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Abstract The expression and localization of hepatocy“étroduction
growth factor/scatter factor (HGF/SF) were examine

immunohistochemically in 59 human coronary artery I€oronary atherosclerosis is the main cause of ischaemic
sions retrieved by directional coronary atherectomy ahdart disease. Medical treatment and coronary angioplas-
compared with the localization of transforming growtty are measures used after development of the disease,
factor beta isoforms (TGB4, 82, and B3). In 21 of the while elucidation of the pathogenesis of coronary plaque
59 specimens (35.6%) HGF-like immunoreactivitiormation and the process of restenosis after angioplasty
(HGF-IR) was revealed. The HGF immunopositivity rateould lead to refinements in treatment. In accounts of
of 45% (14/31) in thrombotic tissue was significantlgtudies examining atherectomy samples from human cor-
(P < 0.05) higher than the rates of 7.3% (4/55), 7.18Mmary lesions it has been reported that a variety of cyto-
(3/42), and 0% (0/14) in fibrous tissue, neointimal hypekines and growth factors, including transforming growth
plasia and atheromatous gruel, respectively. Immunofaetor beta (TGH) [37], basic fibroblast growth factor
activity for HGF was much weaker than that for TBF-(bFGF) [1, 8], platelet derived growth factor (PDGF) [1],
isoforms in these components except in thrombotic tead insulin-like growth factor-1 (IGF-I) [19], are associ-
sue. These cells exhibiting strong HGF-IR were inflarated with coronary atherogenesis and wound repair.
matory cells such as monocytes/macrophages in thromHuman HGF (hHGF) was first identified in the plas-
botic tissue, in tissue lesions adjacent to a thrombus, amal of patients with fulminant hepatic failure [13, 14],
outside the capillary walls in a portion of the neovascand its cDNA has been cloned by Nakamura et al. [34].
larized lesions. Smooth muscle cells (SMCs) hardfhis factor, also known as scatter factor (SF), is a
demonstrated HGF-IR. In contrast, in control coronahgepatotrophic factor promoting liver regeneration and
arteries obtained at autopsy, the HGF-IR was stronglgs initially purified from rat platelets [28, 33]. Numer-
expressed in SMCs. These findings suggest that HGiks HGF functions in mitogenesis [43, 49, 50], motogen-
produced by macrophages play a part in the processsit [20, 48], morphogenesis [30], and angiogenesis [4,
coronary plaque formation attributable to thrombus i8] have been reported. Furthermore, the HGF receptor

man. has been identified as anwet proto-oncogene product
with an intracellular tyrosine kinase domain [3, 36]. Up
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coronary atherectomy tissues using a specific monocleble 1 Patient characteristicsn (= 59; data are expressed as
nal anti-hHGF antibody. At the same time we evaluatg§an + SD;

the association of HGF with TG, 82, and B3 using i

immunohistochemistry, as it has been reported that

TGF{3 is a negative regulator fd(iGF gene expression Males versus females 54/5

[29] and a potent inhibitor of HGF secretion [16] in vitAge (years) 61.2+11.1

ro Body mass index (kg/f 23.6+3.2

' Diabetes mellitusn (%) 18 (30.5)

Systemic hypertension,(%) 35 (59.3)
Current smokers) (%) 30 (50.8)

Materials and methods Total cholesterol (mg/dl) 206.2 +35.3
Angiographic

We examined 59 coronary atherectomy specimens from 59 cdBeverity of culprit lesion (% stenosis) 76.1+13.6

nary lesions (23 de novo lesions; 36 postinterventional lesions) of . .
patients who underwent directional coronary atherectomy (DC&Pronary lesion characteristics

between July 1993 and January 1995. Admission diagnoses’8f0VO versus postinterventional 23/36

these patients were stable angina pectoris in 32 cases, unstable an-

gina in 16, and acute myocardial infarction in 11. DCA techniques

previously described [22, 46] were used on patients who had &dble 2 Immunohistochemical detection of hepatocyte growth
dence of significant coronary narrowing believed to be accessifdetor (HGF) in human coronary atherectomy speciriiens

with the atherectomy device and whose lesional anatomy seemed

favurable for DCA [23]. All patients consented to DCA followingComponent No. of tissue  HGF immunoreaction
explanation of the procedure. In addition, we used coronary arte- specimens
ries obtained at autopsy from a patient without coronary artery - + ++ o+t
disease as a control.

