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Abstract: Objective: To investigate the inhibitory effect of iguratimod on the development of coronary arteritis in a
murine model of vasculitis induced with a Candida albicans water-soluble fraction (CAWS). Methods: CAWS was
intraperitoneally injected to C57BL/6 mice for 5 days, followed by administration of iguratimod or PBS. At day 3, day
10 and day 28, the mice were sacrificed. The status of vasculitis in the coronary arteries and the aortic root was
investigated histologically, and plasma cytokines and chemokines were measured. Results: CAWS injection induced
active inflammation in the aortic root and coronary arteries which were similar to the coronary arteritis in Kawasaki
disease (KD). The vasculitis can be reduced by iguratimod at day 3 and this effect persisted for 28 days. The se-
verity of the inflammation of the aortic root and the coronary arteries were reduced in iguratimod group (P<0.05).
The levels of cytokines including granulocyte colony-stimulating factor (G-CSF), interleukin (IL)-10, IL-6, tumor ne-
crosis factor-o« and matrix metalloproteinase (MMP)-9 were increased in CAWS induced groups, while the level of
IL-6 were suppressed dramatically by iguratimod (P<0.05). Furthermore, there is a strong correlation between the
severity of the vasculitis and the plasma interleukin-6 levels. Conclusion: Iguratimod was effective in suppressing
CAWS-induced coronary arteritis and expression level of IL-6, which suggests that iguratimod could potentially be
an effective therapeutic strategy for arteritis in KD, and serum IL-6 could be a marker for the biological effects of
iguratimod in KD.
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Introduction

Kawasaki disease (KD), an acute childhood
inflammatory systemic disease in which mainly
affects medium- to small-sized vessels, espe-
cially the coronary arteries, was the most prev-
alent cause of acquired heart disease in chil-
dren in industrialized nations. Although many
studies have been performed, the etiology of
KD is not well understood. The most common
and important complication involves the coro-
nary arteries, leading to coronary artery aneu-
rysm formation, thrombosis, stenosis, myocar-
dial infarction, or sudden death [1]. To chara-
cterize and develop a therapeutic strategy for
KD, various basic and clinical studies have
been performed and are currently underway all
over the world. At present, administration of
intravenous immunoglobulin (IVIG) is the gold
standard therapy for coronary arteritis in the

acute phase of KD [2, 3]. Although standard
therapy with IVIG and aspirin reduces the preva-
lence of coronary arterial lesions (CALS) in
acute KD from 25-30% in untreated patients
to 3-5% in treated patients, approximately 10%
of patients with KD who fail to respond to the
IVIG therapy show a high prevalence of CAL [4,
5]. To treat these IVIG nonresponders, alterna-
tive treatments, such as corticosteroids, cyclo-
sporine-A, methotrexate, infliximab, etanacept
and plasma pheresis have been tested, which
may potentially reduce CAL in KD [6-12]. De-
spite these clinical trials, the proportion of KD
patients with giant coronary aneurysms has
remained steady since 2009 [13]. It is neces-
sary to explore new treatment for the KD
patients with CALs.

Although KD has unknown etiology, it is proba-
bly a cytokine associated disease. Many stud-
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ies of cytokine networks in KD have focused on
inflammatory cytokines such as tumor necrosis
factor-a (TNF-a), Interleukin-1 (IL-1), IL-2, IL-6,
IL-8, IL-10 and chemokines such as monocyte
chemotactic protein-1 (MCP-1). These inflam-
matory cytokines and chemokines are elevated
during the acute phase of KD [14-16]. In recent
years, iguratimod (IGU, T-614, 3-formylamino-
7-methylsulfonylamino-6-phenoxy-4H-1-benzo-
pyran-4-one), a small molecule, has been con-
sidered to be a novel immunomodulator and
can improve the symptom of RA patients signifi-
cantly [17, 18]. Existing studies showed that
IGU suppressed the production of some inflam-
matory cytokines, including IL-1, IL-4, IL-6, IL-17,
TNF-a, nuclear factor-kappa B, and interferon
in vitro (synovial cells and some cell lines) and
in vivo (mouse models) [19, 20]. IGU also
reduced immunoglobulin production by acting
directly on human B Ilymphocytes without
affecting B lymphocyte proliferation [21]. Till
now, no study was focus on whether IGU can be
an effective treatment for KD patient with CAL.

