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Letters 2004),

2) X707 LTOREKRS KT
FBURF VR TFEAVWTCERSFTH
%% MPO HURICEDE T 0 —7 & LTS
S8, FOHBENATA A=V T EL
CTOMICRAT S LN HEEL o7z

D. &%
BHAEICBNT, I LT, FEHS
JRFEHAWVWTH MPO ik EES ¥
MPO A FOHAOSm2HHMTZ &
DAL oz AROFRIZTSE
ARDS DfEITICENTHZLEZ NS,
F =R BUR T KT OMZER R CKE I
BIFEF T 00— HEOREERE
D—DLENTWEHIEFTAIHE
(Quntum Dot Effect) BEEHIZF D < HFriR b



&Y T RFYA XL D BNEHPEL L.
R LD EEFE O AR REDEAR
BEADPICERTIHIEHHENT NS,
fEEF ORFIEEE. REMTITED
BRREREEIRE T LDHRETH 5,
Hlemase, Eyagera8egs /8
O EEINERIC L - THIfE - FARK - DRER -
HARL OV TR T % B ERRRICER S T
BETH D, FLETF Y M IO REM
fli i Lz o - filgzIER <Y
ZIZEBATHHEICLD ZOEEATIEZH
S5HMIZLARR M OHEEAERSERICX
b, MERICELZLHETEDNTRITS
2 EIAE AT, PSSR DAY - ERRA -
HENBERDOIRENWLER S, SBROREE
WDOWTIE, MEAEIRERIT Oz DI LR
BREBMLEZEET L i, EEH
gENEHEERALT MREASTHPLE
AT DVTICEBSH LS LT /7
0—7 OMEEE T2 FETH %o

E. &

AFEIC Lo T RBET ) RHFER
MPO Fifk & f&& ¥ MPO 4 FOMIEAS
XU~ OB Z BT 5 Z L D TlEE
Yirot. EFORMEEETHEREICD
WTHHREBHEL LTEHATH S, BIZ, in
vitro, in vivo D &7 5§ EX-vivo B L UHR
NEIBIZ DWW AR BT T2 H Al
BEL AR D WSO CREIREEEE T
378, ABOI LD ARDS IZDONTHT
BoOSAERCEIT CORERBBEINTZ L
A5
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Abstract

We have established a mouse model which shows the symptoms of coronary arteritis after consecutive injections of CAWS, which is released
from Candida albicans. In this study, we examined neutrophil activation in the initial period after CAWS injection intraperitoneally. During
10 min to 16 h after the injection, blood profiles and neutrophil fungtions were determined. At the same time, levels of inflammatory cytokines and
chemokines in plasma were measured. Furthermiore, leve] of ICAM-1 as a marker of lesion endothelial cell. Counts of the peripheral leukocytes
increased immediately after CAWS injection, especisily ‘neutrophil. In vitro sensitivity of neutrophils to stimuli was enhanced. Moreover,
proinflammatory cytokines (IL-18, IL-12 and IL-6), in plasma initially followed by an increase in IL-10, G-CSF, MIP-2 and soluble ICAM-1.
Locally, ICAM-1 message in arterial walls was significantly increased 16 h after CAWS injection. A decrease in C3 levels was observed in
plasma, suggesting complement activation snd consumption. In summary, neutrophil activation occurred after CAWS injection, followed by
complement activation, and production of proinflammatory cytokines chemokines and G-CSF which may be involved in development of coronary
arteritis.
© 2006 Published by Elsevier Inc.

