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From 3D culture models to regenerative surgery

The common denominator of the research projects in the group is related to the
establishment of 3D cell culture systems, combining interdisciplinary efforts in cell
biology, engineering technologies and materials science. These systems are used
as models to investigate fundamental aspects of tissue development/pathologic
changes, or as grafts to induce tissue regeneration. Our main focus is the devel-
opment of cartilage and bone/bone marrow tissues, though the developed exper-
tise has also been implemented in collaboration with other groups in different ar-
eas, including tumor modelling.

Cartilage tissue engineering and regeneration (Prof. A. Barbero)

Our goal is to repair cartilage defects of traumatic or degenerative nature using
grafts engineered from autologous cells. We discovered that nasal chondrocytes
(NC) have a larger and more reproducible capacity for cartilage regeneration as
compared to other cell types, including articular chondrocytes. Moreover, NC dis-
play features of environmental plasticity and can thus genetically and functional-
ly adapt to implantation in a joint. Our concept has been translated into a first-in-
man study for the treatment of focal cartilage defects in the knee (Fig. 1). Based on
the promising findings, we are now coordinating a multicenter phase Il trial (Bio-
Chip) for the same indications, funded under the EU-Horizon2020 program. In
parallel, with the goal to treat also degenerative cartilage diseases (e.g., osteoar-
thritis), we are currently investigating the capacity of NC to regulate the main path-
ological processes activated in a joint by inflammation and abnormal loading. In
the framework of an ERC Synergy project (collab. with F. Rijli, FMI), we target un-
derstanding the molecular and epigenetic mechanisms endowing NC with their
distinct functionalities.

Vascularized bone and bone marrow engineering (Prof. A. Scherberich)

One goal of the program is the controlled development of bone / bone marrow os-
sicles using human cells, as models for human hematopoiesis and as grafts for
bone regeneration. We demonstrated that mesenchymal progenitors from human
bone marrow or adipose tissue can recapitulate the developmental process of en-
dochondral ossification. This involves the formation of cartilaginous intermediate
tissues which robustly and efficiently remodel into functional ossicles upon im-
plantation. The system was used to investigate interactions between stromal and
hematopoietic cell components (collab. with T. Schroeder, D-BSSE) and to gen-
erate osteoinductive extracellular matrices (collab. with P. Bourgine, Univ. Lund).
An associated goal is the efficient vascularization of the implanted grafts to sup-
port scaled up bone regeneration. We found that axial vascularization of engi-
neered implants with an arterio- venous (AV) bundle leads to a rapid formation of
vascular networks (Fig.2). This principle was used to reconstruct maxillary bone
in a patient following carcinoma excision. The bone defect was satisfactorily re-
stored by ectopic prefabrication of a vascularized bone graft using autologous fat-
derived cells and an AV bundle, which was transferred into the defect site. Stud-
ies are ongoing to adapt and evolve the paradigm for use in the challenging clinical
settings of infected bone.

Engineering platforms for 3D cell culture

Dynamic 3D cell culture under perfusion flow (Fig.3A) has been introduced to
model in vitro tissue development and physiological homeostatic processes (e.g.,
bone matrix deposition and resorption, stromal-vascular-hematopoietic cell inter-
actions) as well as pathologic settings (e.g., cartilage degeneration, hematologic
malignancies, solid tumor microenvironment) (collab with R. Skoda , C. Lengerke,
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M. Bentires, G. Hutter). Generated systems have shown patterns of response to
drugs or immunotherapy which cannot be mimicked by 2D cultures or by simple

spheroids.

The bioreactor-based culture tools are being further developed (i) to introduce
automation/control towards streamlined manufacturing of clinical grafts (Fig.3B)
or (i) to increase throughput for larger scale tests in miniaturized compartments

(Fig. 3C).

Fig.1 Engineering of autologous na-
sal cartilage grafts. (A) Collection
of a nasal cartilage biopsy from a
patient, under local anesthesia and
with minimal donor site morbidity.
(B) Collected specimen of nasal car-
tilage septum, from which cells are
isolated and expanded in culture.
(C) Tissue engineered cartilage
graft (macroscopic appearance) in-
serted in the knee cartilage defect
of the patient following intraopera-
tive shaping (D). (See ref 5 for more
details.)

Fig.2 Phosphotungstic acid-enhanced, three-dimensional micro-comput-
ed tomography reconstruction (left picture), showing ramified, radial vas-
cularization (red staining) of an engineered osteogenic implant developing
from an arterio-venous (AV) bundle (in the very center of the construct), af-
ter 8 weeks in vivo. The implant was initially inserted inside a hollow cylin-
der of devitalized bone (structure in grey) mimicking osteonecrosis. This
dead material is also colonized by vascular structures (magnified picture in
the right). (See ref 2 for more details)

Fig.2 (A) Direct perfusion system for efficient cell seeding and culture into
3D porous scaffolds to model in vitro tissue development and mimic phys-
iological homeostatic processes or pathological settings. (B) Bioreactor-
based system with automation and monitoring/control features for the clin-
ical manufacturing of cartilage grafts. (C) Microfluidic-based system for
dynamic loading of chondrocyte cultures, modelling traits of osteoarthri-
tis, and testing possible therapeutic effects of soluble compounds. (See
refs 1&3 for more details)
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Connection to Clinical Practice

Prof. C. Kunz, PD Dr. M. Mumme &

Prof. A.M. Miiller, Prof. D.J. Schaefer,
Prof. S. Schaeren

Maxillofacial Surgery / Orthopaedics and Traumato-

logy / Plastic, Reconstructive, Aesthetic and Hand Sur-
gery / Spinal Surgery

Engineered cellular grafts for regenerative
surgery

Facial and tracheal cartilage reconstruction

Engineered nasal cartilage grafts, previously suc-
cessfully used for reconstruction of the alar lobule
of the nose, are being investigated for the recon-
struction of the nasal cartilage septum after perfo-
ration (M. Haug, B. G. Kaiser). Studies are ongoing
to explore the use of epithelialized cartilage grafts
for the management of empty nose syndromes (S.
Negoias) and/or tracheal defects (D. Lardinois)

Articular cartilage and intervertebral

disc repair.

Following the demonstration of feasibility and safe-
ty of nasal chondrocyte-based engineered carti-
lage for the treatment of knee cartilage injuries, a
phase Il study (total of 108 patients in 5 interna-
tional centers) is ongoing to investigate efficacy (M.
Mumme). Work is in progress to obtain regulatory
approval (temporary authorization) and funding for
the treatment of an extended set of orthopaedic
indications using engineered nasal cartilage (M.
Mumme). Pre-clinical studies are also exploring
the use of nasal chondrocytes to engraft in inter-
vertebral discs and block their degeneration (A.
Mehrkens).

Bone repair

Treatment of humerus fractures in elderly individ-
uals previously indicated the safety and biologi-
cal functionality of stromal vascular fraction (SVF)
cells intraoperatively derived from autologous adi-
pose tissue. Grafts based on SVF cells are current-
ly being investigated for axially-vascularized bone
graft prefabrication in the reconstruction of the
maxilla (C. Jaquiery, T. Ismail, A. Haumer, F. Thier-
inger), for congenital digit defects (A. K&mpfen)
and for infected long bone defects (R. Osinga, M.
Clauss, M. Morgenstern).
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