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SUMMARY

Recently a large number of research groups around the world have studied
the interaction of biomedical materials with cultured cells because cell-
compatible materials are thought to be very important in many biomedical
applications. Some of them have focused on the interaction of cultured
vascular endothelial cells and biomaterials to 1improve their blood
compatibility when vascular grafts (artificial blood vessels) are implanted in
the body. Others have studied the interaction of tissue cells with biomaterials
to improve their tissue compatibility when the materials are implanted as
substitutes for organs, skin, bone, etc.

Cell-compatible materials are also applied 1in the fields of biotechnology.
Immobilization of cells by entrapment in the cell-compatible materials permits
the production of biological molecules secreted by the natural or genetically
engineered cells such as monoclonal antibodies, vaccines, interferons,
interleukins, plasminogen activators, hormones like erythropoietin, proteins,
etc.

In this study, we modified various polymer surfaces to improve cell
compatibility., For surface modification of polymers, we used various surface
treatment methods including corona discharge treatment, adsorption of
fibronectin on corona-treated polymer surfaces, and water vapor plasma
discharge treatment. For the corona discharge or water vapor plasma discharge
treatment, we used “gradient surface” method where the surface property is
gradually changed along the sample length. We developed a new method to
prepare a wettability gradient on polymer surfaces. The wettability gradient

was produced on polymer surfaces by treating the polymer sheets in air



atmosphere with corona through a knife-type electrode whose power gradually
increases along the sample length. The wettability gradient surfaces prepared
by the corona discharge treatment were characterized by the measurement of
water contact angle, Fourier transform infrared spectroscopy in the attenuated
total reflectance mode (FTIR-ATR), electron spectroscopy for chemical
analysis (ESCA), and scanning electron microscopy (SEM). We also
developed a method to prepared a hydroxyl group gradient on polymer surfaces
by water vapor plasma discharge treatment. There 1s an evidence from our
ESCA study that the water vapor plasma treatment i1s an effective way to
produce the hydroxyl groups on the polymer surfaces. The polymer surface was
continuously exposed to the water vapor plasma and produced a hydroxyl group
gradient on the sample surface. The animal cells, Chinese Hamster Ovary
(CHO) and Baby Hamster Kidney (BHK) cells, were cultured on the surface-
modified polymer samples and the cell-compatibility of those surfaces was
compared. It seems that the wettability (or hydrophilicity) and hydroxyl
groups play important roles in cell adhesion and growth to the polymer
surfaces.

CHO and BHK cells were also immobilized in the gel beads of the alginate
and the mixtures of the alginate-polymer with different functional group (-OH,
-COOH, and -NH,). The morphology inside the gel beads prepared by the
alginate-polyvinyl alcohol (-OH functional group) mixture was different from
those of other gel beads. The gel beads of the alginate-polyvinyl alcohol
mixture were more effective for the immobilization of both CHO and BHK
cells compared to other beads in terms of the cell viability and density.

The study is on progress to use these research results for the development of

a vascular graft or the production of biological species secreted by cells

themselves.
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A ot7] wjFol o] AHEEo] gAle] LEA B F-aGAsHA] X3tER, °
E aFA Qe XF JAS APt AExY M HAEF ¥ v Aol
AZ7) ge] SlojA ¥r=Rr]| #HAH o Ao T Aot
B IdE dFoME 2RA ARY AE PSS FHAIF|7] HEA
o3 22 37FA] WS Al-ﬂ-ﬂﬁt}-
) AE BAY ALY 7
i) AE XTHI H\E 2} Zx] oula) (cell attachment factor) T3
i) A7 e 7|54 7 =4
53] AE A3d A4S 4T 2d A 249 HHIE A3 & dFelAE
FHe dA-o] T ARl HFAHLE Al "gradient surface” WS ARS8t
M43t 584 918 +3E 5 AN
S AER} AEm XHY I5G9E SV HE 2 A CA B
Az F2} PR PR E o]83}e] polyethylene (PE) sheet EHo PO
Aa-/do] S78= "wettability gradient surface” & A|Z8}aL o| & o] &3l 3 F
o O Axe] 3 9 F4) FPFE I
T A Ba 22X w2 A] Fibronectin 2 AFS-3] PE sheet ¥ 23} 3
2} ubd Xg] AR E o]-23] RFgAL =IHA1F] PE sheet FE o] fibronectin -2-
A1, fibronectin o] F2HH ZHoA L] A 22 gl F4) FgL A3

£

=3 DA A2 Edel 4T WY B57]2 $417] (OH 7)) & £9)
§t7] 93 polyethylene (PE), polypropylene (PP), polystyrene (PS), polyester (PET),
polymethyl methacrylate (PMMA) 5 o2{7}x] 84 A8 Fdo] $£=r7]) Zgt=xn}
'FH AHeE stal =€ -OH 7|9 o] 1EA a7t dehdd g o3
= FAEAE 453, -OH 7|7 =48 o27tx] 283 a8 Edo|AY A
X 572 3 34 A3E s

SHA, X5 1Y 2 w9l biotechnology ool 2-23}7] 8, & -8
AulelA 47 7hiso] AE ¥4 5 Ut agin & marix 2 3o algin matrix

—_ 29



o] -OH F:7]|2 2|9 polyvinyl alcohol (PVA), -COOH @:57]E2 z|d polyacrylic
acid (PAA), -NH, #57|§ X|d polyacryl amide (PAAM) F2 Z}Zt Y3t AE
7} Yol 273 bead E8 A R3tH, AXIL olS WS bead oA HFY

o 2t 7154 B57150] AE 346 vjE F8e st

IS AFAHE EUE s 2dEolE ATYBE WEY AT
719 AYE AT WG FH ATt AHHOE PHFu e VY A=A

F H|XT 55 oofF 5. A4S biotechnology wobell A|E 3 AMEE
317 1 A8 FHE dH ez gt



A 24 IEA AR XA 4G T g2 A xE Y U3

B oAt A Az A9 A Totol i Axe 73 9 T4
AEE AAZHLE Q737] st T AlRdoA APl HIHLE W3
F 9, o]Su} "wettability gradient surface” Z§'d-& EUSHGT. EAL AdFeo] FI
o2 W= gradient surface § U0 AMESIY, Aol A= H U AlRE
Z}zy Enldliof 3= HARES 93, Ao AR UE EY ARE HEGE
TR FgFe A2 5 e AY AR ¥ =Y U Aoy BT U
< A2 o 439 4FE 7N 3EA EEE0] F AR el ESAFeEA
A BUHES HAFHAI = AFES Tl o] AEFolax ASFH AF S ¥
g g A= Aol -

Wettability gradient (85 hydrophilicity gradient) surface of #3F 9= Elwing
5ol o3 HE=2 AlFEUAY (1). IEL xylene Yol A] silicon (Si0,) F Hoj
dimethyl dichloro silane -& A2 HAFMA|A wettability gradient surface £ A R3}3L A]
B R A wde] o A F3 ¥AE dssioh (1-6).  Golander
S5 9A| Elwing Fo| AR A3} u|$3t w0 silica F ol wettability
gradient & 5] DA FA VS A7 23 YUY (7.8). 52 density
gradient solution & ©|-83} weunability gradient surface & A|R3= ATE GA] AE
kAL 3T} (9). olAtel whyof o] 3 Al RF wettability gradient surface S-& 7]% o
T2 3H7] $1% ool 2A ARR3}7 ol 3] 83k A skt k= A|RE
o] silicon, silica, quartz, glass §3} 72 54 F7] AR FFHTE AL
7HA| A -

A YBE AYER XolE TEAE o] L3 wenability gradient surface A} =&
o B ATE  ATACIM plasma B FHE o] L) HLo2 A sl




10-13), = ZEA Aol plasma £BAIZFE HA ZFMA FO2M AR E
o] Al AR EehA wenability gradient 7} LF-AF Alm EHo| ¥FEEH
k. Pit X v|F PSR plasma W FA|F 0|33l wettability gradient
surface £ A| 3= ATE FHH L3 Y (14,15).

