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IR EEE & ¥ — (RadiMedical 4L 8¢ @ Pressure
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AXY—IEBIT Ny 750 oy —PEHFsh
724 B4 % —(ComboWire, VOLCANO Corporation,
USA)Z T, SMmiTHELFMT 5 L EdBHEsy
T, HRBEORERCHBDGROHEICOBOTHEH
ThHb. NLOFEECTRMATEEY T 58
WHEREBRONABEER LICHIB LA GED.

L Ky 7374 v—%B0BRTEEBONMN

AR B ARERBHROMEER. APV (time-aver-

aged peak flow velocity), CFR{coronary flow reserve)

ORBEMEERT(R2). DROROBETIEBNE X U4
BOBEVIZIZHEBEICABREIRDONY, ARICBY
% APV O3EHEE% 15 cm/sec &, CFR 38 % 2012
BRLAY., —7, RASHRIZBT S CFROEREOHR
BEBR 20 LETH 0, NI B 2 MIERA IR0
HERUTHY, AEE»SRABIPTTERICLS
ERE LI EPHEI R

EHI, APVEBIUMERER»LUTOEPRITT
shear stress ®H T 5 Z E MW HECTH 5. BHIE T
(shear stress)idF & UCTIBEMNEMIICHERNL, &N
BB E 24 L TiTBIBICS K282 RIZ4m
WICBETAAIZANA ML ATHAS.
Shear stress = (dxuxAPV) / R

%3, pUIEHESEE) =3 cp (cp=0003 Pa-sec, 1 Pa=10 dyne/
cm?)”, R:MAEOPE
REBIRE SRR L2 B2 <, 40 dye/em* % 2
OHFCBTBNROMEEEL LKD), B, bhb
NAETES APV IO R RBTCOMTH b, S8
TIRPREL D QETLCND, fEo TMFRICEVE
i1 shear stress i & DIV HE R 5.
2. Ty Yo —74 Y — % B BT ENEE O T

TV oy v x—"7 4%~ & b FEET 6 8 i 1T B e R
BEid FFRmyo (fractional flow reserve : {58545 L35 T i
BRI TH A, MBFWIREC LV EBMERAICHEL
ZRBCRMEEER/AE 2 Y, Bl L ENEIRE
M ZRBRE LS. o C, KEWMBEBIREKILERROE
BIRFHNE (P, TEEIRADBEEE (Pa) OERIRZ
DMCHFAETIWEGEE UTHEBEEHREICI IV RASL
ol EERY. 2F ), FFRmyo DHEOFELET
&, ZORFEHIROEROHIROBMERRT 5.

HELEDLNL HEBREICIEAL, FFRmyo # i H
L7:P(3). SBRENS L CEROR VX 2 ERIZR
HHNT, 075 KENBICBTAREMEICHEL .
BASEBICBIT A FFRmyo OREHEOME, 075 Rl
TH Y'Y, BRICBWTHRAHRE RO EEE DS
Sz, BAEBRICBWTCIE, FFRmyo ) 075 13 IVUS
6 RO MBERBER R 30 mm®, 3B X UHRiNks:
06 & RIFLMHBEMESZOOND LOWENDH Y,

B b hik

Mgt UzdstE

Flow wire
Pressure wire

Flow and pressure wire
(Combo Wire)

MWMEEHER, APV, CFR, shear stress
MEWE, FFRmyo

P, Z M Pressure wire 3 & U Flow wire
LLTOFNFROIRE(APV, CFR, FFRmyo,

shear stress)

APV: time-averaged peak flow velocity (REHIFI M #E). CFR: coronary flow reserve (il
PF#AE) . FFRmyo: myocardial fractional flow reserve (U4 My F it 1)
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2
RN oM, ¥ — >, APV, CFR
SR EAN — BEWREE i1k AT APV {cm/sec) CFR
F R
ERTFiTHR 132 113432 100% pulsatile 231138 50.2457 259028
) 2534 110 116431 100% pulsatile 238440 602459 2583032
HRRE 130 112426 1009% pulsatile 240437 605464 2633030
TERIRE N O shear stress
SRR TR APV (cm/sec) %%  Shear stress (dyne/cm?
R T TR 54 24.144.2 29+06 56.3£6.8
BB E 43 251352 28104 54.8+6.3
BBk 61 25544.3 3.0+0.7 6144738
3
FEERH @ FFRmyo
fEFR SRR IR A CHEREBIE (RTFM) ERIREHNE (RTR) FFRmyo
EWM T 112 124134 614444 55.646.1 0.93+0.08
R 24 133441 621437 56.1+5.1 0.90+0.06
FHEBR 131 12.8+4.6 64.3+5.1 585442 0911005
SERDIRAE T 0 SR BB
TEBIIRTE EHIH FERE APV A HiREmIE APV R
() () (FHs) (B () (BHR)
(mmHg) (cm/sec) (cm/sec) (mmHg)
EMTITE® 35 67872 23340 291052 55.646.1 56.745.6 0.98+0.23
By 5% 4 28 659458 237439 278048 56.145.1 588455 0.95+0.34
FEERE 39 69.3£78 242438 2881043 58.5+4.2 59,1168 1.00+0.36

TG RBSERY 2 BRAR & BERRY 2 R O — BB H 1B L Rk
2, FFRmyo<0.75 # B LT HRHEI B LN TV S,
3. Ry 75049 —8&0 T Ly ve—T4v~&0H
5 h 3 FRBMEER

BRI - RERNERL & 0 R BERT T
BILAFTWETHE. bhbhid@miis & {AHMT
5 APV 2T APV - FHRHRNEL LB L—E0
WML LCBEICMLTwa, BRI U0
CHERBOREMMEER LM L BB 40, 0¥
BRI 20 % SO HEIC X ARHBEL LTHEEL, oh
S LR RIS EROREEE L2 (3.
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YR 15 R RO mEEE/$y — v iz Fas
#CdH Y, APV, CFR, shear stress b EH@EHN T
Holz —F, PEBREGRRBCEINEL mm L
8 mm BT, SEMULTCIHESGORENED I5HE4
BRBATIRIEL LTRONREDORKIC & b Mgk
LA AT :] il VAR AIVE TS R AT VN | Ay Al
%72, APV, CFR, shear stress, HMEEHEICHD
REBOBEXKICHE—BRFEELELL. —F, EXEH
R clRizizepldEm sy — v 282L, APVIZ 10 cm/
sec BL'F, CFR 3 15 BLF. shear stress b 10 dyne/cm’
PFEABCETLLY. £ RAHREERLIZLA
COEPTREBEEE LS. LPL, FFRmyo BV T
BHBELZEHRBD N h o/ (E ).

