Techniques for Surface Patterning

- Photolithography

- Printing Techniques

Nanoprinting
Microcontact Printing
Direct Writing

- Patterning with Block Copolymers

- |Instability-Induced Polymer Patterning

Nie, Z, Nature Materials 7, 2008, 277



Microcontact Printing and

Microfluidic Patterning

Substrate

Substrate

A\
EEE mm mm

b

‘iﬁ...

Red: Biomolecules Falconnet, D., Biomaterials 27 (2006), 3044



Microcontact printing




Cell shape controls
cell physiology

Apoptosis
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w
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o
o

1000 2000
Adhesive island area (um?)

Chen et al., Science 276 (1997)



Defined Structural Organisation of the Aktincytoskeleton

Falconnet, D., Biomaterials
27 (2006), p. 3044




Cell spreading requires a
minimal distance of the
ligand

= FA+  db Integrin — RGD-Thiol
Au-nanodot - F-Actin FA - M Membrane

Arnold, M., et al. ChemPhysChem, 5 (2004)



3-D shape control for single cells

A B c D
Replication Surface Passivation 100 um square 50 by 22 pm spindle 10 um square 14 pm square
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PDMS - polydimethyl-siloxane
Poly-L-lysine-graft-poly(ethylen)glycol

Ochsner,M. Lab Chip 7 (2007)



Mechanical Properties of
Biomaterials






Tennis Player May
Have 30% More Bone
in the Playing Arm

www.sporting-heroes.net






Clinton Rubin, University Stony Brook, N.Y.



Vibration Therapy

34% More Spongiosa in Sheep

After 1 Year Daily 20 min Mechanical Load,
0,3 g, 30 Hz



Cells Sense Mechanical Signals




Mechanical properties of the biomaterial

Mechanical forces Mechanotransduction through integrins
control cell -

physiology:

Mechanical stress to integrins induces
signal tranduction



Design for application
of mechanical stress to cell receptors

forces of 2 x 1019 N/bead

/ ligand coated
‘ magnetic bead (2.8 pm) .

receptor

Magnetic
poleg ‘ —T/

Adherent cell







Conversion of force into biochemical
signals by protein unfolding

A Protein unfolding

fibronectin

Vogel, V., Sheetz, M,:Nature Reviews, Molecular Cell
Biology,7, 2006



Cell-driven, matrix-coupled remodeling

- Stress relief
Myosin forces - ; = 8ans dissociation

e

A&"".

> : \ wi.
e ————— liil-ll-l-illlll-l-:: Df"?E{'JGf.,—E%‘I {”

. = new partners
b + P-= new signals

Maltrix elasticity Current Opinion in Cell Bickogy




Stem Cells
and
Biomaterials



Ability of Animals to Regenerate Tissue Depends
on the Stage of Development

1 mm

Flatworm Earthworm Salamander

Invertebrates Vertebrates




Which tissue can regenerate?

Connective Tissue

Epithelia (e. g. Epidermis)

Muscle

Nerve



Regeneration in Humans

Moderate Low

':.‘r if
i
» B
31




Stem cells

Definition:

1. Cells which are undifferentiated and are able of
self-renewal for a longer time.

2. Under specific physiological or experimental
conditions they have the ability to differentiate
to different cell types with specific functions.



Stammazellen

/ N\

Embryonale Adulte
Stammzellen Stammzellen



Development of a Blastocyst Containing
Embryonic Stem Cells

e

Embryonic
stem cells

Day 14



Fertilized egg O

¥ Totipotent: Can become any cell in body
© or placenta
Totipotent 7;‘3 Pluripotent: Can become any cell in body
stem cells (3 . . e
Multipotent: Can become any cell within
Fate Ii)ecision a specific germ layer or cell lineage

