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establish a new experimental model system, to enable both macroscopic
and histopathologic evaluation of KD-caused vascular lesions.

All aneurysmal lesions, whatever their etiology, share common
pathologic hallmarks, including inflammation and proteolytic deg-
radation of the extracellular matrix [13-16]. Excessive matrix prote-
olysis mediated by matrix metalloproteinases (MMPs), notably
MMP-9, is considered a common and critical step during lesion de-
velopment [13,15,17,18]. In fact, MMP-9 is upregulated in coronary
lesions of the LCWE-induced mouse model [19] and also in patients
with KD [20]. Inhibition of MMP-9 had been shown to prevent elas-
tin degradation in the LCWE-induced mouse model, but it had no ef-
fect on inflammatory infiltration {19], which suggests that upstream
signaling molecules would be a desirable target. We then focused on
c-Jun N-terminal kinase (JNK), a stress-activated signaling molecule,
which regulates MMP-9 and various proinflammatory cytokines
[21,22]. SP600125, a specific JNK inhibitor, has been shown to
completely block development of abdominal aortic aneurysm in
mice, accompanied by reduction of MMP-9 and macrophage infiltra-
tion, and preservation of elastic lamellae [23].

We hypothesized that inhibiting JNK would attenuate development
of vascular lesions in a mouse model of KD. Initially, we successfully
created a mouse model system that allowed us to assess development
of the lesions that are compatible with those in KD. Consequently, we
showed that pharmacologic inhibition of ]NK effectively prevented
development of CAWE-induced lesions in mice.

2. Methods
2.1, CAWE preparation

Candida albicans cell wall extract (CAWE) was prepared from
Candida albicans standard strain SC5314 by modifying the method de-
scribed previously [9]. Briefly, Candida albicans SC5314 stock culture
was stored at — 80 °C, then incubated at 37 °C for 48 h aerobically on
yeast peptone dextrose agar (10 g yeast extract, 20 g peptone, 20 g glu-
cose and 20 g agar per liter). Yeast cells were harvested (about 600 mg
wet weight/plate) from agar plates using a scraper and washed three
times with distilled water. An extract was obtained by boiling yeast cells
for 2 h with 0.5 M KOH (200 mg wet weight of yeast cells/ml). After alkali
neutralization in pH7.2 and dialysis against water for 3 days, the
extracted material was precipitated with ethanol. The precipitate, about
4% against wet weight yeast cells, was suspended in phosphate-buffered
saline (PBS) and adjusted to a final concentration of 100 mg/ml.

2.2. Mice

Four-week-old C57BL/6 N male mice were purchased from Kyudo
Co., Ltd. (Tosu, Saga, Japan). Mice were kept in plastic cages (5 per
cage) under pathogen-free conditions in a room at 244+2.5 °C and
55%-45% relative humidity under a 12:12-h light-dark cycle. Mice
were given free access to standard food and water throughout the
experiments. All experiments were performed in conformity with
the Guide for the Care and Use of Laboratory Animals published by
the United States National Institutes of Health. The protocols
were approved by the Laboratory Animal Care and Use Committee
of Fukuoka University (#116479).

2.3, Induction of vascular lesions in mice

To induce vascular lesions, 4-week-old C57BL/6 male mice were
injected intraperitoneally (i.p.) with 4 mg of CAWE for 5 consecutive
days every 4 weeks for 2 cycles; and then euthanized with overdoses
of sodium pentobarbital (100 mg/kg, i.p.) at 4, 8 or 12 weeks after the
second CAWE cycle (Fig. 1A). For whole-body perfusion fixation, 4%
paraformaldehyde in PBS was perfused at physiological pressure. After
perfusion fixation, the hearts and the whole aortas with branches

were exposed and excised for morphometric and histological analyses.
Additionally, in some experiments, a mixture of 10% India ink/4% gelatin
in PBS was injected into aortic root to visualize coronary arteries.

2.4. Inhibition of JNK in mice

Custom-made pellets containing JNK-specific inhibitor SP600125
(30 mg/kg/day) and control placebo pellets were purchased from
Innovative Research of America (Sarasota, FL, USA). For pellet implanta-
tion, 4-week-old C57BL/6 male mice were anesthetized with sodium
pentobarbital (40 mg/kg, i.p.). Anesthesia was monitored by periodic
observation of respiration and pain response. Pellets were implanted
in subcutaneous pockets created on the backs of the mice before starting
CAWE administration as described above. The mice were euthanized as
described, at 4 weeks after the second CAWE cycle (Fig. 1B). After
whole-body perfusion fixation as described, hearts and whole aortas
with branches were excised, photographed for morphometric analysis,
and analyzed histologically. Photographs of aortas were used to deter-
mine maximum external aortic diameters.

2.5. Histological and immunohistochemical analyses

Paraffin-embedded sections were stained with hematoxylin/eosin
(HE) and elastica-van Gieson (EVG) for histological analysis. For EVG
staining, sirius red was used instead of acid fuchsin. Sections were also
probed with antibodies raised against appropriate antigens for immu-
nohistochemistry, as described previously [24]. We detected tenascin-C
(TN-C), a-smooth muscle actin (a-SMA), Mac-3 and activated JNK by
probing sections with rabbit polyclonal anti-TN-C antibody [25],
mouse anti-smooth muscle a-actin antibody (Dako, Glostrup,
Denmark), rat anti-Mac-3 antibody (BD Biosciences, San Jose, CA,
USA) and rabbit polyclonal anti-phosphorylated JNK (p-JNK) anti-
body (Promega, Fitchburg, WI, USA), respectively. The sections
were visualized with an avidin-biotin-peroxidase complex staining
kit (Vector Laboratories, Burlingame, CA, USA) and colorized with
diaminobenzidine (DAB) chromogen. For double immunostaining,
sections were incubated with anti-p-JNK antibody, visualized with
a peroxidase complex staining kit and DAB, and incubated with
fluorescein isothiocyanate-conjugated anti-ot-SMA (Sigma, St.
Louis, MO, USA) or anti-Mac-3 and Alexa Fluor 546 goat anti-rat
IgG (Molecular Probes, Eugene, OR, USA). Slides were observed
under a fluorescent/differential interference contrast (DIC) micro-
scope (BH2, Olympus, Tokyo Japan). Immunofulorescent signals
were superimposed on DIC images.

2.6. Statistical analysis

Data are expressed as mean4-standard deviation (SD). Statistical
analyses were performed with the Prism 5.0d statistical program
(GraphPad Software, La Jolla, CA, USA). We used Fisher’s exact test to
compare incidence of aneurysm development. We used the Mann
Whitney test to compare maximal aortic diameters between experi-
mental groups. A value of P<0.05 was considered statistically significant.

