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EHIMEFE EMENREY, FIcSHEE
EDOREEEIZ DT ORERIE

i -
EFERRENREIR O R
(M BRI

4% - IMEFTET OEMIME AT MIEOMIBAREE Ic B 3 glycosaminoglycans (GAGs) D#
HMEERI 3%, chick chorioallantoic membrane (CAM) % W THELFHIIC in vivo & in
vitro TRE L 1o in vitro ORFE Do, MEFEOHMBEFVEIS 4 v « FAEEREICE -
THEM L 7o in vitro TH L RS N IR IC & 2 EIEEE 1L, invivo KB B3RE EFEMIL
TW72, in vivo & in vitro I B 2 E %, # 3 —  Bhexamethylenetetramine 8 (PAM),
Ruthenium Red (RR) & Alcian Blue (AB) THf L, GAGs #[FET 570 4 BOBE (24
hyaluronidase, J#H hyaluronidase, chondroitinase ABC, chondroitinase AC) TH{LL 7,
Z DR, hyaluronic acid SHEHEOTHIC BV THARE OB ER DML collagen i i<
EHEL, MBEORELE & &ICHEEL GAGs, $IT dermatan sulfate KE X b 2 EWREI NI,

Key words : angiogenesis, extracellular matrix, glycosaminoglycans, collagen gel.

ICRIESH D, invitro BT 3MEHEE 7

ﬂ“ ORI HEE N T Bo

MEFAE FEEC ZE o RABREIC BV
T, Fih, RYRRRTIIED 5 WV IZBIEOHEIT
BEREICBWTEELEREF I &8ss h
TWVW3EY, & oIEE, MEFERTH 50
Z OFEIEFH in vivo & in vitro DG THH
FEN, IhSDRFICL 2MEFEFEOHK
AL E N> H B0,

WX, invivoll B AMEFLEEF
IZ rabbit cornea” , chick embryo chorio-
allantoic membrane® 78 KRV S h, [MEH
ERF & 5\ i3 2 OFHMRF OHESHED Sh
TEl, LPLAEMS, THSinvivoDEF
vig, BEY, EBH S5 WiERRICOEE

Folkman & Haudenschild® 43 in vitro iZ 3
i 5 NIk D B R 2 s L <Lk, #ula
oy, BBEENOESEH\VWE - C, in vitro
KB BIMEFEDOWENSTIREL Lo &5
{2, Nicosia 5'”& Montesano &[S BAEE L #-
WEMiRa i<, MEEXSCHBR 2EED
wald s stk - T, ZRTHSERER
EBELTVS, —F, #HRAREOERIM
REHREFA L TR 50, Mao ko
BERBUCBD 5 T L RIGEFEEBE SN TE T
WAY, MilANEED S B Th, collagen,
glycosaminoglycans (GAGs ) & fibronectin
MR DORETE, ®E, BE, SMticbBLWTEE
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REEEEOPESORTED, £, GAGs
R OER) & L OFENCEE#E T 5 T &8
in vivo T/ORENTWV 39, Ausprunk 5% (%
in vivo I ¥ W T, chick embryo chorio-
allantoic membrane (CAM) o M O 3
iR D 72, B RO GAG i % 17
754y, hyaluronic acid 3 O iCTREE (L GAGs @
EENHSMEREIC LichS-TE{LdT B &
2Rl UL LSS, insitulcBiF 5
KT, NERMIEDOER L7 GAGs & & H
FD GAGs DXy HE L L, in vitro TOME
R IC B 5 GAGs OBELBIR T 248
BdH 5,

Z TEFE A BT 5 IMENKM
faEERE D GAGs DR EMEEZ L DH S I B
7%, collagen gel iZ, [ME D& E 72 chick
embryo chorioallantoic membrane (CAM) %
AY % &iT & - T in vitro D =IRGTINEHT
HEEFVEERL, MELMENRMaoK
BARE T BT 5 GAGs O % L ¥EW
FEERHOTRRL, MEOREICHE->2HE
HIREBORBICK T 5 GAGs DE(LEBE
Lo

ME LA &

1. EBE

#8597 (White Leghorn) %37°C, Mxf#&
E60% T1 YF 2 X~ bLIT~8HHEHOD
chick embryo, stage 30-35 /> & choriocallantoic
membrane (CAM) Z#EHMIZ#20mm F-5 D
KEETHI L 720
2. EBHE
1) BEH®E

