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= Abstract=
Physiological Function of Endothelial Cells Cultured on
Polyurethane Coated by ECM

Yoon Shin Lee**, Yong Bae Kim*, Myung A Kim*** Byoung Sang Kim*

Antithrombogenic surface is one of the most important things to the artificial vascular prostheses.
This problem will be solved if the surface of prosthesis is covered with endothelial cells. The attach-
ment and the growth of endothelial cells onto vascular prosthesis are very difficult. So many studies
have been concentrated on the attachement of endothelial cell. But no good performance of the in wvivo
experiments has been shown until now. In this study, we used the whole extracellular matrix (ECM)
excreted from fibroblasts as an underlying matrix, and the endothelial cells were seeded to obtain the
long term patency of vascular graft(i.e., for the patent 8 week implanted grafts in the animal model of
rat).

In order to study the antithrombogenic functions of cultured endothelial cells, prostaglandin(PGF 1¢)
synthesis and platelet adhesion were assayed. The concentration of PGF1« of stimulated group was sig-
nificantly higher than that of control group(21.97+3.45 vs 4.93+0.71 pg/1000 cells). The platelet
adhesion of the polyurethane sheet covered with endothelial cells was lower than that of polyurethane
sheet or sheet covered with ECM(1.04 +0.28, 2.87+0.77, 2.89+0.70, % radioactivities, respectively).

Endothelial cells grew well on polyurethane coated with ECM, synthesized the prostacyclin and func-
tioned well as antithrombogenic. Therefore the endothelialization onto the ECM excreted from fibro-
blasts may be a good method for the vascular prosthesis.

Key words : Endothelialization, Antithrombogenic function, Vascular prosthesis, Extracellular matrix
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Az83tg 5 Slvhe A dlfol ®& AF7F A8
1 ¢jt}?. Sipehia® 5 & polystyrene® polytetraflu-
oroethylene(PTFE) ®WHoj| ¢rx o} 7}~ Zglznl
YE & 4y d@Wo 4 Lol % (adhesion)o] A3}
el AbA g w7Ast g1, Kesler? 52 PTFE2} polyes-
ter elastomer T ® ol s}o]r 2 W€l (fibronectin) & I &8}
of A Ee] M2 Fx8tgdr). Mittermayer” S5
& Eedst 39 flel ZFehAl(collagen)® Ehwid
(laminin) 22 F3h o A% A3 A5 B2 A3hA]
7131, Dekker” G2 AN A Z At Al Z2)7) A (ex-
tracellular matrix)sb 2ol g A o]fsle] A=
o) Haks fmsbarh.

olejgt Uy e AFEL V|EAH R AN ZE
P W FFAslede AR AdTEg et
x| 2t AR FHALE Foled oy
g 7o R 73t eA, AdFE ¥-zE "X
o) ojujgt eldel Wee wolislel HaAe we o
TF7F FRET JA 2 vk d3haiAze] AdeshA
Al Az g2 AN Hebe] A3 gleond, o= &
FARA AL} QZdRe) ol =qEe ZAAEHE dF
o oJgk AMrkg-Ho|v}, HH5E A @ AFeln
2 ooled AgE T alZ Il o]A% Iy A
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Wi 2 2AbdEghlel 25 ddudAEete o2
#7490 Aspl HBE olel iy ARG mes} A2l
th A ESH AAERE HfobAEel FFIAE-7]A
ut(basement membrane)-A|E & 7| A-AA Y A E 2 o)
FolA = b= ARl A Fx2E o) Fa glend, oxd
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1. EEIbZe| 222}t uljek

AT 9 A F 2= At A 9 (umbilical cord vein) ¢ &
B F-2gkc}. A s getEo] 4 ole] cord buffer7}

