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Kawasaki disease is an acute inflammatory syndrome that
takes the form of systemic vasculitis, and predominantly
affects children. Important complications of this disease are
coronary artery dilation and aneurysm formation. Recent
studies indicate that Kawasaki disease patients have
elevated expression, activity, or protein levels of matrix
metalloproteinases (MMPs), and suggest that imbalances in
MMPs or MMP/tissue inhibitor of MMP (TIMP) play
important pathophysiological roles in the development of
coronary artery lesions in this disease. However, it remains
unclear whether MMP activities at the site of coronary
artery lesions are indeed increased. Further studies on the
effects of MMP inhibition on coronary outcome are needed
to define the roles of MMPs and TIMPs in the formation of
coronary arfery lesions in Kawasaki disease; findings of
such studies may support the use of MMP inhibitors for the
prevention of coronary artery complications in patients
with this disease.

lar matrix is maintained by a rigorously

controlled balance between the synthesis
and breakdown of component proteins. Matrix
metalloproteinases (MMPs) and their endogen-
ous inhibitors, tissue inhibitors of MMP
(TIMPs), play central roles in this process.'
Accelerated matrix breakdown caused by
increased activity of MMPs or quantitative
imbalances between MMPs and TIMPs may thus
result in several pathological conditions, includ-
ing rheumatoid arthritis,” tumour metastasis,’
and heart failure.”> Increased levels of MMPs
have also been detected in aortic aneurysms in
adult humans, and the development of aortic
aneurysms is thought to result from the degra-
dation of structural proteins in the arterial wall
by proteolytic enzymes derived mainly from
inflammatory cells infiltrating the media and
adventitia.”® MMPs have been implicated in this
process, and are thought to play a dominant role
in the formation of aortic aneurysms.

Kawasaki disease is an acute inflammatory
syndrome that takes the form of systemic
vasculitis, and predominantly affects children.
Important complications of this disease include
coronary artery dilation and aneurysm forma-
tion, occurring in 10-15% of patients during the
acute stage.”'* Histopathological findings of
coronary artery lesions (CALs) in Kawasaki
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disease indicate destruction of coronary artery
wall with diffuse vasculitis,"" raising the possibi-
lity that MMPs are also involved in coronary
arterial wall destruction and the formation of
coronary aneurysms in Kawasaki disease (fig 1).
This review discusses the possible roles of MMPs
in the development of CALs in Kawasaki disease.

MMPs IN KAWASAKI DISEASE
While the idea that MMP may be involved in the
pathogenesis of coronary artery vasculitis in
Kawasaki disease is relatively new, an increasing
number of studies have indicated elevated
expression, activity, or protein levels of MMPs
in Kawasaki disease. A study conducted at this
institute indicates that plasma levels of MMP-1,
-2, -3, and -9, as measured by enzyme linked
immunoassay (ELISA), are significantly elevated
in the acute stage of Kawasaki disease before
treatment with intravenous gammaglobulin
(IVGG), compared with levels in age matched
controls.”” Levels of TIMP-1 and -2 were also
significantly higher in Kawasaki disease than in
controls. Importantly, the data showed that
levels of MMP-9 before treatment were signifi-
cantly higher in Kawasaki disease patients with
CALs than in Kawasaki disease patients without
CALs. Serial changes in MMPs and TIMPs after
treatment with IVGG were also examined. Levels
of MMP-9 decreased after IVGG, regardless of
the development of CALs. In contrast, MMP-3
levels of patients with CAL remained elevated
after IVGG, and were significantly higher than
those of patients without CAL. The absence of
differences in TIMP levels between patients with
CAL and without CAL is worth noting, given the
difference in MMP levels, suggesting that an
imbalance between MMPs and TIMPs contri-
butes to CAL formation. The pre-IVGG MMP-9/
TIMP-2 ratio and post-IVGG MMP-3/TIMP-1
ratio were both significantly higher in patients
who developed CALs than in those without CAL.
These results suggest a close association between
increased MMP levels with MMP/TIMP imbal-
ance and formation of CALs in Kawasaki disease.
Elevated levels of MMPs or MMP/TIMP
imbalances in Kawasaki disease have also been
reported by several other investigators. A study
by Matsuyama indicates that before treatment,
serum levels of MMP-3 and TIMP-1 measured by
ELISA are significantly higher in Kawasaki
disease patients than in healthy children.” The
levels of MMP-3 they found in Kawasaki disease

