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Abstract

Chronic inflammatory cells are key components in the progression of atherosclerotic plaques and
restenosis after coronary angioplasty. Adhesion molecules are fundamental in inflammatory processes.
Therefore, the distributions of intercellular adhesion molecule-1 (ICAM-1) and vascular cell adhesion
molecule (VCAM) were investigated in directional coronary atherectomy specimens obtained from 14
patients, in 6 with acute coronary syndromes (myocardial infarction and unstable angina within 1 month),
6 with old myocardial infarction and 2 with stable effort angina. There were eight primary lesions and six
restenotic lesions. Atherectomy tissue fragments were snap frozen and cut into 4 um thick cryostat sec-
tions for immunohistochemical staining by avidin-biotin complex immunoperoxidase techniques using
adhesion molecule specific monoclonal antibodies BBIG-11 (ICAM-1) and BBIG-V1 (VCAM). The cells
of lesions were characterized in sequential sections by macrophage marker KP1 (CD68), endothelial
marker JC/70A (CD31), and smooth muscle cell marker 1A4 (o-smooth muscle actin). Four restenotic
lesions that had undergone a prior balloon angioplasty within a few months consisted of intimal prolifera-
tion and the other lesions were atherosclerotic plaque. Macrophage-rich areas were seen in the lesions
from acute coronary syndromes and/or early restenotic lesions. Expression of ICAM-1 or VCAM was
strongly associated with macrophage-rich areas, but VCAM staining was weaker than [CAM-1 except in
one restenotic lesion.

Macrophages that express ICAM-1 and/or VCAM may be important in the unstable plaques and
restenotic lesions related to disease activity of ischemic heart disease.

Key Words
coronary vessels, coronary artery disease, immunological technique, atherosclerosis,
atherectomy (directional coronary), intercellular adhesion molecule-1 ICAM-1), vascular
cell adhesion molecule (VCAM)
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streak Ti, MERNKTICHERBROY7O 77—
DEBEDVBD LN TV 5B, F /55T L 7-BIIREE( LR
EORERBICFN LRI T, REEZEETLES
MBI TER, ~20 77 =T LT 2Nk TH s,
M BE DIBBFIINT B RAEEARL D 1ES) & AR
DEFEHBIREILDOERIZEGE L TnBEEZHNT
Wn, S L IZEHEBIRIERE (acute coronary syn-
drome) DELFER &L E 2 5N 5 plaque rupture X
thrombosis'® IZ2WT b, RIEHHFEOBES AR S
TWa!, REMMR L MENRE L DA, MEENN
DRAIBFZNZENOMBEERICHIT 2BETFD
CERBEHZEENEELEZONLD, HIRAEKECH
HERE DRG0 T & 5 EBYIR 2> KB D BIARFELRZE I
BT, intercellular adhesion molecule-1 (ICAM-1), vas-
cular cell adhesion molecule-1 (VCAM-1), endothelial leu-
kocyte adhesion molecule-1 (ELAM-1) 7 & D% 53T
MR AT RIEMARE LR IR S, BIIREEILIRED
BRI LR L EES FREMBEARER S Tn
5195 RO OREL ORBUIIRETH 5.

I, TEREEMOE L\ FEL L THEMEE
AR SBRELIBRMT (directional coronary atherectomy : DCA)
PRSI, EHSN TV, REOK#IIES
WRIRZESALDOMEAROND Z L IZH Y, BlMELE
BT TERRBOEMERERC, TEIRERMHEO
BIRERERBLZEDTREL 2D, ZOMBOTHT
R CRERBEDER P, BRENERYEZ 5
) ZATHRFSN TV S, EROHE TIHMESE % HIK
TEILBE (atherosclerotic plaque) & PIFEHESH (intimal pro-
liferation) & 1243V F, YIBRDEERE, AKX MEDH
B LIZOWTENE M E TN 9 EIRZE & ks
RETORBREAIITORTWED, BRFEEE DL
B EE BRI T ORE2D LR EARLFEN 2%
U P INTWED, BESTFHEEMROMRE L
WEZThh T,

bitbiid DCA YIRMME AV T, BBIRICEE
REE &7 LEERNICBIEGVEBROEEREL o
TV AEIRBILFEE, BLUBREREICB) 2EE
BF FmERIRE & SREARBILFRIRE L, BRIRREL
DEE L ZDRENIDWTHRET L 7.

