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• Department of Pathology and Immunology, University
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 UMR1043, Toulouse, France
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Research Profile 
Founding of the TKI in 1950 was made possible by a 
donation of the Bernese Nobel laureate Theodor Kocher in 
1912. Current research at the TKI is dedicated to investigate 
cellular and molecular mechanisms involved in inflammation. 
A special focus hereby lies on immune cell migration during 
immune surveillance and inflammation employing cut-
ting-edge 3D in vitro and in vivo live cell imaging method-
ologies and targeted transgenic models. Ongoing research 
projects address for example how and where activated im-
mune cells enter the immune privileged central nervous sys-
tem (CNS) during neuroinflammatory diseases such as multi-
ple sclerosis and stroke, or how immune cell subsets interact 
within the lymph node to mount an immune response or 
how tumor cells cross the blood-brain barrier forming brain 
metastases. Additional projects on the role of innate immu-
nity in inflammation complement this portfolio. Knowledge 
on the migration strategies employed by different immune 
cell subsets will allow to improve immunomodulatory ther-
apies for numerous diseases. Research competence at the 
TKI allows for the coordination of the Microscopy Imaging 
Center (MIC, www.mic.unibe.ch) and the heading of the 
Mouse Cryoconservation and Mouse Transgenic and Genetic 

Engineering Facility, a member of the transgenesis platform 
of the Swiss Animal Facilities Network (SAFN). 

Teaching Profile 
The TKI is involved in local, national and international teach-
ing efforts. The institute offers a large portfolio of lectures 
and practical classes in immunology, microscopy, vascular 
cell biology, transgenic mouse technologies, inflamma-
tion and high end in vitro and in vivo live cell imaging for 
bachelor, master and graduate students in the Medical, 
Science and Vetsuisse Faculties. The institute is furthermore 
involved in teaching of students of medicine and biomed-
icine of the University of Fribourg. The TKI hosts the two 
interfaculty Graduate Schools (Graduate School for Cellular 
and Biomedical Sciences (www.gcb.unibe.ch) & Graduate 
School for Health Sciences (www.ghs.unibe.ch). In addi-
tion, coordination of the Swissuniversities supported PhD 
programs “Cell Migration” and “Cutting Edge Microscopy” 
are localized at the TKI. Britta Engelhardt is coordinator of 
the Horizon2020 funded international PhD student training 
program BtRAIN (www.btrain-2020.eu.

Highlights 2017
Modelling the multi-step migration of human T-cell subsets 
across in vitro models of the human blood-brain barrier and 
blood-cerebrospinal fluid barrier 
Molecular mechanisms mediating T-cell migration into the 
CNS in multiple sclerosis (MS) have largely been studied 
in animal models, which do not mimic the full picture of 

Human in vitro models of the BBB and BCSFB. CD34+ stem cells 
are sorted from umbilical cord blood and in vitro differenti-
ated into endothelial cells (ECs). CD34+ derived ECs are then 
co-cultured with bovine pericytes to acquire BBB characteris-
tics. Immunofluorescence stainings show junctional localiza-
tion of ZO-1, claudin-3 and VE-cadherin by the brain like ECs.
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MS neuropathology. In a collaborative approach, we have 
established novel in vitro models of the human blood-
brain barrier (BBB) and blood-cerebrospinal fluid barrier 
(BCSFB), allowing us to side by side compare the cellular and 
molecular mechanisms involved in the migration of human 
CD4+ T cell-subsets across these two brain barriers. We 
have furthermore established a novel nanomembrane based 
microfluidic device with unique optical characteristics and 
a very small scale, now allowing to study the extravasation 
of rare patient derived T-cell subsets across the BBB under 
physiological flow in vitro. 

The Rho regulator Myo9b enables non-lymphoid tissue seed-
ing of protective CD8+ T cells
Tissue-resident memory T cells (TRM) populate barrier organs 
such as skin, but their behavior in these exposed organs 
is not well understood. Using intravital imaging of cellular 
motility and interactions in LNs and skin, we noted that 
TCR-transgenic OT-I CD8+ T cells deficient in the actomyosin 
regulator Myo9b were defective in their ability to cross the 
basement membrane separating dermis from epidermis. This 
results in blunted capacity of Myo9b-deficient TRM to protect 
the host from a local viral infection. 

Two-Photon imaging of T-cell interactions with the cervical 
spinal cord microvasculature during neuroinflammation in 
vivo. 
Two-photon intravital microscopy (2P-IVM) has been estab-
lished as a powerful tool to study cell-cell interactions in the 
animal model of multiple sclerosis, experimental autoim-
mune encephalomyelitis (EAE). We established a novel spinal 
cord window preparation allowing to use 2P-IVM to image 
the post-arrest multistep T-cell extravasation across the 
cervical spinal cord microvessels. The technology will allow 
to study the cellular pathway of T-cell diapedesis across the 
BBB by establishing visualization of endothelial junctions in 
this vascular bed. 

Selected Competitive Grants 
• Swiss National Science Foundation (31003A_17013,
CRSII3_154483, 31003A_172994, 16CRSII5_170969,
CR23I3_156234, 310030_173137) 
• European Union: (FP7 MCA-ITN 607962nEUROinflamma-
tion; H2020-MSCA-ITN-2015 675619)
• State Secretary for Education, Research and Innovation
(Eurostars Project E!9059 SIAGEN-MS)
• Swiss Multiple Sclerosis Society
• Swiss Cancer League (KFS-3524-08-2014) 
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Visualizing junctions of the blood–brain barrier endothelium 
in VE-cadherin-GFP knock-in mice with experimental autoim-
mune encephalomyelitis (EAE). An autoagressive CD4+ T cell 
(green) can be seen crawling along the junction of the spinal 
cord microvessel. Endothelial junctions are visible as green 
lines in VE-cadherin-GFP knock-in mice. Contrast enhance-
ment of the blood vessels was achieved by injection of Texas 
Red-dextran (MW = 70,000). 

Intravital imaging image of dsRed-expressing OT-I (white) 
and GFP-expressing Myo9-deficient OT-I T cells (red) in skin on 
day 30 post viral infection. SHG, second harmonic generation 
indicating collagen. Scale bar, 30 µm. 