MR BITEREY U 72 $520mm S5 @ CAM %
Calcium & Magnesium £ 7~ free @ U Vg
& &k (CMF-PBS) T3[EIBEHZIT- 72,
veERE, 1% EDTA %2&€ CMF-PBS thiz4°C,
S~ABERIEL, (RWT, 3TCTIORRIA v
Fa~N—p L7 By T4, Lk
BRAERB LI, EREREL 72 CAM £50%

fetal bovine serum (Gibco Laboratories
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Gland Island, NY) % & 199553 (Nissui
Pharmaceutical Co.,Ltd. Tokyo) T#ki® L,
AR 2 2 TH 1 mm FEH YL 720

& A collagen i< |4 Cellmatrix Type [-A
(Nitta Gelatin Co.,Ltd. Osaka) % FH \ 72,
Cellmatrix (0.3%, pH 3.0) &10f% iR D199
e s & OFERERAI 5 H1(0.08N NaOH, 4.77%
Hepes) 28 :1:1 DHE&TESAL, collagen
B (pH 7.4) Z1E8I Ui, T OBE, FHBLIK
ETiFW, collagen DFEMALEF W, i
L TH\ 2 CAM #UH % collagen 72 i
KARE~Ry b THEEL, 35mm X plastic
dish iciml 9243 L, EHIi87°C, 105
A vFax—bLTH VLRI, 2D, 100
ug./ml ECGS® (Endothelial Cell Growth
Supplement, Collaborative Research, Inc.
Lexington, MA ), 100 gg /ml Heparin®
(sodium salt, Sigma Chemical Company St.
Louis. MO) &509% FBS % &€ 1995514 i+ ¥,
HE$8H T collagen gel 2 dish T S iEA5L, 5
9% CO., 95% air T 1 ERZHRE L1,
2) MrHEZETEMEE R SR EFEMEEIc X 5

Bz :
EEMEG (1HER) &, MEEBEME
(DIAPHOT-TMD, Nikon. Tokyo) i THIED
B S EOIRNEFHBIZE L, BEEREET
OGtER Lo BT EAMEIC K ABIEICERL T
i3, 7~8 HH CAM & 1 ARREE L 72 collagen
gel B D A [ME %#0.1M cacodylate buffer
(pH7.3) THEEL 7:2.5% glutaraldehyde T4
°C, 1 BREIRTRENE Lco 2% 2 % Palfb4 R 3
2 5 T4°C, 1 BE%ERE L, Grinnell 5°0D%
HicEC T 4/ — WV ERRIITHOK, =R%F v
g v~y 7-812) iwEaE LI, F1 ¥ EY
R+ 4 7%\ C ultra-microtome (LKB 2088
ULTROTOME V) ic THEUF 25 L,
formvar-coated grid (1 -slotted) &+, B
By sy /BT ELEL, HERET
UEi%ss (Hitachi H-700H) i TEEE L1,
3) GAGs DHIER & /3 DR L ERIRSR

7~8 HH CAM & in vitro BV TR &
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NrFEMEER T, WNEMRSEL L2
fAREE D GAGs DMK E N/ ERET B 1
Iz, @ 2 v FEE Hexamethylenetetramine
#8 (PAM), Ruthenium Red (RR) & Alucian
Blue (AB pH6.5) TGAGs #fH#E kL, X
SICBER N, [EMkic AB, RR & PAM %
BEBmL, WEEZREKT S L&D GAGs
DEEEITIE - 12,

(1) PAM Zft

7T~8 HH CAM & 1:BREEE% L 72 collagen
gel T O A M B %0.1M cacodylate buffer
(pH7.4) TFHE L #2 2 9% paraformaldehyde
&2.5% glutaraldehyde T 1 BEREIETE L, 2
WMUBE b A X 3w A T4C, 1RRIBEREL
#®, x5/ -V ERFFITHRAKL, Bk
PE-> Tz A+ vRtlgicaE L, BUWIRICT
iR s i Bk E £ T2, ultra-
microtome i TYESY L 7-iBEYIR I3, 1 %8 —
Y RBUKARICER, 10~1590Fnr e, 20
BRI THBZ 3ERDR LTz, Ri23%
Hexamethylenetetramine (Kanto Chemical
Co.,Inc. Tokyo) 50ml, 5% AgNO; 5ml I
BEKEMA TI100ml & L7, 5%+ v 6ml
%JR& U7z Hexamethylenetetramine $Rig 155
L., water-bath f¢58~60°C, 500 EME L,
VIR SEEBICIE 2 DREE L o, ZMiEOY)
Fraz&EKT2EHY, 1% formaldehyde IH
BB 2% v = v B/KEKRIT0MWRIR L1214,
BUREKTHRE LI, 20K, 5% F 4 HEE
F U LRKIC3ORR L, EEKT2ERSL
7212 formvar-coated grid iZ#i¥, LB T
TEM TEE L 72,