The objective of this study was to investigate,
whether administration of IGU can suppress
the progression of inflammation by detect the
histological features and the expression of vari-
ous plasma cytokines. Since limited clinical
specimens are available for the study of KD,
animal models are indispensable tools to inves-
tigate the molecular mechanisms underlying
the disease. Candida albicans water-soluble
extract (CAWS)-induced vasculitis in mice is
one of the most established animal models for
KD because of the many histological similari-
ties observed in this mouse model and KD,
including prominent vasculitis in the aortic root
and coronary arteries. Intraperitoneal injection
of CAWS can induce coronary arteritis in both
C57BL/B6 (B6 hereafter) and DBA/2 mice [22-
24]. In this study, we evaluate the efficacy of
IGU in a CAWS-induced vasculitis in C57BL/B6
mice and the effect on the cytokines/chemo-
kines levels.

Materials and methods
Animals

All experimental procedures were approved by
the Committee for Animal Research, Capital
Medical University. Atotal of 54 male C57BL/6N
mice at five-week-old were purchased from
Chinese VitalRiver Laboratory Animal Techno-
logy CO. (Beijing, China) and were randomly and
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equally divided into three group: Control group,
CAWS group and IGU group (n=18 each). All
mice were kept under specific pathogen-free
(SPF) conditions.

Organisms

Candida albicans strain IFO01594 was pur-
chased from the Institute for Fermentation,
Guangzhou (IFO), stored at 25°C on Sabau-
roud’s agar (Difco, USA), and passaged once
every 3 months.

Preparation of CAWS and IGU

CAWS was prepared from Candida albicans
strain IF01594 in accordance with the reported
method [25]. Briefly, 5 L of medium (C-limiting
medium) was maintained in a glass incubator
for 2 days at 27°C while air was supplied at a
rate of 5 L/min and the mixture was swirled at
400 rpm. Following culture, an equal volume of
ethanol was added. After allowing the mixture
to stand overnight, the precipitate was collect-
ed. The precipitate was dissolved in 250 mL of
distilled water, and ethanol was added. The
mixture was then allowed to stand overnight.
The precipitate obtained was collected and
dried with acetone to obtain CAWS. IGU were
purchased from Simcere Pharmaceutical Co.,
Ltd. (Nanjing, China).

Administration of CAWS and IGU

Mice in control group were injected with 0.2 mL
of phosphate buffered saline intraperitoneally
for 5 days, and then normal saline in 0.2 mL
was given by intragastric administration daily
for 4 weeks (Control group). CAWS in a volume
of 0.2 mL (0.5 mg/mouse/day) were injected
intraperitoneally to C57BL/6N mice (both in
CAWS group and IGU group) on 5 consecutive
days. After administration of CAWS, IGU (90
mg/kg/d) was taken by intragastric administra-
tion daily for 4 weeks (IGU group). For compari-
son, mice were injected with 0.2 mL of normal
saline for 4 weeks (CAWS group). At day 3, day
10 and day 28 of treatment, the mice were
sacrificed by an overdose intraperitoneal in-
jection of pentobarbital. Autopsies were per-
formed to obtain plasma and the hearts were
fixed in 10% neutralized formalin.

Histological evaluation

The fixed hearts were embedded in paraffin
and sectioned. Hematoxylin and eosin (HE)-
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protocol and the Bio-Plex Luminex
100 XYP instrument (Bio-Rad, Her-
cules, CA, USA). We assayed the fol-
lowing 15 cytokines and chemokines:
granulocyte-colony stimulating fact-
or (G-CSF); granulocyte macrophage
colony stimulating factor (GM-CSF);
interferon-gamma (IFN-y), IL-13, IL-2,
IL-6, IL-10, IL-12p70, 113, IL-17A,
IL-23p19, IL-33, matrix metallopro-
teinases-9 (MMP-9); TNF-a and vas-
cular endothelial growth factor (VE-
GF). We used a single assay to a sin-
gle standard curve provided by the
manufacturer. Concentrations of cy-
tokines and chemokines were calcu-
lated using the Bio-Plex Manager
3.0 software (Bio-Rad, Tokyo) with a
B5-parameter curve fitting algorithm
that is applied for standard curve

