Azl VT, FT LR 1 bmsT 52 &ic Lz,

VIR PT KR 35 0 OV R 7 P S 2> & A 1.
B ER MM 2 20 BE L. mRNA 3 L OY miR @
microarray # fifT L7z, JIGHHE B IT4 T s
r 7 RERHE AVIG) (RIS L& & L 1A
FERl, VARG 2-4 B X OY 7-10 HiC42f 4ml
R L 7o, 77— 4 1E GeneSpring GX 11.0 software
¥ £ ' Ingenuity Pathways Analysis tools % I\ C
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AFFEIL, I E IR L B S 0K 2 #
TWD (FEMHFS 122) o 80T, GRS L B RER
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HANRE T, WEHRIEE ORA BBV E DI
FEb Lic ORI+ 2, £, IFRRR TS -
i SCAE TS A5 E T, RUEHEELE O R4 2355 s
D &9 T ONFITHET D,

C. WFouiR
AWFFEC I T, IR M o927 miR
BB 2 B LD 2 2R LT, HAE
MBHITWD 847 filild miRs D H B, bFhH 1.06%
(9FE) @ miRs 2%, IVIG IEFERINCAH B FEBLTTHE
& DV E A, FRSIRR ISR R e o &R

P2 miR X miR-93, miR-877, miR-92b, miR-182,

miR-296-5p ® 5Ff (0.59%) &EZbhiz, Zhb
i IVIG iR, 10 B EAPIC TR TARIERF b L7,

INHOmiR &Ry U= BT D MG X
T3 mRNA @5 6, 12 FITHEEICREBTED
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D. &%

TERSEZSICBEE L7 10 D mRNA (SGCZ
FEIF4G34, PBX3, ANO4, FAM129B, LIMCHI,
MAPKBPI1, AUTS2, DEPDCI1, HIVEP3) % %ciZik
Rz, THETORE ZTIZ LT IPA DIEITIZ L S
L. SGCZ (sarcoglycan zeta) ¥ miR-93 |2 £ - T,
EIF4G3A (eukaryotic translation initiation factor

4 ganmal34) VI miR-150 12 L - CHlfH =h s Z &
BorhoTEY | JNIEHHIZBW TS 2 b O miR &
HEWWELLLTEY, #hEho mRNA & miR ©
FEHOZAITIRONE O HBRR 27 Ui,

SIalH & 2 e o 72 miR (BEHEHE L7z miR O
0.6%) H3IEFEOFPCARE L, ZOFRBEZh b
Dy bu—4%H mRNA OF oy b U—27 #%4k
Etb, EFCROS L Ch T MICIER AL LT <
Tl IEECHIREG, b b TS FESICH
FEOH -7 5 O miR (XEEHET 5 mRNA % |
L, 2MEWRER O FBBUZBTE L, 23 D1aH A~ O K&
P S LT 2 ATREMENY S 2 BTz,

Kz, TPA 13 miR-93 EFx N E Tl LT
7= VEGF Oth Y77 5 A Thh D VEGFA DR %
FHI LTz, miR-93 (X VEGFA O3B i L, 16HE
WV miR MBHBTTHET D &4 —F Y M el d
mRNA OFBUIE T 2MAOHMAER Lz, Z
OHFEIT miR-93 23 R EBIIRF A F6 1) 5 E B
I Il iR E o T D ATREMEZ R L7,

E. &

JUIREFE S PERINC H3 1 2 it it o> AR i, BLRZ B
falZ ki 5 miR OEALDEE ZR ATz & T A, Ik
R ENE N EB X BN D 5O miR (miR-93,
miR-877, miR-92b, miR-182, miR-296-5p) Ai[Al
EEhi-, BTH miR-93 I3 VEGFA O3B %
L. IR EEREZE B A EE R Y 7T Vs
REHSTVAFAEENAEZ b, 2F 0, 4H
DBFFRIZIBV T, R MR O BERIZ R W T,
miRNA OFEHROTLHERB L MET#/H~5 Z & T )1
IR OABMER T, fORMERE & 13R 22 2 Rk
SERGDRNTUE L TWANERHLNICT L &N
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RAEIL
FHER R F PR R O FE e AR i AR

