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Abstract

We recently demonstrated that chronic treatment with IL-
18 induces coronary arteriosclerotic changes and vasospas-
tic responses to autacoids in pigs in vivo and that those
responses are importantly mediated by PDGF. The recep-
tors for PDGF and other major growth factors are known
to have tyrosine kinase activity. We therefore investigated
the effects of a selective tyrosine kinase inhibitor, ST 638,
on those responses induced by IL-18 in our swine model.
Intimal thickening and coronary vasospastic responses to
serotonin and histamine were induced at the site of the coro-
nary artery where IL-18 was chronically and locally ap-
plied. These responses were significantly suppressed in a
dose-dependent manner by cotreatment with ST 638. In
addition, ST 494, which is an inactive form of ST 638, did
not inhibit those responses. The treatment with ST 638 alone
did not affect the coronary vasoconstricting responses to the
autacoids. Immunoblotting using an antibody to phospho-
tyrosines confirmed the inhibitory effects of ST 638 on the
tyrosine phosphorylations induced by IL-18. These results
thus suggest that tyrosine kinase activation may play an
important role in mediating the effects of IL-1p3, while also
suggesting that ST 638 has an inhibitory effect on the arte-
riosclerotic changes and vasospastic responses to autacoids
in our swine model in vivo. (J. Clin. Invest. 1995. 96:1288-
1294.) Key words: cytokine + tyrosine kinase « ST 638 -
coronary vasospasm ¢ growth factor

Introduction

Atherosclerosis is an excessive inflammatory and proliferative
response of the vascular wall to various forms of injury (1-3).
We previously developed a swine model of coronary artery
spasm and revealed an intimate relationship between coronary
spasm and atherosclerosis (4—6). However, it remains to be
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elucidated as to what aspect of coronary atherosclerosis is re-
sponsible for the occurrence of the spasm. We recently demon-
strated that coronary arteriosclerotic changes and vasospastic
responses to autacoids can be induced at the site of the coronary
artery where IL-15, a major inflammatory cytokine found in
atherosclerotic lesions, was chronically and locally applied (7).
These results suggest that the inflammatory aspect of coronary
atherosclerosis is important in the pathogenesis of coronary
spasm. Furthermore, we also demonstrated that these changes
were importantly mediated by PDGF (7).

Studies in vitro have revealed that the proliferation of
smooth muscle cells may be mediated by several growth factors,
such as PDGF (8), basic fibroblast growth factor (bFGF)' (9)
and IGF-1 (10). Thus, the administration of a neutralizing anti-
body against PDGF (11), bFGF (12), or IGF-1 (13) has been
reported to be effective in suppressing neointimal formation
after balloon injury. However, the approaches which target each
of these growth factors may have critical limitations regarding
their effectiveness in vivo because many growth factors and
cytokines are sequentially and/or simultaneously induced in the
cytokine network at such inflammatory/proliferative lesions (1,
14). The receptors for many growth factors, including PDGF
(15), bFGF (16), and IGF-1 (17), are known to have tyrosine
kinase activity. Thus, tyrosine kinases can be regarded as one
of the common and key steps for smooth muscle proliferation.
In this study, we examined whether or not the inhibition of
tyrosine kinase activity suppresses the coronary arteriosclerotic
changes and vasospastic responses to autacoids induced by
chronic treatment with IL-148 in our swine model in vivo.