BB EHREN, BCEXERTRERED
ETRED ok vdshear stress WD TETL, #F
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BN BT HMH/$ % — >, APV, CFR, shear stress, FFRmyo 3 X USSR i 5HEH

n Mgy — APV CFR Shear stress FFRmyo HAFEHL
(em/sec) (dyne/cm?) - Jp—
ANTEBHRA B 44 100% pulsatile 231438 2.20+0.20 422451 0.90+0.07 24402 14402
R B 36 77.8% pulsatile 185446 1.78+048 38.6+7.8 0.86+0.06 2.5+0.7 1.740.3
222% turbulent
F1 RS B R B 21 4.8% pulsatile 8.6+2.8° 1.10£0.28° 42428 0.83+0.08 58406 5.340.7°
95.2% turbulent
‘p<0.05 vs. M5 Bh IR H B
FRASIZB BIMA/S Y — >, APV, CFR. Shear stress. FFRmyo 35 X UFRAS M5
n Mmk,$ — > APV CFR Shear stress FFRmyo MAFHT
2
{cm/sec) (dyne/cm? - Jop—
UNTA LR 43 100% pulsatile 235+3.2 2.25£0.19 48.3+4.9 0.89:0.07 23103 12404
W B IR B 34 77.8% pulsatile 19.2+38 1.82+0.46 438459 0.88+0.08 2.5+0.7 1.5:0.3
22.2% turbulent
EUASEE B IR a 18 48% pulsatile 102+3.2° 1.18+0.33* 121432 0.84+0.09 49409 44307

952% turbulent

*p<0.05 vs. M) R B
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VTAHLETEEEL RS, /2720, BWAZEYSS8 mm 282
AL LBTLEFOBRICEY, mMEHEE Y — 2,
APV, CFREXIEHETHAIBELHD. oT, HIIE
EWCEREE o THMTHEMIIZIZIZEETH S
BHEOHFHEL, Tho®#BET5ETY, chooi
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}®5 MR ORMMBICBITA APV, CFR, shear stress, FFRmyo 3 & USkRY i k50

FEPIEL APV CFR Shear stress FFRmyo MR (R R)
HE B 31 13.2+34° 1.2140.33° 14.3+2.8° 0.61+£0.07* 3.840.5°
JeRm 43 487448 221£0.16 39.7x54 0.84+0.06 1.3+04

*p<005 vs. FEM LB
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FFRmyo 13 065 L REWE B L /2.
FFRmyo: fractional flow reserve

E Xy, UEMATEE % & LBk 22tk 9% 45 O I AT BY 58 0 SFAM
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BUFERENERIHRECREORKREFO—2H
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6 FEMRNEBRA RO MTHRBIBROLED

HEE O EAR APV CFR Shear stress FFRmyo i EH
AT itk #iwl Wk ey Rtk CoEn] #ite gt ik

CABG ¥ 10 91413 536+35° 1124022 23340.16° 11.2+36 486+134° 0.59+0.06 ' 0.92+0.09* 4.1+09 1.3+0.8°

BAmwa 6 98+1.7 528+39° 1134016 2.264+0.13° 62429 389+108° 0.69+0.10 088+008° 4.2+06 1.4+05°

*p<0.05 vs. #itk
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b, BORFPHFETHHIRBICERELZDRBLE L
T, BAIChoOTHREICERL T TRERTET
R\,

2. MEREREEDRET

MEAEREOKRT L BHRBILIIAFETIEIR VI, W
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(PET) %, LBB)IRO M LIRS (flow-mediated vasodi-
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BIEEBICETL, BRBLLOSHZRRLTHWED D,
6, BIREZ AL L) REEMTIX, HEBL
HTLMENEBREREOTFENTREESNDT GIREL
rEHFLTCOBWMEESERENS. 22720, THRE
BUNOMEOBHRBILOESHICOCTIEIE L 580 %
WEPWLETHB.

i, MNEECTEEHIRBEENECIZ ECHREREIC
ETLTOCHEENBOI L IMESR TV ED, s
HHREO#EITZTTH B OEBE ST 5 REMA
B RBDIC, 2, BIRBAMEENEZ EICK
D, IVEELTLIZLEIBEENS.

V. LERLORETHIRCH T 35 BEERIEZD
EEREAEDFFE

APV, CFR, shear stress, FFRmyo, R EEAD

FHREZHCT, EHRARBERIECOCTMITHREE
B2 VAR
1. CABG #igif& DB ERE) e

CABG((coronary bypass graft)#f 10 fl- 517 5 #iaii%
O FEAl & 4T o 7. WAET O M 1T B 81X APV, shear
stress, FFRmyo OFEDOEKTF, L UKMMEIEI A
BECHEMLTBY, OH~OERMEROET, FH
BOKT, SOICKMBERBENRBINLY. 4KT
3 CABG #7 % #if7 9 2 B21C native flow I35R4F € A Hi=
EWoTWwb., #i#d native flow REL TWAERN%
FHI A SR MBE Tld % < native flow DFEDH SRS 1M
BI04y —%#d, YaEEMBOTHEREEDFM
FiTo7:. Bk, BBV TCABGYERIIBITS
BEUEREOHBIIZD Wb o7z 8510, BN
FEfICB VTS, M/t y — >, APV, CFR, shear
stress, FFRmyo, E#HMFEROWTRIZBWTHEE
ARED LN, ML CABGHIZ L ) EBBHE O HA
bb3INBIEPHATE(ERG N3I).
2. Remma RO BETEEIE
LRTEHARLRBERELZEHL TR VEXEE
REZETHEPTEOEMICLHEMISEZD O, »
D, NBHBIEL DV BEDNT, BERMICEELAIK
k2o TR WESIIH L, TEIIRE O REH 2 1T
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Z LT L D shear stress SERF|L, FHITHEVIERAR
e E L, mREEIHLEER, 7T—77) Hh5
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BREEIRBRENTEFATD, +02EHHIEITT
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T—=77) v hoOBRSHEE 2o7:(K6, H4).

VI £&8

NEHRISEHT 2 EBREAN, FICEXREHIREBEANT
BMISELH & 2 1, shear stress XHFEICETL, m¥
WEBEOETARB I L. T/, EXEOREIHT
BEBELEREREY &L Tz { T shear stress D
BT, CFROET, EMEEROMMIED SN, 1
ENEREREE OGER X5CRIEREREDE
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bypass grafi

PRRETRTY) A PERRTSRTTIR-TIVIN]
YTer L sidddadiddd) (faadddidtisitasiitgl

WMWanWmH& / SN ‘ 4’*

B3 CABG #iii® FFRmyo % Fl v -4k 729052 0 L BE ) BFA

6RBIE, 1TRRICIIGHICRR. #EBICIBNEVH 90% OB ERMREHED
b, KEEOW - pERBICOHBRISES S, FFRmyo i 063 EREHEREL
A (éfgé WO LBl L, LITA-LAD O34 28 A% % W17, ##:® FFRmyo i
094 Lot

CABG: coronary bypass graft, LITA: left internal thoracic artery, LAD: left anterior
descending artery

e R AE#

B4 EHREETANBEOMmI/ Y — >, APV, CFR OZH) A
A EEBIRE BAEIZM4 mm TAPVIZI0 em/sec, CFRIZ

10, W8y — iy — v,

B:sEMm AT L. BoOBAFKIES mm D FRIEVAPY

{£ 20 cm/sec, CFR 32, M /8% — v LB/ o — > & 3$CIE
HICEL, Y770 XL o,
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IR R U, MR EERE, LHERAER
sh, SHUHRFEOET2ER T ABRMBEROKT
FRERIY, KoM SFRMIZLEAETHIENEESH

ZO &S R BRFEE O it B BIF 2 BT 5
Fo7574%—,

Ty x =AY XD BONLIMBHEFLDNY —

¥, APV. CRF, shear stress, FFRmyo, HK#M&#&H
BEDHBEEZHVAILICLY, LY IERICHEET A
TENUREEER .
X ®
1) BHEF— SEEED, O RABEONGHORE. HIEA
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Dynamics of Reactive Oxygen Metabolites and
Biological Antioxidant Potential in the Acute Stage
of Kawasaki Disease

Tomoyo Yahata, MD; Chinatsu Suzuki, PhD; Akiko Hamaoka, MD;
Maiko Fujii, MD; Kenji Hamaoka, MD

Background: The dynamics of oxidation/reduction control system activities using reactive oxygen metabolites
(ROM) and biological antioxidant potential (BAP) in acute stage patients was evaulated to understand the mecha-
nism of vascular injury and remodeling in Kawasaki disease (KD).