3. Results
3.1. Development of arterial and aortic lesions induced by CAWE

To create a mouse model of KD-related lesions, we injected into
4-week-old C57BL/6 male mice with 4 mg of CAWE for 5 consecu-
tive days for 2 cycles. Four to 12 weeks later, we found that a con-
siderable number of mice developed bulging lesions and that
these lesions were created at abdominal aorta, iliac artery, coronary
artery, carotid artery, and celiac artery (Fig. 2A-D). Some mice had
multiple lesions with a “string of beads” appearance (Fig. 2D). All
of the lesions looked pearly white, which indicated that they were
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Fig. 1. Experimental design. A: To develop a mouse model of Kawasaki disease, Candida albicans wall extract {CAWE, 4 mg/body/day) was administered intraperitoneally to 4-week-old
C57BL/6 male mice for 5 consecutive days every 4 weeks for 2 cycles. The mice were euthanized at 4, 8 or 12 weeks after the second administration of CAWE. B: To examine the role of INK
during development of CAWE-induced lesions, the mice were treated with SP600125 (30 mg/kg/day), pharmacological inhibitor of JNK, or placebo for the entire period of the experiment.

The mice were euthanized at 4 weeks after the second administration of CAWE.

accompanied with fibrotic thickening of vessel walls. Most of the
lesions were fusiform. These macroscopic observations suggested
that these might be aneurysmal lesions. We did not find

Fig. 2. Development of arterial and aortic lesions induced by CAWE. Representative
photographs show the arterial and aortic lesions induced by Candida albicans wall
extract (CAWE) in mice, as indicated by yellow arrows. A: Lesion of the left coronary
artery (It CA), which was visualized by India ink perfusion. B: Lesion of the right
common carotid artery (rt CCA). C: Lesion of the pararenal abdominal aorta (AA) at
the level of the left renal artery (It RA). D: Lesions of the infrarenal abdominal aorta
and the left common iliac artery (1t CIA).

thrombotic occlusion or rupture of aneurysm during the experi-
mental period.

Coronary artery lesions were observed near the orifice of the left
main coronary artery only in some CAWE-treated mice (Fig. 3A-C).
Coronary arteries of untreated control mice showed preserved elastic
lamellae, a-SMA™ medial smooth muscle cells, and few inflammatory
cells. In contrast, dilated coronary arteries of CAWE-treated mice
showed marked inflammatory cell infiltration into all arterial wall
layers, straightening and fragmentation of elastic lamellae, disappear-
ance of a-SMA™ cells in the media, and intimal thickening (Fig. 3B and
C). Fibrinoid necrosis was not seen in the experimental mice. These find-
ings are similar to pathological features of KD vascular lesions [26]. We
also found TN-C to be greatly expressed, associated with cellular infiltra-
tion, medial destruction and intimal hyperplasia in the involved arterial
walls of CAWE-treated mice (Fig. 3B and C). TN-C is known to be highly
upregulated in the vascular system during inflammatory responses, and
its expression could be a marker for active tissue remodeling [24].

3.2. Temporal pattern of development of CAWE-induced lesions

We next investigated whether the temporal pattern of pathologi-
cal processes in CAWE-treated artery accords with that in KD. The
incidences of coronary artery lesions were 0.0% (0/7 mice), 14.3%
(1/7 mice) and 14.3% (1/7 mice) at 4, 8 and 12 weeks, respectively,
after CAWE treatment. In the medium-sized vessels, the incidences of
arterial lesions (iliac, coronary, carotid and celiac lesions) were 0.0%
(0/7 mice), 42.9% (3/7 mice) and 57.1% (4/7 mice) at 4, 8 and
12 weeks, respectively, after the CAWE treatment (Fig. 4A). Thus, the
incidences of lesions in medium vessels were modestly high at 8 and
12 weeks after CAWE treatment, but the incidence of coronary artery
lesions was not enough for temporal analysis. Fortunately, the
incidences of abdominal aortic lesions were 42.9% (3/7 mice), 57.1%
(4/7 mice) and 85.7% (6/7 mice) at 4, 8 and 12 weeks, respectively,
after CAWE treatment (Fig. 4A). By the definitions adopted by the
2012 International Chapel Hill Consensus Conference on the Nomencla-
ture of Vasculitides (CHCC2012), KD is classified as part of medium ves-
sel vasculitis (MVV). However, as the CHCC2012 definitions also note
thataorta and large arteries may be affected [27,28], we used abdominal
aortic lesions in the CAWE-treated mice for further studies.
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Fig. 3. Development of coronary artery lesions induced by CAWE. A: Representative photographs show the left coronary artery (It CA) originating from the aorta (Ao) in untreated mice
(Control) and mice treated with Candida albicans wall extract (CAWE-treated), The left coronary artery was visualized by India ink perfusion. Yellow arrows indicate the coronary artery
lesion induced by CAWE. B: Representative histological and immunohistochemical stains are shown for the aorta (Ao) and the left coronary artery of the control and the CAWE-treated
mice. C: Representative histological and immunohistochemical stains are shown for enlarged images of the areas within the red squares in the panel B. Elastica van-Gieson (EVG) stain
depicts elastin network (black), collagen fibers (red), and muscles (yellow). Hematoxylin/eosin (HE) stain depicts cell nuclei (blue-black). Levels of protein expression and localization
of tenascin-C (TN-C) and a-smooth muscle actin (a-SMA) are indicated by brown staining. I: intima, M: media, A: adventitia.

Histological sections of abdominal aortic lesions in CAWE-treated
mice also showed similar changes to those of the coronary artery lesions
(Fig. 4B and C). At 4 weeks after the CAWE treatment, we observed
>marked infiltration of inflammatory cells, including dominant macro-
phages and lymphocytes, into all layers of the aortic walls. Especially,
accumulation of inflammatory cells associated with increased collagen
fibers resulted in extensive thickening of the adventitia around the
aorta. Although thickness of media and multilayered a-SMA™ smooth
muscle cells appeared to be sustained, elastic lamellae began to show
straightening and fragmentation. TN-C was widely expressed from inti-
ma to adventitia. Inflammatory cell infiltration continued until 8 weeks
and gradually decreased at 12 weeks. Destruction of elastic lamellae
and thinning of the media progressed until 12 weeks. The a-SMA™
smooth muscle cells completely disappeared in media by 8-12 weeks,
whereas neointima consisting of numerous a-SMA™ cells was formed
and thickened, leading to stenosis at 12 weeks. TN-C staining was still
intense at 8 and 12 weeks, but localized in the thickened intima and
the residual media (Fig. 4B and C).

