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Background: Kawasaki disease is a common systemic 
vasculitis that leads to coronary artery lesions. Besides its 
antihypertensive effects, losartan can modulate inflamma-
tion in cardiovascular disease. We examined whether losartan 
can attenuate coronary inflammation in a murine model of 
Kawasaki disease.
Methods and results: Five-wk-old C57/BL6J male mice 
were intraperitoneally injected with Lactobacillus casei cell wall 
extract to induce coronary inflammation and divided into four 
groups: placebo, intravenous immunoglobulin (IVIG), losartan, 
and IVIG+losartan. After 2 wk, mice were harvested. The coro-
nary perivasculitis was significantly attenuated by losartan 
but not by IVIG alone, and further dramatic attenuation by 
IVIG+losartan was observed. The frequency of Lactobacillus 
casei cell wall extract-induced myocarditis (80%) was mark-
edly lowered by losartan (22%) and IVIG+losartan (0%). 
Furthermore, interleukin (IL)-6 mRNA was markedly attenuated 
by IVIG+losartan. Serum levels of IL-6, TNF-α, MCP-1, and IL-10 
after Lactobacillus casei cell wall extract injection were slightly 
decreased by IVIG or losartan. Moreover, IL-1β, IL-10, and MCP-1 
levels were significantly decreased by IVIG+losartan.
conclusion: The addition of losartan to IVIG strongly 
attenuated the severity of coronary perivasculitis and the inci-
dence of myocarditis, along with suppressing systemic/local 
cytokines as well as the activated macrophage infiltration. 
Therefore, losartan may be a potentially useful additive drug 
for the acute phase of Kawasaki disease to minimize coronary 
artery lesions.

kawasaki disease (KD) is an acute systemic vasculitis that 
mostly affects children, and not infrequently involves the 

coronary arteries, resulting in cardiovascular sequelae such 
as coronary artery lesions (CALs) (1,2). Coronary aneurysm 
develops in up to 25% of untreated patients, and in ~ 3–4% 
of patients who received conventional therapy with intrave-
nous immunoglobulin (IVIG) and aspirin (3,4). Furthermore, 

16.5% of KD patients are refractory to the initial IVIG therapy 
(5). Although many additional treatments, including IVIG 
readministration (6), steroid (7), plasma exchange (8,9), cyclo-
sporine A (10), and monoclonal antibody to tumor necrosis 
factor (TNF)-α (infliximab) (11,12), are currently available, 
CALs develop in some patients and are still an important prob-
lem in the treatment of KD in children.

Besides their antihypertensive effects, angiotensin recep-
tor blockers (ARBs) are also known to suppress cell infiltra-
tion in some cardiovascular diseases, including atherosclerosis 
and aneurysms (13,14). Our previous study has shown that 
angiotensin II (AII) promotes atherosclerosis and abdomi-
nal aortic aneurysms in apolipoprotein-E (ApoE)-null mouse 
(15), which is characterized by spontaneous hyperlipidemia. 
The AII antagonist losartan dramatically diminished lipid-
abundant atherosclerotic lesions in this model. In addition, 
ApoE-null mice treated with losartan showed increased col-
lagen deposition and decreased elastin breaks, suggesting that 
AII antagonism may have beneficial effects by suppressing cell 
infiltration and preventing extracellular matrix degradation, 
resulting in a stabilization of atherosclerotic lesions (14).

Lactobacillus casei cell wall extract (LCWE)-induced coro-
nary arteritis/perivasculitis is a well-established murine model 
of KD (16). Due to the low mortality rate of KD in humans, it 
is extremely difficult to evaluate the effect of any drugs on the 
histological severity of CAL in KD patients. Therefore, in this 
study, we chose to use the murine model of LCWE-induced 
coronary arteritis/perivasculitis, which resembles human KD 
(16,17). In our hands, coronary perivasculitis rather than 
arteritis in its strict definition was prominently observed, 
along with inflammation of pericardium and myocardium in 
LCWE-treated mice. So, we focused on coronary perivasculi-
tis, pericarditis, and myocarditis in this study.

