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SUMMARY

Endothelial regeneration of the rabbit carotid artery was investigated after endarter-
ectomy, which involved the removal of a 4 mm length including the endothelium, internal
elastic laminae and part of the muscle layer of the media. Regeneration was studied at
intervals from 1 hour to 8 weeks after surgery. There were two groups, Group A consisting
of Japan White rabbits fed a standard diet and Group B consisting of rabbits fed a 1%
cholesterol diet for a month prior to surgery and continued until the annimals were
sacrificed. The healing process of the endarterectomized arterial wall was observed using
light microscopy, scanning electron microscopy (SEM) and transmission electron micro-
scopy (TEM). The origin of regenerated cells was examined with immunohistochemical
double-labeled staining. Scanning electron microscopy (SEM) showed two kinds of
regenerated cells which were observed on the luminal surface of the endarterectomized
wall, namely, spindle type and ovoid type cells in both Group A and Group B. Complete
endothelial regrowth was confirmed 2 weeks after surgery in both groups. After the
endothelial regrowth was completed, the ovoid type cells were localized in the low shear
stress area. Transmission electron microscopy (TEM) showed both the spindle type and
ovoid type cells consisted of pinocytotic vesicles and demonstrated tight-junction adherence,
which confirmed their endothelial origin. Immunohistochemical findings showed both the
spindle type and ovoid type cells stained positively for anti-Factor VIl antibody in Group A
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and stained positively for anti-CD31 antibody in Group B, which confirmed their endothelial
origin. In Group B the speed of the endothelial regrowth was not remarkably delayed from
that in Group A, but SEM revealed enlarged spindle type cells and irregular-sized ovoid type
cells. TEM showed vacuoles existed in both spindle type and ovoid type cells. In addition,
foam cells which were stained for antimacrophage cell antibody RAM11 migrated suben-
It could be suggested that the
reason for the low rate of clinically postoperative restenosis after carotid endarterectomy

dothelially, after which intimal thickening was observed.

is that preoperative control leads to the reduction of risk factors of atherosclerosis, and
consequently clinical endothelial regeneration of the human carotid artery after endarter-

ectomy is likely to resemble that of the rabbit carotid artery in Group A.
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EENNEBIREESEREZEARAR S THEE
HMOEEENRER)OBEELEERED 1 DLFE L
BrokicoTEl. ThicxT 4 BNEEREE L
T OEERPIE ST AT (carotid endarterectomy T
CEA) K T JIE ARG 2 b AR e F ik &
L CEHli & 2T\~ 5 (North American Symptomatic
Carotid Endarterectomy Trial (NASCET) Investi-
gators, 1991 ; European Carotid Surgery Trialists’
Collaborative Group, 1991). CEA 2\fTh i % WiREE
LHEOFEH S L OERERF0—>o & L TMEN M
DB (response-to-injury hypothesis of atheros-
clerosis) (Ross, Glomset, 1973 ; Ross, 1986, 1993) 33
HEhTw5b. CEA Tit, BRI RELE L &
b AEECAHE TR IR S 2D, LD Ross
(199D DM BT 5 &, MEMEOHFRIENE
55T ENTFREINS. LaLl, HEHEREVC EEKR
+ CEA #%EICOHREALEOBFBRCME ORE, M
Ex & &v(Ueda &, 1993).

BERETRVWRETOIEEMEONEFAL, A
BB R 4R S 5 5 5 RO I spindle type DM X b
BERINDD, YBRINAELBEEIABEIRKIBL
REFHHROECHEOTENRZ 5, Lirvd, BE
IhTE Mo —iBiE spindle type Dl & i -
72 ovoid type & %\~ cuboidal type & # & h 5 HEE
HEDHEELhTWA, ZoBAMEORE R, LI
TR FEGMATAR & & h Ty e (Schwartz b,
1975) %%, &L Tl MR E K & 3 % # & (Shimo-
kawa &, 1987, Weidinger 5, 1990) % » b, &5zt

RER TN,

Yoshijima (1982) %, mongrel dog #Z i\ i, SE)
IRAETBREOBEBRYBRL, 72 ) vEEH
T, WEFARSRICHE~NTEEL, ovoid type M
ROHBBENRE L bR, T Enb, BUORK
MR DA AN h 5 R v AP 1 M o SR 0 T A
RAHBT A0 TRIcVhEHERL TS, £ T,
ovoid type DRI ORFE AT 5 101, BHBIK
HNETBREOBEREY EAEE EREH LD
BHNBER L OCREEBLFENEREY T - . Eic
BIRELE 1T 5 CEA BOBFABRYEN T
TDCEERRIVOEaVAT e —LRTHE LK
R A CHEBRRE L.