Wrges s

WTHE, JIIEHR OFHE~O B G- 087 S Cuv D Ca?/NAFT #2831, ORATLIZDWT, 1R e fBURg
ZPE AT O & L COmM AT 272, 94 AD4 ) 2 DNAWCHOW Tl a S E 28 te 17.4kb 64 i
e — o o AT, S ST T VOVIBE 5%LL LD ZBIENT 37 & i b 9 DD —Hi L RI(SNP) & & &
SNP & U-CiktH, PBHEfietr (GR#E 729 A, *HR 1815 N) ICE DAY U —= V&7l Bl 2 7R
L7z b DI oW TR OB — %t » b (GRE 1813 A, %I 1097 A) TRk, A X fiftiz{to7z. €0
L, w2 v 2 NOIERTE SNP (rs3741596, ¢.652 A>G, S218G) (B W TIRHAMICH B2 BIVR &
i Gy X 1.21, P=0.00041) . & HICERERFICE W TR S ZEEOW 2 7 2 BEFEAZR (c.
126-127 ins CCACCG) (2 b A EeBhEA# % Uz (F v X1 3.91, P=0.010) . rs3741596 07 L /VEHJEE|Z
IEAFERIOZENR R E < (T PT A 8.9%~22%, WK 0.6%A0) , NG OB AFEZE & OB R

SR THD EBELD.

A. BFEEM

JIEESF (PSR 2 2 B 9 R R AN o0 4By P 8 R
EBERETH D . wRENIROECIRE &0 9 A OfHE
(CAL) M ETESE Tl L7 B3 O 20%A1R 14T,
TEOMFCHEBICLVBICELZ b b D, FREIR
ffEr a7 Y L RKEFEIVIG) LN T A Y N
AR D DFFA OFEHETEFRIZ L W CAL DA FHEE L 5%k
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JNIEFIR 1 ZSe e E Iz BT 2 /N OB RIEDREBORK
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R RS & OBEEZBRE LT,

B. ®Fge7ik
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ICTEIFFEREEE & v A U7z, RIRE e —4& U —
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ERRE (168 A) L0 @F i 23t e U
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£ 1. ORAH BETFRBED LT SNPLI G FH &R HE

Alleles Genotype distribution Statistic analysis’
dbSNP D Chromosomal position on KD Control Position i
ion® NT_022792.17 d e ition in gene
location - 2 11 12 22 Total MAF® 11 12 22 Total maR® Hweps OR  99%Cl P
rs12313273 122063010 12639540 C T 43 291 394 728 0.26 75 500 698 1273 0.26 0.24 1.02 0.88 1.18 0.801 5' falnking (-1465base)
rs6486789 122067972 12644502 T C 160 369 198 727 047 312 649 315 1276 0.50 0.54 111 097 1.26 0.129 intron1 (IVS1+3016)
rs117324670 122070246 12646776 A T 4 112 613 729 0.082 9 197 1064 1270 0.085 0.97 1.03 0.82 1.30 0.797 intron1 (IVS1+5290)
rs7484839 122070961 12647491 T C 0 109 614 723 0.075 0 182 1076 1258 0.072 0.0057 1.05 0.82 1.34 0.724 intron1 (IVS1+6005)
rs7486943 122071163 12647693 T C 520 193 14 727 0.15 919 325 31 1275 0415 0.73 1.00 0.84 1.20 0.984 intron1 (IVS1+6207)
rs3741595 122079189 12655719 T C 32 266 432 730 0.23 66 449 794 1309 0.22 0.81 1.02 0.88 1.19 0.763 exon2 (c. 546 C->T; 1182l
rs3741596 122079295 12655825 A G 444 252 33 729 0.22 867 398 50 1315 0.19 0.62 119 1.02 1.40 0.028 exan2 (c. 652 A->G; S218G)
rs3825175 122079441 12655971 T C 101 334 290 725 0.37 195 632 491 1318 0.39 0.72 1.08 095 1.23 0.256 exon2 (c. 798 T->C; T266T)
rs712853 122079668 12656198 A G 255 363 108 726 040 469 606 194 1269 0.39 0.94 1.03 0.90 1.18 0.658 3' UTRY
a: Chromosomal locations were based on GRCh37 Patch Release 13 (GRCh37. p13).
b: Minor allele frequency.
¢: P values for Hardy-Weinberg equilibrium.
d: Odds ratio.
e: Canfidence interval.
f: Associations in allelic model were evaluated by using chi-square test.
g: Untranslated region.
K 2.ORANBIEFD—IEE ST (rs3741596) &JI1g5 5 & D BE & D KR EE
Replication panel® Combined”
AA AG GG Total MAF® OR!  95%C.I° P OR  95%Cl P
KD 1172 577 64 1813 0.19
122 106 - 14 00056 121 1.09 - 1.34 0.00041