Methods

Animal preparation. 20 male domestic pigs weighing 23-27 kg were
sedated with intramuscular administration of ketamine hydrochloride
(12.5 mg/kg) and were anesthetized with intravenous administration of
sodium pentobarbital (25 mg/kg). The animals were then intubated and
ventilated by room air supplemented with oxygen via a positive pressure
respirator. Under aseptic conditions, a left thoracotomy was performed
and the proximal segments of the left anterior descending (LAD) and
circumflex coronary artery (LCX) were carefully dissected. The dis-
sected segments of the coronary artery were gently wrapped with cotton
mesh soaked in 0.05 ml suspension of one of the following agents: (a)
recombinant human IL-13 (2.5 pg) bound to sepharose beads plus 1%
Tween 80, a surfactant as a vehicle for ST 638; (b) IL-18 (2.5 ug)
plus ST 638 (2.5 mg, n = 5 or 12.5 mg, n = 7), a selective tyrosine

1. Abbreviation used in this paper: bFGF, basic fibroblast growth factor.
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Figure 1. The chemical structures of ST 638 and ST 494.

kinase inhibitor (18) (Fig. 1), dissolved in Tween 80; (¢) IL-18 (2.5
ug) plus ST 494 (12.5 mg, n = 3), an inactive form of ST 638 (19)
(Fig. 1); or (d) ST 638 (12.5 mg) alone (without Sepharose beads, n
= 3). Only one segment of each coronary artery (LAD or LCX) was
used. This experiment was reviewed by the Ethics Committee on Animal
Experiments in the Kyushu University School of Medicine (Fukuoka,
Japan), and was carried out under the Guidelines for Animal Experi-
ments in the Kyushu University School of Medicine and The Law (No.
105) and Notification (No. 6) of the Japanese Government.

Preparation of IL-18 beads. 1 gram of Sepharose microbeads
(CNBr-activated Sepharose 4B, 45-165 um in diameter; Pharmacia
Diagnostics AB, Uppsala, Sweden), which bind the amino residues of
proteins, including cytokines, were added to 50 ml of 1 mM HCI solution
and centrifuged at 1,200 rpm for 5 min, four times. The beads were
then resuspended in 20 ml of NaHCO,/NaCl solution with 1 mg of IL-
18. The beads were allowed to bind with IL-13 at room temperature
for 1 h and then at 4°C overnight. After centrifugation at 1,200 rpm for
5 min, the supernatant was separated and the concentration of the re-
maining IL-12 in the supernatant was measured by an ELISA. The IL-
18-bound beads in the pellet were resuspended in 20 ml of NaHCO,/
NaCl solution and centrifuged at 1,200 rpm for 5 min, four times. Then
the IL-13-bound beads were resuspended with Tris/HCI buffer solution
for 1 h to block any remaining active sites. The IL-15-bound beads
were finally washed and resuspended so that the final concentration of
IL-18 was 50 pg/ml. The number of the IL-15 beads in the suspension
was ~ 70/ul. All preparations mentioned above were performed under
sterile conditions.

In a preliminary study, we confirmed that the Sepharose beads were
not washed out by the local bloodstream and that the local effects of
IL-18 were noted without causing any systemic effects (7). We have
previously confirmed that with these techniques the Sepharose beads
alone (without IL-13) caused only mild coronary stenosis and did not
induce any significant coronary hyperconstrictions to the same autacoids
(serotonin and histamine) as used in this study (7).

Pharmacokinetics and bioavailability of ST 638. In a preliminary
study, we measured the concentration of ST 638 in the porcine carotid
artery treated with the agent (12.5 mg) to elucidate the pharmacokinetics
of ST 638, using HPLC (n = 7). The average amount of ST 638 per
1 gram wet weight of the vessel 1, 3, 7, and 14 d after the treatment
were 602, 651, 288, and 121 pg/gram, respectively. Thus, the estimated
local concentrations of ST 638 in the vessel wall 1, 3, 7, and 14 d after
the treatment were 1.7, 1.8, 0.81, and 0.34 mM, respectively, regarding
1 gram of wet weight of the vessel as 1 ml of fluid. Those estimated
local concentrations of ST 638 were 30—100 times higher than those

which inhibit intracellular tyrosine kinases, such as tyrosine kinase of
epidermal growth factor receptor (18).

