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Studies on Human Vascular Endothelial Cells
1. Basic Attempt to Primary Cell Culture

(endothelial cell/collagenase/tissue culture)

Takuji KisHIMOTO*, Yoichiro FUKUZAWA*, and Manabu TADA*

(Rece ved October 31, 1982)

Various conditions of establishing the human endothelial cells in vitro
culture were investigated. The endothelial cells derived from umbilical cord
veins were collected by enzymatic digestions—with trypsin, collagenase, a
mixture of trypsin and collagenase, bacterial neutral protease—and cultured
in the synthetic Medium, 199 with 209, preclostrum new born calf serum.
In primary culture the endothelial cells were seeded in 35 mm culture dishes
for 24 hours and viable cells were counted after dispersing with trypsin.
Section specimens of umbilical cords were histologically examined in order
to confirm the isolation of endothelial cells from the umbilical cord veins
before and after enzyme treatment. The relationship among the elapsed
time after delivery till enzyme treatment, fetal Apgar Score and viable cell
counts for primary culture were investigated. The treatment with collagenase
within 1.5 hours after the delivery was most effective for collecting the
endothelial cells, It is supposed that collagenase may act mainly on the
subendothelial basement membrane, and damage the membrane of endothelial
cells less than trypsin and other enzyme used in the experiment.
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ANMENEZMIED in vitro culture OJFEEICEIT 2 BB 2 AT Uiz, WEAIILE %
3SEHEOEHDREEFRUTE —trypsin, collagenase, trypsin+collagenase, bacterial neutral
protease (Dispase)—IT % - T/E{ L, preclostrum new born calf serum % &&EE 20%
IR U T2 AR EEH 199 FR CREMCREE RS E % U T2, 35 mm plastic culture dish (2 ghs
#F3IN, 24T cell sheet % trypsin AL UM 2 EE Uiz, BEHEERIR» > DAL
M2 U 5 X5 12D IC BRI O YR 2 B USSR ANCRE Utze 23 lde S ST
WM E TORE, NMOBAYR D Apgar Score & 185 Ntz HFAE E DRI EIT DN THES U 124G
B 1. 5FRFFLINIC collagenase JLHE %17 - T2 HEREEDS, HMBODINE N ONEEEOD AL
BICB W TR RN TH 572, collagenase 1 PNZMIIIE T OELEEICE X WA MIEE %
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BRL CHBEL, 205 A trypsin 728 & bhS o CTHIBIEADREE § B/ 20T &
R a1z,
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(MBI MERIC S THIBBOEE, MEOB R SEEZ #5213 T8
I, ZOREFIERAE, MELE, BIIREL S EEER D - T ALY, b DR % iR
TEHERDO=D2DFR »hH e UT, MENEHEO g BEDRKEES in vitro culture
DYATL2ANTHETAC L BBRETHAY, 20T, EELIIMBENHTHITO in
vitro culture DFEFICONWTRH UIZOTHRET 5, ABHBIRN L EIRORERICEL
TUZALILY (1963), Fryer® (1965), Gimbrone®) (1974), % trypsin ¥¥ % iV CHIKSY
21T,  JaffeD (1972), Gimbrone® (1975) 543 collagenase 7AWk % FH\NCHERS EE %
WELUTOE, Zhbidnohd (LN SHED Th A5, —HEMN S8 & LTk
Lewisl® (1973) »SHRFHH/INTIC ME NI OS2 TSR 2 BTV 3, ZBE 513
LOZET, TEHNIMMTHEERES, S5CHEBERIRELEEL 27 L%2L %
eI EHEM AR T X 2 N MBE 282 € & 2BBIE U, AFCIRFEICSEOMEIIRER
IHE B 2 LR X 2 SEuE 28RN L, BEORERE - fIHmE L & omasio
FERRE U,
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IMEN MO SR & AFEH IR % F N 120 DGO IE2 MEMCAT L, BHEOE
3 20em LLED DR MW, MEOFERE & MINE : OBRE A 312D, Difh
5 WIS EFMG E TORMIZ0.5M /5> 5 4.5/ D & % vz (Table 1), —J5, AW
SN BT B EHERE SBYE & LTI Medium 199 (Gibco Labo.) i¢ preclostrum new born
calf serum (Nakashibetsu Serum Center, Hokkaido) (A F PCS & WE3) % 20 %I
Uz s D2 RV, AR5 10% PCS %, HEPES (N-2-hydroxyethylpiperazine-N'-
ethane sulfonic acid) % 15mM (pH 7.4) iz, penicillin 100 u/ml & streptomycin 120
ug/ml 2 2N Z NI LTz D% HViz,