AfE F-dAe] " Wl who} Rkt ek 9

£t e

FAAE Fe)H7AE 4CE FA%  Cord bufferi=
phosphate buffer saline(PBS)el 0.01M glucoser} *3
Hojglar Cat*el Mg*™ ol &Eo] AAE &do|c}. A
o] ofZ-o 15 gauge® H}EE E3 clamping & ¥F g+
Z Fo| A= Fug dA% wdE nles 58 A
M2 cord buffers FHAIA WiHel Folole NS
25 A A%} 0.2% collagenase(Type 1, Worthington
Biochemical Co., US.A)E F3A|7] & ofF & uty
37°C water bathollA] 5&zF wh-gA1lc}. A& Ad-2o
A 7pg A FAZwA 587 whg ¥, 50 mle} cord
buffer® Aojuiz WEES dAlETl 2t} o]&
150x g oA 5E7F AR F, FFHL vz W)
ok M (M-199, 2 mM L-glutamine, 20 mM HEPES, 100
units/ml  penicillin-streptomycin, 20% fetal bovine
serum, Sigma) 10 mlE Ho] & 233 F vpr] AR
glateh. AAEe vk 5 mlg 3 oA EEEHY
T-25 wjek&7]o) o, 37°C, 7}5% 5 % CO.ncubator
ol A miekgir). wiokale 2-3ae) g Ao}l FEri. Al
EEo] ARAHA BFEHA wjFdS AAsE Cat'ol
Mg** 7} A5 PBSe 2 serum¥ Wo)xl AZES A
Azl 0.05% trypsindt 0.02% EDTAZR g3t A
o) wiekaich Al skt M ZES A A4 dE, B

#hel WRE W) Folq AHg-Hch,
2. gz ME el 2ol

A3kl A L) e SlalA WA wlekE dah A
%5% PBSZ MA@t AZSE 28 2004 wlw

w

H oAl Hsls, WA §Ael 15 1 anti-von Willebrand
factor(Boehringer Mannheim, German)2- A+-2oj| 4 45
W7F Wb A7) PBS®E of i Al&d £ A g
el 30 | anti-rabbit IgG~fluoresceine-® 4537} w8437
t}. PBSZ o] A ZH3E ¥ cover glassE deol 247
o WHE ¥ 33 @wAE o483t I EE
A} RFor = AHA FAE H-SA71A %

ol

3. ARotMlE e vt

155 Agtpe-g A3 ol F¥39 9 diEy
9] FRE utelsle] cord bufferZ AXH3 F, 0.2%
collagenase 2 o1} &}od ofm}E Lol wjokol (ISCOVE’s
medium, 2 mM L-glutamine, 20 mM HEPES, 200
units/ml penicillin-streptomycin, 10% FBS) 10ml& #
7bsled 300x gellA} 587F d4lEegich AbEoe we
At chA] wiekel 10mlE ¥e] &3 ¥ 34m Nylon
mesh® Zejith. oz}l §.ol-& c}a] 150x gol4] 58
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4. Ee2|RaE FE Mz

Z-2)-9-# 8k (polyurethane, PU) 4]E(sheet)& A=t3}
7193 A4 & F ek (Pellethane 2363-80AE, Dow Chemical
Co., U.S.A.)& N, N-dimethylacetamide(DMAC, Sigma)
o 12 w/v% ° F=2 =9l 49¢ AH4-3ck. DMAC
7 AAHEE 40CANA 247 A=RAZ F, EEES
A AAA1717] 98 A methanol(Sigma)el] 447t F<F @7}
F9iry. PBSE ofz{®l Al HZF thgol ethylene oxide
(EQ) 7t~ &%d F, &2 EO 7t2~E A As7]8]
A Aol 2 Azt WA F ARl

5. MlZ27|1Z Yz HBUHIIME ai S

Z2)-¢aet A2 7~108M Avekdt AfolAEZE
3x10* cell/em’e] sz Felgdt Frol wiekA| et
Axe) Yeis B dAr|He s FAdc) Fel s 4
Eol AfolAEr}t FFsH wlekS wein PBSE
A28} cell debrisE A Astx “Co 73ekAl 10,000 rad
o] Adekell4] ZARA L HAE AE2/ AL He g F
A A @o)Ao® Bt