Keywords: Complement activation; Inflammatory cytokines; Endothelium injury

Introduction transplant recipients and patients with cancer (Zupanic-Krmek
and Nemet, 2004). Neutrophils play a key role during Candida
Recently, clinical relevance of fungal diseases has increased, albicans infection (Urban et al., 2006; Fradin et al., 2005). C.
mainly because of an increasing population of immunocom-  albicans exposed to erythrocytes, mononuclear cells, plasma or
promised individuals including those infected with HIV,  blood lacking neutrophils physiclogically active and rapidly
switch to filamentous growth. In contrast, the presence of
neutrophils arrested C. albicans growth (Urban et al., 2006;
—— . , Fradin et al., 2005). Recently, immune responses to some
Abbreviations: CAWS, C. albicans water-soluble mannoprotein-p-glucen .
complex; MLP, fMet-Leu-Phe. oompopents of C. albicans such as mannan (Muller and
* Corresponding author. Fax: +81 3 5285 1160. Melchinger, 2004) or B-glucan (Gantner et al.,, 2005) have been
E-mail address: ksuzuki@nih.go.jp (K. Suzuki). reported.
0014-4800/% - see front matter © 2006 Published by Elsevier Inc.
doi:10.1016/j.yexmp.2006.05.006
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Animal model is useful to clarify mechanism of infection
process, genetic background differences and to strategy for
therapy (Nagi-Miura et al., 2004; Aratani et al., 2002; Spellberg
et al., 2005).

Ome microorganisms or microorganism-derived products
are specific diseases. For example, certain Campylobacter
Jejuni strains trigger Guillain—Bamre syndrome while other
strains trigger the Fisher syndrome in the Japanese population
(Takahashi et al., 2005). Esper et al. have reported that New
Haven coronavirus (HCoV-NH) infection is associated with
Kawasaki disease (Esper et al., 2005). Recently, Iwai et al. have
identified oral microorganisms in the lesions of Buerger disease,
suggesting a possible etiologic link between Buerger disease
and chronic infections such as oral bacterial infections (Iwai et
al., 2005). We have established a mouse model which shows the
symptoms of coronary arteritis following consecutive injections
into mice of a water-soluble polysaccharide (CAWS) (Nagi-
Miura et al., 2004; Ohno, 2003). In this study, we examined
neutrophil activation and subsequent events afier a single
injection of CAWS (Fig. 1).

Materials and methods

Reagents

ELISA kits for mouse IL-1g, IL-6, IL-10, IL-12 p70, IFN-y, TNF-a wez
purchased from BD Biosciences (CA, USA), IL-18 was from Medical and

a) b)

Biological Laboratories (Tokyo, Japan), soluble ICAM-1 and MIP-2 were from
R&D Systems (MN, USA), G-CSF and GM-CSF were from AN’ALYZA (MN,
US). fMet-Leu-Phe (fMLP) was purchased from Peptide Institute (Osaka,
Japan), 3,3, 5,5-tetrametylbendizine (TMB), cytochalasin B (CB), cytochrome
¢, RPMI 1640 medium, aprotinin and PMSF were purchased from Sigma
Chemical Co. (MO, USA). Casein was purchased from Calbiochem. Co.
(Darmstadt, Germany). TagMan Universal PCR master mix was purchased from
PE Biosystems (NJ, USA). Monoclonal antibody and peroxidase-conjugated
1gG fraction to mouse C3 were purchased from FyCult biotechnology (Uden,
The Netherlands) and MP Biochemicals, Inc. (CA, USA), respectively.

Mice

C57BL/6N male mice were purchased from Chardes River Japan, kept under
SPF conditions, and used according fo.a g\udchm for animal care of the
National Institute of Infectious Diseases. Thi mice were used in the experiment
at 6 weeks of age.

Preparation and adnvinistraiion of CAWS

CAWS was prepared from €. albicans strain IFO1385 in accordance with
conventional methods (Nagi-Miura et al.,, 2004). CAWS was dissolved in PBS
autoclaving, 0.2 ml of the (20 mg/ml) was intraperitoneally injected into a
mouse. Fgg vitro assay, neutrophils isolated from 8% casein-induced peritoneal
exudated cells were co-cultured with CAWS in RPMI medium containing
0.3 mM PMSF and 0.4 pg/ml aprotinin.