2. BE:aOEBE

MRS IC 317 2 WIS D JIBEZD I 2 FL RS T 2 12 IR 0 SO E AN IR »
v,  4FOSEERAVWIZ, 1) 0.25% trypsin 5K (Ca, Mg % &3 15\ RIS
(LUF PBS(—) &0&9) AnciEm®) 2) 125 u/ml collagenase #5#%  (clostrum hystoliticum
type I, Sigma Chemical Company, BB E K RICHER)  3) 0.259% trypsin 7EH & 125
u/ml collagenase EKD 1:1 BAHK 4) 1000 u/ml Dispase PA¥, (bacterial neutral
protease, &AM &, HIE, Eagle’s Medium 12AfR)

3. AEMMROMAEREE

MR RICEIE NI 24 30ml © PBS(—) (BUAPETM) T 1EZFENY 1mm #O
BT —7n (7 b a8, HE) 2HAL, H4EST PBS(—) %% 200ml FAL,
MERPE 2SR U TMHZ TEAIZT0REV,. 208, BHE24%95L, 2hEFhhs—
Fv ANBTROM{LEERE 2L, 1r—T R AN T IHEEORE2 X7 L #TFT
&, 37°C ORI 163 EE Uiz, ZuT BRTH O SIBEHEE 2 &5 L8 O i~ PBS
(=) % 10ml THULIZL 1300 r. p. m., 5 43[EENOH, hiE (M) % 6 ml @ Medium
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199 (209 PCS 7’) THEE 38 3D 759 2AF v 7 v 4 — L (Tissue Culture Dish
30001, Falcon, USA) iz L, 37°C, 5% CO,, 95 % LI FOIgfE I 5 2 fHiE 58P
WWANEBEREZBIR UL, 35610, KRBERITK A NS EIEENEH 2 8 EIIC I~ A 12
DEENHFIROBEUIS %2 10% v~ ) o TRERE, 73— VRN TlKE, ¢35 7
1+ »'@HE L Leitz-Mikrotome 100 Jahre iz T 10 um E o YJF 2 /E8, EOFFIC X
Dy N hFUY e AU R U TWZMROSERRIEREIR UTs, F12, KBEENLM
Ik AP E % T 212,  REEBRMA U T 24 %1 Medium %4 T PBS(—) ©
3EY v —LITHBE U Ml % 5 0.25 9 trypsin+0.052, EDTA P&HE G UL U CHiK
SEZITV, IMERGTRE 2 O TENRENES 1 em) 12 b OEMEERTE L, MBI
BORRE B UT,
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1. BERIIBICK 5 AR MBRIE O St
FRIRMNEBE D N BHIBLIENE 1 JE D 5 75 5 T B (Fig. 1A), BERMLH U 12 B4 Tl PRzl

Fig. 1. Photomicrograph of umbilical cord vein. (Hematoxylin
and Eosin stain, x125)

. before enzyme treatment

. after treatment with trypsin

. after treatment with collagenase

. after treatment with trypsin-collagenase
. after treatment with Dispase
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JED W U T2 IREEDS IS S h, B2ED 5 b collagenase YL & trypsin+collagenase
WIS MEE OFIBEC, X DR TH Y, trypsin WLFEE Dispase WLIICIZES
TR D &SN C & p3EBisR X hi- (Fig. 1C, 1D),



26

1y
=+

JC

2. HNIECH SN BHBINE
WUCEEEBI A 5 24 RFfRICY » — L O [RIICATE U B (BiFHRAE < (1ecm)
H129) i1x, 1) collagenase WL, 2) trypsin-+collagenase JLE, 3) Dispase JLH, 4)
trypsin LD IEICE {, collagenase LIS § AR TH -7z (Table I)s S 51T,
T D S LRI DYRAE & MR & OBEEIC DWW TGS 217 5 72 (Table 1), 1) 705
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TABLE 1. Cell Count after 24 Hours in Culture* (x10%)

SSIS teuroé primary Trypsin Collagenase g(l)‘flliglgnzse Dispase
1 3 60 15 0
2 12 42 2 2
3 10 23 12 13
4 5 20 10 3
5 3 46 7 6
6 4 49 16 0
7 0 28 36 16
8 8 16 16 8
9 0 16 8 16
10 4 1 1 1
M. £+ S.D. 4.9+4.0 30.9+17.1 12.5+7.8 6.5+6.4

* Cell count : mean of triplicate culture

TABLE II. Conditions of Umbilical Cords Used for the Enzyme Treatment

Case of primary Age of Fetal Apgar Time elapsed after
culture mother sex Score delivery (hr.)
1 28 F* 8 1.5
2 27 M** 9 0.5
3 29 M 9 0.5
4 22 F 8 1.5
5 35 M 8 1.0
6 28 M 10 1.0
7 27 M 4 2.0
8 26 M 8 2.0
9 25 F 8 4.5
10 31 M 8 1.0
Mean 28 8 1.6
* Female ** Male