Coronary angiography. 2 wk after the operation, the animals were
again anesthetized and ventilated as described above, and coronary angi-
ography in a left anterior oblique view was performed. The responses
to the intracoronary administration of nitroglycerin (10 ug/kg), seroto-
nin (1, 3, and 10 pg/kg), histamine (1, 3, and 10 xg/kg), and prosta-
glandin F,, (5 and 50 ug/kg) were examined. Coronary angiography
was performed 2 min after the intracoronary administration of nitroglyc-
erin and serotonin, 1 min after that of histamine, and 5 min after that
of prostaglandin F,,, when the hemodynamic variables returned to basal
levels (20). Aortic pressure, heart rate and electrocardiograms (I, II,
I, V,, and V, leads) were continuously recorded during the coronary
angiographic study (4-7, 20).

Coronary diameter measurement. Cineangiograms were projected
on a screen using a cineprojector (ELK-35CB; Nishimoto Sangyo Inc.,
Osaka, Japan) and an end diastolic frame was chosen and printed. The
coronary luminal diameters were measured with a caliper (4—7). Using
this technique, excellent correlations between repeated measurements
(r = 0.99) and between different observers (r = 0.98) were confirmed
in the range of the coronary diameter from 0.98 to 5.58 mm (20).
Coronary stenosis of the drug-treated segments was expressed as the
percent decrease in the luminal diameter compared to the mean diameter
of adjacent proximal and distal nonstenotic coronary segments after the
intracoronary administration of nitroglycerin (10 ug/kg). The responses
to serotonin, histamine, and prostaglandin F,, were expressed as the
percentage of luminal narrowing compared to the coronary luminal
diameter after the intracoronary administration of nitroglycerin (10
uglkg).

Histological examination. On completion of the angiographic exper-
iments, all animals were killed with a lethal dose of intravenous sodium
pentobarbital and the hearts were removed. The left coronary arteries
were then perfused via a constant pressure perfusion system (120 cm
H,0) with saline (500 ml) and subsequently with 6% formaldehyde
(1,000 ml). After fixation, both left anterior descending and left circum-
flex coronary arteries were cut transversely into segments at 5-mm inter-
vals along their main trunk with small portions of the surrounding
tissue. These segments were stained with hematoxylin and eosin and
van Gieson’s elastic staining for photomicroscopy.

With a photomicroscopic photograph system (MICROPHOT-FXA;
Nikon Co., Tokyo, Japan), pictures of the coronary arteries were taken
at a magnification of 40, and the degree of intimal thickening was
analyzed quantitatively using a computer-assisted picture analysis sys-
tem (Genlocker System; Sony Corp., Tokyo, Japan). This system con-
sists of a high resolution television monitor, an image processing and
calculation unit with a microprocessor, a light pen controller with a
microprocessor, and a printer. The inner border of the intimal layer and
the internal elastic lamina were traced by the light pen, and the areas
encircled by the tracings were calculated automatically. The intimal area
(Ai) was calculated by the formula Ai = Ae — Al, where Ae and Al
are the areas within the internal elastic lamina and the internal border
of the vessel (luminal area), respectively. The degree of intimal thick-
ening was expressed by the following three parameters; intimal area
= Ai (mm?), maximal intimal thickness (mm) measured with a caliper,
and percent intima that was calculated by the following equation; Ai/
Ae X 100 (%).

