatohepatitis Is Linked to a 
Shift in NKT Cell Populations. Cells. 2021 Jan 28;10(2):252. doi: 
10.3390/cells10020252. 

Burgess S, Malik R, Liu B, Mason AM, Georgakis MK, Dichgans M, Gill 
D. Dose-response relationship between genetically proxied average 
blood glucose levels and incident coronary heart disease in individu-
als without diabetes mellitus. Diabetologia. 2021 Apr;64(4):845-849. 
doi: 10.1007/s00125-020-05377-0. Epub 2021 Jan 26.

Georgakis MK, Harshfield EL, Malik R, Franceschini N, Langenberg C, 
Wareham NJ, Markus HS, Dichgans M. Diabetes Mellitus, Glycemic 
Traits, and Cerebrovascular Disease: A Mendelian Randomization 
Study. Neurology. 2021 Mar 30;96(13):e1732-e1742. doi: 10.1212/
WNL.0000000000011555. Epub 2021 Jan 25.

Herm J, Schlemm L, Siebert E, Bohner G, Alegiani AC, Petzold 
GC, Pfeilschifter W, Tiedt S, Kellert L, Endres M, Nolte CH. How do 
treatment times impact on functional outcome in stroke patients 
undergoing thrombectomy in Germany? Results from the Ger-
man Stroke Registry. Int J Stroke. 2021 Oct;16(8):953-961. doi: 
10.1177/1747493020985260. Epub 2021 Jan 20. 

Gill D, Karhunen V, Malik R, Dichgans M, Sofat N. Cardiometabolic 
traits mediating the effect of education on osteoarthritis risk: a 
Mendelian randomization study. Osteoarthritis Cartilage. 2021 
Mar;29(3):365-371. doi: 10.1016/j.joca.2020.12.015. Epub 2021 Jan 
7. 

Lopes R, Bournonville C, Kuchcinski G, Dondaine T, Mendyk AM, 
Viard R, Pruvo JP, Hénon H, Georgakis MK, Duering M, Dichgans M, 
Cordonnier C, Leclerc X, Bordet R. Prediction of Long-term Cognitive 
Functions after Minor Stroke, Using Functional Connectivity. Neuro-
logy. 2021 Jan 5:10.1212/WNL.0000000000011452. doi: 10.1212/
WNL.0000000000011452. Epub ahead of print. 

Hyman MC, Levin MG, Gill D, Walker VM, Georgakis MK, Davies NM, 
Marchlinski FE, Damrauer SM. Genetically Predicted Blood Pressure 
and Risk of Atrial Fibrillation. Hypertension. 2021 Feb;77(2):376-382. 
doi: 10.1161/HYPERTENSIONAHA.120.16191. Epub 2021 Jan 4. 

Biechele G, Wind K, Blume T, Sacher C, Beyer L, Eckenweber F, Franz-
meier N, Ewers M, Zott B, Lindner S, Gildehaus FJ, von Ungern-Stern-
berg B, Tahirovic S, Willem M, Bartenstein P, Cumming P, Rominger 
A, Herms J, Brendel M. Microglial activation in the right amygdala-
entorhinal-hippocampal complex is associated with preserved spatial 
learning in AppNL-G-F mice. Neuroimage. 2021 Apr 15;230:117707. doi: 
10.1016/j.neuroimage.2020.117707. Epub 2020 Dec 29. 

Küpper C, Feil K, Wollenweber FA, Tiedt S, Herzberg M, Dorn F, Lie-
big T, Dieterich M, Kellert L; GSR investigators. Endovascular stroke 
treatment in orally anticoagulated patients: an analysis from the 
German Stroke Registry- Endovascular Treatment. J Neurol. 2021 



98 99ISD Annual Report 2021/2022

scopy. J Neurotrauma. 2021 Feb 15;38(4):399-410. doi: 10.1089/
neu.2020.7271. Epub 2020 Oct 30..

Reidler P, Stueckelschweiger L, Puhr-Westerheide D, Feil K, Kellert 
L, Dimitriadis K, Tiedt S, Herzberg M, Rémi J, Liebig T, Fabritius MP, 
Kunz WG. Performance of Automated Attenuation Measurements at 
Identifying Large Vessel Occlusion Stroke on CT Angiography. Clin 
Neuroradiol. 2021 Sep;31(3):763-772. doi: 10.1007/s00062-020-
00956-5. Epub 2020 Sep 16. 