Table 1. Body weight (BW), heart weight (HW), spleen
weight (SW), kidney weight (KW) and lung weight (LW) in
each group

Ctrl CAWS IGU
3day(n=6) BW 18.00+3.03 20.00+1.79 19.00 £ 1.10
HW 0.14+0.03 0.15+0.01 0.14 £ 0.02
LW 0.18+0.04 0.23+0.03 0.21+0.02
SW 0.15+0.04 0.21+0.03" 0.22+0.05"
KW 0.26+0.05 0.35+0.05° 0.33+0.05"
10 day (n=6) BW 25.33+1.03 23.83+0.75" 23.00+1.67"
HW 0.19+0.02 0.16+0.02° 0.13+0.02"
LW 0.24+0.05 0.23+0.04 0.27 £ 0.07
SW 0.10+0.02 0.27£0.13" 0.21+0.06"
KW 0.37+0.02 0.34+0.03 0.34 £0.04
28 day (n=6) BW 27.50 +1.76 25.50+0.84" 24.33+1.21"
HW 0.22+0.02 0.19+0.03" 0.18+0.02"
LW 0.25+0.05 0.26+£0.07 0.30 £ 0.06
SW 0.412+0.02 0.47 £0.02° 0.18 +0.03"
KW 0.44 +£0.07 0.44+0.05 0.38 £ 0.03

“P<0.05, versus Ctrl; CAWS versus IGU, P>0.05. Control (Ctrl), CAWS with

no drug treatment (CAWS), iguratimod treatment (IGU).

stained sections were prepared using routine
techniques for examination by light microscopy.
Verhoeff-van Gieson (EVG) staining was per-
formed to further investigate the elastic tissue
of vascular architecture. First, we investigated
the vasculitis in each group. Second, quantita-
tive evaluation of vascular inflammation was
performed as previously described. We divided
the areas of the aortic root and coronary arter-
ies into 5 segments (left coronary cusp; right
coronary cusp; noncoronary cusp; left coronary
artery; and right coronary artery) and graded
the intensity of inflammation in each segment
as follows: score 3, panvasculitis; score 2,
inflammation involving the tunica intima and
media but not spreading through the adventi-
tia; score 1, inflammation localized to the tuni-
ca intima; and score 0, no inflammatory cell
infiltration in the vascular wall.

Measurement of cytokines and chemokines

Plasma cytokines and chemokines were mea-
sured using a Bio-Plex system. An aliquot of
serum (30 pL) was collected from peripheral
blood and diluted 4-fold with the dilution solu-
tion. The diluted sample was then analyzed for
the concentration of cytokines by the 15-Plex
Kit using mouse luminex screening assay (R&D,
LXSAMS-15) according to the manufacture’s
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calculations.
Statistical analysis

The data on the animal weight, the scope
and severity of the arteritis and cytokine/che-
mokine levels were analyzed using the two-
sample t-test. For all statistical analyses, a
value of P<0.05 was considered statistically
significant.

Results
Animal data

Animal data are summarized in Table 1. The
mice with administration of CAWS (both in
CAWS group and IGU group) showed reductions
in the volume of the food and water consump-
tion, and body weight reduce comparing with
control group (P<0.05). At day 3, Spleen weight
and kidney weight increased in CAWS-induced
mice than those in control group (P<0.05). At
day 10 and day 28, heart weight decreased and
spleen weight increased in CAWS-induced mice
than those in the control group (P<0.05). There
was no statistical difference between CAWS
group and IGU group.

Induction of vasculitis by CAWS administration
The histopathological staining of the aortic root

and coronary arteries of the control group
revealed no abnormalities or inflammatory cells
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Control
group

day10

Figure 1. Histoligical features of murine heart by Hematoxylin and eosin (HE) stain (40 x). A-C. Normal coronary ar-
teries, no significant histological abnormalities or inflammatory cells in the aortic root and coronary arteries in con-
trol group at day 3, day 10 and day 28. D, G. At day 3, endothelial swelling and neutrophils infiltration were observed
in the aortic root and coronary arteries both in CAWS group and IGU group. E. The active inflammatory infiltrates,
composed of numerous neutrophils and lymphocytes, involved the aortic root, coronary arteries, endocardium,
epicardium and myocardial interstitium of mice were pronounced in CAWS group at day 10. F. The inflammatory
infiltration was decreased in coronary arteries at day 28. H, I. At day 10 and day 28, rare significant inflammatory
changes and less inflammatory cell infiltration were observed in IGU mice.