Antiphosphotyrosine immunoblotting. The other three pigs were
killed for antiphosphtyrosine immunoblotting 14 d after the operation
with the IL-15 treatment. These animals did not undergo the angio-
graphic study to avoid any possible influences of the experiment on the
phosphotyrosine levels. In these animals, the hearts were removed, and
the coronary arterial segments treated with IL-13 (2.5 ug), IL-18 (2.5
pg) plus ST 638 (12.5 mg), and the untreated segments were dissected.
Next, each segment was homogenized in an extraction buffer (con-
taining 62 mM Tris-HCl, 2.5 mM MgCl,, 1.0 mM EGTA, 1% sodium
dodecyl sulfate, 1% Triton X-100, 100 U/ml aprotinine, 12 uM p-
amidinophenyl methanesulfony! fluoride [pAPMSF], 25 uM leupeptin,
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5 uM [L-3-trans-carboxyoxiran-2-carbonyl]-L-Leu-agmatin [E-64],
and 200 M orthovanadate). The cell lysate was centrifuged at 12,000
rpm for 30 min at 4°C. The supernatant was subjected to SDS-polyacryl-
amid gel electrophoresis, and transferred to polyvinylidene difluoride
membrane. Then immunoblotting was performed using monoclonal anti-
phosphotyrosine antibody (PY20; ICN Biomedicals Inc., Irvine, CA.)
(21) and detected by horseradish peroxidase—coupled goat anti—mouse
IgG and chemiluminescence (22). The amounts of total protein per lane
were equally 25 ug. The antiphosphotyrosine antibody does not cross-
react with phosphoserine or phosphothreonine (22).

In the present assay, we used 1-5 pg/ml of antiphosphotyrosine
antibody (21, 22). However, it has not been clarified how many phos-
photyrosine residues per protein or how many protein molecules that
contain phosphotyrosine residues are necessary for the detection of phos-
photyrosine residues. However, our technique can detect more than a
10-fold difference in the phosphotyrosine contents between carcino-
matous rat fibroblasts and normal rat fibroblasts (22). In addition,
our technique can detect the phosphotyrosine contents in normal cells
when the exposure time for enzyme-linked chemiluminescence is pro-
longed (22).

Drugs. The following drugs were used: recombinant human IL-
18 (Ohtsuka Pharmaceutical Co., Tokyo, Japan), ST 638 (a-cyano-3-
ethoxy-4-hydroxy-5-phenyl-methylcinnamamide) (18) and ST 494 (a-
cyano-4-hydroxy-cinnamamide) (19) (Kanegafuchi Chemical Co.,
Osaka, Japan) (Fig. 1); 5-hydroxytryptamine (serotonin) and histamine
(Sigma Chemical Co., St. Louis, MO), nitroglycerin (Nihon-kayaku
Pharmaceutical Co., Tokyo, Japan) and prostaglandin F,, (Ono Pharma-
ceutical Co., Osaka, Japan). ST 638 and ST 494 were dissolved in 1%
Tween 80. Tween 80 alone did not affect the coronary diameter. Seroto-
nin and histamine were dissolved in physiological saline.

Statistical analysis. The results were expressed as the mean+SEM.
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Figure 2. Coronary angiograms of
the left coronary artery after the
intracoronary administration of ni-
troglycerin (10 ug/kg) (NG, top
left), serotonin (10 u/kg) (S, bot-
tom left), histamine (10 ug/kg)
(H, top right), and prostaglandin
Fa. (50 pg/kg) (PF, bottom
right). Black and translucent
arrows, respectively, indicate the
coronary artery segments treated
with IL-18 (2.5 ug) and IL-18
(2.5 pug) plus ST 638 (12.5 mg).

Multiple comparisons were made by an ANOVA, and if a significant
F value was found, Scheffe’s test for multiple comparisons was used
to identify any differences among the groups. Paired data were analyzed
by Student’s ¢ test. A P value of < 0.05 was considered to be statistically
significant.

Results

After the operation, a moderately stenotic coronary lesion devel-
oped angiographically at the site treated with IL-18 (2.5 ug)
(Figs. 2 and 3). The intracoronary administration of serotonin
and histamine caused marked coronary vasoconstriction at the
IL-1p—treated site (Figs. 2 and 3). In contrast, the intracoronary
administration of prostaglandin F,, caused a comparable degree
of coronary vasoconstriction at the IL-18—treated and at the
untreated sites (Figs. 2 and 3).

