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Cellular Polarity and Viral Infection
Research Aims: The laboratory is interested in how intestinal epithelial cells (IECs) that line
the surface of the gut can tolerate the presence of the commensal microflora and at the
same time recognize and fight enteric pathogens.
Background:
Intestinal epithelial cells (IECs) constitute
the primary barrier that separates us from
the outside environment. These cells are
faced with a major challenge: they have to
tolerate the presence of the commensal
microbiota
while
maintaining
full
responsiveness against enteric pathogens.
How IECs achieve such balance and tailored
innate immune response has only become
to be appreciated. However, understanding
these mechanisms is mandatory to design
new strategies of intervention against
enteric pathogens and enteric diseases. Our
laboratory is interested in unraveling these
mechanisms. Our research focuses on the
physiological organization of IECs, taking
into consideration that these cells are
polarized with an apical side facing the
lumen of the gut and a basolateral side
facing the lamina propia side. We are also
considering the fact that the intestinal
epithelium is not constituted of a unique
cell type but of several lineages precisely
organized and having specific functions to
maintain gut homeostasis. To recapitulate
this level of physiological organization we
are exploiting human mini-gut organoid.

Our research can be divided into 3 research
axes:
1) Regulation of intrinsic innate immune
response in human intestinal epithelium
2) Role of cellular polarization in
maintaining gut homeostasis
3) Mechanisms regulating cellular polarity in
human IECs
Research Highlights:
Regulation of intrinsic innate immune
response in human intestinal epithelium:
While type I interferon (IFN) mediated
immunity is ubiquitous to all cells, type III
IFN mediated immunity is confined to
epithelial cells due to the restricted
expression of its receptor. It is currently
believed that both IFNs have redundant
functions; however, the epithelium
specificity of type III IFN strongly suggests
that both IFNs must have functional
differences at epithelial surfaces. In the lab,
we are studying the functional differences
between type I and type III IFN-mediated
antiviral response. We are combining
genetic, mathematical modeling, signal
transduction dynamics and epigenetic
regulation approaches to precisely define
the differences between both cytokines. We

ultimately aim at characterizing the
advantages that are conferred to IECs by
favoring a type III IFN over a type I IFN
response upon pathogen challenges.
Polarized antiviral response IECs, strategies
to tolerate the intestinal commensal flora:
The apical side of IECs is constantly exposed
to the commensal flora while the
basolateral side is sterile in physiological
conditions. We have unraveled that the
extent of immune response is a function of
the side of infection in human IECs.
Infection of IECs from the basolateral side
triggered a stronger response of IECs
compared to viral infection of the apical
side. Using several human IECs culture
model and human mini-gut organoids, we
have demonstrated that this polarized
immune response is a global mechanism
developed by IECs in response to infection
by multiple pathogens (viral or bacterial) or
in response to various inflammatory signals.
We have identified the molecular
mechanisms that lead to this polarized
immune response and found that they are
intrinsically linked to the polarized nature of
IECs. Finally, we have created genetically
modified mice in which these functions
have been suppressed specifically in IECs
and found that these mice have developed
chronic inflammation of their gastrointestinal track. This inflammatory state is
the direct consequence of IECs recognizing
and mounting an immune response against
the commensal bacteria normally present in
the lumen of the gut. This work unravels
novel mechanism to regulate immune
homeostasis in the gut and pave the way for
a better understanding of inflammatory
bowel diseases.
Mechanisms regulating cellular polarity in
human IECs.
Since we have identified that the
apical/basolateral axis in IECs is a major
regulator of gut immune homeostasis, our
group is also pursuing the identification of
the molecular mechanisms regulating
cellular polarity. Using epithelium cellular
models, we are studying how the clathrin