Pluripotent AW,
stempcells $'(‘33 Blastocyst h Embryonic stem cells come from inner cell mass of blastocyst.
(X

|

: %
%‘::A ‘6.‘:....'Q. Primary Germ Cells
YU . Endoderm (inner)
.‘\&" Fate Decision : : Mesoderm (middle)
> a A. Ectoderm (outer)
Implantation '.).) ’6.
Gastrulation , (@
Multipotent

stem cells
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TOTIPOTENT cell

Skin stem cells






Embryonic Stem Cells

Strengths

Unlimited self-renewal

- Enhanced telomerase activity
Highest level of
pluripotency
- All somatic cell types
Markers:
Oct-4, Nanog, SSEA-3/4

Limitations
Teratoma Formation
Animal pathogens

Immune Response
Ethics

Established embryonic shem cadl cadl culiunes



Induced Pluripotent Stem Cells (iPS)

Reprogramming

Differentiation

Somatic cell iPS cell

Q Mouse gene combinations

v for iPS induction

[ Oct3s4, sox2, | [ Oct3/4, sox2, ||
c-Myc, Kif4 Kif4 |

| Oct3/4, Sox2, | | Oct3/4, s0x2,| !
| N-Myc, Kif4 Lin28, Manog | !

Mature Reviews | Molecular Cell Biology



Adult Stem Cells

Strengths

Ethics, not controversial
Immune-privileged
— Allogenic, xenogenic
transplantation
Many sources
— Most somatic tissues
Limitations
Differentiation Capacity?
Self-renewal?
Rarity among somatic cells




What Is a Treatment Example?

Haematopoietic
em cell

Stem cells multiplied

st
\in cell culture




What Are the Sources of Adult Stem
Cells?
Adult Body Tissues




Mesenchymal Stem Cells from Adipose Tissue

wiWww. autobloggreen-com
Photo: Liu Jin / Getty




What Are the Sources of Mature
Stem Cells?

Umbilical Cord & Placenta

Wharton’s Jelly
showing promise
as a source

Some pluripotent
characteristics

Isolated
Immediately
following birth

Research is limited
but growing




Sources for Mesenchymal Stem
Cells

- Bone Marrow

* Adipose Tissue
 Placenta

» Umbilical Cord

. etc.
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THERAPELITICS

Mesenchymal Stem Cells
« Easy isolation, high expansion,

Proliferation

Commitment

Lineage
progression

Differentiation

Maturation

el

Osleogenesis

<

}

Transtory
osteoblast

o
!

COrsteoiast

Crsleocyle

Bone

MSC proliferation

‘E) Mesenchymal stem cell

o

-
T N

Chondrogenes!s

<D
'

Transitory
chondrocyie

C:J
'

Chondrocyte

£l

3 i
AR

Hypertrophic

chondrocyle

Cartilage

Myogenesis Marrow stroma

<D <> <
: } .

hyoblast Transitory Transitony
stromal cell fMroinast

| .

Myobiast fusion

L

Tendogenesks,
Hgamenlogenesis

LlI'IIIZiLIE' micro-niche

Stromai cell

T fitroblast Adipocytes, dermal

and other cells

Marrow Tendonligament Connective tissue

From Caplan & Bruder, TIMM 7:259




.

HELMHOLTZ
GEMEINSCHAFT

Humane mesenchymale Stammzellen
aus dem Knochenmark

Differenzierung in Osteoblasten oder Fettzellen:




Wnt-Signalweg

Frizzle

LRPE,
I:F{F’E: -:;,n_.,, t

-
u . CEOCECCOOC!"-. i
l‘-t# t -lni vluln i
I ' 1'.! 1,,

Model of Wnt signaling (r. Nusse, June 2010

Mature Reviews | Molecular Cell Biolog



Stem Cell Niche

Extracellular matrix Progenitor
cells

Scluble

: ) ,Q—--..____}_Stem cell °
| b
Gap

junctions

Soluble
©—factors
Stem cells

Structural Trophic Topographical Physiclogical
support support informaticn cues

Nature Reviews | Molecular Cell Biology




Signals of the Extracellular Matrix
Regulate the Fate
of Mesenchymal Stem Cells

Muscle cell
Proliferation Bone cell
Chondrocyte
. é Adipocyte
Function
Mesenchymal
Stem cell