The coronary stenosis at the IL-183—treated site was not
inhibited by cotreatment with a low dose of ST 638 (2.5 mg)
(Fig. 3), but was significantly inhibited by that with a high
dose of ST 638 (12.5 mg) (Figs. 2 and 3). In contrast, ST 494
(12.5 mg), which is an inactive form of ST 638, did not inhibit
the IL-18-induced coronary stenosis (48+2 and 41+13%, at
the sites treated with IL-13 alone and with IL-183 plus ST 494,
respectively, n = 3).

The coronary hyperconstriction to intracoronary serotonin
tended to be suppressed at the site treated with a low dose of
ST 638 (2.5 mg) (Fig. 3) and was significantly suppressed at
the site treated with a high dose of ST 638 (12.5 mg) (Figs. 2
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Figure 3. Effects of ST 638 on coronary stenosis (% Stenosis) and vasospastic responses (% Luminal Narrowing) induced by chronic treatment
with IL-18. (Upper panels) Coronary stenosis induced by IL-18 (2.5 ug) (closed bar) was not inhibited by cotreatment with a low dose of ST
638 (2.5 mg) (hatched bar). Coronary vasospastic response to serotonin (10 ug/kg) at the IL-15—treated site (closed bar) tended to be inhibited
and that to histamine (10 ug/kg) was significantly inhibited by cotreatment with a low dose of ST 638 (2.5 mg) (hatched bar). Intracoronary
prostaglandin F,, (50 ug/kg) caused a comparable degree of vasoconstriction at the IL-13—treated (closed bar), the IL-18 plus ST 638 (2.5 mg) -
treated (hatched bar), and the untreated sites (open bar). (Lower panels) Coronary stenosis and vasospastic responses to the autacoids at the IL-
18 (2.5 pg)—treated site (closed bar) were all significantly inhibited by cotreatment with a high dose of ST 638 (12.5 mg) (hatched bar).
Intracoronary prostaglandin F,, caused a comparable degree of vasoconstriction at the IL-18—treated (closed bar), the IL-18 plus ST 638 (12.5

mg) —treated (hatched bar), and the untreated sites (open bar).

and 3). The histamine-induced coronary hyperconstriction at
the IL-15—treated site was also significantly suppressed by co-
treatment with ST 638 at 2.5 mg (Fig. 3) and at 12.5 mg (Figs.
2 and 3). In contrast, ST 494 did not suppress those vasospastic
responses to either serotonin (61+23 and 52+9%) or to hista-
mine (52+26 and 45+10%, at the sites treated with IL-14 alone
and with IL-18 plus ST 494, respectively, n = 3). In addition,
treatment with ST 638 (12.5 mg) alone did not affect the coro-
nary vasoconstriction to the autacoids (data not shown, n = 3).
In contrast, prostaglandin F,,—induced coronary vasoconstric-
tion at the IL-15—treated site was not significantly affected by
cotreatment with either ST 638 (Figs. 2 and 3) or ST 494 (data
not shown).

A histological examination revealed that intimal thickening
was induced at the IL-18—treated site (Fig. 4), which was
inhibited by cotreatment with ST 638 (12.5 mg) (Fig. 4). A
quantitative analysis of the intimal thickening showed that a
high dose of ST 638 (12.5 mg) significantly suppressed all
three parameters, while a low dose of ST 638 (2.5 mg) did not
(Fig. 5).

Antiphosphotyrosine immunoblotting showed that 2 wk
after the operation the levels of phosphotyrosine-containing pro-

teins (34, 48, 52, 70, 100, 130, and 150 kDs) were elevated at
the coronary artery segment treated with IL-1/3, while, in addi-
tion, cotreatment with ST 638 (12.5 mg) suppressed to a vari-
able degree the elevation of those phosphotyrosine-containing
proteins (Fig. 6).