There are some common features between KD-related vas-
culitis and atherosclerosis, including the destruction of the 
vascular architecture, although the time course and suscep-
tible age are rather different. Thus, it is reasonable to speculate 
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that ARBs have some beneficial effects in KD-related coro-
nary involvement, as well as in atherosclerosis and aneurysms. 
However, the effectiveness of ARBs for KD-related CAL has 
not been fully elucidated, especially in its acute phase. In this 
paper, we report the beneficial effects of ARBs on the coronary 
inflammation as well as pericarditis and myocarditis in an ani-
mal model of KD.

METHODS
Mice and Experimental Groups
Male 5-wk-old C57BL/6J mice were purchased from CLEA Japan 
(Tokyo, Japan) and maintained under specific pathogen-free condi-
tions. The animal care and experimental procedures were in accor-
dance with Tokai University animal care facility guidelines and 
approved by the Animal Experimental Committee of Tokai University 
(Kanagawa, Japan). Losartan was provided by Merck Sharp and 
Dohme (Tokyo, Japan). The 5-wk-old male mice were intraperitone-
ally injected with 300 μg LCWE (n = 50). LCWE-injected mice were 
divided into the following four experimental groups: IVIG group, 
in which Venoglobulin IH (a kind gift from Japan Blood Products 
Organization, Tokyo, Japan) was intravenously administered at a 
dosage of 1 g/kg/body at 5 d after LCWE administration, n = 8; the 
losartan group, in which losartan was administered in drinking water 
(100 mg/l), n = 18; the IVIG+losartan group, in which both venoglob-
ulin IH and losartan were administered, n = 9; and placebo group, in 
which normal saline was intravenously administered instead of veno-
globulin IH at 5 d after LCWE administration, n = 15. The dosage of 
losartan was determined on the basis of our previous study (14), at 
which atherosclerosis was decreased and atherosclerotic plaque was 
stabilized in apoE-deficient mice. In the losartan and IVIG+losartan 
groups, losartan was administered from the day of LCWE injection, 
and continued for 2 wk. Cardiac tissue and blood were harvested 2 wk 
after LCWE or PBS injection in each group.

LCWE Preparation
LCWE was prepared as previously described (16). In brief, L. casei 
(ATCC 11578; American Type Culture Collection, Manassas, VA) 
were cultured in MRS broth (BD Difco, Franklin Lakes, NJ) for 48 h at 
37°C. After being washed with PBS, the cells were sequentially treated 
with 4% sodium dodecyl sulfate (SDS) overnight. Cell wall fragments 
were extensively washed with PBS to remove any residual SDS. The 
SDS-treated cell wall fragments were sonicated (5 g of packed wet 
weight in 15 ml PBS) in a cooling dry ice/ethanol bath for 2 h at a set-
ting of 20-kHz frequency (TOMY SEIKO, Ultrasonic Disruptor Model 
UR-200P, Tokyo, Japan). The supernatant was centrifuged for 1 h at 
20,000g at 4°C, and the supernatant containing the cell wall extract 
was used for injection. The concentration of LCWE dissolved in PBS 
was determined on the basis of the rhamnose content measured by 
means of a phenol-sulfuric acid colorimetric assay, and adjusted to 
300 μg/ml. To induce coronary arteritis/perivasculitis in mice, 20 mg/
kg/body of LCWE preparation was injected intraperitoneally.

Histopathological Assessments for Cardiac Inflammation
At harvesting, blood was collected from the right ventricle of mice 
under isoflurane anesthesia. The mice were perfused with saline 
through the left ventricle. The upper heart, including the left and 
right coronary arteries, was embedded in paraffin. Sections, 3 μm 
thick, were cut from the proximal aorta beginning from the bifurca-
tion of the coronary arteries, and stained with hematoxylin and eosin.  
A pathologist blinded to the study groups defined the severity of cor-
onary perivasculitis, pericarditis, and myocarditis. Semiquantitative 
analysis of perivascular inflammation was performed by using the 
following scoring system: 0 = no inflammation (<6 cells), 1 = mild 
inflammatory cells (6–10 cells), 2 = moderate inflammatory cells (11–
20 cells), 3 = severe inflammatory cells (>20 cells) around the coro-
nary arteries, and expressed as the average score of five consecutive 
segments of coronary arteries in each mouse. The inflammatory cells 
include lymphocytes, neutrophils, and macrophages. The number of 

inflammatory cells existing within the distance of twice the thickness 
of the arterial wall was counted.