Methods and Resuits: ROM, BAP, high-sensitivity C-reactive protein (hs-CRP), interleukin-1,2,6, and tumour
necrosis factor-a in 19 KD patients were measured. ROM decreased in good correlation only with hs-CRP (P<0.05)
at 2 weeks after intravenous immunoglobulin (IVIG). Patients were further classified as responding well (Group A)
or responding poorly (Group B) to IVIG. Both treatment groups had significantly higher ROM vaiues than the control
group (P<0.01). ROM decreased in Group A both immediately and 2 weeks after the IVIG treatment (P<0.05), but
it did not decrease in Group B until 2 weeks post-treatment (P<0.01). BAP levels were unremarkable in Group A,
but were significantly lower in Group B than in both other groups (P<0.05). BAP increased in Group A 2 weeks after
IVIG treatment (P<0.01), but remained low in Group B (P<0.01).

Conclusions: Acute stage KD patients suffer from obvious hyperoxidant stress, and improved in response to IVIG
treatment in most patients. Blood BAP level might be a useful index for predicting responsiveness to IVIG the
treatment. (Circ J 2011; 75: 2453-2459)

Key Words: Biological antioxidant potential; Intravenous immunoglobulin; Kawasaki disease; Reactive oxygen
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whose main clinical condition is pan-angitis in the
medium- and small-sized arteries throughout the
entire body.'* Although the pathology of this condition has
not yet been clarified, it appears that vasculitis occurs as a
complication of systemic infection.®
A key component of the infection process is oxidative
stress, which occurs when there is a disruption in the balance
between the production and elimination of reactive oxygen
species (ROS), resulting in the accumulation of excess in the
body.57 Because oxidative stress was recently shown to play
a role in amplifying inflammation during the progression of
arteriosclerosis to more advanced stages,®? it has been hypoth-
esized that oxidative stress might also be related to the acute
and chronic vascular disorders associated with KD (eg, KD
vasculitis). KD vasculitis is marked by the presence of inflam-
matory cells!® and various cytokines/chemokines in lesions.!-1%

Kawasaki disease (KD) frequently occurs in infants

This appears to be part of a vicious cycle in which pan-angitis
develops (the acute stage of KD), thus activating inflammatory
cells and causing the production of ROS. These cannot be
processed by the innately-equipped ROS elimination mecha-
nism, and therefore stimulate the spread of inflammation via
the production of various cytokines and the expression of
adhesion factors, further stimulating ROS generation. Evi-
dence of this cycle is the increase in 8-isoprostane, a marker
of oxidative stress, in the urine of patients in the acute and
distal stages of KD.!-'8 However, reports of this pattern have
been inconsistent, and the clinical significance of this result
has not yet been verified.

Further, previous studies have focused only on oxidative
stress levels, while ignoring the activity of the body’s natural
ROS elimination system. It is important to consider both of
these in tandem, as the oxidation/reduction control system has
evolved specifically to maintain homeostasis in response to
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Table 1. Information of Patients (n=19) S s
Responsibilit The beginning . . . . Severi‘ty of
Patient no. tpo wIG Y Gender (mﬁgfh s) tre‘:?xu Z|f1 . (ig;?::;y Dilatation g‘::;“n:’:ﬂ m?f-ssf: :J?g)ex
1 Favorable F 70 5 - - - 0
2 Favorable F 22 5 - - - 3
3 Favorable F 24 4 - - - 3
4 Favorable M 12 4 - - - 3
5 Favorable M 11 5 - - - 1
6 Favorable M 17 4 - - - Unknown
7 Favorable M 18 3 - - - 2
8 Favorable M 26 5 - - - 2
9 Favorable M 14 3 - - - 2
10 Favorable F 23 6 - - - 0
11 Favorable M 11 3 - - - 3
12 Favorable F 11 9 - - - 1
13 Favorable F 39 4 - - - 3
14 Unfavorable M 24 3 O O IVIG+PSL 6
15 Unfavorabie M 10 4 - - IVIG+PSL 5
16 Unfavorable F 28 4 - - IVIG+PSL 6
17 Unfavorable M 24 4 - - VIG+PSL 6
18 Unfavorable F 36 5 O O IVIG+PSL 6
19 - Unfavorable F 10 3 - - IVIG+PSL 5

IVIG, intravenous immunoglobulin; M, male; F, female.

systemic challenges. To more fully investigate these complex
dynamics, we measured levels of reactive oxygen metabolites
(ROM) and biological antioxidant potential (BAP) in the
blood of 19 patients receiving treatment for acute stage KD.
These measurements were designed to evaluate oxidative
stress levels and the activity of the ROS elimination system,
respectively, in immunocompromised individuals.

In addition, having used ROM and BAP for this oxidation
stress evaluation has a significant meaning. Up to now, the
measurement of the oxidant stress was not easy. Electron spin
resonance (ESR) method as a golden standard of the free
radical measurement requires skill and expertise because of
the use of an extremely complex technique, and the measure-
ments of various oxidative-stress markers already known are
time-consuming because of their use of immunological meth-
ods. Therefore, there were a lot of problems in clinical use
although they were useful for the investigative purpose. How-
ever, the measurement of ROM and BAP is very handy. We
can get both results in 10min and it shows excellent reproduc-
ibility. To sum up, handiness, promptness, and reproducibility
are all factors that are indispensable characters in the clinical
application. In this respect, we can estimate high usefulness of
the procedure that makes a clear distinction with the current
oxidation stress evaluation.

Methods

This study focused on 19 patients (Table 1) with acute KD
(median age: 1.8 years, range: 0.8-5.8 years) and 7 control
subjects (median age: 1.1 years, range: 0.8-6.3 years). All
patients were diagnosed with KD according to the diagnostic
standard of the Japanese Society of Kawasaki Disease (JSKD).!
As recommended by the JSKD, patients were treated with
intravenous immunoglobulin (IVIG; 2 g/kg single administra-
tion) and oral aspirin (30mg-kg'-day').?* Blood samples
were collected immediately before, immediately after, and 2

weeks after the IVIG treatment so that ROM, BAP, high-sen-
sitivity C-reactive protein (hs-CRP), interleukin (IL)-1,2,6,
and tumor necrosis factor (TNF)-« levels could be measured.
Blood samples were also collected from control subjects, for
comparison. When possible, blood sampling was performed
in the early morning, after patients had fasted overnight.