After DCA, atherectomy tissues were immediately immersesdbrous tissue 55 51 4 0 0
in fresh ice-cold 4% paraformaldehyde (PFA) in phosphate-bifeointimal hyperplasia 42 39 3 0 0
fered saline (PBS), pH 7.4, for 2-4 h and then were transferreditheromatous gruel 14 14 0 0 0
sterile 30% sucrose/PBS overnight at 4°C (see [37]). Autopsy cBhrombotic tissue 31 17 12 2 0

onary samples were obtained within 24 h of death, and were alse
fixed in the same manner. All sample tissues embedded separz‘ely
in O.C.T. compound (Tissue-Tek, Miles, Elkhart, Ind.) into a few
tissue blocks were snap frozen in liquid nitrogen and storedGID68 antibody, anti-CD45 antibody, anti-CD31 antibody, and an-
—80°C until use. A single representative tissue block was seledigdGF antibody), rabbit (anti-TGR1 antibody) or goat (HAM56
from each case for immunohistochemical staining. Frozen sectiamsibody, anti-TGH32 antibody and anti-TGB3 antibody) serum
were cut on a cryostat into |fn sections. All sections werewas dripped onto the slide for 20 min at room temperature to
placed on 3-aminopropyl-trimethoxysilan (APS) coated slides ablbck nonspecific reactivity, and this was followed by incubation
stored at —80°C in sealed boxes until use. One section from eatth primary antibodies. All treated sections were then incubated
specimen was stained with haematoxylin and eosin for converth biotinylated secondary antibody at room temperature, fol-
tional light microscopic analysis. Other serial frozen sections wdogved by incubation with avidin and biotinylated horseradish per-
used for immunohistochemistry. oxidase complex (Avidin: biotinylated enzyme complex method,
Primary antibodies employed in this study included HHF38ctastairElite ABC kit, Vector Laboratories, Calif.). All washing
(anti-a-smooth muscle actin, Dako, dilution 1:30) for the identifiduring this procedure was done using PBS with 0.1% Triton X-
cation of smooth muscle cells (SMCs), anti-CD68 (KP1, Dako, di®0 for 5x2 min and in PBS for 5x4 min at 4°C. The peroxidase
lution 1:80) or HAM56 (Dako, dilution 1:50) for monocytes/macwas visualized with 20 mg of 3,-8iaminobenzidine, tetrahydro-
rophages, anti-CD45 (T29/33, Dako, dilution 1:80) for lymphahloride (DAB), and 20ul of 30% H0O, diluted in 100 ml of
cytes, anti-CD31 (JC/70A, Dako, dilution 1:30) for endothelid@l.05 M Tris buffer, pH 7.6, for 2-3 min under a microscope, fol-
cells, anti-hHGF (Otsuka Pharmaceuticals, Tokushima, Japan,loived by immersion in 100 ml of 0.05 M Tris buffer, pH 7.6, with
lution 1:100), anti-human TGB1 (R&D Systems, Minneapolis, 1 ml of dimethyl sulfoxide and 20 mg of DAB for 25 min at room
Minn., dilution 1:100), anti-human TGB2 (Santa Cruz Biotech- temperature. The sections were counterstained with methyl green.
nology, Calif., dilution 1:60) and anti-human T@B-(Santa Cruz The specificity of the immunoreaction for anti-HGF, anti-T@E-
Biotechnology, dilution 1:60). The preparation and characterizanti-TGF{2, and anti-TGH33 antibodies was assessed by com-
tion of a monoclonal antibody against hHGF have been described
previously [52], and its specificity shown by Western blot analysis
[15, 44]. Furthermore, in an enzyme-linked immunosorbent aszga