¥ gdFolAs corona W FAE o] &3t IAFA AR wetability
gradient surface & e+ WS M2 L¢3t VA F3FH SUFol AT (16).
% 2ER AR Wl knifeype B3 E3 coom $YE BAHOE 27
A Fo] Az XA A} A=t FAHELE FIFE7 o] wenability gradient
surface & A R3¢t} Corona ¥HA xglo]l 23] wettability gradient surface & A
Zahe WS plsma PA Helo] o WyN & o Jeskn Ax ol
it plasma W 2 whgo] ZFFolA A= A corona ¥ A
B 7Tl BAHA|Z] wfFolt. Corona ¥ Ao o3 A==€
wettability gradient surface S -8 A FZ} %, FTIR-ATR, ESCA, SEM $of 2|3 ¥
AERAL (A7), A2 Az BHe] A5 Sote] I AE A3 B9 3H
23 FH™s7| YT a7l AR-EH A

A2 A A Huky
. AFA Alg Y AlEe] HAE

H7HA7F A3 Frslo] A 42 AYX polyethylene (PE, 250-300 pm 5
7|, ¥+FEE}) sheet 7} corona ¥R X 2]o| 93] wettability gradient surface 2 A&

317] 13 ARR-=]%it}t.  PE sheet 52 5.0 emx 7.0cm 2] =7|2 A2} ethanol ¢
A 23] 712} 30min F¢ &3 HA7)2 M3 THA] ethanol 2 o2 8T
o ¥ OF AoA g Azt o|E AR EHL electron spectroscopy for
chemical analysis (ESCA) & ¥4 Z3} clean A2F FHE0] o 0 o] HA| 9
o 7N e o] A= it



2. Wettability gradient surface 2] A=

Clean *}2]¥ PE sheet 52 gradient surface A2 E o2 # AP A
2} A ZHE corona WA x| (28 2-1) E A3t  Corona WA FA|=
gradient surface & | 23}7] €13t 5 key part, 5 aluminum 2] knife-type electrode
9} silicone rubber 2 ¢ A iron sample bed £ 7}X|3L ¢lt}.  Khnife-type electrode +
radio-frequency (RF) generator o] 75| o] corona power 7} motor drive o} &3] 7
oz 27h 4+ ST Hof Y, smplebed & VY 45T Yo §
59 4 QA o}

Wettability gradient surface € A|R38}7] $38}lo{, clean A 2| PE sheet &
sample bed $Jofl &2 ¥ Fx| WjF-of dryair § 20 Umin & S22 3 By
zolct. Samplebed 7} 1.0 cvsec & £ 2 o] S ¥} TX|o] A2 EHJA 1.0
mm 7+ T3 YolA Sl knife-type electrode 2 25 B corona 7} WHHA 3}
of &2 02 corona YL 100 KHz oA 10watt 2H-¥ 35 watt 74X S7}A]
A FAY. A|BE 5 sec FUO| Som Ho|7t AHAHAE -3 ol
< corona ¥ Ao oA AR EP2 &2 TR £YHE IR
corona of] =5l AHAHOE AMSlE|= ATl =7)8te] wettability gradient 7}
$45T AZES YW $PO T 9wrtA] corona B He it

3.  Wettability gradient surface & &4 37}

Corona ¥HHd *2|H PE RTHEZ & X227} 23, Fourier transform infrared
spectroscopy in the atenuated total reflectance mode (FTIR-ATR), electron spectroscopy for
chemical analysis (ESCA), scanning electron microscopy (SEM) S-of o) 3 ¥4 ¢},

A W] V44E YEhE A= ALSE B Y224 contct angle
goniometer (model 100-0, Rame-Hart, Inc., U.S.A.) & o] 23] A XA ==}



Connected to RF
generator with continuously
increased power

Dry air
outliet

B s
Knife-type
Polymer electrode

Dry air sample
inlet 7Lt

LI TSLTIAA SISV ST 444d Y a

Movable sample bed

Figure 2-1. Schematic diagram showing corona discharge apparatus

for the preparation of wettability gradient surfaces



Corona ] 2]¥ PE wettability gradient surface ©f 4% 7 o2 YA 3 u) & &
S48 Wolme|n I EUH} BHEo| o] FE AEE Bysisct Az Al
Bol didl] 3 o]y FA3ta FIFAE HsIA-

Gradient surface o] 383 FX= FTIR-ATR of &3] 4=}t FTIR-
ATR spectrum £ KRS-5 reflection elements (incidence angle, 45°) 7} ¥-AF§l Digilab
FTS 80 (Bio-Rad, U.S.A.) & o]&3} Aoty  Corona x| PE sheet =%
corona & o] Z71% Wk W} SSHOR (lanxScm) APt 742 oA
¥ko 2 Ze} (0.5 cm x 5cm) reflection elements ¢} X2]H FF-o] vl BA FAA]
713 spectrum & A9ch.  Gradient surface 2] Z} section WE ~1730 cm™
(carbonyl group) oA 2] FFH{7} A= v]RH .

Gradient surface &) 3}3h% Sz #3}= ESCA (ESCALAB MK I, V. G.
Scientific Co., U. K. ; Al Ka at 1487 eV ; 300 watt at the anode) o] 23] ©] FAH|ZHo=E
25|91t}  PE Gradient surface &) Z} section ¥ & carbon 1S core level scan spectrum
So| vl FAFHAY-

Gradient surface 2] morphology = SEM (JSM-840A, Jeol Co., U.S.A)) ©f 2] &

s ST
4. A XEujjoF

PE wettability gradient surface ol A|X F3F 9 F4] A3 A7) YA
ME dF AEH AFE-H M X Chinese Hamster Ovary (CHO, Oak Ridge National
Laboratory, U.S.A.) cell ©]git}. CHOcell & EHEEe] b2z er vlza o
B, AAEY, W F 2150] 7HFRA gon] 9T F9E 3 fF e 2%
T AR L3 ASHA W A AP Ag-o] 7Hs-8H7] wi el AE 33 A
T2 $1% model system 2.2 73 @] AMR-S& MEo|t).



CHO cell £ 37°C, 5% CO, 7& E$718 {X 38t 9l incubator oA
A X vl %2 polystyrene flask (5A) A BFAF) HAAM AL wiF &5 -
o|u] ARE-H ujokey2 5% fatal calf serum, 100 unit/ml penicilin, 100 ptg/ml streptomycin
£ ¥8-3}= Ham's F-12 nutrient mixture (GIBCO Co., U.S.A.) °| g4

Trypsin ]2]o] 2]3] PS flask2 HE| wjo'd CHO cell S22 ApA] A|=Hgh
gradient surface -2 w¥joF27]o] 4 x 10%m® & 2 FF5 o] incubator WolA| ¢
AR 7HE w = o.M ul k¥ PE gradient surface (corona 53] X&) ofAf
HarZzAgt M X 704 7} section HE haemocytometer o ${/4FAF ¥v|F
(Nikon Inverted Microscope, Diaphot-TMD) ¢f 2] &A= it}

PE wettability gradient surface (corona 53] *2]) of #-Z§tr M X EQ] <FdE
237 YA T B8 M EE-L 10% formalin 2o 2087 @7 1%
A7)|3 B2 oW AAHSE ok 5% Giemsa 29 (GIBCO Co.) ©f 208-5-9F ot
7t AEEE FATRE oA EE o3 AF3t 45-50°C & 2E=F A3
91t oven oA ARANE A} @njPoz X RS BT +
A2 CHO cell WiF 82 IFEH (18,19) of & jER} U

A3d A 9 1
1. Wettability gradient surface &} =4 %7}

Corona }j2]8 PE EWEL Lo02 uyjej= A e EWEF 3
o] de WAL F7t YoYU B FE27 2A, coona FYo| IR Tog
452 B J27o] PO T 74281 wenability gradient 7} B4 HQALL
T $7+ AT (2Y 22). B WEZLL coroma M U4 Zvle] BAE YA
A28 B WA A EwHe A44L Yshi: HeE 98iA gt
Corona X2|¥ EHE weby B F&zo] 74 (A A540] 27)) sh= A
& corona MEo] & Edo] s} AXE Tgsts T4 BEI|So| £
5)7] P Aoz eyt
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Figure 2-2. Changes in water contact angle of corona-treated PE surfaces with the different

number of corona treatment (standard deviation < + 2.0 degree)



8 2-3 & corona xgle] &3 PE &} 2 TEA AlRe] EH A3
#BA 5= mechanism € RoFn gk I2FA FHe| corona 7} YT
hydrocarbon backbone © 2X-E] carbon radical o] ¥4 =31, carbon radical §+> &
7159 At29} A3 peroxide radical §-F 773 hydroperoxide S ¥/4A|T:
Eolo] WY poroxide S ROHIE] WFo] AL-ALAZYo] A o
x| Z7)29) A2o} oA WEIE AU AAT G FEI)E (hydroxyl
group, ether, ketone, aldehyde, carboxylic acid, carboxylic ester, etc) & X Ho| A7 A
gt} Corona W] 93] x7|o] §4E carbon radical 52 2] carbon radical
S35 A A2THA ype o BEI Bi APS o[TAE e Ao
Z gt} PE X Wo] F/4H AaE i3 #5713 corona £Y FUke} ¥
7 Eg corona X A FUtel A FHEHA EHel ¥ 22 o vERd A
7HO- wettablity gradient 7} ol FAAHTY.