(2) RR M@

Luft" O HHE R » THHER DORR &K
(Nakarai Chemicals, Ltd. Kyoto) & 90.15%
RRIGEZHEM LT, T~8 HHCAM & 13
FEIEE8 L 72 collagen gel HODF A ME %0.15%
RRJH#, 3.6% glutaraldehyde 7Ki&#E £ 0.1M
cacodylate buffer (pH 7.4) OEBES L 2H
ERPTERT 1BRRIEE L, £515, 5%
Ak A+ 2 ¥ 7 A7K7A#K, 0.1M cacodylate
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buffer (pH7.4) £0.15% RR Rk 0 BRE
HHTER, 1FRIEEE Lz, 0.1M cacody-
late buffer (pH7.4) Tl-71:1%, =%/ —
LHRFVITEROKL, MSBECRE-T, TRF Uk
BCaE L oo BUHWIR I THifcicfoi s e
EEsREE R %, 8B 21 vrEVE
+ 4 7 % H\\ T ultra-microtome THEH! L,
formvar-coated grid iZ&¥, Frfg~v 5 v & 4
T UEEAT T ERGR AL, TEM THE L 7.
(3) AB#:fn

7~8HHE CAM & 1:ERK:E U 7 collagen
gel h O H A M %0.1M cacodylate buffer
(pH 6.5) THE L 72 4 % glutaraldehyde i T
R T 1 B REITERE U oo BERE®ICIZ0.1% AB-
8 GN (Nakarai Chemicals, Ltd. Kyoto) %
Z 7z, cacodylate buffer T#WY, 0.1M cacody-
late buffer (pH6.5) TIHEE L 72 4 % PuBR{L 4
A3 LT4C, 1RREKRERE L, =5/ -
WV ERERFITlOKE, RR Pl FkE
Mtk FEic & v, TEM TBIE L%,
(4) EEsRAnpE ‘

FRROFEICL > TREBEI N ERRAMO
GAGs ZFMICFEIET 5 729 Ausprunk'® D
Bicit-T, 7~8HH CAM & 1 B8RREE L
7z collagen gel M DFAEIME % GAGs 7 %
RTUTHRRBHETREL 2, 0.1M
cacodylate buffer (pH7.4) THEL L2 %
paraformaldehyde &2.59% glutaraldehyde T
AR %3057 BBIEE Lo buffer TH - 12
%, B4 OBEERTITC, IEREIEILET- %,
0.05M acetate buffer (pH5.2) THE L /-
100 (TRU).”ml Streptomyces hyaluronidase
(Seikagaku Kogyo Co.,Ltd. Tokyo) (S.H.] ;
NaCl-acetate buffer (pH5.6) TIHE L #-
400U ml Testicular hyaluronidase (Sigma
Chemical Co.,ST Louis. MO ) [T.H.]) ;
Enriched tris buffer (pH8.0) TH®E L -
0.15U /ml chondroitinase ABC (Seikagaku
Kogyo Co.,Ltd. Tokyo) [ABC) ; Enriched
tris buffer (pH7.4) THHE L 7:0.15U0 /ml
chondroitinase AC (Seikagaku Kogyo Co.,
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Ltd. Tokyo) [(AC) THEEADEM £ 2 ¥
b L1z, 0.1% a-amylase V) VBl HE#E
#ib+ b Y v 4K (a-amylase0.1%, NaCl
0.8%, ! VEg-+ U w4 0.08%, V) VER_ S
b U £0.13%EEH, pH7.0)* T glycogen 7
ST HIL L e TH{ER DA
%0.1M cacodylate buffer THW, BiliD RR,
AB, PAM THtEMEL, TEM THEL o

f& R

1) RIAHZERMEE I & BHIE

collagen gel WiC Gl L iF ik THEE L 12
CAM kA & 0 g d 2 HlaZ R HE &, &
LBRic b 7o 0 RMHZEBIMESE TBIER L 7o, B&
1HH : CAM#i# R 2 S EPH D collagen gel
R FAERIK O DENSED S i, 3HH -
FHSEIR OHIREIC HLER LT, MRANE < BRIl
fELcE EME LTV AL, CAM MkH
o BB iEHR B L, —8idadh Tl %
R EDBEELI, TOHEDOR X 1ZIZ1F60
um TH-71z (Fig. 1a)s 5 HE : &@LU 7o
MomEsmL, BEwicyd LT 3o
&R L, —ic 3RS 28 e
(Fig. 1b)o 7THH : #ifa DS HRIcE L 72
VAT I EERROZERAFIHICEED S, #
HiiE bEMIc s - 7o (Fig. 1e)o
2) HEBEFEAMERIC X HEIE