2a—d Inflammatory cells outside the neocapillary wall insa
ion of the organized thrombus show immunoreactivity for
GF. These images show immunostaining of serial sectzofB-
ibody specific for endothelial cells (CD31); antibody specific
r macrophages (CD689, d antibody specific for HGRI shows

using the anti-hHGF antibody, no interference has been obser
with plasminogen and lipoprotein (a), which show structural h
mology to hHGF [51]. The specificity of anti-TER [2] anti-
TGFH2, and anti-TGH33 antibodies was confirmed by carryin
out Western blotting with each protein according to the manuf. P : . e i
turers’ instructions. Primary antibody HHF35 was incubated ga |nd|c_]§te$l_ bwrowgigg% iz(t)g higher magnification. Origi-
the sections for 2 h at room temperature. Other primary antibodi magniticationsa—c ’
were incubated overnight at 4°C. Fig. 3a—d Immunostaining of HGF and TGB3 in neointimal hy-
Frozen sections were washed in PBS containing 0.1% Tritperplasia from restenotic lesion after angioplasty. Original magni-
X-100 for 5 min and in PBS for 5x2 min at 4°C. Endogenous pdieation x100.a Note the neointimal hyperplasia characterized by
oxidase activity was blocked by incubation with 0.3% hydrogenrandom proliferation of stellate to spindle-shaped cells in a loose
peroxide (HO,) in methanol at room temperature for 20 min anghyxoid stroma. Haematoxylin-eosin.Note that these cells were
immersed into 70% ethanol for 1 min. After the sections wei@munoreactive fon-smooth muscle actin. HHF38.No immu-
washed in PBS containing 0.1% Triton X-100 for 2 min and imoreactivity for HGF.d In contrast high immunoreactivity for
PBS for 2x2 min at 4°C, normal horse (HHF35 antibody, anfrtGF$33 in disorganized smooth muscle c:lls



Fig. 1a—c Coronary thrombot-
ic tissue in directional coronary
atherectomy (DCA) samples.
Serial sections showing mas-
sive thrombotic material from a
57-year-old man with acute
myocardial infarction with no
prior interventional therapy

(4 h after onset)a Note the co-
existence of clustering inflam-
matory cells with thrombotic
componentsT thrombus| inti-
ma). Haematoxylin-eosin, orig-
inal magnification x50b Note
that these inflammatory cells
were immunoreactive for CD
68, a marker of mono-
cytes/macrophages. Immuno-
peroxidase stain, original mag-
nification x100.c Note focal
intense immunoreactivity for
hepatocyte growth factor
(HGF) in a cluster of inflam-
matory cellsArrowsindicate
intracellular immunostaining,
which means active synthesis
of HGF. Immunoperoxidase
stain, original magnification
x100.b, c Same region o&s-
teriskin a
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Fig. 4 Comparison of the im-

Fibrous tissue (n = 55)

Neointimal hyperplasia (n = 42)
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plete absorption of the immunoreactivity with excess of the cor2-88) and 5 women (age, 69.8 + 2.4 years; range,
sponding peptide (hHGF, Toyobo, Osaka, Japan; humanB[lGF-66_72) in this study.

R&D Systems; human TGB2 and human TGIB3, Santa Cruz . . .
Biotechnology). As negative controls, species-matched normal se-The 59 atherectomy specimens in this study revealed

rum (mouse, goat or rabbit) diluted with PBS in the same prop@dventitia in 3.4% (2/59) and media in 14% (8/59). Fi-
tion was substituted for the primary antibodies. brous tissue, neointimal tissue, and atheromatous gruel
All specimens were analysed by light microscopy for the pregrere identified in 55 (93%), 42 (71%) and 14 (24%) of
ence of vascular morphological components as follows: advenﬁ:féﬂe 59 specimens, respectively. The incidences of CD68
e

media, fibrous tissue (collagen-rich sclerotic tissue), neointi . -
hyperplasia (fibromuscular connective tissue), atheromatous gr@f, HAM56)- and CD45-immunopositive cells that had

thrombotic tissue (thrombus), neovascularization, intraplagt@med clusters or were observed in unusually high num-
haemorrhage, and calcification. The adventitia was characteritpsts were 71% (39/55) and 47% (26/55) in fibrous tissue
by thick bundles of dense collagen with few interspersed elastin\ébsd 24% (10/42) and 19% (8/42) in neointimal hyperpla-

bres, located exterior to the external elastic lamina. The media - L .
defined by the presence of SMCs with immunoreadtiaetin be- Sla, respectively. Neovascularization, intraplaque haem-

neath a distinct internal elastic lamina. Fibrous tissue, which @rrhage, and calcification were present in 21 (36%), 20
cluded both dense and loose fibrous tissue with a predominaii@49), and 32 (54%) of the 59 specimens, respectively.
collagenous component, contained SMCs; atheromatous gruel Wa$ombus was detected in 53% (31/59) of the speci-