Corona X{&]o] &3l A| 2% PE wetability gradient surface oA AF4E 53}
= Fr7)E9 B3}= FTIR-ATR o] o]&} &4tk 18 2-4 = PE wettability
gradient surface =2 FTIR-ATR specttum & FEAFI Ut} Spectrum Abol|A]
1730 ecm? Ao YERYG FS5tls= C=0 stretching band o 3l <}8}=t] ketone,
aldehyde, carboxylic acid } ester =3} 7}-2 carbonyl group =25 H-3ct 1
g 2-4 o] V}IERY spectrum S 2-KE|, corona xg|of 23] PE FE o] carbonyl group
So| ¥4 s|gon] §4F cabonyl group S corona 2o| Zrhg Zoz 3
T8 ET corona AP ot FIMESE SRS B £ % C=0
stretching band o 23 I 1645 cm™ FTH oA YEh= F-Fdl= corona *{2] ]
o3 ¥d8 AR Feo EX 3 HLEe] ¥ AU HA] corona FY F
7} E+ corona A 5 7)o we}l 015 et PE gradient surface 9]
spectrum 4to]] ERJ= C-H bending band (~1465 cm™, PE X} 2] methylene group £
2 REH #F8) 2 C=0 stretching band (~1730 cm’, corona X&lo] 2j&] A S
carbonyl group. 2 F-E F-2l) ¢ absorbance ratio & Y-E| gradient surface o] E£9¢]%
carbonyl group o A FES A2 ¥ 2-5 o YER T
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Figure 2-3. Possible mechanism showing the formation of oxygen-based functionalities

on a polymer surface by corona discharge treatment
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Figure 2-4. FTIR-ATR spectra of corona-treated PE surfaces along the gradient.
Numbers labeled on the spectra (1 to 5) represent the sections from the

untreated hydrophobic end of the gradient surface. Number of corona
treatment, (A) 1, (b) 5, and (C) 9
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Figure 2-5. Absorbance ratios of C=0 stretching to C-H bending bands from FTIR-ATR
spectra of corona-treated PE gradient surfaces with the different number of

corona treatment



Corona *]2]¥ PE wettability gradient o] ¥ A4 E 73 FE7|82
ESCA o 93] F v FA¥oE #45H%Y ¥ 2-6 < PE weuability gradient
surface S-2] carbon 1S core level scan spectrum 52 X 3L 91%}. Gradient surface
o] A4 F (sectlon 1) 2 binding energy 285 eV o} 4] alkyl carbon peak ok L}
E]-LH_J_ olc}. Corona X]2]¥ section -2 binding energy 7} T2ZE oA =S

S T i, o T Akl AYY Wels Bt Bl
%-’*H ‘E}E Su|¥tt. = binding energy °F 286.6 eV oA LE{= peak = Tas9}
A4~9o] w9 ZA3J} (hydroxyl ==& ether groups), binding energy <¢F 287.9eV oA v}
Efvbe peak v ©49t AbAe] o]FZAR (ketone X+ aldehyde groups), binding
energy 2F 289.1 eV o)A YEhJ= peak + B4 1749} AtA 27071 35202 7A¥)
3t % el (carboxylic acid FEx= ester groups) & &v| ¥t} o]} 7L AtAE 58}
= 57|52 gradient surface 9] corona =¥ =7}9} &7 X corona *{g] 34
=71t 87 SR Q22 & 4 9. ¥ 2-1 & corona i—]E]% PE wettability
gradient surface &2} ESCA &4 @3-]—% B o3 9t} PE gradient surface of] &
A A4 k2 corona 2 1WH, 5, 9H g FHULu] Ztz}t 19, 21, 24 atomic
% A Boptsich Bl SUE UAE UHT BAETANE BEY A
29| HUA ¥ Fell, & hydroxyl B ether groups (ether group B.hH= o] A7}
hydroxyl group 1 A2 H/y) 71 7 9A YeErd2-& 8 4 o

Corona *]2| ¥ PE gradient surface 52 morphology = SEM of 2]3] 33t
At 1P 27 oA KKo], corona Z2]e] ]3] PE EHEL corona &Y Z7}
S 97l =t coom AP 05 $71% WA A0 AR A BUE 4 9
sic.

2. Wettability gradient surface ojAje] A|E F-2} g1 Z24) A3k

IFA A5 A U5 St o2 AE 3byg wisE 33 9
& o &ellAl corona W A2 (53]) ¥ PE wettability gradient surface $J¢j] CHO A
XSS WFBL, olS HETL PE ER oA FAFA) s F e ARSI
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ESCA carbon 1S core level spectra of corona-treated PE surfaces along the
gradient. Numbers labeled on the spectra (1 to 5) represent the sections from
the untreated hydrophobic end of the gradient surface. Number of corona
treatment, (A) 1, (B) 5, and (C) 9
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Table 2-1

ESCA Analysis of Corona-treated PE Gradient Surfaces

No. of Position from Atromit %
Corona Untreated End -C-C- -C-0- -C=0 -CO0~ O/C Ratio
Treatment cm)  (~285.0)2 (~286.6)2 (~287.9)2 (~289.1)%
0.5 100 0 0 0 0.00
1.5 90 6 2 1 0.10
1 2.5 87 6 4 3 0.15
3.5 82 9 4 5 0.22
4.5 81 g 5 5 0.23
0.5 100 0 0 0 0.00
1.5 87 6 3 3 0.14
5 2.5 84 8 4 4 0.15
3.5 83 9 4 4 0.20
4.5 79 9 5 7 0.27
0.5 100 0 0 0 0.00
1.5 89 5 3 3 0.12
9 2.5 85 7 4 4 0.18
3.5 81 S 5 6 0.25
4.5 76 10 7 7 0.32

apinding energy, eV.
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Figure 2-7.  SEM photographs of corona-treated PE gradient surfaces (x10,000)



CHO MEE ESEEe 92 AL2A 498 38 72E 7R3 3en
epzzo] ud 44317 GEo] AT V2P ATE AT modelsystem O
A% de] AREER Y AXEolth. MESE 37°C 5% CO, & E571E w4
3}3 )+ incubator Uoj]A] PE wettability gradient surface ©f uj &= -

1% 2-8 & PE wettability gradient surface 9JoA] 24|17+ vjoFE CHO M EE
2 Giemsa $92% YA Fo| YA} Vo] F o2 gradientsurface o] 2t secton
92 1008 Yohste] e AISES MeIZFT Ut TYolA positon 1 ofA]
positon 5 2 Z5F corona E¥o| FUIEte] Aol FTUHR Fold  PE
wettability gradient surface off -X}3F CHO M|X 52 T 24 S718) A F
7Feictzt 9% 99 (position 4) o o|2W 23| U5 Tkt WA ALy
(position 5) -2 X.oF3 Q.

13 2-9 = PE wettability gradient surface & 2144 37} (& AF4 )
of HE MES ¥4 AW ZAP] A8 CHO MTSL gradient surface
ol 2417h, 244178, 48A1ZH WjOFE Eo] ¥3D AESY Y5E 42T 2
HE HelFm Yok ATEY $4 U A4S PE gradient surface 9 A4 2
ol wet 27bsiTt YA, 5 & WA 50 $2ol ol2d 282 A5
27l Al BATE MoET gtk PE EW Al PS EUE AL 7
-9 CHO A|X tf4l Bady Hamster Kidney (BHK) AH|XF AME3I3E& 73-Folx v
Y Foes UENMIY. YHFHCSE MEER L7 B Roe e4dES d
Edlol, U4 TS FOME $2U% 2 V440 ofF T EHNCHE o)
T+ €Y B o I FAGAUYE= AL oS FHAAE BaE3 Q)
o} 2 9ol YHME of7A =l Hol YT Ytk E FelH AT
Ase Batel, AE AL WA ANME AR BN 5 PEzo)
s FES) A4S UES # F= o] ARHolehs FES L & A3ttt

s

— 99 —



POSITION 1

POSITION 2

POSITION 4

POSITION 5

Figure 2-8. Appearance of CHO cells adhered on corona-treated (5 times) PE gradient
surface after Giemsa staining (2 hr culture ; inverted microscope, x100).
Positions represent sections from the untreated hydrophobic end.
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Figure 2-9. Amount of CHO cells adhered and grown on corona-treated (5 times)
PE gradient surface (Number of seeded cells, 4 x 10%/cm?)
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A3 Mx Ba &2 gduizje]l X H IRA YR
X MXE 23

138 A&

gutyog o8 g ARE AMREHT ITAES &F4E HEER X9}
Aspde] FA gt AL o|n] A= AFsIAT "M AE AEE
FAAA F7] HE AE2A FRdME Qi 29 5SS T7HI7I= B
of ti# =oserl, M TEA MR HAE A3dE FHAA F7|
AT A=2A AR R3S FUAA F= 982 3= A= 430 dIE
(£ 3-1 IFR) FoA 714 98] ARSI 9l fibronectin 3 FAF AFE EH
n|2] FAAIA FIL fibronectin o] XY EHY A X J3PJE ZAIT.

A 23 Al E vk
1. IEA AR U AlRe A
Fibronectin -3} 9 AHX 33d FAFE Y3 AR EA A|8E 37}
A7F A FarEo] YA 42 'YX polyethylene (PE, 250-300 um 57|, §Hok3}
§}) sheet §iT}. PEsheet 52 A 2% A 24 18 oA 9} SY% Wy O R clean X

g HRAGY E HEFZo] 50° I=It HEF corona WH X2]H PEsheet HA
fibronectin ©] F2}¥ PE sheet 9}2] Al X3l w2 E & AR5 gt



Table 3-1. Cell Attachment Factors

Collagen (type 1)
Fibronectin
Gelatin

Laminin
Poly-D-Lysin
Poly-L-Lysin




2. Fibronectin S-&F 3 A|X u}joF

Bovine plasma E5-E| 3% 3} fibronectin (lyophilized powder, Sigma, U.S.A.) &
phosphate buffered saline (PBS, pH 7.2-7.3) 2o £FHA]H 50 pg/ml 2] =X & &
olt}. Clean X|2]¥ PEsheet £ & HZ 7 o] 50° =7} HEF corona P A
2] ¥l PE sheet 55 Al-%o]A] fibronectin 8o 1 hr H1o] fibronectin & ILF-A}
Fdo] FHAIRY-

Fibronectin ©] &3 PE sheet 5 PBS 290 % AgH RALYHA AF
g 3 It A 2% A 23 4FolAe} T P2 MX ujF Aol AR
sttt A Xufjoko] ARR-3F M X= CHOcell 0]¢it}. Fibronectin ©] ¥-AFH PE
sheet §2] YF+ WA 2R RALYHA MATF AT oven oA RS}
FTIR-ATR & E ol {322 fibronectin o] S T332 A3} AREH AT

Aq3d A3 9 %

AE B3¢ 2347 & 908 s Ao= ¥y ¢y w9y
fibronectin & PE X ¥ B ZH2Z}o| 50° A7} EHE=E corona WA xe}dl PE
£ Zzte] FHAIIL, ol Eee] FAY fivronectn 9 G Tk o
FTIR-ATR & +#4)3}sit}.

