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Research Profi le
The Tissue & Organ Mechanobiology (TOM) Group of the Insti tute 
for Surgical Technology and Biomechanics (ISTB), University of 
Bern, conducts translati onal research in the intersecti on of ti ssue 
engineering, biology and applied clinical research. The group’s pri-
mary aim is to understand the cellular response onto biomechani-
cal sti muli and how cellular communiti es are aff ected in situ using 
3D ti ssue and organ culture models. Their research can be divided 
into two main foci: On the one hand the group investi gates causes 
of low back pain due to intervertebral disc (IVD) degenerati on and 
on the other hand the group focuses on the human knee where 
they aim to identi fy cell-based soluti ons for the non-healing or de-
layed ruptures of the anterior cruciate ligament (ACL). The com-
mon focus of the TOM group is to advance in vitro organ culture 
models, which match closely the human situati on and where re-
generati ve therapy strategies, such as novel biomaterials and cells, 
can be tested in a most authenti c in vitro set-up.

Low Back Pain and Intervertebral Disc Degenerati on 
and Regenerati on
The TOM group conducts research in two main directi ons: i) IVD 

research in the area of regenerati on using biomaterials and stem 
cells and ii) in the area of non-successful spinal fusion and possi-
ble involvement of pseudo-arthrose. For the fi rst research area we 
use a combinati on of 3D ti ssue and organ culture approaches. The 
research of the second focus is the understanding of the balance 
between BMP agony and antagony. Besides the investi gati on of 
the exogenous sti mulati on of BMP antagonists on mesenchymal 
stem cells and osteoblast, the main focus is on the observati on of 
the interacti on between IVD cells and osteoblast, by performing 
co-cultures.
In a Gebert Rüf fi nanced project a novel type of silk material 
has been successfully investi gated for IVD repair. Here, the TOM 
group conducted research into new growth-factor-enriched silk, 
which has been produced from geneti cally transduced silk worms 
(Bombyx mori), which embed the growth factor of interest directly 
into the silk (Figure 2). The new “advanced” biomaterial has been 
tested in vitro on disc cells and mesenchymal stem cells but also in 
our 3D bovine organ culture model and the complex loading bio-
reactor together with a FDA-approved fi brin hydrogel. Therefore, 
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Figure 2. Geneti cally enriched silk fleece scaff olds were produced by transducti on of 
Bombyx mori larvae with a baculovirus construct containing GDF6 or TGFβ3. Silk fleec-
es were produced under GMP-compliant conditi ons for the purpose of intervertebral 
disc repair.

Figure 1. Time-lapse microscopy of co-cultured populati ons of donor-matched human 
primary mesenchymal stromal cells (green cytoplasmati c dye) and carti lagenous end-
plate cells (red membrane dye). A) Plati ng of cells (baseline) B) aft er 7h C) and aft er 
22h and D) aft er 1d and 14 min of culti vati on. Picture acquired with Incucyte S3 Micro-
scope (Essen Bioscience, inc.).
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a healthy control, an injured IVD (2 mm biopsy punch) and the 
repaired IVD were tested and histology was performed to visual-
ize the injury and integrati on of the novel silk and fi brin hydrogel. 
These results were recently reported in the Journal of Orthopaedic 
Research.
Recently, autochthonous progenitor cells were detected in the 
human IVD, which could lead the path to cell therapy. Here, we 
concentrated on the most suitable isolati on protocols to “fi sh” 
nucleus pulpous progenitor cells (NPPC) from the total popula-
ti on of cells in the bovine coccygeal disc. We also focused on their 
multi potency capacity and their applicati on for IVD repair (Figure 
3). Future research is to understand how these cells can be best 
isolated and whether these cells can be maintained in vitro to re-
generate the IVD.

The most recent branch of research in the TOM group is the inves-
ti gati on into non-viral gene transfer to regenerate the IVD. Here, 
fi rst results were achieved to identi fy effi  cient parameters to elec-
troporize human and bovine IVD cells and to transfer plasmid DNA 
to manipulate transiently the expression profi le.

Biological Repair of the Ruptured Anterior Cruciate 
Ligament
Anterior Cruciate Ligament (ACL) injuries are very common. 
In Switzerland, the incidence of ruptures is esti mated at 32 per 
100,000 in the general populati on and in the sports community 

this rate more than doubles. Current gold standard for ACL repair 
is reconstructi on using an autograft . However, this approach has 
shown some limitati ons. A new method has been heralded by the 
Knee Team at the Bern University Hospital (Insel Hospital) and the 
Sonnenhof clinic called Dynamic Intraligamentary Stabilizati on 
(DIS), which keeps the ACL in place in order to promote biologi-
cal healing and makes use of a dynamic screw system. Here, cell-
based approaches using collagen patches or applicati on of plate-
let- rich plasma (PRP) are of interest. The aim of our research was 
to investi gate the use of collagen patches, the applicati on of PRP 
and platelet-rich fi brin (PRF) in combinati on with DIS to support 
regenerati on of the ACL and to quanti fy the biological response. In 
a scienti fi c excellence project (Turkey-Switzerland) 3D printed scaf-
folds for miniaturised ACL are currently being investi gated (Figure 
4). Furthermore, molecular investi gati ons in combinati on with live 
cell imaging are ongoing to fi nd evidence for the reduced wound 
healing potenti al of the ACL (Figure 5).
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Figure 3. Confocal Laser Scanning Microscopy of A) nucleus pulposus progenitor cells 
(NPPC) and B) nucleus pulposus cells (NPC) aft er seven days of colony unit form-
ing assay in a viscous medium. NPPC do result in more dense and spherical colonies 
whereas NPC form more lose and wider spread colonies. Cells were stained with a live 
dye in green. Scale bar = 100 µm. 

Figure 4. The computer-aided design (CAD) model that was chosen for 3D bioprinti ng 
of a gelati ne and fi brin hydrogel for ACL engineering. The construct was then further 
characterized by the fi bre and pore size under the light microscope.
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Figure 5. Wound scratch assays (WSA) using live cell imaging systems of primary liga-
mentocytes isolated from human anterior cruciate ligament (ACL). A) WSA with Nikon 
Biostati on CT (Nikon) B) Woundscratcher tool™ by Essen Bioscience and C) WSA using 
Incucyte S3 Microscope (Essen Bioscience, inc.).


