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, Hamilton et a (2004)

1 Hz 10% ,
(SM a-actin) . Park et al (2004)
: 24
48 ,
PDMS
: PDMS :

(Acrylamide) PDMS
1 -PDMS

A. Put PDMS membrane (0.005 inch in thickness) in UV-Ozone Chamber for 20
min. This step will add Hydroxyl group to the membrane surface for further
silanization.

B. Silanization: incubate PDM S membranes in 2% 3-(TM S)PM/95% EtOH for
2mins,

C. Rinsing PDMS in 100% EtOH briefly and air dry;

D. Making working solution for polyacrylamide (pAAmM) gel pads: Mix 900uL
acrylamide solution (10%, with 1:19 of bis) and 100uL Irgacure 2959
(200mg/ml in methanol) into a microcentrifuge tube, wrap the microcentrifuge
tube with foil.

E. Pipettetwo drops of 40uL working solution on PDMS membrane.

F. Place 22x22 mm cover slips on top of each drop carefully to insure that no
bubbles are caught between.

G. Exposeto UV for 30min.
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Hydrate membranes for 5min in Millipore water.
Remove cover slips with arazorblade.

Return membranes to Millipore water and soak for 48hrs; change water daily.

Make protein printing buffer (PPB), mix 105.5mg of sodium acetate, 37.2mg of
EDTA, 6.0mL DI milli-Q ultrapure water, 50uL triton X-100, 41.1uL glacial
acetic acid, and 3.8mL glycerol. Vortex until homogenized and then add glacial
acetic acid until pH =4.7.

Make protein stock solution1000ug/mL in DI water, collagen | (1), collagen IV
(1V), Fibronection (Fn), and Laminin (Lam).

Make protein printing solution as shown in the following table with protein stock

solution, PPB, and DI water.

omposition(ul) | | Vv Fn Lam | PPB | DI For wells of
Combination water | 384-well
plate
12 12 Al A3, C1,
C3
Y 12 12 A4, Ab6, C4,
C6
Fn 12 12 A13,A15,
C13,C15
Lam 12 12 A16,A18,
C16,C18
1-1/2 6 12 6 D1, D3, F1,

17




F3

1IV-1/2 12 D4, D6, F4,
F6

Fn-1/2 6 12 D13, D15,
F13, F15

Lam-1/2 12 D16, D18,
F16, F18

I, Fn 6 12 Gl1, G3, 11,
13

I, Lam 12 G4, G6, 14,
16

IV, Fn 6 12 G13, G15,
113, 115

IV, Lam 12 G16, G18,
116, 118

I, 1V 12 Ji, J3, L1,
L3

Fn, Lam 64 12 4, Jo, L4,
L6

I, Fn, Lam 4 12 J13, J15,
L13,L15

IV, Fn, Lam 4 12 J16, J18,
L16,L18

[, 1V, Fn 4 12 M1, M3,
01,03
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[, 1V, Lam 4 4 4 12 M4, M6,
04, 06
All 3 3 3 3 12 M13, M15,
013, 015
ALL-1/2 15 15 15 15 12 6 M16, M18,
016, O18
Total volume (ul) | 525 | 525 | 525 |525 | 200 |30

Add 6ul of protein printing solution each to wells shown in the tableof a
384-well plate and store at 4°C until printing, centrifuge the plate a little bit
before printing;
Dehydrate the pAAm on PDMS before printing by air dry overnight
Print the ECM protein array on pAAmM-PDM S with spotarray machine, with
150um spot diameter, 450um distance between spots, 10x10 spots for each
subarray ,and 8 subarrays for each PDMS membrane.
(HMSC)

HMSC is obtained from Lonza, cat. No. PT-2501
The HMSC is cultured with MSCGM BulletK it (PT-3001) medium kit from
Lonzaas suggested. Cells from p3 to p7 are used for experiments.

(RASMC)
RASMC is cultured in DMEM with 10% FCS and Penicillin/Streptomycin (P/S),

37°C, 5%CO,, and 95% humidity. Cells from p6 to p12 are used for experiments.

The ECM protein array printed pAAM-PDMS membrane is immersed briefly in
70% EtOH for sterilization and then mounted to a stretch chamber. Then

chamber is further sterilized by exposureto UV light for 30 min.
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The pAAm is rehydrated with PBS 5 min then DMEM 5 min.

HMSC or RASMC 5x10* cells in Iml DMEM+10% FCS+ P/S are seeded to
PAAM 22x44 mm? areawith 8 subarrays.

The cells are incubated for 48hrs before putting on the stretch machine.