39 3-1 2 clean A2t ¥ PE ¥4, clean *{&]H PE o] fibronectin ©]
A9 XA, & HEZZo] 50° AT} 52 corona 22]¥ PE ¢] fibronectin ©]
328 EY Z}ZFe] FTIR-ATR spectim §-& EHF3 gt 1Y 3-1 (B) £}
(C) spectrum 4+8] 1645 cm™ Y¥-Zo] YtEl= band 7} PE ¥ 9 o] fibronectin ©] &
FH22A Y fFdolt ol ¥l =0t AY SYstA Vel
+ QLR Ho} clean 22|97t H PE o]} corona X|2]¥ PE o] &9 fibronectin
9 ol Ao w2 Aoz Gy 5 gl

o Bl e



% TRANSMITTANCE

(A)

(C)
T

2000

Figure 3-1.

PEAK FROM
FIBRONECTIN

(A) UNTREATED PE
(B) UNTREATED PE

+ FIBRONECTIN ADSORPTION
(C) CORONA-TREATED PE (C.A., 500)

+ FIBRONECTIN ADSORPTION

1500 1000

WAVE NUMBER (CM-1)

FTIR-ATR spectra of untreated and fibronectin-adsorbed PE surtaces,
(A) Untreated PE, (B) Fibronectin adsorption on untreated PE, and

(C) Fibronectin adsorption on corona-treated (contact angle, 50°) PE



33 32 £ clean 2| & PE EUY £ HFZo] 500 FxIt HESF
corona ¥d 2§t PE X, =3 o]F ZZ}e] fibronectin & FAA|Y RHE
CHO A|lX52 w3t ¥, o] E9 AHE 33pdE vyt Aojtt. Clean A
ejgt @ PE EWME AT o] Y FAJTHS XL EE £ 71 AL
fibronectin o] E¥XH XHED WjYF Ao we} A MEFo| FEIA A=
2 YL € 7 ok Clean X2j%F ¥ HEAo|L} corona A { FET
fibronectin & FAA|Z-Ewll, F2HE fibronectin & E°| FTIR-ATR £4 A3}
A el A FL3tq AX F3 gl 54 F o] v|R3tA YERIL §
t}. o]E fibronectin ¢ FAH EAEH E HFAo| 50° Y7t HEF corona
DA M BHY AX F3 9 FALE vjad B & JAF40] 500 =0}
B35 corona P AMI EHY AHX Udo] ¢ FZ A= YERtR G
o wotA Ar B9 AX 3PS TR T)7] HHAE AE B &3 B
M JQ) fibronectin & EX3= A e We] € F AT olHYuk AR
B39 ApdE 3H PR (F AFY 4 500 A5) & F+= Zo| ¢ vy
2% ez wosofich
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A 477 7158 &57] (OH 7)) 71 =949 LEA A=
ERe MXE 39

A1d A &

35¢ & dF4AdA B2 I AFel oJ3tE AFA Aw Hh &
A3 #571E FoA 947] (hydroxyl group, -OH 7)) 7} M X X3y 34t
8% YL 3= A2E YEY (18, 20). F4|E EA AR BEH =
UAI7]17] $3t] 25 & I ol A perchloric acid -§-& ARE-3le] i

w FeAs A B2 -OH 7|§ F © W3t &3 2E Y3}
7] $8tq AZ7FA] AR A ® FEHol| water vapor plasma W A2 g 3l
-OH 7|7} =48 I#A} A5 THSA9 AX 34 734 (21).

zﬂ 2 3 g'ﬁuohﬂ
1. IEA A8 U A8 A

H7MAZE A Frso] UA] ¢ AEA sheet &, F- polyethylene (PE),
polypropylene (PP), polyethylene terephthalate (PET), polymethyl methacrylate (PMMA) =
3} polystyrene (PS) plate (bacteriological grade, cell culture dish, *=4)2}2] 2-22(3)) 7}
water vapor plasma A{2] 3l A|X ] oFof ARR-E] gt}

ol AT AlRE2 Al 2% A 2F 1%¥elA9) FYI WP O 2 clean A

g i



2. Water vapor plasma 2A 2] 9 A X ulj¢f

B oA o)A ApA] A AR radio-frequency glow discharge (RFGD) plasma )
A A2 E 0|83} watervapor 97|34 LEA AlRSS ARG (LH
4-1). REGD generator ©] & ITIHL 200 volt, 160 mA (100 KHz) ©]gich
Plasma 4 X2 01 tor o WTE SASHT Y= belljar ¥ LI olA
2958tk Clen X428 2R A|RE W87 W3 roundplate F4 HF
A g2 ¥ T whey] uxel 1FL ol 10min $ WIAIZG 28 o
& 40°C & FrAI3t e &R0l H7HA Slv flask 25 100 mYmin 2] 75
© 2 10 min §-¢F water vapor E RHS7|UE FUYAIA FAH.  Water vapor 7} 7
& Zos3 PE AjolH TEA ARES YUY AIZHS plasma WA A|Zch
7| 270l 98 plasma W He} Yol A 27 HYSE S PHY plasma
o] ol FolAE AL £O= YUY 4 U Plasma o] Trhe water
vipor 90& FUST | 10 min F WIAINF HYY ARG BE7|oIA
AW B4 H7FE st Watervapor plasma W M8 AFA EUSE &
A5 533 ESCA o 23] 453 ESCA £4JA| survey scan spectrum =
3} carbon 1§ core level scan spectrum E-©| #HdHc) AA ¥ F4 JLBE A 2A
Al 27 38 2 vER} STk

Water vapor plasma %4 X218 T¥A EREL CHO LSS AMEH A
27 A 238 4%ojxe} FUT YHOE ME wgF AYP] AMEEHQIh A® ¥
Hof| FATAT XS 23 Eo)Z 3 SEM o o3 A=l SEM 2
E Alr EU FAE AXEES B AT Ay vl US4 A2 PHe
2 Y3y 7 AE Wl AMESZ PBS S22 AAF PBS £E A}
&3 2% = AXE glutaraldehyde Yo 15~20 min 5 ©IF Edo] AEE
a7y Al O3 HA] PBS 24& A3 6.8% %= A 23 sucrose 2o 30
min -5 ¢ G AY I YA, ethanol series S 50, 60, 70, 80, 90, 100% ethanol &
Nol| Z}Z} 10 min 4) FZc} 2] dehydration AT} Dehydration ¥ A|REL
YeolA AZE SEM Bl AHES ik
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RF Reactor

Pyrex glass, Bell-jar type
Height : 23 cm

Diameter: 15 cm
Distance between
Internal Electrodes: 10 cm

RF reactor
chamber

External

electrode Internal
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,-

L
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temp.
water
bath

AT

7
7
Z
7
%

RF generator —

Alr inlet

Figure 4-1.  Schematic diagram of water vapor plasma discharge apparatus
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A3d A3 QI
1. Water vapor plasma ¥Hd X2jg E e &£/ %B7}

9% 42 & waervaporplasma WA He¥ REA EHSe B WE7 &
3 A2 el stk 2RA AR E¥sl ¥ YA plsma kAT
Zobypel wep 78] ashe AE Rtk 2 plasma k2] o 10
wc olAo] S|gieu, AHEY DER ARE BT o ol4e WE YehiA o
orch B AJlo]A]l water vapor plasma WA A|ZRE 30 sec B A3 SFEA}
NBSE NEste] AT 24 U 24 2 A7 ALY

Water vapor plasma 2 2]of] 2|3 IEA}F A& W HYER}= {3 T2
3= ESCA ¢ 93] ¥A4=<ict. 18 4-3 & water vapor plasma 2| ¥t PE 3}
oxygen plasma *|2]3t PE ¥ ESCA survey scan spectrum - H|Z$F Zo|t}
Oxygen plasma 84 2] water vapor T4l Al4 A8 AR = AL A 93}
31 water vapor plasma WFA A 2|9} Y3 27w I AT  Spectrum Aro]A
B =o0], conrol PE = clean 2|9 & PE ¥ W9 72 binding energy, 285 eV o] A]
carbon peak T2 YERJ 31 it} Oxygen plasma Y=+ water vapor plasma *{e] ¥
KX HO spectrum Ate YEFY oxygen peak S (binding energy, 532 eV) < o| 5 A|®
F o] plasma WA xglo] 93] A} =922 ou|3lc). Plasma ¥A {2
ot Ae Y k3= & AE EWe| A4LE i3k functional group £
EYHAYE A2 YER A Q). ESCA survey scan spectrum %2 F-E|+= oxygen
plasma A v} water vapor plasma ¥ A]of] spectrum Alo]] EFY oxygen peak 9
0|7t A8 uR3A yvebd 42 Bof, F plasma W Ao o FEHo] 4
3HE B=7F A9 vty ALz wdd F g, =48 ALRE ek
functional group 2| F7of Wi R E A-F3) F2 E3fxn gict
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Figure 4-2. Changes in the water contact angle of polymer surfaces with different

water vapor plasma exposure time
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Figure 4-3. ESCA survey scan spectra of (A) control, (B) O, plasma-treated (30 sec)
and (C) H,O plasma-treated (30 sec) PE surfaces