Abbreviations: CAL, coronary artery lesion; IVGG,
intravenous gammaglobulin; MMP, metalloproteinase;
TIMP, tissue inhibitor of MMP
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Histological sample showing panarteritis in the coronary
artery of a patient who died 23 days after the onset of Kawasaki
disease. Fragmentation of elastic fibres stained black is visible in the
internal elastic lamina (arrow) and external elastic lamina (arrow head).
Media (bracket) is almost completely destroyed, with severe
inflammatory cell infiltration (Elastic van Gieson stain, x20).

Figure 1

patients were similar to levels found in a study at this
institute. Takeshita et al'* also observed increased serum
levels of MMP-9 during the acute phase of Kawasaki disease,
decreasing significantly from the subacute (after IVGG)
through the convalescent phase. They also showed that
expression of MMP-9 mRNA as measured by RT-PCR is
increased in circulating leucocytes of Kawasaki disease
patients, and that pathophysiological changes during the
course of Kawasaki disease parallel changes in serum levels
of MMP-9. In addition, serum levels of MMP-9 in that study
significantly positively correlated with circulating leucocyte
counts, and leucocytes were thus considered as a possible
source of MMP-9 secreted into the circulation.

Chua ef al” examined enzyme activity of MMP-9 and
TIMP-1, in addition to protein levels, using gelatin zymo-
graphy and ELISA. They showed that both enzyme activity
and protein levels of these proteases in plasma are
significantly elevated in the acute stage of Kawasaki disease,
compared to afebrile patients diagnosed with gastroenteritis
and dehydration. Both enzyme activity and protein levels of
MMP-9 and TIMP-1 were significantly decreased in the
convalescent stage. They also demonstrated that MMP-9
activity and protein levels in patients who did not completely
fulfil the diagnostic criteria for Kawasaki disease, but who
were suspected of having the disease (so-called incomplete
form of Kawasaki disease), were increased to a degree similar
to that of patients with the complete form of the disease. This
is interesting because some patients with the incomplete
form of Kawasaki disease have been found to develop CALs,
despite having generally less severe clinical symptoms than
patients with the complete form of Kawasaki disease.

In addition to reports indicating increased expression,
activity, and protein levels of circulating MMPs in the acute
phase of Kawasaki disease, a recent study by Gavin et al'®
indicates that MMPs and TIMPs are also expressed in
coronary artery during the acute phase of Kawasaki disease.
In their study, MMP-2 and -9 and TIMP-1 and -2 were
immunolocalised in the coronary arteries of autopsy speci-
mens from children with fatal Kawasaki disease and controls
who died of causes other than Kawasaki disease. MMP-2 was
prominent in the thickened neointima of coronary aneurysms
and in the endothelial cells of new capillaries in areas of
angiogenesis, suggesting that MMP-2 participates in remo-
delling of the coronary arterial wall in acute Kawasaki

www.archdischild.com

Senzaki

disease, particularly in the process of neointimal proliferation
and angiogenesis. In contrast, MMP-9 was absent in control
coronary arteries, but was expressed in coronary artery
aneurysms and non-aneurysmal coronary  arteries.
Interestingly, this change was not accompanied by increased
expression of TIMP-1, suggesting an imbalance between
MMP-9 and TIMP-1 and thus an important role for MMP-9
in the formation of CALs.

The available evidence seems to consistently indicate that
circulating levels of MMPs, particularly MMP-9, are sig-
nificantly increased during the acute phase of Kawasaki
disease. MMP-9 may also be overproduced in the coronary
arteries during acute Kawasaki disease. However, because
MMPs exhibit proteolytic activity in local lesions,' it remains
unclear whether MMP activities at the site of CALs are indeed
increased and thereby cause arterial wall destruction and
subsequent CAL formation.

