Polymer(Korea) Vol 23, No. 1, pp 137-144 (1999)

A= 43 Ao AT Nz a¥a FHLA

FSE' - T. Matsuda*
Agddistn o n@algets), Y Y7 M dTA QTR
(19984 89 139 H4)

Microfabricated Surface Designs for Controlled Cell Culture

Dong June Chung! and Takehisa Matsuda*

Department of Polymer Science and Engineering, SungKyunKwan University, Suwon 440-746, Korea
*Department of Bioengineering, National Cardiovascular Center Research Institute, Suita, Osaka 565, Japan
Ye-mail : djchung @ yurim.skku.ac.kr
(Received August 13, 1998)

2 9 & AN E dedld 2 segoz Held felEWe 233 712 (excimer laser
ablation)'§ © 2 micrometer scale2 U|d7}FE FTWHE Pl MEe) YRS AtHos
Aolgtel e AI=E AUt VA cover glassE aminopropyltriethoxysilane & 2 Mz sto] 42
ER ol171& spAR e g =YAFIA, o] § H2BAYE Teks ST 2WAAde =
oz FYHAAE FelFAo SYAALL o] cover glassE acrylamide Db 4908
Zl FHAAM €& 715Hd, f2 EAN A RE] ) A ukgo] WISl polyacrylamided] TR ZE
FEo) AYsol Y IFAE 23l felEdo] Yol o FWL Hu)Ao]l Fm
excimer laser (light source, KrF ; 248 nm)2 7}28l% micrometer scale®] & (10~50 gam
width) 3 79 (10x10~50%50 gan)ol FAHc}. olu] YUY s1z5gde] zol= Algg
excimer lasero] power ¥ ablation 3|0 ulalgo] WAL H&¥ 724 EANL 2= A8
ERo] €3 WIAMNEE in vitroo]A] Bl PA]7IH, EAEH & © oo N EAY ) BEHa) Hx
HAFAZ Fagol BT, M EAZo] ALY 714 AA micrometer scale &8 A
2 U& 54¢ Zes 9 o8 Alof 7Hsdtol AlakE Qi)

ABSTRACT: Grooved and holed surface with a well fabricated design may serve as
microsubstrate for cell culture. In this study, the author prepared chemically treated, microm-
eter scale grooved and holed glass surface by combination of chemical surface modification
and ultraviolet (UV) excimer laser ablation technologies as follows; Amine group attached
glass surfaces, prepared by the treatment with an aminopropyltriethoxysilane, were con-
densed with a carboxylated radical initiator 4,4'-azobiscyanovaleric acid. Subsequently, poly-
acrylamide was grafted by surface initiated radical polymerization to create a very hydrophilic
surface layer. Ultraviolet excimer laser beams (KrF : 248 nm) were irradiated through a micro-
scope onto surfaces to create grooves or.holes that were 10 and 50 micrometers in width and
diameter, respectively. The depth, depending on the irradiation light strength, ranged from a
few to several tenths of a micrometer. On endothelial cell (EC) seeding, EC adhered and grew
on the bottoms of the grooved or holed surface where native glass surface was exposed on
ablation. Little cell adhesion was observed on nonablated, grafted surfaces. Endothelial cells
aligned along the groove, resulting in very narrow tube like tissue formation, whereas EC
tended to form a multilayed spherical aggregates in a hole.

Keywords: topography, microfabrication, excimer laser ablation, cell adhesion control, surface
grafting.