RESEULPHBEIA & T ORI % & 2 & 1.5 BERLAPIC BESRALER % BRI U 72 B3 LB ALY

BV A S NTZ. 2) REBLOHEEFES X 256~35 FiTh iz 5 3,
O EE R 7S FHBIZEED b s h 512,

HHPERSY & MR

3) HAlR ORI & MK E & OBIRICDNT 2%

AL 2T 4) i Apgar Score X 4 fSh 5 104 O W TH 7243, Apgar

Score & MFLILE & ORICIZFEHI/ZHBIX A & D b N 5T,

3. MUEECHTFHEBOFE
collagenase AUEHIT K b 1572 {3 HE5H L T confluent 1275 572 IRTE 2 (AR ZEBAMERIC &
DR B & 2~ 3 DK X SBUNMER b o IZINEOR, BALOERIRYE, Al D Kl
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CIRWRIBE S & M8 M BRIC PR 72 i RS8R & iz (Fig. 2),

Fig. 2. Photomicrograph of 3-day cultured endothelial cells by phase contrast
microscopy. (X 200)
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AR IR B AL D B8 1C B U CIid N ECMEBR O BB 1 2> & D4, #FREED 1R 38
HABNBNBRASNT B, BIED L C 5, bR TIEM/S M X v T
Vo K, trypsin A collagenase JVK % W12 MR/ BT 1 R BEEL FH/INT) 2% U 12 %
WNDBOTEL EBBEIN TS, ChETHEAINTE 12 2BEICMAT I trypsin
+collagenase 75#, Dispase /A D 4 TE OBERMIBTL 2 AN T4 B T DN C Rl
BRES U Tohs, PIRZMIBOD IRERAE, #IRESEE 24 NS O AEMBIE 75 &b 5 58 & ZhEm s
BESRILEETU collagenase HUHITIT o7& ¥ Th o120 DT &1, HIL, collagenase d
TRIHE IR YRGB T~ O PITEEIREIC/ER U TR n0T < 75 % &0 5 VEFIBE &, teypsin
IS E RS Y NEMKLOMILEZ D b DICHEREE L5 250N 5% § Oz &2
A 5N BW, trypsin (Thb 2 WIRIEEA O HLBEE L UT HH 3 h T3 Dispase I3,
trypsin ORPR & ZIZWD 5 N78h> 572, trypsin +collagenase 13 =7 k) JAIE OO D
OHRBEBICRNTH - To L LGSR TV B 23, ABESEIRICOWTIE collagenase
L0 3 MIRINEIZDE L, NHIERZ2EL T2 L HMBEEELKTH 5170 T 0 BANOHH
EAIZ S BERIER IS RS 2 b DL Bbh 3,

W DIRREIC DU Tk Fryer 59 (1966) 1340 #%% 3 ~ 4 BE[EILLN I 2)ft b 3E % BRI %
CEMBEIZ LT/ TV B3, AW TI3 Table IT iR &N 38 b 1.5 B LPICEME
B2 HMUIZ L OBMOEKIEL Y A TH 5120 € ORRBIZ MBI DS TTE D13 ERFEME
EUTHEULUTWA T L BRI LT 5%, Gimbrone 58 (1976) LR D BRE DS IR 7
Y& OME & U AR BRI 5 AR ORIED T 3 12 X 3 TREM: % 5555 L T 3 25,
ABFFEIC BV TR O I BEE DIRAE % RS Apgar Score & MR = ORI I3 ¥ e B
HYEZREYD Shish o 1,

M2 ARSI L VR T 2 &, 8 MIIE DL b o 17 collagenase |z & 2 #jfths
FETIIHIET confluent sl % 57223, #C24E1T 2 & P R M 0D BB S 4, T
BOFRS 5 MBS IHBIL TS 2o T 0T &3 ARSI B o I O A O T 4EH: 5
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FA b, SRMEEICEBO TP WM 215 213 7 0 —= 0 T ER ER IV 5
WMEDBHHEZAZONE, UL, FEERICHEH bt/‘ﬁﬂﬂ‘“ip)\ PTHEMRETH 5 T & DR
B LRI O O MEFEHY 2R R & in vitro TOIEREREMN SR E 512, 7383,
WE ML ORI DWW TIZRET T TH %,

V . % [

NI 2 B ER IR B o0 e, B8 B 9 2 Bl 0 72 B8 S A O RR I D B AR & O
BT DWW U Tz, FMRESEICB T 2 LR OB L A EY, BERUHEEF DT D
PRIE & MG & © B S oW Tt L, H{EEEED 5 B collagenase M3 & 4T

dHY, BENMBEOMEIOMENESNC ENERTH S T EWRRINIL, FITAWIETIZ
collagenase @ type I 271243, OB EICOWT T T ANENH A 5,

RFERITOICHIZY, BROCTRE L CBIE 20 - 1B PRI#EICIT Y 1 VA« )7 o F B
DWFS BRIeE, P2 REEL TOriln it BREF R RER AR EROILE Bt BREHRK
PEEE A ARHER R OER EIREAEIC I NI U E§ o B ERICH IOV Te KRR B FRICEE N T2 U
9,

AL DEF X520 H AR ARy (HFIB7H) KBV THELT,
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