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Investigation of Cell Behavior on Nanoporous Surface
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Abstract: In this paper, we investigated the effect of
nanostructure on the cell behaviors such as adhesion and
growth rate. Nanoporous structures with various diameters
(30, 40, 45, 50, 60 nm) and 500 nm of the depth were
fabricated using the anodizing method. The water contact
angle of the surface consisting of nanopores with 30 nm
diameter was 40 degree and those were 60~70 degree in
cases of nanopores with over 40 nm diameter. Hela cells
were cultivated on various nanoporous structure surface to
investigate the cell behavior on nanostructure. As a result,
Hela cells preferred 30 nm diameter nanoporous surface that
has lower water contact angle. This result was confirmed by
protein adsorption experiment and scanning electron microscope
investigation.
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Ft ofsh olsl g wishtotoll] Ak, TS o] 85t 2
d SR AEE o] &gt AT A &
Hol ToA] AFEglom, AEE thF7] flete] Tk
nto] =2 ol MU= QIT} [1-6].

AL, @A e vl ARAERES Ao ohd
AIREE o] &sl] well, A EAlsh=4A] 277 o=
= 9o], mlo| AR B A 2 A= 2J3k DNA v}
9 spskEdel| oJsh AlEAPE T AEE o]85t AstehA] vt
o A7 uf, Mo E4A wkERIA|, srste]] o]k
IFREERIA] 3] ofel ©@do] Sl [7].

aejeE, A W R fAke S S e
nlo] @ o] Juke vlg- Feskc) A U 753} vjsedt
FEE 2T XS A & o, aslor &
Vg St Feta et MEZ e, AlE-ad 7t
A5 Ag gy P EDS EES vk o))
53], AlaEs} uzke] s arg-e- A LIshAl 2R L 9l
=, o= AAEZ}F E3letarl, S-S fAe] flaiM=
AIPEZY WA A e FAstelok &b] wiitoltt, 1
B A2 S22 AR FERETte] ofe), Al
13}, o)F, Al T8 WS QA A, thkdt ¥
W P} 3 Sl e AlEEAIRIske) et A7t
teksiAl AekEQI) [8-9]. EHS fdsle] BHe] 5AS
HsA7)7] flate] st /skehs] S ol 8sl % shal,
EEgtA o R fekst 7 25S EYskar vk [3,10,11].
AESHAQl B o 7 AWbA o 2 Algeh= WS Zea,
Agtdl, 723 22 vE ) > ECM (Extra Cellular
Matrix) TS o]-§ask= Zlo|th ECM hillzlo] 3w
FAE AL el 9= 54 QUEITI™ (integrin) =Y} 2
g 5= Qlu}[12,13]. 2 FEle] =91 Arg-Gly-Asp (RGD)
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7h Feks 39 "H7AE AR 3ol A5t Al S22
FEA7IE A7 ofn] A H L WS Aol S-8o] HaL
Q = 2 Aeskehs ol AR

+ Hl, BE FdshadskE 4 o UEF APTS (3-(2-
amino-ethylamino)propyltrimethoxy-silane) 123 poly-
L-lysin¥} 352 3}8H4 7] 5= ©]83It} [14].

ol# et B=ot/3ker] WS AT, AL
FTARE mAleE& sk st o) AR, skl s
A A A B AEAQARR0] o 9] A7IRE AL
gol oL, A AFde] ok wade] sivt. 1%7]
uitoll, Bl W, =, el Al RAlE P48k
FH 5448 28T F Qs o] AlEur]se] S8
=7] A2t [1,8,15-17]. Al2-3H A8 24
sh7lslete] Hadh o] SAS O 44, @ FHAdst
©® AEYsler A7) wolvk. T ER, vyl a®
ZAE olgsto] ] g ZdsiAl H Ao 3t
o AEATS G 22 5 3Uv [1,8,15-17). =3 &2
A/ R et s T8 W AlEE2E Y
S I g Ut ol T L TS Tk the
g4 1813 Yex37]E =, e-beam lithography,
dip-pen technology, nanoimprinting 2} 72 TheFsH 1] ©
2 AFE 5 90 [7,9,15).

