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Fig. 1. Human umbilical endothelial cells and bovine retinal pericytes in culture. A : Phase contrast micrograph of human
umbilical endothelial cells. B: Staining of endothelial cells in the same field with acetylated LDL labeled with

1,1’-dioctadecyl-3,3,3’, 3"-tetramethylindocarbocyanine perchlorate.

antibody against @ smooth muscle actin. Bars, 50 um.

Co-culture System
with Physical Contact

C: Staining of bovine retinal pericytes with a monoclonal

Co-culture System
without Contact

Transwell

Feeder Layer

Fig. 2. Co-culture systems.

chloride, 50 mM sodium phosphéte (pH 7.7) and 5 mM ethylenediamine tetraacetic acid ; TGF-8, transforming

growth factor B
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Beirh DT R A XY A 7 ) VERAGREY 6-keto-prostagl-
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6-keto-PGF,, enzyme immunoassay system % i\ 7-BEEH {6
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iz B OBE YW & Z &, soybean oxidase (4050 units/
ml, Sigma) %ML, 0 CTISEE L. TOREBC TR
xR IE®, 20%=—FA80%~F 4 VIEW T I @it < DA
2 L, Bit324CCcHFEE® LHO B L. LHO DE&EIL
Yagi OJEE ICHE L.
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2 E¥E¥ L, LHO 2L C3TCT 1 RMESE L. FHEM
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150cm® DMk g 7 5 = 2 (Corning, N.Y.)shTa v 71
=V b & e R BHAS Quick Prep mRNA Purification
Kit (Pharmacia, Uppsala, Sweden) % T poly (A)*'RNA %
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a1 SR THr —AXMCTELSKBL, F1av7 40
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2Y Ky, 1¥ovv7arriv, 1%74a—n), 0.5% FF
YOBREES bV ¥ 4 (sodium dodecyl sulfate, SDS), 200ug/
ml ¥4 7 $F DNA (Sigma) 2> b7 5% Sml A1C42TC,
AR T v g TV A R, 50% 1<) v,
5XSSPE, 5 X5 v Mg, 0.5% SDS, 340ug/ml 28444

¥F DNA, Y= —7 15ng MBI A8 2ml =T427C, 168F
g 7V EARERI, "M FVELE—v 3V, 740
& —% 2XxSSC (0.3M NaCl, 0.03M sodium citrate, pH7.0),

0.1% SDS TR T305, 208, >\T0.1XSSC, 0.1%
SDS iz T42C 204, 2L, —80C TS5 HEffA— 1+ 7 ¥
AYGT 4 —kfTotk. fek, AERTHEALRZA, BH=v
Fel) v be7%— cDNA 7 =a— v AKe v 2 P,

WHEE, BA NEELLOSESRK. DNA Fr—-7D
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[a-%P] FrFvvFov=1 VB (Amersham) ZFH\WTfT
W TX10° cpm/pug DILTEME R HI.
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Fig.3. Effects of pericytes on growth of endothelial cells.
Endothelial cells were cultured with (@) or without (O)
pericytes (A and B) or fibroblasts (C and D). A and C:
Co-culture with physical contact between two cell types.
B and D: Co-culture without physical contact. The
number of viable endothelial cells is indicated on the
ordinate. Culture period after cell attachment is indicated
on the abscissa. Each point represents the mean for
triplicate experiments; vertical bars show SD when larger
than the symbol; (B, the mean values that are in too close
proximity to be indicated individually. *p<0.01, compared
to the number of endothelial cells cultured alone (Studen-
t's t test). )
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T4 —F-BrLELCEETL L, REMROEERREDS
T, EFAEMRBIIMEERN L RAEECHEIN LI &b
(X 3B), A EMIARC X 5 P9 R ARIa 8 O M 2 B o AR
OYEBREMALBEEE L bt b MEMFMEY 7 4 —
F—BL LTHWBEIL, S FEMu-ThofkEETT
b, NEMROMBEIEEY > ek -7 (K 3C D).

2. REMRIHEMROT = Az v4 27 ) vELY{RET
%

RSN EMEORREBRECLEEBL Y A0 E 3k
Biced, REMBOFE - FFEETCERELEAEERO S =
AEFHA 7Y VEABRAE L. BlLERT IS, BEM
fa b OBEMIHFERRCHEMRO 6-keto-PGF,, E4:13166%
LHEBWHEMNL, FFEMATEERCORARMROKFIAK
MR D 6-keto-PGF, EEA® 1.3E®mD . BMEFMiar 7 4 —
F-BE Lo FERERTIR, 2HBREROEMOEET L,
b HT, NEMBO 6-keto-PGF . EACELIZRD bhicd -
Tz (&1).