machinery establishes and maintains
distinct apical and basolateral poles in
polarized cells. We are also addressing how
these mechanisms regulate a different but
similar kind of cellular polarity i.e. migrating
cells. Using Super-resolution microscopy,
correlative light and electron microscopy of
metal replica and 3D micro-patterning
lithography approaches, we unraveled a
novel function of the clathrin coat in
regulating collective cell migration.
Group Composition:
• Dr. Megan Stanifer, Post-doc
• Dorothee Albrecht, Technician
• Delia Bucher, PhD student
• Kalliopi Pervolaraki, PhD student
• Marta Fratini, PhD student
• Markus Mukenhirn, PhD student
• Christian Kischnick, PhD student
Last Year Publications:
• Stanifer et al., Cell Microbiol, 2016.
Reovirus intermediate subviral particles
constitute a strategy to infect intestinal
epithelial cells by exploiting TGF-β
dependent pro-survival signaling.
• Martinez et al., Gut, 2017. miR-16 and
miR-125b are involved in barrier function
dysregulation through the modulation of
claudin-2 and cingulin expression in the
jejunum in IBS with diarrhoea.
• Pervolaraki et al., Frontiers immune,
2017. Type I and Type III Interferons
Display Different Dependency on MitogenActivated Protein Kinases to Mount an
Antiviral State in the Human Gut.
• Shah et al., Cell Microbiol, 2017. Genome
packaging of reovirus is mediated by the
scaffolding property of the microtubule
network.
• Stanifer et al., Sci reports, 2017. Reovirus
inhibits
interferon
production
by
sequestering IRF3 into viral factories.
• Draeger et al., EMBO rep, 2017. Bin1
directly remodels actin dynamics through
its BAR domain.
• Bucher et al., Nat Communications, 2018.
Flat-to-curved transition during clathrinmediated endocytosis correlates with a

change in clathrin-adaptor ratio and is
regulated by membrane tension
External Funding:
• DFG SFB1129: Integrative analysis of
pathogen replication and spread.
• DFG TRR186: Molecular switches Spatiotemporal Control of Cellular Signal
Transmission
• European FP7, Marie Curie integration
grant
Teaching Activities:
• Molecular Virology Master Student
Practical
• HBIGS course, practical
• Molecular Virology Post-transcriptional
regulation tutorial
• DKFZ progress in cancer research
• DKFZ journal club: Infection and Cancer
• Frontiers in Biosciences Master Student
lecture
• International Graduate School: PathogenHost Interactions at Cellular Barriers,
Muenster, Germany
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Schaller Research Group on Neuropeptides

Research aims:
Aim 1. Deciphering oxytocin circuits
modulating pain perception
In our study, we detected a subset of ~ 30
parvocellular OT neurons which simultaneously
terminate on magnocellular OT neurons and
neurons of deep layers of the spinal cord.
Evoked OT release from these parvocellular OT
neurons suppresses nociception and promotes
analgesia in an animal model of inflammatory
pain. Our findings show that small groups of
parvocellular
neurons
interact
with
magnocellular neurons to build in the spinal
cord - organized OT circuits controlling diverse
body functions (Eliava et al., Neuron, 2016). The
role of these neurons is under current
investigation in the state of pain anticipation.
Aim 2. Identification of oxytocin neuron
ensembles confronting fear
We developed a technique, ‘’virus-mediated
Genetic Activity-Induced Tagging (vGAIT) of
cells“, which is based on the activity-dependent
expression of the immediate early gene c-fos in
virally infected OT neurons. Using vGAIT we
labeled OT neurons, which had been activated
by fear expression (OTFear+ neurons) and found
that only a small fraction of OTFear+ neurons (1012%) was labeled. Blue-light stimulation of
axons of OTFear+ neurons within the CeA rapidly
profoundly reversed the freezing behavior,
while pharmacogenetic inhibition of OTFear+
neuronal
somas
by
Clozapin-N-oxide
significantly inhibited fear extinction. Our

results provide evidence for functional
specialization within the central OT system and
open perspectives for dissection of OT
ensembles modulating distinct forms of socioemotional behavior, such as threat and
empathy. (The manuscript is in revision.)
Aim 3. Dissection of central mechanisms of
stress-induced inhibition of reproductive
physiology
Pharmacological studies since the early 1980’s
have demonstrated that the main neuropeptide
of the stress response, corticotropin-releasing
hormone (CRH), inhibits the activity of the
hypothalamic-pituitary-gonadal (HPG) axis in
mammals via its predominant receptor type 1
(CRHR1).
We aimed to analyze this
phenomenon by genetic means. Thus, we
deleted CRHR1 in GnRH neurons exposed to
restraint stress or an intraperitoneal injection of
the bacterial endotoxin lipopolysaccharide. To
our surprise, we found a preserved stressinduced decrease of luteinizing hormone (LH)
levels. Similarly, the application of CRH in acute
brain slices did not change membrane
potentials or action potential firing of GnRH
neurons. Moreover, the stress-induced
suppression of LH levels could not be prevented
when CRH-R1 was genetically removed in GABA
neurons or all neurons, indicating that CRH-R1
activation has no indirect effect of GnRH
mediated LH release after stress induction.
However, the infusion of CRH itself prevented
the decline of LH levels in basal condition in

