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Therapies for a missing organ

Transplantation (e. g. kidney, heart,
liver, lung)

Autografting (e. g. heart bypass, skin
grafting)

Permanent implants (hip prosthesis,
pacemaker, breast implant)

In vitro synthesis (e. g. epidermis)

In vivo synthesis or regeneration (e. g.
skin, nerves, bones)




Biomaterials

Definition by the National Institute of Health Biomaterials
Consensus Conference (1998):



History of Biomaterials

Tomb of an Egyptian
chief dentist
5th dynasty, 2200 BC

Most of the biomaterials were adopted from other
areas of science and technologies.



Biomaterials



Material Advantages Disadvantages

POLYMERS: Resilient, easy to Not strong, deform with
Nylon, silicones, PTFE, fabricate time, may degrade
UHMWPE -
METALS: May corrode, high
Titanium, stainless steels, density
CoCr alloys, gold
CERAMICS: Highly biocompatible, Brittle, difficult to make,
Aluminum oxide, carbon. inert, high modulus and  poor fatigue resistance
hydroxyapatite 1 ;. | COmpressive strength,
2 good esthetic properties

10 A

COMPOSITES.: Strong, tailor-made Difficult to make

Various combinations

Natural Materials:
Extracellular matrix proteins



Erincipall Application o Biomateriais

Permanent Transient Ex-vivo
implants implants biomaterials
| I/ '/
hip joint tissue engineering dialysis

tooth organ regeneration microchips



Bone Implants
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Gelenkimplantate
Zahnimplantate

Knochenimplantate




Artificial hip
implant




Developments of Materials
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Implant Materials Produced by DOT
GmbH

coated by DOT




Implants to stabilize bone fractures

Titanium implant to
stabilize zygomatic
bone fracture




Implants in Dentistry




Stent for Opening the Vessel

Wire mesh stent
in coronary vessel




Blood Cell Interaction in Extracorporal Systems

Example of Heart-Lung Machine

Arterial
(to patient)
(auaged woa)

Filter
Aojeuasixg

courtesy of Jogtra
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HLM during open heart surgery Hemodialysis



The design of the implant
surface to interact with the
tissue depends on the
purpose of the implant:

Inside must have blood-
compatible surface, i. e.
schould not cause adhesion
or clotting

Outside must firmly atttach to
surrounding fibrous tissue but
must not cause fibrous
hyperplexia.

Vascular
Prosthesis




Bacteria Interaction with Implants
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Oh 23 h ~24 h Formation

Phase |: Reversible adhesion to the material
Phase ll: Irreversible molecular bridging through surface adhesin compounds

Phase llI: Biofilm secretion (Exopolysaccharide matrix)

Hetrick et al., 2006






Biomaterials

}

Specific Bioactive Control of
Cells and Tissues



Rough
endoplasmic
reticulum

Ribosomes

Smooth
endoplasmic
reticulum

Mitochondrion

Aufbau der Zelle

Nuclear pore

Nucleolus

Nuclear
membrane

Nucleus

Golgi apparatus
Centriole

Lysosome

/ Plasma membrane
B

Golgi vesicles
Mitochondrion
Peroxisome

Cytoplasm

Cell membrane .
endoplasmic

7 vesicle
reticulum




Arbeiten unter sterilen Bedingungen




Mikroskopische Beobachtung der Zellkultur




Kultur von mesenchymalen Stammzellen

konfluent subkonfluent



Cell physiology is regulated by reciprocal molecular
interactions; between cells and/their surroundings

Physical signals . Soluble signals
= Fibronectin . = Growth factors
= Vitronectin

"’ = A ' » Cytokines
r o :':b_- e Y - 1 i o N N * Chemokines
,--i W N g /N R

= Laminin %

= Collagen - i
* Fibrillin ‘ p 3.
* GAGs, PGs c $ ™,

, b ,,\fr .H AN x|
/\ PLC PIBK)

LS

SIQI"I-E' 2 ..) - o
Imnsducﬁc“j

o ) y
Transcription Cell-cell

interactions

Gene _
expression * * Cadherins

Cell fate
processes

1 Replication
2 Differentiation
3 Migration

4 Apoptosis

Lutolf & Hubbell, Nature Biotechn., 23, 2005



Flow of Information:
From Cell Membrane to Nucleus
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The Extracellular Matrix

Extracellular Matrix - an insoluble network of
polysaccharides, fibrous proteins,and adhesive proteins
that are secreted by animal cells.

It provides structural support in tissues and can affect
the development and biochemical functions of cells.

The composition of the ECM varies with specific tissues.

The ECM is dynamic.