mixed with necrotic debris, amorphous extracellular matrix, chg- . .
lesterol clefts and foam cells: thrombus and calcification were d8€NS. These thrombi included mural ones firmly at-

fined as previously described [1, 6, 25, 42, 47]. Neointimal hypd@iched to the plaque tissue in 81% (25/31) and thrombi
plasia was characterized by a random proliferation of stellaterixed with CD31-positive endothelial cells (re-endothe-
spindle-shaped cells in a loose myxoid stroma adjacent to or fgfization or capillary neogenesis) in 68% (21/31).

adjacent to a thrombus [6, 12, 45]. Intraplaque haemorrhage In- ; ; )
cluded both bleeding and haemosiderin deposition as evidence 01l.n 21 of the 59 specimens (35.6%) HGF immuno

past haemorrhage. Neovascularization was defined as tube forft@ining was revealed. HGF immunoreactivity was dis-
tion by endothelial cells presenting immunoreactive CD31. Wibuted focally in three histologically defined compo-
counted the number of thrombi, whether recent or more organizfshts of the coronary tissues: thrombotic tissue, fibrous

in appearance. tissue adjacent to thrombus, and neointimal tissue adja-

The extent of HGF and TGB1, {32, or {33 staining in each - -
component of atherosclerosis (adventitia, media, fibrous tissGENt to thrombus. Table 2 shows the HGF immunoposi-

neointimal tissue, atheromatous gruel, and thrombotic tissue) wixgty rates: 45% (14/31) in the thrombotic tissue was
graded semi-quantitatively as follows: -, no intracellular positivitgignificantly @ < 0.05) higher than the rates of 7.3%
among the given cells; +, intracellular positivity associated wi /55), 7.1% (3/42), and 0% (0/14) recorded in fibrous
less than 10% of given cells; ++, intracellular positivity O'ssue, neointimal tissue, and atheromatous gruel, respec-

10-50% of given cells; +++, intracellular positivity in more thal . o) . .
50% of given cells. tively. In neither adventitia nor media was HGF immuno-

Histopathological and immunological results, expressed as pegactivity seen. The cells exhibiting the highest HGF im-

centages, were compared using the Chi-square test or Fisher'ssginopositivity were inflammatory cells, such as mono-

act probability testR < 0.05 was considered statistically Signiﬁ'cytes/macrophages located in thrombotic tissue (Fig. 1),

cant). - > . -
outside the capillary wall in part of the neovascularized
regions (Fig. 2), and in tissue lesions adjacent to throm-

Results bi. In SMCs with HHF-35 immunoreactivity, however,

HGF immunostaining was hardly detected. HGF immu-
The subjects’ demographic data are summarized in Tabdstaining was not seen in neointimal hyperplasia con-
1. There were 54 men (age, 60.4 £ 11.3 years; rangigting of randomly oriented stellate or spindle-shaped
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Fig. 5a—d Immunostaining of TGRB1 and HGF in intimal-medial  Immunoreactivity for HGF was high in SMCs in con-
lesion obtained from a 46-year-old man with unstable angifpg| coronary specimens without advanced atherosclerot-

Original magnification x100a Note the lesionl(intima, E inter- ; ; ; ; _
nal elastic laminaM media). Haematoxylin-eosirb Note that ic lesions, which were obtained at autopsy from a 59

these cells were immunoreactive for-smooth muscle actin Year-old female patient without coronary artery disease.
(HHF35).c Medial smooth muscle cells revealed immunoreactivAs illustrated in Fig. 6, SMCs (HHF35 positive) in the