Discussion

The major findings of this study were (a) tyrosine kinases
played an important role in mediating the effects of IL-18 in
vivo and (b) ST 638, a selective inhibitor of tyrosine kinases,
exerted inhibitory effects on the arteriosclerotic changes and
vasospastic responses to autacoids in our swine model in vivo.
To our knowledge, this is the first in vivo demonstration of the
inhibitory effects of a tyrosine kinase inhibitor on the develop-
ment of intimal lesions and hyperconstrictive responses after
vascular injury.

Coronary arteriosclerosis and tyrosine kinase activity. We
used IL-18 as an inflammatory cytokine to induce arterioscle-
rotic changes and vasospastic responses to autacoids (7), based
on the fact that IL-14 is highly inflammatory and is also one
of the major inflammatory cytokines found in atherosclerotic
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lesions (23, 24). Studies in vitro have shown that IL-18 is not
only an inflammatory cytokine but also a growth factor for
smooth muscle cells (25, 26). However, IL-18 does not exert
any direct mitogenic activity on smooth muscle cells in vitro
and its proliferative effects are mediated by other growth fac-
tors, mainly by PDGF, which are induced in and released by
fibroblasts and smooth muscle cells in response to IL-15 (8).
Furthermore, we have also demonstrated in vivo that the athero-
genic and spasmogenic effects of IL-14 are importantly medi-
ated by PDGF (7) and bFGF (Ito, A., H. Shimokawa, T. Kado-
kami, Y. Fukumoto, M. Koji Owada, T. Shiraishi, R. Nakaike,
T. Takayanagi, K. Egashira, and A. Takeshita, unpublished ob-
servations). The receptors for these growth factors are also
known to have tyrosine kinase activity (15, 16). Indeed, the
present result of the antiphosphotyrosine immunoblotting dem-
onstrated that tyrosine phosphorylation was elevated at the IL-

Figure 4. Effects of ST 638 (12.5
mg) on the histological changes of
the coronary artery induced by

chronic treatment with IL-14. The
intimal thickening at the IL-15

(2.5 pug) —treated site (A) was in-
hibited by cotreatment with ST

638 (12.5 mg) (B). C shows the
untreated coronary artery segment
without intimal lesion. The bar in

No treatment C represents 1 mm.

18 —treated site of the coronary artery, which suggests that tyro-
sine kinases were activated at this inflammatory coronary lesion.
In the present study, tyrosine kinases were thought to be acti-
vated as late as 14 d after the IL-14 treatment. This was proba-
bly because several growth factors were sequentially and/or
simultaneously induced in the cytokine network at the IL-15-
treated site at least for 2 wk (1-3). However, we can not rule
out the possibility that IL-14 also inhibited the phosphotyrosine
phosphatases and eventually increased the tyrosine phosphory-
lations to some extents.

Antiproliferative effects of a selective inhibitor of tyrosine
kinases. ST 638 potently inhibits tyrosine-specific kinase activ-
ity of the epidermal growth factor receptor with a 50% inhibi-
tory concentration value of 0.37 uM, and has no inhibitory
effect on the enzymes of serine- or threonine-specific protein
kinases, such as cAMP-dependent protein kinase, Ca**/phos-
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Figure 5. Effects of ST 638 on coronary intimal thickening induced by chronic treatment with IL-183. (Upper panel) Intimal thickening induced
by IL-18 (2.5 pg) (closed bar) was not inhibited by co-treatment with a low dose of ST 638 (2.5 mg) (hatched bar). (Lower panel) Intimal
thickening induced by IL-18 (closed bar) was significantly inhibited by co-treatment with a high dose of ST 638 (12.5 mg) (hatched bar).
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Figure 6. Inhibitory effects of ST 638 (12.5 mg) on the elevated levels
of phosphotyrosine-containing proteins induced by IL-1/ (antiphospho-
tyrosine immunoblotting). Tyrosine phosphorylation was increased at
the IL-18 (2.5 ug) —treated site (left lane). The elevated tyrosine phos-
phorylation induced by IL-18 was inhibited to a variable degree by
cotreatment with ST 638 (12.5 mg) (middle lane). The right lane shows
low levels of tyrosine phosphorylation at the untreated site.

pholipid-dependent protein kinase C, casein kinase I and casein
kinase II (18). Thus, ST 638 is a potent and specific inhibitor
of tyrosine kinases (18). Its inhibitory effect is mediated by
competing with the substrate protein for the tyrosine kinase
binding site (19).