To ascertain if JNK is activated in vascular cells during the
development of CAWE-induced lesions, we also examined the tissue
localization of p-JNK. Aortic walls of untreated control mice showed
few JNK-activated cells. In contrast, dramatic activation of JNK was ob-
served throughout all layers of aortic walls at 4 weeks after CAWE treat-
ment. JNK activation was mostly detected in a-SMA™ smooth muscle
cells in the media and the thickened neointima and macrophages
were noted in all layers of aortic lesions (Fig. 5A and B).

3.3. Preventive effect of JNK inhibition on development of CAWE-
induced lesions

We next investigated whether JNK activation is necessary for develop-
ment of CAWE-induced lesions. To this end, we subcutaneously im-
planted the pellets, which were designed to release JNK-specific
inhibitor SP600125 (30 mg/kg/day) over the experimental period, in
CAWE-treated mice (SP600125 group, n=10). Placebo pellets were also
used in CAWE-treated mice as controls (placebo group, n=20). Morpho-
metric analyses of the aortas after perfusion fixation showed that 13
(65.0%) of 20 mice developed abdominal aortic lesions, which reached a
certain size and were occasionally accompanied by a “string of beads” ap-
pearance, in the placebo group. In contrast, in the SP600125 group, only
one (10.0%) of 10 mice developed a small-sized lesion (Fig. 6A and B).
Thus, treatment with SP600125 dramatically decreased the incidence of
aortic lesions induced by CAWE (P<0.01 compared with the placebo
group; Fig, 6B), and also significantly reduced the maximum external
diameter of the abdominal aorta (P<0.01 compared with the placebo
group; Fig. 6C). Histological analyses showed that development of lesions
was accompanied by marked cellular infiltration into all layers of the
aortic wall, extensive destruction of the elastic lamellae in the media,
and some intimal thickening in the placebo group. Significant macro-
phage infiltration and TN-C expression were also extended across all
layers of the wall. In sharp contrast, most mice in the SP600125 group
showed a few inflammatory cells and preserved elastic lamellae
(Fig. 6D). These results indicate that treatment with SP600125 protects
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Fig. 4. Development of aortic lesions induced by CAWE. A: Mice treated with Candida albicans wall extract (CAWE) developed aortic and arterial lesions. Incidences of aortic and other
arterial lesions are shown at 4, 8 or 12 weeks after administration of CAWE. B: Representative histological and immunohistochemical stains are shown for control aorta from untreated
control mice and aortic lesions from the mice sacrificed at 4, 8 or 12 weeks after CAWE treatment. C: Representative histological and immunohistochemical stains are shown for enlarged
images of aortic lesions from the CAWE-treated mice. Hematoxylin/eosin (HE) stain depicts cell nuclei (blue-black). Elastica van-Gieson (EVG) stain depicts elastin network (black),
collagen fibers (red), and muscles (yellow). Levels of protein expression and localization of tenascin-C (TN-C), a-smooth muscle actin (-SMA) and Mac-3, a macrophage surface glyco-
protein, are indicated by brown staining. L: lumen, I: intima, M: media, A: adventitia.

against CAWE-induced vascular inflammation and tissue destruction, This finding indicates that medial smooth muscle cells were not
resulting in suppressed development of lesions. More interestingly, completely normal in the SP600125 group, and might be under cer-
we also observed TN-C to be significantly expressed only in the tain pathological conditions (convalescence, e.g.) at least 4 weeks
medial layer, which appeared undamaged, in the SP600125 group. after CAWE treatment.
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Fig. 5. JNK activation in aortic lesions induced by CAWE. A: Representative immunohistochemical stains are shown for control aorta from untreated control mice and aortic lesions from the
mice sacrificed at 4 weeks after CAWE treatment. Localization of phosphorylated JNK (p-JNK) is indicated by brown staining. B: Representative immunohistochemical and immunofluo-
rescence stains are shown for aortic lesions after CAWE treatment. Activated JNK (p-JNK) is indicated by brown staining in differential interference contrast (DIC) images. Localization of
o-smooth muscle actin (x-SMA) positive cells or Mac-3 positive macrophages is indicated by green and red fluorescent signals, respectively. L: lumen, I: intima, M: media, A: adventitia.

4. Discussion

The present study clearly showed that pharmacologic inhibition of
JNK significantly prevented the development of CAWE-induced vascular
lesions in mice. Prior to this demonstration, we administered CAWE to
young mice and created the model system, which substantially imitated
KD-caused human artery lesions and allowed us to evaluate both
macroscopical and histopathological changes in medium-sized arteries
and the aorta. Previous imaging studies in patients with KD have
shown that coronary artery aneurysms are commonly fusiform or
spherical in shape and occasionally form multiple or complex
aneurysms, which may show a “string of beads” appearance [3,29-31].
In this study, these macroscopic characteristics were largely recapitulat-
ed in both arterial and aortic lesions of our mouse model. Histological
studies of autopsy cases with KD-caused coronary artery aneurysms
have shown inflammatory cell in filtration into all arterial wall layers,
elastic lamellae destruction and intimal thickening {26,29]. In most set-
tings, the medial layer is very thin, whereas the adventitia is thickened
by fibrous proliferation [32]. Additionally, fibrinoid necrosis is a charac-
teristic of polyarteritis nodosa, but not KD [27,33]. Our data clearly
showed that these hallmark features of KD pathology were fully recapit-
ulated in our CAWE-induced model.

Pathologic changes over time in KD-caused human coronary arterial
lesions have been studied previously. Takahashi et al. reported that
inflammatory cells infiltrate arterial walls and lead to panvasculitis ap-
proximately 10 days after onset of KD [26]. As inflammation progresses,
elastic lamellae and smooth muscle cells become severely damaged,
eventually resulting in aneurysm formation. Cellular infiltration persists
until about 4 weeks after KD onset, after which the acute inflammatory
stage gradually transitions into the convalescent stage. Thereafter, in
most patients, coronary arteries tend to develop full circumferential in-
timal thickening, which can cause thrombotic occlusion [2,26]. These
temporal aspects of KD arterial lesions were largely reproduced in
our CAWE-induced model.