Histology and Immunohistochemistry
In some mice (n = 4 per each group), the hearts, together with the 
left and right coronary arteries, were embedded and frozen in OCT 
(optimal cutting temperature) compound to investigate the macro-
phage infiltration. Cryosections, 5 μm thick, were cut from the proxi-
mal aorta beginning from the bifurcation of the coronary arteries 
(as mentioned above), and staining with monoclonal rat antibody to 
mouse CD169 (sialoadhesin; AbD Serotec, Raleigh, NC) was done to 
detect activated macrophages.

Serum Cytokine Measurement
The plasma concentrations of the cytokines, including interleukin 
(IL)-1β, IL-6, IL-10, tumor necrosis factor (TNF)-α, and interferon 
(IFN)-γ, were measured by using a cytokine bead array kit (BD 
Bioscience, Tokyo, Japan). The plasma level of monocyte chemotactic 
protein-1 (MCP-1) was quantified by means of enzyme-linked immu-
nosorbent assay (BD OptEIA Set Mouse MCP-1; BD Biosciences, 
Tokyo, Japan). These assays were performed as described in the man-
ufacturer’s protocol.

Figure 1. Histological assessment of coronary arteritis. (a) Cross-sectional 
aortic lesion including coronary arteries. Paraffin sections of upper 
heart were stained with hematoxylin & eosin (H&E). ca, coronary artery; 
ao, aorta; mc, myocardium. Bar = 50 μm. (b) The quantitative data of 
 perivascular inflammatory score of the coronary arteries in LCWE-injected 
mice, treated with IVIG (n = 8), losartan (n = 18) or IVIG+losartan (n = 9) 
and with no treatment as placebo (n = 15). Data are shown as mean ± 
SEM. *P < 0.01 vs. placebo, **P < 0.01 vs. placebo, IVIG, and losartan. IVIG, 
intravenous immunoglobulin; LCWE, Lactobacillus casei cell wall extract.
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mRNA Quantification
The upper heart total RNA was extracted by using an RNeasy Mini 
kit (Qiagen, Tokyo, Japan). The levels of murine IL-6 mRNA, TNF-
α, mannose receptor (CD206) mRNA, and an endogenous control 
18S ribosomal RNA were quantified by means of a real-time reverse 
transcriptase PCR assay (TaqMan) with Model 7500 Fast Applied 
Biosystems. Probes for IL-6 mRNA, TNF-α mRNA, and 18S rRNA 
were obtained from Applied Biosystems (Framingham, MA).

Statistical Analysis
Data are expressed as mean ± SEM. Statistical differences among the 
three or more groups were determined by one-way ANOVA followed 
by Bonferroni post hoc test. Fisher exact test followed by Holm adjust-
ment method was used for multiple comparison for the incidence of 
pericarditis and myocarditis. Values of P < 0.05 were considered as 
statistically significant. IBM SPSS Statistics for Windows Version 23.0 
(SPSS Japan, Tokyo, Japan) was used for the one-way ANOVA. Fisher 
exact analysis was performed using the R Statistical Software version 
3.2.5 for Windows.

RESULTS
Histological Semiquantification of LCWE-induced Coronary 
Perivasculitis
CAL evoked by LCWE was characterized by cell infiltration 
around the arteries with minimal cell infiltration within the 

arterial wall. So, in this study, we focused on perivasculitis as 
LCWE-induced coronary lesion. None of the control mice 
injected with PBS developed any pathological changes (data 
not shown). Representative microphotographs showing coro-
nary perivascular cell infiltration are shown in Figure 1a. 
Whereas the IVIG treatment alone slightly decreased, losartan 
significantly ameliorated the degree of LCWE-induced inflam-
mation score (P < 0.01 vs. placebo, Figure 1b). Furthermore, 
losartan treatment in addition to IVIG extremely ameliorated 
the inflammatory score compared with the other three groups 
(P < 0.01 vs. placebo, IVIG, and losartan). These findings show 
that losartan has additive effects to IVIG treatment alone in 
ameliorating the coronary perivasculitis in this murine model 
of KD.