2~3 HA Afujekst P AZE 4x 10" cell/cm?
o] 52 PAE Azer|A g o]Asldc). #d dm
Ao @ FAse] FFUIAAZI} n2A HAH o= A
S &9}, 9o <k wjekrdl & Coulter counter(Coul-
tronics, US. AR HEZ$E =2Asd, Az HHE
abal Av|Asp FApAA R o2 Ak

6. Prostacyclin(PGI2) EtMs

AZL7|AE x5 Fe|edst B WA E
mjefgict. PGL §t4 5AAE A7A wiFd s ol
otFgieh. S4AE 1412 Al serumo] So] 9l
o w0 2 7ho} F & 20uME] arachidonic acid
il Fojsta 37°CoA 20870 WAL} W
& Baste) gl i EEES A7 $sko
1000x gell A 5 ¥7 94 Fed F A4FAE Ho}
6-keto-PGF14Z 6-keto-PGF1« assay kit (Amersham,
England)Z& #}-&38te] wlapad W] &AW (radioimmuno-
assay) 2.2 ZA3lgr}. Arachidonic acidE #7}sHA] ¢
& AL dERde st wlustdch. AE2ES A=
0.05% trypsina} 0.02% EDTA=Z x|2]§ % hemocy-
tometer 2. = A&} ¢}

ooz 82 e g

YA} Aeld e BE AT

7. @aE Y3

12

ZelgEette el gwEa, AxerAdde Eely
etgdell Aol ZE wjakgt F AZ7|AS =EA
A, I AZALL AFE 7 A6l Il I A EE o)
FHE Aoz Fuistart. Fagbie)ulEy] (Plateletp-
heresis) & ©]&-3}o] 47 F 3 A (platelet rich plas-
ma, PRP)& #u]slgr}. *"TcO,~(50 mCi)E d, 1-he
xamethyl propylene amine oxide(HMPAOQ)¢} ul$-x)#A
¥mTc-d, 1-hexamethylpropyleneamine oxime (*™Tc-
HMPAOYE wkE<ir}). <te4 Zn]g PRPe] *"Tc-
HMPAO 4elg #7pal7A Areol4 10827 e% &
of FwA 3087 WA TO~FH¥E Bz
3o AR 30 £& WA ES sch. 2alE A
o Tec-HMPAO=R labelling® ¥43to] Fof 9)

71%5& BESE7] flgte] dag R Ny 4 AP
Hk-2- A1 wj7k2] 1041748 WA = Fskgc). wkg-
7+ A TLES PBSE Al#HE F, scintillation counter®
radioactivity & 233} g},

o= o

4 =

1. EHTIbZE Belet v

Fig. 1olAE AR5 ol T-25 24 wjoks7)e4
wloF 6dmlel HEIIAE FeE A3 dw|Ho=
HRE 44 Alelth AL WRUWHAELE 30 A
ejekgtk AlZo|ch. Atjulekar AlEe] ezl H e zq)
A E Heal thzrye] ¥HE vebde 3
Ak

2. EHEM| 2o &el

il

Fig. 23= gy EzEo] §A4sl= von Willebrand
factor(WWF) & 7H3 wo d3ddgjes A 3
F@v|go® A ApAlelth. Al Z Al A kgl Yol
WEsle Ze FaAn AxAd vWFe] Ex4& Fal
o2y EgE cell linee] A EYE .
aToAde A FFgdN s FEE ¢ o

3. dRotMIZ 2| vl

Fig. 3-& T-25 == uljef&r]o)a] 10MA A) ek
Aot 2529 3dAo] #HA At d@mA 23 4}
Rlojch, 3dA el =2 wliokr]N A wiFE A=zeo] Hel=
By al dfeldze] HHE Az glow, E259
Ebgioll A wjekgt MEEL o 7] 5okd vieh L 9o
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:L%I EEH 7|0 BHYE EHRHHTMES] f[4A} s0|
3 4 (SHJHH HCHui e, 6 ui2, x200)