XWRE & UK E

SR IIMAE 2.5-3.0 kg D HAABHEERRE 40 Fr A
Wi, ZO3BbARE L T2 W%, KBREEHRETL H A
Iy, BEAGH) =v 2 1B RCOTHEL, Mk
bERKTRE TEhEHEI . &Y 20 HE B#
LU, ERBBATI P ALV EERIC1I Y2V AT R
—AXAMLLETHEL, RRETRI T hER
.

FTHERFEREF 7 37—+ b ¥ 7 40Q20mg/kg)
BN T A HIEE, KEFvya - VRTHS
L, EMEHYBIR TR 7. RCCERABAMET
THREBIREH L, BOEYWER 27V » 7 FRES
20 g, BRHERRI L) TMMEM 2T o fedb & £ AL T
NMIBAR I 2. WGBTS LT, BUNBTFIRL D
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MEABELECH )& 4 mm i AERE X O
PR, R8O —5 & FIgEER % L (Fig. 1a, b), 10-0
£/ 747 AV FF 4w vARETHICON) T &Y
B 24 A LT U 7c. MTEERTRERI 34 20 5 TH -
7o, itk 1 B§fE, 3EERE, 1H, 3H, 5H, 14,
2:8, 4:8, 68, 8ETHEMIKMKE LTV, &P
MNEBBL, ELELD AR ST 7 NVATATEF
(0.1MV vEe#EfE¥ pH 7.4) Z T 150 cmH,0 ©
FECHWREIE 21T - 7ok, REESEA L L CTEMEE)
MR A& fEH L7,

EHEBEBE 1%+ 2 I v AR EEEE 7
na — VRINITHK, BRAEER €707 s
FEIT\V, HIL S-800 BUEAE FHEME cHZ L.

FHREEBLE . 1%+ R I v ABTEETEE, 7
+ b v CBK, =AVvEEEITV, 80 nm OB YIA
RIER LTcts, 2 %EFRY 7 =15 X 07 = VBT
BIHRAELRL, HAEF GEMI200EX [1£E 1 #iK
HTBERT- 1.

K L OCREEEBALFRBIE 120 % 1<) v
FEER CEEL, BK, <774 vEEL, ~<btF
YV ez TOVRMA, SARFH e T VF—VV
e fTo . IHLICHEMABRIGTHBHiE b
FactorVll¥ 7 » — v #: 51 #(DAKO) (Jaffe, 1982) &
Wy ¥ FERGE 27 » — v % EMHHF35) (Tsu-
kada b, 1987), FactorVll¢ iy ¥ =2sm 77—
H7 e —vihid(RAMID) (Tsukada &, 1986), W
e RRalnE 2 v < 7 B RMHATH HHi e + CD31 H
7 m — v ¥H & (DAKO)(Parums &, 1990) &
HHF35 3 X 0'CD31 & RAMI11 ¢ FhFhn _HR

4mm

1
il

Fig.1 a: Experimental schema. A sheet of the
luminal surface of the rabbit carotid artery
of 4 mm length was existed en bloc, includ-
ing the endothelium, internal elastic
laminae and part of the muscle layer of the
media. b: Light microscopic finding of the
endarterectomized wall (arrows).
(Hematoxylin and eosin stain x200)

Table 1 Characteristics and laboratory data of Group A and Group B
prior to surgery

Group A Group B
(n=20) (n=20)
Body weight (kg) 2.7£0.2 2.9+0.3
Red blood cell (/uD) 590+149X10* 417+102X10*
White blood cell (/uD) 67601245 68501279
Hemoglobin (g/dD) 13.0+2.2 10.2+1.3
Hematocrit (%) 43.1£10.7 34.9+4.4
Platelet (/xl) 31.7+8.5%10* 27.6+7.8%x10*
Total cholesterol (mg/dD 37.9+14.3 961+197
Triglyceride (mg/dl) 41.8+20.1 186+103
HDL-cholesterol (mg/dl) 23.513.8 27.4+8.5

Values show mean=+SD.