PATHOLOGICAL SIGNIFICANCE OF MMPs IN THE
FORMATION OF CALs IN KAWASAKI DISEASE

The most important issue regarding the increased MMP
levels observed in Kawasaki disease is whether they play any
pathophysiologically causative role in the development of
CALs. MMPs are inflammatory markers, and thus elevated
concentrations of circulating MMPs may merely be the result
of the inflammatory process in the coronary arteries, rather
than representing a cause of the process. For example,
increased levels of circulating MMP are also observed in other
inflammatory disorders, such as pneumonia'> or sepsis,'
which do not cause coronary aneurysm. This question could
be directly resolved if studies could determine whether
interventions that inhibit MMP production or activities
prevent the formation of CALs. Unfortunately, such data
are not presently available. This is partly because appropriate
animal models of Kawasaki disease remain unavailable due
to the unexplored aetiology of this disease. Nonetheless,
some indirect data suggest that MMPs play a causative role in
the development of coronary arterial wall destruction and
resultant aneurysm formation. Several studies have com-
pared MMP levels in Kawasaki disease to levels in other
febrile (inflammatory) diseases, including bronchitis, pneu-
monia, sepsis, gastroenteritis, and encephalitis.”> ** " The
results have consistently shown that MMP levels, particularly
MMP-9, are much higher (about 4- to 8-fold) in Kawasaki
disease than in other inflammatory diseases, despite similar
levels of inflammation as indicated by C reactive protein
(CRP). Moreover, while MMP-9 levels positively correlate
with CRP levels in pneumonia, no such correlation is
apparent in Kawasaki disease."”? Because MMP-9 levels in
Kawasaki disease are significantly higher in patients with
CALs than in those without CALs, these data suggest that the
increased MMP levels observed in Kawasaki disease are not
merely the result of inflammation. In a study conducted at
this institute, levels of MMPs and TIMPs in febrile non-
Kawasaki disease patients were significantly higher than
those in afebrile healthy controls, but there was no
significant difference in the MMP/TIMP ratio between the
febrile patients and afebrile controls, indicating that the
normal MMP/TIMP ratio is maintained in inflammatory
diseases that do not cause coronary aneurysm. Only
Kawasaki disease patients show imbalances between MMPs
and TIMPs, with the balance tipped in favour of MMP
activation (fig 2)."

MMP AND OTHER FACTORS IN CAL DEVELOPMENT
In a study conducted at this institute, Kawasaki disease
patients with CALs had significantly higher MMP levels and
MMP/TIMP ratios than Kawasaki disease patients without
CALs, but there was some overlap between the two groups.
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Fifgure 2 Comparison of MMP levels and MMP/TIMP ratios between Kawasaki disease (KD) patients with or without coronary artery lesions (CALs),
atebrile healthy controls, and febrile disease controls. *Statistical significance v afebrile controls; tstatistical significance v febrile controls. Data for
MMP-9 are pre-gammaglobulin therapy; data for MMP-3 are post-gammaglobulin therapy.

Interaction between MMPs or between MMPs and TIMPs
may affect their activity and modulate the pathophysiological
process of arterial wall destruction.' Studies indicate that in
addition to MMPs and TIMPs, serine proteases (including
urokinase and tissue plasminogen activators) play important
roles in the development of aneurysms in adults.”” ** Many
inflammatory cytokines that have been shown to be elevated
in Kawasaki disease'”?' can cause endothelial damage and
may modulate MMP activities.' ** It thus appears likely that
complex interplay among these systems is involved in the
process of arterial extracellular matrix degradation and
resultant aneurysm formation. A related study conducted at
this institute indicates that neutrophil elastase levels are
significantly increased in the acute phase of Kawasaki
disease, and that levels are significantly higher in patients
with CALs than in patients without CALs."> Neutrophil
clastase has been shown to activate MMPs,' > and may also
suppress TIMP activity.” Neutrophil elastase may thus
accelerate coronary arterial wall destruction by tipping the
balance in favour of MMP activation in the early stages of
Kawasaki disease. Plasminogen activators and plasmin (a
serine protease) have also been shown to act as triggers for
activation of the MMP pathway.” ** A recent study of aortic
aneurysm in a rat model indicates that blocking plasminogen
activator activity via local overexpression of plasminogen
activator inhibitor-1 (PAI-1) prevents formation of arterial
aneurysms by inhibiting MMP activation, suggesting that
plasminogen activator mediated MMP activation plays a
critical role in arterial wall destruction and subsequent
aneurysm formation." *” A study conducted at this institute
indicates that circulating levels of PAI-1 are markedly
elevated in Kawasaki disease, and that patients with higher
PAI-1 levels are susceptible to CALs,” suggesting that this

fibrinolytic system is also involved in the pathogenesis of
CALs in Kawasaki disease.