Table 1. Effect of pericytes on 6-keto-PGF,, production by endothelial cells

Culture conditions

6-keto-PGF\, (pg/10° cells)

1) With physical contact

a) Endothelial cells co-cultured with pericytes

Endothelial cells cultured alone

b) Endothelial cells co-cultured with fibroblasts

Endothelial cells cultured alone
2) Without contact

a) Endothelial cells co-cultured with pericytes

Endothelial cells cultured alone

b) Endothelial cells co-cultured with fibroblasts

Endothelial cells cultured alone

* 1152.2+ 61.6
694.4% 25.2
T11.5% 56.8
686.7£126.0

476.0+140.0
365.4£140.0
345.6+ 62.7
351.7+ 63.7

Values represent means+SD of 9 replicate experiments. *p<0.01, compared to endothelial

cells cultured alone (Student's ¢ test).
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Fig.4. Protection by pericytes against LHO-induced endothelial cell damage. Damage of endothelial cells was estimated by the
release of °H radioactivity from endothelial cells that had incorporated [*H] -2DOG. Each data are expressed as the mean£SD
of percentage of °H radioactivity released from [*H] -2DOG-labeled endothelial cells. A: Effect of co-culture with pericytes on
endothelial cell damage at various concentrations of LHO. Shaded box, endothelial cells cultured alone. Open box, endothelial
cells cultured with pericytes (4% 10° cells). B: Density-dependent protection by pericytes against LHO-induced endothelial cell
damage. The indicated numbers of pericytes were seeded in Costar 6-well cluster dishes (3.6 cm?/well), on which endothelial

cells (8 X10% were plated and treated with 1 #M LHO.
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9, PHEXR4ABCEML T, ZOREMRC X 2BK
WRaEERECRLT L 2BEoMRMOBMIILE TR
<, PRI & DIEBEMMIERRTLRERARBED & RMR
BREREDENMEE IR (R 5B). Licht-T, WEMRKT X
% A A O BMIERE N AR S5 5 WEN S A5 ORI

Fig.5. Effects of endothelial cells on growth of pericytes. Pericytes were cultured with (M) or without ((J) endothelial cells.
A: Co-culture with physical contact between the two cell types.
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HEMRA S W T 2ARERYEO > b=v Fx ) v 1kl
BB P 2 4 v F v AKIKT™ © DNA SE-CHIIE
FERREL > B ERRBINTWAZ LD, EFZx v
£V v 1 AEAEMROMEYRETAIEHFORETIIIVWA L
AL, BEMAROMBERC=Y V) v | #HEMLTAK
MO A AN, BB, =V Fe) v 1 REREKERCE
Effao#xRETHZ LARGEZN, 10°M UEORE
TIRANEMBORET - ABRED R EMREHERED R B
A7z (K 6). EDgx(dosage giving half-maximal effect) 1338 X %
10°M Thote. ¥, FEEREIhe b= Fr) V1
UHFHMEY 1 A4 TaAdic) 50u WHRB L, FEMIE
HERRCMZS &, AEMARK X 2R EMEEREDR IR
BEREHCIEIEh, 10%H0EOTHRM TRk & 558
HEREPRIFELCEE L (B7). LT, AEMRO
ARMAEHREDRYB I TARTFIRE=VFE) V1 TH
HEfEmInie.

o o HBIE A BB 548 L7z poly (AY'RNA 2/ =% v 7
By bAAdTYELE— v g VO LR, K8IRT X
31, ARl=v Fe ) vive7&— cDNA ATV EFA4 X
+ 5445 3.0 kilobases (kb) DE—D A v FARH &hiz. BE
LVie7 82— cDNA 7o -7 L LEFETEA Y FRFEDDH
hishofo. ZoZ e, AERMar =Y P&l v 1 KEERN

i i . & R

B: Co-culture without physical contact. The number of

viable pericytes is indicated on the ordinate. Culture period after cell attachment is indicated on the abscissa. Each point
represents the mean=SD of 3(A) or 6(B) replicate experiments. *p<0.01, compared to the number of pericytes cultured alone

(Student’s t test).
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(ECGS) ®~-%Y v/, a fibroblast growth factor 7& & ¥ bz
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Mgz 4 —F—BL LARESRER TR, 2BoMkmoR
MOBEICrhbbTHRMBROMMBIIEE L 5T ish -1
(B 3). Lichi->T, REMRRC X 5 R EMREAmEIRI R,
REMRERECRET 2 BRBHERW Y /312X - T
NENBLDEELLND. ZOY I FAHFOBEME LTIL
transforming growth factor 8 (TGF-8) ®~13 Vg E 2
HAb. Sato H¥L, FIEMIMEE REMMAERETD & MER
FMROEETE ISR /- v T 2FR—R LD T5R
/= URTITRAIVALERIR, ThC L - THER