=

B 11

114




K RABSHBIR 1< 3 1T B P GIBRATEE 0 NI AE B 12D W T 0 SERRIBRT

Fig.2

Scanning electron microscopic finding of the endarterectomized wall.
a: In Group A the fibrin-platelet carpet on the endarterectomized
surface 1 hour after surgery. b: Regenerated cells can be divided into
two types: spindle type (arrowhead) or ovoid type (arrow) 3 days
after surgery in Group A. c: Ovoid type cells (arrows) were localized
in the low shear stress area 4 weeks after surgery in Group A. d: In
Group B numerous adherent leukocytes (arrows) are clustered on the
endarterectomized surface 1 day after surgery. e: Spindle type
(arrowhead) and ovoid type cells (arrow) were observed on the
luminal surface of the endarterectomized wall 3 days after surgery in
Group B. f: Monocytes adhered to the endothelium, and had begun
to penetrate between the surface of the regenerated cells 7 days after
surgery in Group B. g: Ovoid type cells of various sizes (arrows)
were observed in the low shear stress area 4 weeks after surgery in
Group B. h: The spindle type cells (arrowheads) were enlarged and
demonstrated irregular protuberance of the luminal surface of the
endarterectomized wall 8 weeks after surgery in Group B. (Bars: 10
pm).
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%17 - 7=. FactorVll, CD31 o MHik D 55 N A
T 2 BRMEL 2 « O S VHTHRIINE.

LB IEX 4 um Ot 7 4 vEIFREWT, A
A~ F o & — LHERTTV, FactorVll & Kt X
¥, Avidin-Biotin Peroxidase Complex(ABC) #ic
X b 3, 3-Diaminobenzidine (DAB) THfa X & 7.
RNT0.1MZ Y o VIEFRREER pH 2.2 HTHEE,
HHF35 & %\ ik RAMI11 &G EE, ABC itk
hifb= - +-DAB THE X8, ¥/ CD31 %¥H
W RIG T, Ao ABC # T 3-amino-9-
ethylcarbazole (AEC) T#ff, 0.1 M7V &~ viEfEE
B pH22 TEHEZIT-7t%, HHF3 H5%\iX
RAM 11 ¢ K& &€ ABC #kic X b DAB TRBEX ¥
7z. 123, FactorVll& CD31 iz owWwTiX, 0.1% b+ Y
7TV B 3TCI0 4 & BTAE 2 — KP4 0 R ET
AT - fe.

& R

1 MEIREEAER R . PR BROMGEHEILAR
2.7+0.2CFy - EXERZE kg, BB 12.9£0.3kg T
Hote. MEHET — 2L LTBREIAFLEN, B
IV AT e — BN 961197 mg/dl & EHEEY
RL T\ (Table 1. L L, WEGIBRME RO M
S LIEEME O AR LRk, BEFTLAFEREIC
fatty streak &\ 2% X 5 i R3A bhieh - fe.

2 EEFTR AR, B & S FHoukkmEo A M
fSELcRE S h, WSS X OFESEO—
LUBRRIh TR Y, BRAEFEHRICIRmER, [k
DR A D - (Fig. 1b). ZOHOFA @R TIT
BAEMB L 2ROECBELARD bH, LEREEM
fafafe b L, 7HBUBCIIHEEL .

3 EAEBEEITR | MES O IR ZICEETT R & R
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Fig.3 Transmission electron microscopic finding of the endarterectomized wall. a: In
Group A The spindle type cells formed interdigitation with tight-junction
adherence (arrow) 4 weeks after surgery. b: The ovoid type cells consisted of
pinocytotic vesicles (arrowhead) and formed end-to-end junctions with tight-
junction adherence (arrows) 4 weeks after surgery in Group A. c: In Group B
the cytoplasm of the spindle type cells contained vacuoles 4 weeks after
surgery. d: The ovoid type cell consisted of vacuoles and formed end-to-end
junctions (arrows) 4 weeks after surgery in Group B. e : Foam cells and smooth
muscle cells containing vacuoles localized under the regenerated cell layer 6
weeks after surgery in Group B. (BM=basement membrane, V =vacuole, FC=
foam cell, SMC=smooth muscle cell). (Bars: 1 um).
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AR, BELLIARMREESCEREIRTOVR.

