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Kawasaki disease (KD) is the leading cause of acquired pedi&c heart disease in the
developed world as 25-30% of untreated patients and at leasb% of treated patients

will develop irreversible coronary artery lesions (CAL).eRtraxin-3 (PTX-3) has been
well-studied in in ammatory diseases, particularly in catiovascular diseases associated
with vascular endothelial dysfunction. We hypothesized #t PTX-3 plays an important
role in the development of KD-associated CAL and investigatl the circulating levels of
PTX-3 in the serum of KD patients. Children with acute KD werillowed from diagnosis
through normalization of the clinical parameters of in amration (convalescent phase).
Serum samples were obtained and echocardiograms were condcted at several phases
of the illness: acute [prior to intravenous immunoglobuliflVIG) treatment], sub-acute
(5-10 days after IVIG treatment), and convalescent (1-4 mthrs after KD diagnosis).
Seventy children were included in the nal cohort of the stug, of whom 26 (37%)

presented with CAL and 18 (26%) developed IVIG resistance.hE patients included in
this study came from diverse ethnic backgrounds, mostly wit mixed ancestry/ ethnicity.

Signi cantly increased PTX-3 levels were observed duringhe acute phase of KD
compared to the sub-acute and the convalescent phases. The PX-3 levels during
acute KD were signi cantly higher among KD patients with CAlcompared to patients

with normal coronary arteries (NCA). Also, the PTX-3 levelgere signi cantly higher in

patients with IVIG resistance. Furthermore, the PTX-3 leleewere signi cantly higher in
IVIG-resistant KD patients with CAL as compared to the NCA gup. Moreover, the PTX-
3 levels were signi cantly correlated to coronary artery score during acute KD and

to neutrophil counts throughout KD progression regardles®f coronary artery z-score.
Elevated PTX-3 levels correlated to elevated neutrophil cats, a known source of PTX-3
in acute in ammation and an important player in the developrant of KD vasculitis. We,
therefore, suggest PTX-3 as a novel factor in the developmeérof KD-associated CAL

and propose neutrophil-derived PTX-3 as contributing to Kvascular dysfunction.

Keywords: Kawasaki disease, pentraxin 3, coronary artery |
aneurysm, IVIG resistance

esions, coronary artery dilatation, coronary artery
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INTRODUCTION to have a role in several processes in the cardiovasculamnsyst
including in ammation, angiogenesis, tumorigenesis, andl ce
Kawasaki disease (KD) is the leading cause of acquired pediatadhesion ?5). PTX-3 is a soluble PRR associated with the
heart disease in the developed world, presenting in youngcal activation of the innate immune system and in ammatio
children as acute, febrile, self-limiting, systemic véiis1, 2).  Studies of adult coronary artery disease have identi ed PTX-
The clinical and epidemiological features of KD have suggest 3 as a predictor of all-cause mortality, cardiac death, and
an infectious cause3). However, the etiology of the diseasecardiac events2f). High levels of immune and endothelial
remains unknown. Clinically, KD manifests with prolongedhig cell-derived PTX-3 have been associated with coronarynarte
fever, a typical rash, conjunctivitis, and lymphadenopaty ( dysfunction and adverse outcomes, with correlations to CRP
The vasculitis in KD particularly a ects the coronary artesiéf  and MMP9 levels 17). PTX-3 is also associated with vascular
not recognized and treated within the rst 7-10 days of illees endothelial dysfunction and morphological alterationsdhgh
there is a 25% chance of lasting damage to the coronary esteri jimpairment of the nitric oxide pathway 2¢). From these
often with aneurysm formation, which can lead to death due tostydies, we hypothesized that PTX-3 might play a role in
coronary artery thrombosis or ruptured]. The case fatality rate KD pathogenesis and could be employed as a diagnostic or
for KD in Japanis< 0.01% €). Even with prompt recognitionand  prognostic marker of KD. We investigated the circulating RTX
recommended treatment—intravenous immunoglobulin (IVIG 3 |evels in the serum of KD patients with and without CAL.
and high-dose aspirin30% of KD children develop transient Here we report elevated levels of PTX-3 during the acute
coronary artery lesions (CAL), and about 5% have persist&ht C phase of KD, particularly in association with CAL. These
or aneurysms after recovery from the illness. Persistertrary  data suggest a role for PTX-3 in KD pathogenesis, speci cally
damage from KD can cause serious complications, includinghe vascular damage that leads to CAL in the most severe