MREFE
HRIIBMNREEFTE=NH B L CRBILBERSER

Table1 Clinical characteristics of patients undergoing directional
coronary atherectomy

Number of patients 14
Age (mean yrs) 59
Gender (male/female) 12/2
Old myocardial infarction 6
Acute coronary syndrome 6

Stable angina pectoris

—

N H O WO —~ N

Left anterior descending artery

Left circumflex artery

Right coronary artery

Primary (de novo) lesions

Restenotic lesions (=6 mos)
(>2 yrs)

Acute coronary syndrome : Myocardial infarction and unstable angina
pectoris within 1 month.
mos =months; yrs=years.

BEiZB T DCA % #ifT L7z 14 5E6] (B 1260, 4«2
Bl) T, TONRIZBIAMELHELE 6 6, ST
JEBERE 6 B (DCA AT 1 7 B LAPIICRAE L - RESE
PeAVE T 7213 S UHIREZE 4 6, DCA FEATRHICARE
WAETH o 72 20), REFEEHRLE2HTH S
(Table 1). fERYME IXZERTTAT4L 11 B, GEB)R 3 51,
VIR BT 90 B A% 8 B, HERAEE TEBIIRTE BT
(percutaneous transluminal coronary angioplasty : PTCA)
%y A LA O REIERZEEIAS 3 Bi, PTCA BEEERE
B L CTHIR L 2Bk 2 61, DCAT. 6 » A DR
B 1 BITH 572, WTFNORZED American Heart
Association (AHA) 5788 @ 90% L LDz %380, &
EHEFIZ1HITH o7 DCAIFERLZATF—F
I%, Simpson coronary AtheroCath (Devices for Vascular
Intervention, Redwood City, CA) ® 7F (12 ) ¥ 7zi% 6F
QB TH5.

$H%% I Tissue-Tek I1 O.C.T. T /%7 ~ F (Lab-Tek
Products) (ZEBHEL, 77251284, —70°C TREL
72, —20°C TC 4 um DEFHAE LI 2 /EBL L, 4°C
DTE P TIGEEEL:. 70y F 2 FMETH
HEEBRLVA XL 5 —XIZ X BHEZIH L 725,
—RIUEEMZ, 4°C T 1R2EEFRIC S 7. ) VEEE
8 (PBS) THEdE L 721k, EA4F ViEE I RufkEm
Z, BiRT207HRES 2. FAZREHERTHTICH
LI, "V X TV F—VE. TV VREERMR, 2
mT20 MRS E, REMTHRERE, BEalEr
MR7z. AN FF ) O BB LT, M
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Table 2 Histologic and immunohistochemical observation of coronary atherectomized tissue

Patient Resected Predominant

Gender  Age Diagnosis Lesion . . CD68 ICAM-1 VCAM
No tissue tissue type
1 M 55 OMI P Int, Med AP + + +
2 M 63 OMI R=6 mos Int P +++ +++ +++
3 M 56 OMI R>2yrs Int AP +++ ++ +
4 M 57 OMI P Int AP + + +
5 M 57 OMI R=6 mos Int, Med P +++ +++ ++
6 M 56 OMI R=6 mos Int P ++ + +
7 M 62 ACS P Int, Med AP ++ ++ +
8 F 72 ACS P Int AP +++ ++ +
9 F 72 ACS R>2yrs Int AP ++ + +
10 M 57 ACS P Int, Med AP ++ ++ ++
11 M 56 ACS P Int, Med AP ++ ++ -
12 M 46 ACS R=6 mos Int P +++ +++ +
13 M 66 SAP P Int AP + + +
14 M 49 SAP P Int AP + + -

ICAM-1=intercellular adhesion molecule-1; VCAM=vascular cell adhesion molecule; M=male; F=female; OMI=old myocardial
infarction; ACS =acute coronary syndrome (myocardial infarction or unstable angina pectoris within 1 month); SAP=stable angina pectoris; P
=primary (de novo) lesion; R=6 mos=restenotic lesion in which the last coronary intervention was undergone within 6 months; R>2yrs=
restenotic lesion in which the last coronary intervention was undergone over 2 years ago; Int=intima; Med=media; AP=atherosclerotic
plaque; IP=intimal proliferation; — =no positive cell; -+ =a small number of positive cells; -+ + =moderate positive cells; +++=
marked positive cells. Other abbreviations as in Table 1.