FFARCOFLBEY LD L, CEA 1K, 35
B, 1H®TE74 7YY, MR -y PRI
sAEtE i A MER DA 23R b h (Fig. 22), 3 B
OB, BT A D NEYIBREAL oL X b H
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Sequential changes in tissue reactivities of monoclonal antibodies.

Graphs

show tissue reactivities of monoclonal antibodies for Factor Vil(a), CD31(b),
antimuscle cell antibody HHF35(c) and antimacrophage cell antibody RAM11
(d) on the regenerated cells and cells in the subintimal layer at the site of
carotid endarterectomy in Group A. H; hour, D; day
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LA % spindle type O MR E TH - 724y, —HOH
BiC ovoid type MIFBENFFAEL, TOREL LTI
BT L DA CIcERBAMML, VBRI AT
FamIifs s A E B, Wb BET b ISR
ZFR® bR B2 A B e (Fig. 20).
—HBETE, 1BRR, 3B, 1HETR74 7
) v, IM/MA —=y b OFHRITVLA -y FEIC
HIMEROFF#E B FEWTH -7 (Fig. 2d). 3 HHE, 5 H
BT AR & AERIC YIRS & ) HAMB AR, TH

o

v

R 7eFe %% L 7= spindle type & ovoid type SO
EXRD B (Fig. 2e). 7 HEIC2 5 L HMEDOFR
FELCHEREBEbhsMilanBAMREcAbh, &
HITEE LT L FTR2ZE® bt (Fig. 2f). 2 B#
1% spindle type ¥tk & L - FA MR T RBERE
BRET LT Lil, 4BHTHARERKC
AT I FRNAR T D ISR & F 2 b B MEMER K
NARE D ovoid type DR #iR o - (Fig. 2g). 6
W, 8T spindle type Mifd, ovoid type Mifg &

Fig.5 Light microscopic finding and immunoreactive finding of the endarterectomized
wall. Regenerated cells 4 weeks after surgery, from the region of the carotid
artery of a Japan White rabbit in Group A, fed a standard diet. a : Hematoxylin
and eosin (X400). b: Regenerated ovoid type cells are positive with anti-
Factor Vll antibody (arrow). Emigrated smooth muscle cells localized under the
regenerated cell layer are positive with antimuscle cell antibody HHF35
(arrowhead). Double-labeled avidin-biotin immunoperoxidase preparation of
paraffin-embedded sections after reaction with indicated antibodies.
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b EAH AN AL U AR o I N~ DI H3E B 7%, AR/ (pinocytotic vesicle) #FBs 7. M
& fe o T 72 (Fig. 2h). A MR AR A R 7o, BRI T A
4 BHEBHEMR . AR THED bR spindle type & THote. 727 L ovoid type M TIIBZOMEM %R
ovoid type OTHAMBMIFAM O LE/IMERE 5 b00 %0 - k. Mgk oA, spindle type A
¥, MifAR/NSRE S LT, EmE/NMEk, VY v —a0 JaC 12 interdigitation(Fig. 3a), ovoid type Mg T%
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Fig.6 Sequential changes in tissue reactivities of monoclonal antibodies. Graphs
show tissue reactivities of monoclonal antibodies for Factor Vli(a), CD31(b),
antimuscle cell antibody HHF35(c) and antimacrophage cell antibody RAM11
(d) on the regenerated cells and cells in the subintimal layer at the site of
carotid endarterectomy in Group B. H; hour, D; day
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end-to-end #4 (Fig. 3b) /R L, Wfila TRic-> T
o83, WIFh b tight junction DIBREER A L T i,

Lo R, WTFhofifad MEfkas L
TOHHMERT SO TH -1, —F, BETIxMaR
EERA Y SO spindle type, ovoid
type M & d AR & ABROFTRAR LT iedd, 258
B LARE o W A M o0 R dk R v IR B U iR R 5
L% 2 bh s zEfabniEs bt (Fig. 3c, d). i

AR DE T b 22wt - 7o T B M (Fig.
3e) Rlatk a2 7R b hic (Fig. 3c).