Obviously, our model and human KD differ in some respects. Partic-
ularly the highest incidence of vascular lesion is found in coronary
arteries in humans [26,27], whereas incidence of aortic lesions was
higher than that of coronary artery lesions in our model. However, the
size of children’s coronary arteries roughly corresponds to that of
mouse aorta rather than mouse coronary artery. Therefore, mouse
aorta may mimic human coronary artery in the hemodynamic

environment, which potentially affects aneurysm progression [13,34].
In addition, human KD can cause thrombotic occlusion or rupture
(a rare complication) in arterial aneurysms [4,26], although neither
was observed in this study, probably because of limited period of obser-
vation as well as limited number of animals.

KD is linked to various pathogenic agents, including many bacteria
and viruses [35]. Many epidemiological findings have pointed out that
KD seems like an infectious disease [35,36]. Although the pathogen
that triggers human KD has not yet been identified, previous studies,
as well as our current study, provide evidence that some bacteria-
derived components, such as CAWE and LCWE, can trigger initial sys-
temic inflammation and subsequent local vascular inflammation
[8-11,15]. Probably, the systemic inflammation is initiated by recogni-
tion of pathogen-associated molecular patterns (PAMPs), which are
displayed by CAWE and LCWE; inflammation is then mediated by re-
lease of type I interferons and inflammatory cytokines such as tumor
necrosis factor (TNF) and interleukin-1 (IL-1) [37,38]. Detection of
PAMPs also activates pathogen-specific T and B cells that enhance the
inflammatory response, or potentially leads to activation of T and
B cells specific for antigens that cross-react with self-antigens [38].
In Candida albicans infection or CAWE administration, recognition of
Candida albicans-associated PAMPs through interaction with pattern
recognition receptors (PRRs) such as Toll-like receptors and C-type lec-
tin receptors including dectin-1 and dectin-2, initiates production of cy-
tokines and differentiation of T helper-1 (Th1) and Th17 cells [39-41].
These early immune responses are known to involve activation of
mitogen-activated protein kinases, including JNK [37,42]. However,
based on our observation that TN-C was obviously expressed even in
vessel walls of the SP600125-treated mice, we suspect that pharmaco-
logic inhibition of JNK protects against vascular inflammation and lesion
formation rather than against the initial immune responses to CAWE.

The mechanism by which initial systemic immune responses to
PAMPs lead to the subsequent vascular inflammation is not well under-
stood. Superantigens derived from bacteria and viruses may be involved
in this process [15,43,44]. In addition, molecular mimicry that occurs
through cross-reactive recognition between a microbial antigen/MHC
and a self-antigen/MHC complex could be also responsible for this
onset of vasculitis [38]. In the initiation of vasculitis, as proposed previ-
ously, inflammatory cells such as macrophages, neutrophils and T cells
are recruited to the vascular walls, and various cytokines/chemokines
are released. Coincidentally, endothelial cells and vascular smooth
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Fig. 6. Effect of JNK inhibition on development of CAWE-induced lesions. A: Representative photographs show the aortas of the mice treated with SP600125, JNK inhibitor, or
placebo at 4 weeks after administration of Candida albicans wall extract (CAWE). B: Incidences of aortic lesions induced by CAWE are shown for the mice treated with
SP600125 or placebo. C: Maximum external diameters of abdominal aortas are shown for the CAWE-treated mice with SP600125 or placebo. Data are mean=SD. * P<0.01
compared to placebo. D: Representative histological and immunohistochemical stains are shown for the abdominal aortas of the CAWE-treated mice with SP600125 or placebo.
Hematoxylin/eosin (HE) stain depicts cell nuclei {blue-black). Elastica van-Gieson (EVG) stain depicts elastin network (black), collagen fibers (red), and muscles (yellow).
Levels of protein expression and localization of tenascin-C (TN-C) and Mac-3 are indicated by brown staining. L: lumen, I; intima, M: media, A: adventitia.

muscle cells are also stimulated to produce cytokines/chemokines,
which augment inflammatory cell accumulation [15,40]. During these
events, JNK can be activated by stimulation with proinflammatory
cytokines such as TNF and IL-1 in various cells, including vascular
smooth muscle cells and macrophages [23,37]. Activation of JNK also
upregulates the genes that encode proinflammatory cytokines such as
TNF and IL-1 [21,45,46], thus enhancing these inflammatory responses.
A role for JNK in prolongation of vascular inflammation has also been
suggested [34,47]. Persistent activation of JNK then contributes to
prolonged chronic inflammation and eventually shifts the balance of
extracellular matrix metabolism toward degradation by upregulating
MMP activity, thereby leading to development of aneurysmal lesions
[22,23]. In addition, JNK may also enhance lesion formation by reducing
extracellular matrix biosynthetic enzymes including lysyl oxydase [45]

and by mediating apoptosis of vascular smooth muscle cells [48]. More-
over, JNK is reportedly involved in intimal thickening [49], which is
typically accompanied by KD-related lesions. Taken together, these
data suggest that JNK activation accelerates not only vasculitis but also
KD-caused aneurysmal lesions, through multiple mechanisms. We
have demonstrated, in fact, that inhibiting JNK suppresses inflammatory
cell infiltration, destruction of elastic lamellae and intimal thickening,
resulting in effective prevention of lesion formation in our CAWE-
induced model.

In conclusion, this study has shown, for the first time, that JNK
activation is critical to development of CAWE-induced vascular lesions
in mice, and provided novel insights into the role of JNK in the
pathogenesis of KD-caused lesion formation. Although further studies
are needed to determine the efficacy and safety of JNK inhibition in
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KD, our findings suggest that JNK could be a novel therapeutic target
in patients with vascular lesions and those at high risk for aneurysms
due to nonresponsiveness to current standard therapy.
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Kawasaki disease patients homozygous for the rs12252-C
variant of interferon-induced transmembrane protein-3 are
significantly more likely to develop coronary artery lesions

doi: 10.1002/mgg3.79

Kawasaki disease (KD) is the most common systemic vas-
culitis syndrome, primarily affecting small- to medium-
sized arteries, more particularly the coronary arteries
(Kato et al. 1996). KD was first described in 1967 and is
now identified as the leading cause of acquired heart dis-
ease among children in developed countries (Wang et al.
2005). The annual incidence of KD in children of Japa-
nese descent is about 218 per 100,000 children less than
5 years of age (Nakamura et al. 2012) as compared to
about 20 per 100,000 in the United States (Holman et al.
2010a). Timely treatment with high-dose intravenous y
globulin (IVIG) reduces the duration of fever and inci-
dence of coronary artery lesions (CAL). However, even
after IVIG treatment ~5-7% of patients develop aneu-
rysms (Ogata et al. 2013).