Histolagical observations of coronary arteritis

Coroniary artery segments were fixed in 10% buffered (pH7.2) formalde-
hyde, paraffin-embedded, and sections stained with hematoxylin and eosin.

c)

Fig. 1. Histological analysis of coronary arteritis administration of a single dose of CAWS. Normal (a) aortic root including coronary artery x40, (b) coronary artery
%200 and (c) aorta, x200. Histology 4 weeks after CAWS injection a single dose of 4 mg/mouse vasculitis at the coronary artery and aortic root, x40, {(€) coronary

arteritis, X200, (f) aortitis, x200.
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Analysis of leukocytes profile

Peripheral blood was collected from heart and EDTA-ZK was added.
Leukooyte profiles were analyzed by use of automation instruments (Mitsubishi
BCL Corp., Tokyo, Japan).

Flow cytometric analysis

Peripheral blood was collected from heart and EDTA-2K was added.
After lysis for 5 min at 4 °C, subsequent centrifugation (1000xg at 4 °C,
cells) was suspended in HBSS. Bone marrow cells were prepared from a
shinbone. The cells were incubated with mAb against surface markers (BD
Pharmingen, CA, USA). Gr-1 (RB6-8C5), Mac-1 (M1/70) were used for flow
cytometric analysis, and then analyzed with FACSCalibur using CellQuest
sofiware (BD Biosciences, CA, USA).

Neutrophil function assay

Heparinized blood was collected from heart, and neutrophil was prepared.
MPO release and superoxide generation were measured as described previously
(Ishida-Okawara et al., 1991).

Measurement of proinflammatory cytokines and chemolkine in
plasma

Levels of proinflammatory cytokines IL-13, IL-6, IL-10, IL~12, IL-18,
TNF-o, INF-y, MIP-2, soluble ICAM-1, G-CSF, GM-CSF in plasma using
individual ELISA.

Preparation of peritoneal exudare neurrophils and measurement of
cytokine production level by co-cultured neutrophil with CAWS

Normal CS7BL/6N mice were intraperitoneally injected with 4 mi of 8%
casein in PBS and exudate cells containing resident macrophage or casein-
induced neutrophils were recovered 8 h lavage with 5 mi of PBS. The
exudate cells were put onto M-SMF (Japan Immuncresearch Laboratories

a)
5
g
e
o
8
<
3]
::'.'l =
&
i L }
10 15 20
c)
120
< ]
£
;i 80
60 e #
-é_ ]
:]_. 40
20
t 1, 3 ¥
00 35 10 15 20

Time after CAWS injection (hr)

Co., Ltd., Takasaki, Japan), cemirifuged 1200xg for 20 min at room
temperature. Neutrophils were suspended (S %10° cells/ml) in RPMI-1640
medium containing 0.3 mM PMSF and 0.4 pg/ml aprotinin and co-cultured
with 1 mg/ml CAWS for 0.5 to 4 h. At the end of culture, culture supernatant
was prepared by centrifugation and levels of cytokines IL-1p, IL-6, IL-10
determined using by ELISA kits.

Measurement of ICAM-1 mRNA expressed in aortic wall after CAWS
injection

The thoracic aorias of mice were wasg isolated and frozen immediately for
detection of ICAM-1 mRNA. The fotal acttic BNA for each mouse was
isolated using ISOGEN (Nippon ene, Tokyo Japan). One microgram of RNA
was reverse transcribed with ReverTra Ace (Toyebo, Osaka, Japan) to obtain
¢DNA. Real-time PCR was performed using ABI PRISM 7000 Sequence
Detection System (Applied Biosystems, €A, US) according to the manufac-
ture’s protocol. Primers -and TagMan probes specific for ICAM-1 was
obtained from Asssy-on-Diemand Gene Expression Products (Applied
Biosystems). For endogencas control, the level of GAPDH in each sample
was measured using TagMan Rodent GAPDH Control Reagents VIC
(Applied Biosystems), Data snalyses were performed on ABI PRISM 7000
SDS software vession 1.0 (Applied Biosystems).