5 CTEAFEKLEITR D ARCRWT, YBRME
1HE X HBT2HEAEME FactorVilicx 3% K
G R TR L, BEE T DM AR TR st
KT o2 h» T\ (Fig. 4a). 3HEALT7THH
% T3 FactorVIiC M 7=+ Mifa 0 &4 235, &Il X
DERAHEINL, HcEEBELED LT e (Fig

Fig. 7 Light microscopic finding and immunoreactive finding of the endarterectomized
wall. In group B regenerated cells from the region of the carotid artery of a
Japan White rabbit fed a 19 cholesterol diet 4 weeks after surgery. a:
Hematoxylin and eosin (X600). b: Regenerated ovoid type cells are positive
with anti-CD31 antibody (arrow). Foam cells localized under the regenerated
cell layer are positive with antimacrophage cell antibody RAM11 (arrowhead).
Double-labeled avidin-biotin immunoperoxidase preparation of paraffin-
embedded sections reacted with indicated antibodies.
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4a2). BAMROBE, KT T 5 2:BE,-H88HE %
TORATIE, £ TOFHAEMBX FactorVIiZ G 2R
L 7= (Fig. 4a). L AL spindle type, ovoid type ® 2
BEHOMBME TRKIGICE R RS It b - 7 (Fig. 5a,
b). —7, CD31 x4 %R AREH & 358 KT
THETH - 7 (Fig. 4b). FLBAFFEGEIZ, 5HE
F TRYIREA OGO E S —HBEE I h,
HHF35 ORIGHAEMH 5\ 5o MR 23309
i, 7 HBUEETE HHF35 oG Bif & /e
DRI D B MO 8 B EABH LR L Tt
(Fig.4c). ¥ 2B BUREE, BAMRBE T
HHF35 o RIGAGE\ 8 7E V- F ik % 22 - (Fig.
5a,b). L& L, &BHE S RAMIL BBt % on4 #ik
FIRD 7 » 7 (Fig. 4d).

BT KB & & FactorVllod K IGA358 <
(Fig.6a), it 1 B H, 3 B BHBRL-BF4EMRD
CD31 ORIGIEED B\ IBEETH -7, 5H
H, 7THHC?LYKRE L VBEURIE LG, B
M, SEEEMEREIEA LT\ 7 (Fig. 6b). 28 H LR
ORI TIE, B4MRX spindle type, ovoid type @
WTFhoMiEd 4T CD3L M A R L, 2 fEEOM
RN RGO E % Xl by - 72 (Fig. 6b). BAEFEEGE
RWTIR7 HA ¥ CRAYER oML HHF35 DK
I EREM: T, B b (155 %R L 7= (Fig. 6c). RAMI1
DRIGIEDWTIR5 AH, 7THECRWTHEHERN
DY OB 2R L7 (Fig. 6d). 238 B LR
765 & HHF35 ORISR GR IS 5 s v
T8E kLD, RAMIL BRMEoMEIRE S HEhn L
T (Fig. 6c, d). % 7-BAMBRIET & HHF35 ©
RIG o, ERE k- EEFRGHERE L
RAMI11 B#&EmT~ 27 v 7 7 — 2 HROTOK MR
ARD B Fig. Th). ThbOMMBOEF I v E
HENERBIZIEE L T (Fig. 7a, b).

= =

PEFAREICE T 2HEIEL <RI TWBA,
KBRBY, NEBEOHE, NRVBREHEISRT
»5. ABEBBOHEL LTI A r—v AT —FT
(Steele 5, 1985), FMmv 74 52V M XBHER
(Reidy, Silver, 1985). #/NE T X % A BIAYEIBESIER
(Schwartz &, 1975 ; % 1L %, 1980 ; Yoshijima,
1982), =% /7 — i X % PR MifaREE (FEk, 1994) 72
ERdIFbhs. WTFhohkicb—R—E1HD
A —vhT—FATREVCER IR b IELRE
SEECHIBEE X D2, PERGBONZ, BE R

BN B £
dbhb, FArvy 7452V ERAGEHETIEZ—
BoANKMaD A HEkRETE, =8/ -V THH
BEMROLZBETEL LIS, BIMNETIC X B5
BB R T NE O 2 0 Sk RE T, %4
EAEBHBER S EBDTFbR D, KPR TIE
Kiwkid s CEA W WFETHRE T 5 e By
PEYIRZ A\ & 25, WMEEONER X OERE
BHRFRes  TARMRRE2 BRI L T
(Fig. 1b).