-

TGF-8 MEWR &7 h ARMROBEELHTA E LT3
TGF-B i DNA & B.OH4™ 5 5 i3 Mfast 8 o H#E 2 4
LTHRMIROBIELSHGEIL 22 EL505. ~1F Vi
BRARMRRECRSBCFET SV a2 7)) H T
MEFEAGEE XL D2 EAMBRT LA™, Z 504
Rbb, AEMROERCESYSIETREMKROEN, B
HIRFIRE 5 CERREMEE O MME Lo ENEE, B
MY v<F, FEREE LRI NEHFELELBELT
WhHLDLEbRhA,

AR TR, RAEMRANEBRO T e Az94 20 v
EAEEPEDHZEBRRGHERL., TrA2y4 20 VizR
EHBRTECEEINRDE T AR ) A4 FCERAI /N EED
HIVFF & SR EREE T2 &2 6%, REMBIC KT 5
TrAZRYA 7Y VEAEDETRERMMECEELAIRS b
rYRFFY A L OBMEEERICELR YA L, MMRRE,
MEMEES R LE«DREBOMERTICLD > 5 LBb
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FED T bT B bMIREERN I EY S LT L, Bk
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Fig.6. Effects of endothelin 1 on growth of pericytes.
Pericytes were cultured alone with human endothelin 1 in
Transwell chambers for 6 days. The number of viable
pericytes is indicated on the ordinate. Concentrations of
endothelin 1 in the medium are indicated on the abscissa.
Each point represents the mean+SD of triplicate experim-
ents. @, the values with endothelin 1. [, the value
without endothelin 1. [, the value for co-culture with
endothelial cells minus endothelin 1. ET 1, endothelin 1.

Fig. 7. Effects of anti-endothelin 1 antiserum on endothelial
cell-dependent growth of pericytes. Pericytes were
co-cultured with endothelial cells in the Transwell system
in the presence of anti-human endothelin 1 antiserum for 6
days. The number of viable pericytes is indicated on the
ordinate. Concentrations of the antiserum in the medium
are indicated on the abscissa. Each point represents the
mean=+SD of triplicate experiments. @, the values with
antiserum. B, the value without antiserum. [, the value
for pericytes cultured alone without antiserum.
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ELTwANS LAk, TGF-A MW KM RT3 =
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2 VI AMENEERICE - 20 VICERL SR R 2 A
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TFXERNRFCL2AEMREZIMEOREEL LTOR
HErEREILMEEER L TEL R OLLLT, ARMAD
Lo MBECTIRERE X EE LBIRE(LELX I U ETS
BxDMEEREDCT ESCBLELLATVS. EbiT
EERENLME N EMREERFTH 2 AR LIEE S EBRE
HMEEOER LB P D EL DI EARBEIRTET L
B Liedio T, BRMLIEEIC X A NEAREGENKETD
AEMROBECEKF L TR IhZ & (KA 4) X, BEM
Fab N EAEIR RO R LAV D 4 2 4 & & — o AHERE
CEERBEHYBE UL TWAZ LY B RETALDOTHS. &
7z, LHO 21t U &3 2 BB EIE B EMRC BT 5 S =
AEHA 7Y VOEEREARL > A LY, FEMERE
WEMRRD 7 v A 241 2 ) vEARE, MGREDTHRHCEE
EZEAOMBEEOHELEIL LTV 2 EELEL LR
5.

—J5, WEME O#IFIC X FEMROMIEH B
ANt ZOBRERESRITLT LS 2 EoMRM o gEE
ELEE Lieh o7l &b, REMRZESL LTHBKED
WFaxa L CREMROEELRETALDEELLRLE. &
WRTEEL, O/ BHERTFOERIZI=V FL) V1 THD
ZERRTHNEY B, OV EDIE, ERIEmADO-V P

Probe: ET, cDNA ETg ¢cDNA

w283 -

3.0kbc)

—18S o,

Probe: pB-Actin cDNA p-Actin cDNA
L] [
Fig.8. Northern blot analysis of pericyte poly(A)*RNA. 3.5
ug of poly(A)'RNA from bovine retinal pericytes were
electrophoresed on 1.5 % agarose gel containing 1.1 M
formaldehyde, transferred onto nylon membranes and
hybridized with type A and type B endothelin receptor
cDNAs. The membranes were exposed to X-ray films for
5 days; with the type B receptor cDNA probe, no distinct
band was detected even after a 21-day exposure. Bars
indicate the position of 285 and 185 RNAs run on the
same gel. ET,, type A endothelin receptor. ETs, type B
endothelin receptor. After analysis with the endothelin

receptor cDNAs, the membranes were hybridized with
B-actin cDNA.