Plasma #Hd jgjo] <3 FEwHo| =¥ functional group o ¥ FE=
ESCA carbon 1S core level spectrum 24o] 93] & <7 UAY. 1Y 44
oxygen plasma *}2] %+ PE 3} water vapor plasma *{2] 8t PE EH<¢| ESCA carbon 1S
core level scan spectrum £ |2 ¥ Zidd] E o ¥FASE functional group S->
oxygen plasma £} water vapor plasma Wd 2] 73-$-of VA Xlo|Y-g Holi g)
ot 33 4-4 (A) oA EXo] clean A2 UE PE XA sh42] peak, F alkyl
carbon Rro 2 F/dx]ojA glth.  Oxygen plasma 2| ER (Y 44 (B) &
A70e] pesks, = spectum o] ER 2 e 477 2R ALE P
functional group & FAE A 9l+ ubdHol, water vapor A{e|H X9 (1% 4-4
(C) & JTHANA FAHE A ELE functional group E°] -OH 7|8 FHof ¢

2 o)t} PE Mulo] oflz} PP,PS,PET, PMMA EHE oA u|3t QJ_]._
EISich  TeA) wtervapor s 9 Aleloh T ERle] OH I &
A37] AT At &EHQY Wo|s= Ao ESCA ¥4 Aol o3 ¢
Zo| H3d-

E 4-1 & AE7}X] IEA} A|B o] water vapor plasma BH AHYE s &
AJE Ao o3} -OH 7|9 kg ESCA o o3 vz 43 AAE B3y
ATt Water vapor plasma 3 22{o] 2J3} 132} AHEg F W] =Y -OH 7]21
“~ PE,PS, PET 52| o|i PP & 757} 713 7 9

c}.

‘I-'-l’c'-_."'.

2. Water vapor plasma WA A2 H F oA AX Xi g =A) At

38 4-5 = of2{7}A] IAF-A AJRE water vapor plasma ¥ 2]l -OH
218 EYAIRSTG A sA] ¢fskEu] MEEC] Eo] FAH YL BoF
al Y. CHO AEEE 2hr o|F EU Z}zZbo]| wjRX|FT $Akal Hoj7e=
400} Hujsto] JAT AR SUel, AR 42 EA EHE ol AX
=°] UM T2 FeHE wlL 312, water vapor plasma X2} ¥ EHES] %
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Figure 4-4. ESCA carbon 18 core level scan spectra of (A) control, (B) O, plasma-treated
(30 sec), and (C) H,O plasma-treated (30 sec) PE surfaces
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Table 4-1
ESCA Analysis of H,O Plasma-treated (30 sec) Polymer Surfaces

Substrate Oxygen Content (%) C-—OH}Oc (%)
PE 19.2 13.0
PP 10.3 5.4
PS 17.1 7.8
PET 37.5(34.3)° 7.1
PMMA 34.8 (31.5)" 6.6

* Oxygen contents of the control surfaces
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CONTROL TREATED

PS

PET

PMMA

PP

Figure 4-5. Appearance of CHO cells adhered on control and H,O plasma-treated polymer
surfaces (Culture time, 2 hr ; inverted microscope, x400)
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o Hi" MEEo] AFRA spreading Hol UL EF 7t Ut FFY
ESCA 84 ZA3} (& 4-1) oA YEpytSo] water vapor plasma X2 EHE]
£9]5l -OH 7|9 %k PS,PET, PMMA,PP 9] $olgttf, Ede] £¢¥ -OHY
o] ofo] BE&FF AHE7t v] F spreading o] HiL glom, £9JF -OH 7|9 ol
7} 22 PP & 7-f-ollt M ESQ spreading o] ITA] FE3HA YERLA] 3]
3 9lth (PE & 7ol sheet 9| A AA7F whed 2| A EFF 3l ¢
A Hn|Ae R ME F3 JdE {UsHA] Fsi.

YRty o2 MX= A7|7) contact BfAL Qi HHo| AAlo] AdAsl7|e]
Fatohar Bto] = spreading FAF-ES Boly AL YA T 1Y 46 &
MX7t Aem | FAste AA|Z spreading Flv= HFES B3] Hsho,
water vapor plasma 2 2]slqd -OH 7|& £ YA|Z] PS ¥ Ho] CHO A|EXE v} oF3}o]
SEM 2.2 50008 Huijsdle] AT ARNEo|Y. AMEZ ¢ Aum HRo| F3}
stq (¥ 4-6 (A) AAle] AAAslr|o AT £, 5 AX I3 EHojgf
Hosd e EH 52 ¥A Hi (3F 46 (B), T TACNA A=EA
Edo| #AvlE e T 727 YERR (3F 4-6 (C), AXIL EHo| 3}
st HABA (33 4-6 (D)), ZAFH38A spreading & HZA|H (2 4-6 (E)
(22).

3F 47 2 3% 4-5 ¢} nAoR 2 HY 3R] ¢ 152 A B S water
vapor plasma 2{2{§ 3t -OH 7|§ =Yt 2FA A8 EHEC] CHO AXEE
24 hr W FEF o] ERCIM MEZL FAT F=E JA AR HulFe=
1008 Hojste] FAAF ARUEolth. A AR XA A shA] gt ujol:
24 hr Wt Fol= MEFo| spreading 2 A9 3t glon FAHE FX
U5E BAFI 3ok 22yt water vapor plasma X2} ¥ EHEL FS$ols 2F
3}7] spreading @ AMEFo| FE3A FAL SlE AL B £ Yok B E
Hell =9 -OH 7]9] o] v|2A P2 PS o]y} PET & 7ol 24hr k¥
A EFo] EHol A2 monolayer & x| uwjUsET Qom, £9]¥€ -OH 7]

Fol A& PP 9| BolE spreading ot FA4o| Iohx| Pzt ahA el

j
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A} CELL ATTACHMENT

L = B E i o o b L S o - .
L B T : 5

s

Figure 4-6. Appearance of CHO cell
adhered and spread on
H,O plasma-treated PS
surface (SEM, x5,000)
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CONTROL TREATED

Figure 4-7. Appearance of CHO cells grown on control and H,O plasma-treated polymer
surfaces (Culture time, 24 hr ; inverted microscope, x100)



W@t -OH 7|7} =48 Ay EHY AE A3, & F3A, spreading, T2]/89]
5o ¥FstA veps olrel WA ofF] FH3A el Heol A %A
ol g T -OH 7|18} Al¥ T polar group 57+ specific hydrogen bonding
of o3t Ao T FH3 Tt (23).

= ol Ao} A ZI}EA], water vapor plasma W X7t AFA AE E
doll -OH 7|8 =U37] HT 2&3 wWyolees Aol dFe]l 3, -OHYL
08 Ay U MXE J3Pdo| 433 2T AR FIIEH I

a2y ¥ FelAe 93 AHES AR oE AEA AR EAS AREE]
A7) "fe] AE IS skt SloA dYE 9vlelA -OH 7|gte] &
HE UErAl= 23t it wEkA 3 Al® E WA -OH 7|71 HXIHeR
F7H8ctd, S -OH group gradient surface & A| 23] A X 3dE AT
OH 7|7k A Aol vl 2AE & o P93 FIE & e Aolth
© FAlAl= water vapor plasma ¥ FX|E ©o]83le] -OH group gradient
surface & A3 WHE LU ojn| =F YEE AL (13), o|FA A=H
-OH group gradient surface oA & AMX 3 gl =A) AH3kS A7) $3F 97
EF A 785 Ut
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A5 WI5H 2ER T A HEe]
AZ 232% % W

A 18 A F

kel A 23l M A 4R7AAE TR A2 AL AYste] AX V3
& A UFH7IH 718 dudFel 837 HYT Edis viRE] HE
Aol P £ FoAg G+ AXE A vEdo Y33l AYEZ ¥l 3}
o AE7L AR T v e 8% EFES S A HE
7|2 4= ¥ Y-

ME 333} 7142 Y HFE MEXE bioreactor Yol Al <& TA o] 2]
g ALStAY AE7T st EHST wT A i A4y $E
AlEgo] oh ol AEE IHI A7 TR w7l ulE AREsHAY
AL B o) v W2 pH AT AX7t Aozl FAHAT QA=
Wit A 5 QB2 ME ISPl ARSShs marix & 78 R &F T
Eo gy deM 474 AS 98 5 Aok 3, 23 AAT 542 Hoj
AMx gy ER marix Yo A3E MEIL e FAel A AEIAA, dx
A S o)% 4R Ful8) ok 37 wjRo] manx AH7} ok e Ao
¥olup ArSo| mamix WY ALE TIY 5 YEE ofn HE L AY
oF gk

ogs) A& VI F= EY2A calcium alginae gel o] Aol Y= 5
= MEE A3 Al7]7] ¥ manix 2A] ARE-E oA gt} (24). Calcium alginate
gl & algin (U7F sodium alginate) 3} Aoyl MEs} Egso] Q= Wt
CaCl, £9o] PLWELE Wolma] Fo2M dojxeol, o|PA A=Y A ]
St we 39 AU gEel W FolA AX7t AT AVYALE o