FFIEFMOMEOABEFEABRE TIX, Yoshijima
(1982) DFER L kg, Wi, 74 7Y v, ¥k
MR, ARz EOMBEGOE, »—~<v MUK
PBEL, RTYERENH L b, BAMROMESRR
bhis. FOBE, —f&iz spindle type & ovoid type
(B %\ & cuboidal type) » 2 B OMANHEL, ©
D% ovoid type MK ME L spindle type MDD &
Z7eb & T\ 5A(Schwartz 5, 1975 L5,
1980). ABFETIXHEAENTE T L BT ovoid
type ORfARELFAE L TV 72 (Fig. 20).

Z ® ovoid type DRIfAEF O MR L LTIl -4
WEE &S X T 5 (Schwartz b, 1975 ; B
B, 1980 ; Yoshijima, 1982 ; Reidy, Silver, 1985).
ovoid type Mg HBLIRA X, BIRELRIE A e S hie
b, BAEME EHES T < JIEE R
HWHET 5 & LcHE»#E R X h 5(Schwartz b,
1975 ; Yoshijima, 1982). Reidy 51983t %5 »
P B L ORREBIRO v — g T LT, OF
AEOBEN—EDR I T THEL LEIEL, WM
THEHE I Nieh - L HER Ao MR s HET 5
LT3, oMk luminal smooth muscle cell
LHEh, BREETR C PRGBS EEE X
T\, ThE T ovoid type Mg\ Tik
BENFE O N MR L B o e RS LI R
K (Schwartz &, 1975 ; L5, 1980 ; Reidy, Silver,
1985) &+ %3, BB\ XMmE O HEBRAEK (Geer, 1765)
LT BB X ONEMIATH B & T 5 (Gerrity b,
1977, Shimokawa &, 1987, Weidinger &, 1990) 2%
BB, FEHERMROFREET RO, DM
RANETEERL TV, DMIEZEIC dense
body #5889 5, DEREMBEMELXE T 5, 1 Makis:
BN LR ER DTS5 (Schwartz b, 1975 ;
Bili5, 1980 ; Reidy, Silver, 1985). BERKHROE#
X, DS ~MEO S B o WFHER O RS K
bhb, DEERIED KW ERDT LIS (Geer,
1765). MEZAERAESR D F80E, DRIRABMIRE L L



FEMRBBIRIC 3313 2 REREIERAT R O NBEE AR IO\ T O RRIOKRE 123

TRBRMEFTRI L, KoM, BEXRED, 2)
HURaREEE A 303 tight junction %71 % end-to-end #
4 T interdigitation 1213 & A FRD B hiowy, DER
BEEBEIREE LV LFET S, i & LTV 5 (Ger-
rity &, 1977 ; Shimokawa 5, 1987). L 2L, JEE
BB TR HMRBER N EMRBER Y RET
DIIRERD B, £ Z THFRHHUE (Tsukada b,
198D %H < 7 » 7 v — Hifk(Tsukada B, 1986) %
AW RERBENFEREC L - THillBRZRET
BT ENTREL TR0 TE . AP TRABERERE
BRNT D o etcddny, FAEMBC X 2BEE8 T
NTROMICEUER L. LaLl, AR, BRL
PIBEREI O —EIiZ ovoid type OFEAEKBIRENH D
hite. @ ovoid type MIfXARE, BR L L EHE
BTOMRBR BB E CINEMRE L ToB#Y
Fx Tt XHIARABENES RO Y 7
7 7 (Fig. 4, Fig. ) TR L, BELAH > ERBIE
BAREIZ L7z, T DFRE, ovoid type KA B ik
% E¥o FactorVi(Jaffe, 1982) % %\t CD31
(Parums &, 190BHELRLIcZ LD, HE
Bk ThBZ LBE L bR, LAL, FactorVll
& CD31 TORIGHDBIZOWTRSEORA A E
T5.