Thirteen of the patients responded well to treatment (Group
A). The remaining 6 patients continued to experience a fever
of 37.5°C or more during the 48h following the initial IVIG
administration, and required additional IVIG or steroid treat-
ment (Group B). However, the fever had decreased to 37.5°C
or below by the time of the final blood sampling.

All study protocols were approved by the ethical committee
at the Kyoto Prefectural University of Medicine Graduate School
of Medical Science. Informed written consent was obtained
from the parents of all study subjects and particular care was
taken to protect human rights and personal information.

Measuring ROM and BAP Levels

Levels of both ROM and BAP were measured with a Free
Radical Elective Evaluator (FREE®; Wismerll Co Ltd, Tokyo,
Japan).2t-2* Measurement of ROM levels is based on the abil-
ity of transition metals to catalyze, in the presence of perox-
ides, the formation of free radicals trapped by an alchilamine.
The alchilamine reacts to form a colored radical that is detect-
able at 505 nm. The results are expressed in conventional units
called U.CARR (Carrtelli units), such that 1U.CARR corre-
sponds to 0.8 mg/L. H202. To measure BAP, blood samples
[BP (e-), containing the electron-donating, antioxidant blood
plasma barrier molecule] were added to a colored solution
containing ferric chloride (FeCls; a source of ferric ions, Fe**)
bound to a chromogenic substrate (AT, a derivative of thio-
cyanate). This caused the Fe** to be reduced to ferrous ions
(Fe?*), leaving oxidized blood plasma barrier molecules (BP)
and a decolored solution:
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Immediately
after IVIG

93.6 (101.3/83.5)
555 (638/485)

100.5 (105.9/93.9)
2,552 (2,850/2,377)

63.0 (87.1/45.7)
3.7 (8.1/2.6)

67.9 (110.2/56.7)
169 (237/138)

63.0 (116.5/48.0)
342 (616/265)

14.8 (63.0/7.3)
395 (558/253)

77.7 (112.2/65.5)
219 (255/166)

Table 2. Change Rate of Each Parameters (Measurements)
Pre-IVIG

ROM

Change rate 100

Value 615 (668/539)
BAP

Change rate 100

Value 2,555 (2,778/2,460)
hs-CRP

Change rate 100

Value 6.6 (12.3/4.3)
1IL-1

Change rate 100

Value 240 (317/174)
IL-2

Change rate 100

Value 596 (1,054/387)
IL-6

Change rate 100

Value 2,768 (4,821/1,279)
TNF-«o

Change rate 100

Value 245 (349/182)

2 weeks
after IVIG

70.6 (78.1/64.9)
430 (492/372)

106.4 (110.4/99.8)
2,719 (3,000/2,638)

0.8 (2.2/0.5)
0.07 (0.10/0.04)

67.2 (104.5/51.2)
163 (231/146)

61.3 (97.3/43.6)
344 (516/268)

9.3 (14.0/5.8)
221 (305/184)

82.7 (121.9/57.1)
216 (242/182)

Each number show median and (upper/lower quartile).

ROM, reactive oxygen metabolites; BAP, biological antioxidant potential; hs-CRP, high-sensitivity C-reactive protein;
IL, interleukin; TNF, tumor necrosis factor. Other abbreviation see in Table 1.

Group B), Immediately Before,

'ROM and BAP Levels in Subjects in the Control
e, Immediately After, and 2 W
ROM (U.CARR)

7) and Treatment Groups (n=13, Group A; n=6,
ks After IVIG Treatment -
BAP (mol/L)

Pre-IVIG

Favorable response (n=13)

Median ) 633 565

Upper/lower quartile 687/555 646/478
Unfavorable response (n=6)

Median 564 557

Upper/lower quartile 611/531 610/483
Control (n=7)

Median 312

Upper/lower quartile 327/300

Post-IVIG 2 weeks after

Pre-lVIG  PostlVIG 2 weeks after
466 2,705 2,714 2,778
506/381 2,883/2,510 2,940/2,462 3,015/2,705
381 2,474 2,438 2,622
423/304 2,557/2,413 2,626/2,313 2,703/2,380
2,674
2,745/2,572

Abbreviations see in Tables 1,2.

1. FeCls+AT (uncolored)—FeCl3-AT (colored)
2. FeCls—AT (colored)+BP (e-)—>FeClo+AT (uncolored)+BP.

The chromatic change that results from this process can be
measured by with a photometer at 505nm, and is directly pro-
portional to the ability of the plasma to reduce ROS. Ten-micro-
liter blood sample aliquots were required from each patient for
these protocols. The samples were mixed with the colored solu-
tion and incubated for 5 min at 37°C prior to photometric analy-
sis. The pH of the FeCls — AT solution was 2.3 and it remained
in the range of 2.3-2.4 throughout the procedure.

Statistical Analysis

Data values are presented as medians and interquartile ranges
because almost all the values are not normally distributed. All
data were analyzed using SPSS software version 11.0 (SPSS

Japan Inc, Tokyo, Japan). Paired t-tests or Mann-Whitney U-
tests were used to make comparisons between groups. Sig-
nificance was defined as P<0.05.

Resuilts

Change of Each Parameter
We measured each parameter in all patients and calculated the
change rate by assuming the value at pre-IVIG to be 100
(Table 2). We examined whether there was a correlation in
the change of the oxidant stress and that of hs-CRP and the
proinflammatory cytokine.

The levels of ROM and BAP did not show the correlation
with neither hs-CRP nor the proinflammatory cytokines in
their variation from pre-IVIG to immediately post-IVIG. The
ROM showed the correlation only hs-CRP, although BAP did

Circulation Joumnal Vol.75, October 2011
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Figure 1. Changes in reactive oxygen metabolites (ROM) level in both treatment groups in response to intravenous immuno-
globulin (IVIG) treatment. *P<0.01 vs. Healthy group, $P<0.01, #P<0.05.
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Figure 2. Changes in biological antioxidant potential (BAP) level in both treatment groups in response to intravenous immuno-
globulin (IVIG) treatment. *P<0.01 vs. Healthy group, $P<0.01, #P<0.05.
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not show the correlation with all parameters in their variation
from immediately after IVIG to 2 weeks after IVIG (P<0.05).

ROM and BAP Levels in the Conirol Group

In the control group, the ROM level was 312 (327/300) (median
(upper/lower quartile U.CARR) and the BAP level was 2,674
(2,745/2,572) (mol/L) (Table 3). These values are slightly higher
than those that have previously been reported as adult standard
levels (ROM: 200-300 U.CARR; BAP: >2,200mol/L).%*

Dynamics of ROM During the Acute Stage of KD

Immediately before IVIG, the ROM level were significantly
higher in Group A than in the control group (633 (687/555)
U.CARR; P<0.0001) (Table 3; Figure 1). However, ROM
rapidly declined to significantly lower levels both immediately
after (555 (646/478) U.CARR; P<0.05 and 2 weeks after (466
(506/381) U.CARR; P<0.01) the IVIG treatment.

Immediately before the IVIG treatment, the ROM level was
also significantly higher in Group B than in the control group
(564 (611/531) U.CARR; P<0.01). The IVIG treatment did
not facilitate any immediate declines in ROM levels among
Group B patients (557 (610/483) U.CARR, NS). After 2
weeks, however, ROM was significantly lower than it had
been immediately before the treatment (381 (423/304) U.
CARR; P<0.01).