RHEZEDEMEEDB T CAM & b (HE UE FEsk
R AR B0y & BB E TSR TR L
treE A, EMEEEET 5 EMIMEREDR
»ohte (Fig.2a), 2~5HoflaciEh
fel K 2~5 um OHEROEESERE O TY
too BleA & o G 3EME oA —E
FHEL, —EHoRIMEE S > Tz, flEN
I REH ORI/ NMak ST O K — 4
& W, éak@@kﬁmv47/ LHR
oo, BET Al 3HEEEL LT
FAgtE sBw 55 (Fig.2b) & & dicggun
WS SIEIRIRES bRRY Shic, BREMNICIZIEE
Lichifan & o & Bbn kB, H503,
CAM ##EF 1B g 2 8067 T 1 7R M BkAH A 3
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Fig.1 Phase-contrast microscopy of CAM
explant cultures in collagen gel.
a) CAM segment on day 3 of culture.
Numerous branching cellular out-
growths were observed. Bar=100 £z m.

b) On day 5 of culture. Continuous
cellular cords formed 3-dimensional
cellular network. Bar=100 xm.

¢) On day 7 of culture. At higher
magnification, neovasculature sprout
and formed dense network. Arrowhead
indicated capillary lumina.

Bar=10 um.

T oMt MR L AEMINE oIEE VAL
%ﬁ i/&{%"{k%ﬂ_\‘b. g@ﬁ muwanT }—]
BH®D collagen fifft & & T 5 b ThIC
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Fig.2 A newly formed endothelial tubular structure on day 7 of culture.

a) In the lumen, amorphous and electron dense materials were
observed. Basal lamina-like materials were not observed.
Surrounding collagen fibers consisted of striated and non-striated
fibrils with dense aggregation and irregular arrangement.
Bar=1ugm. L :lumen ; N : nucleus

b) Higher magnification of contact endothelal cells. Typical
endothelial tight junction was observed. Bar=0.5 £m. Arrowhead

showed tight junction.

FFRD & 5885 & BED S iz, HBFEBEO
collagen [ZEITHARHAITH D, HEHRD S
%K VHRHE L B DREY S N8 WO T
HER & 1, HEOERME BRI I 35 W TR
EThH-1,

7 ~ 8 H chick embryo CAM @ il & 1<
BOWT, BFEEREM L TV 5 NEaOMmIE
PUCEET DI b a v F ) 7 &8E, BEd

2 flE & oA RE & L CHE SRy b h,

fERIRE 2R LT\, BRI MmBkmas
B o, —EoNEMiaklic 3ESEXR
&, L Twain b ohnic, < ORH
TRNEMBOREERIZZED SnEng, FE
& IME B BEfma O B ($32% S h7z(Fig. 3 )o
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Fig.3 Electron micrograph of the CAM capillary on day 7 of incubation.
Capillary wall consisted of a single layer of endothelial cells and

closely apposed pericyte
Endothelial basal lamina was not observed.
basal lamina of pericyte.

and ectodermal epithelial cells.

Arrow showed

Arrowhead showed epithelial basal

lamina. Bar =1 um. EP : epithelial cell ; EC : endothelial cell ;

P : pericyte

3) ZPEAOMAR L ERIEIE
(1) PAM 4xff ;

T~8HH®D CAM B\ T, Fricdhif
Dk D collagen F3HE & EAMINE BIERET 5
FROREERICELS, Toths1 -4
wmpaiEicBey otz (Fig.4a). GAGs &falkf
12 PAM [ %719 glycogen 2pEdT B 729
Iz amylase THLEE L 72 i%1C PAM 4% f L

t2CAM ITBW\WTH, LR FEIKE, collagen
Bitx o514 v/ — LOBBHERIGEEFELTY
72, (Fig.4b)s

B AR T NI B W T, R
PHD collagen #iffE Fic 3EFIASERK T O S
MW 5Ntz (Figba)o amylase TUHEL 72
%1z PAM 4t U 7B R e R A R A
flics\WThd, [ERCHaEPO collagen #7
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a) On day 7 CAM stained with PAM.
Strong PAM positive granules were
evident on striated collagen fibers
surrounding capillary.

b) On day 7 CAM treated with amylase

Fig.4

before staining with PAM. Strong
PAM positive granules were evident
on striated collagen fibers similar in
fig. a. Bar =1 um. EC : endothelial
cell ; P : pericyte

