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TOMorrow people
The University of Bern’s Tissue and Organ Mechanobiology Group is
developing research that could transform the lives of millions
he Tissue and Organ Mechanobiology (TOM) Group
conducts translational research in the intersection of
tissue engineering, biology and applied clinical research.
The group is embedded in the Institute for Surgical Technology
and Biomechanics (ISTB) of the University of Bern.

T

Mount Sinai School of Medicine, New York, on the
mechanobiology of intervertebral discs, with Daisuke Sakai on
mesenchymal stem cell research and also with Barbara Chan,
from Hong Kong University, on the application of a collagen type 2
annulus plug for the annulus fibrosus repair.

The primary aim is to understand the cellular response onto
biomechanical 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, the group focuses on the
human knee where they aim to identify cell-based solutions for
the non-healing or delayed ruptures of the anterior cruciate
ligament (ACL).

Teaching

The common focus of the TOM group, that is headed by Benjamin
Gantenbein, is to develop in vitro organ culture models, which
closely match the human situation and where regenerative
therapy strategies, such as novel biomaterials and cells, can be
tested in a most authentic in vitro set-up.
Special attention is given to the interface of cells and material
surfaces. It is clear that with respect to repair or even regeneration
of complex organs, the respective biological ‘niche’ of a cell has to
be respected. In this respect, in recent years many new biomaterials
and yet completely synthesised materials have been tested.

The group is also active in the biomedical engineering
programme and is co-lecturing the tissue engineering theoretical
and fully organises the tissue engineering practical course.
Furthermore, B Gantenbein teaches cell biology in the biological
principles of human medicine, also in the biomedical
engineering master’s course.

Intervertebral disc degeneration and low back pain
Recent years were focused on the development of a new loading
device to cultivate IVD explants. Last year was a year of exploration
of a new two degree of freedom bioreactor (Fig. 1) to test the
importance of complex loading. The TOM Group advanced further
into the understanding of complex forces such as compression
and torsion onto IVD cells in situ in organ culture. Furthermore, the
group explored non-viral gene therapy as an option for IVD
regeneration using growth and differentiation factor 5 (GDF5) as a

Networking
The group has a well-spun research network, which is distributed
all over Switzerland, starting locally at the University of Bern with
Willy Hofstettler’s Bone Biology Group, with Ms Dorbrila Nesic
from the Osteoarticular Research Group and with Thomas Geiser’s
Lung Regeneration Group. Clinicians are very important to provide
the necessary stimulus and also financial support for the
translational research: the spine surgeons, namely Lorin Benneker
and Marius Keel of the orthopaedic department of the Insel
University Hospital in Bern as well as Paul Heini from the
Sonnenhof Clinic, Bern have been very supportive to the scientific
team. The ACL research is also supported by the knee surgeons,
namely Sandro Kohl of the Insel hospital and by Stefan Eggli from
the Sonnenhof Clinic. The current network expands further from
the AO Research Institute, EPFL Lausanne, the Institute for
Biomechanics, ETH Zürich, University of Zürich, Empa St. Gallen,
Swiss Paraplegic Centre in Nottwil to the University of Basel.
Internationally, the group collaborates mainly with James Iatridis,
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Fig. 1 Detailed view of the loading bioreactor and specimen chamber.
A) The bioreactor is situated inside a 37°C incubator with 5% CO2 and
80% humidity. B) The glass walled sample chamber. IVD: intervertebral
disc. C) Enlarged view of the titanium plate for holding the samples for
rotation movement
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cells and used magnetic resonance imaging to monitor possible
leakage prior to and after mechanical loading. Leakage and
retention of beads could also be quantified as the beads were
also fluorescent at the same time, and was determined by
measuring the total fluorescence and the number of beads in the
culture medium and inside the IVD, respectively.
The maximal force that the annulus plug could resist in the organ
culture model was also investigated. The TOM Group has excellent
network activities with the Insel University Hospital, from the
orthopaedic department but also with the Institute for Diagnostic,
Paediatric and Interventional Radiology, Inselspital.

‘Silk-spingeneering’
Silk is a very old and interesting biomaterial with high elastic
properties and low allergenic potential if the sericin component
has been removed. Here, the TOM Group started to investigate into
new growth-factor-enriched silk, which is produced from
genetically transducted silk worms (Bombyx mori). In this project
the human growth factor of interest is covalently linked to the silk,
which is also produced by the GMP certified silk worm breed.
Fig. 2 In vitro papain digestion model of bovine coccygeal intervertebral
discs to mimic the human lumbar disc degeneration: A) T1 MRI sagittal
signal of entire bovine tail, a series of IVDs digested with different doses
of papain and corresponding disc blackening, B) T2* transverse images
of four doses of papain digestion that resembles the human clinical
situation of human intervertebral disc C) according to Watanabe et al
(2007) Classification of intervertebral disk degeneration with axial T2
mapping. AJR Am J Roentgenol 189(4):936-942