Control 760 311 26 1097 0.17

a: Association in allelic model was evaluated by using chi-sugre test.
b: A meta-analysis was conducted with Mantel-Haenszel method.

c¢: Minor allele frequency.

d: Odds ratio.

e: Confidence interval.



_93ﬁ_.

3. ORAHEBIEFD6IEEE A £ 1 (c. 126-127 ins CCACCG) &Il B fKR LD E

wtwt  wt/ins6 ins6/isn6  Total MAF?  ORP 95% C.I.

P

KD 2304 15 0 2319 0.0032
391 130 - 11.80

Control 2410 4 0 2414 0.00083

0.010

Assaociation in allelic model was evaluated by using Fisher's exact test.
a: Minor allele frequency.

b: Odds ratio.

c¢: Confidence interval.
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Introduction infectious agent, because of its characteristics of the symptoms, age
. Lo . distribution, seasonality, occurrence of community outbreaks and

The etiology of Kawasaki chsea..se (KD) remains unknown,  epidemic cycles. On the other hand, no consistently recoverable
however, KD has long been considered to be caused by an  agents, lack of person-to-person transmission or a common
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contagious source, and paucity of case clusters in families, schools
or nurseries are supportive of a non-infectious cause for KD [1-3].
Temporal clustering and marked seasonality in KD occurrence in
Japan, Hawaii and San Dicgo also suggest a wind-borne
environmental trigger for this disease [4].

KD is also characterized by marked elevations of serum levels of
proinflammatory cytokines and chemokines [2] and the activation
of the innate immune system [5-7]. We have established a novel
murine model of KD coronary arteritis by oral administration of
FK565, which functions as a synthetic microbe-associated
molecular pattern (MAMP) and a ligand to one of the innate
immune receptors, nucleotide-binding oligomerization domain-
containing protein (NOD) 1 [8]. In this report, we performed
liquid chromatography-mass spectrometry (LC-MS) analysis of
KD sera to find out KD-specific molecules and demonstrated that
serum KD-specific molecules were closely linked to MAMPs in the
biofilms.