VY IERMAREMRY - -BERATAZLTHB (B
6). MKMBEHEEED EDw I, FREGMECE Ay /¥
v AMIRD DNA A, MASmFER? LAK TR L%
10°M THote. A0 EDIT, WEMC X2 B8Rm0
FERER A= F2 ) v | ik THRNIhEZLTH S
7). =vFey vl &HEMREDREFERCE LTIz,
TAYF=FCEZE L=V F2) V]I ¥HOERETY v #
BRI = Fe ) v 1 EEAN TR B
FAENMEB IR TWA®, ABIUOBR =Y F2Y vt
f2—~ cDNA 27 u~FLLic) —Hvrmy b T Y EA
H— g VIELBGEDRE TS, v BBz F
Vv LAY RTAR L2 -2 - T3
mRNA #FER L Twic. BEBL =v F2) v 1 L FEGH
BT LABAR L e T2 -2 A LCREMBRCER
L, AEMRONMEY, BEMEXT-CW5b0 L#MIH
B. Bof, MEANEARCESWTL=Y Fe ) v ] OEEHRT
HINAE®, Lidi-C, BT L <A B8 They Fx
Vvl T 2 ) VICBERAIOMERSICERE LB AHE L
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Fig.9. Endothelial cell-pericyte interactions and possible sequelae of their failure. (left panel) Vascular pericytes can not only
regulate growth, but also preserve prostacyclin-producting ability, and protect against lipid peroxide-induced injury of
endothelial cells, whereas endothelial cells can stimulate pericyte growth through the secretion of endothelin 1. The functional
interactions between the two cell types may play important roles in the maintenance of microvascular homeostasis. (right
panel) Endothlial dysfunction should slow down or halt pericyte growth, which may in turn allow endothelium to grow
unchecked without preserving its functions on one hand but rendering it susceptible to chemical insults such as lipid peroxide
on the other, thereby predisposing to angiogenesis, thrombosis, and endothelium injury. This seems exemplified in diabetic
retinopathy, in which pericyte loss with capillary dilation is followed by.endothelial proliferation : the early change could be
ascribed at least in part to the deficiency of endothelin 1 action. EC, endothelial cell; PGl, prostacyclin; LHO, linoleate

hydroperoxide ; ET1, endothelin 1.

.
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Studies on Interactions between Endothelial Cells and Vascular Pericytes, Using in vitro Co-culture Systems—
Elucidation of Roles of Pericytes in Growth, Function and Lipid Peroxide-induced Damage of Endothelial Cells, and
of the Nature of Endothelium-derived Pericyte Growth Factor— Sho-ichi Yamagishi, Department of Internal
Medicine ( I ), School of Medicine, Kanazawa University, Kanazawa 920—1J. Juzen Med Soc., 102, 81 —91 (1993)
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Abstract

Interactions were studied between endothelial cells, extending all around the lumen of the vessels, and pericytes, wrap-
ping around and along the endothelial cells, using co-culture systems with primary cultured human umbilical endothelial
cells and bovine retinal pericytes. The present study first showed that pericytes can not only inhibit growth of but also stimu-
late prostacyclin production by endothelial cells, both which were achieved by physical contact between the two cell types.
Substitution of a fibroblast feeder layer for the pericytes gave no change. This indicates that interactions between the two
cell types are instructive, being mediated by cell type-specific surface molecules. Moreover, pericytes could confer protec-
tion against lipid peroxide-induced injury of endothelial cells. On the other hand, endothelial cells were found to stimulate
proliferation of pericytes, regardless of the presence or absence of physical contact, indicating that this stimulation is mediat-
ed by certain secreted factors. Evidence that endothelin 1 is the main mediator accounting for the stimulation was obtained:
the feeder layer of endothelial cells was able to be substituted by endothelin 1 added to the medium, and an antiserum against
endothelin 1 could inhibit the ability of endothelial cells to promote pericyte growth. Furthermore, Northen blot analysis
revealed that bovine retinal pericytes express mRNA for the type A endothelin receptor, a high affinity receptor for endothe-
lin 1. The present study demonstrated for the first time that pericytes can not only regulate growth, but also preserve the
prostacyclin-producing ability and event lipid peroxide-induced injury of endothelial cells, and that endothelial cells can
stimulate pericyte growth through the secretion of endothelin 1. This indicates that the functional interactions between the
two cell types may play important roles for the maintenance of microvascular homeostais, and that failure in these interac-
tions may cause a predisposition to angiogenesis, thrombogensis, and endothelium injury. The present study may provide a
novel view for clarifying the etiology, pathogenesis, prevention and treatment of various vascular diseases such as diabetic
microangiopathies.