1Hz Cyclic uniaxial stretch with 10 % strain and is applied for 24, and 72 hrs

The Stretch chamber is washed with PBS, fixed with 4% paraformaldehyde for
30 min at RT, and permeablized with 0.5% Triton X-100 in PBS for 10 min.

The pAAM-PDMS is cut and mounted to 75x25 mm glass slides

The slides is blocked with 5% BSA in PBSfor 1 hr at room temperature
Indirect immunofluoresence is conducted by incubating with primary antibodies
of mouse monoclonal to apha smooth muscle actin (adcam, ab18460) with 1:100
dilutions for 1.5hr at room temperature

After wash 3 times with PBS, further incubation with Cy5-conjugated rabbit
anti-mouse IgG (Jackson ImmunoResearch, 315-175-003) for 1hr at room
temperature.

After wash 3 times with PBS, Nucleic acid staining are performed by incubating
with 1:500 Propidium lodide nucleic acid stain (Molecular probes, P-3506) for

30min at room temperature

For most quantification purposes, the ECM and cellular arrays are imaged with a
ScanArray 4000 confocal laser scanner (GSI Lumonics) at 10um resolution.

The scanner images are analyzed using ScanArray Express 2.0 software

For normalization of cell numbers of each array spot, the signal ratio of the apha

smooth muscle actin to the Pl nucleic acid staining is calculated.

20



PDMS

pAAM,

Parallel to stretch

Perpendicular to stretch

, PDMS
6.16+0.81%, pAAM 5.25+

1.55%,

PDMS (RASMC)

Stretch 24hrs (ges |
. uniaxial {8
a-actin 10% strain
1Hz
Direction

n .'1"'.”

N ", NP
! ‘\'1\\1-[\. |.‘-r\" A AN '
! B “anli®
Static "ot

21



(RASMC)

o-actin

(popo-3),

(a-actin)

24

Static24hrs

a-actin,

RASMC
(Static 24hrs)

IV,FnLam
IFniam

Fnlam

HPOPO-3

a-Actin

5000 10000 15000 20000

Fluoresence

22

Stretch 24hrs

RASMC
(Stretch 24hrs)

VFnLam
IFn,Lam

Fnlam

_, HPOPO3

a-Actin

10000 15000 20000

Flioresence




o-actin

24

o-actin

24

a-actin,

o-actin

24 72

RASMC a-Actin Expression
(24hrs)

72

IFnlam
Fn,Lam

Fluorescence Ratio (a-Actin/POPO-3)

o-actin

a-actin,

RASMCa-Actin Expression
Ratio (Stretch/Static, 24hrs)

IFnLam
FnLam

(1%

CEE LLam
Stetch 1Fn
Lam1/2

Fn-1/2

Log (Ratio)

72

RASMC a-Actin Expression Ratio
(Stretch/Static)

:significantly lar
smaller than “0”

---=I-IV-Fn-Lm

—=--V-F-—-

(p=0.025)---~1-1V--~

W 72hrs(n=2)
24hrs(n=2)

(p=0.033)--—-IV--

24vs. 72hr

(p=0.013)---—--

_ (p=0.024)—

, Laminin,

23

IV-Fn-Lm

Fn-Lm

-Lm

Log, (Ratio)

Laminin



24 72

HMSC a-Actin Expression Ratio

(Stretch/Static) :significantly larger
than“0”

-—-I-IV-Fn-Lm
-oee |- [V----Lm
-—|-IV-Fn—----
-—--|V-Fn-Lm
—=~F-—-FnLm

—---=Fn-Lm
0

S R

24 AV

a-actin
72 ,
Log, (Ratio)
a-actin,
24
( a-actin) 72 :
a-actin
collagen |
HMSC a-Actin ExpressionRatio Ratio of a-Actin Expression
( (Stretch/Static) Ratio (72hr/24hr, HMSC)
), )
- m72hrs(n=5) T
a_mtl n E 24hrs(n=2)
: IV ——l—Fnlm
——-l—Fn-Lm
1

—-=l-IV-Fn-Lm ——FIVF-Lm

15 ! X 15 2

Log: (Ratio) Log: (Ratio)

24



collagen |

25



. Principals of neovascularization for tissue engineering. Nomi M., Alala A., Coppi
PD., and Soker S. Molecular aspects of medicine 23: 463-483, 2002.

In vitro models of vasculaogenesis and angiogenesis. Vailhe B., Vittet D., and Feige
JJ. Laboratory investigation 81(4): 439-452, April 2001.