Materials and Methods

Study subjects

All patients enrolled in this study were admitted to Kyushu
University Hospital, Fukuoka Children’s Hospital and Medical
Center for Infectious Diseases, Kawasaki Medical School Hospital
or Kurashiki Central Hospital between June 2010 and March
2014. The study subjects consisted of 117 patients with KD
(median age, 21 months; range 3-96 months; male/female, 65/
52), 101 controls with other febrile illnesses (DC: median age, 16
months; range 0121 months; male/female, 61/40), and 5 normal
controls (NC: median age, 6 months; range 3-39 months; male/
female, 1/4). A diagnosis of KD was made according to the
Diagnostic Guidelines of KD [9]. The Ethical Committee of
Kyushu University approved the study. Written informed consent
was obtained from all guardians. The 1™ study subjects (samples
were collected mostly between July 2011 and February 2012)
consisted of 43 patients with KD, 41 controls with DC (respiratory
syncytial virus infection: » =4, influenza A virus infection: n=7,
adenovirus infection: =2, exanthema subitum: n =35, varicella:
n=2, bacteremia: n=2, pneumonia: n=6, tonsillitis: n=1,
lymphadenitis: n =35, cellulitis: #=1, urinary tract infection:
n=1, gastritis: »=>5), and 5 NC. The 2°* (mostly between May
2012 and July 2013) and 3" (mostly between November 2013 and
March 2014) study subjects consisted of 41 KD patients and 30
DC controls (respiratory syncytial virus infection: n =8, influenza
A virus infection: 7 =4, adenovirus infection: n =2, exanthema
subitum: m =2, herpetic stomatitis n=1, pneumonia: n =35,
bronchitis: 7=2, upper respiratory infection: n=1, tonsillitis:
n =2, deep neck abscess: 7= 1, acute otitis media: 7 = 1, urinary
tract infection: # =1), and 33 KD patients and 30 DC contrals
(respiratory syncytial virus infection: =8, influenza A virus
infection: n=1, adenovirus infection: n=1, pneumonia: n =6,
bronchitis: 7 =1, upper respiratory infection: n =4, tonsillitis:
n=2, lymphadenitis: =1, sinusitis: 7 =1, acute otitis media:
n =1, urinary tract infection: n = 2, gastritis: n = 2), respectively.

Sample collection

Blood samples were collected at the time of routine examina-
tions before and after high-dose intravenous immunoglobulin
(IVIG) therapy, and after resolution of symptoms. The sera were
separated by centrifugation and stored at —30°C until the analysis.
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Figure 1. Whole and fractionated serum samples from KD
patients induce cytokine production in HCAECs. The production
of IL-8 by HCAECs was measured in triplicate after 24-hour stimulation
with whole sera or lipophilic and hydrophilic fractions from KD patients
{n=6), DC controls (n=5; pneumonia; n=2, influenza A virus infection;
n=1, adenovirus infection; n=1 and urinary tract infection; n=1), or NC
subjects (n=5). Lipophilic and hydrophilic fractions were separated by
ethyl acetate extraction. The bottom and top edges of the box plot
correspond to the 25th and 75th percentiles, respectively. The
horizontal line inside the box represents the median of the distribution.
The whiskers indicate the 10th and 90th percentiles. **P<<0.01; ***p<
0.001 (Welch's t-test).

doi:10.1371/journal.pone.0113054.g001

Routine bacterial cultures were performed with throat, tongue,
nasal and rectal swabs. Biofilms from teeth, tongue, nasal cavity, or
rectum (stool) were collected by cotton swabs or interdental
brushes (for teeth). These swabs or brushes were suspended in
double distilled water (ddHoO) immediately and stored at —30°C
until the analysis. Simultaneous collection of biofilm and serum
samples was performed at 2° (n = 12, mostly October-December,
2012) and 3™ (n=11, mostly January-February, 2014) study
periods.