Fig. 1. Phase contrast micrograph of endothelial cells(third
pasage) on tissue culture dishes after 6 days in culture
(x200)

332 2. gahguME Zol; sHEEMEZSl vWF &3 d4et
S(6edn) AlcHul 2, 6 HiRF, BHAR ], x200)

Fig. 2. Fluoresence micrograph of human endothelial cells
(6th passage) on tissue culture dishes after 6 days in cul-
ture( x 200)
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Fig. 4= Zzujok47)9} Ze] g eto] A G0} HE2
ARz Aot} Z7|de ZAulFrldd Axe] Aol
] =9r A 2H(83000 5350 vs. 73000 +6580), 8ol =
Zo| et Ae & AAE R (390000 +£51000
vs. 340000 + 15250).

A AZEE 7)Ao weh YehSe] thath: g

3% 3. MFotMZEe fMRL #o|d "74(1OHWH H|CHEH 2
38Hel, x200) (a)ufAE7| (b)EE|PeE

Fig. 3. Phase contrast micrographs of human fibroblasts
(10th passage) after 3 days in culture( x200) (a)Tissue
culture dish. (b)PU

4. Mz271d gt HEtTbE i

Fig. 52 Felsastslel AfoldEss unooh'ﬂ £
gamma rays ZAFAIZ] & FALzA} #w 5}
&7 Aol AZS)7)do] w2 ool
& 4 oleh. Fig. 62 4297189004 %%LHWHEB
£ A Ui S A FelAsh 4
duAoz BAY 24 Abalelch. B TAES] 54

Helal vz AEzES 3AR 5 Sk Fig. 72
Aufekg7]ok AE 7)Aol A EIRIAME wieF 7
Aol AFEAE vhebdl Flelth. Z Aok ARt A
Zo)7| A A dFAAE A7 A 3416300 £
49990 vs. 306500+ 32410).

il

ot

PN ri’L'

5. Prostacyclin(PGl,) M=

Arachidonic acid® =#]gF A3¥FFL2 6-keto-PGFia
252 21.97+3.45 pg/1000 cellsZ thExFo A ole 4.
93+0.71 pg/1000 cellsell v]&) &215kA =okch(Fig. 8).
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Fig. 4. Rate of proliferation of fibroblasts on tissue cul-
ture dishes and PU(6th passage, n>3)

O3 6. Mze7|Eo| ExE Z2(PHEIM BiLE Hahy
oiMZ e fldRt #olZd(a) oF FARNKL #0[F 2AH(b) (39
M AICHeEN 2, Tui2, x200)

Fig. 6. Phase-contrast micrograph(a) and SEM(b) of en-
dothelial cells(third passage; x200) on PU coated by ECM
after 7 days in culture

880,000 cells/dd o]H 3, *"Te~-HMPAOQS$} uk-2-3}o] 65
% 2] labelling efficiency & H.gdc}d. 2} ATl Qol&

2o A MXfpdo|y A PRP2] radicactivity= 344,Ci/mljct. =zt A3 te)
Fig. 5. Scanning electron micrograph of extracelular ma- radicactivity & ZA3}e] w|wdF A3}, Ee]-aelre 2.
trix excreated by fetal fibroblasts after irradiation on PU 87+0.77%, AL)7)ATLE 2.89+0.70%, HFFh] AL

_ ) 72 1.04+0.28% 2] radicactivity ®.¢ch(Fig.9). ¥
5 Bad =N A WAAZ} WeER ARTAA Wi ARl olvlo

Plateletpheresis #}¥ ¢ & ¢l PRPe 4y, oo o 4 gl
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Fig. 7. Number of endothelial cells on tissue culture dishes
and PU coated by ECM after 9 days in culture(7th pas-
sage, N>3)