It is important to note that ROM level was statistically
similar in Groups A and B immediately before the treatment.
Thus, the different responses to the IVIG treatment were not
caused by differences in levels of ROS.

Dynamics of BAP During the Acute Stage of KD (Figure 2)
In Group A, BAP did not change significantly from immedi-
ately before the IVIG treatment (2,705 (2,883/2,510) mol/L)
to immediately afterward (2,714 (2,940/2,462) mol/L). How-
ever, BAP was obviously higher 2 weeks after the treatment
(2,778 (3,015/2,705) mol/L). This was significantly higher
than both the baseline value (P<0.01) and that recorded imme-
diately after the treatment (P<0.05).

Immediately before the IVIG treatment, BAP was signifi-
cantly lower in Group B than in both the control group
(P<0.01) and in Group A (P<0.05). Unlike the pattern observed
in Group A, BAP levels in Group B did not change signifi-
cantly from immediately before the treatment (2,474 (2,557/
2,413) mol/L), to immediately after the treatment (2,438
(2,626/2,313) mol/L), to 2 weeks after the treatment (2,622
(2,703/2,380) mol/L).

We did not perform multiple regression analysis because
we could not find any significant variable excluding BAP in
univariate analysis. Furthermore, only BAP was still selected
although the model for the multivariate analysis. The area
under the receiver operating curve is 0.80 (95% confidence
interval 0.59-0.99).

Discussion

Here, we found that the reduction of ROM from immediately
after the IVIG to 2 weeks after IVIG correlated to the move-
ment of hs-CRP, which is a general inflammatory marker. The
fact might suggest their close relationship between the oxida-
tive stress and inflammation. Furthermore, we found that
patients with acute stage KD have abnormally high levels of
ROM in their blood, indicating an increased production of
ROS. When given an IVIG treatment, some patients experi-
enced ROM reductions, while others did not, suggesting that
this treatment will not always be effective in suppressing ROS

production.

Baseline BAP levels were either similar to (Group A) or
lower than (Group B) those in control individuals. Either way,
this indicates that the KD patients had not launched an endog-
enous antioxidant response. However, patients in Group A
experienced clear increases in BAP 2 weeks after receiving
IVIG, demonstrating the effectiveness of this treatment in
stimulating antioxidant activity. The pattern of change in BAP
level was similar among patients in Group B, but their abso-
lute BAP values were significantly lower than those in both
control individuals and IVIG-treated patients in Group A.
Again, this indicates that while the IVIG treatment is effective
against acute KD symptoms, it cannot be relied upon to work
equally well in all cases.

In cases of KD-associated vasculitis, cytokines such as
TNF-« and IL-6 increase during the acute stage in response to
the release of various prophlogistic substances from the infil-
trated monocyte/macrophage.!-15 The released TNF-« induces
vascular endothelial cells to express adhesive factors that prime
neutrophils and monocytes. Furthermore, it also acts on endo-
thelial cells and fibroblasts, induces various chemokines, facil-
itates migration of inflammatory cells to the inflammatory site,
and increases production of cytokines such as IL-6, thus increas-
ing inflammation. NAD(P)H oxidase is then activated in the
inflammatory cells (eg, neutrophils and macrophages) that
were primed by the inflammatory cytokines; this leads to the
rapid production of a large amount of ROS.?s Inducible nitric
oxide (NO) synthase in the inflammatory cells produces NO,
an unstable radical that changes to peroxynitrite (ONOO-)
when exposed to ROS. Peroxynitrite is extremely responsive,
and its strong oxidation activity is capable of directly disabling
vascular tissues.?® We suspect that this might be an important
element driving the progression of vascular disorders associ-
ated with KD. NAD(P)H oxidase? on the endothelial cell
membrane also reacts with the xanthine oxidase system in
vascular endothelial cells®® and TNF-¢ in the blood, and causes
the activation of the arachidonate cascade, which generates
prophlogistic substances such as leukotriene?” and produces
ROS as a by-product of metabolism.

The ROM measured in this study is a generic name for
organic molecules that have been oxidized by ROS such as
hydroperoxide (R-OOH). One important ROM is hydroxyper-
oxide, which is produced by the oxidization of physiologically
vital organic molecules such as lipids, proteins, and nucleic
acids. The presence of hydroxyperoxide is considered an
excellent marker of oxidative damage,*-3 and can easily be
measured by the FREE® system used in this study. Results
from this method correlate highly with those produced using
ESR methodologies.?** The patterns of ROM decrease shown
in both treatment groups here are not surprising, given what is
currently known about KD and the inflammation pathway.
The more novel result of this work is the discovery that ROS
increased so rapidly. Additionally, our techniques here have
shown that the ROM measurement is useful in clinical situa-
tions for assessing inflammatory dynamics in lesions, as well
as investigating the efficacy of inflammation alleviation treat-
ments. Further, our results clearly demonstrate that the IVIG
inflammation alleviation treatment cannot be relied upon to
significantly reduce inflammation in all patients, although it
does reduce ROS production more often than not (eg, in 13 of
19 patients).

There are also homeostasis mechanisms that combat the
presence of ROS by eliminating these elements in order to
maintain the balance between oxidization and antioxidiza-
tion.3¥ Antioxidants have both endogenous (eg, albumin,
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transferrin, ceruloplasmin, bilirubin, ureic acid, reduced glu-
tathione, etc) and exogenous (eg, tocopherol, carotin, ubiqui-
none, ascorbic acid, methionine, flavonoid, polyphenol, etc)
origins. The FREE® system, used here to measure the compre-
hensive antioxidative potency in patients’ blood, is based on
the same principle as the ferric reducing ability of plasma
assay method,? which has widely been recognized as an effec-
tive measurement technique.

Here, we found that changes in BAP in acute KD patients
did not mirror changes in ROS. Furthermore, BAP activity
was clearly lower in some patients (Group B) than in others
(Group A), even after the IVIG treatment. Oxidative stress
alleviation was delayed in Group B, and we hypothesize that
this led to a build-up of abnormal ROS, leading to further
increases in oxidative stress and additional inflammation, via
a positive feedback loop. This phenomenon might be one fac-
tor leading to the higher rate of coronary arterial disorders in
IVIG-unresponsive cases. %

The results of our work also suggest that baseline BAP
levels can be used to predict whether patients will respond
well to IVIG treatment and to assess the clinical conditions of
vasculitis. Previously, it has been shown that prolonged
inflammation, such as that likely present in Group B, increases
the rate at which patients suffer coronary arterial complica-
tions.** Therefore, it is important to select an effective initial
treatment in order to decrease inflammation as early and as
rapidly as possible. This can be facilitated via the use of an
appropriate biomarker that can be used as an index of the
severity of inflammation. Our work indicates that BAP levels,
either before or during treatment, can be used for this purpose.
Moreover, BAP measurements can be performed within a few
minutes following sample collection, which further enhances
the clinical usefulness of this modality.