at day 3, day 10 and day 28 (Figure 1A-C). How-
ever, 3 days after injection of CAWS, endot-
helial swelling and neutrophils infiltration were
observed in the aortic root and coronary arter-
ies both in CAWS group and IGU group (Figure
1D, 1G). At day 10, panvasculitis was devel-
oped in CAWS group. The active inflammatory
infiltrates, composed of numerous neutrophils
and lymphocytes, involved the aortic root, coro-
nary arteries, endocardium, epicardium and
myocardial interstitium of mice were pronou-
nced in CAWS group at day 10. Inflammatory
cell infiltration spreading through the adventitia
was observed (Figure 1E). In IGU group, to vary-
ing degrees, less panvasculitis were developed
and less inflammatory infiltration was observed
(Figure 1H). At day 28, although there were
thickened walls of blood vessels, significant
inflammatory changes and inflammatory infil-
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tration were decreased in the CAWS-induced
mice (Figure 1F, 1l). EVG stain results showed
that elastic fibers in control groups were in
order at day 3, day 10 and day 28 (Figure 2A-C).
The layers of vascular walls were in disorder
(diffusely distorted or misshapen) at day 3 and
day 10 in CAWS group (Figure 2D, 2E). The vas-
cular architecture was diffusely lost, and dis-
ruption and breakage of elastic fiber in the cor-
onary arteries were also observed in CAWS
group at day 28 (Figure 2F). In IGU group, layers
of vascular walls were diffusely distorted or
misshapen. However, no disruption was ob-
served (Figure 2G-I).

Effects of IGU on development of vasculitis

The severity scores of inflammation increased
significantly both in CAWS group and in IGU

Int J Clin Exp Med 2017;10(6):9180-9188
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Figure 2. Verhoeff-van Gieson (EVG) staining of elastic fiber (100 x). A-C. Layers of vascular walls were in order in
control group. D-F. Layers of vascular walls were in disorder in day 3 and day 10 in CAWS group, and disruption and
breakage of elastic fiber was observed at day 28. G-I. Layers of vascular walls were diffusely distorted or misshapen

without disruption or breakage in IGU group.
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Figure 3. Inflammation severity scores at aortic root and coronary ar-
teries in each group. The inflammation severity score of vasculitis was
evident both in CAWS group and IGU group, and the inflammation was
attenuated at day 28. IGU treatment reduced the inflammation severity
score at day 3, day 10, day 28 compared with CAWS group. “P<0.05 ver-
sus CAWS group. Abbreviations: CAWS with no drug treatment (CAWS),
iguratimod treatment (IGU).

10 compared with that at day 3
and day 28. And the severity
score was decreased at day 28.
Compared to CAWS group, IGU
treatment at day 3, day 10, day
28 reduced the inflammation
severity score (Figure 3, P<0.05).
The decrease in severity score
was significant, suggesting that
a strong suppressive effect was
exerted by IGU.

Effects of different biological
agents on proinflammatory
cytokine and chemokine levels in
plasma

The results of IGU on cytokine
and chemokine levels are sum-
marized in Table 2. At day 3, there
was significant elevation of G-
CSF, IL-6, IL-10 and TNF-« levels
in the CAWS group and IGU group

group (Figure 3, P<0.05 versus control group). comparing with control group (P<0.001). The

The vasculitis was the most remarkable at day expression

levels of IL-6 and TNF-a were
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Table 2. Cytokines and chemokines level in plasma at different time
point. At day 3, plasma levels of G-CSF, IL-6, IL-10 and TNF-o were
increased in the CAWS group and IGU group, compared to negative
control group. IL-6 and TNF-a was suppressed in IGU group. At day 10,
the levels of G-CSF, IL-6, IL-10 and MMP-9 was increased both in CAWS
group and IGU group, while IL-6 and MMP-9 were reduced by IGU. At
day 28, the increased levels of G-CSF, IL-6 and IL-10 persisted in the
CAWS group and IGU group, and IL-6 was supresssed in IGU group