AT v TEAlE AE/mIEE Ve RS, Ve RS,
A, 1ian A Rl o) ek, ol#dt v 73 W
oM AEATEAE AAA B mAH o R XEHoR
A=A Qlek. & A7E wEsk MATE Foto] vhFst
L rEspolA AlaES] dEekale sl B arsiitt
7|22 07 ultA Al Ui oA AlREe] F2to] 9
g BN O S7bE 2e Fdd S glelom 18], B
gt ARl Wi 7AlE T S ol 8se] Al
e et A, v 7 EAIY FREe] 1
Aol AEFEe] Hist ¥ Aoz SRIHIT [19].
SHARE, v A dEfell thek Al Fek o
7 opr] wgeketA WA Fstal Qe Aol

JHERE 2 AgelM= Al FAF Al vt
Fdo] vAls IS A or AEeaA) gt ol
91310 30-60 nm el vher| 3 7hal cheret vk At
DFOIL} EAE FFURL ol ol AL, TS
FAiAREAoR gerskgict. Eue Famstel] o
a5 WskE BREA0R SS9, RS ARtE
el 24 HjREO A, Lhe APt A A% B4

dake elalalct, ol 2 v FAAY 9 FAA
n3e Be ALAMAAE S5 Bsiel SISt

}[‘
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2. 42 2y
2.1 FFAISHE FRrl 4ot

dFuL} e A FES ofn] whagE =7 WS
ol-g3to] AZ= STt [20,21]. XP3] Al 30 x 150 x
0.5mm2] HFulE FE opAlEe] 601 Bt WAE BHS

12k AlF 5, o] dFnlyE S dlekey/ it (EEHE
1:5)9] &3 &9 o]g3to] 5C, 15 Vollr] AxpAntsity,
0.3 M =2} (DC Chemical, Japan) £ 10C, 40 V
27 oflA TAIRE BRF A AR FFAsNE-S FEsitt
o gA| wpHxl LFulEitshehe A (6 wt %) 18
L AFAREY (1.5 wt %)°] 60C oA =Qltt Aaa=
AYE dFrEeR A AkskET) 22F AFsAREe] e
oJste] Wier]ge] ZlolE 24e 4= Stk i =elAlE
500 nm zlo]e] vie 72AE D7) flste] 22F AkskrIRE
= 100x2% Ssilnh )& e] A5 Tis st
g (5 wt %)oll 30 CeollA] REgsh= Zlow 24e
It} B =FollMi= 0, 5, 15, T3]3l 2552 o] 88lo] A&
e lee AlEskel.

2,30 o

2.2. A9

2.2.1. A|EBSE

B Aol = Alg5 AlES (Hela, ATCC No. CCL-2)
= AT Al ERoF 248 FBS 10% (GIBCO, NY,
USA), Penicillin-streptomycin 1% (GIBCO, NY, USA)7}
%3k DMEM (GIBCO, NY, USA) ©]3lom, ok =1
25 37°C, o|AkslerA 5 % otk Y] A flellA 2
Ak =Atske dFuuitsiete] &40 32 9
A 7] (0.5cm x 0.5 cm)tl] MES ZHzE nfekslict.

222 F2z 2%

e A58 Yrrles 7L Qe

Wikt s o) x4 5A4E 7kl Slsko

< Pheonix (PHX300, Korea)”]”|

o, et SATAE Sl 59 HiEsie] SAsIelt

2.2.3. FAFHA}EH O] F S o] &5F EHFHA}

7] a 3 flol F-2tE]of Qli= AlRe] tiekst FelE o
z2s7) 918t FARAAAR]Z (JSM-7500F, JEOL, Japan)<
ol galgith. BE oluR|= 15 kv e AgtelA =4 =gl
TAF AR 9] o]m]®] &) Ssh Ay WO
T 4% ZELHElo|EE o]t 7|4 AlxagE
Sk H, 50~100%2] &T-&-S o]gste] edtAlel AA 717t
30 Bt AHEjste] MEE g A F, s Al
St 2417 o JFET7E o5t B A2
< ol&siitt.

2.2.4. G Z A

TR AAEELY SRS S el 7
712A1RQ1 WhHe- Wil FRES vlwshs Zlo|th v
TR ARES] FA 2 RIS 7 A vk o
2 Q7] wiEelt} [22,23].