Feil K, Rémi J, Küpper C, Herzberg M, Dorn F, Kunz WG, Reidler P, 
Levin J, Hüttemann K, Tiedt S, Heidger W, Müller K, Thunstedt DC, 
Dabitz R, Müller R, Pfefferkorn T, Hamann GF, Liebig T, Dieterich 
M, Kellert L. Inter-hospital transfer for mechanical thrombectomy 
within the supraregional stroke network NEVAS. J Neurol. 2021 
Feb;268(2):623-631. doi: 10.1007/s00415-020-10165-2. Epub 2020 
Sep 5. 

Fournier ML, Clément T, Aussudre J, Plesnila N, Obenaus A, Badaut 
J. Contusion Rodent Model of Traumatic Brain Injury: Controlled Cor-
tical Impact. Methods Mol Biol. 2021;2193:49-65. doi: 10.1007/978-
1-0716-0845-6_6. 

Bersano A, Kraemer M, Burlina A, Mancuso M, Finsterer J, Sacco S, 
Salvarani C, Caputi L, Chabriat H, Oberstein SL, Federico A, Lasserve 
ET, Hunt D, Dichgans M, Arnold M, Debette S, Markus HS. Heritable 
and non-heritable uncommon causes of stroke. J Neurol. 2021 
Aug;268(8):2780-2807. doi: 10.1007/s00415-020-09836-x. Epub 
2020 Apr 21. Erratum in: J Neurol. 2020 Jun 18;

Franzmeier N, (...), Buerger K, Levin J, Duering M, Dichgans M, 
Suárez-Calvet M, Haass C, (...), Ewers M. The BDNF Val66Met SNP 
modulates the association between beta-amyloid and hippocam-
pal disconnection in Alzheimer‘s disease. Mol Psychiatry. 2021 
Feb;26(2):614-628. doi: 10.1038/s41380-019-0404-6. Epub 2019 
Mar 21.

*co-corresponding author; #equal contribution first author

Finsterwalder S, Kopczak A, Hübner M, Malik R, Tuladhar AM, Mar-
ques JP, Norris DG, Koch A, Dietrich O, Ewers M, Schmidt R, de Lee-
uw FE, Duering M. Multi-shell Diffusion MRI Models for White Matter 
Characterization in Cerebral Small Vessel Disease. Neurology. 2021 
Feb 2;96(5):e698-e708. doi: 10.1212/WNL.0000000000011213. 
Epub 2020 Nov 16. 

Roth S, Yang J, Cramer JV, Malik R, Liesz A. Detection of cytokine-in-
duced sickness behavior after ischemic stroke by an optimized be-
havioral assessment battery. Brain Behav Immun. 2021 Jan;91:668-
672. doi: 10.1016/j.bbi.2020.11.016. Epub 2020 Nov 14. 

Georgakis MK, (...), Boekholdt SM, Zierer A, Elhadad MA, Koenig W, 
Herder C, Hoogeveen RC, Kavousi M, Ballantyne CM, Peters A, Myint 
PK, Nilsson J, Benjamin EJ, Dichgans M. Association of Circulating 
Monocyte Chemoattractant Protein-1 Levels With Cardiovascular 
Mortality: A Meta-analysis of Population-Based Studies. JAMA Cardi-
ol. 2021 May 1;6(5):587-592. doi: 10.1001/jamacardio.2020.5392. P

Yamamoto Y, Hase Y, Ihara M, Khundakar A, Roeber S, Duering M, 
Kalaria RN. Neuronal densities and vascular pathology in the hip-
pocampal formation in CADASIL. Neurobiol Aging. 2021 Jan;97:33-
40. doi: 10.1016/j.neurobiolaging.2020.09.016. Epub 2020 Oct 1. 

Krammer C, Kontos C, Dewor M, Hille K, Dalla Volta B, El Bounkari O, 
Taş K, Sinitski D, Brandhofer M, Megens RTA, Weber C, Schultz JR, 
Bernhagen J, Kapurniotu A. A MIF-Derived Cyclopeptide that Inhibits 
MIF Binding and Atherogenic Signaling via the Chemokine Receptor 
CXCR2. Chembiochem. 2021 Mar 16;22(6):1012-1019. doi: 10.1002/
cbic.202000574. Epub 2020 Nov 30. 