Although we have not directly shown a link between the
clinical conditions of KD and activity of the oxidation/reduc-
tion control mechanism, we believe there is good evidence
suggesting that the two are closely related: In patients with
KD-associated coronary arteritis, inflammatory cells such as
macrophages remain in place for approximately 2-3 months
after infiltration. Since these macrophages are producing ROS,
the coronary arteries are exposed to excessive oxidative stress
for long periods of time. Thus, in patients who respond to
IVIG treatment by upregulating their antioxidant activity, vas-
cular disorders should be shorter-lived and vascular remodel-
ing should proceed at a higher rate, than among patients who
do not respond to the IVIG treatment. In order to investigate
this hypothesis, it will be important to plot ROM and BAP
values, as well as document clinical conditions, of a large
study group over a long study period.

Further study is needed to make this research results more
significant because the number of cases is still little in this
study. The relationship between the antioxidative potency and
the IVIG reactiveness obtained this time is a very intriguing
result. We think that further examination leads to the elucida-
tion of the cause of KD and the proposal of new treatment
methods.

Conclusion

We have shown that patients with acute stage KD suffer from
increased levels of oxidative stress, which, in most cases, can
be reduced via the anti-inflammatory activities of IVIG. We
also found that antioxidant activities increase slowly, relative
to changes in ROS levels. Nearly a third of patients examined
here responded poorly to the IVIG treatment, and these indi-

viduals had lower initial BAP levels than either controls or
IVIG-responsive patients. This suggests that BAP can be used
to predict the likelihood that anti-inflammatory treatments will
be effective in KD patients. The ROM measurement, also,
might be useful in a clinical setting, for evaluating inflamma-
tory dynamics in lesions and tracking the effectiveness of
anti-inflammatory treatments.

Acknowledgments

We thank the study participants and their parents for their commitment to
this project.

Sources of Funding

This study was supported in part by Ministry of Health, Labour and Wel-
fare of Japan, Health and Labour Sciences Research Grants, Comprehen-
sive Research on Practical Application of Medical Technology: Random-
ized Controlled Trial to Assess Immunoglobulin plus Steroid Efficacy for
Kawasaki Disease (RAISE) Study and Research on intractable diseases.

Disclosures
None.

References

1. Kawasaki T. Kawasaki disease. Proc Jpn Acad Ser B 2006; 82:
59-71.

2. Landing BH, Larson EJ. Pathological features of Kawasaki disease
(mucocutaneous lymph node syndrome). Am J Cardiovasc Pathol
1987; 1: 218-229.

3. Naoe S, Takahashi K, Masuda H, Tanaka N. Kawasaki disease: With
particular emphasis on arterial lesions. Acta Pathol Jpn 1991; 41:
785-7917.

4. Amano S, Hazama F, Hamashima Y. Pathology of Kawasaki dis-
ease: II. Distribution and incidence of the vascular lesions. Jpn Circ J
1979; 43: 741-748.

5. Burns JC, Glode MP. Kawasaki syndrome. Lancet 2004; 364: 533~
544.

6. Sies H. Oxidative stress: Inductor remarks. In: Sies H, editor. Oxida-
tive stress. London: Academic Press, 1985; 1-8.

7. Sies H. What is oxidative stress? In: Kency JF Jr, editor. Oxidative
stress and vascular disease. Boston: Kluwer Academic Publishers,
2000; 1-8.

8. Higashi Y, Noma K, Yoshizumi M, Kihara Y. Endothelial function
and oxidative stress in cardiovascular diseases. Circ J 2009; 73:
411-418.

9. Libby P, Okamoto Y, Rocha VZ, Folco E. Inflammation in athero-
sclerosis: Transition from theory to practice. Circ J 2010; 74: 213—
220.

10. Takahashi K, Oharaseki T, Naoe S, Wakayama M, Yokouchi Y.
Neutrophilic involvement in the damage to coronary arteries in acute
stage of Kawasaki disease. Pediatr Int 2005; 47: 305-310.

11. Gupta M, Noel GJ, Schaefer M, Friedman D, Bussel J, Johann-Liang
R. Cytokine modulation with immune y-globulin in peripheral blood
of normal children and its implications in Kawasaki disease treat-
ment. J Clin Immunol 2001; 21: 193-199.

12. Furukawa S, Matsubara T, Yone K, Hirano Y, Okumura K, Yabuta
K. Kawasaki disease differs from anaphylactoid purpura and measles
with regard to tumour necrosis factor-« and interleukin 6 in serum.
Eur J Pediatr 1992; 151: 44-47.

13. Lin CY, Lin CC, Hwang B, Chiang B. Serial changes of serum
interleukin-6, interleukin-8, and tumor necrosis factor alpha among
patients with Kawasaki disease. J Pediatr 1992; 21: 924-926.

14. Matsubara T, Furukawa S, Yabuta K. Serum levels of tumor necrosis
factor, interleukin 2 receptor, and interferon gamma in Kawasaki
disease involved coronary artery lesions. Clin Immunol Immuno-
pathol 1990; 56: 29-36.

15. Maury CPJ, Salo E, Pelkonen P. Circulating interleukin-1 in patients
with Kawasaki disease. N Engl J Med 1988; 319: 1670.

16. Niboshi A, Ozawa S, Hamaoka K. Kawasaki disease and atheroscle-
rosis. Nippon Rinsho 2008; 66: 387-392.

17. Takeuchi D, Saji T, Takatsuki S, Fujiwara M. Abnormal tissue Dop-
pler images are associated with elevated plasma brain natriuretic
peptide and increased oxidative stress in acute Kawasaki disease.
Circ J 2007; 71: 357-362.

18. Montuschi P, Barnes PJ, Roberts LJ 2nd. Isoprostanes: Markers and
mediators of oxidative stress. FASEB J 2004; 18: 1791-1800.

Circulation Journal Vol.75, October 2011



ROM and BAP in Kawasaki Disease

2459

20.
21

22.

23.

24.

25.

26.

217.

28.

29.

30.

. Ayusawa M, Sonobe T, Uemura S, Ogawa S, Nakamura Y, Kiyosawa

N, et al. Revision of diagnostic guidelines for Kawasaki disease (the
5th revised edition). Pediatr Int 2005; 47: 232-234.

Report of JISPCCS. Pediatr Cardiol Cardiac Surg 2004; 24: 54-62.
Verde V, Fogliano V, Ritieni A, Maiami G, Morisco F, Caporaso N.
Use of N, N-dimethyl- p-phenylene-diamine to evaluate the oxida-
tive status of human plasma. Free Radic Res 2002; 36: 869 -873.
Cesarone MR, Belcaro G, Carratelli M, Cornelli U, De Sanctis MT,
Incandela L, et al. A simple test to monitor oxidative stress. Int Ang
1999; 2: 127-130.

Dohi K, Satoh K, Nakamachi T, Yofu S, Hiratsuka K, Nakamura S,
et al. Does edaravone (MCI-186) act as an antioxidant and neuropro-
tector in experimental traumatic brain injury? Antioxid Redox Signal
2007; 8: 281-287.

Nagata K, Hasegawa T, Hirokado Y, Kiyama K, Otsuki C. Lifestyle-
related diseases and the oxidative stress regulation system. Jpn J
Psychosom Med 2008; 48: 177-183.

Cave AC, Brewer AC, Narayanapanicker A, Ray R, Grieve DJ,
Walker S, et al. NADPH oxidases in cardiovascular health and dis-
ease. Antioxid Redox Signal 2006; 8: 691-728.