ty for TGF$31.d In contrast, no immunoreactivity for HC:F media and the superficial vascular layer of control coro-
nary tissues with only intimal thickening and early fatty
streaks exhibited strong immunoreactivity for HGF. In
SMCs in a loose myxoid stroma not adjacent to a throoontrast, the TGIBL protein was not detected and im-
bus (Fig. 3), whereas TGEL and B3 were highly im- munoreactivity for TGH32 was weak in the serial sec-
munostained in the same lesion. The HGF immunopasdns. Foamy macrophages immunoreactive for HAM56
tivity rate did not significantly differ between de novavere not immunoreactive for either HGF or TGHRso-
cases (39.1%, 9/23) and postinterventional cases (258fms.
9/36).
Figure 4 illustrates the immunopositivity rates for
HGF and TGH31, 32, and B3 in the four componentsDiscussion
(fibrous tissue, neointimal hyperplasia, atheromatous
gruel, and thrombotic tissue) of coronary atherosclerosifie current study was designed to examine the expres-
Immunoreactivity for HGF was much weaker than thaton of the HGF protein in human coronary atherectomy
for TGF1, 42, and B3. Especially in fibrous tissuespecimens and its localization to specific cell types using
and neointimal hyperplasia, the immunopositivity rat@scommercially available monoclonal specific anti-hHGF
for HGF were significantly lower than those for TGE; antibody. The results reveal that HGF immunostaining
-2, and B3 (P < 0.05). In neointimal hyperplasia, thdocalized predominantly to thrombotic tissue.
expression of TGIB2 protein was detected mainly in Thrombus deposition and organization may be an im-
macrophages, and it was decreased in SMCs comparedant element in the development of atherosclerotic
with the expression of the TR and TGFB3 proteins. plaques in man [9]. Thrombotic factors may play an im-
Furthermore, in the adventitia € 2), neither HGF nor portant part in the pathologic process of atherosclerosis
TGF immunostaining was observed. In the medd, 10, 39]. The association of HGF with thrombus and
(n = 8), the immunopositivity rates for TGk, 2, and plague adjacent to thrombus suggests that the process in-
-B3 were 50% (+n=1; ++,n=2; +++,n=1), 88% (+, volved in the development of coronary lesions caused by
n=2; ++,n=4; +++,n= 1), and 100% (+n = 0; ++, a thrombus plays a part in the production of HGF. Fur-
n=2; +++,n = 6), respectively. In contrast, no HGF imthermore, the immunoreactivity for HGF is pronounced
munoreactivity was observed (Fig. 5). in inflammatory cells, such as monocytes/macrophages.




412

Fig. 6a—l Cellular localization
of HGF and TGH3 isoforms in
control coronary tissues with
intimal thickening only &—f)
and early fatty streakgl) ob-
tained from a 59-year-old fe-
male patient without coronary
artery disease. Orginal magnifi-
cation x100. Immunostaining
of serial sectionsa—f andg-I):
a, gantibody specific fon-
smooth muscle actin (HHF35);
b, h antibody specific for mac-
rophages (HAM56)¢, i anti-
body specific for HGFd, j an-
tibody specific for TGH31; e,