2 Ae|A= BSA-FITC conjugated (Sigma, USA)<
o] g3}, F2ke WS e o83t ST 1%
©] BSA-FITCE “d2lA Z42e] 323 flof] 104 st &2
AL, LRIEAHEE o] 88l FAIEA] ok ThlEls AA
3+ 3 &4=79717] (Eclipse 80i, Nikon, Japan)S ©]&3}]
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S 4k (488 nm)= FRISIS

o

225 EYFEE SFALY

AT g St ATATHE ol gtel S 2
Z19] o]} B they| 3RS 71 Asjele] 914
slololl AEES Wletelich. 6417t 2k A S Wje 3 7,
P AERRS A4 Asl] o] EAlhs AERS
=4 22 T, $19} 2E wWHlow Z7he o] o
& AT A AR SRR (XS Q) - Al

(6AITYAESE (617K 02 AEE Tt [24,25].

3. 89 " g

31 Yot odE Uy BHE AF 9 EAEY

AFuebstERe oF5AakslA Y AlTRS: o] 8eto] Yol E
o] 715 AEHA AAEt 7 7] wiitel T1EA] v
TEAE B FAT F Qe =2 34 Aot &
Aol = AlskAEAIZHS 0, 5, 15, 18]al 25802 24
ato], theke Wi |3 (A5 30, 40, 45, 50nm)2 &1t
AbshehEe] AskATt (Fig. 1(b)~(e)). AR ther] a3t
A AR Gt Akl (Fig. 1(a)) 3 H]=|SlT

Fig. 1. SEM images of nanoporous alumina surfaces with various
diameters of (a) flat (0 nm), (b) 30nm, (c) 40 nm, (d) 45 nm, (e) 50 nm,
scale bar indicates 100 nm.
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7]

E FHoll Tad aiwA AEHnh hrlao] S
o2 BT ATl B 80°9] XSS 2
= Aow ZQEATG (Fig. 2). ol AE F3Hgo] £2
EAEFZE 919 40~70°5 HlolUSITt. o8l 7] 80°¢]
RS 7 B9 flol vhergo] A, e
aFdo] Mstehs A & 5 ol Herlw e 2717t

=
o

e 719 HIsd BSE Uedle 2s g8l = 9l

At} ol gt 1 SRS St L] 3 9] o)t

o 1% 5 ggitt.
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Fig. 2. The effect of the diameter of nanoporous surface on the
hydrophobicity of the solid surface.

3.2.993 &
AIPEE BljoF Al AREE]= A Selli= Tt dhdo] &
A}, o]elgt Tl A S A7} Eel] F-2E = A7
B2 T8 A "t uebA] 29 Sl e 3 =
o] Afoli= ARE 237l zlolE tiRisl & ¢ e AEEA
2351 Ak wiebd 92 BSA] d3o] F-akEoi3)
= BSA-FITC conjugated &4 ©]-838to] Y=r|y ¥
ol A AIRF FE F2AIZ H, 2 e ks 54
o 2M, S 1ol 548 nle] getstarzt 818l
ok Z424e] vher]y 32 flell F whalE kS FITC
PGEA gPgFow ol o = v} (Fig. 3(a)). B3
3+ ¥ o] AlslelFulEol s thlz o] Fxlo] A2 Kol
o¥Skom, 30 nm2| X flellA] TP T FERES B,
40 nm*-E Ui go] YoldaE v Falgol 7hast
At olefgt Avl= kA FRlE BHF7te] 591
5 U2 oS Ho] 43t RIS 9J8le] 2 oltol
T TARIRERE S ol gste] W]l HAE Wi s
g15le] Wkt (Fig. 3(b)~(c)). &8t SRS 9J5le] A+
HiETE ol TS Falel e ERIskitt. et 1
elxfe] el e I ekA] F-22 Hof 9ot H ok
dulgo] opd o w2 F&E o] Qlo] 7hg we
F25 O B0 2 ghdo] =1, 30 nme] W Slelx=
chil o] FAA F2o] HolQls s E1 & 5 ST
40 nm =17]2] W7y EHEFEE ] go] AXEA
o] ey e-s A ek As B 4 st B
A&7 Avel A AdE siAslE #l, 30 nm =719]
7] 8-S Wiyl Eo] QUARE v Eo] uig- ol
o] Wzlo] o= aikE HolA |k (23] Aastal,
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SR o] Z7h, ther |8 2717k 40 nm obde] Hw
A, 23 vhildo] %ahe WAlo] Zhash 3t (A%
ZJo] Z7keka, W E23go] a7t thehhs 2o
Aol BLARA7) 30 nm olale] 2719] hrlze] £
Sl )39 615 AAEA S Ao e

k= Qloh 18992, 30 nm EL7].4 Urle3s 7 i
AN Lhe ol ] SEA} FAT S e A
Z7hoha, e wpllo] Gt 4 Qe WA l o7FeRs A
o= gk, s, ther| 3ol gl Ewe] A9, )
A FAge] S e Z0% Hol, guae) FA] 9%
& Fi= ke e Sel A 2 Qg oA,
5%, o] Faia 4 sl WA o 12y, o
Faers mHsl A (PR W,
(2 0
2& Q
L 20
£
g = ==
100 Eed
0 (]
0 '?' ; .
45 S0
Ponsne(nm)
(b) Flat (0 nm)

