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Outline — Cell Adhesion

e Motivation — Why is cell adhesion important?
 Mechanisms of cell-material interactions
 Cell adhesion - Analysis

— adhesion as a mechanical process

— downstream adhesive signaling
e Cell adhesion - Strategies to exploit adhesion

e Considerations



Cell Adhesion - Motivation
Tightly regulated, dynamic biological process

« central to physiological & pathological processes

e critical to biomedical & biotechnological appl.

— host responses to implanted devices

— tissue engineering constructs

— cell arrays, culture supports for biotech applications
— cell chromatography / cell targeting

e adhesive interactions
— anchorage (migration, tissue organization)

— signaling (activation, survival, proliferation, differentiation)

adhesion as signal transduction element

Al d‘*—? De Arcangelis & Georges-Labouesse (2000)

Garcia (2005)




Cell-Material Interactions

Cell adhesion to synthetic & biological surfaces
» specific receptor interactions with adhesion
proteins/motifs

e proteins adsorbed from physiological I] ll

fluids (fibronectin, vitronectin, fibrinogen) il
——

« ECM components present or deposited
by cells (fibronectin, collagen, laminin)

T ——

* biospecific sequences engineered
on surfaces (RGD, YIGSR) ‘
:GRGDS

» Interactions are highly dynamic



Adhesion Receptors

e receptor families Common integrin-ligand paris

— cadherins, selectins, HSPG Integrin Ligand Binding Site
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Cell Adhesion Process

« complex biochemical/mechanical process

— integrin binding

— association with actin cytoskeleton
— integrin clustering

— focal adhesion assembly

 focal adhesions
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Cell Adhesion: Measurement
* Implicit assays — spreading & migration assays
e Qualitative “wash” assays
e Quantitative assays ®

— centrifugation +§ :=; D> F

— micromanipulation — AFM, micropipet, laser tweezers

Rt

— hydrodynamic flow Q

Ffl
L
>

f

Garcia & Gallant (2003)



Adhesion Assays

Garcia & Gallant (2003)
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Cell Adhesion: Measurement

* Centrifugation
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Cell Adhesion: Downstream Signals

e cell spreading: morphology, FA assembly

e early signaling: FAK, PI 3-kinase, Src activation
e proliferation: DNA synthesis, cell number

e gene expression: RT-PCR, gene chips

e differentiation functional assays

» adhesive mechanisms: integrin & ECM components
*Integrin binding

*function-perturbing expts: blocking AB, RNAI



Integrin Binding Specificity Controls Cell
Resdponses to Biomaterials

Surface chemistry mo

ulates FN structure/activity to direct integrin
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Integrin Binding Specificity Controls Cell
Responses to Biomaterials
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Cell Adhesion: Manipulation
Bioadhesive materials
» Goal: Direct cell adhesion (integrin binding)

e Strategy: present bioadhesive motifs
e proteins, peptides
— functionalization of non-adhesive substrates
with short adhesive motifs

S : : C
eGo ROV integrin binding
GYIGSR === cell adhesion & migration
proliferation & differentiation

+ biospecific - loss of activity vs. ECM
+ avoid other interactions - In vivo results disappointing
+ synthesis - known motifs

Lutolf & Hubbell (2005); Garcia (2005)



Bioadhesive Surfaces - RGD

RGD functionalization
RGD-PTFE polymer (Massia & Hubbell, 1991)
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Cell Number

Bioadhesive Surfaces - RGD
— RGD-alginate surface (Rowley & Mooney, 2002)

710% } 30 E ¥ -?_‘?_ i

4 t ®fmols/cm”2 i qé,.r’\ ;
610* - | §
= & 1 e O | l

r '.",?fmollcm"Z & fmol/cm?
’ ‘/ A 3 e
310° L el ’/ El‘molslcm"‘Z .

s
-
=

~

cell
== proliferation &
10 differentation

i /‘,. +: fmol/cm? I
o s \ ‘\ - .,_:..t

100% -
90%

|
py
@
¢
j=3
>
j>.
3
o
Q
I
Q@
>
> =
O &

I——l: *

80% | .
70% ]'
60% -

50% - l
40% |
30% |
20% |
109%

0% = —— !

TCPS Ti IPN RGE RGD

Ti

¥ RGD-IPN

IPN RGE-IPN

Mineralization (% Coverage)




Bioadhesive Surfaces - RGD

e In vivo results with RGD-functionalized materials have
been mixed

+ cell targeting (tumor, vasculature)
+ wound healing (Mertz +, 1996)
— 0Sseointegration (Schliephake +, 2002; Barber +, 2002)

« RGD displays significant loss of activity when compared
to FN

g

FN-PLA RGD-PLA PLA

Yang et al. (2001)



Bioadhesive Surfaces - RGD
e RGD-surfaces — limitations Garcia + (2002)
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» Integrin specificity

aSB1 vs. avp3

Garcia + (1999)

avp3

» non-RGD integrins



Bioadhesive Surfaces - Beyond RGD
Improve bioactivity beyond RGD

e constrained (cyclic) RGD  scarborough +, 1993
= Improved specificity
g ‘ marginal effects in cell function

e mixed RGD & non-integrin ligands pee + 1998
Rezania & Healy, 1999

. FHHRIKA _ KSSR
CEGR‘:*DS > %GRGDS > ‘ marginal effects in cell function
e Mmixed RGD & PHSRN Kao +, 2001; Dillow +, 2001

PHSEN GRGDS limited specificity

IS SISSS S SIS ' marginal effects in cell function

 biomimetic ligands w. 2°/3° structure
Reyes +, 2007; Petrie +, 2006

‘ increased specificity
enhanced cell activities



Integrin Specificity Enhances Bone Marrow

Stromal Cell Differentiation
Polymer brushes on Ti with integrin-specific ligands
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Integrin Specificity Enhances Osseointegration
Polymer brushes on Ti with integrin-specific ligands
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Cell Adhesion: Considerations 1
* Adhesive effects — multiple outcomes
— anchorage (STD adhesion assay)
 evolution, mechanism(s)
 more adhesion # enhanced function
e 2D vs. 3D
— signaling & downstream effects

 cell morphology, spreading, migration & scaffold
colonization, focal adhesion assembly

e signaling pathways (FAK, ERK)
* apPOpPtosIS VS. necrosis
o proliferation (DNA synthesis, mitosis)
e activation, differentiation, ECM remodeling
— general considerations
« appropriate cell types, co-cultures, tissue models

e controls & reference conditions
(human fibroblasts on Col-I?)



Cell Adhesion: Considerations 2

* Adhesive mechanism
— ligand
e adsorbed vs. engineered ligands
 density, activity/conformation, specificity
— receptor
e expression in target cells
e competition, dynamic changes
e Other considerations
— cell-cell effects
— serum/plasma, supplements
— In vitro < in vivo platforms
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