It is widely believed that KD is induced by one or more
infectious agents that evoke an abnormal immunological
response in genetically susceptible individuals (Burgner
and Harnden 2005). However, since the initial description
of KD, identification of a definitive infectious agent has
been elusive. Several lines of evidence support the infec-
tion hypothesis including the acute onset of a self-limited
illness, increased susceptibility at younger age, and geo-
graphic clustering of outbreaks with a seasonal predomi-
nance (later winter and early spring) (Wang et al. 2005).

There is a higher incidence of KD in Japan as well as
among Japanese descendants residing in the United States
than in any other ethnic populations (Holman et al.
2010b), suggesting that a genetic predisposition also plays
an important role in susceptibility to the disease. In addi-
tion, there is evidence that the incidence of KD in parents
and siblings of an affected patient is higher than in the
general population (Onouchi 2012). For example, it has
been reported that siblings of affected children are at 10-
to 30-fold greater risk of developing KD than children in
the general population (Fujita et al. 1989). In addition,
offspring of individuals diagnosed with KD are more
likely to develop KD (Uehara et al. 2004). More recently
there have been a large number of genetic linkage and
genome-wide association studies (GWAS) that have
reported genetic loci associated with risk and outcomes,
see Onouchi (2012) for a comprehensive review. Among

the loci that have been implicated in large GWAS studies
and have been replicated by separate studies are FCGR2A
(Khor et al. 2011; Onouchi et al. 2012), CASP3 (Onouchi
et al. 2010; Kuo et al. 2013), and BLK (Onouchi et al.
2012; Chang et al. 2013).

HLA-B haplotypes have also been linked to KD with
one study identifying KD-associated polymorphisms in
ABHDI16A (abhydrolase domain containing 16A; also
known as BATS5: HLA-B associated transcript 5) (Hsieh
et al. 2010), this association has not been replicated by
other studies. ABHDI6A encodes a highly conserved,
widely expressed lipase of unknown specificity although it
has been proposed to function as a palmitoylthioesterase
(Martin et al. 2012). ABHD16A binds to IFITM1 (inter-
feron-induced transmembrane protein 1) (Lehner et al.
2004). Another member of the family, IFITM3 (OMIM:
605579), is transcriptionally induced by type I and II in-
terferons and serves to block cellular infection by viruses
(such as influenza and dengue) that require endosomal
entry into the cytoplasm for replication (Brass et al. 2009;
Jiang et al. 2010; Weidner et al. 2010; Lu et al. 2011).

An allelic variant in the human IFITM3 gene (SNP
rs12252: NM_021034.2:c.42T>C; p.Serl4=) truncates the
first 20 amino acids of the protein by introducing an
alternative splice site and results in the loss of its “anti-
viral” function (Everitt et al. 2012). Everitt and colleagues
also showed that for European Caucasian patients infected
with influenza A HINI1/09 virus, those homozygous for
the C allele were significantly more likely to develop
severe infections requiring hospitalization. More recently,
Zhang et al. (2013) made a similar observation in Chinese
patients infected with HIN1/09 influenza. The objectives
of the study were (1) to evaluate for differences in
IFITM3 genotype frequencies between KD and control
cohorts, (2) to assess whether there are differences in the
incidences of CAL among the three KD genotypes, and
(3) to assess for differences in the distributions of demo-
graphic factors (age, gender), IVIG treatment, laboratory
data (C-reactive protein [CRP] levels and numbers of
white blood cells [WBC]), and duration of fever.

In this study, we genotyped 140 KD patients recruited
at three centers, the University of Toyama (n = 89),
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Kanazawa Medical University (n = 10), and the Univer-
sity of Utah (1 = 41), for the rs12252 SNP. Patients were
diagnosed with KD according to standard diagnostic cri-
teria (Kawasaki et al. 1974; Kawasaki 1979). All patients
were treated with IVIG and oral aspirin at the time of
diagnosis. Echocardiography was used to determine
whether the patients had developed CAL, defined as a
coronary artery with a diameter of 3 mm or more (4 mm
if the subject was over the age of 5 year) at =1 month
after the onset of KD (Shulman et al. 1995).

With informed consent, venous blood samples or buccal
swabs were obtained at the time of diagnosis and DNA iso-
lated and stored at —20°C. For genotyping, both coding ex-
ons of IFITM3 were amplified from 10 ng of genomic DNA
using Platinum Taq polymerase (Life Technologies, Carls-
bad, CA) (Arrington et al. 2012) and the oligonucleotide
primers, IFITM3_1_F: 5-CAAATGCCAGGAAAAGGA
AA-3' and IFITM3_2_R: 5-CGAGGAATGGAAGTTGGA
GT-3'. The 1158 bp PCR product was analyzed by agarose
gel electrophoresis, purified by treating with Exo-SAP-IT
(Affymetrix, Santa Clara, CA), and then submitted to the
University of Utah DNA sequencing core for analysis (Ar-
rington et al. 2012). The study was approved by the Ethics
Committees of the University of Toyama and the Kanazawa
Medical University, and the Institutional Review Board of
the University of Utah.

Corresponding to the three objectives stated above, we
carried out the analyses and summarized the results in
three tables. In the first analysis (Table 1), we reported
the distribution of KD allele and genotype frequency for
the control and the KD (case) cohort. The percentage was
the conditional probability of having the specific allele or
genotype category. These conditional probabilities were
compared between the control and case cohort, stratified
by race (white, Japanese), by using the chi-square test, or
the Fisher’s Exact test when the frequency count was less
than 5 in at least one cell in the contingency table. In the
second analysis (Table 2), the association between
CAL incidence and genotype was assessed using either

N. E. Bowles et al.

chi-square test or Fisher’s exact test. We performed four
different contingency table analyses for the overall KD
cohort (genotype, allele, dominant, recessive) and thus
have used an adjusted type-I error by the Bonferroni
method (by dividing the level of significance 0.05 by 4
which yield 0.0125). Thus, the P-value was considered sig-
nificant if it was less than 0.0125 instead of 0.05. Simi-
larly, we performed this analysis for the stratified cohort
of Asian, and white patients. In the third analysis
(Table 3), we first assessed the shape of the distribution
of the continuous variable of age, CRP, WBC, and fever
duration and learned using the normality test of Shapiro—
Wilk and examined the histograms that these variables
did not follow near normal distribution. Thus, we also
reported the median in addition to the mean and stan-
dard deviation, overall, and for each of the three genotype
categories. We used the nonparametric Wilcoxon rank-
sum test to compare among the three groups of genotype.
For gender, and treatment response to IVIG, we used
either chi-square or Fisher’s exact test. For this table,
since all the comparisons were preplanned, and no pair-
wise comparisons were done, we maintained the type-I
error at 0.05. All of our analyses were carried out using
the SAS/STAT software version 9.3 (Cary, NC) (proce-
dure FREQ for chi-square or Fisher’s exact test, and pro-
cedure NPARIWAY for the nonparametric Wilcoxon
rank-sum test). Allelic and genotype frequencies were
assessed for Hardy—Weinberg equilibrium using the
online calculator at http://www.oege.org/software/hwe-mr-
calc.shtml (Rodriguez et al. 2009).