Lipid extraction

Serum samples or other specimens were separated into
lipophilic and hydrophilic fractions by Folch method [10] or ethyl
acetate extraction [11,12]. As for Folch method [10], 100 pL of
serum was acidified to pH5 with acetic acid and mixed with 2:1
chloroform-methanol mixture (v/v) to a final volume 300 pL. The
mixture was shaken and centrifuged at 3000 rpm for 10 minutes,
and the bottom lipophilic layer and upper hydrophilic layer were
collected and evaporated. The lipophilic pellet was dissolved in
5 uL of chloroform, 5 pl. of dimethyl sulfoxide (DMSO), and
40 uL of ddH5O and hydrophilic pellet was in 50 pL of ddH,0O.
As for ethyl acetate extraction [11,12], 100 pL of serum was mixed
with the same volume of ethyl acetate. After centrifugation, the
upper lipophilic layer including the interface and the bottom
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Figure 2. LC-MS chromatograms and MS/MS fragmentation patterns of serum KD-specific molecules at the 1** study period. A-E:
Each left upper panel: LC-MS chromatograms of KD-specific molecules (A: m/z 1531.8, B: m/z 1414.3, C: m/z 790.9, D: m/z 779.8, and E: m/z 695.0),
Each left lower panel: LC-MS chromatograms of biofilm extracts (or initial culture supernatants) from Y. pseudotuberculosis and S. aureus (A) and 8.
cereus (B-E). U: Tatal ion current chromatograms, M: Extracted-ion chromatograms at m/z 1500-1600 (A), m/z 1400-1500 (B}, m/z 700-800 (C and D},
and m/z 600-700 (E), L: Extracted-ion chromatograms at m/z 1531.8 (A), m/z 1414.3 (B), m/z 790.9 (C), m/z 779.8 (D), and m/z 695.0 (E). Arrows
indicate peaks of target molecules. Each right upper panel: MS/MS fragmentation patterns of KD-specific molecules (A: m/z 1531.8, B: m/z 1414.3, C:
m/z 790.9, D: m/z 779.8, and E: m/z 695.0), Each right lower panel: MS/MS fragmentation patterns of biofilm extracts (or initial culture supernatants)
from Y. pseudotuberculosis and S. aureus (A) and B, cereus (B-E). As for the molecule at m/z 779.8, cellobiose lipid shows a MS/MS fragmentation
pattern similar to that of KD sera (D, right lowest panel). The intensity is shown by relative abundance. F: The detection rates of each molecule in NC
(N=5), DC (N=41) or KD (N=43) sera are shown, Twenty-one (48.8%) of 43 are positive at m/z 1531.8 (a), 13 (30.2%) of 43 at m/z 1414.3 (b), 17
(39.5%) of 43 at m/z 790.9 (c), 4 (9.3%) of 43 at m/z 779.8 (d) and 15 (34.9%) of 43 at m/z 695.0 () when the intensity above 1x10% is considered to be

significant. The overall detection rate was 76.7% (33 of 43), P<0.0001 (a, b, ¢ and e); P=0.0364 (d) (Fisher's exact test).

doi:10.1371/journal.pone.0113054.9g002

hydrophilic layer were transferred, evaporated, and dissolved in
50 pL of 20% methanol (lipophilic layers), and in 100 pL ddH,O
(hydrophilic layers) for cell stimulation, respectively. Since the
human coronary artery endothelial cell (HCAEC)-stimulatory
activities of KD serum samples were not stable after extraction
with Folch method, we used ethyl acetate instead of chloroform.
For LC-MS, lipophilic fractions were dissolved in 100% methanol.
Other samples were also mixed with the same volumes of ethyl
acetate, and centrifuged. Upper lipophilic layers including
interfaces were collected, evaporated and dissolved in 100%
methanol. To each sample, dibutyl hydroxytoluene was added at a
final concentration of 1.0% as an antioxidant [13].

Cell stimulation

HCAECs (purchased from Lonza and no mycoplasma contam-
ination) were cultured in EBM-2 medium with EGM-2MV
(Lonza) in a 5% COy incubator at 37°C. These cells, between
passages 5 and 7, were suspended and seeded into 75 cm® flask.
After passage, HCAECs were introduced in a 96 well plate (3x10°
cells/well). On the following day, the medium was changed and
the supernatants were collected for assay 24 hours after stimula-
tion,

Cytokine assay

The concentrations of IL-8, IL-6, IL-1B, TNF-o, IL-12p70, and
IL-10 in culture supernatants were measured by EC800 cell
analyzer (Sony Corporation) with a BD Cytometric Bead Array
human inflammation kit (BD Biosciences) [8]. We performed the
experiments at least 3 times.