HEERI T DI B DRSS SNtz Hric, FEERE
Ml D FIERME & B ORI (3FHB LS

MR H 5Nz (Fig. 5b)o
(2) RRZ:fh

T~8HH®D CAM T8\ T, RRO®EIR
WA R, M8 PR, PRl
WfEd 5 _LRARE F o RLERE & 4RI AP
@ collagen ### 1< amorphous 753 T-#E D
BWWEE LTRSS, LA LEXS, A
Rz OB R~ DZE R & BRENEIC X
HH SN -7 (Fig. 6a), BEEMT% O
EIZBWVWT, RROWEHFMEERmICE VT
ABC & AC ILEEf% FI I D Sh i, T.H.
& S.H. ERIcHs VLTI, MR %
BN TR 13550 - 7o WML DK
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Fig.5 a) On day 7 of culture. Sprouts were
stained with PAM. Strong  PAM
positive granules were evident on
surrounding striated collagen fibers.
b) On day 7 of culture. Sprouts were
treated with amylase before staining
with PAM. Strong PAM positive
granules were evident on surrounding
striated collagen fibers and abluminal
surface of endothelial cell were similar
in fig. a. Bar=1um.

W collagen fRHEICB W TIE, RR D&, £
TOREFINIER D SNTce L L, HFgHE
ITBWVWTIE, ABCULERIZBLAERED SN
9, T.H. TP <, AC, S.H. 5@5@
HmTREHCED SN (Fig.6bede)s 7

B, Rl B, éf@@i’kf?{ﬁé
WA ERD T

BRI e R~ NEMIIcB W T, FFEE
Pefuimia &, Mfaio 2 ~— 2, BREME
& EREEPHD collagen HRHMEIC B W Tla)BE D

amorphous ¥E 1E D 57z (Fig.7a),

NEZfIla R D RR &3, 2 TORSRNEE
®IZEY SN, ABC & ACEHRIZBWTEL
Lot nie, BREMIXRmDCBOLTE, 2T
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Fig.6 a) On day 7 CAM stained with RR.
Amorphous electron dense RR
positive materials were deposited on
endothelial cell surface, subectodermal
basal lamina, pericyte surface and
striated collagen fibers. Arrowhead
showed epithelial basal lamina.
Bar=1uzm.

b) Treated with testicular hyalu-

ronidase, fine RR positive materials

were evident on endothelial cell

surface but dense RR positive

materials were evident on surrounding

striated collagen fibers. Bar=1pum.
c¢) Treated with streptmyces hyaluronidase, fine RR positive
materials were deposited on the same positions as fig.6 b. Bar=1
pm.

d) Treated with chondroitinase ABC, dense RR positive materials

were evident on endothelial cell surface and pericyte surface. But

non-striated fine collagen fibrils were not stained. Bar=1 xm.

e) Treated with chondroitinase AC, dense RR positive materials

were evident on endothelial cell surface and non-striaied fine

collagen fibrils. Bar=1um.
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e

a) On day 7 of culture. Sprouts from CAM were stained with RR.
b) Treated with testicular hyaluronidase,

¢) Treated with streptmyces hyaluronidase,

d) Treated with chondroitinase ABC,

e) Treated with chondroitinase AC,

Amorphous electron dense RR positive materials deposited on
the endothelial cell surface and surrounding striated collagen fibers.
Dense positive materials on endothelial cell surface were not
removed with all enzyme treatment. Dense positive materials on
non-striated fine collagen fibrils were removed in fig.7 c. Bar=1um.
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OREFRNER%, RR OUBEIEFHTH -7, #
2 ~— 2B VT, 2TOBRENERT
RROEBRAD SNE b -1, BEHREEEOD
collagen §i# - RR DILE 1L, 2 TORERML
BRTHEE ~ 7o UL, BV TE,
S.H. g 2B oshlih -1 (Fig. 7
bede)o
(8) ABHfn ;
7T~8HH®D CAM icBWT, ABODOIE R,
WEZMRRZ I, EAIMEEHO LR MlaDRE
& collagen Rt LICEFEEOSVYIE &
LTRD 5N, REMRaEECldikE DR
WWERLRIA PEIET 245, Nt
3 FRAROBRER ClE—RRICIEE L TV
(Fig.8a), BFRMHEOBEIZE VT, N
faXiE® AB D&, 2 TOBZRUBERICE
WCEB Shiz, MERBD KL collagen #7
MBI B ABOUE R, 2 TOMENER S
Bvohtz, L L, #MfRMCHVT, ABC
WK DA AB DILBBBED SNl -1, 74
B, HIREF@E SUTIKKL collagen f7#E D
AB D&, SH. MEBRELEFHTH-
(Fig.8bcde)s