P8/ 1000 cells
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21.97% 3.45
20 :
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{1 4m3z0m
A B

%l 8. Arachidonic acid 7€ wj(A)e} otSw(B) A4
ME PGF1e8| ST (n=6)

Fig. 8. Concentration of PGFie synthesized by ECs cul-
tured onto ECM : A) stimulated with arachidonic acid, B)
control(non stimulation), (N=6)

A 17 H,

A 23, 1996
% Radioactivity
5
4 . .
3 - . 2.89 = 0.70
2 .
‘ h s
1 2.87 £0.77 e } 1.04 £0.28
Zelfedg EELHE g A

a7 9. E2|YE,

SEES Wits

MEZS7|Znt HBHENZo| a8 8

.Fig. 9. Radioactivity of adhered platelets onto different

surfaces: polyurethane, ECM and endothelial cells

WA 2shEl AT A £ =
W ool Aldtel 7 UPelE e AFHE Boli=
5 oAe7bA Ade A ek 5 = Ch
ol M= A7) 7154 (long-term patency) £ F3|3}7]
At T wew g A7vk AYHAh 2t W
A =5 zg] T 7 dAR o
o} F-FHo|r). WHsE AFERS HFo =FAHE
o o] AlE7} &EbsE]e] oA Ee] S Fol
7] 9% A2 AE7)HARS S collagend} fibro-
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QANZA o)A S AL} 2l A B4
Z9} Se A%5E suibe s AFeR vk
B odTE AfobAE o] BT AZsl7) Aol Wbz
AZEE oA 25 F5Ee BASE ATl
dholdZE 42, ¥Aes ool 2F Azo|y
2Eo] 3{AZ AHEL7]A AE Fol= chondroitin sul-
fate, interstitial collagen type 12} IlIE¢] t}& A EE
o] FAT AME27|AMc} go] E3hEo} Q= Zlos o
HA ot B AT AEsr B Az
T AR A AEE FEEe Wl el AT
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el dUAE & & JernE AL As) Ee$
st e A¥S A3A E 5 g AR YrHe
2 A9 simulationg d3gich. Felg-distad
HAE AE7A 9 EHHIAANZES vkl A A
o] $F=HA 5 dyne/em?e] w22 (shear stress) ol
B2 w2AAL o, oF 075% ] AxdAEe B
DAAH A5 ALY F 3 dymon’ ol
b AgEHe vty AZEHAE xE A7k
U deol vehles dALES AYsta gl
A 2= ofe7bA] AsEA YsE vHAE E
4 9 #ugrh o]F PGLY &4 ‘3-! oleqt
=, PGL #Adel o&) Eawte] F3 19 3]s
Azl FHAHFE eI 5 31.95’4 3
A&t o8l HdAE Jfﬁ?{ﬁ{vi A7) HEA
gt A% oj Ty
vhel] wheba] Ay ‘5‘5101 A= prostaglandm(PG)
g2 Ao g4uA sled, dF 59 AdA
Ao e Fe® EANAANZE of=fe] PGLE 34
gl o] mAdPozRE Fe¥ AU E=
dinoprostone(PGE;) ¢} dinoprost(PGF,)-¢ A3} PGI,
AT A e AR A en® YA mE
ZIezkel7) e AR Eop¥ PGLy +AAde] glolA
A Wzl 3R ARE b gobd ol%R AME =
A7) Brbsete e o4l bR ARl 6-keto
PGFi1«8 =A3} 4}k, Al Z 2] phospholipid2 %] archi-
donic acid& A}&£3}o] PGLE A2 9X o4 ara-
chidonic acid® 2=+ s}9dSa) theke] PGLE 4]
®ltl. Arachdonic acid #]9|% thrombine]it} histamine
%% PGL #§4& 253 PGLY HulE Axe 34
2 Aol G wiek 271 M go] A=Y o]F
w43 Zadte] A E7F 44Aste] confluences o) FA
W ow)$ wrolxich E Ao AME PGLT A 2o
A 2R ] 74 #)&= Lee't} Hong'®e) Bye}l ¥ z}o)
7F glevt A F gte] AelE Edvdl, ol A¥A
Z719] Aol AlEufeF 7|75 o] zpolel] 7|QlgF Ao T
311 E]];}. tEﬁ‘]« ZJ)J—ZJ o] Ag;ﬂ _\d-o]]/q PGIz ‘C‘Y:]-/H%:E .fj_i_
AepA| ekobA] wlad = HARE PGL AHL A& A
o2 oAEd. dukEld A AR AN EE PGL
A wx Haghe] FaiHel A A Fx
#HEo| & T Ao A PGLE Buld}.
2822 PU HA¥ ECMolA] wjfgl ol LE
o] PGLEAA7F w& RS ¥A4H dFHAAZE] 7
& & eyt vk Az