FETICRET L7, BHEMRIEREIC, BREIFRICERE

S, SELICBIE B L, 95—y L = R

HELUARBEIERRENEEZL, — Rz ERLZY
AHTF 473 ba—) DR S GO
iFol. COTEI V. EXF - _FFTF—+E
Zefh (ABC ) ICI3REMABILFEEF v b Histoscan
(Biomeda Corp &, Foster City, CA) &R L 7.

—kIh L LTIERDE/ 7 0 —FVifk (»Fh
bHL bR IgG) FHW. ThOLLEESFTL
LT BBIG-I1 (ICAM-1: CD54) 3 XU BBIG-VI
(VCAM: CD106) (\§ 1 dAbFTHR) ORET %
To7. #MBOFEICIZ 1A4 (0-smooth muscle actin,
Biomeda Corp %), JC/70A (CD31, Biomeda Corp %),
KP1 (CD68,DAKO &) % L, ThZNFEH, M
ENEME, ~7uT7 77—V OfEEL L.

IR % Waller 520 IZHE U T, BEHEEH
Br EARE THWMIREMNBE L, BRE IIHEIROF
MR ORETE L MR ERE T L T 5 NRIEFEIC
S vr7u 77 —TU05AE, HMBEASEELT
oS NIGE (+), PEOMBEOERIRED LN
BEE (++), EBROMBOERECRDILGEE%
(+++) TRL7Z. EfHEIHF TODICAM-1, VCAM O
FFAE b FARIC () - (+++) TRL.
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1. UIRRHESFRR

LB BV TRET OB Fr H¥1F © 1L72 (Table
2). EIRAERETH BRI No. 2, 5, 6, 12 IZ o-smooth
muscle actin FHED 2R B L OUHEER O T F DS
Tl % %, MIEHMFERTR Th o 72 (Fig. 1). ol
BHELEEASHERSEROBIRENHETH o 7. AGEM
WOFEDHHEE TOYRIPHER I N0 5T,
A EED BRI I 72 2o 72,

2. WENRARE M

CD31 (2 & % SEBYAR ML P Bz Al A 0 5 13 — ER D £
A TR TH o 7245, £ < DY T AtheroCath 18
BEEB L UYIREBEOEEIKE(, BEILB{LNL
NE L RECHRBAKGERLLONLIIRETSH - /2.
DCA #4781 # A LAICAREIR G TH o 72 fEH]
(No. 10) IZ& b 7= TEEIRPIRZHIRE Tid, ICAM-13F%
HTH o 7255, VCAM (2B T o 72 (Figs. 2-A-C).

3. wa7y7—3o
M BB #% DO BIRERE, PEERE, &ED
LDHRE T IR RER GVEDEERETIE, w70
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lesion of Patient 2, who had undergone balloon angioplasty 3
months previously, showing intimal proliferation. Immunohis-
tochemical staining using monoclonal antibody 1A4 (anti-o-
smooth muscle actin) by the ABC technique (X200)

77— TVOEBRENAEON. FhoDxsaT 7 —
VD% T ICAM-1 EHETH Y, EFINo.2 & 5B X
W6 TlE, £FELTWA~xr707 7 —Jid ICAM-1,
VCAM Wb BEtE0flifia % % 728 7:. DCA Ik
AR T DIAE ICA S NS ICAM-1, VCAM AR
lI~v7 07 7—Tdho7 (Table 2).

RENLIER EZIRRT 5.