®2[0] A23¥ A1z 19993 19 137



A2 Z - T. Matsuda

N B

A 2 HH 2] microfabrication 7] microreactor
3.2 microbiosensor?] 7jdd] MAIEE YFRE L
on, o]E 93 micro leveld|A o] EA/}E7IE
o] #go] AFFHolr}h, HTd ol2Me UV dy
AE ol & FAHA WP & 2% Lo B
UAAE Aol (F¥ ZAZE FHo] o) BA=
JYZE Heo] ZHolg M) xy HAEAIMY
BHEAA IS FYstaxl sl 7|¢Eo] MEHAY
ohiP 53 FzAl @A, A% 2 BYE 5 24
W d¥ze] wa} FEE] micro orderZ Aoj¥
FHo] F&Eol, 1 A1 ¥ FARYE} aY=E
g 2@ e] Aol 59 Aol sissA Huch!
T, Plhureg ol 43 AT 2x4F )
AdA BB S FHSH 30 ¥ AHEe Fg
dol Zzyel ule} 489 UV gz vja) €5
3 2 qUXE ZE= 4% pulsed UV beamd!
excimer laser’} 1980dd] xwiRE] gwrsld g9
7k Bobll $857] AREden, H3d o=y
excimer laser& ZAI O 2A op/|g = TER AR
o FE W3-8 o] 4% & FH nAslE 2
HA P4 (ablation) Tl HFHoz gL Q)
.57 &, Fig. 19] Yebd 23} 2o] ujd|7led 29
o} FHEEA] @ R9o] ¥R £48 daA u
(A€ €9 o] FHL FAxeAoly, 712 £ 3%
Y Yoz JIFNAE AAos WENY), 7
g FHlolM Alzst ditso] v Jhsshl Ho
2, ZadA 75" & Fe YL zt= ¥ ¥
B Al ¥ o]} AL micro reactor2 L&
7Fed Aoz Jldigd. ualy B dAPdxe 33
jo2 ¥9 AHeld fEd $ld 144 axxs
T2 o839 £YAI7] oL, excimer laser
AHE3ld frElEhe] ¥ (groove)3}t 9 (hole)
H44AlA, micro order® AN ¥o] Fzh, w)Hiae
2 Ao7be AT AL 7IAE AFsln, ME
topographical /g g4lole] 7Fs4 & AEsgct
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silane solution{pH 3.5)

Drying in air for one day and

curing at 110°C for 2 hours
N, N N, TN, N

l 0.5w1% of Aminopropyi(triethoxy)

[ Polymerization of Acrylamide I

4

lSun‘ace Abiation ] ]Excimer Lasc;]

Figure 1. Schematic diagram of patternized glass sur-
faces and patternized cell adhesion.

A&l 15mmel Wl cover glassE AMg-3lch
Aminopropyltriethoxysilane (APS) & ShinEtsu A}
(Tokyo, Japan) 2%€ sl ARSI g A}
439tk Acrylamide (AAm) ©Eke}  4.4-
azobiscyanovaleric acid (ACV):= Wako Chemical
(Kyoto, Japan) A} A &2 793l acetoned|A] A
ARAA AT, YA gojs AkE e A
glo] AHg-3ich WA f2lgde pH 302 239

" 05wt% o] APS 8oz 3087 AP ¥, 2

71 FollA AHAZAF] 110 'C2] convection oven
WellA 2417 F<t sHdsled Fanteg SAA AT
APSZ Aeld cover glasse= FHo) ojqly|s ¥
8h=t], o] cover glass& 10wt% 2] ACVE ¥ 3
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3t= N, N-dimethylformamide (DMF) &84 37}
3l3, £gPAYgez  1-ethyl-3-(dimethylamino-
propyl)carbodiimide (EDC) & AMg-3lo uhg-A]7]R
falEde] Z¥HNAIA (ACV)7} amide Ajos
=¥k A" cover glassg 10wt%2] AAm
FEdd i S7AY F, AFYHE2 AN
60 Te] water bathollA] 2A17bE<t EW I ZE
F8E& AA, fElEdd A5 2ERE =JAH
. % ¥ ReEUS FFFE AYs EH4
B2 48 AAm 934 % 2EAE AAAY °
€ WF 22AZ (Fig. 1). Zzte] guixa) @4
dA APS, ACV & AAm9] £¢& Z ukg 48
¥. ATR-FT-IR (Mattson 5000, Wisconsin, USA),
. X-ray photoelectron spectroscopy (XPS ;
Shimadzu ESCA 750, Kyoto, Japan)2 ¥d ¥4
glo] &It
Laser Ablation. Laser& ©|8% #2|¥%e] v
M7FEe  BFHoez  KrF (pulse wavelength ;
248 nm, pulse width ; 20ns)& A}g-3}= Hama-
matsu 14500 excimer laser (Hamamatsu, Japan)
€ ol&3ld ug o] AT Laser Fe
laser gradee] AL FHAZE ojf3ld Hu
fluence?} pulse F 3.08 J/cm’2 HEE A=Y
o gd7kgez Q8 felEdd A7 &3 e
TYY pulsed] laserg AMg-3lo] T Fio] whEs}
o ZAIRZo 2R AT Hol§ REF FHHYH,
B4E el E2| ol real time scanning laser
microscopy (Lasertec 1LM21W, Yokohama, Japan)
€ o83l £43lo depth profile 233}
TE, dAs Ay Polre] B WA H
%, o]lF % 349 324 Aolg FEY BFyoz,
M2 9& Zolg ZE & YYNAE, o8 ¢
8 FULE pulsed] laserg A4 Moz 9§ #
BAFNBAN ZABFE 2esle EUAAL uhEs
B2A 3243 F2& 2 AS¥ & (Fig. 2)&
AR old, A7 W Al vHEHE laser =
Az g8 EEHE felvEo] Adde & 394
F&sE, o] 2o M Hito] opy]¥ = Ud],
°l€ 7] fsl nEA) JY=EY fejEAe
poly(ethylene glycol) (PEG, MW ; 6000)2] 5% (v/v)
methanol §9© 2 spin coating 8l 44 ¥z}
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Figure 2. Structure of 3-dimensionally patternized
glass surface.