All 99 patients recruited in Toyama and Kanazawa were
of Japanese descent. Of the 41 patients recruited in Utah,
37 were Caucasian (five with Hispanic ethnicity), 1 Asian,
1 Pacific Islander, and 2 Alaskan Native/Native American.
Comparing the allelic frequencies and genotype distribu-
tion for rs12252 in the KD Caucasian/non-Hispanic and
Japanese patients with 1000 genome (1000g) data from
170 Caucasian/non-Hispanic and 178 Japanese patients
who did not have KD (control), did not reveal a

Table 1. Allele and genotype frequencies of the SNP rs12252 (NM_021034.2:¢.42T>C) in Utah Caucasian/non-Hispanic and Japanese patients
with KD, compared with 1000 genome data for Utah and Japanese controls.

Controls Utah White-non Controls

(1000g CEU: Hispanic cases (1000g JPT: Japanese
Genotype n=170) (n=32) P-value n=178) cases (n = 99) P-value
Allele C 16 (5%) 5 (8%) 0.352 210 (63%) 121 (65%) 0.625
Allele T 324 (95%) 59 (92%) 146 (37%) 77 (35%)
CcC 0 (0%) 0 (0%) 0.358 68 (38%) 38 (38%) 0.683
cT 16 (9%) 5(16%) 74 (42%) 45 (46%)
T 154 (91%) 27 (84%) 36 (20%) 16 (16%)
P values were obtained by chi-square test or Fisher’s exact test.
© 2014 The Authors. Molecular Genetics & Genomic Medicine published by Wiley Periodicals, Inc. 357
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Table 2. The C allele and CC genotype for rs12252 (NM_021034.2:c.42T>C) are significantly associated with the development of CAL in KD

patients.
Contingency table P value
All patients
Genotype cC cT T
CAL 21 (51%) 13 (26%) 10 (20%) 0.004
No CAL 20 (49%) 37 (74%) 39 (80%)
Allelic frequency C T
CAL 55 (42%) 33 (22%) 0.0004
No CAL 76 (58%) 116 (78%)
Genetic model
Dominant CC+CT T
CAL 34 (37%) 10 (20%) 0.039
No CAL 57 (63%) 39 (80%)
Recessive cC CT+TT
CAL 21 (51%) 23 (23%) 0.001
No CAL 20 (49%) 76 (77%)
Asian patients
Genotype CC CcT T
CAL 20 (51%) 12 (27%) 3 (19%) 0.025
No CAL 19 (49%) 33 (77%) 13 (81%)
Allelic frequency C T
CAL 52 (42%) 18 (23%) 0.006
No CAL 71 (58%) 59 (77%)
Genetic model
Dominant CC+CT i
CAL 32 (38%) 3(19%) 0.164
No CAL 52 (62%) 13 (81%)
Recessive CcC CT+TT
CAL 20 (51%) 15 (25%) 0.009
No CAL 19 (49%) 46 (75%)
Caucasian patients
Genotype CcC cT i
CAL 0 (0%) 1(20%) 7 (23%) 1.000
No CAL 1 (100%) 4 (80%) 24 (77%)
Allelic frequency C T
CAL 1(14%) 15 (22%) 1.000
No CAL 6 (86%) 52 (78%)
Genetic model
Dominant CC+(CT T
CAL 1 (17%) 7 (23%) 1.000
No CAL 5 (83%) 24 (77%)
Recessive [de CT+TT
CAL 0 (0%) 8 (22%) 1.000
No CAL 1 (100%) 28 (78%)

P values were obtained by chi-square analysis.

significant difference in either (Table 1), all genotypes
were in Hardy—Weinberg equilibrium. Three patients from
Utah were homozygous CC, the Asian and Pacific Islander
patients as well as one of the Caucasian/Hispanic patients.

Further analysis of the allelic frequencies and genotype
distribution for rs12252 identified a significant association
with outcome. Patients who developed CAL were signifi-
cantly more likely to carry the C allele (P = 0.0004) and
the distribution of genotypes was significantly different

(P =0.004) (Table 2). In addition, significantly more
patients homozygous for the SNP developed CAL than
patients with the other genotypes (51.2% vs. 23.2%:
P = 0.001), supporting a recessive model for the effect of
this SNP (Table 2). There was not a significant associa-
tion with a dominant model (P = 0.039). These associa-
tions were also true when comparing outcomes in Asian
patients (Table 2). There was not a significant association
for Caucasians, possibly because the minor allele is very

358 © 2014 The Authors. Molecular Genetics & Genomic Medicine published by Wiley Periodicals, Inc.
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Table 3. Comparison of clinical and laboratory data in KD patients with different rs12252 (NM_021034.2:¢.42T7>C) genotypes.