£ il (No. 12) 46 7%, B

PLED S Y, AEEIR (AHA 58 1) 1233 5
PTCA %3 nABEICHRELZ &L, AREFGEL
%Y, DCA ZifT L7z, YR D% JIZHEDE VR
WA 8 L724%, —#BIC a-smooth muscle actin THF
5 WA O EFEITED S (Fig. 3-A), FERAOHM
faniz& A LI CD68 BT, ~ 7 a7 7 —Y D&
HrEzbNh/: (Fig. 3-B). £HEEO~s 0777
i Fig. 3-C (/R & 9 I2IF & A EDOMIfLAS ICAM-1 By
HTHotz. LALAFITIE, VCAM BEEn~ s o
77—V RAPETHo7.

fE il (No.2) 635%, &

DR ZERTRZ (AHA 708 2) (2359 % PTCA
3y ABEICERAEE & LRER. MR P EEGE )
FUa7E o 7278, —ERIZ a-smooth muscle actin P& Dl
JaBEATH S N (Fig. 4-A), Z DERALIZ CD68 By tEAlfa A
%<, X777 —VOEERLEEZ LN (Fig 4
B). REio~r 07 7—Tiklie A LD ICAM-1 5
HTdH Y (Fig.4-C), & 5IZAHITIZ VCAM BN~
ru 77— S5O (Fig. 4-D).

£ =

Ambib iUz F I FEE HwT, DCA
CIBRAAR I BT B MR & 855 4 T B MR % M st
L, Bl OCEEDFEOR T & BB S
{, ZOEMEFREICBVTEMLEPFEL TS &
RSN AMEEIROBEERE, 5 ICMETLBAM
BOFREREILOBLNIZHAEICBVWT< O
Tr—VOEBRREZRD, FOvr077-VD%
CIFICAM-1 F1ETH ), —EHDFERI Tid ICAM-1,
VCAM &b D~ 07 7 —IBALNLT L%
e,

EEIRIEALHRE DM, T TEICHHRME %
AnTirbT& 7225, F4a LT 2 BIMHE RS
DIFRE & B S B EEIIR B IR A % 3l 9 % 1TIEBR
Bdb. —h, BRILECEEEE I LEiREEZL
—MEM L 7Y, SEFSFLHELZOEHRE
EREDIFERTRE L oo TV 5. SE4E, EHIREK
MOFHFHE L L TDCAHES LD, ZOBEMLHED
MR Z 152 2 EWWREE B o 7228, JRERSM et
FEEB) IR AT 40 [ 95 2 & PRk 22 2 & D HLi oSl
T2, JRELOMEICER L-HE IS 2w,
Rosenschein 52 (3% E M ME & B EBIIRIEFEEE T
DCA Mk % JEHIICHE L, HETRMEASS L, &
MEVERIIB L 38 WHIEE ThH o fo L HE L T 5.
ZHE I 52 13 DCA YIBRHRE % SEBEAICHRET L, MK
HL % SRR O IR & MR R B 2 5 4 B4
L, WEELS3 # HLAB L OFERz6] Tl i RE
LB DM ANRIE L, FE T o ¥E 4 252 8
EEZOLNANBMBIUO M A %D, REIETL
MR 2 ke L, MRS w18 %52
D7z L L TW5. DCA YIBRHARIC A S 1L 5 MK
B OGS 74T o 723#HE & L Tld Moreno 52 O ZF s
Y, REMGICFHEFELHY 077 -0
[ 24TV, BMEEIRERER A 58 6 - kkic%
ko=ra77—TJ%BHLELTBY, SgEobh
BNOHRE—HTHHRTHAS, ~vua77—7
DREFEII DV TIIMREF SN TR,

BIIRFEAL D FSIE & R\ SE M A E e % %
HLTWAZLIZTTITHEMEIN TS, BIRER
B X 2ERTELE SV EMIC BT B RO IRES
LRZEIC, SOEMMAE, L ICHEEy~s a7 7 -8
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Fig.2 Photomicrographs of serial sections of atherosclerotic

plaque retrieved by directional coronary atherectomy
from patient No. 10 with recent unstable angina pectoris
(primary lesion)

A : JC/70A (anti-CD31) staining of endothelium (ar-
row).

B: )ICAM-l markedly expressed on the endothelium
(arrow).