€ HIF F BUAAR AAEING. wEFQl
laser 8 F4oz =29 feivHe 399 PEG
g 22 A3 8oz d8) Lol AANZE + Yt

Topographical Control of Cells. 29| Fulo)A
AHY ¥ WA E (bovine endothelial cell
(EC))E daANE A fa2H€ 4 10%9 5
&olA ¥A (fetal calf serum (FCS))e] #H7id
Dulbecco’s Modified Eagle’s Medium (DMEM)
Yoz dvEQ vy (37 T, 5% CO,, 85%
humidity Z3)] A%} wFAIR. £, B
WA 2] 7|20 FE 5FHLE Ao Byoz
YA 3} S o] 83 ECY wlge T o] 5
Pl 3AY9ez 7H3d cover glassE& 70%
ethanol F49 FolA FFAZ Fo|, M EujIg
24 well multiplated] FXAIZ o}e 30 =Rl
73 & Rt ECE seedingAl7]7] 94,
multiplate & FAA @ ¥ HujZH vjojaz 3
A& ol g3t A3} e ARt EC Ferle
2% 7h8igi. o] 34 Hd 918 Eu
2le A ) o8 74 e R ECHL
seeding®| Al Hi, o] A2 3087 WA g
U2 EC= FUAIA 9t odAr)ol A& wjo
A& A} FRUSL 4o whgoz ECE A4 u)
FA &, 7Y 2 AGY HEL o] LT vy}
o4 ECe el phase contrast microscopy
(Nikon, DIAPHOT-TMD, Tokyo, Japan)$} hoff-
man modulated phase contrast microscopy
(Nikon, DIAPHOT-MD, Pola 4.0/0.55, ph3DL,
Tokyo, Japan)2 9% AlZtvltt $AsYx, con-
fluentol] =23 xE w} F 2% glutaraldehyde £
dol FelE S 2442t 5 < AAAA MxE 1Y
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Figure 3. Depth profile of APS treated glass after ablation under different fluences of excimer laser(A and B - after
100 times ablation with fluence of 3 J/cm?, total depth was 9.82 um, C and D : after 100 times ablation with fluence

of 0.5 J/cm?, total depth was 0.29 zm).

AlZ1 o8, 50, 60, 70, 80, 90, 100% EtOH 4fo
o2 3 YR AL YAY A=y
(Hitachi HCP-2, Tokyo, Japan)& AZAlA, & 2
2 %, SEM (Hitachi S-2200, Tokyo, Japan)& o]
83l BEsYY.

a2 nE

Bt el EHPAY. YA cover glassE AH4
o] APS #&9o] @zitir} 7] FelA HdZzAZ
¥ €x23ld R B o}wir|2 o] FolA ulale]
BAEA =Hed, ol= IR spectrumdl]A] o7l
Fref sl 3300-3000cme] H 39 ZFHoz 3
3t o] APS7) =919 cover glassd= Flai
A71E Ze FRAAAIL ACVIL Sgurgd] o8
2HERETE Jt28A7d 71dEk= 1720 cm™'9)
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939 ZHozHE QT olE o]g3ld
AAme] DY ZE F3E HASM, gdd] EA) st
AR 25 d3e] Fgo] dojux, Anxoz
polyacrylamide”} cover glasse] HWo| =95 0]
oS- Mg E shie] o] FEEHS 9 =
B JHE Uee & F AUk ol9) Be Ale
XPS&3ozx I 7Mselgon, Table 19 2
235 Yehlic}. Z, polyacrylamide7} I =ZE
Z¥E cover glasse] HW (PAAm/Glass)d M=
Sidl 7llgk= XPS sl=27t A9 Jehdx] gon,
C/Si7} clean glassoll ®la] 1008] 7}3k Z7}31 A
# N/C7} trace Aol 0.2308 Z7}13 Al =
o 25E P A

Surface Grooving and Holing. 44)2] photo-
mask & AlE-3led KrF excimer laser& AAm 1
2471 aHZE F¢E cover glassdl] ZAHA
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Table 1. XPS Data for Various Chemically Modi-

fied Glass before Ablation
sample surface C1s/Siy, Ny /Cis
Cleaned Glass 051 -
APS/Glass 0.97 0.03
APS-ACV/Glass 2.01 0.10
PAAm/Glass 50.00 0.23

APS : Aminopropyl(triethoxy) silane [H,N(CH,);Si(OC,Hs)5],
ACV : 4 4-azobis(4-cyanovaleric acid) [( = NC(CN)(CH 3)CH ,-
CH,COOH),1.