7 A3l AT AESY ATl AL AP, ArTe T sbsstn, ¥4
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o 2 wpeziolst Zo] oddol = B YFE wob ok wA Ay
1063 54 calcium alginate gel & ©] &% ME A Zo] O W FTEC| 3
Bsjo] §3, Tefol SoIME calcium alginae gel of AEE DA AA A4 3
Ao o3 wiokewl 7]&e] e uj Y (suspension culture) WHET A XFo] T
AAZE AolglE AHZE FA18 5 UL AXE JE 9 FEIAA e AT
4ee) $E71 H% FolIcs Bago] Pol vhew gich

oo AE st Wile] 9 ofeistx HEES T fUYHoz o
AAZ) HESEHE dE& F Ues F=5 A/JESL, monoclonal antibodies,
interferons, vaccines, interleukins, erythropoietin, insulin 5 T}OFSEA| U HAY 7R =
hybridoma cell -2 ©]£3} monoclonal antibody A 4}o] 5‘,‘—7]; 53 gt}

B 2ol Hto] A= algin -2 mawix B 3} o7]e] -OH, -COOH, -NH, 5
B571% AW DA 2YE 27 ekl Aot Y= SRATA Ul 27
39 wbSe A w|e§ AR, ol AEI v=deA wigEd ARRE 7z
5717 AE 9ol BlE G THT (25, 26)

'—-r

A2d Apey
I AE 23| ALY DER A2

HE 3 3o] AFR-EH 3EFA EZE2 algin (ALG, 9% sodium alginate,
Sigma), algin I} 7|54 FA57|E 71 IEAES EHE otk Algin 2
PBS (pH7.2-7.3) 2o B-YAX|FH 4% =2 s FUT-

71678 BE71E 7R IAEAEEA LT -OH 7|E 7FX polyvinyl alcohol
(PYA, A% 2F 100,000, Aldrich, U.S.A.), -COOH 7]€ 7}& polyacrylic acid (PAA,
TA% 9F 100,000, Aldrich), -NH, 7]€ 7}3 polyacryl amide (PAAM, ¥} <}
3,000,000, Aldrich) F-o|t}. °©|F IF-AE HJA| PBS 4o LHA|A 4% =%

2 St
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Algin £ (4%) 3} 7|54 J5718 7 4 A § (%) 2 111 9
v 2 o] EFAFA, Y §Y Z3zte] pH 7t A EZF Aot 7)o A3e 7.2-
73 A7) S]£2 INHCl 3} INHaOH & ARR-8} =343 F4ict.

2. MX Y3 gl ujek

A nxo] A A|F]7] Y3 A3 M EE CHO cell 3} Baby Hamster
Kidney (BHK, 34 A| 2-FU(F) cell So|tt.  o|F A|ESE 47t interferon,
erythropoietin 5-& ABAFe}7] 3l AREEA]AL Q= AEFo|H. o|&2 A 2%
A 27 4% oAl =YFF WH O 2 PSculture flask U oA w5 AU CHO
¢} BHK cell E2 3 A3 wjok)2 71z} Ham's F-12 nutrient mixture £}
minimum essential medium (GIBCO) o] ¢it}.

PS culture flask 255 woixd CHO & BHKcell S Z}zZ} uljofdiyo] &
A7 2x10°cellyml 9] %7} 5| ST PBS S0 543t 2% o
TER HEOlF algin £ algin (4%)/ 7]59 BE7]E 1 A 4%) (1:1)
T3 Rl autoclave oA 121°C & &5 2 15min =9 Al# X 8]3tm, o]
Z}z}o] cell suspension 2 x 10°/ml) < 1:1 ¢ v E3}3 =9} A= T3t Lo
Hol HE S5} algn D 7154 BE/E AN 2R STE 42 1x10°/
ml, 1%, 1% ©|git}.

099 51 ¢ AT 245 U 29589 4TS WY FHL HeET g
Tt Cell suspension -2 X33l algin 89 T= algin/7] 54 F57|2 713 2843}
¥ 9= AIAE 2 ¥3E FAP| (22-gaugeneedle, =A)A BT YEF) U
of FYs wiFYel 1.5% 2 LAY CaCl, &Yoo LYW Yoj=gr}
T S CaCl, §o HojAAA Fute AEJ} Y¥o] A3 4 u=
(B A7 23 mm) & WAAYUY. CaCl SAufo] 10 min S AL TIAA
7o} calcium 22 HPHA JtWAIY A wEEL CaCl, YO 2HE o3} F
28kn P02 ofedl ANHE THE bR T U per dish (AR
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Cell suspension

+ Cell counting &
Na-alginate/polymer viability test
(1:1 ratio)

Syringe l
tip 5 Centrifugation

(2000 rpm, 5 min)

T

A
=
I [
- AN

e

O'e:
L)
CaCl, solution Na-citrate solution
(1.5 £ in medium, 10 min) (1.5 £ in PBS)
Freshly Cell
seeded cells growth
In bead
a :i-.
Ay
Incubation

Beads in medium at 5 % C02 ‘ 37 °C

Figure 5-1. Experimental scheme showing cell immobilization, cultivation, and analysis

processes
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B2IAFE) o A 37°C, 5% CO, M& 471 E FA8Fr 31+ incubator <]
M oA o] AsE MESES WSt g2 1-2 dofl T ABT
Ao g WA|3f] FSUTH

3. wjE AE R A s

3% 5-1 o] Jepd vpe} Zol, pewidish WolA AL wiFF A v|=
9 YF-E 3 PBS &2 M| aspiration A|AH FHY FAE FHH
% U}, PBS &ofo 7 1.5% o & B3 A|7] sodiumcitrate &R ujof] Fof Y
o] AA]s] EEo] S} Calcium 2.2 J}a¥l 7] v|=-Eo] sodium cirate -2-f
Gl M 7kt Eolx WA Salse] o] FRAAY, YAEsIe] 28] 2000
mpm 28 Smin F¢ YA AEXET F& WS FHE AESS
Hank's balanced salt solution (Sigma) o} T}A] HEAlF|31, 0.4% trypan blue (Sigma) &
AAZ|R F2 A XS] FEHLE FAF | 4ot e Alxe 7+
5]31‘:} AESS AESIH Aot sl MEEY 709+ haemocytometer £} $]4}
A HoldE ARRsl| ARt

A vl dF = B2 HAF ¥F Azl dxdE 9 Ae} SEM
o S8 W Fxob BRIk Wk YelH A wlSe] A o} Aekm
A= A A el Ao o3 FFH A

A3d AR " 3E

Algin (¥ sodium alginate) -& PB-D-mannuronate ¢} o-L-gluronate 7} 1—#4
glycosidic linkage ol oJ&j Ao} gl HIA TS Aot Algin 2 Yuky
02 Ca¥,Sr", Ba” T L tyf ol B3 3l E s1A, thrt ool
= T TFEAYeA A stE of HPE‘E} Ae B3 F4de] glo] AX
NHYEE T marix 2 g AMEHI Q= ot
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29 52 & agnd B EE agnrl5A B501E R 28R EY A
ISES W FRE SN 02 BUT Ao, ST IF 49
& open pore =2 ©°|Fo|A] 3 F en|, agnd wBlE EE gy
PAA (-COOH 7]) &% 4 ﬂl‘:«l -~'§’~‘~oil 7 F27F 93 =] random
open-pore +XE 3} ¢l= uldHo] algin/PVA (-OH 7|) £ 2 n|=
3= og] FA) uleko g 33— channel-type open-pore X E il Y= AL
2 47} Yok ATSE ofF vlS Y pore T AtololA LS| o] A2
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mixtures after freeze-drying and half-cutting (x50)



Nutrients
(vitamins, minerals,

amino acids, etc.)

\G]UCOSG

CULTURE MEDIUM

Desired |
Low molecular products Metabolites
substances from <———— ——) from 091_18
¥ (ammonis,

culture medium
lactate, etc.)

Serum

roens NI
SEMI-PERMEABLE

BEAD MEMBRANE

Figure 5-3. Schematic diagram showing the transport of the low molucular substances
between the cells in the gel bead of algin or algin/functional polymer mixture

and culture medium

— 09 —



2

e

al

]

tiona

d algin/func

L

gin an

zed and growing in the gel beads of

1

bil

Immo

Appearance of BHK cells

Figure 5-4.

x 40)

microscope,

ishes (Inverted

d

in

ture after 3 days culture

mix

polymer



}
<

100

RN AN A R S AR RN RAR

T T

RN S SRRSO AP SBR RRRRRR AR

ﬂ//////////////ﬁf///////z.ﬁ//?////dﬂ//;

7772 ALG/PAAM

N ALG

SRR SRSRRRRASR L N L e P e st e e i R e

AMUMUNMERAANNINANNNNNNNINNNNNANNNY

R P A PN AN A AR AR B RRR R RO

ARETINNINAINUINNNANNAANNNNNNNN

ot st N N e T e R ot T L AN AL SR A AR &ﬂr&ﬂpﬂﬂ

////.rﬁ////////%,ﬁ////ﬁmrﬁ/

- - O - -
8 6 d. 2

(%) Ay11LgetA

G

(B)

100

A A R P R R SR R R e A AN T AT

_,VA//////// é/gég// <

R o A e e G A R v

2/////1@{////4////,7/////%/////// o

P ALG/PVA

772228 ALG/PAA

R ALG

N

R A S N R BB S ROR P RCE$S SR RIS

LLLLLL UMM

M)