LC- MS analysis

Samples were analyzed by high performance liquid chroma-
tography (HPLC, Agilent 1200 HPLC instrument, Agilent
Technologies) on Dionex Acclaim surfactant column (3 pm,
1204, 2.1x150 mm, DIONEX) and MS (Esquire 6000 electro-
spray ionization: ESI, Bruker Daltonics). The mobile phases were
H;0 with 0.1% formic acid (eluent A) and acetonitril with 0.1%
formic acid (eluent B). They were delivered at a flow rate of
0.2 ml/min and the column was operated at 25°C. The gradient
was as follows: 0-3 min. 20% B, 3-12 min. 20-100% B, 12—
70 min. 100% B. The injection volume to the system was fixed at
10 pl. The column eluent was connected to MS. The ESI-MS"®
spectrum conditions were optimized in the negative-ion mode with
the conditions as follows: nebulizer gas, 30.0 psi; drying gas, flow 8

PLOS ONE | www.plosone.org

I/min; dry temperature 330°C; high voltage (HV) capillary,
4500 V; HV end plate offset, —500 V; target ion trap, 30000; scan
range 100-3000 m/z. The width for targeted precursor ions was
set at 4 m/z.

Biofilm extraction from glass slides

After removing the medium, the culture tube and glass slides
were washed once with PBS and vortexed in the presence of ethyl
acetate. The ethyl acetate was transferred and evaporated, and the
pellet was dissolved in 100% methanol. Details were described in
Text S1 in File S1.

IgG affinity chromatography

Columns used included human polyclonal IgG-conjugated
Sepharose 6 Fast (GE Healthcare Life Science), human IgG
Flab")y fragment-conjugated agarose (ROCKLAND), human IgG
Fe fragment full length protein (Abcam)-coupled to cyanogen-
bromide (CNBr) Sepharose 4B (GE Healthcare Life Science),
mouse monoclonal IgG against a specific antigen (Myc-tag)-
conjugated agarose (MBL), rabbit monoclonal IgG against a
specific antigen (Phospho-Met (T'yr1234/1233) (D26) XP)-conju-
gated sepharose (Cell Signaling), and inactivated CNBr Sepharose
4B (GE Healthcare Life Science). Coupling to and inactivation of
CNBr Sepharose 4B were performed according to the manufac-
turer’s instructions. Each column was washed once with 10
volumes of PBS with 0.05% Tween20, and twice with 20 volumes
of PBS. Biofilms extracts dissolved in PBS with 20% methanol or
sera without dilution were applied to a column. After incubation
for 30-60 minutes, the mixture was centrifuged and washed twice
with PBS. Elution was performed with ethyl acetate. The ethyl
acetate elutes were evaporated and the pellets were dissolved in
100% methanol. Inactivated CNBr Sepharose 4B was used as a
control column. We performed the experiments at least 3 times.

Statistics

Data were analyzed by Welch’s t-test and Fisher’s exact test
using a statistical software, JMP version 8.0 (SAS Institute), and P-
values of <0.05 were considered to be statistically significant.

Results

Activation of HCAECs by KD sera in vitro

Since NODI ligand directly activates endothelial cells [8] and
the expression of endothelial activation antigens was detected in
KD skin biopsy specimens [14], HCAECs were employed for the

November 2014 | Volume 9 | Issue 11 | e113054
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Table 1. The detection rates of serum KD-specific MAMPs at each study.

1** KD study serum MAMPs 2" KD study serum MAMPs 3" KD study serum MAMPs

% positive (positive number)

(p ) % positive (positive number)

76.7" (33) 349 (15) 70" (3)

0.0 (0) 0.0 (0) 54 (2) 0.0 (0) 16.2 (6) SBA period 16.7 (2) 16.7 (2) 3334 50.0 (6) 0.0 (0) 0.0 (0) 0.0 (0)

16.2" (6) SBA period: 83.3" (10) 0.0" (0)

3" KD study Pre 0.0 (0) 0.0 (0) 0.0 (0)
n=33

0.0 (0 0.0 (0) 0.0 (0)

Pre & Post: 0.0 {0)