H23e Bu)dli=u= plateletpheresis Wo] €5 3]
Fstch. A ™ T e dgle] Az A} 7}
FE e re] ¥AagE v A& glov) 55|
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137 wyolE pheresisoll 23 whwlo]E kol Al
£+ &-¢2A+ acid citrate-dextrose( ACD) O]E]-. ACD
+ calcium iong chelationgro 2 - ah8-8 vhehy
v, vEE o]Ho] AWM g Hrished Witz
288 = 9lch. et Boae ostw 90mMe] aEE
ol A+ calcium iong- depletionA]# 43 AH3kg o3|
A7l B8] AR EE 15-20mM F Lo 2 A7)
g7 et a2 V)5 HAE st dRE A¥dA
FomA 2 ACDLHL 205 BF352 calcium ione)
Ashrh o 715l o)A A8 A obAE
2ho] Alg 3 glom F o= calcium ionel] %d3Fo] ¢l
v AR F&3 el g A7t 23 Folopo. &
A FHate] Q3kg vx|i= QAR E calcium ion &%
AW o E AEES EFI. Aol pHA} v
e vy T Zew AHAA vl Haw
labelling &-&°] pH 6.5-8 Alolel] £2 Ao g BT &
Ao, m e Yo Bojglx Ao 24
3 7bF A FARE pHE 78k o] wlaha] & 7o)}
1, B 74z ACD solution®- plateletpheresis %9}
o7k 7 o8l ]l HrIEE Zle] glom o] AljolAm
2% FAele]l Age] 2 Ay, w vuE An

A F-2 labelling £&-& 4§ & A} o

A W HAAEE FAHI o@rared st
hE-E-o] o] 20-30% Well AzEw 1|2k o] %o
2 W) g Ao BaEHH. B dFE oy
] 357 ke Fawy) P4 iy
Zgc. ke HhAA el i

A oage F

LRI
e E v gASE HEE A x5, A
2ob shéslel SRR £EHD Srgo] s

o] A3} W 4] adenosine diphosphate(ADP)g 2u]3}
HA a7yl o7l ARsiA 83 dAde] dojut}
Ik Aol . B A4 ECM Sl dA% g3
A Ee} rge] Aol thE APTERY F4-& 3
A ¢ e AJYIAA LYY o] HFHo s o
A AL ugdcia AYz+Ec)

B AFel s Az Ae] mxgl Fejg-Hutd A o

5 3L

B AZ] ofelhA A e $A57 e
o, AR olF Qabel A4 AS Folol & Al Sol
gol ek AR Welehn LA At F o
AZE ST A9 BT 5 2lis Do e as

AT7E A9 e Aeielct. A7l 9] M E (autogenous)
& AHEstaal & Ay WAMEE 2 el A9
sd How wF 2EF slevt s Fe] A=
AR B e FAloloh AEE obFe FFHoR
Alagstgict stk AW AFE 7] fleiAd " A e
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