Demographic All KD (N = 140) CC (N =41) CT (N = 50) TT (N = 49) P value
All patients
Age at Dx (years) 2.73 4 2.38 (2.37) 2.63 + 2.58 (1.80) 2.76 + 2.16 (2.00) 2.78 4 2.45 (2.50) 0.718’
Gender (M/F) 94/46 29/12 29/21 36/13 0.221?
Second dose of IVIG required 31/139° 9/40 11/50° 11/49 0.9682
Laboratory data®
CRP (mg/dL) 10.23 + 7.61 (8.40) 8.71 4+ 7.11(6.37) 9.99 4 5.82 (8.55) 11.67 + 9.24 (8.85) 0.289"
WBC/ul 15,103 + 4974 (14,510) 15,347 = 5466 (15,570) 14,174 & 4559 (13,400) 15,752 = 4922 (14,555) 0.303"
Duration of fever (days) 9.35 + 4,90 (8.00) 10.47 + 5.72 (8.50) 9.60 + 4.42 (9.00) 8.27 + 4.52 (6.00) 0.055"
Asian patients All KD (V = 100) CC (N =39) CT (N = 45) TT (N = 16) P value
Age at Dx (years) 2.62 4 2.10 (1.90) 2.42 4 2.07 (1.80) 2.74 % 2.16 (2.00) 2.72 4 2.09 (2.70) 0.607"
Gender (M/F) 64/36 27/12 26/19 11/5 0.503?
Second dose of IVIG required 23/99 8/38 11/45° 4/16 0.956°
Laboratory data
CRP {mg/dL) 9.21 4 6.39 (7.80) 8.28 + 6.63 (6.37) 9.71 + 5.84 (8.50) 9.92 & 7.21 (6.75) 0.303"
WBC/ul 14,427 + 4847 (13,900) 15,047 + 5459 (15,000) 14,116 -+ 4848 (13,500) 13,869 + 3521 (13,130) 0.566'
Duration of fever (days) 10.02 4+ 5.22 (9.00) 10.81 + 5.72 (9.00) 9.69 + 4.40 (9.00) 9.20 + 6.05 (6.00) 0.323"
Caucasian patients All KD (N = 37) CCIN=1) CT(N=75) TT (N = 31) P value
Age at Dx (years) 2.75 £ 2.63 (2.00) 1.1+ NA (1) 2.9 4+ 244 (2.00) 2.78 + 2.72 (2.40) 0.853"
Gender (M/F) 27/10 1/0 3/2 23/8 0.7112
Second dose of IVIG required 7/37 10 0/5 6/31 0.455%
Laboratory data
CRP (mg/dL) 12.56 + 9.74 (12.20) 5.10 4 NA (5.10) 11.86 4 5.92 (13.505 13.03 = 10.56 (12.20)  0.747"
WBC/uL 16,443 4 5010 (15,250) 17,800 + NA (17,800) 14,560 4 2152 (13,300) 16,779 = 5466 (15,250) 0.530"
Duration of fever (days) 7.76 & 3.66 (6.00) 5.00 £ NA (5.00) 9.00 + 5.05 (6.00) 7.64 + 3.47 (6.00) 0.43"

Mean =+ SD and median values (in parentheses) are reported. Dx, diagnosis; SD, standard deviation; M, male; F, female; IVIG, intravenous y globu-
lin; CRP, C-reactive protein; WBC, white blood cells; uL, microliter; NA, not applicable (one patient).

1P values obtained by nonparametric Wilcoxon rank-sum test.

2p values obtained by chi-square test and Fisher's exact test when cell counts <5.

3Data for one patient incomplete.

“Laboratory data incomplete for 31 of the 140 patients; 9 CC, 12 CT, and 10 TT.

rare in this population limiting the power of the compari-
son in this small cohort. There were no significant differ-
ences in other clinical and laboratory data between
genotypes (Table 3), including the duration of fever and
the response to IVIG.

The IFITM proteins restrict the cellular entry of various
viruses, including influenza A, flaviviruses, dengue virus,
West Nile virus, and severe acute respiratory syndrome
coronavirus (Brass et al. 2009; Huang et al. 2011). These
viruses share common characteristics in that they are
enveloped and enter cells via membrane fusion in endoso-
mal compartments. It has been shown that IFITM3 pre-
vents emergence of viral genomes from the endosomal
pathway, although this may be restricted to late endo-
somes or lysosomes (Feeley et al. 2011). Since many
enveloped viruses enter host cells through the late endo-
cytic pathway, it is possible that enveloped viruses are an
important etiologic agent in KD, particularly in patients
that develop CAL. The symptoms of KD suggest that tis-
sue damage may also occur from an over-reaction of the

immune response characterized by the elevated expression
of inflammatory cytokines (Saji and Kemmotsu 2006).
The IFITM proteins of man and mouse have also been
shown to be associated with membrane signaling com-
plexes (Smith et al. 2006), consequently the loss of func-
tional IFITM3 in KD patients may predispose to
enhanced inflammatory responses and tissue damage.

Among the Japanese cohort, 19 (50%) of 38 patients
carrying the CC genotype developed CAL. In the Utah
cohort, 2 (66.7%) of 3 patients homozygous for rs12252-
C developed CAL. At least in the Asian population, where
the frequency of the C allele is high, screening for this
SNP may be a relatively cost effective way to identify
patients at higher risk of developing CAL.

In conclusion, our data reveal a novel association
between the IFITM3 1512252 CC genotype and the
development of CAL in patients with KD, particularly in
Asian patients. This association did not extend to the
susceptibility to develop KD but it is noteworthy that the
frequency of this allele is much higher in the Asian

© 2014 The Authors. Molecular Genetics & Genomic Medicine published by Wiley Periodicals, Inc. 359
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population, as is the frequency of KD. Since this variant
leads to production of a truncated protein with reduced
ability to block viral release from the endocytic pathway,
these data suggest enveloped viruses may be an important
etiologic agent for KD and/or the development of CAL.
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We have recently reported a case with persistent coronary artery in-
flammation evaluated by '®fluorodexoyglucose positron emission to-
mography (FDG-PET) long after the onset of Kawasaki disease (KD)
for the first time [1] and here, we report the follow-up study 2 years
after statin treatment.

The patient, 42-year-old male, suffered from KD at 4 month of age and
left with giant left coronary artery aneurysm (CAA) and occluded giant
right CAA. When he visited us at 40 years of age after long interval, a
multi-detector X-ray computed tomography revealed persistent giant
CAA at segment 6, stenosis distal to this CAA, persistent giant CAA at seg-
ment 11, and total occlusion of right coronary artery with collaterals from
left coronary artery (Fig. 1). FDG-PET with co-registration of X-ray com-
puted tomography showed significant FDG uptake around the left coro-
nary orifice of the aortic wall and extending to the proximal left CAA
wall with 1.48 of target-to-background ratio, indicating persistent inflam-
mation (Fig. 2, upper panels). He has 2 atherogenic risk factors such as
low concentrations of high-density lipoprotein (HDL) cholesterol and a
history of smoking. After the initial evaluation of FDG-PET scan, he has
been treated with 2 mg of pitavastatin and well without any events.
Two years after the initiation of statin treatment, both C-reactive protein
(0.22 mg/L at baseline to 0.164 mg/L on treatment) and low-density lipo-
protein (LDL) cholesterol have decreased (1049 at baseline to 737 mg/L
on treatment) though HDL cholesterol did not change significantly
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E-mail address: suda_kenji@med.kurume-u.acjp (K Suda).

http://dx.doi.org/10.1016/j.jjcard.2014.10.057
0167-5273/© 2014 Elsevier Ireland Ltd. All rights reserved.