mice lacking CRHR1 in all neurons. Our results
challenge the prevailing concept of a
CRH/CRHR1-mediated inhibition of HPG axis
activity under acute stress and suggest the
possibility of distinguishing between CRHR1signaling in basal vs. acute stress conditions.
(Raftogianni et al., in press.)
Group Composition:
• Dr. Marina Eliava, Postdoctoral Fellow
• Dr. Androniki Raftogianni, Postdoctoral Fellow
• Dr. Daisuke Hagiwara, Postdoctoral Fellow
• Dr. Arthur Lefevre, Postdoctoral Fellow
• Dr. Xinying Liu, Postdoctoral Fellow
• Dr. Yan Tang, Postdoctoral Fellow
• Miriam Silva de Gouveia, PhD student
• Ferdinand Althammer, PhD student
• Diego Benusiglio, PhD student
• Ana Almeida de Minas, PhD student
• Lara Barteczko, PhD student
• Jonas Lange, Master student
• Jonas Schimmer, Master student
• Judith Müller, Technical Assistant
• Anne Seller, Project Manager
Selected Publications, 2017-2018
Original articles:
1. Raftogianni, A., Roth, L.C., García-González,
D., Bus, T., Kühne C., Monyer, H., Spergel, D.J.,
Deussing, J.M., Grinevich V. (2018): Deciphering
the contribution of CRH receptors in the brain
and pituitary to stress-induced inhibition of the
reproductive axis. Front. Mol. Neurosci. (in
press)
2. Menon, R., Fiedler, D., Biermeier, V., Eliava,
M., Althammer, F., Hiraoka, Y., Nishimori, K.,
Grinevich, V.*, Neumann, I.D.* Enhanced
oxytocin signaling in the lateral septum
prevents social fear expression during lactation.
Cur. Biol. 28: 1066-1078. *senior authors.
3. Grund, T., Goyon, S., Li, Y., Eliava, M., Liu, H.,
Charlet, A., Grinevich, V.*, Neumann, I.D.*
(2017):
Neuropeptide
S
activates
paraventricular oxytocin neurons to induce
anxiolysis. J. Neurosci. 37:12214-12225. *senior
authors.
4. Hansson, A.C, Koopmann, A., Uhrig, S.,
Bühler, S., Domi, E., Ciccocioppo, R., Grinevich,
V., Kiefer, F., Sommer, W.H., Vollstädt-Klein, S.,
Spanagel, R. (2017): Oxytocin reduces alcohol
cue-reactivity in alcohol dependent rats and