Kappelmann N, Arloth J, Georgakis MK, Czamara D, Rost N, Ligthart 
S, Khandaker GM, Binder EB. Dissecting the Association Between In-
flammation, Metabolic Dysregulation, and Specific Depressive Symp-
toms: A Genetic Correlation and 2-Sample Mendelian Randomization 
Study. JAMA Psychiatry. 2021 Feb 1;78(2):161-170. doi: 10.1001/
jamapsychiatry.2020.3436. 

Rauen K, Späni CB, Tartaglia MC, Ferretti MT, Reichelt L, Probst 
P, Schäpers B, Müller F, Jahn K, Plesnila N. Quality of life after 
traumatic brain injury: a cross-sectional analysis uncovers age- and 
sex-related differences over the adult life span. Geroscience. 2021 
Feb;43(1):263-278. doi: 10.1007/s11357-020-00273-2. Epub 2020 
Oct 17. 

Ewers M, Ioannidis JPA, Plesnila N. Access to data from clinical trials 
in the COVID-19 crisis: open, flexible, and time-sensitive. J Clin Epi-
demiol. 2021 Feb;130:143-146. doi: 10.1016/j.jclinepi.2020.10.008. 
Epub 2020 Oct 14. 

Hu Y, Seker B, Exner C, Zhang J, Plesnila N, Schwarzmaier SM. 
Longitudinal Characterization of Blood-Brain Barrier Permeability 
after Experimental Traumatic Brain Injury by In Vivo 2-Photon Micro-

Honors & Awards

Corinne Benakis | 2022, Friedrich-Baur-Stiftung (Munich, Germany)

Markus Brandhofer | 2022, Friedrich-Baur-Stiftung (Munich, Germany)

Jürgen Bernhagen | 2021, m4 Award of the Bavarian State Ministry of 
Economic Affairs, State Development and Energy (2022-2024; toge-
ther with A. Kapurniotu, TUM)

Angelika Dannert | 2022, Alzheimer Forschung Initiative e.V. Travel 
Grant for the AD/PD conference in Barcelona

Angelika Dannert | 2022, Tübingen Stem Cell Meeting Travel Stipend

Angelika Dannert | 2022, Tübingen Stem Cell Meeting Best Poster 
Award, 1st Place

Angelika Dannert | 2022, International Society for Neurochemistry 
Travel Award for the ISN-ASPN Meeting in Honolulu

Angelika Dannert | 2022, Otto Bayer Fellowship, Bayer Foundation

Angelika Dannert | 2021, SyNergy Travel Grant

Martin Dichgans | “Highly Cited Researchers 2022” Clarivate Award

Marco Düring | 2021, Honorary Clinical Professor, CUHK Hong Kong

Marco Düring | 2021, Executive Committee Member, VAS-COG so-
ciety

Michael Ewers | 2021, ISTAART De Leon Prize in Neuroimaging Co-Se-
nior Scientist

Michael Ewers | 2022, Alzheimer’s Association – Conference travel 
fellowship

Michael Ewers | 2022, Elected senior scientist of the ISTAART Neuroi-
maging PIA

Nicolai Franzmeier | 2022, Alzheimer’s Association Research Grant 
(AARG/AARG-D) 

Marios Georgakis | 2022, Fritz-Thyssen Foundation Research Grant

Marios Georgakis | 2022, SyNergy Clinician-Scientist Programme

Marios Georgakis | 2021, “CHARGE” Meritorious Abstract Award

Marios Georgakis | 2021, DFG Walter-Benjamin Fellowship

Sarah Jäkel | 2022, September FöFoLe Research Grant (LMU)

Sarah Jäkel | 2021, March SyNergy Early Excellence Academy  
Startup grant

Julien Klimmt | 2022, ISN-APSN Meeting – Invitation and Travel Grant

Julien Klimmt | 2022, Stem Cell Meeting Tübingen – Travel Grant

Julien Klimmt | 2022, Alzheimer Forschung Initiative – Travel Grant

Julien Klimmt | 2021, Stichting Alzheimer Onderzoek (Belgian  
Alzheimer research foundation) – Travel Grant

Dominik Paquet | 2022, International Society for Molecular Neurode-
generation, best talk award 