BERRE R TARMIBICB W T, AB O
%3, RROUBIHANETEEOBVYEE
LT, f#faZiE & EBHD collagen #p#E Fic 32
»oht (Fig. 9a). BRNEHRICE W T,
BRI R~ T NRMlaEE, £ ORADK,
collagen #R#E b5 X U# L collagen HiffE E &
L2 TOBENEKRIC, ABOREBERBRDH LN
fo#5, S.H. MIfgid, Mka&kmia o ticiu
collagen 4 bIZ 3B B P RTEH - 72 (Fig.9
bede)o

% -

1. EEARMRDOERE I >WT
MEFERT & % Wik Z ORERFOWE
i3, #E, rabbit, rat, mice D FHE R chick
chorioallantoic membrane ¥4 FH 5 in vivo
DOERENET, MEFENT LB IWEER
Liz_L oy b 2HERC CAM IcE¥iA%, £0

| OEEEAHEEEE 14 179-194, 1989

EBAERETT 26D TH -2 LLIEHS,
MEFE N Ma O, BE, oMb EE
WAk A BRTSHASDE D, FEFICHEE
Llficbliz>TW5, F010H, SEEHVE
HEIBEROMES, EEM, Bk FR4E
DOETRIEBRH B, ¥ 5IT, in vivo TiE,
ANBIEIC & IR RIESEC b, MEH
EPFHIN S0, BRYESHAERT L5
RahsrENNH 5,

W DM BE & KRBT DS ITHE - T,
MER MBS X A, in vitro TR
OIEE, BEMSERETE S L DI, WM
fER e s s h e, L LA
5, WHERTF, <, MEHERTFELEED
ZRWEH?, in vitro TOMEHFEE TV
BEHIN T X, 19804 i< Folkman &
Haudenschild VA3 Bigt U 7= EMIIE N Mz %
H\Win vitro I2 B 3 EREHREsHE Lo &
BREBKREIETH-fo HODBERIC
ECGS & % \ {3 tumor conditioned medium
(TCM) 2MATHEET S itk » THILE
RS ERD K S BRE R L, 715D 5,
REZfAEETRK & N, in vivo BT B E
HMEHECENL TR E, X5, Mg
NOZERD, W 2ERERE L TEREEE
2T sl EThH-to LbL, WOSDHE
WEIERIC 48/, H50VIZALIEEEL,
HFLSEEMUR S N WA EE L, £
D%, in vitro lTH T RO E K E
Dk c LSS h™, ECGS DRNE% 4t
¥, TCM &b MRk pk & R+ % fn
Z, ELAEYFNEBE LSS VIEETTH
AR AR T A Itk - T, BEEHRET
ORI DGR SNT VWS, £ 72, Nicosia
5% Montesano 5" I3BEE U - EMIMEANK
flacidia <, EMNE2SUCHRH AU+
REB IR T 3 2 itk » CEERRE
BaEsHEEAEE Ui, BREFOMEE L
T, 5, BERMEERY, rat KEIIRER'S M
BOUESHEBSHV SN TWSEDY, AHET
B CAMIZHOWTIREEMEST W, L
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ﬂ' : B

Fig.8 a) Onday 7 CAM stained with AB.
b) treated with testicular hyaluronidase,
c) treated with streptmyces hyaluronidase,
d) treated with chondroitinase ABC,
e) treated with chondroitinase AC,

AB positive granules were observed as well as RR positive
materials. Dense positive reactions were evident on epithelial cell
luminal and abluminal surface and striated collagen fibers. AB
postive materials on endothelial cell surface were not removed by
all enzyme treatment. But AB positive granules on non-striated
fine collagen fibrils were removed in fig. d. Bar=1xzm. L: lumen;
EC : endothelial cell
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Fig.9 a) On day 7 of culture. Sprouts from CAM were stained with AB.

Bar=1um.
b) treated with testicular hyaluronidase, Bar=1um.
c) treated with streptmyces hyaluronidase, Bar=0.5uzm.
d) treated with chondroitinase ABC, Bar=1um.
e) treated with chondroitinase AC. Bar=1ugm.

AB positive granules on endothelial cell surface, non-striated fine
collagen fibrils surrounding striated collagen fibers were not
removed by all enzyme treatment. But AB positive garanules were
showed moderate expression. L : lumen
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Table1 Distribution of RR-and AB-stained materials after anzyme treatment.