humans. Neuropsychopharmacology. 2017 Nov
1. doi: 10.1038/npp.2017.257.
5. Tsuji, T., Allchorne, A.J., Zhang, M., Tsuji, C.,
Tobin, V.A., Boytcheva, K., Pineda, R., Stern, J.E.,
Grinevich, V., Leng, G., Ludwig, M. (2017):
Vasopressin casts light on the suprachiasmatic
nucleus.
J.
Physiol.
(London),
DOI:
10.1113/JP274025.
6. Franklin, T.B., Silva, B.A., Perova, Z., Marrone,
L., Masferrer, M.E., Zhan, Y., Kaplan, A.,
Greetham, L., Verrechia, V., Halman, A., Pagella,
S., Vyssotski A.L., Illarionova, A., Grinevich, V.,
Branco, T., Gross, C.T. (2017): Prefrontal cortical
modulation of a social behavior circuit. Nat.
Neurosci. 20: 260-270.
Reviews:
1. Grinevich, V., Stoop, R. (2018): Interplay
between oxytocin and sensory systems in the
orchestration of socio-emotional behaviors.
Neuron (in press).
2. Charlet, A., Grinevich, V. (2017): Oxytocin
mobilizes midbrain dopamine towards sociality.
Neuron 95: 235-237.
3. Chini, B., Verhage, M., Grinevich, V. (2017):
The Action radius of oxytocin release in the
mammalian CNS: From single vesicles to
behavior. Trends Pharmacol. Sci. 38:982-991.
4. Grinevich, V., Charlet, A. (2017) Oxytocin:
pain relief in skin. Pain 158:2061-2063.
5. Althammer, A., Grinevich, V. (2017):
Diversity of oxytocin neurons: beyond magnoand parvocellular cell types? J Neuroendocrinol.
doi: 10.1111/jne.12549.
Book chapters:
1. Poisbeau, P.*, Grinevich, V.*, Charlet A.*
(2017): Oxytocin signaling in pain: cellular,
circuit, system, and behavioral Levels. Currr.
Top.
Behav.
Neurosci.
doi:
10.1007/7854_2017_14. *equally contributed
authors.
2. Muscatelli, F., Desarmenien, M., Matarazzo,
V., Grinevich, V. (2017): Oxytocin signaling in
the early life of mammals: link to
neurodevelopmental disorders associated with
ASD. Currr. Top. Behav. Neurosci.. doi:
10.1007/7854_2017_16.

External Funding:
• Human Frontier Science Program, 2015-2018.
• SFB-1158 “From nociception to chronic pain:
Structure-function properties of neural
pathways and their reorganization”, 20152019.
• SFB-1134 “Neuronal ensembles: cellular
components, patterned activity and plasticity
of co-active neurons in local networks”, 20152018.
• Thyssen Stiftung (01.09.2016 - 31.08.2018)
• DFG-ANR, German Research Foundation grant
GR 3619/7-1, (01.01.2017 - 31.12.2019)
• DFG-Swiss German Research Foundation
grant GR 3619/8-1, (01.10.2017 - 30.09.2020)
• Fyssen Foundation (postdoctoral fellowship for
Dr. Arthur Lefevre), (2017-2019)
• Alexander von Humbodt Foundation Award
(postdoctioral fellowship for Dr. Daisuke
Hagiwara), (2017-2019)
Teaching Activities:
1. Lecture series “Hormones and behavior”,
School of Biosciences, Edinburgh University,
October 19-20, 2017.
2. Lectures and participation in Graduate School
GRK 2714: Neurobiology of Emotional
Disfunctions, Regensburg-Eilsbrunn, May 1213th, 2017.
3. Two PhD students, Miriam Silva de Gouveia
and Ferdinand Althammer, have defended their
PhD theses in the course of 2017.
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Norovirus Study Group
Research Aims: The purpose of my research group is to better understand human norovirus capsid
flexibility with respect to receptor binding interactions and virus evolution with the ultimate aim of
developing norovirus antivirals.
Background:
Human noroviruses are the dominant cause of
outbreaks of gastroenteritis around the world
and infect all age groups. There are no antivirals
or vaccines against noroviruses, mainly because
these viruses cannot be grown in cell culture.
The prevention and treatment of human
norovirus are of major public health concerns.
Research Projects:
Antiviral development
We have a number of lead compounds that
show promising results including Nanobodies
and human milk oligosaccharides. We are now
testing these antivirals in human norovirus cell
culture systems.
Development of a rapid diagnostic assay
We are using our lab-produced Nanobodies as
reagents for use in a rapid lateral flow
(immunochromatography) assay
Norovirus evolution
We use combination of structural biology and
biochemical analysis of norovirus in order to
decipher the structure/ function and evolution
of emerging norovirus strains.
Group Composition:
• Anna Koromyslova (Postdoc)
• Turgay Kilic (Postdoc)

•
•
•
•

Jessica Devant (PhD)
Kerstin Ruoff (PhD)
Viriginie Malak (Technician)
Satoko Hansman (Technician)