] ] W exmcelhiar Maix

Controling by the material surface



Regeneration of Bone
by Mesenchymal Stem Cells

O

MSC

Implantat

In vivo




Tissue Engineering of Bone

Attachment to hydroxyapatite/
tricalcium phosphate particles

O
S6

In vivo transplantation
into segmental defect

Bianco et al., Nature 2001



Strategies in Tissue Engineering

fibroblasts

smooth muscle




Control of Stem Cells

by Chemical and Physical
Characteristics of a Biomaterial






Increased osteogenic differentiation
of mesenchymal stem cells on
calcium phosphate surfaces

3d

Increased activity of
alkaline phosphatase in
cells after 14 days on
calcium phosphate
surfaces without
additional soluble
differentiation factors

n-fold increase to control

Increased expression
of some osteogenic
markers on calcium
phosphate without
additional soluble
factors

n-fold increase to control




OPN

OCN

Disordered Pattern of Nanotopographies Stimulate
Osteogenic Protein Expression in Mesenchymal Stem Cells
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Dalby et al., Nature Mat., 2007



Cell shape regulate 1024um’ 10000
stem cell lineage
commitment

@ Adipocyte
@ Dsteablast

gs

1024 2025
McBeath et al., Dev. Cell 6 (2004) Island size (um’)




Differentiation of Mesenchymal Stem Cells

Depends on Cell shape

Osteogenic Differentiation Adipogenic Differentiation

2 A ﬁ o8 b
EEEE EENE

2,000 10

1,800

o]

1,600

=3 ]

= 1,400

Adipogenesis (%)

B

1,200

160 180 200 140 160 180 200 220

Cell perimeter (um) Cell perimeter (um)



O strain

Mechanical loading inhibits adipogenesis
of mesenchymal stem cells

% CTL mRNA




Mechanical Interaction with the Substrate
Determines Stem Cell Fate

Factors regulating stem cell fate

f

=0luble

factors | Mesenchymal substrate elasticity
stem call

1 kPa {soft) 10 kPa 100 kPa (rigid)
——

Lineage: neuranal muscle




{H]‘ Solid fissue E:
Fluid 1 kPa 10 kPa 100 kP&
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Gel with tissue-like elasticity E

Current Opanion in Cell Biology




Forces and ECM in stem cell trafficking

Blood vessel adhesion and tissue entry of MSC

S N fiw Soft tissue
D ~ A N 2 —-—rrm
= : e —

> ‘_i ' Durotaxis % il
Motile — F - T _ N
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Cartilage  Precalcified
bone

Muscle
. 1 10

Fibrosis

Plastics

Soft tissue elasticity, E (kPa)

Growth
factors

Soft gel Crosslinked
substrates

P

Stiff substrates




(a) Meuron branching
Flamagan, Ju, Marg, Osledisld, Janmeay (2002 )
- B SR - e

B ranches / mm neurite

Emgler, Sheehan, Sen, Bennema n, Sweenay. Discher (2004)

%o Striated myotubes

Muscle cell striation
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Matrix elasticity, E(kPa)

Osteoblast secretion, calcification
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Currerd Opnion in Cell Biology




3 Rigid or soft surface, resting state

Unatretehed |

Fy Integrin + RFTPx

—W—D Substrate

b Rigid surface, linker phosphorylated € Soft surface, linker not phosphorylated

F > unfalding " g
force  stm— :
Stretched linker . Stretched linker

I"g!.'_n kl_ wit ™ F > unfolding force F = untolding force

=—"\NN—B—

Soft

Copyright & 2006 Nature Publishing Graup
Mature Reviews | Molecular Cell Biology

Position dependent mechanism of rigidity sensing

Vogel, V., Sheetz, M,:Nature Reviews, Molecular Cell
Biology,7, 2006
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