7-8 days CAM 7 days of culture
enzyme
EC sureface| EpC BL |striated col. | fine fibrils | EC sureface |striated col.| fine fibrils
control ++ + ++ + + + +
T.H. + + + + + * +
RR| S.H. + + + ++ - + -
ABC ++ + + - ++ + +
AC ++ + + ++ ++ + ++
control ++ + ++ + + + +
T.H. + + + + + + +
AB| S.H. ++ + ++ ++ + + +
ABC ++ + + - + + +
AC ++ + + + ++ + +

T.H. : testicular hyaluronidase, S.H. : streptmyces hyaluronidase, ABC : chondroitinase
ABC, AC: chondroitinase AC, EC: endothelial cell, EpC BL: epithelial cell basal lamina
striated col.: striated collagen fibils, fine fibrils: non-striated fine fibrils

++ :strong + : moderate = :fine — : negative

L, CAMIZCAM 7 v A4 EVICAHV ST 3
B, MEPEE CEEICHENEEPRT 5.
% 72 Moscatelli 5®{%, # L HET 2EM
MEREERESHEE LB SIRET 5 &b
XTED, H3iRrlickdiz, 7~8HH®
CAM ORFZMilaE 2Fichic-» TREBE 2K
&, MEFEICEEFCHENLSEREL TV
5o oI, REOEETH B, LEIE
{, BEICHEERS D, ERERVELY
EHOBRBEPBHETHEERICEL TV 3,

Michaelopoulos & Pitot™ 25 iF £ & 8 la %
collagen gel F TIEE%ZIT - TLIHK, collagen
gel TRV EoERICRH IS A, Mile
DEIRTTHIIETEPHEBE M LIC KR SRR 2 E S
TWd, £IT, AFFRICEWTS, E£YFH
HHE E L T collagen gel HiZ CAM % 118
L, gel 2{fEs ¥, AEMERERTELT
ECGS & heparin 28952 Lick->T, 1
BRIE WS AR CERIER 25 . Bl
R LIRS OMEFEE T VIE, BEEZH
Y BRCHEE O NI I3 B 2 MR ic EASY
WK BEEHAYD Sh, BRENIC TS
& B\ E amorphous MPBEEEA TWio &
DERER R % 1T - 1o ¥ B 118 13 Nicosia'®,

Maciag®, Montesano® & Olander DR &
ML LTV B, Nicosia'® & Montesano™ A3
BRTWBFEERACE T 2BEERNE
(lamina densa BEVE) XD SIS 5 12,
DT &R, FFEMENKMROBRESELN
TWwWdEWwWdkh, 7~8HHEHCAM OEHMIM
BICREREEESRY 50Y, CAM EHIM
BN L EZ 5N 5,
2. IMEHELMEARE IC>WT
TEBYHIB O L0 v v 7'
v b7 =5 & L TCOMBAEB OREIHEH
ENTETVEY, MlEAEEONTS, T
NS EBE L L EnRbXHIKT S
collagen FR#EIZ AL A48HEE L CHEEL TV S
BWETHEEZ SR Tk, Montesano® 3
in vitro THEYIFMEE & L T collagen gel %
HuwTic offifazii& L, Mlaostictes
TERE R IC 31 AR EE & LT collagen
DOEBEHICH>WTEEHE Ui, BEIR LRME
DT BNT S, FlEE E 7 collagen gel D
g & 2RO BB A ERETH S &
BRENTVWBEY, KEEBRIZE VTS collagen
BEEMEORFEE L TogEll ki, gel
TIRFESE BT LIk D EERROER IS
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SN i T & EFURR FRRMEE & [EbRiC, Sk
KHRFEP SIFRCER T 5 & 5 BHEZL
7, MM PERRTFEEZ SN S, K2
R & T, FEMEOERERFRD collagen
WML, BE» SHNIBAICEET 5 col-
lagen BRMEICERN, BRI, HWUNTHEEE
HELTHERDOR, Pt E Lk collagen
B DR XN T W5, Nicosia & Madri™
WH 72 1T Bk & 1172 collagen 4 & glyco-
protein DEBHIMETR O EE S FHE R %
b &%, invitro DIMIEFEETFLVER L
THRERBLFIICRE L, Z0HE, &Y
ItHE 3 5 collagen type V & type IVIE, ¥
HELAMBRRES 2DV EREEREE
REE B ERRTWE, TOREENSTOERE
RIMEFEOLELE TIHES G LU AHEICE
K EEZ SN B,