C: VCAM not expressed on the endothelium (X 400).

Fig.3 Photomicrographs of serial sections of directional coro-

nary atherectomy specimen from patient No. 12 with un-
stable angina pectoris (restenotic lesion)

A : 1A4 (anti-o-smooth muscle actin) staining shows
proliferating smooth muscle cells and partial absence of
smooth muscle cells (X 40).

B : Staining with KP1 (anti-CD68) of the same area re-
veals accumulation of macrophages in the area close to
the smooth muscle cell proliferation (X 40).

C: Staining with BBIG-I1 (anti-ICAM-1: CD54) of
the same area at higher magnification reveals marked
ICAM-1 expression at the site of accumulated macroph-
ages (X400).
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Fig. 4 Photomicrographs of serial sections of directional coronary atherectomy specimen from patient No. 2 with old myo-
cardial infarction (restenotic lesion)

A : 1A4 (anti-o-smooth muscle actin) staining shows proliferating smooth muscle cells and partial absence of

smooth muscle cells (X 100).

B : Staining with KP1 (anti-CD68) reveals accumulation of macrophages in the area where smooth muscle cells

were absent (X400).

C : Staining with BBIG-I1 (anti-ICAM-1: CD54) of the same area at higher magnification reveals marked ICAM-1
expression at the site of accumulated macrophages (X400).
D : Staining using BBIG-V1 (anti-VCAM: CD106) at higher magnification reveals marked VCAM expression at the

site of accumulated macrophages (X400).

AP, F AT L BRI LR 2 T 5 E 7%
MR, FiEf, ~7u77—JLTY Y8k THo
T2 HE SN TV 539, Vander Wal &' 2 O AHE
ETHTL, BERIOEZZDLEZFIIDONT, £0
TEBIIRIFZE (A O LA ML % e sk L I TRET L,
ZN 5 OFAL TITHIRBELBE D FE L U D AD AL,
FllZabhsELRME~su77r—YL, w20
T7—TEWVRLEDT ) UK Tho L BB L,
PRE B BIIRIE LR ZE D AR E L & TR O fabk
FEOTWLEERELTWVS., bbhoBE T,
S OTHEEZ T T, REEREDHEREIZ
BOTHRAKICY 707 7 =V OERERDO TV,
SO ZE L R R UE L FIR O FEIE R 23 HEE
Sh, BUEEBIRERE L AT o Twao bhub
NOME B X U van der Wal 50, Moreno 5 2 Oty

2o, BRE(LREICBITA~Y 707 7 —JICEEL
72 Y OB HS B BIIRE BERE O FERE ICBI S L T b
DRI,

RIFFEAERTIE, BRIICEE LT A BRIBHELH
BEOEMLHEIIBWTH, PTCA MifT# s HLUH
DFEERETIE, 2707 7 — TV DERENALR
7o, EHRBIC X BUEROEET® TIX, PTCA fEfTk
17 AUADHREIIY 707 7=V %R DTNV5S,
PTCA 1%, FMIOBKERLIII IO T 7 - I AL
hoZl, ¥~ ru77—JVOEEATHHEBERTIC
L0, FEfoObEE, HEIEIEE I NS & OHE 2
5 b, PTCA fifTH DO RIIREIZBNWT, ¥/ 07 7 —
DRI RS 2, BREICES LTS
WHEMEAZE L O A,