Publications (all CHS funding):
1. Pogan R, Schneider C, Reimer R, Hansman
G, Uetrecht C. (2018). Norovirus-like VP1
particles exhibit isolate dependent stability
profiles. Journal of physics. Condensed
matter : an Institute of Physics journal
30:064006.
2. Morozov V, Hansman G, Hanisch FG,
Schroten H, Kunz C. (2018). Human Milk
Oligosaccharides as Promising Antivirals.
Molecular nutrition & food research (In
press).
3. Wegener H, Mallagaray A, Schone T, Peters
T, Lockhauserbaumer J, Yan H, Uetrecht C,
Hansman GS, Taube S. (2017). Human
norovirus GII.4 (MI001) P dimer binds
fucosylated and sialylated carbohydrates.
Glycobiology 27:1027-1037.
4. Koromyslova A, Tripathi S, Morozov V,
Schroten H, Hansman GS. (2017). Human
norovirus inhibition by a human milk
oligosaccharide. Virology 508:81-89.
5. Koromyslova A, Hansman GS. (2017).
Nanobodies targeting norovirus capsid

6.

7.

8.

9.

10.

11.

12.

13.

14.

reveal functional epitopes and potential
mechanisms of neutralization. PLoS
pathogens. 13: e1006636.
Doerflinger SY, Weichert S, Koromyslova A,
Chan M, Schwerk C, Adam R, Jennewein S,
Hansman GS, Schroten H. (2017). Human
Norovirus Evolution in a Chronically
Infected Host. mSphere. e00352-16
Doerflinger SY, Cortese M, Romero-Brey I,
Menne Z, Tubiana T, Schenk C, White PA,
Bartenschlager R, Bressanelli S, Hansman
GS, Lohmann V. (2017). Membrane
alterations induced by nonstructural
proteins of human norovirus. PLoS
pathogens 13:e1006705.
Weichert S, Koromyslova A, Singh BK,
Hansman S, Jennewein S, Schroten H,
Hansman GS. (2016). Structural Basis for
Norovirus Inhibition by Human Milk
Oligosaccharides. J Virol 90:4843-4848.
Conley M, Emmott E, Orton R, Taylor D,
Carneiro D, Murata K, Goodfellow I,
Hansman G, Bhella D (2016) Vesivirus 2117
capsids more closely resemble sapovirus
and lagovirus particles than other known
vesivirus structures. J Gen Virol 98(1): 6876.
Doerflinger SY, Tabatabai J, Schnitzler P,
Farah C, Rameil S, Sander P, Koromyslova A,
Hansman GS. (2016) Development of a
Nanobody-Based
Lateral
Flow
Immunoassay for Detection of Human
Norovirus. mSphere. e00219-16.
Mallagaray A, Rademacher C, Parra F,
Hansman G, Peters T. (2016) Saturation
transfer difference nuclear magnetic
resonance titrations reveal complex
multistep-binding of l-fucose to norovirus
particles. Glycobiology 27(1):80-86.
Singh BK, Leuthold MM, Hansman GS
(2016) Structural Constraints on Human
Norovirus Binding to Histo-Blood Group
Antigens. mSphere. e00049-16
Human norovirus interactions with histoblood group antigens and human milk
oligosaccharides. (2016) Schroten H,
Hanisch FG, Hansman GS. J Virol 90:58555959
Foodborne Viral Pathogens (2016) Editors:
Peter White, Natalie Netzler, Grant
Hansman. Taylor & Francis CRC Press: ISBN

9781466579507
Patent (now under international review
process)
1. Koromyslova AD and Hansman GS. 2014.
Nanobodies against human noroviruses,
detection and therapy (BK12914EP).
2. Koromyslova AD and Hansman GS. 2017.
Nanobodies against human noroviruses.
Submitted (UH14750EP).
Presentations:
Binding adaptability of caliciviruses to histoblood group antigens. Hamburg 2017
External Funding:
Glycobiology Baden-Württemberg
Institution: Heidelberg University (Hansman)
and University of Tübingen (Prof. Thilo Stehle)
Project title: Glycan-based antiviral agents
Run-time: 2017 Jun - 2020 Jun: 3 years
Amount: 343,000 euro
BMBF VIP+ (NATION, 03VP00912)
Institution: DKFZ and Heidelberg University
Project title: Nanobody based norovirus
antivirals
Run-time: 2016 Sep - 2019 Aug (3 years)
Amount: 1,164,000 euro
DFG Research Unit (Virocarb, FOR2327)
Institution: DKFZ
Project title: Binding adaptability of caliciviruses
to histo-blood group antigens
Run-time: 2016 Feb - 2019 Jan (3 years)
Amount: 205,000 euro
CHS Foundation Research Grant
Institution: DKFZ and Heidelberg University
Project title: Norovirus studies
Run-time: 2012 Apr - 2021 Mar (9 years)
Amount: 1,932,000 euro
Organizational functions:
Reviewer for Journal of Virology, Journal of
General Virology, Emerging Infectious Diseases,
Science, Nature
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Molecular Mechanisms of Tumor Invasion
Invasion of the healthy brain tissue by highly malignant cancer cells strongly contributes to relapse and poor
overall survival of patients suffering from glioma. The lab focuses on discovering novel pathways involved in
regulation of this invasive growth, of which signaling components could be exploited as novel therapeutic targets.