Signals from the Extracellular Matrix
Regulate the Biological Response ofithe Cell

Proliferation . Function

___— Osteoblast

< Receptors
for the extracellular matrix

1
74

/
Control by the Material Surface

Biomaterial




Integrins are heterodimeric receptors with specifities to
extracellular matrix proteins or; other receptors

integrins.hypermart.net

e.g.
a231- collagen
a5B1- fibronectin



Integrin
signhaling

A 4 regulates:

proliferation
Calcium-binding
sites

differentiation
Motility

binding
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Integrin Ligands at a Glance

Jonathan D. Humphries, Adam Byron and Martin J. Humphries

Thrombospondin Integrin domain structure
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Schema der Aktivierung von Integrinen




A network: of cytoskeletally associated proteins function
as mediator; ofiintegrin mediated signal/ transduction

outside

i

inSide Extraceliular matrx
out Nature Reviews | Molecular Cell Biology




Focal
adhesions play
a key role 1n
integrin
mediated
signal
transduction

B Fonslicatakt

Signale zur Kontrode der Zellaktisdal






The shape is the thmg

From: Ruoslahti, E. 1997. “Stretching 1s good for a cell”
Science 276:1345




CYTOSKELETON

In the cytosol, arrays of protein filaments form
networks that give the cell its shape and provide
a basis for its movements. Three main kinds of
cytoskeletal filaments are

1. microtubules
o) SO =D 25-nm

diameter
2. actin filaments
——— e 8nm
diameter

3. intermediate filaments

s 10-nm
—_— . diameter
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Bone

and Function of Bone Cells



CONNECTIVE TISSUE

The spaces between organs and tissues Bone is made by cells called osteoblasts. These

in the body are filled with connective secrete an extracellular matrix in which crystals Calcium salts are
deposited in the

extracellular matrix,
!

tissue made principally of a network of calcium phosphate are later deposited.
of tough protein fibers embedded in a )
polysaccharide gel. This extracellular

matrix is secreted mainly by fibroblasts.

Two main types of
extracellular protein
fiber are collagen

. osteoblasts linked
and elastin. \\.

together by cell extracellular
processes matrix

Adipose cells, among the largest

cells in the body, are responsible

for the production and storage of 60120 um
fat. The nucleus and cytoplasm are

squee | lipi .
fibroblasts in loose queezed by a large lipid droplet

connective tissue




Classification of Bones
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(c) Flat bone (sternum)

h 3%

(d) Irregular bone (vertebra),
left lateral view

(a) Long bone
(humerus)




Bone Composition

Quter circumferential

Interstitial
lamellae

Inner .
circumnferential Haversian systems
(osteons

lamellae
_~Periosteum

Trabeculge —
of cancellous Blood vessels

Sharpey’s
fibers

Endosteum—
Haversian

—

—T"""' canals

Yolkmann's:
canals




Osteon
(Haversian system)

) Circumferential
_ lamellae

Lamellae ———— g

N\

Perforating
(Sharpey’s)
fibers
Compact
bone

Periosteal

blood vessel
o
Periosteum

(a)

Blood vessel
continues into
. ffmedullary cavity
. containing marrow

Lamella

Osteocyte S

Spongy
bone

=L Central (Haversian) canal
Perforating
(Volkmann’s) canal
Blood vessel
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Osteon

Lacuna

Central (Haversian)
canal lined with
endosteum




Bone Cells

Osteoblasts » Osteocytes

Osteoclasts




Osteoblasts are Mesenchymal Cells

Osteoclasts Derive from Blood Cells

msennhymal prugenltnrs hematnpaleﬂn pmgenltnrs

Y\ ¥
ostecblast osteoclast
precursor .‘

Q precursor

\

apoptotic
osteoblast W

lining cells -r'" .
L

osteoblast ﬂ!tﬂﬂﬂlﬂﬂt




Bone remodeling

Bone resorption:

Osteoclasts bind to
the matrix, dig holes
and release collagen
and minerals.




Bone remodeling

N-Telopeptids are
released into the
blood through the
activity of osteoclasts.




Bone remodeling

New formation of
bone matrix:

Osteoblasts attach
and secret collagen




Bone remodeling

New bone formation
and resorption must be
in balance to maintain
bone mass.

Yearly this process
replaces 20 % of the
skeleton.




OSTEOCLAST
Nucleus

Nucleolus

Golgi ——,

€Oz + Hz0 —» H2C05

Microenvironment of low pH
and lysosomal enzymes

& Wilkins, 1998, p 100.)

Copyright by W.B. Saunders Company. All rights reserved.

Section of .y
circumferential
clear zone

Ruffled border

olt Williams

Resorption

Cancellous Bone Remodeling Unit

Formation

Cortical Bone Remodeling Unit

(BRC)

Knochenumbau in Knochenumbaukompartimenten
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