HE fedgo] 43 Yo g 2 & ¢
Fgo] 4= sHed, olg9] 71 dole AR
laser 9] A7l 9 A S vlEId. HEE
& (laser?] pulse3d 7128 HolE 9uihHe 712
39 fluencest $& F4AFAE AL ¢ + U
o, ARG uie} o] 0.5J/cm? o}sle] we
fluence (laserFe] w2 oz} A=l )dAe 77
2 HA} ERT r|n FAL B A @gton
(Fig. 3 (C) and (D)), ¥3%x (0.8J/cm?)2]
fluence o] oMt & 71g0] FFedE ¢ &
AR ols} 2L AL fluence?] F7HEd] 9&
Blo] A, BUPAE Asige ¢ £ dUn
(Fig. 3 (A) and (B)). @9, & AHqA vy
laser FZEAR= micro level?] T9& A&,
FA4E 799 ol EUHY 9 wE 3 u] 7
o] real time scanning laser microscopy 23|
o HAHUR, Hdio dux (3J/cm?) 2 13
ZA Al @4EE 99 Aole o 0.1 mYe ¢
4 AAck® ¥98, micro level®] &F& micro-
processing unito] 7€ computer controlled
XY stage& AM-3}o cover glass& #3307 o
FAEA B A vA7LE 7P o2 RE dg 5
ANt YA s AL & Y4EA $YsY, 2 A
BolMe 2ABLE ta2A FozA H2 Yo =
Aol 7Festdm, oleist Wd <& FAH YA s}
Hqde] HAS ZQolx 24 imojYon, 3 ume] @i}
€ Z= A9 sido] doiH T (Fig. 2).
Microvessels for Cell Culture. 443d Y
AAmo| 2= ZFgE cover glass= laserd] ¢
B utEes 79, & 22 AUy Aue Y43
e, o] 7k3E ERol ECE 43 zdog
HEAY F, v|HF A EE LA O, oy
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Figure 4. Micro cell culture substrate prepared with
poly(acrylamide) grafted surface with grooves and the
resultant agglomerates of bovine EC on lane width, A,
50 1 ; B, 25 um;C, 10 xmn. The photos on the right
are higher magnified versions of those on the left.

TP FEE AMEEL glutarldehydez 13A)A
scanning electron microscopy (SEM) 2 EdAlS
JEY 2AE Fig 4, 59 Yepidd. Mz e =
T gde EolMe & Helwt AEs} FFsia A4
Al &o] Zo| Wgko g o)F &l confluentd] g%
ZFe}, Zo] FoHFE o|F3lhe MEES0] AR
2RI Y PN Hashs Aol BT ).
ole AZME AgngoA wiHs BRE= 2
o FAlsin], WA (vasculogenesis) @] 4
A= FAbsiet. W, e AldTY (50X50 wn)
AME ool @ WHH EEo] FHsid o)Fo| A
BHE FL IR A el M 27} =] 9=
g Aoy, 289 A1En (1010 gm)o M
< 959 A27t FEAH7lds 3ol 2E2sog,
ANe] MEE] A sy Hslo] HAsm Q)
o] BaA). olald 713He o] Hol7} AT
o PlXE afeAE 71 RYdNRE s|ds=
contact guidance &I o}§ Aoz Tagg],
W77 hole®] 7ol multicellular spheroid®)
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Figure 5. Micro cell culture substrate prepared with
poly(acrylamide) grafted surface with retanglular hole
and the resultant agglomerates of bovine EC. A, 50 x
50 pm ; B, 25%25 s ; C, 10x 10 zam. The photos on the
right are higher magnified versions of those on the left.

B4o] A== W Uy T AL NES
ol M@= $3E Helz FAUL}. 274 &
oluf 7ol HodlE MES YRR gAsH A5
A ¥R FEA ¢ U Aol BIHY =G
(Fig. 5), o]& Clark $°]' 21 uje} o] 4 ¥}
FZ HE g A4l olx tENY AN e A
43 A3 Ui Arlel A= MEES sy
Y A vl JFed WEe Aabsie Faisy
FLE WIA BN M2 Te 79 MEs 2
A A WG F AE FFsAdE BAFE ol

TH ADY YA 3} AW o] 8¥ AX uig 23
€ hoffman® &3 42 dvjhoz Basq
Fig. 6o YERUT) vl A3 § 6417k0] Azat A}
AME ASR2HE 3-49A Wi AE7} "aa)
9 A1 R FHH Ugol VRHIYY (Fig. 6
(A)e] 32E oj2|RE8). 190] ARG ARA=
HAE AZe 993 APgsigen, FaAYHL o
B3 F5d Aoz F2HE JIE A9 9=
stiolA BEHAY (Fig. 6(B)Y 21 siag

142

- T. Matsuda

>

.