primary target for differentiating human mesenchymal stem cells
towards IVD-like precursor cells.
The group developed a strong ex vivo model using bovine IVD
organ culture (Fig. 2). This model has been used to explore fast
and reliable models for disc degeneration using non-clinical
relevant enzymes such as papain or clinically relevant enzymes
such as metallo-proteinases and high-temperature requirement A
serine peptidase 1 (HTRA1).
Furthermore, the group is actively collaborating with well known
international researchers, for instance via the AO Spine Research
Network. Through this platform the group received an exchange
fellow, Wai Hon Chooi from Barbara Chan’s group of the University of
Hong Kong to work on a novel collagen annulus fibrosus (AF) ‘plug’
to repair the IVD. This exchange became possible by a competitive
AOSpine International Scientific Research Network grant.

The new biomaterial will be tested in vitro on disc and
mesenchymal stem cells but also in our 3D organ culture model
and the complex loading bioreactor. Furthermore, the group
investigated in a collaboration with the Empa St. Gallen,
Laboratory of Physiology, the electro-spinning of liquid silk
into scaffolds.
Future work will be to develop ‘smart’ scaffolds of silk and
embedded growth factors to push mesenchymal stem cells
towards an intervertebral disc-like phenotype. Here, with the help
of electro-spinning new silk, nano-fibre scaffolds are being
produced which are tested for intervertebral disc repair (Fig. 3).
This project is financed by the Gebert-Rüf Foundation Project ‘Silko-Disc’ Project no. GRS-X028/13 and is on-going. The aim is to
develop new silk scaffolds to ‘re-inflate’ the ‘flat-tyre’ of a
degenerated disc.

The project investigated the mechanobiological properties of the
AF plug to seal the IVD. The AF is the outer fibrous part of an IVD,
which has very poor self-healing capacities if ruptured and causes
leakage of the inner more gel-like material, the nucleus pulposus
(NP). This pathology is known as disc herniation. Thus, a ‘plug’
consisting of a photochemically cross-linked collagen to seal such
a rupture has to fulfil a demanding task list, and has to withstand
complex loading in the human spine.
To test these properties and to monitor leakage of the plug, the
group applied electromagnetic beads mimicking disc or stem
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Fig. 3 Elektro-spun silk fibre scaffold, spun at 30Hz on a rotating mandrill.
The alignment should be highly cyto-compatible for annulus fibrosus cells
to grow (Picture, Thomas Studer, collaboration with EMPA St. Gallen)
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n

Two degree of freedom loading device to culture intervertebral discs;

n

Testing of biomaterials in a most realistic set up with living
tissue under load;

n

Cytocompatibility testing of biomaterials using cell lines and
primary cells (e.g. LIVE/DEAD stain);

n

Human patient-derived cell culture;

n

Relative gene expression; and

n

Immunohistology.
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Fig. 4 Scanning electron microscope image of mesenchymal stem cells
(MSC) grown on collagen patches for seven days to test their cytocompatibility for the application of repair of the anterior cruciate
ligament of the knee joint

The application of collagen matrixes and mesenchymal
stem cells
Anterior cruciate ligament (ACL) injuries are very common; in
Switzerland the incidence of ACL ruptures is estimated at 32 per
100,000 in the general population and in the sports community
this rate more than doubles. The current gold standard for anterior
cruciate ligament repair is reconstruction using an autograft.
However, this approach has shown some limitations.
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A new method has been heralded by the knee team at the Bern
University Hospital (Inselspital) and the Sonnenhof Clinic called
Dynamic Intraligamentary Stabilisation (DIS), which keeps ACL
remnants 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) and platelet rich fibrin (PRF) are of
interest and will be investigated in the near future to evaluate
the ‘boost’ healing potential for the non-healing and retracting
ACLs. The aim of this study will be to investigate the application
of collagen patches (Fig. 4) in combination with DIS to support
regeneration of the ACL. Here, the TOM Group investigates
towards the development of a new bioreactor system to
maintain whole ACLs under culture, and to maintain the tissue’s
integrity such as nutrition supply and to maintain a high cell
viability over time. As the ACL is a linear oriented tissue, the
tissue can serve as a much simpler model for tissue repair than
the more complex 3D organ cultures of the IVD. ACLs are also
tested in vitro to infer the mechanical properties (Fig. 5).

Core competences
The TOM Group has acquired core competences in the
following areas:
n 3D organ culture models;
n
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In vitro stimulation of tissue/organ explants under controlled
mechanical load;

Fig. 5 Prototype of new device to apply strain-controlled loading of
anterior cruciate ligament (ACL) connected to the mechanical testing
machine (MTS)
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