Genetic factors may also influence the formation of
aneurysms in Kawasaki disease; the available evidence
suggests that genetic factors contribute to aneurysm forma-
tion in adults.””?' A polymorphism in the MMP-9 gene
promoter has been found in patients with intracranial
aneurysm or myocardial infarction; variations of this poly-
morphism result in variations at the level of transcription.*
Polymorphisms in the MMP-3 promoter and the gene
encoding TIMP-1 are reportedly associated with abdominal
aortic aneurysm.’* Many factors other than MMPs and TIMPs
may thus be involved in aneurysm formation in Kawasaki
disease. Future studies of the roles of MMPs and TIMPs in
the development of CALs in Kawasaki disease should take
into account interactions among the various factors men-
tioned above.

CLINICAL IMPLICATIONS OF ELEVATED MMP LEVELS
IN KAWASAKI DISEASE

Study results indicating that MMP levels are increased in the
acute phase of Kawasaki disease may have important
therapeutic implications for preventing CALs in patients with
this disease (fig 3). High dose IVGG combined with oral
aspirin, to reduce inflammation in the coronary arterial wall,
has become the standard of care during acute phase
Kawasaki disease.”” Although IVGG reportedly decreases
cytokine levels,” ** the downstream mechanisms of action
for IVGG remain unknown. A broad range of cytokines
have been shown to stimulate MMP production, release,
and activation.” The efficacy of IVGG in preventing CALs
may therefore be related to protection against arterial
wall destruction via reduction of cytokine induced MMP
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Figure 3 Therapeutic implications of MMPs, based on interaction between MMPs and their regulators. + indicates stimulating effects; — indicates

inhibitory effects.

stimulation. However, some Kawasaki disease patients that
have been administered high dose IVGG continue to suffer
from CAL.” Recently, use of corticosteroids®* or urinasta-
tine’” >* has been proposed as an effective treatment for
Kawasaki disease. Although an early study indicated that
Kawasaki disease patients receiving corticosteroid have a
high frequency of CALs,” several recent studies suggest that
corticosteroid therapy can be effective against Kawasaki
disease.’® ** *' The potent anti-inflammatory effects of steroids
are well established, including suppression of inflammatory
cytokines.* Furthermore, an experimental study has shown
that steroids have a direct inhibitory effect on MMP
activation.” The favourable effects of steroid therapy reported
in recent studies thus appear to be consistent with their
indirect or direct inhibitory effects on MMPs. Urinastatine,
an inhibitor of neutrophil elastase, has also been shown to
reduce fever duration, and may have beneficial effects on
coronary outcomes in Kawasaki disease.”” ** The markedly
elevated levels of neutrophil elastase observed in Kawasaki
disease suggest a mechanism for such beneficial effects of
urinastatine therapy in Kawasaki disease patients. The time
course of changes in MMP and neutrophil elastase levels may
also be important for the timing of therapy designed to
reduce MMP and neutrophil elastase levels. Steroids and
urinastatine are now primarily used to treat Kawasaki disease
patients who are unresponsive to IVGG therapy.*® *' However,
marked activation of MMPs and neutrophil elastase may
occur in the very early stages of Kawasaki disease, and it may
therefore be beneficial to start steroid/urinastatine therapy as
soon as possible together with IVGG. Finally, numerous
synthetic MMP inhibitors are now undergoing clinical trials
for the treatment of disorders such as cancer and rheumatoid
arthritis.**” MMPs may represent a viable direct target for
therapeutic intervention in Kawasaki disease specifically
aimed at preventing CALs.

SUMMARY

MMPs and MMP/TIMP imbalances may play important roles
in the development of CALs in Kawasaki disease. However,
there is still a lack of direct evidence indicating that activated
MMPs in the coronary arteries of patients with Kawasaki
disease cause arterial wall destruction and subsequent
coronary artery aneurysm. Further studies of the effects of
MMP inhibition on coronary outcomes are needed to define
the roles of MMPs and TIMPs in CAL formation in Kawasaki
disease. The results of such studies may support the use of
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MMP inhibitors for the prevention of coronary artery
complications in patients with Kawasaki disease.
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