Buonassisi®, Gamse* & Oohira® |3 KBk
LERBIROMENK ML BEEEL, &
SN HREE L GAGs D E AHERE L
fzo % DFER, MMEZRM & HERERTIC (X heparan
sulfate 2% ks & L T80%%E 59, HER D
{213 chondroitin sulfate #560% VL FFETE L T
VB LIBANTN B, ARFEICBVTRE 1ITR
I & HIZ, in vivo L FIT in vitro DN
R, FA L2 TORRICK 3HLES
BiEERLTWAB I & XD, heparan sulfate
DFEEDPWETE S, in vitro DERERBHO K
ISR D 15 W ERMENE, S.H. TH{EEhTL
5T & KD ERERFE OIS collagen HRHE &
REENKRAIRZERE T hyaluronic acid DELE DS
sk, LHL, invivo DEEREDOK
MO WML, S.H TiEfband, &
LA ABC TiB{bkENhTW 5B T & & D dermatan
sulfate DEENERE S e, B5b, TbiTR
T&IiT, PAMBRILZHFH TFOULE,
RR DOILEITIIEREM & ISR E MRS 5
f, MRCEBRESE U THSE T &b,
Wight* I3RS B & B 2 Rl s h e
‘& %, protecheparan sulfate & hyaluronic
acid & H 35 D proteochondroitin sulfate %
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&k, Hwd 5 EELB LTS, Ausprunk'
1%, MERRICEB T 5 GAGs DEEIZ >V T
D Toole" OBt fEkic & & FWT, CAM
ICB 5 GAGs DK & 736 % 3 B ic o3 1
ThHFEL, FEEPIENIT IE hyaluronic acid 2377
L, MEDHEL I >N THEEL GAGs 233
mesZ &amrlic, AEMRIBREES
#1F T\ < &, hyaluronic acid 255/ L,
heparan sulfate 8N 5 LS5 TV
59, APIFRIZBVT, 7T~8 HH CAM O EM
& B @ collagen #E# IC dermatan sulfate
DEBMBED SN2 T &, BHIEOREN
KERBD SERBRADERENEBITT 2RTH S
T EERMREYE, 51T, invitrollBIFEE
FEEFR D hyaluronic acid TR, EMINE
R OVIEERRETH 2 T LRI & i,
Sl X 0 FrEME OB ICE
L, BEEOXRM, #kaofEZEl, GAGs D
B, mRkomtoibtoss, EhBEKER
BRI > T A ERET 5 &R
HTH o, S, HBEL oA MIEOEINE
BERICBY AMEREETNVELRT S &I
X0, ISITHEFELSHITBLELEDN S,

& i

7T~8 HH® CAM *% collagen gel (ZEBHL,
R TERET A EIE 5T, invitro lTH
i} B B EARIMESTE € 7 LV OERIASAlRE &
Kot COEFLEROTMETREKICEB Y
BIEENK M OEREL BRI BEE T 5 GAGs
DFRK & R SRR LRI RER L e, BRI
F%IZ 13 collagen gel DINFEIC & iDL REZR
IEBHVETHEEEL SN, BEREEERERL
feNRZAIE D R I EEE 3D S h i, -
foo EEEERER L AWMl RE & AR OMK
7S HERLD T3 W collagen 34t F 1, hyaluronic
acid DFIEMRD bl 5T, 7T~8HH
CAM EMIMERBE O DH 3 collagen i
_Fiz dermatan sulfate DIFLEDED Stz
WE- T, BEFERRAIEIIC 12 hyaluronic acid 25
MRaAEEE UCERL, MEoREICE bTi-
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T, dermatan sulfate ICi& &b 5 T & HHE
SipitiE»tz, Eol, EERETLIEER
A O RMEIC 1E GAGs H{LEBER THIL &
#1735\ heparan sulfate 25889 517z
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SRR (BBCPIRZ I O —#
EEEIR), MEFT BHEREMICEEEEL 9,

$7, AR LAHEERAIELHE
L EFES,

B, AR OEFO—EFI, Fobpil
R4 (MHfO624E 8 H28H  ALMR), 13mA
A/ MEBR 2 (FEFI635E 5 H20H  BART) i<
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Abstract : The ultrastructural distribution of glycosaminoglycans (GAGs) in the extra-
cellular matrix of capillary endothelial cells during angiogenesis was studied using chick
chorio-allantoic membrane (CAM ), histochemically in vivo and in vitro. For in vitro
study, a simple model of angiogenesis was provided by the collagen gel culture method.
The newly formed endothelial tubular stiructures in vitro were similar to the vascular
channels in vivo. The observed in vitro and in vivo vascular tubes were stained with
periodic acid hexamethylenetetramine silver, ruthenium red, and alcian blue, and digested
in four enzymes (testicular hyaluronidase, streptmyces hyaluronidase, chondroitinase
ABC and chondroitinase AC) to idetify specific GAGs. Consequently, it was suggested
that hyaluronic acid accumulated on the fine non-striated collagen fibrils of extracellular
matrix components in the early stage of angiogenesis and was replaced by sulfated GAGs,

especially dermatan sulfate during the vascular development.
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