Histological Assessment of LCWE-induced Pericarditis and 
Myocarditis
Pericarditis and myocarditis are known to develop in some 
patients with KD in its acute phase (17). This inflammation 
consisted mainly of mononuclear cells such as macrophages 

Figure 2. Histological assessment of pericarditis. The infiltrating cells are observed in pericardium (arrows in a). Bar graphs show the incidence of 
 pericarditis in placebo (10/15, 66.7%), IVIG (4/8, 50%), losartan (5/18, 27.8%), and IVIG+losartan (2/9, 22.2%) (b). pc, pericardium; ao, aorta. Bar = 100 μm. 
IVIG, intravenous immunoglobulin.
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and fibroblasts and of small number of neutrophils. Similarly, 
in this study, we observed these types of cells in pericardium 
(Figure 2a) and in myocardium (Figure 3a) of cardiac sec-
tions in mice injected with LCWE. None of the control mice 
treated with PBS developed any pathological lesion. The inci-
dence of pericarditis (Figure 2b) and myocarditis (Figure 3b) 
in LCWE-treated mice was 66.7% (10/15) and 80% (12/15), 
respectively. There were no statistical differences in the fre-
quency of pericarditis. However, the frequency of myocar-
ditis was significantly decreased to 22% (4/18) in losartan 
groups and to 0% (0/8) in IVIG+losartan groups (P = 0.008 
and P = 0.002 vs. placebo, respectively).

Macrophage Infiltration around the Coronary Arteries
Infiltration of activated macrophages was assessed by means 
of CD169 staining. Numerous CD169-positive macrophage 
infiltrations around the coronary arteries were observed in 
placebo group (Figure 4a). Mild reduction was seen in mice 
treated with IVIG alone (Figure 4b), whereas CD169-positive 

cell infiltration in the losartan and the IVIG+losartan group 
was dramatically attenuated (Figure 4c,d)

Local Cytokine Expression in Quantitative Real-Time PCR
To determine how the macrophage polarization is modulated 
by losartan or IVIG, we next assessed the mRNA expression 
of IL-6, TNF-α (markers of the classical proinflammatory 
M1 macrophage), and mannose receptor (CD206, a marker 
of the alternative anti-inflammatory M2 macrophage) in the 
upper heart. IL-6 mRNA expression induced by LCWE was 
significantly attenuated by losartan (P = 0.008 vs. placebo) and 
IVIG+losartan (P = 0.003 vs. placebo), but only tendency to 
be suppressed without reaching statistical significance was 
noted by IVIG alone (Figure 5a). There was no significant dif-
ference in the mRNA expression of TNF-α among the groups 
(Figure  5b). The mRNA of mannose receptor (CD206) was 
slightly increased by LCWE compared with PBS (data not 
shown). This increase in CD206 expression was significantly 
attenuated by IVIG+losartan (P = 0.019 vs. placebo), whereas 

Figure 3. Histological assessment of myocarditis. The infiltrating cells observed in myocardium layer (asterisk in a). Bar graphs show the incidence 
of myocarditis in placebo (12/15, 80%), IVIG (3/8, 37.5%), losartan (4/18, 22%), IVIG+losartan (0/8, 0%) (b). ao, aorta; mc, myocardium. Bar = 50 μm.  
*P < 0.01 vs. placebo. IVIG, intravenous immunoglobulin.
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mild reduction was seen in mice treated with IVIG or losartan 
alone without reaching statistical difference (Figure 5c).

Serum Cytokine Levels
We then examined the effects of IVIG and losartan on systemic 
inflammatory cytokines. The levels of the cytokines IL-6, TNF-
α, and IL-1β in the placebo group were slightly attenuated by 
IVIG alone compared with placebo group (Figure 6a–c), with-
out reaching statistical significance. Of note, IL-1β was signifi-
cantly suppressed by the treatment with IVIG+losartan (P = 
0.029 vs. placebo, Figure 6c). As for IL-10, its serum level was 
significantly attenuated by the treatment with IVIG alone or 
losartan alone (P = 0.039 and P = 0.019, respectively, vs. pla-
cebo), and further reduction was seen in the IVIG+losartan 
group (P = 0.001 vs. placebo, Figure 6e). The serum MCP-1 
level was significantly reduced by the combination treatment 
with IVIG and losartan (P = 0.0001 vs. placebo, Figure 7), but 
not by IVIG alone, indicating that addition of losartan had a 
greater inhibitory effect on MCP-1, potentially contributing to 
repress macrophage infiltration.