¥ 7 ovoid type Mgl ROBERE LT3, 1T hH
F¥HRF, HBETHVIEINEETHHEE2DRS.
in vitro R\ TEENEMICEEREOT 0 IET
PERER S L, MRIMEL D, HhoFRECE
45, —H, ETOIGHIWMERLBE AR
AT CEI S ELA S (FE - FHHE, 1991 ik,
1993). ABFZRIZ 35\~ T ovoid type MR D LD
® b - AR T OREERI AR & X OFME T,
MBOEID B XL EREE Ui ediHEMD
HREE S Lt BB R
REBHTIbbEav AT r—LEFHE FTOA
ERAARPEERMAB LLABLERTSE, DE
EBHEBER BT 5EM3 -5 A0 FARE T
spindle type 3 X O ovoid type DORIFIAEEL TH
B L7, 2)ovoid type DOMBIFEDREIMEST H LS
DETHEBIZED BT, BIODBENETT5
RELETAR, BEHLIFZAL RO —F
AEABET R TBRCHRN TS - Tl DI
B-1 AR 74 7Y v-/ME S —< v e
2 THMROMAENEHTH-FTR, 2)7 HECH
AR BEROBEFT AR A b2 &, 3) 4 EEL
DRz % & spindle type #Mifd, ovoid type #

faé dwciifanizt, KORRERRED SR TWIRR,
EHOEERBEFT R CBRICKHRNTH o mll, O
spindle type ¥ X O% ovoid type DA M S 22han
ROLNATED, SHFEMBETIIBREYH - o
ARG, Kk & oMBRBEOERENED L
RFTR, ) ZThictE > NBEDIEETH 5.
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RBOHRIE2 VAT e —AMIEC X 5 b0 TS,
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VAT e - AERBCLIABREIE LR,

THLIEBHTORKDSHLE LT, BRAFAME
R % L T 1 E A BBEFT BT, tight junction 7R
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FAMBOBHRERLOHERNBA LI EBRE DL
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Witk TOFRIERIME - (Meyer, 1994)F (3, BLHE,
mIME, &2 v AT v — VIfER EDOEREFHERE
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ABOBEBEAARY R T O TRAEVWIEELOR
y o

® #
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wRilas L bh, ThbMlRoEREI NEIEE Y b1
HLTWFTRTH - k.

4 AHRRER»D, BRCKF5 CEA fithoHMR
FEFBHIZE, HEIMEOBTRIZEWT, S ATe
— VFE T EORBRAFEBBR L TR T ENEET
»BHEEzZLR.

BE REKLBCDI D, BEKFERF MR
ABREEERBERCES L ET. FRICEWTH
REMBE WS X ¥ LicA ERME B, RFE—K
BEFHIBENBECTFR oL ET, REHAYEHR
B & F LA EZRRREARHEE S A CEL &
L EFET

Trds, AHRLOEE L, 453 B HARBENBIYES
B£(1994, HEI B VTHRELE.

X Bt

1 European Carotid Surgery Trialists’ Collabor-
ative Group : MRC European Carotid Sur-
gery Trial (1991) : Interim results for symp-
tomatic patients with severe (70-99%) or
with mild (0-29%) carotid stenosis. Lancet,
337, 1235-1243

2 Geer, J.C. (1765): Fine structure of human
aortic thickening and fatty streaks. Lab.
Invest., 14, 1764-1783

3 Gerrity, R.G., Richardson, M., Somer, J.B,,
Bell, F.P. and Schwartz, C.J. (1977):
Endothelial cell morphology in areas of in
vivo evans blue uptake in the aorta of
young pigs. II. Ultrastructure of the intima
in areas of differing permeability to pro-
teins. Am. J. Pathol., 89, 313-334

4 Jaffe, E. A. (1982) : Synthesis of factor Vll by
endothelial cells. Ann. NY. Acad. Sci., 401,
163-170

5 Meyer, F. B., Piepgras, D. G. and Fode, N.C.
(1994) : Surgical treatment of recurrent
carotid artery stenosis. J. Neurosurg., 80,

B &

781-787

6 North American Symptomatic Carotid Endar-
terectomy Trial (NASCET) Investigators
(1991) : Clinical alert: Benefit of carotid
endarterectomy for patients with high-
grade stenosis of internal carotid artery.
National institute of neurological disorders
and stroke. Stroke and trauma division.
Stroke, 22, 816-817

7 REXE - FHFEA99D | EIFME ¥ v ¥ X8
[ REPopinialal & ilivlay il i N
— R 7 v 7 7 4 L OHERI—. Arte-
riosclerosis, 19, 49-54

8 Parums, D.V., Cordell, J.L. Micklem, K.,
Heryet, A. R., Garter, K. C. and Mason, D.
Y. (1990) : JC70: a new monoclonal anti-
body that detects vascular endothelium
associated antigen on routinely processed
tissue sections. J. Clin. Pathol., 43, 752-757