Dominik Paquet | 2022, Foundation Leducq Transatlantic Research 
Network Member

Dominik Paquet | 2022, FBRI Research Grant

Dominik Paquet | 2021, Brightfocus Foundation Alzheimer Research 
grant

Dominik Paquet | 2022, Alzheimer’s Association Research Grant

Dominik Paquet | 2021, Synergy ‚scRNA-seq in neurodegenerative 
disease research grant

Isabel Weisheit | 2021, New York Academy of Sciences CRISPR M 
eeting – Invitation

Chunfang Zan | 2021, Best Junior Investigator Talk, Cardiac  
Regeneration & Vascular Biology Conference 2021

Chunfang Zan | 2022, Gotthard Schettler Young Investigator Award  
of the German Atherosclerosis Society

Honors & Awards



100 101ISD Annual Report 2021/2022 ISD Team

Alt, Jennifer
Altmann, Regina 
Androvic, Peter, Dr.
Aronova, Arailym 
Asare, Yaw, Dr. 
Avdic, Maida 
Bader, Elizabeth
Beaufort, Nathalie, Dr. 
Beer, Tanja 
Ben Jemaa, Imaine 
Benakis, Corinne, Dr. 
Bernhagen, Jürgen, Prof. Dr. 
Besson-Girard, Simon, MSc
Biel, Davina, Dr. 
Boldoczki, Fanni, MSc
Brandhofer, Markus, PhD
Braun, Chiara
Bublitz, Merle, MSc
Bulut, Buket, MSc
Bürger, Katharina, PD Dr. 
Calandra, Gian Marco, MSc
Cao, Jiayu, MSc
Cardoso Goncalves, Carolina, MSc
Carofiglio, Olga, MSc
Chahli, Christine 
Copti, James
Crusius, Dennis 
Dannert, Angelika, MSc
De Bruin, Hannah
Delgado Jiménez, Rosa, MSc
Denecke, Jannis, MSc
Desharvi, Amir, Dr.
Dewenter, Anna, MSc
Dichgans, Martin, Prof. Dr.
Dimitriadis, Konstantinos, PD Dr. 
Dorosti Naseali, Nadia, MSc
Dörr, Gabriele 
Ebert, Simon, MSc
Eder, Annette 
El Bounkari, Omar, Dr
Ernst, Elena
Ertürk, Ali, Dr. 
Eshraghi, Yasin, MSc
Evangelista, Lisa, MSc
Ewers, Michael, Prof. Dr.
Exner, Carina
Falke, Melanie
Fang, Rong
Faschinger, Brigitte 
Filler, Jule Marie, MSc
Filser, Severin, Dr. 

Forster, Charlotte
Franzmeier, Nicolai, Dr. 
Frerich, Simon, MSc
Friedrich, Daniel 
Frühauf, Markus, Dpl.-Geogr.
Fürle, Christina 
Gao, Ying, MSc
Gehring, Katrin
Georgakis, Marios, Dr.
Gerra, Simona, MSc
Göcmenoglu, Ekrem 
Gökçe, Özgün, PhD
Gonzales Gallego, Judit 
Granja Burbano, Vanessa  
Groschup, Bernhard, MSc
Guo, Yinghuimin
Handfest, Véronique 
Heimmerer, Sarina
Hein, Sandra 
Heindl, Steffanie, PhD
Hentze, Stefanie, 
Hirsch, Fabian, MSc
Hönig, Barbara 
Hu, Senbin
Hurler, Charlene-Annett 
Irfan, Minnah
Ismail, Noor
Jäkel, Sarah, Dr.
Janowitz, Daniel 
Ji, Hao, MSc
Kaffe, Maria, Dr.
Karg, Michael
Kaulbach, Wiete 
Kaya,Tuğberk, MSc
Khalifeh, Nada
Khalin, Igor, Dr. 
Klapacz Barbara 
Klimmt, Julien, PhD
Knez, Lea
Knogler, Julia 
Kopczak, Anna, Dr. 
Krestel, Eva
Kroeger, Joseph, MSc
Krogsaeter, Einar
Küster, Bettina, Dr. 
Kyrylova, Amiliya
Liesz, Arthur, Prof. Dr. 
Lindner, Barbara 
Liu, Lu, MSc
Llovera García, Gemma, Dr.
Luan, Ying, PhD