DISCUSSION
In this study, we evaluated the effect of IVIG, losartan, or 
both on coronary perivasculitis as well as myocarditis and 
pericarditis in a murine model of KD. We showed that the 
LCWE-induced coronary perivasculitis was attenuated by the 
treatment with losartan. Interestingly, the combination treat-
ment with IVIG and losartan further suppressed the coronary 
inflammation, along with notably attenuated macrophage 
infiltration. These results demonstrate that the use of losar-
tan in combination with IVIG has an advantageous effect in 
ameliorating coronary perivasculitis in this model, potentially 

leading to prevention of the eventual development of coro-
nary artery aneurysms and related sequelae. The inflamma-
tion of pericardium and myocardium which is not rarely seen 
in KD patients was induced by LCWE injection in this study. 
Losartan in addition to IVIG suppressed the incidence of the 
myocarditis. In human, myocarditis and left ventricular dys-
function during acute phase of KD is a predictor of IVIG resis-
tance (18). Thus, our results potentially support that losartan 
may improve cardiac function by suppressing myocarditis in 
patients with IVIG-resistant KD.

In the acute phase of KD, macrophages are known to play a 
pivotal role in the development of CALs (19). CD169, or sialo-
adhesin, is a marker of activated macrophages, which are asso-
ciated with the pathogenesis of cardiovascular disease models 
including atherosclerosis (20). Of note, in this study, we found 
that losartan significantly suppressed CD169-positive cell 
infiltration around the coronary arteries. The effect of ARBs on 
CD169-positive macrophages was also studied in a rat model 

Figure 4. CD169-positive macrophages around the coronary arteries. Bar 
= 100 μm, (a) placebo, (b) IVIG, (c) losartan, and (d) IVIG+losartan. IVIG, 
intravenous immunoglobulin.
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Figure 5. mRNA expression in the upper heart. mRNA expression of (a) 
IL-6, (b) TNF-α, and (c) mannose receptor (CD206) in the upper heart. *P 
< 0.05 vs. placebo. The values are presented as the mean ± SEM (n = 4 per 
group). IL-6, interleukin-6; TNF-α, tumor necrosis factor-α. 
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of glomerulonephritis (21), in which a high dose of olmesar-
tan decreased the glomerular infiltration of ED3+ (CD169-
positive) cells along with a decreased expression of colocalized 
Th1-related cytokines such as MCP-1 and TNF-α. These find-
ings also complement our previous in vitro study showing that 
AII induces the migration of macrophages, and losartan can 
inhibit the migration induced by AII (22).

Elevated serum levels of several cytokines and chemokines 
such as IL-6 (23), TNF-α (24), IL-1β (25), RANTES (26), 
MCP-1 (26), and IL-10 (27) are observed in the acute phase 
of KD patients. Similarly, in a murine model of KD, Okitsu-
Negishi et al. reported that LCWE-induced cardiac lesions 
are associated with an increased production of inflammatory 
cytokines such as IL-1, TNF-α, and IL-6 by macrophages (28). 
In this study, the serum levels of IL-1β (151 ± 22 pg/ml), IL-6 
(174 ± 28 pg/ml), TNF-α (5.6 ± 3 ng/ml, MCP-1(14.9 ± 1.5 pg/
ml), and IL-10 (177 ± 51 pg/ml) in age-matched healthy mice 
were increased by LCWE injection (IL-1β: 387 ± 25 pg/ml, 
IL-6: 348 ± 49, TNF-α: 7.1 ± 1.7 ng/ml, MCP-1: 17.5 ± 1.7 pg/
ml, and IL-10: 976 ± 288 pg/ml, shown in Figure 6a–e, as pla-
cebo group). The administration of IVIG or losartan alone 
suppressed the serum levels of proinflammatory cytokines 
such as IL-1β, IL-6, TNF-α, and MCP-1. Further reduction 
of IL-1β and MCP-1 was noted by the combination treatment 
with IVIG and losartan.

