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Indication |

Toothless jaws — edentulism
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Jaw bone atrophies



Indication Il

Carcinoma of the oral cavity
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Cleft lip and/or palate
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Hierarchical organization of bone

Bone ECM <

* mineralized inorganic
components (hydroxyapatite)
— 60-70%

* non-mineralized organic
components (collagen type )

* non-collagenous matrix
proteins (glycoproteins,
proteoglycans, bone
sialoproteins)

20-30% + water

MM Stevens et al.,
Science 2005
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Cells of bone tissue:

Osteoclasts / osteoblasts / osteocytes
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Gold standard for autologous bone regeneration

* spongy bone/marrow biopsies

» sufficient bone material is
required

Cortical bone

Spongy bone
* morbidity of the donor site
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Tissue Engineering approach
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Bone marrow
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Bone marrow

Mesenchymal Specialized cells
stromal/stem
cells differentiation W v
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Mesenchymal stem cells (MSCs

* adherent mesenchymal stem cells

* Dominici criteria (Cytotherapy 2006).

adherence to plastic)in standard culture conditions
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| 2. phenotype V' /ﬁegativ
1H=2%)
CD105 CD45
CD90 CD34
CD73 CD14 or CD11b
CD79a or CD19
HLA-DR (MHC class Il)




MSCs from other tissues

* dental pulp
w  _» Enamel « cord blood
! Dentin » cord Wharton's jelly
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Pericytes (P) also known as mural or Rouget cells are closely associated with capillary
endothelial cells (E) with which they share a common basal lamina (BM). Pericytes are
able to differentiate into adipocytes, osteoblasts, fibroblasts, smooth muscle cells and
macrophages.

Pericytes were demonstrated to be CD105+, CD146+ and CD31-, CD34-

G Allta and J.G. Lawrensona, Cell Tissues Organs 2001
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Periosteal tissue
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Isolation and
expansion of
periosteal cells |

untreated osteogenic osteogenic
supplement 1 supplement 2
proliferation gene expression analysis protein-
analysis expression
Quantification of analysis

calcium stainings
precipitates
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Signaling pathways for osteogenesis

B-catenin dependent B-catenin independent
Wnt pathway Wnt pathway
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Signaling pathways for osteogenesis

B-catenin dependent Hedgehog pathway
Wnt pathway
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Signaling pathways for osteogenesis

Stress fibers
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Signaling pathways for osteogenesis
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Aristidis Moustakas and Carl-Henrik Heldin, Development 2009



Bone morphogenetic protein (BMP) signaling pathways

Yang et al., Nanoscale 2013
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Correlation with the alkaline phosphatase activity
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Tissue Engineering approach
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B-TCP ceramics
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Bioactive glasses

Bioglass 4555 BCT bioactive glass

- bioactive inorganic
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Fundamental features of biomaterials for bone

regeneration
BIOMATERIAL FABRICATION PROCESS |
polymers self assembly
caramics phase separation
compaosites freeze drying
metals electrospinning
rapid prototyping
| * |
PROPERTIES
biocampatibility
biodegradability
surface chemistry and topography
pore architecture
mechanical propertias

FUNCTION

mechanical support

cell substrate

nutrition supply

drug delivery

directing cell funclion f lale
transfer mechanical signals

B Willie et al., Soft Mater 2010



3D biomaterials for different stem cell types

Periosteal cell-seeded biomaterials

Collagen

Calcium-
phosphate

Polylactic
acid




Proliferative behaviour of periosteal cells within different
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Osteogenic differentiation of

cell-seeded polylactic acid 3D constructs

Detection of alkaline phosphatase
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RNA extraction from cell-seeded 3D constructs

MagNA Lyser

By
e \
all
"'ﬂl \
(e
-

RNA extraction




Gene expression analysis in cells growing
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Electron microscopy of cell-seeded scaffolds

Mag= 1.00K X Wi 27 mm Signal A = SE1
EHT =15.00kV File Name = N [




Element analysis by EDX spectrometry




Potential biofunctionalization approaches

(b)

(c) (d)

& @ P growth factors
. nanoparticle

. microparticle
.|_ | biomaterial

SH. Lee et al., Drug Deliv Rev 2007



Enhancing material biofunctionality
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 Increasing biofunctional specifity

IC Bonzani et al., Curr Opin Chem Biol 2006
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TE approach in the oral and maxillofacial surgery

Biomaterial

Autologous
stem cells

TE-construct
implantation in
the bone defect

Insertionof =
dental implants
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Learning goals of the “Implantology module”
Bone Tissue Engineering

(Master - Medical Technology)

1. The students should be able to reproduce/describe/define contents of the lecture
concerning:

the process of osteogenesis, detection methods of osteogenesis
stem cells sources for bone tissue engineering

bone composition including the most important cell types
biochemical processes of cell mineralization

signaling pathways for osteogenic differentiation

standard technique for the reconstruction of bone defects in the oral and
maxillofacial surgery

e biomaterials for bone tissue engineering and possible biofunctionalization
approaches

2. In the practical part of the learning module the students should carry out

experiments and they should be able to summarize, discuss/reflect and present the
data in a professional way.

The practical contents of the learning module have to be documented (in form of a
protocol)!