Detection of mouse complement 3 (C3) by ELISA and Western
blotting

Peripherat ‘blood was collected from heart and EDTA-2K was added.
One pg/ml of C3 monoclonal antibody was coated to ELISA plate for
overmight. After washing, blocking was done by 50% FCS for | h
Sample plasma (%100) was added to the plate for | h, afier washing
peroxidase lsbeled-2nd antibody (x1000) was added to the plate. After
washing, o-phenylenediamine chloride was added to the plate for 3 min.
Finally, reaction was stopped 2 N hydrogen sulphate and measured at
490 nm by auto reader (Nippon Bunko, Tokyo, Japan). Western blotting was
petformed by using mouse C3 monoclonal antibody and peroxidase-labeled
anti-Rat IgG ag 2nd entibody.
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* P<0.05

Fig. 2. Change of blood profile afier CAWS injection. Peripheral blood was collected from heart EDTA-2K. Blood profile was analyzed by Mitsubishi Kagaku BCL
Inc. {a) totel leukocyte number, ratio of (b) neutrophil, (c) lymphocyte and (d) monocyte, respectively. N=6 in each group.
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Table 1
Change of Gr-1" cells ratio after CAWS injection

Time after CAWS injection (hr)

0 0.17 0.5 1 4 16
Bone marrow 19.47£5.35 15.85+£1.89 9.65+1.14* 10.42+1.26* 7.39+£1.97* 11.73£6.58
Peripheral blood 5.24+6.92 5.30£0.36 1035£2.00* 9.78+£3.59 8.06+6.69 6.12£5.34
* P<0.05.

Statistical analysis

Results expressed as the mean+SD. Statistical analysis was using Mann—
Whitney U-test. The probability value of <0.05 considered significant.

Results

Observation of coronary arteritis administration of a single
dose of CAWS

We have severe coronary arteritis by daily injection of
CAWS (4 mg/mouse/day) for 5 days. In order to compare
initial events and development of coronary arteritis, the
current studies employed a one shot injection of CAWS at 2
dose of 4 mg/mouse. Four weeks after CAWS injection with
this protocol, arteritis was evident in both coronary and aorta,

Profiles of peripheral leukocytes

After CAWS injection, total leukocyte counts were increased
and later returned to baseline levels 4 h (Fig. 2a}. The ragio of

a)
40

30

20

% release

nmoles/min/10° cells

0 5 0 15 20

Time after CAWS injection (hr)

lymphocytes decreased after CAWS. injection, while ratio of
neutrophils promptly increased (Figs: 2b; c), the ratio of
monocyte increased (Fig. 2d),

Profile of leukocyte by flow cytometric analysis

To confirm the leukocyte counts, flow cytometric
analysis of peripheral and bone marrow cells after
CAWS injection was done (Table 1). Bone mamrow cell
numbers the tibia were significantly increased 4 h after
CAWS injection (data not shown). The ratio of Gr-1 cells
in bone marrow significantly decreased at 0.5, 1, 4 h after
CAWS injection, while the ratio of the cells in peripheral
blood increased suggesting that neutrophils in bone
marrow promptly migrate to peripheral blood CAWS
injection.

CAWS effect on neutrophil activation

To the functional response of neutrophils after CAWS
injection, MPO release and superoxide generation were
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Fig. 3. Neutrophil activation after CAWS injection. (a, b) MPO release from neutrophils after CAWS injection. Neutrophils (10% cells/ml) were stimulated in the (2)
absence, or (b) presence of (10 * M) and (5 pg/ml). (c, d) Superoxide generation after CAW'S injection. Neutrophils 10° cells/ml) were stimulated with () (10 M)

and (5 pg/ml) or (d) PMA (1 pg/mi). N=6 in each group.
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