Several clinical studies have focused on how IVIG exerts 
its anti-inflammatory effects in the treatment of KD. Terai et 
al. reported a dramatic decrease in the serum level of MCP-1 
in KD patients after IVIG treatment (29). In addition, Abe 
et al. demonstrated that IVIG suppressed the expression of 
CCR2mRNA, a receptor for MCP-1, in both peripheral blood 

mononuclear cells and isolated monocytes in KD patients (30). 
As for losartan, its potent anti-inflammatory effect, involving 
the suppression of IL-1β and TNF-α, has been reported in an 
animal model of arthritis (31). Furthermore, Koh et al. demon-
strated that, in a murine model of hepatic ischemia/reperfusion 
injury, losartan attenuated the serum levels of IL-6 and TNF-α, 
and also attenuated the nuclear concentration of NF-κB in the 
liver, along with less severe hepatic damage. These benefits of 
losartan were shown to be mediated by PPAR-γ activation and 
down-regulation of the receptor for advanced glycation end 
products (32). So, we can easily speculate that there are some 
different mechanisms for their anti-inflammatory properties 
between IVIG and losartan, leading to the synergistic effect as 
demonstrated in this study.

Figure 6. Serum cytokine levels. (a) IL-6, (b) TNF-α, (c) IL-1β, (d) IFN-γ, (e) IL-10. *P < 0.05 vs. placebo and IVIG, **P < 0.05 vs. placebo, †P < 0.05 vs. placebo, 
IVIG, and losartan. The values are presented as the mean ± SEM (placebo: n = 5, IVIG: n = 8, losartan: n = 8, IVIG+losartan: n = 9). IL-6, interleukin-6; IFN-γ, 
interferon-γ; IVIG, intravenous immunoglobulin; TNF-α, tumor necrosis factor-α.
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Recently, Lee et al. show that recombinant IL-1 receptor 

antagonist significantly suppresses coronary arteritis in the 
LCWE-induced KD mouse model (33). So, the decreased 
serum level of IL-1β by the addition of losartan to IVIG may at 
least in part contribute to the attenuation of coronary perivas-
culitis in our present study.

The serum level of IL-10, an anti-inflammatory cytokine, was 
also decreased by losartan treatment in this study. According 
to the report by Wang et al. (34), although the mechanisms 
and clinical implications are not clear, the serum IL-10 levels 
in KD patients with CALs were significantly higher than in 
those without CALs. The finding of our study that losartan sig-
nificantly decreased the IL-10 levels may reflect the beneficial 
aspect of losartan in rendering the cytokine profile closer to 
that in patients without CALs. However, taking its anti-inflam-
matory properties into account, the pathogenetic significance 
of serum level of IL-10 in KD still remains to be elucidated.

MCP-1 is a key chemokine that plays a crucial role in mono-
cyte/macrophage migration and activation (35). Previous 
studies showed that both the serum concentration of MCP-1 
and its gene expression in peripheral mononuclear cells were 
significantly increased in patients with KD, and more promi-
nently elevated in KD patients with CALs (36). Moreover, the 
genetic inactivation of CCR2, a receptor of MCP-1, is protec-
tive against aortic and coronary vasculitis after the injection 
of Candida albicans water-soluble cell wall extract (CAWS), 
which is another murine model of KD (37). It has been shown 
that CCR2-dependent inflammatory monocytes, mobilized 
to the periphery after CAWS injection, produce IL-6, which 
then contributes to the depletion of regulatory T cells and the 
expansion of Th17 cells in the CAWS-induced KD model. Our 
present study showed that combined treatment with IVIG and 
losartan more strongly suppressed the serum MCP-1 levels 
than did the treatment with IVIG or losartan alone. Therefore, 
the additive beneficial effects of combined treatment with 
IVIG and losartan might be mediated by suppressing CCR2-
dependent inflammatory mechanisms.

