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Cdl-Biomaterial I nteractions
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Rajagopalan et al. Biophys. J., 2004, 87, 2818




Cell-biomaterial interactionson
Fibronectin (Fn) versus Arg-Gly-Asp (RGD) peptide

Fibronectin plus integrin £ =N
Scale model -l

Fra=10l




Polyacrylamide Hydrogels— M odel Substrata

Polyacrylamide Gel NIH :?TS Fibroblast

Fluorescent Microspheres, 0.75um

Activated Glass

18 mm

Young's M odulus of hydrogels approx. 3 kPa
E=(F/A)/(DI)




Experimental Procedure
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Fibronectin input conc. range = 0.5 -100 ug/ml

GRGDSP input conc. range = 25 — 750 ug/mi|




Traction M easurements— Elastic Substratum Technique
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Phase image of “spread” cdll Fluorescent I mage of beads of “ spread” cedll
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“Null” image of a cell after trypsin Traction map obtained by éastic substratum technique




M easurement of Cellular Contractility
Phase image to capture morphology
Fluorescent images of marker beads

Adhered cell = strained image
Rounded cell = unstrained image

Construct deformation vectors

Compute most-likely traction field based on substrate deformation

displacement(p) = C(p-r)T(r)dr
cell
F= (T2(xy)+T/(x y)dxdy

T (X y) =[Tx(x,y), Ty(X, y)]




Traction Contour Map

M ag kdynes/cm?
S.00E-D4[CHI S
| 5.00E-041CM)

60 - O0E+04 [ DYNACHST
4.00E+04 [DYNACHSO] 4. 00E+04 [OYN/CHMS0]
30

10 [

3 Il

0.

Fn - Substratum RGD-Substratum




Average Forceon FN- and RGD-PAAM
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Cel Migration using “random walk mode!”

<d.d>=1/(N - n+1)N_n{(x(n+i)Dt) - X(iDt)}? +

1=0

{(y(n+i)Dt) - y(iDt)}*

d.d = mean squar e displacement (M SD)
t = NDt

*Plot MSD vs. Dt and calculate S,P using non-linear regression
analysis

— 2 -1/P
<d.d>=25P{Dt- P(1- € ")}
S = cdll velocity
P = persistencetime (time period between significant
changesin direction or a change by 90°)




Cell Migration usng “random walk modéd”

Cell Speed on
2+ Fn-vs. RGD-PAAM




RGD 25 ng/ml RGD 500 ng/ml

Fn 1.56 ng/ml Fn 100 ng/ml




Cytoskeletal Structure and Focal Adhesions




Cytoskeletal Structure and Focal Adhesions

Fn =100 ng/ml RGD = 750 mg/mi RGD = 100 mg/ml
YM ~3kPa YM ~3kPa YM ~ 30 kPa




Surface Topography

PAAM Gel
Roughness 30-50nm

ﬁ

FN-PAAM

Roughness 40-60nm '




Summary

Cdlular traction forcesvary significantly with adhesive ligands
Traction stresses ~ 6-8 fold higher on FN-modified substrata

Actin filaments and paxillin well defined in fibroblasts
on FN-modified surfaces matur e focal adhesions and
higher traction stresses

Biphasic relationship between motility and Fn input conc.
Motility reaches a plateau at higher RGD conc.




Cell — Biomaterial Interactions

Microgradient mechanically compliant gels to probe cell response




Microgradient Mechanically Compliant Surfaces
to Probe Cdll Response
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NIH 3T3 cells on PAAM- Soft = 14 kPa, Stiff = 30 kPa
Lo C, et al. (2000) Biophys. J. 79: 144.

Objectives
Design and fabricate a device to generate gradient substrata

Study cellular response

Rajagopalan, Zaari et al. Advanced Materials, 2004.







Fluorescent Intensity across gel Cell distribution

Rajagopalan, Zaari et al. Advanced Materials, 2004.
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Rajagopalan, Zaari et al. Advanced Materials, 2004.




Applications — Create co-cultures of multiple cell types

Systematic and parallel evaluations
of cell-surface interactions.
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Step 1

Collagen arrays are
robotically printed on
amino-slane and

ol utaral dehyde-modified
glass dides (spot diameter
~170 mm 4800 spots/ glass
digdé) -

Step 1. Protein
printing

Print Collagen-FITC
(0.1 mg/mL in PBS)

Step 2

Surfaces are treated with
BSA. Hepatocytesare
patterned on collagen
arrays and incubated for

24 h.

LD &P &R

Step 2. Hepatocyte
patterning

Add BSA-Cy3
( Img/mL in PBS)

collagen spot
BSA 50 mm

Step 3
Micropatterned co-culture
created by seeding fibroblasts

on the same surface.

Step ¥ Fibrobl ast
seeding

Seed primary rat hepatocytes
(1 x 10° cells/mL, incubate 1h)
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