Ctrl CAWS IGU

Day 3 (n=6) GCSF 20.67 +5.50 222.19+96.93" 191.57 + 121.98"
ILL10 17.83+4.22 176.31+122.07" 96.24 +78.70"
IL-6 4.20 £ 2.09 45.65 + 19.54" 17.56 + 4.23"*
TNF-a  1.48 £0.64 22.96 + 13.38" 3.31+0.79"*

Day 10 (n=6) GCSF 25.37 +9.34 191.00 + 105.86" 260.13 + 123.17"
IL10  6.29+4.58 48.60 + 21.69" 45.30 + 21.70"
IL-6 6.05 +2.22 83.94 + 38.94" 26.94 + 1.96"*

MMP-9 69.26 + 17.89 481.46 + 158.97" 217.01 + 71.66"*

Day 28 (n=6) GCSF 25.76+8.18 180.64 + 103.73" 135.25 + 39.40"
IL10  4.87+2.46 47.79 £ 27.64" 30.85 + 17.63"
-6 10.55+2.45 30.85+12.49" 20.46 + 4.86"*

“P<0.05 versus Control group, *P<0.05 versus CAWS group. Abbreviations: Control (Ctrl),
CAWS with no drug treatment (CAWS), iguratimod treatment (IGU).
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Figure 4. Correlation between Inflammation severity scores and plasma cytokine
levels. Relationship between the Inflammation severity scores and plasma levels
(pg/mL) of IL-6.

Correlation between
plasma cytokine levels
and histological changes

To evaluate the effects of
cytokines on the develop-
ment of vasculitis, we ex-
amined the statistical cor-
relation between the in-
flammation severity score
and levels of IL-6. The se-
verity of vasculitis, as indi-
cated by histological in-
flammation scores, corre-
lated with serum IL-6 le-
vels (r=0.796, P<0.0001)
(Figure 4).

Discussion

In this study, we carried
out vasculitis induction ex-
periments by using CAWS
in C57BL/6N mice, and
evaluated the efficacy of
IGU on vasculitis. To ex-
plore the underlying me-
chanisms, we measured
the plasma cytokine lev-
els using a Bio-Plex sys-
tem. We further examined
the relationship between
IL-6 levels and inflamma-
tion severity. We found
that IGU was effective in
attenuating the arteritis
by reducing cytokine lev-
els of IL-6.

In KD, acute vascular inju-
ry involves the coronary
arteries and is charac-
terized by acute inflam-
matory cell infiltration and
subsequent aneurysmal

reduced in IGU group (P<0.001) comparing with
CAWS group. At day 10, the levels of G-CSF,
IL-6, IL-10 and MMP-9 were increased both in
CAWS group and IGU group, while IL-6 and
MMP-9 were reduced by IGU (P<0.001). At day
28, the increased levels of G-CSF, IL-6 and IL-10
still persisted and were higher than those in the
control group (P<0.001). IGU significantly sup-
pressed IL-6 persisting from day 3 till day 28
(P<0.05).

9185

formation. A histological study on the coronary
arteries from KD patients during the acute
phase revealed prominent infiltration of macro-
phages, and numerous neutrophils in the arte-
rial walls [26]. The animal model in our research
showed that CAWS caused similar histological
features of vasculitis in the aortic root and cor-
onary arteries, and EVG results showed that
the vascular elastic fibers were diffusely lost,
broken and disrupted in CAWS group. The rup-
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ture of an aneurysm evolves from primary inti-
mal breakage. Elastin breakdown in coronary
arteries is a hallmark of aneurysm formation,
which corresponds to the subacute phase of
human KD. Macrophages, T lymphocytes and
myofibroblasts secrete matrix metalloprotein-
ases, and other cytokines and enzymes within
the arterial wall. Secreted enzymes destroy col-
lagen and elastin fibers, and the structural sup-
port of the arterial wall weakens, resulting in
dilatation or aneurysm formation [27]. There
was no disruption or breakage of the coronary
arteries in IGU group, which indicate that IGU
might be beneficial in reducing the develop-
ment of CAL.