9 Reidy, M. A., Clowes, A. W. and Schwartz, S.
M. (1983) : Endothelial regeneration. V.
Inhibition of endothelial regrowth in
arteries of rat and rabbit. Lab. Invest., 49,
569-575

10 Reidy, M. A. and Silver, M. (1985) : Endthelial
regeneration. VIl. Lack of intimal prolifera-
tion after defined injury to rat aorta. Am. J.
Pathol., 118, 173-177

11 Ross, R. and Glomset, J. A. (1973) : Atheroscler-
osis and the arterial smooth muscle cell.
Proliferation of smooth muscle is a key
event in the genesis of the lesions of ather-
osclerosis. Science, 180, 1332-1339

12 Ross, R. (1986) : The pathogenesis of atheros-
clerosis.—an update.—N. Engl. J. Med,
314, 488-500

13 Ross, R. (1993) : The pathogenesis of atheros-
clerosis: a perspective for the 1990s.
Nature, 362, 801-809

14 HeBEIEBA(1993) © BES b LA X 5 M P B MR
DO RE L BREDE L. HE LERIK, 11, 805-
812

15 Schwartz, S. M., Stemerman, M. B. and Ben-
ditt, E. P. (1975) : The aortic intima. II.
Repair of the aortic lining after mechanical



16

17

18

19

20

K RBEBIIRIC 3313 5 WIRSIERAFTEE 0 RIEF A BF 2o\ TO ERIRE

denudation. Am. J. Pathol,, 81, 15-42

Shimokawa, H., Aarhus, L. L. and Vanhoutte,
P.M. (1987) : Porcine coronary arteries
with regenerated endothelium have a
reduced endothelium-dependent responsive-
ness to aggregating platelets and serotonin.
Cir. Res., 61, 256-270

Steele, P. M., Chesebro, J. H., Stanson, A. W.,
Holmes, Jr. D.R., Dewanjee, M. K.,
Badimon, L. and Fuster, V. (1985) : Bal-
loon angioplasty. Natural history of the
pathophysiological response to injury in a
pig model. Circ. Res., 57, 105-112

ik #(1994) . =&/ — Ak BN EMEEE
HoONEE L. —EPLHTEHNEEE L AER
BEoXxin—. Bk, 21, 687-689

Tsukada, T., Rosenfeld, M., Ross, R. and Gown,

A. M. (1986) : Immunocytochemical analy- -

sis of cellular components in atheroscler-
otic lesions. Use of monoclonal antibodies
with the watanabe and fat-fed rabbit. Arte-
riosclerosis, 6, 601-613

Tsukada, T., Tippens, D., Gordon, D., Ross, R.
and Gown, A. M. (1987) : HHF35, a muscle-
actin-specific monoclonal antibody. I. im-

21

22

23

24

125

munocytochemical and biochemical char-
acterization. Am. J. Pathol., 126, 51-60

Ueda, S., Ueta, H., Agawa, M. and Matsumoto,
K. (1993) : Management of cervical carotid
atherosclerotic lesion, medical or surgical ?
—Carotid endarterectomy review of 211
cases.—ISSN, 33, 937-941

Weidinger, F. F., McLenachan, J. M., Cybulsky,
M. I, Gordon, J. B., Rennke, H. G., Hollen-
berg, N.K., Fallon, J. T., Ganz, P. and
Cooke, J. P. (1990) : Persistent dysfunction
of regenerated endothelium after balloon
angioplasty of rabbit iliac aretry. Circula-
tion, 81, 1667-1679

BRILTEEE « NEFRE X - Z& ROk (1980) © Carotid
endarterectomy #% 0 BEEBR T 5 ER
P, —FRcHTE R Mo & REY)
k1A o M BR A+ BH 188w >\~ T —. Neurol.
Med. Chir. (Tokyo), 20, 489-496

Yoshijima, S. (1982) : Vessel healing in dogs
after endarterectomy with and without
aspirin administration. —observations by
light and scanning electron microscopy. —
Neurol. Med. Chir. (Tokyo), 22, 499-506