k antibody specific for TGF-
2; f, | antibody specific for
TGF{3 (L lumen,A adventi-
tia)
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Sakaguchi et al. [44] also reported that cells stained witlon injury in vivo [26]. Direct transfer of th€GF-41
the same antibody to hHGF were not fibroblasts bggne into porcine arteries stimulates fibrocellular hyper-
polymorphonuclear leucocytes in liver tissue specimepigasia [32], and antibodies against TEE-suppress inti-
obtained from patients with liver disease. We speculabal hyperplasia in rats [55]. These observations suggest
that many of the inflammatory cells transported to thieat TGFg is directly involved in the progression of vas-
vascular wall from blood via thrombus supplied HGF tular lesions. However, TGt and TGHB2 also inhibit
coronary lesions. Inflammatory cells and cytokines m&aGF secretion by MRC-5 cells in vitro [16], and Matsu-
interact in the pathogenesis of coronary atherosclerosigto et al. [29] reported that T@H: and glucocorticoids
and a variety of growth factors produced by inflammatimhibited HGF synthesis by suppressing expression of the
ry cells in thrombotic tissue may be a trigger for actildGF gene. These data support our immunohistochemical
plaque formation. Gordon et al. [17] have reported irfindings of lower immunoreactivity to HGF than to TGF-
munohistochemical results showing that the highest rapdsand B2 in atherectomy specimens with advanced le-
of proliferating cell nuclear antigen, a marker of prolifesions, especially neointimal hyperplasia.
ation in atherosclerotic plaques, occurred in plaques asRecently, HGF has been demonstrated to be expressed
sociated with acute thrombosis. and secreted from vascular cells of both rat and human
HGF stimulates endothelial cell growth without replinormal aorta with no lesions, in vitro or in vivo [35]. The
cation of vascular SMCs in vitro [4, 27]. Bussolino et gbreliminary data also showed that T@Ktrongly inhib-
[4] reported that HGF is a potent angiogenic factor in vted HGF production in SMCs. Moreover, the research
vo, inducing the proliferation and migration of endothelgroup concerned also reported that HGF produced en-
al cells into capillary-like structures in vitro. Grant et alogenously by transfection of hHGF vector can exert au-
[18] have also reported that HGF may act as a paracrioerine and paracrine stimulatory effects on endothelial
mediator in the pathologic angiogenesis associated witil growth, but not vascular SMC growth [21]. In the
human inflammatory disease. These data are consispetent study, in which human coronary atherosclerosis
with our immunohistochemical findings, that is to sagnd tissues from restenoses with an increase in FGF-
the detection of HGF immunoreactivity in inflammatorwere used, the expression of HGF protein in SMCs was
cells around a neocapillary wall. DiSciascio et al. [Shinimal compared with that in the control coronary tis-
have indicated that coronary thrombus or plaque ulceues, with only intimal thickening and early fatty streaks.
ation is readily identifiable histologically in patients witlPrevious data and the present findings suggest that the
unstable ischaemic syndromes (myocardial infarctiimcreased expression of T@F{nvolved in the progres-
and unstable angina) and that the incidence of thromkien of vascular lesions) and the decreased production of
is significantly correlated with that of ulceration. This reHGF (an endothelial growth promoting factor with no
port, and the fact that re-endothelialization and capillapyoliferative effect on SMCs) may have an important
neogenesis were observed concomitantly with thrombusle in the progression of coronary artery disease. Thus,
as shown in the present series and in the previous sttty strong expression of HGF protein in intimal and me-
[1], lead us to hypothesize that HGF may play an impatial SMCs may play an important part in the mainte-
tant part in the re-endothelialization process. This inance and control of normal vessel wall properties by
cludes angiogenesis and the formation of multiluminptomoting regeneration of vascular endothelial cells,
channels (canalization), which are frequently found in arhich are important not only as a selective permeability
organized thrombus [25]. If this hypothesis is corrediarrier but also as multifunctional cells.
HGF might be a potential therapeutic agent for plague We found that the HGF protein is localized in human
ulceration in acute ischaemic syndromes and endothel@ronary artery walls but could not detect the synthesis
cell denudation after angioplasty, as Garabedian et aflHGF in the cells of the coronary arteries. Additional
[11] indicated in their initial studies of the efficacy oin situ hybridization studies are needed to detect the ex-
HGF to accelerate endothelial cell resurfacing of denystession of HGF m-RNA. Furthermore, the distribution
ed arterial surfaces in vivo. of the HGF receptor, a met proto-oncogene product
Overgrowth of vascular SMCs is involved in thenust be examined to clarify the physiological role of
pathogenesis of coronary atherosclerosis and in that ofH&F in human coronary lesions.
stenosis after angioplasty [8, 53, 54]. In our study, immu- This study shows that immunoreactivity to a specific
noreactivity for HGF in SMCs in neointimal hyperplasianonoclonal anti-hHGF antibody in DCA sample tissues
which is like the changes after coronary interventionial marked in thrombus and that cells exhibiting strong
therapy in morphology, was hardly detected. This resisimunoreactivity for HGF are inflammatory cells, such
suggests that, unlike bFGF, PDGF, IGF-1, and PGFas monocytes/macrophages. SMCs in fibrous tissue and
HGF might not be a potent molecule affecting fibrocellimeointimal hyperplasia barely demonstrated any immu-
lar proliferative tissue in human coronary lesions. In conereactivity for HGF. In contrast, in control specimens
trast, TGFB1, 32, and B3 proteins were strongly ex-without advanced atherosclerotic lesions, HGF protein
pressed in neointimal hyperlasia. The expression of TG#as present in significant amounts in intimal and medial
B is markedly enhanced in vascular lesions in man [3&MCs. HGF produced by macrophages may thus be in-
and the intravenous injection of TG#-to rats enhancesvolved in the process of coronary plaque formation fol-
the thickening of the intima of the arterial walls after babwing thrombosis in man.
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