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Research Profile

The Tissue & Organ Mechanobiology (TOM) Group of the Institute
for Surgical Technology and Biomechanics (ISTB), University of
Bern, conducts translational research in the intersection of tissue
engineering, biology and applied clinical research. The group’s pri-
mary aim is to understand the cellular response onto biomechani-
cal stimuli and how cellular communities are affected in situ using
3D tissue and organ culture models. Their research can be divided
into two main foci: On the one hand the group investigates causes
of low back pain due to intervertebral disc (IVD) degeneration and
on the other hand the group focuses on the human knee. Where
they aim to identify cell-based solutions for the delayed or the
non-healing of ACL following injury (or rupture). The common fo-
cus of the TOM group is to advance in vitro organ culture models,
which mimics as closely as possible the human situation and where
regenerative therapeutic strategies, such as novel biomaterials and
cells, can be tested in a most authentic in vitro set-up.

Intervertebral Disc Degeneration, Regeneration and
Low Back Pain

The TOM group conducted research in the field of IVD research
in the area of regeneration but also in the area of non-successful
spinal fusion to understand the development of pseudo-arthrosis.
The group presented new research in two main directions (i.e.
improve fusion or rescue/improve the disc cell phenotype) using
ex vivo bioreactor research at the Biospine 5 Meeting, which took
place in Berlin in April 2015. The main research foci of the group
are understanding the balance between BMP agony and antagony
and how IVD can be regenerated using BMP signaling. For this we
use a combination of 3D tissue/organ culture approaches.
Furthermore, the TOM group received the best poster award at
the International Society of the Study of the Lumbar Spine (ISSLS)
meeting in San Francisco (8-12 June) on BMP signaling and possi-
ble involvement of BMP antagonists in the secretome of IVD cells.
Current research is ongoing to identify the main proteins involved
in the secretome and in this important signaling pathway.

In a Gebert RUf financed project, a novel type of silk material is cur-
rently being investigated for IVD repair (Figures 1 and 2).

Here, the TOM group started to investigate into new growth-fac-
tor-enriched silk, which is produced from genetically transducted
silk worms (Bombyx mori), which covalently link the growth factor

Annual Report 2015

of interest directly into the silk. The new biomaterial has been test-
ed in vitro on disc cells and mesenchymal stem cells but also in
our 3D bovine organ culture model and the complex loading bi-
oreactor together with a fibrin hydrogel (Figure 3 is NPPC). Here,
D. Frauchiger won the best poster award at the annual meeting
of the Swiss Society for Biomaterials and Regenerative Medicine in
Lausanne. The TOM group advanced further into the understand-
ing of complex forces such as compression and torsion onto IVD
cells in situ in organ culture. In a Swiss National Science Foundation
project, we investigated towards the understanding of duration
of mechanical loading for IVD cells. We investigated the effect of
compressive loading (8h per day) on the IVD cells apoptosis. The
group developed a strong ex vivo model using bovine IVD organ
culture. This model has been used to explore fast and reliable mod-
els for disc degeneration using non-clinical relevant enzymes such
as papain.

Figure 1. Z-projections of ~500 pum thick confocal laser scanning microscopy scans into
GMP-compliant silk fleece with bovine intervertebral cells (annulus fibrosus cells).
Cells were seeded onto 5x5mm? scaffold area and kept in culture for 4 days. Annulus
fibrosus cells were stained with calcein-AM (green) and silk auto-fluorescences in the
red wavelength range.
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Figure 2. Scanning electron microscopy images of genetically engineered silk fibers (left) and seeded with human mesenchymal stem cells (nMSC) for 7 days (right) at 3000x
magnification. The silk is obtained from Bombyx mori and is designed such that a growth factor known to drive hMSC towards a disc like phenotype is incorporated into the silk.
Currently the silk is tested in our lab in cell culture and on bovine IVDs in organ culture to assess its suitability for disc regeneration and repair.

Finally, our group investigated in the nature of nucleus pulpous
progenitor cells (NPPC). We concentrated on the presence of
NPPC in bovine tail disc, their differential capacity (Figure 3) and

Biological Repair of the ruptured Anterior Cruciate
Ligament
ACL injuries are very common; in Switzerland the incidence of

ruptures is estimated at 32 per 100,000 in the general popula-
tion and in the sports community this rate more than doubles.
Current gold standard for ACL repair is reconstruction using an
autograft. However, this approach has shown some limitations.
A new method has been heralded by the Knee Team at the Bern
University Hospital (Inselspital) and the Sonnenhof clinic called
Dynamic Intraligamentary Stabilization (DIS) which keeps ACL rem-
nants in place in order to promote biological healing and makes
use of a dynamic screw system. Here, cell-based approaches using
collagen patches or application of platelet derived plasma (PRP)
are of interest. The aim of this study was to investigate the use
of collagen patches, the application of platelet rich plasma (PRP)
and platelet rich fibrin (PRF) in combination with DIS to support
regeneration of the ACL and to quantify the biological response.
Furthermore, a novel bioreactor has been designed and realized
to culture full human ACL.

their application potential for IVD regeneration..

Figure 3. Bovine coccygeal-derived nucleus pulposus cells were isolated and sorted
for the angiopoietin-1 receptor (Tie2). The obtained Tie2- and Tie2+ subpopulation
of cells were subjected to differentiation assays in vitro to address their multipotency
potential. After 3 weeks of culture, Tie2+ cells deposited an extensive mineralized
matrix suggesting their osteogenesis, in contrast to Tie2- cells (top row). Similarly,
only Tie2+ were able to differentiate into adipocytes and form lipid droplets as high-
lighted by arrows (bottom row).
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