Peroxiredoxin 1 enhances invasion of glioma cells: A promising novel therapeutic target
A PRDX1-p38α heterodimer amplifies MET-driven invasion of IDH-wildtype and IDH-mutant gliomas.
Wirthschaft P, Bode J, Simon AEM, Hoffmann E, van Laack R, Krüwel T, Dietrich F, Bucher D, Hahn A, Sahm F,
Breckwoldt MO, Kurz FT, Hielscher T, Fischer B, Dross N, Ruiz de Almodovar C, von Deimling A, Herold-Mende C,
Plass C, Boulant S, Wiestler B, Reifenberger G, Lichter P, Wick W, Tews B (members from the Tews lab in bold).
The Peroxiredoxin 1 (PRDX1) gene maps to chromosome arm 1p and is hemizygously deleted and epigenetically
silenced in isocitrate dehydrogenase 1 or 2 (IDH)-mutant and 1p/19q-codeleted oligodendroglial tumors. In
contrast, IDH-wildtype astrocytic gliomas including glioblastomas mostly lack epigenetic silencing and express
PRDX1 protein. In our study, we investigated how PRDX1 contributes to the infiltrative growth of IDH-wildtype
gliomas. Focusing on p38α-dependent pathways, we analyzed clinical data from 133 patients of the NOA-04 trial
cohort to look for differences in the gene expression profiles of gliomas with wildtype or mutant IDH. Biochemical
interaction studies as well as in vitro and ex vivo migration studies were used to establish a biological role of
PRDX1 in maintaining pathway activity. Whole-brain high-resolution ultramicroscopy and survival analyses of
pre-clinical mouse models for IDH-wildtype gliomas were then used for in vivo confirmation. Based on clinical
data, we found that the absence of PRDX1 is associated with changes in the expression of MET/HGF signaling
components. PRDX1 forms a heterodimer with p38α mitogen-activated protein kinase 14 (MAPK14), stabilizing
phospho-p38α in glioma cells. This process amplifies hepatocyte growth factor (HGF)-mediated signaling and
stimulates actin cytoskeleton dynamics that promote glioma cell migration. Whole-brain high-resolution
ultramicroscopy confirms these findings, indicating that PRDX1 promotes glioma brain invasion in vivo. Finally,
reduced expression of PRDX1 increased survival in mouse glioma models. Thus, our preclinical findings suggest
that PRDX1 expression levels may serve as a molecular marker for patients who could benefit from targeted
inhibition of MET/HGF signaling.
Reference: Int J Cancer. 2018 Mar 26. doi: 10.1002/ijc.31404.