Buttery LDK, Springall DR, Chester AH, Evans TJ, Standfield N,
Parums DV, et al. Inducible nitric oxide synthase is present within
human atherosclerotic lesions and promotes the formation and activ-
ity of peroxynitrite. Lab Invest 1996; 75: 77-85.

Griendling KK, Sorescu D, Ushio-Fukai M. NAD(P)H oxidase: Role
in cardiovascular biology and disease. Circ Res 2000; 86: 494-501.
Phan SH, Gannon DE, Varani J, Ryan US, Ward PA. Xanthine oxi-
dase activity in rat pulmonary artery endothelial cells and its altera-
tion by activated neutrophils. Am J Pathol 1989; 134: 1201 -1211.
Woo CH, You HJ, Cho SH, Eom YW, Chun JS, Yoo YJ, et al. Leukot-
riene B4 stimulates Rac-ERK cascade to generate reactive oxygen spe-
cies that mediates chemotaxis. J Biol Chem 2002; 277: 8572-8578.
Tsuchiya M, Kagan VE, Freisleben HJ, Manabe M, Packer L. Anti-
oxidant activity of alpha-tocopherol, beta-carotene, and ubiquinol in
membranes: Cis-parinaric acid-incorporated liposomes. Methods
Enzymol 1994; 234: 371-383.

3L

32.

33.

34.

35.

36.

37.
38.

39.

40.

41.

Hatta A, Frei B. Oxidative modification and antioxidant protection
of human low density lipoprotein at high and low oxygen partial
pressures. J Lipid Res 1995; 36: 2383-2393.

Ames BN, Shigenaga MK, Hagen TM. Oxidants, antioxidants, and
the degenerative diseases of aging. Proc Natl Acad Sci USA 1993;
90: 7915-7922.

Beckman KB, Ames BN. The free radical theory of aging matures.
Physiol Rev 1998; 78: 547-581.

Alberti A, Bolognini L, Macciantelli D, Caratelli M. The radical
cation of N,N-diethyl-para-phenylendiamine: A possible indicator of
oxidative stress in biological samples. Res Chem Intermed 2000; 26:
253-267. :

Ridker PM, Brown NJ, Vaughan DE, Harrison DG, Mehta JL. Estab-
lished and emerging plasma biomarkers in the prediction of first
atherothrombotic events. Circulation 2004; 109(25 Suppl 1): IV6-
IV19.

Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur M, Telser J.
Free radicals and antioxidants in normal physiological functions and
human disease. Int J Biochem Cell Biol 2007; 39: 44—84.

Halliwell B, Gutteridge JM. The antioxidants of human extracellular
fluids. Arch Biochem Biophys 1990; 280: 1-8.

Benzie IF, Strain JJ. The ferric reducing ability of plasma (FRAP) as
a measure of “antioxidant power”: The FRAP assay. Anal Biochem
1996; 239: 70-76.

Sano T, Kurotobi S, Matsuzaki K, Yamamoto T, Maki I, Miki K, et
al. Prediction of non-responsiveness to standard high-dose gamma-
globulin therapy in patients with acute Kawasaki disease before
starting initial treatment. Eur J Pediatr 2007; 166: 131—137.
Tremoulet AH, Best BM, Song S, Wang S, Corinaldesi E, Eichenfield
JR, et al. Resistance to intravenous immunoglobulin in children with
Kawasaki disease. J Pediatr 2008; 153: 117-121.

Suzuki A, Miyagawa-Tomita S, Nakazawa M, Yutani C. Remodel-
ing of coronary artery lesions due to Kawasaki disease: Comparison
of arteriographic and immunohistochemical findings. Jpn Heart J
2000; 41: 245-256.

Circulation Journal Vol.75, October 2011



Mod Rheumatol (2012) 22:66-72
DOI 10.1007/s10165-011-0468-x

Serum adipokine profiles in Kawasaki disease

Yasushi Kemmotsu - Tsutomu Saji - Natsuko Kusunoki + Nahoko Tanaka -

Chiaki Nishimura - Akira Ishiguro - Shinichi Kawai

Received: 24 January 2011/ Accepted: 28 April 2011/ Published online: 3 June 2011

© Japan College of Rheumatology 2011

Abstract Adipokines are cytokines derived from adipose
tissue. Recently it has been established that adipokines are
closely linked to the pathophysiology of not only metabolic
diseases, such as diabetes mellitus, obesity, and athero-
sclerosis, but also to inflammation and immune diseases. In
this study we measured serum levels of adipokines in
patients with acute Kawasaki disease to investigate the role
of adipokines in the pathophysiology of Kawasaki disease.
Serum resistin, high-molecular-weight (HMW) adiponec-
tin, leptin, and visfatin levels were measured by enzyme-
linked immunosorbent assay in a total of 117 subjects: 56
patients with acute Kawasaki disease, 30 healthy children,
and 31 patients with acute infectious diseases. Serum res-
istin levels in patients with Kawasaki disease were signif-
icantly higher than those of healthy children and patients
with acute infectious diseases. In contrast, mean serum
HMW adiponectin, leptin, and visfatin levels in patients
with Kawasaki disease exhibited no statistically significant
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differences compared with those in healthy children and
patients with infectious diseases. Serum resistin levels
decreased significantly after administration of intravenous
immune globulin. Serum resistin levels on admission
were significantly higher in nonresponders compared with
responders to intravenous immune globulin therapy. A
multivariate model revealed that C-reactive protein was a
factor that was significantly related to elevated serum res-
istin level in patients with Kawasaki disease. In patients
with Kawasaki disease, serum resistin levels were elevated,
but decreased to nearly normal after intravenous adminis-
tration of immune globulin. In contrast, serum HMW
adiponectin, leptin, and visfatin levels showed no statisti-
cally significant changes. These findings suggest that resi-
stin plays an important role, while other adipokines do not
play a major role, in the pathogenesis of Kawasaki disease.

Keywords Adipokines - Resistin - C-reactive protein -
Kawasaki disease

Introduction

Kawasaki disease is a systemic vasculitis of childhood that
was first reported by Tomisaku Kawasaki in 1967 [1].
Patients manifest with fever, bulbar conjunctival injection,
changes of the oropharyngeal mucosa, changes of the
peripheral extremities, cervical lymphadenopathy, and
polymorphous rash [2]. In Japan there are approximately
10,000 new patients annually [3]. The most important
complication of this disease is development of coronary
lesions that result in acute myocardial infarction. Intrave-
nous immune globulin is a standard therapy that is effective
in about 70% of patients, but the cause of the disease has
been unclear.
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Adipokines or adipocytokines including resistin, adipo-
nectin, leptin, and visfatin are bioactive molecules that are
produced and secreted by adipose tissue [4]. Adipokines
have various actions in the human body that regulate
metabolic conditions, and may have a central role in reg-
ulation of insulin resistance [5, 6].

Resistin is an amino acid peptide that belongs to a
cysteine-rich secretory protein family [7]. Circulating res-
istin levels are elevated in humans by obesity and diabetes
[8]. Resistin levels are also associated with increasing
coronary artery calcification and are predictive of coronary
atherosclerosis [9]. Adiponectin is a 244-amino-acid
polypeptide that has three isoforms: low molecular weight,
middle molecular weight, and high molecular weight
(HMW). Decreased levels of HMW adiponectin are asso-
ciated with coronary artery disease and type 2 diabetes [10,
11]. Leptin is a protein of 167 amino acids. Circulating
leptin levels reflect adipose tissue mass, and hyperleptin-
emia is associated with obesity and other metabolic dis-
eases [12, 13]. Visfatin is one of the adipokines identified
in 2004, being predominantly produced and secreted in
visceral fat; its expression level in plasma increases during
development of obesity [14].