Besides the suppression of systemic inflammation, the 
therapeutic goal for KD is preventing the development of 
CALs. Therefore, we examined the effect of losartan on the 
local mRNA expression of cytokines. Many studies have 
demonstrated an interaction between IL-6 and cardiovascu-
lar diseases, including aneurysm (38). In this study, the local 
IL-6 mRNA expression in the upper heart induced by LCWE 
was attenuated by the treatment with losartan alone or the 
combination of losartan and IVIG. Of note, although losar-
tan alone did not suppress the serum level of IL-6, the local 
gene expression of IL-6 in the upper heart was suppressed 
along with a decreased infiltration of activated macrophages 
around the coronary arteries, suggesting that losartan exerts 
its beneficial effect in ameliorating coronary perivasculitis 
through modulating local inflammatory mechanisms. The 
local gene expression of CD206, a marker of anti-inflamma-
tory M2 macrophage, in the upper heart was suppressed in the 
IVIG+losartan group, although immunohistochemical dem-
onstration of CD206-positive cell infiltration is lacking in this 

study. So, the implication of the reduced CD206 mRNA in the 
upper heart needs to be further elucidated, including a pos-
sibility that attenuated inflammation of the coronary arteries 
leads to less necessity for CD206-positive macrophages which 
is supposed to promote anti-inflammatory mechanisms. 
Furthermore, because the anti-inflammatory M2 macrophages 
are important in reducing inflammation and consequent tis-
sue repair in convalescent stage of a disease, we need another 
experimental setting to see the remote effect of ARB on M2 
macrophage and tissue repair in the later phase of KD.

Habashi et al. shows that losartan attenuates aortic aneurysm 
through protecting an angiotensin II type 2 receptor (AT2) sig-
naling in the murine model of Marfan syndrome (13), leading 
to the speculation that the same mechanism may work in this 
study on KD vasculitis, i.e., “shunting” of angiotensin II sig-
naling toward AT2 by AT1 blocker, losartan. Further experi-
ments using angiotensin converting enzyme inhibitor would 
be required to clarify this issue.

Limitations and Future Prospects
Our study had several limitations. The first limitation could 
be the lower dosage of IVIG than that practically used in KD 
patients. This limitation is based on the fact that 1 g/kg is the 
maximum dose for mice (39,40). As for the dosage of losar-
tan, higher dosage of 0.6 g/l as used in the mouse model of 
Marfan syndrome (13), six-times higher than that of our pres-
ent study, could be applied to see the dose dependent effect of 
losartan in the future. The second is the timing and duration 
of losartan administration. We started to give losartan at the 
same time as LCWE injection, whereas any treatment is intro-
duced exclusively after the development of systemic vasculitis 
in the clinical settings of KD. So, further experiment to see the 
effectiveness of delayed administration of losartan would be of 
clinical interest. In this study, CALs were analyzed 15 d after 
LCWE injection, when the coronary inflammation was sup-
posed to reach its peak. Since the coronary aneurysm develops 
as a long-term sequela in KD patients, it would be also impor-
tant to investigate the impact of different treatment duration, 
i.e., only in the acute phase or in the prolonged chronic phase, 
on the CALs especially in more delayed phase of this murine 
KD model. The third is that evaluation of local mRNA expres-
sions of IL-1β, IL-10, and MCP-1 in the upper heart is lack-
ing in this study. Although the decreased serum levels of those 
cytokines by treatments are suggestive of systemic involvement 
for their production, local cardiac involvement remains to be 
further clarified. Finally, what kind of cells in the upper heart 
produces the cytokines/receptors including IL-6 and CD206 
is an important and interesting issue to be elucidated in the 
future study.

CONCLUSIONS
The addition of losartan to IVIG treatment strongly attenuated 
coronary perivasculitis and myocarditis in a murine model of 
KD. Losartan exerts its effects through suppressing systemic 
cytokines and chemokines including MCP-1, and also through 
suppressing the local infiltration of activated macrophages and 
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IL-6 mRNA expression. Therefore, losartan may be a poten-
tially useful additive drug for the acute phase of KD aiming at 
preventing CALs. A clinical trial to verify the effectiveness of 
adding ARBs to the conventional treatment is warranted.
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