{ieid TEvma

&
w
E
i
]
-
B
%

TIRESSIN
~

~

\ “
m.."l "
ivindk bl G,

ol
n=
i

| ST

.

e
[Rrezay nmd Rt e

g;;mm@m :hgwé.
d;'a »” ,
focd
\

»

. g
ST ) PR,
FRIR Sy ’qa_vl

* .
sian full o o

~—

&
»
1
s.
3
w4 v g
i i
!

w Y, oA N

Figure 6. EC culture behaviors on substrate prepared
with 3-dimensionally ablated (like stairs) and observed
by Hoffman-modulated phase contrast microscopy. A ;
6 hrs cultivating after seeding, B;1 day cultivating
after seeding, C and D; 3 days cultivating after seed-
ing(C; focused on deep part of substrate, D; focused on
shallow part of substrate).
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Figure 7. SEM photos of EC culture behaviors on substrate prepared with 3-dimensionally ablated (like stairs) for 3
days. All of the photos (except A) were taken with tilting angle of 75°. A and B;0° for count -clockwise rotating
angle, C; 180° for count-clockwise rotating angle, D ; 270° for count-clockwise rotating angle, E ; 90° for count-clock-
wise rotating angle.
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H-52). viF 7izte] 34 g HYE, wig 2Ude Ax
o] Mol VANA] FAQ A FAGFHo7x
Axzel FE, A% 9 FAEAY] BFHAUR, ¥4
H ADE el Fo oz A3l HAMES} B
250 (Fig. 6 (C), (D)} #AE vjg|Ry). o
2o AGE dge] 55 seeding= A Al
Fol 3Yzte] W de FA Alde AFFE 43,
o] TS P HAZE AGY Ao F9
oA TAEE HF Axes A dAye 32
o, EHFY APoA E2HE A9 glass oH
Eo] &3 AASHA %¥a A&7 A9y gy F9
o Fame] Adgg BAAFH U, AT HHe
Z71GA0A o) FAF M EIF BFHA gL
Hoz ulFo] o5 HiA MEE MAER2RE g2
2 AX7t o] RE A4 HE, F43 ez A}
¥tk 3Y7 uit Fo] M EYAYS SEMoE 93
g ZAE Fig. 79 Jehligith. HAZARe Aul&
(150~30080) 2 #FF ARdoln], 9% AL B
4P FAE TS (300~10008)) 2 IS A
olt}. Fig. 79} (B), (C), (D)ollA & Alolo] AA
A Alx7t g@d=Eled, ole AEst Alge ofdA
A2 SWie B4¢ RAFE o Algdr.

oj¢} e Az vRo], AYY W H&R
HEE seedingdl] w]FF 2 Ao FEs
MEZF BEE §F ol © AF 54 ¥2H
o, @& 6, 9= WRH AGY HYL o] &
FLE AxuG 489 Ans A Ao g4l
A ADE e gxE A4 B ol o)
oA ARE el A ke A8L ey
€ & F YU F, AA 3 A DdE 2A 3
Ak U WA EE e A43ldq Fa, A3
o AGE] e 2arlN 23 Loz AYsi=
AsE Jepd e ¢ F Uk

2 B

2 A7 FeHe BHSA 7|4 laserE
ol 8% vAl F1E1ES HEAD A2 e EHbE)
€9 3L F3Y L, o] 7)1&L FAEY RelET
9l 3L F oz 759 7154 BHE U
EL qURAE Ze laser F& 2AIEE ZAE &
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2| EH L micro order2 A3 vjAdj7}bEE, 7}
T Zole laser 32| pulse ¥ fluenced] 9|35}
Atk 53] olzd d&e] o] HFE s A
o]5]o] ¢l & micro order® AAE fEHEAL o]
$3H AL Yz 2Ho] 7HsdY Tk FF ulA
7HE AEudg ZAe 4F 5okl ¥4 7}
T8 Aoz JidH e, 71REQY 79 Yooz
T &Ue N7 B4 guide AE,D PEHA
& e vAZEY AdnEaM QlBo g el 4
frotil £ 9l % 7Fs3¥ grooved tooth
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