Technical development: Novel brain imaging techniques
Correlated MRI and ultramicroscopy (MR-UM) of brain tumors reveals vast heterogeneity of tumor infiltration
and neoangiogenesis in preclinical models and human disease
Breckwoldt MO*, Bode J*, Sahm F, Krüwel T, Solecki G, Hahn A, Wirthschaft P, Berghoff AS, Haas M,
Venkataramani V, von Deimling A, Wick W, Herold-Mende C, Heiland S, Platten M, Bendszus M, Kurz FT, Winkler
F, Tews B (members from the Tews lab in bold).
Diffuse tumor infiltration into the adjacent parenchyma is an effective dissemination mechanism of brain tumors.
We have previously developed correlated high field magnetic resonance imaging and ultramicroscopy (MR-UM)
to study neonangiogenesis in a glioma model. In the present study we used MR-UM to investigate tumor
infiltration and neoangiogenesis in a translational approach. We compare infiltration and neoangiogenesis
patterns in four brain tumor models and the human disease: whereas the U87MG glioma model resembles brain
metastases with an encapsulated growth and extensive neoangiogenesis, S24 experimental gliomas mimic IDH
wildtype glioblastomas, exhibiting infiltration into the adjacent parenchyma and along white matter tracts to the
contralateral hemisphere. MR-UM resolves tumor infiltration and neoangiogenesis longitudinally based on the
expression of fluorescent proteins, intravital dyes or endogenous contrasts. Our study demonstrates the huge
morphological diversity of brain tumor models regarding their infiltrative and neoangiogenic capacities and
further establishes MR-UM as a platform for translational neuroimaging.
Reference: Under Revision - Frontiers in Neuroscience, Brain Imaging Methods

Correlated magnetic resonance imaging and ultramicroscopy (MR-UM) is a tool kit to assess the dynamics of
glioma angiogenesis.
Breckwoldt MO*, Bode J*, Kurz FT, Hoffmann A, Ochs K, Ott M, Deumelandt K, Krüwel T, Schwarz D, Fischer M,
Helluy X, Milford D, Kirschbaum K, Solecki G, Chiblak S, Abdollahi A, Winkler F, Wick W, Platten M, Heiland S,
Bendszus M, Tews B (members from the Tews lab in bold).
Neoangiogenesis is a pivotal therapeutic target in glioblastoma. Tumor monitoring requires imaging methods to
assess treatment effects and disease progression. Until now mapping of the tumor vasculature has been difficult.
We have developed a combined magnetic resonance and optical toolkit to study neoangiogenesis in glioma
models. We use in vivo magnetic resonance imaging (MRI) and correlative ultramicroscopy (UM) of ex vivo
cleared whole brains to track neovascularization. T2* imaging allows the identification of single vessels in glioma
development and the quantification of neovessels over time. Pharmacological VEGF inhibition leads to partial
vascular normalization with decreased vessel caliber, density, and permeability. To further resolve the tumor
microvasculature, we performed correlated UM of fluorescently labeled microvessels in cleared brains. UM
resolved typical features of neoangiogenesis and tumor cell invasion with a spatial resolution of ~5 µm. MR-UM
can be used as a platform for three-dimensional mapping and high-resolution quantification of tumor
angiogenesis.
Reference: Elife. 2016 Feb 2;5:e11712. doi: 10.7554/eLife.11712.

Ultramicroscopy as a novel tool to unravel the tropism of AAV gene therapy vectors in the brain.
Alves S*, Bode J*, Bemelmans AP, von Kalle C, Cartier N, Tews B (members from the Tews lab in bold).
Recombinant adeno-associated viral (AAV) vectors have advanced to the vanguard of gene therapy. Numerous
naturally occurring serotypes have been used to target cells in various tissues. There is a strong need for fast and
dynamic methods which efficiently unravel viral tropism in whole organs. Ultramicroscopy (UM) is a novel
fluorescence microscopy technique that images optically cleared undissected specimens, achieving good
resolutions at high penetration depths while being non-destructive. UM was applied to obtain high-resolution
3D analysis of AAV transduction in adult mouse brains, especially in the hippocampus, a region of interest for
Alzheimer's disease therapy. We separately or simultaneously compared transduction efficacies for commonly
used serotypes (AAV9 and AAVrh10) using fluorescent reporter expression. We provide a detailed comparative
and quantitative analysis of the transduction profiles. UM allowed a rapid analysis of marker fluorescence
expression in neurons with intact projections deep inside the brain, in defined anatomical structures. Major
hippocampal neuronal transduction was observed with both vectors, with slightly better efficacy for AAV9 in
UM. Glial response and synaptic marker expression did not change post transduction.We propose UM as a novel
valuable complementary tool to efficiently and simultaneously unravel tropism of different viruses in a single
non-dissected adult rodent brain.
Sci Rep. 2016 Jun 20;6:28272. doi: 10.1038/srep28272.
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