These adipokines show obviously links to metabolic
diseases, however recent studies have also suggested that
some adipokines might play a role in inflammation and
immune diseases [15]; for instance, we have previously
shown that serum levels of resistin, leptin, and adiponectin
were all associated with C-reactive protein (CRP) level in
patients with rheumatoid arthritis, suggesting that these
adipokines may act as proinflammatory cytokines in this
disease [16].

The object of this study is to clarify serum levels of
resistin, HMW adiponectin, leptin, and visfatin in patients
with Kawasaki disease during treatment with intravenous
immune globulin, and to evaluate the relationships between
serum adipokines and their clinical measures.

Methods
Patients

Fifty-six patients (36 males and 20 females, mean age
29.8 £ 1.7 months) with acute-phase Kawasaki disease
who were admitted to our university hospital participated
in this study. All patients met American Heart Association
diagnostic criteria for Kawasaki disease [2]. These patients
were treated with oral aspirin and 1 or 2 g/kg intravenous
immune globulin after admission. As controls, we collected
serum samples from 30 healthy children and 31 patients
with acute infectious diseases (14 patients with pharyngitis,
9 with bronchitis, 5 with gastroenteritis, and 3 with

exanthema subitum). The protocol for the study was
approved by the Ethics Committee of Toho University
Hospital. Informed consent was obtained from the parents
of all patients.

Adipokine measurements

Blood samples were collected from the patients with acute-
phase Kawasaki disease upon admission (before intrave-
nous immune globulin) and at 24-48 h after intravenous
immune globulin treatment. Serum resistin, HMW adipo-
nectin, leptin, and visfatin were measured using enzyme-
linked immunosorbent assay (ELISA) kits. Serum resistin
and leptin levels were measured in all 56 patients, but
HMW adiponectin and visfatin were measured in 38
patients because the volume of serum samples was too
small to perform all four analyses. Resistin and leptin
ELISA kits were both purchased from B-Bridge Interna-
tional, Inc. (Sunnyvale, CA, USA). ELISA kits for HMW
adiponectin and visfatin were obtained from Fujirebio, Inc.
(Tokyo, Japan) and Phoenix Pharmaceuticals, Inc. (Bur-
lingame, CA, USA), respectively.

Biochemical measurements

All of the patients with Kawasaki disease were examined
for complete blood cell counts and serum chemistry,
including CRP and electrolytes, before immune globulin
therapy. Latex nephelometry (Sekisui Medical Co., Tokyo,
Japan) was used for CRP measurement.

Statistical analysis

Comparisons between the three groups were made using the
Kruskal-Wallis test. Serum adipokine levels before and after
intravenous immune globulin were compared by the Wilco-
xon matched-pairs signed-rank test. Correlations between
serum adipokines and laboratory data were analyzed by sim-
ple linear regression analysis. Multiple regression analysis
was used for studying multivariable models. Statistical sig-
nificance was determined at p < 0.05. Statistical analyses of
the data were conducted using the StatMate III software
program (ATMS, Tokyo, Japan).

Results

Characteristics of the study population

The characteristics of the 3 groups are shown in Table 1.
There were no statistically significant differences in age,

gender or body weight among the 3 groups of children. In
patients with Kawasaki disease, mean + SD age was
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Table 1 Background characteristics of the three patient groups

Age (months)

Gender (M/F)

Body weight (kg)

Patients with Kawasaki disease (n = 56) 29.8 + 21.7 36/20 12.1 £ 3.6
Patients with acute infectious diseases (n = 31) 292 £ 17.5 20/11 12.1 £ 3.5
Healthy children (n = 30) 269 £ 13.0 19/11 117 £ 24
Values are mean == SD
Table 2 Clinical characteristics of the patients with Kawasaki disease
Age Days on Serum CRP WBC counts Sodium conc. IVIG CAL
(months) IVIG conc. (mg/dl) (x 103/;&) (mEq/1) responder®
Male 36 26 + 18 45+ 1.8 72+£52 142 £52 1315 £ 2.8 21 (58.3%) 3 (8.3%)
Female 20 37 £ 25 49+ 19 47 £ 4.6 7.5+ 3.1 1355 +£ 2.3 17 (85.0%) 1 (5.0%)

Values are mean == SD or cases (percentages)

IVIG intravenous immune globulin therapy, CRP C-reactive protein, conc. concentrations, WBC white blood cell, CAL coronary arterial lesion

* Patients who had cessation of fever (<37.5°C) after IVIG and needed no additional therapy

29.8 4+ 21.7 months. The clinical profiles of patients with
Kawasaki disease are presented in Table 2. Thirty-eight
patients (67.9%, 21 males, 17 females) responded to
intravenous immune globulin infusion. Four patients had
coronary lesions detected by echocardiography at dis-
charge, even after immune globulin therapy.

Serum adipokine levels in patients with Kawasaki
disease

Serum adipokine levels are shown in Fig. 1. Serum resistin
levels were significantly higher in patients with Kawasaki

disease (mean 31.5 £ 20.0, median 27.5 ng/ml) compared
with healthy controls (mean 5.0 £ 6.8, median 3.3 ng/ml,
p < 0.001) and patients with acute infectious diseases
(mean 10.6 £+ 9.2, median 6.9 ng/ml, p < 0.001). How-
ever, serum HMW adiponectin, leptin, and visfatin levels in
patients with Kawasaki disease (HMW adiponectin: mean
10.8 == 5.1, median 10.1 ug/ml; leptin: mean 2.4 & 4.0,
median 1.6 ng/ml; visfatin: mean 11.1 £5.5, median
9.5 ng/ml) showed no statistically significant differences
compared with those in healthy controls (HMW adiponec-
tin: mean 23.5 4£9.9, median 22.7 pg/ml; leptin: mean
2.0 £0.7, median 1.9 ng/ml; visfatin: mean 14.9 £15.7,

Resistin HMW Adiponectin Leptin Visfatin
(ngfmml) (ugiml) p<0.05 {ng/mi) (ng/mi)
1007 _P<0O0T 50 50 100 1
p<0.001
F——
50 50
0 0 oL = 0
Patients Patients Healthy Patients Patients Healthy Patients Patients Healthy Patients Patients Healthy
with KD with children with KD with children with KD with children with KD with children
infectious infectious infectious infectious
disease disease disease disease

Fig. 1 Serum adipokine levels in the three groups. In the box plots,
horizontal lines indicate median values, and the lower and upper ends
of boxes represent the 25th and 75th percentiles. In patients with
Kawasaki disease, serum resistin levels were significantly higher than
in patients with infectious diseases and in healthy children

@ Springer

(p < 0.001). Serum high-molecular-weight adiponectin, leptin, and
visfatin levels in patients with Kawasaki disease exhibited no
statistically significant differences compared with those in healthy
controls and patients with acute infectious diseases. KD Kawasaki
disease, HMW high molecular weight