(306 at baseline to 296 mg/L on treatment) and resultant LDL/HDL ratio
decreased from 3.43 to 2.49. FDG-PET after 2-year statin treatment dem-
onstrated the reduction of coronary inflammation with significantly
smaller area and lower degree of FDG activity on the coronary wall with
1.28 of target-to-background ratio (Fig. 2, lower panels).

This case indicates that statin can reduce persistent coronary artery in-
flammation long after KD and FDG-PET can be a useful monitoring tool of
this process. Though patients with a history of KD and residual CAA have
known to have systemic inflammation [2] and statin may potentially alle-
viate systemic inflammation and improve endothelial function [3-5],
there has been no data concerning change in local inflammation, notably
coronary artery. Using FDG-PET, we could visually and quantitatively de-
termine the coronary artery inflammation and demonstrated the reduc-
tion of coronary inflammation 2 years after statin treatment.

This is consistent with our previous report, in which we have shown
that statin can attenuate local inflammation within thoracic and carotid
artery plaques using FDG-PET [6]. Because this patient has few major
atherogenic risk factors [7] and inflammation was exclusively localized
at coronary aneurysmal wall, we thought this persistent coronary artery
inflammation was directly related to KD itself.

This report further extends the application of FDG-PET for the eval-
uation of local vascular inflammation.
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Fig. 1. A multi-detector X-ray computed tomography revealed persistent giant coronary
artery aneurysm (CAA) with 12 mm in diameter at segment 6 (white thin arrow), stenosis
distal to this CAA, persistent giant CAA with 12 mm in diameter at segment 11 (white thin
arrow), and total occlusion of right coronary artery with collaterals from left coronary ar-
tery (white thick arrow).
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Fig. 2. Composite picture of PET/CT. From the left to right panel, X-ray computed tomography (X-ray CT), positron emission tomography using '®fluorodexoyglucose (FDG-PET), and co-
registered X-ray CT and FDG-PET were shown. Upper panels show baseline pictures and the bottom panels show pictures 2 years later. Statin treatment clearly alleviates the coronary
inflammation with significantly smaller area and lower degree of FDG uptake.
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A 22-year-old male patient, who suffered from Kawasaki disease (KD)
at 1 year and 1 month of age, treated with intravenous immunoglobulin
infusion, but left with bilateral axillary arterial aneurysms and regressed
coronary arterial aneurysms, presented with left hand edema and itchi-
ness. He has been taking aspirin for thromboprophylaxis of axillary arte-
rial aneurysms since the acute phase and well without any vascular
events for these 20 years. He had no clinical evidence suggestive of
Takayasu's or temporal arteritis, [gG4-related pathology, and autoim-
mune or collagen vascular disease, He was not obese with 20.4 kg/M? of
body mass index and has resting blood pressure of 128/71 mm Hg on
the right arm and 113/65 mm Hg on the left arm. Left hand was cold
and showed clubbed fingers. Blood laboratory examination showed nor-
mal total cholesterol of 1790 mg/L, low-density lipoprotein cholesterol
of 1020 mg/L, high-density-lipoprotein cholesterol of 771 mg/L and nor-
mal fasting glucose with glycosylated hemoglobin of 5.5%. The erythro-
cyte sedimentation rate of 2 mm/h and C-reactive protein of 0.04 mg/dL
were normal.
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Digital subtraction angiography revealed complete occlusion of left
axillary arterial aneurysm with multiple collateral arteries supplying
blood flow to the distal arm (Fig. 1a) and a persistent giant right axillary
arterial aneurysm with 12 mm in diameter with a proximal stenosis
(Fig. 1b). To determine if the inflammatory activity was remaining in
the axillary lesions, he underwent positron emission tomography
using "®F-fluorodeoxyglucose (FDG) [1,2] and multi-detector X-ray
computed tomography. Positron emission tomography indeed demon-
strated a focal FDG activity within the left axillary arterial aneurysm
with 1.92 of target-to-background ratio and a lesser FDG activity at
the mild stenotic site proximal to the right axillary arterial aneurysm
with 1.84 of target-to-background ratio (Fig. 2).

Because he suffered from left arm ischemia, he underwent a resection
of the left axillary arterial aneurysm and a successful axilla-brachial artery
bypass surgery using a reversed autologous saphenous vein graft to re-
lieve his symptoms. Macroscopic findings included multiple thrombi
and calcified material occupying internal lumen of the axillary arterial an-
eurysm and heavily calcified internal wall. Histological examination of the
resected wall showed an intimal thickening (Fig. 3a) and immunohisto-
chemical analysis with CDG8 antibody [3], as the marker of macrophages,
revealed that magnitude of inflammation in the intimal thickening of the
aneurysmal wall corresponded to the FDG activity (Fig. 3b).

This is the first documentation of persistent inflammation of periph-
eral arterial wall that can result in peripheral arterial remodeling long
after KD. We have reported that coronary arterial aneurysms show pro-
gressive remodeling leading to obstructive lesion in patients with KD {4]
and persisting coronary arteritis may be one of the underlying mecha-
nisms [2]. In addition, inflammatory activity paralleled with the degree
of vascular obstruction in this patient; the left axillary arterial aneurysm
with complete obstruction demonstrated a higher degree of FDG activ-
ity than the right axillary arterial aneurysm with mild stenosis. Of note,
FDG uptake was located exactly at the site of stenosis proximal to the
right axillary arterial aneurysm. This can be the direct demonstration
that local inflammatory activity leads to vascular remodeling.

In conclusion, peripheral arterial inflammation could persist long after
KD leading to the vascular remodeling and positron emission tomography
using FDG is a useful tool to detect local vascular inflammation.
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a , b

Fig. 1. Digital subtraction angiography revealed complete occlusion of left axillary arterial aneurysm with multiple collateral arteries supplying blood flow to the distal arm (a) and a per-
sistent giant right axillary arterial aneurysm with 12 mm in diameter showing a proximal stenosis (b).
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Fig. 2. The co-registration of multi-detector X-ray computed tomography of the left and right axillary arterial aneurysms and positron emission tomography using '*F-fluorodeoxyglucose
at the same plane showed a higher degree and larger area of FDG activity in the left axillary aneurysm than in the right axillary aneurysm.

a ) b

Fig. 3. Hematoxylin and eosin stain (x 200 magnification) of the resected wall of the left axillary arterial aneurysm showed a proliferation of the intimal tissue (a). Immunohistochemical
analysis with CD68 antibody (x 200 magnification), as the marker of macrophages (brown color coded), revealed magnitude of inflammation in the intimal thickening of the aneurysmal
wall corresponded to the fluorodeoxyglucose accumulation (b).
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