At the 2" and 3" studies, both in vivo biofilms and serum samples were simultaneously collected. In vivo biofilms samples were searched for MAMPs common to those in serum samples by LC-MS and MS/MS analyses. SBA:
simuitaneous biofilm analysis, *: overall % positive (overall positive numbers). DC samples at the 1%t (n=41), 2" (n=30) and 3" (n=30) study periods were all negative for all KD MAMPs, The detection rates of KD-specific serum
MAMPs between KD samples (n=43) and DC samples (n=41) at the 1** study showed statistically significant differences at m/z 1531.8, m/z 1414.3, m/z 790.9, m/z 695.0, and overall (P<<0.0001), but not at m/z 779.8 (P=0.1164) by
Fisher's exact test. The detection rates between SBA period KD samples (n=12) and DC samples (n=30) at the ond study showed statistically significant differences at m/z 906.8 (P=0.0044), m/z 695.0 (P=0.0002) and overall (P<
0.0001), but not at m/z 11714 (P=0.0767) and m/z 1169.4 (P=0.0767). The detection rates between SBA period KD samples {(n=11) and DC samples {n=30) at the 3 study showed statistically significant differences at all 3
molecules and overall (P<<0.0001).

doi:10.1371/journal.pone.0113054.t001
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Figure 3. KD in vivo biofilms contain MAMPs common to serum KD-specific molecules (2" study period). Extensive search for comman
molecules in the in vivo biofilms and sera from KD patients or DC controls revealed that 4 KD-specific molecules (m/z 1171.4, 1169.4, 906.8, and 695.0)
showed similar MS/MS fragmentation patterns between the two in KD patients (Table S3 in File S1). A: The molecule at m/z 1171.4 was common in
KD serum and biofilm extracts from teeth, tongue, or nose. B: The molecule at m/z 1169.4 was common in KD serum and stool biofilm extracts. C: The
molecule at m/z 906.8 was common in KD serum and teeth biofilm extracts. D: The molecule at m/z 695.0 was common in KD serum and tongue

biofilm extracts and in vitro biofilm extracts from B. cereus.
doi:10.1371/journal.pone.0113054.g003

search of such molecules as MAMPs in KD sera. KD samples
induced significantly higher IL-8 production than DC and NC
samples in whole sera. After separation into the lipophilic and
hydrophilic fractions with ethyl acetate, KD samples elicited
higher IL-8 production in each fraction (Figure 1). Similar results
were obtained regarding IL-6 production. IL-6 and IL-8 levels in
most of the tested sera from KD patients were under detection
limits or negligible (data not shown). These results suggested that
sera from KD patients contained molecules that stimulated
HCAEG:s to produce IL-8 and IL-6. NOD1-stimulatory activity
was also examined in whole and fractionated serum samples from
KD, DC and NC, as described in Text S1 in File S1. However, no
NODI activity was detected in any of these samples (data not
shown).

Serum KD-specific molecules common to MAMPs from
the in vitro biofilms

We explored serum KD-specific molecules in the lipophilic and
hydrophilic fractions by LC-MS analysis, and found numerous
KD-specific molecules in the lipophilic fractions in 10 KD patients
of the 1° study period (data not shown). It has been reported that
Yersinia (Y.) pseudotuberculosis-infected children sometimes de-
velop KD [15,16]. Moreover, Bacillus (B.) cereus and B. subtilis
were 2 major spore-forming bacteria isolated from KD patients
(Table S1 in File S1), which might work as possible wind-borne
environmental triggers for KD [4]. Therefore, to find out the
MAMPs identical to serum KD-specific molecules, we initially
analyzed culture supernatants (later biofilms) of Y. pseudotubercu-
losis, B. cereus and B. subtilis from KD patients by LC-MS. Five
KD-specific molecules at m/z 1531.8, 1414.3, 790.9, 779.8, and
695.0 showed the m/z and MS/MS fragmentation patterns almost
identical to those of the MAMPs from Y. pseudotuberculosis and B.
cereus (Figure 2 and Figure S1 in File S1). The 5 serum KD-
specific molecules were detected with 100% specificity and 9.3%—
48.8% sensitivity. At least one of the 5 KD-specific molecules was
detected in 33 (76.7%) out of 43 patients at the 1% study period
(Figure 2, Table 1). All serum KD-specific molecules decreased
after IVIG treatment (Figure S1F in File S1). By comparison with
5 authentic microbial glycolipids, only one molecule at m/z 779.8
showed a MS/MS fragmentation pattern similar to that of
cellobiose lipid (Figure 2D).