R A B R R R SR G B SN RS S B0 ERR5508%

AN INNANRANA AR NMAANANANAMAN NN NN SN N

g——

E&.\}ﬂuﬂ. e R am s ._.u.,:.. gt vy hfﬂf.ﬂ.ﬂﬂkﬁuﬁ

/ﬂﬁﬂ//////znr.ﬁ////%ggd o

o 3 3 o S
(%) M 1LgetA

Culture time (days)

Figure 5-5. Viabilities of CHO and BHK cells immobilized in the gel beads of algin and

algin/functional polymer mixture as a function of culture time, (A) CHO cells

and (B) BHK cells



=

Nk7) 7t FAglo] 80% ojAo R algn Z ¥E T o &% A #lEEY
7249wt 94357 eyttt BHK A9 7ol AXE 23T A v=s
o] 79} FasA AEEol BEF 70% oS HEHIS-

8 5.6 & algin F algifZ] 54 BEUIE HN 28R Y A vE
am % AbobA] Z4] gof gl CHO 9} BHK AMEE9 g, F 4ot Sl Al
¥ Y52 ujorA|Ztol whet viepd Aolth MEEL wiF AlZe] Aol wEt
A nlesy oA ZAEtn 2L & 5 Utk §3| algiPVA 3 A B|EY
7350l CHO MEY F4)do] dgin 7 vEy o2 ¢ A 8= Brp 453
sk JEbd, 109 e kRl XSS A7t oF 3MiZ St 3F3S. BHK
MEE 3Y WA 7R & AEEC] A9 ARfar IR X3ie7t HA| algin/PVA
T3 A v=g FSo] 10d wFF AESY A7t FA of 3wl 2 TR

9 algin/PVA E3 2 v|=7} algin 7 v|=v o2 £§ 7 vj=E ¥ AX
A2 FA)del slA Aot A" HHA|A] $UAIR F
7kA B, F v|=E9 morphology &} 35t F2E 3B & 5 AT A
B EE Y5 TFRE vlud Eu, 28 57 oA} Zo| algin/PVA EFF A nl=
o] W 727t g A vl TR Ay U AL £ 5 UAH (OH 52
x}z).  Algin/PVA £33 7) v]|=9 WX LZJ} channel-like open pore X & 3|1
et vE o AE WA B pore FERE ofFAL YT ¢ ofbd F
Z2 zolz} A=A o M E TFEA| WAL ol A2 w=Ee YR F
Z zpo|7} vlEde] 1A H AEFo AL FAG TS v|H A=
By oy EZ 3 A w=ES AR HE ARERE 7158 EslE 7HY
A A F2E B e, 49 A 3FAAE =25 gi%e] -COOH 7]
Lt -NH, 7] Bts= -OH 7|7} M&E 3}gel A<s] 2 92 vix|= A=
el 9lo], algin 3} Al 23} F57]el -OH 7182 71X PVA B &3 7
=g AZX ¥Luj7l -COOH 7]E 71X PAA Y} -NH, 7|2 713 PAAM o8
+& A v=F AxYPSuf Bop F o HAX ARG A v|=7) gHol AlE AES
B} T4 F2 9FE v Ao obdr} dka {53k QT

Algin I PVA & 3 7 =5 AR AXE Y= JNEEE wie
she WS A 53 95 Ao (29).
— 12 —




- PRI E YRS I NN AL LR L N N A T o T T e oy T e e
T e I R A RSN

/////////Wﬂ////

R S R A AR R AR AR A A R RS

RN

=
>
al
e
(D
—
b

2

2
<
<<
0.
.
L
-
<
N
\
\
h

O
_
<

Jr////é./

ARSI

Com ol kB
—— .m..n"u"..unm"u".,.mw_.. i
o

LN - LN - g -
o N — —

(¢01 X) sp8ag-b/s|133 a1qelA JO "ON

AANNNANNNNNNN

,.07/;,.//

-

1

o0

M

p—

-

<T
<L
o
.
G
—
<7
N
m
N

&)
ok
<{

o
48
S

V. -
N d

(Ol x) speaq-D/s{1eo a1qsla jJo ‘ON

3SR R g.///’///./////-f.’/.//

<{
>
0
T
D
-1
<

Ln

RO AR SRAINER

?//ﬁﬂ/////éz//ﬁﬂﬂ/////////.//ﬂﬂ////////

.,7.///7///#7////

......................
. ...u u-

----------

- LD =

//éﬂﬂr//zV/

Culture time (days)

Figure 5-6. Viable cell densities for CHO and BHK cells in the gel beads of algin and

algin/functional polymer mixture as a function of culture time, (A) CHO cells

and (B) BHK cells



ALG/PVA

Figure 5-7.

ALG/PAAM ALG/PAA

N
1
h
.
r
}
i
13
!
;
L
u

SEM pictures of the cross-sectioned gel beads of algin and algin/functional polymer

mixture after freeze-drying (x 40 for top pictures and x 60 for bottom picture)



q6d 2 <

A4 29N A 4R7IAE GBS ARE ASSE TEAS) YUNes
AEope] Aspde] FA 7] wEel 2R AR AX AIS A F
£ ggozM AR Bde V54 FMIA FE ¥ (G 29, AR Ed
AE 3¢ 2IAA F& 9M3E vlg ST FE YL @ 3P, A2 w
A AT F FRARY £ 5 7154 BEV1E SYAA FE FE @ 4D
S AZA RS ALY DEA AR WS AW olo] e AT 3

9 24 AL AT Aol o =9 stk olE AT VY YA §
@ E9 AW 97 2942 2ok BW e} Ut

i) AE FT-L2 corona ¥ X eldfe] A Z 3 wettability gradient surface
A AZE WL, A2 Ede & YE7o] 50° F2o] AE
2 g 240 23 279 Aoz dehen,

i) ME 33 FJ b2 2] fibronectin o] FEAE ETL HE
2 gl SAEL SR £ JAEH40] 500 AETT HES A5
A2d 29 ot AX J3Pdo] d TFAAHUL

iii) Water vapor plasma *|2]ol] 23] -OH 7|7} =8 ETe A
A3, S AX7F EWof FA3S|IL spreading Al T4 F =7}
A'l»t:l--%] ﬁ’biﬁ“]— S’J_tﬁi L—]—E}“;&D]—

A 5FAMT AXEE IYER vfg3te] biotech A[F Aibe] 8317 H
T AEZAN FEAUoA A B5E A v F4YE 4 QT algin S matrix
2 3t o7|e] -OH 7|, -COOH 7], -NH, 7| 7Hx|+ I+AES 717t 31351
=M EZ} Yol 2A@sE A weEL ARd3, o|F 7 7| FEVE
of Bl=ulo] 1A HMEFY Aol vA= FTT st EF A v
EsFoAl algin 3} -OH 7|E 7}X|= polyvinylalcohol B A|2H 3 74 »lc
b dgin 2 HEU} THE B4 7 WSS Boh MEY 42T 3446 Yol
$4g oz wdET

— 15 —



Yo2E IAEE A7 FHE EUR 3o AX A3 LFR7] 2]
ME F3] dF8B 83 A7TE AS 38 Y 3w, olfielx A
X g 718 FAY, Ex agin 3} PVA &3 A v Edjo] AXE IYESR
o st ME7} AAFH2Z donE U= bioech A[FS YAts7] H¥ A
T gt Y AYerg gio.

— 76 —



1.

10.

11.

12.

13.
14.

15.
16.
17.

FaE ¥

H. Elwing, S. Welin, A. Askendal, U. Nilsson, and I. Lundstrom, J. Colloid Interface
Sci., 119, 203 (1987)

H. Elwing, A. Askendal, and 1. Lundstrom, Progr. Colloid Polymer Sci., 74, 103
(1987)

H. Elwing, A. Askendal, and 1. Lundstrom, J. Biomed. Mat. Res., 21, 1023 (1987)
H. Elwing, B. Nilsson, K. E. Svensson, A. Askendal, U. R. Nilsson, and

I. Lundstrom, J. Colloid Interface Sci., 125, 139 (1988)

H. Elwing, A. Askendal, and 1. Lundstrom, J. Colloid Interface Sci., 128, 296 (1989)
S. W. Klintstrom, M. Wikstrom, A. Askendal, H. Elwing, I. Lundstrom, J. O.
Karlsson, and S. Renvert, Colloids & Surfaces, 44, 51 (1990)

V. Hlady, C. Golander, and J. D. Andrade, Colloids & Surfaces, 33, 185 (1988)

C. G. Golander, Y. S. Lin, V. Hlady, and J. D. Andrade, Colloids & Surfaces, 49,
289 (1990)

C. G. Golander, K. Caldwell, and Y. S. Lin, Colloids & Surfaces, 42, 165 (1989)

H. B. Lee and J. D. Andrade, Trans. 3rd World Biomaterials Congr., p.43, Kyoto,
Japan (1988)

H. B. Lee, in "Frontiers of Macromolecular Science”, (T. Saegusa, T. Higashimura,
and A. Abe, Eds.), p.579, Blackwell Scientific Publications, London (1989)

J. H. Lee, J. W. Park, G. S. Khang, and H. B. Lee, Korea-Japan Joint Conf. on MBE,
p.77, Seoul (1989)

J. H. Lee, J. W. Park, and H. B. Lee, Polymer (Korea), 14, 646 (1990)
W. G. Pitt, J. Colloid Interface Sci., 133, 223 (1989)

C. G. Golander and W. G. Pitt, Biomaterials 11, 32 (1990)

H. B. Lee, G. S. Khang, and J. H. Lee, Korea Patent, Application No. 90-15981 (1990)

J. H. Lee, H. G. Kim, G. S. Khang, H. B. Lee, and M. S. Jhon, J. Colloid Interface
Sci., submitted (1991)




18.