BRELRE BT A~ 07 7 — P O%E % E
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BROBEEVEETH Y, ZOHEEIMREEICER
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HEBANEAT A1, RILF2 O MEENEET S
CEDPETHLN, THICEIRFOMBERRICHIHR
THLEEFTFOLERN L CHHEE SN TS,
ZORMKERE LT, MEAENEEICEESNS S
Wiz, MEAEED ICAM-1, VCAM-1 & JAEHm A
® leukocyte function associated antigen-1 (LFA-1), Mac-
1, very late antigen-4 (VLA-4) DFEENEELEZ 2 ON
TWa I Ehn, HBRMEOKRBRCLEEIR, LBHE
B LOTERE AT, BIREILIRZAED ICAM-1 R
VCAM-1 % #&&T L7z S e, iiREEILRE
DHEMIRLIZ, ICAM-1%° VCAM-1 DEBPBDH LN
T3, LaeLwihoHEctd, NEMERZT TR
,wzu77—7, FiEHk EOFENEEMIZIZD
ICAM-1 ® VCAM-1 OEBABALNTENEE I
5, EIx7u 7 7—YICBHTHICAM-11E, <
a7 7 —IUPHERRFERELTT Y YN8 ED
LFA-1 LA L, %, L2 LIUERRIZRSZ
EDTERVEZIIES LTSI LML TY
5313 VanderWal 59 IIRETIZEELTWATY
yEkE w077 — e RIERABILFIIRL, ©»
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BRI LR CEBIRBM A EREC, BES T2 —BOBREERL L TRERMRY
M55 EMEHERTVS., BRBILOSELERDOER TH HIARENE, SM0H
BE, TbbalTEIREBEE (acute coronary syndrome: ACS) X°, FHEZERE O H A4 EE)
IR ERECIBRAT (directional coronary atherectomy : DCA) YIER#EIC BV THEE S FHMEME E &
EAHRRBLFICREL, BRRELOBEL ZORENIOVTRE L.

x&IF 145 B 126, 260, NFRIIBEIBMEGHEZE 661, DCA MEATHT 1 » A LIRIZREE
PEtERRLE 2 B, DCA #I[E] 8 B, FEk%E 6 HIT
bHb. MBI B ICHEERER, 4um OEFRFBEUH EERL, —RIUKICEESFELT
BBIG-11 (ICAM-1: CD54), BBIG-V1 (VCAM: CD106) % f#H L 7.
smooth muscle actin), JC/70A (CD31), KP1(CD68) # Fi\ ik, MEMEMAE, ~/7077—
TOREL L, REAGIFERE (ABCH) 217272,

1. DCA EADOMMEZ I EHOBEHRERE THEHMILOWEEE (NIEENE), hoBlidssik

L REEIE & B OHIEZE 6 B, RES

2. ACS DEERER MERBMHZOEIRER
3. EELTwAY 707 7—YD%<id ICAM-1 ® VCAM #HIE L TWw/-. DCA tIHA
BTHROLEZEIZALNS ICAM-1, VCAM B~ 07 7= Tho 7.

BT, =707 7—JDEBRENALNT,

DCA YIBHEI BT 2 BEDT - 145

Fhd HLA-DR DBWERZED, 36w r 0
7 7 —Y1Zid CD1la (LFAl), CD-11c (P150, 95),
ICAM-1 %, T ') ¥/¥ERIZiZ CD-11a (LFA-1) D &R %
ATWw5, $L_EFErL, NETIKRETSE<Y
077—YETY YSBROBEZRL, RETIZBI
ARERMBOER R ESOFELEEL TS, —
H, ¥7877—=YIZEH L VCAM-1 b, ICAM-1
LR, UBERRICEbo TR EEZLATY
%33 LEbNbNATR LIz L 2, BIIREE(LRZEIC
ICAM-1 % VCAM 2B Lz~ 2r 07 7=V HFET
5T EiL, BIRFE(LODRIECER IZIEHMRE R R
R ORES %% 2 %) 2 THEER:., RFFETIES
5, BUBBREREROBERESCHRERELSL
18572 DCA YIBRARIZE VT, ICAM-1 # VCAM
RRPLI-7r70 77 —VDOEEREINRENTEY,
EHLL7-=2 07 7 —UAEET S KERRRIE
Kieas, BIRBEILRED AL E/LR FFHHEGE I E 5
L TV B REMATRIZ S N7z,

DCA IR % TRV A2V B ILERERRE EHEE—,
EMBETGE, BEUREDRERO ZHREE W27 EM
REEFREREYRE Sk, ¥ 8 BREEZE
HEIERHVALET.
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#m e LT, ACS DRERERPLEKERETICAM-1, VCAM Bfiflan<sru7 7 -V %
B, WHLLA" 707 7 — VD BET 2 RIES R RERIEH, BIIREREDOREEL
PRI ES LTV A ARSI S .
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