In a preliminary study, we confirmed that ST 638 remained
locally at sufficient concentrations to exert its effect as late as
14 d after the application. We also confirmed recently that ST
638 inhibits the proliferation of cultured smooth muscle cells
of the rat aorta induced by PDGF (Kozai, T., H. Shimokawa, A.
Ito, Y. Fukumoto, S. Kobayashi, H. Kanaide, and A. Takeshita,
unpublished observations). The present study has confirmed
that this is also the case in vivo and that cotreatment with ST 638
suppresses the activation of several tyrosine kinases induced by
IL-18 to a variable degree as shown by antiphosphotyrosine
immunoblotting. Several weak levels of phosphotyrosine pro-
teins were detected in the untreated vessel, which may indicate
that several tyrosine kinases were necessary for the function of
normal vessels. These results suggest that the antiproliferative
effects of ST 638 observed in this study are likely due to the
inhibition of tyrosine kinases.

Coronary vasospastic responses and tyrosine kinases. An-

other important finding of the present study was that coronary
vasospastic responses to the autacoids induced by chronic treat-
ment with IL-18 were inhibited by cotreatment with ST 638.
It has been reported that tyrosine kinase inhibitor attenuates
smooth muscle contraction to several agonists in vitro (27). In
the present study, however, treatment of coronary artery with
ST 638 alone did not affect the coronary vasoconstriction to
the autacoids or prostaglandin F,,. Therefore, the inhibitory
effects of ST 638 on the coronary vasospastic responses may
be due to the suppression of the inflammatory/proliferative
changes induced by IL-1/ but not due to a direct inhibition of
the coronary vasoconstriction.

We have recently demonstrated that intracellular pathway
mediated by protein kinase C (PKC) plays an important role
in the pathogenesis of coronary spasm at the atherosclerotic
lesion induced by a combination of balloon endothelial denuda-
tion, x-ray irradiation and a high-cholesterol feeding (20). Re-
cently, we have observed that PKC-mediated pathway also plays
an important role in the pathogenesis of coronary spasm in the
present model with IL-18 (28). Thus, there appears to be an
important link between the arteriosclerotic changes mediated
by tyrosine kinases and the altered PKC-mediated pathway in
the pathogenesis of coronary artery spasm (20, 28).

Clinical implications. The pathogenesis of the restenotic
process after coronary angioplasty is incompletely understood
but appears to be multifactorial (1). One of the principal factors
is the stimulation of smooth muscle proliferation by growth
factors (1). Several in vivo studies have revealed that the ad-
ministration of a neutralizing antibody against PDGF (11),
bFGF (12), or IGF-1 (13) suppresses the neointimal formation
after balloon angioplasty. However, these approaches targetting
each of these growth factors may have critical limitations in
their effectiveness in vivo because many growth factors and
cytokines are sequentially and/or simultaneously induced in the
cytokine network at the inflammatory/proliferative lesions (1,
14). In contrast, tyrosine kinases could be regarded as one of
the common and key steps for smooth muscle proliferation (15—
17). In the present study, we demonstrated that ST 638, a
selective inhibitor of tyrosine kinases, has an inhibitory effect
on the arteriosclerotic changes and vasospastic responses to the
autacoids induced by chronic treatment with IL-14 in our swine
model in vivo. Further studies are needed to examine whether
or not tyrosine kinase inhibitors also suppress the neointimal
formation after coronary angioplasty.
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