Fig. 3. The adsorption of FITC tagged BSA on various nanoporous
structure;(a) fluorescent intensities and SEM images (b) top view,
(c) side view, scale bar indicates 100 nm.
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st 3 ) AUSHL Hola A A3 27
ofl ol ol ¥l Qg STERA, 71 BA 0% wE S
S22 Wolt Alxolt). THelE Byl 29 ek e
B HAA] AR S RS sl gt el

-1 o= =

EAaH Sk b} el Al A0 Aok %
52 3l T 4 930 (Fig. 4, ol 24 ¥4 wlel

é—o] _Ltﬂ_/] A 57]“)( D}Hﬂ;d/] ‘67<1- Z—]I:7]_ 1;\1—0]_ /\-]]_51_
Fgk & AR sk Ao R gk vy ge] EAlshs
”ﬂﬁVH Al S22 30 nm €] HlolelM 7 Al 54
E57b 5 Z 0% vEl o, ey ]E 9] Hlol7t HlolA]
WA AE FASEE AAshs 210w tekhth. ole @
Auhe BAS7Y WaRE 22 ey, @ 3
B3R fARE AR HR1g 5 Atk Y| 3o AE
o] 50 nm&l Vhr|F Flel Hjore X} Lhr] Tl
A ok O] AT Hlws, v FHk
el 50 nm VRer|F ERe] AREAGTIL e S 9
2= Oh;]. o]‘— D]—HHX]O] q: A ‘gz}—g 5 %1: /11]_]_7]. ‘611—
gt = Q)= Ao 7L/\—3l B zk0] o]Eeo] U= AL
= Sl ZAE A R o Pt ol ok Adg
Fo) A3 Fesh) $1510] SEME ol g3te] sl
3 Slelxf o] Alare] SIS AdA|S) A3, AlES) Al
2, AzA 9 o]gA A FHEo R ApAE] RIS B3l
ZF v mHelA e A Al Fele AlE A
H57F 2 30 nmeollA AlE7E A FE] Sl A <l
3 %= qlglom), el 4 Sek AL 50 nm 3£ $e
1‘— /q]j;do] _,ILuﬂ _ﬂoﬂ u\ﬂx] sl %1\1_ U/\g §]—o]zﬂ-
T A (Fig. 5(). mebA] vyl el GAdE Al
X]_/] /\]-ﬂ]l: 30 nm U:]oﬂ/q‘— /z-]]HL;do] L}‘J]ELO_ glom
A BAA Qe AL el 4= o]%—]j—_y 407} 45 nm2] ¥H
AN T AFAOR WAT 1 QA el EE B
ouf Faslo] gl AL FAz 5 YAk 50 nme] E
M= AlEAe] Uirlg= wAl 94 Fohe 2le €]l
g = QISITH (Fig. 5(b)). Ol A ©hiid S22 oA

0] 50 molA I ) A5 gjol AEAe] W
5 ole FAE AU S Eahi oled seIg 4
A ol o] ool A% Fofol lEl B 5 9
on), BHe HUIH Sl AESNE &g Tvlo] ol
AL o] F2E Gue SIS gl ofu]A] of

th(Fig. 5(c)). %8783 ¥ floxe] A4 oju|xE B
Az doz dhuizo] fAtEo] Q)= A Rl & = glo
H, Ao Wol prh=t] Wil Fato] ks = As
AgRlsh o= At iRt L] o] Sl B flelM=
BSA-FITC conjugated 3= th=4] 7]3o] Hol=
RO T AAZ vjA] ko] T S35 o A2 7|24
FAE= 2 1% ]l

1 -

OVS I I
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Fig. 4. Growth rate of cells 2 day-cultivated on various nanoporous
surface.
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Flat (0 nm) 30 nm

(@
y

Hole cell

Fig. 5. SEM images of cell adhered on various nanoporous surface;
(a) Hole cell, (b) cell cytoplasm, (c) side view, scale bars are 10 um
in (a) and 100 nm in (b) and (c).
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