In vitro reconstruction of a human capillary-like network in a tissue-engineered
skin equivalent. Black AF., Berthod F>, L’heureux N., Germain L., and Auger FA.
The FASEB journal 12: 1331-1340, October 1998.

In vitro model of a vascular stroma for the engineering of vascularized tissues.
Frerich B., Lindemamm N., Kurtz-Hoffmann J., and Oertel K. International Journal
of oral & maxillofacial surgery. 30: 414-420, 2001.

. Potentials and pitfalls of fluorescent quantum dots for biological imaging. Jyoti K.
Jaiswal and Sanford M. Simon. TRENDS in Cell Biology. 14: 497-504, 2004.

. Angiogenesis: now and then. Costa C., Soares R., and Schmitt F. APMIS 112:
402-12, 2004.

. Angiogenesis and vasculogenesis as therapeutic strategies for postnatal
neovascularization. Jeffrey M. Isner and Takayuki Asahara. The Journal of Clinical
Investigation 103: 1231-1236, 1999.

. Angiogenesis Assays. A Critical Overview. Auerbach R., Lewis R., Shinners B.,
Kubai L., and Akhtar N. Clinical Chemistry 49: 32-40, 2003.

In vivo formation of complex microvessels lined by human endothelial cells in an
immunodeficient mouse. Jeffrey S. Schechner, Anjali K. Nath, Lian Zheng, Martin
S. Kluger, Christopher C. W. Hughes, M. Rocio Sierra-Honigmann, Marc |. Lorber,

George Tellides, Michael Kashgarian, Alfred L. M. Bothwell, and Jordan S. Pober.

26



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

PNAS 97: 9191-9196, 2000.

Creation of long-lasting blood vessels. Naoto Koike, Dai Fukumura, Oliver Gralla,
Patrick Au, Jeffrey S. Schechner, and Rakesh K. Jain. Nature 428: 138-139, 2004.
Free Flap Transplantation in Mice. Brian C. Cooley, and Roger Daey.
MICROSURGERY 18: 320-323, 1998.

Rat models of skin wound hedling: A review. Wanda A. Dorsett-Martin, DVM.
WOUND REP REG 12: 591-599, 2004.

Flam CJ, Teng D, Chien S, and Bhatia SN. Combinatoria Signaling
Microenvironments for Studying Stem Cell Fatee STEM CELLS AND
DEVELOPMENT 17: 29-39 (2008)

Flam CJ, Chien S, and Bhatia SN. An Extracellular Matrix Microarray for Probing
Cédllular Differentiation. Nature Method 2:119 — 125 (2005)

Kaunas R, Nguyen P, Usami S, and Chien S. Cooperative effects of Rho and
mechanical stretch on stress fiber organization. PNAS  102: 15895-15900 (2005)
Haga JH, Li YS, and Chien S. Molecular basis of the effects of mechanical stretch
on vascular smooth muscle cells. Journal of Biomechanics 40: 947-960 (2007)
HAMILTON DW, MAUL TM, and VORP DA. Characterization of the Response of
Bone Marrow-Derived Progenitor Cells to Cyclic Strain: Implications for Vascular
Tissue-Engineering Applications. TISSUE ENGINEERING 10: 361 — 369 (2004)
Park JS, Chu J, Cheng C, Chen F, Chen D, and Li S. Differential Effects of
Equiaxial and Uniaxial Strain on Mesenchyma Stem Cells BIOTECHNOLOGY
AND BIOENGINEERING 88: 359 - 368 (2004)

Efimenko K, Wallace WE, and Genzer J. Surface Modification of Sylgard-184
Poly(dimethyl siloxane) Networks by Ultraviolet and Ultraviolet/Ozone Treatment.
Journal of Colloid and Interface Science 254, 306-315 (2002)

Boudreau J, and Jones P. Extracellular matrix and integrin signalling: The shape of

27



things to come. Biochem J 339: 481 - 488 (1999)

21. Minguell J, Erices A, and Conget P Mesenchymal stem cells. Experimental
Biology and Medicine, 226: 507 - 520 (2001)

22. Tuan R, Boland G, and Tuli R. Adult mesenchymal stem cells and cell-based tissue
engineering. Arthritis Research and Therapy. 5: 32— 45 (2002)

23. McFarland C, Thomas C, DeFilippis C, Steele J, and Healy K. Protein adsorption
and cell attachment to patterned surfaces. J Biomed Mater Res. 49: 200 — 210
(2000)

24. Benjamin M, and Hillen B. Mechanical influences on cells, tissues and organs -

'Mechanical Morphogenesis. Eur JMorphol 41: 3 — 7 (2003)

28