Lukanovic, Sabrina 
Lukas, Barbara 
Malik, Rainer, Dr.
Mamrak, Uta 
Männer, Andreas 
Mardazad, Sara
Marder, Marina 
McQuade, Courtney, MSc
Melton, Philip
Mez, Robert 
Micha, Charikleia 
Moradzadeh Gavbazeh, Kobra
Müller, Michaela, MSc
Naser, Nawraa, M.Res
Nottebrock, Alessia, MSc
Omarov, Murad, MSc
Otabil, Michael Kobina
Padkanti, Rithvik
Palumbo, Giovanna, 
Paquet, Dominik, Prof. Dr.
Pedro, Liliana
Pérez Anderson, Katrin, MSc
Pietsch, Hedwig 
Plesnila, Nikolaus, Prof. Dr.
Pinkham, Kelsey
Ponto, Dario
Proksch, Markus
Rebling, Stefanie 
Reich, Marvin
Ricci, Alessio, MSc
Robinson, Sophie 
Römer, Sebastian
Roth, Stefan, Dr.
Rott, Irina, 
Rubinski, Anna, PhD
Ruggles, Alexandria
Salazar, Jose Maria
Schillinger, Ulrike, Dr. 
Schlegl, Christina
Schneider, Janina
Schneider, Melanie 
Schneider, Manuela, Dr. 
Schnoor-Mayr, Martina 
Schröger, Luise, MSc
Schwarting, Julian, Dr. 
Şeker, Burçu, PhD
Shrouder, Joshua, MSc
Sienel, Rebecca, Dr.
Simats, Alba, Dr.
Siminkovic, Elena
Simons, Mika 

Sorbie, Adam 
Spiller, Lukas
Stadie, Andrea 
Stanton, Evan Hunter, MSc
Steiger, Arnulf Ignaz, Dr. 
Steward, Anna, MSc
Strohm, Konstanze, MSc
Suttmann, Marie, B.Sc.
Thuß-Silczak, Kerstin 
Tiedt, Steffen, Dr. 
Tian, Yuan, PhD
Todorov, Mihail, PhD
Todorov-Völgyi, Katalin, Dr. 
Tosato, Federica, MSc
Tsavdaridis, Ioannis 
Umeasalugo, Kosi E., MSc
Varga, Dániel Péter, PhD
Viegener, Walter
Vlegels, Naomi, MSc
Voss, Tamara 
Waegemann, Karin, Dr.
Weiler, Monica, Dr.
Weingart, Antonia 
Wernsdorf, Saskia, Dr. 
Wölfer, Teresa Allegra 
Yang, Bishan
Yilmaz, Jennifer 
Yuste, Patricia, PhD
Zhang, Lin, MD
Zhang, Linjie
Zhang, Sijia
Zheng, Lukai
Zhu, Jie
Ziesch, Natalie
Zivkovic, Luka 
Zollver, Adelgunde

The ISD hosts researchers from 25 countries (excluding Germany)
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Ukraine



102 ISD Annual Report 2021/2022

Imprint:

Institute for Stroke and Dementia Research (ISD)
LMU Klinikum, Feodor-Lynen-Str. 17, 81377 Munich,
Germany

Research website: https://www.isd-research.de
Clinical website: https://www.lmu-klinikum.de/isd

Responsible for content:
Prof. Dr. med. Martin Dichgans, Director and Chairman | ISD
Markus A. Frühauf, Managing Director | ISD
Design: Antonia Weingart | ISD

Images:
© Stefan Müller-Naumann, © Klinikum der Universität
München, © Institute for Stroke and Dementia Research: 
Mikael Simons, Ali Ertürk, Antonia Weingart, Marco Düring,
Nicolai Franzmeier, Dominik Paquet, AdobeStock: ©sudok

Local Partners:

SyNergy
DFG funded Excellence Cluster
for Systems Neurology,
www.synergy-munich.de

DZNE
German Center for
Neurodegenerative Diseases,
www.dzne.de

ISZM
Interdisciplinary Stroke Center
Munich (ISZM), LMU Klinikum,
www.iszm.de
Dept. of Neurology

Dept. of Neurology
LMU Klinikum,
www.nefo.med.uni-muenchen.de

Local  
Partners
& Imprint

Institute for Stroke and  
Dementia Research (ISD)



Institute for Stroke and  
Dementia Research (ISD)