It is clear that various inflammatory cytokines
and chemokines, MMP, nitric oxide production,
autoantibody production, and adhesive mole-
cule expression are also over activated in the
acute stage of KD, which is considered to facili-
tate vascular endothelial inflammation and
then participate in the pathogenesis of KD and
development of coronary arteritis [28]. Aberrant
production of IL-1, IL-6, IFN-y, TNF-& and other
inflammatory cytokines purportedly induced a
series of inflammatory reactions, leading to
endothelial cell injury and inflammation of small
and medium-sized arteries, especially coronary
arteries [29]. The primary therapeutic endpoint
in acute KD is prompt control of vasculitis to
reduce the risk of CALs. In animal model, CAWS
injection caused neutrophil activation, followed
by complement activation and production of
proinflammatory cytokines, chemokines and
G-CSF [30]. IL1, 1L-13, GM-CSF and TNF-a are
increased in a CAWS model in C57BL/6N mice
[31]. In our study, the increased expression
level of G-CSF, IL-6 and IL-10 were observed
from day 3 till day 28; And the increase in IL.-6
levels was the most obvious of the changes
observed among all cytokines tested. Mean-
while, the effect of IGU treatment was pro-
nounced. Although the median level of IL-6 was
more than 10-fold higher than that in control
group, the IL-6 level decreased significantly
after the treatment of IGU. The effect of IGU
appeared as early as day 3 and persisted until
day 28. Moreover, the significant correlation
between IL-6 level and the inflammation sever-
ity of coronary arteries, suggests a direct link
between serum IL-6 and inflammatory develop-
ment. Thus, our findings demonstrated the criti-
cal role of IL-6 in the development of vasculitis

9186

in KD, which indicate IL-6 suppression implies a
mechanism explaining the effects of IGU.

IL-6 is an interleukin that acts as both a proin-
flammatory and anti-inflammatory cytokine. It
can be secreted by T cells and macrophages
to stimulate an immune response leading to
inflammation and has been shown to correlate
with the acute phase of KD [32]. In KD, IL-6 has
been reported to rise more than any other cyto-
Kine, and correlates with coronary complication
[33]. High levels of IL-6 could inhibit the differ-
entiation of Thl cells while promoting Th2 cells
activation and consequently increasing the pro-
duction of Th2 cytokines. IL-6 also induces acti-
vated B cells to differentiate into antibody pro-
ducing cells and promotes the production of
vascular endothelial growth factor, which plays
an important role in angiogenesis [34]. Studies
have shown that the levels of IL-4, IL-6, IL.-10,
and IFN-y were significantly higher in KD
patients with CALs. Furthermore, the levels of
IL-6 and IL-10 were significantly higher in IVIG
nonresponders. Therefore, IL-6 is a critical cyto-
kine in the KD pathogenesis of autoimmune
vasculitis [35]. IGU was originally developed as
an anti-inflammatory and analgesic drug. The
inhibitory effects of IGU on the production of
IL-1 and IL-6 were considered to be important
for its efficacy. Our study has shown that IGU
treatment effectively reduced persisting serum
IL-6 in CAWS-induced arteritis, which explained
the therapeutic effect of IGU in KD. Since previ-
ous studies have shown that IL-6 was dramati-
cally increased in IVIG-resistant KD patients,
IGU might be an option for those patients.

Conclusion

In conclusion, we demonstrated the efficacy of
IGU in suppressing the vasculitis occurring in
C57BL/6N mice induced by CAWS. We found
that IGU was effective not only in suppressing
vascular inflammation, but also in decreasing
plasma cytokine levels. The treatment goal for
KD patients is to suppress systemic inflamma-
tion as early as possible because a prolonged
elevation of serum inflammatory cytokines is
considered to cause CALs. IGU treatment is
beneficial in attenuating CALs and it sup-
pressed the expression of IL-6 as early as day
3. Furthermore, there is a strong correlation
between the extent of the vasculitis and the
plasma IL-6 levels, which confirmed that IL-6
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has an important role in the pathogenesis of
vasculitis in KD, and serum IL-6 could be a
marker for the biological effects of IGU in KD.
Therefore, IGU could potentially be an effective
therapeutic strategy for arteritis in KD, espe-
cially for the IVIG-resistant KD patients. Further
studies are required to confirm the efficacy and
safety of IGU therapy and establish its useful-
ness in the treatment of KD.
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