19.

20.

21,
22,

23.

24.

25.
26.

J. H. Lee, G. S. Khang, K. H. Park, H. B. Lee, and J. D. Andrade, J. of KOSOMBE,
10, 195 (1989)

J. H. Lee, G. S. Khang, K. H. Park, and H. B. Lee, "A study on the development of

blood compatible matenals (III)", Research Report of KRICT, N88-0124, Korea
Ministry of Science and Technology (1989)

J. H. Lee, G. S. Khang, K. H. Park, H. B. Lee, and J. D. Andrade, J. of KOSOMBE,
10, 43 (1989)
J. H. Lee, J. W. Park, and H. B. Lee, Biomaterials, in press (1991)

R. Rajaraman, D. E. Rounds, S. P. S. Yen, and A. Rembaum, Exp. Cell Research, 88,
327 (1974)

A. S. G. Curtis, J. V. Forrester, C. McInnes, and F. Lawrie, J. Cell Biol., 97, 1500
(1983)

F. Lim, U, S. Patent, 4,409,331 (1983)
H. B. Lee, J. H. Lee, and J. W, Park, Korea Patent, Application NO. 91-5802 (1991)
J. H. Lee, J. W. Park, and H. B. Lee, Polymer (Korea), in press (1991)



	[표제지 등]
	제출문
	요약문
	SUMMARY
	목차
	제1장 서론
	제1절 세포 친화성 고분자 재료와 그 응용
	제2절 연구방향

	제2장 고분자 재료 표면의 친수성 증가에 따른 세포 친화성 변화
	제1절 서론
	제2절 실험방법
	1. 고분자 시료 및 시료의 전처리
	2. Wettability gradient surface 의 제조
	3. Wettability gradient surface 의 물성 평가
	4. 세포배양

	제3절 결과 및 고찰
	1. Wettability gradient surface 의 물성평가
	2. Wettability gradient surface 에서의 세포 부착 및 증식 경향


	제3장 세포 부착 촉진 단백질이 도포된 고분자 재료 표면의 세포 친화성
	제1절 서론
	제2절 실험방법
	1. 고분자 시료 및 시료의 전처리
	2. Fibronectin 흡착 및 세포 배양

	제3절 결과 및 고찰

	제4장 기능성 관능기 (-OH 기) 가 도입된 고분자 재료 표면의 세포 친화성
	제1절 서론
	제2절 실험방법
	1. 고분자 시료 및 시료의 전처리
	2. Water vapor plasma 방전 처리 및 세포 배양

	제3절 결과 및 고찰
	1. Water vapor plasma 방전 처리된 표면의 물성 평가
	2. Water vapor plasma 방전 처리된 표면에서의 세포 부착 및 증식 경향


	제5장 알긴-기능성 고분자 혼합 겔 비드내에 세포 고정화 및 배양
	제1절 서론
	제2절 실험방법
	1. 세포 고정화에 사용한 고분자 시료
	2. 세포 고정화 및 배양
	3. 배양된 세포 및 겔 비드 분석

	제3절 결과 및 고찰

	제6장 결론
	참고문헌

	[title page etc.]
	SUMMARY
	Contents
	CHAPTER 1. Introduction
	Part 1. Cell-compatible Polymeric Materials and Their Applications
	Part 2. Research Approaches

	CHAPTER 2. Cell Adhesion and Growth on Wettability Gradient Surfaces
	Part 1. Introduction
	Part 2. Experiments
	1. Polymer materials and surface cleaning
	2. Preparation of wettability gradient surfaces
	3. Characterization of wettability gradient surfaces
	4. Cell culture

	Part 3. Results and Discussion
	1. Characterization of wettability gradient surfaces
	2. Cell adhesion and growth on wettability gradient surfaces


	CHAPTER 3. Cell Adhesion and Growth on Fibronectin-adsorbed Polymer Surfaces
	Part 1. Introduction
	Part 2. Experiments
	1. Polymer materials and surface cleaning
	2. Fibronectin adsorption and cell culture

	Part 3. Results and Discussion

	CHAPTER 4. Cell Adhesion and Growth on Polymer Surfaces with Hydroxyl Groups
	Part 1. Introduction
	Part 2. Experiments
	1. Polymer materials and surface cleaning
	2. Water vapor plasma discharge treatment and cell culture

	Part 3. Results and Discussion
	1. Characterization of water vapor plasma-treated polymer surfaces
	2. Cell adhesion and growth on water vapor plasma-treated polymer surfaces


	CHAPTER 5. Cell Immobilization and Culture in Gel Beads of Algin-Functional Polymer Mixture
	Part 1. Introduction
	Part 2. Experiments
	1. Polymeric materials for cell immobilization
	2. Cell immobilization and culture
	3. Analyses of cultured cells and gel beads

	Part 3. Results and Discussion

	CHAPTER 6. Conclusions
	REFERENCES

	칼라


MONO1199105935

80

1991

과학기술처

세포 친화성 고분자 재료 개발 ,제1차년도

<body>[표제지 등]

</body>

<body>제출문

</body>

<body>요약문

</body>

<body>SUMMARY

</body>

<body>칼라

</body>

<body>목차

제1장 서론 18

 제1절 세포 친화성 고분자 재료와 그 응용 18

 제2절 연구방향 22

제2장 고분자 재료 표면의 친수성 증가에 따른 세포 친화성 변화 26

 제1절 서론 26

 제2절 실험방법 27

  1. 고분자 시료 및 시료의 전처리 27

  2. Wettability gradient surface 의 제조 28

  3. Wettability gradient surface 의 물성 평가 28

  4. 세포배양 30

 제3절 결과 및 고찰 31

  1. Wettability gradient surface 의 물성평가 31

  2. Wettability gradient surface 에서의 세포 부착 및 증식 경향 37

제3장 세포 부착 촉진 단백질이 도포된 고분자 재료 표면의 세포 친화성 44

 제1절 서론 44

 제2절 실험방법 44

  1. 고분자 시료 및 시료의 전처리 44

  2. Fibronectin 흡착 및 세포 배양 46

 제3절 결과 및 고찰 46

제4장 기능성 관능기 (-OH 기) 가 도입된 고분자 재료 표면의 세포 친화성 50

 제1절 서론 50

 제2절 실험방법 50

  1. 고분자 시료 및 시료의 전처리 50

  2. Water vapor plasma 방전 처리 및 세포 배양 51

 제3절 결과 및 고찰 53

  1. Water vapor plasma 방전 처리된 표면의 물성 평가 53

  2. Water vapor plasma 방전 처리된 표면에서의 세포 부착 및 증식 경향 56

제5장 알긴-기능성 고분자 혼합 겔 비드내에 세포 고정화 및 배양 64

 제1절 서론 64

 제2절 실험방법 65

  1. 세포 고정화에 사용한 고분자 시료 65

  2. 세포 고정화 및 배양 66

  3. 배양된 세포 및 겔 비드 분석 68

 제3절 결과 및 고찰 68

제6장 결론 77

참고문헌 79

</body>

[title page etc.] 

SUMMARY 

Contents

CHAPTER 1. Introduction 18

 Part 1. Cell-compatible Polymeric Materials and Their Applications 18

 Part 2. Research Approaches 22

CHAPTER 2. Cell Adhesion and Growth on Wettability Gradient Surfaces 26

 Part 1. Introduction 26

 Part 2. Experiments 27

  1. Polymer materials and surface cleaning 27

  2. Preparation of wettability gradient surfaces 28

  3. Characterization of wettability gradient surfaces 28

  4. Cell culture 30

 Part 3. Results and Discussion 31

  1. Characterization of wettability gradient surfaces 31

  2. Cell adhesion and growth on wettability gradient surfaces 37

CHAPTER 3. Cell Adhesion and Growth on Fibronectin-adsorbed Polymer Surfaces 44

 Part 1. Introduction 44

 Part 2. Experiments 44

  1. Polymer materials and surface cleaning 44

  2. Fibronectin adsorption and cell culture 46

 Part 3. Results and Discussion 46

CHAPTER 4. Cell Adhesion and Growth on Polymer Surfaces with Hydroxyl Groups 50

 Part 1. Introduction 50

 Part 2. Experiments 50

  1. Polymer materials and surface cleaning 50

  2. Water vapor plasma discharge treatment and cell culture 51

 Part 3. Results and Discussion 53

  1. Characterization of water vapor plasma-treated polymer surfaces 53

  2. Cell adhesion and growth on water vapor plasma-treated polymer surfaces 56

CHAPTER 5. Cell Immobilization and Culture in Gel Beads of Algin-Functional Polymer Mixture 64

 Part 1. Introduction 64

 Part 2. Experiments 65

  1. Polymeric materials for cell immobilization 65

  2. Cell immobilization and culture 66

  3. Analyses of cultured cells and gel beads 68

 Part 3. Results and Discussion 68

CHAPTER 6. Conclusions 77

REFERENCES 79

칼라

jpg