As these microbes ceased production of these MAMPs after 1 or
2 passages, we investigated the optimal culture conditions
(medium, temperature, duration, shaking, nutrition and biofilm
formation) for the production of these MAMPs. We found that
they produced these MAMPs reproducibly in the biofilm-forming
conditions in the presence of lipid, especially butter (Figure S2 in
File S1). We thus examined the culture supernatants and biofilm
extracts from all the spore-forming microbes isolated from KD
patients as well as additional microbes by LC-MS and MS/MS

PLOS ONE | www.plosone.org

analyses. In addition to the 3 bacteria mentioned above, almost all
KD-specific molecules were detected not in the culture superna-
tants but in the biofilm extracts. Although a KD-specific molecule
at m/z 1531.8 was detected in biofilm extracts from several
bacteria (Table S2 in File S1), Y. pseudotuberculosis and
Staphylococcus (S.) aureus were isolated from KD patients. In
addition, B. cereus-associated MAMPs were detected in the sera of
KD patients from whom B. cereus was actually isolated (Figure 2,
Figure S1 in File S1 and Table S1 in File S1).

Serum KD-specific molecules common to MAMPs from
the in vivo biofilms

Although numerous KD-specific molecules were present in the
lipid extracts from KD serum samples of the 2°? study period, the
5 KD-specific MAMPs observed at the 1% study period were no
longer detected in the tested 10 samples. As the number of
oligosaccharides, and the length, position, degree of saturation and
configuration of the hydrophobic moieties in microbial glycolipids
are known to change according to the environmental conditions
and microbial origins [17,18], we examined lipid extracts from the
in vivo biofilms in respective KD patients by LC-MS analysis. We
detected 4 serum KD-specific molecules with MS/MS fragmen-
tation patterns similar to one (m/z 695.0) of the 5 MAMPs at the
1* study period and 3 additional ones in the biofilms formed in
vivo (teeth, tongue, nose and stool), respectively, in 10 (83.3%) out
of 12 KD patients (Table S3 in File S1, Figure 3, Table 1). By the
analysis of 20 microbial biofilm extracts and 5 authentic
glycolipids, only one molecule at m/z 695.0 in tongue biofilms
showed a MS/MS fragmentation pattern similar to that of a
MAMP of B. cereus (Table S2 in File S1).

At the 3™ study period, we examined teeth and tongue biofilms
and found 3 distinct KD-specific molecules with MS/MS
fragmentation patterns similar to those from the in vivo biofilms
in the respective KD patients by LC-MS and MS/MS analyses
(Table S4 in File S1, Figure 4). Two of the 3 serum KD-specific
molecules showed the MS/MS fragmentation patterns similar to a
MAMP from S. aureus, and that from B. subtilis, B. ceveus or Y.
pseudotuberculosis, respectively. Actually, B. subtilis and S. aureus
were detected from the patients. At least one of the 3 KD-specific
MAMPs was detected in 10 (90.9%) out of 11 KD patients. The
detection rates of KD-specific serum MAMPs at the 1%, 2°? and
3" study periods are shown in Table 1. By LC-MS analysis, all the
106 control samples were negative for the 5, 4 and 3 KD-specific
MAMPs detected at the 1%, 2°? and 3™ study periods, respectively.

IgG sepharose binds some serum KD-specific MAMPs

It has been reported that certain microbial glycolipids bound to
various species of IgG [19,20]. Therefore, we checked IgG-
binding activity of KD-specific MAMPs using various kinds of IgG
affinity columns. LC-MS analysis of IgG sepharose-binding
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