death (—10). cases of KD.
A speci c diagnostic test for timely and accurate identi @at

of KD would be a boon to clinicians, facilitating early
treatment and reduction of the risk for development of corona M ATERIALS AND METHODS
involvement. Previous studies have demonstrated the sk f
CAL in KD patients who present with higher baseline coronaryStudy Population and Laboratory
artery dimensions, exhibit IVIG resistance (persistenefefor Evaluation
more than 24h after initial IVIG infusion), or have a delay A|l children recruited in this study were admitted to the KNIGC
in diagnosis causing a delay in treatmeritl{15). Several in Honolulu, Hawai'i, between October 2013 and November
algorithms have been developed in Japan to predict IVI®018. The children were evaluated by experienced clinicians
resistance and subsequent coronary damage; these indtede kit KMCWC and ful lled the diagnostic criteria for KD as
Kobayashi {6), Egami (7), Sano (8), and Harada {9) scoring  endorsed by the American Heart Association (AHA). All patien
systems. These incorporate demographic, clinical, and#bor  were treated, per AHA guidelines, with IVIG and high-dose
parameters. While these scoring systems are useful in thgetylsalicylic acid as primary treatment. IVIG resistance was
Japanese population, their e cacy is lost in populations outsideje ned as patients having a persistent or recurrent fever for
of Japan 4, 20). As a result, clinicians in other parts of the more than 36 h after completion of the initial IVIG treatment.
world do not uniformly use these Japanese scoring systemserum was separated within 24 h of blood collection and stored
Son and colleagues described the great need for improved 80 C until further analysis. The serum samples for research
methods/scoring systems to identify KD patients at risk forwere collected from a total of 70 patients at three phases: 62
coronary aneurysms, demonstrating the high predictive @afi patients at the time of KD diagnosis/disease onset and prior
a maximum z-score of 2.0 @0). to IVIG treatment (acute phase), 65 patients at 1 to 2 weeks
Current theories of KD pathogenesis include (i) infectionttwi  following IVIG treatment (sub-acute phase), and 64 patient3 at
classic immune responses to an as-yet identi ed pathogen(syeeks to 4 months following disease onset (convalescent phase).
(i) an autoantibody or T-cell driven autoimmune responseThere were 53 patients whose samples were obtained at all three
triggered by an antigen, i.e., molecular mimicry, and (iii)phases. Convalescence was de ned by the normalization of the
an autoin ammatory response, which includes innate immuneC|inica_| |ab0ratory features of KD such as elevated erﬂ!ﬂ]@
responses that cause systemic in ammation as well as damaggdimentation rate (ESR), C-reactive protein (CRP) levels, and
to the coronary arterial wall3). Previous studies have focusedwhite blood cell (WBC) counts. In addition to these paramster
on cytokines and chemokines during acute KD. However, thesgchocardiogram measurements and additional clinical latmy
proteins are relatively non-specic and are elevated in manyjata [i.e., ESR, CRP, complete blood count with di erential
in ammatory processesAl, 22). hemoglobin (Hgb), hematocrit (Hct), red blood cell (RBC)
PTX-3 is a member of the pentraxin protein family, a clasgount, WBC count, absolute lymphocyte count (ALC), absolute
of soluble pattern recognition receptors (PRR), which includegeutrophil count (ANC), absolute eosinophil count, absolute
C-reactive protein (CRP), a widely used laboratory paramet&sasophil count, absolute monocyte count (MO), and platelet
of clinical in ammation, and serum amyloid P componerty).  (PLT) count] were evaluated at each phase of the disease. The
This family of proteins plays integral roles in complementechocardiogram measurements were collected for all patiant
activation, ampli cation, and regulation2). PTX-3 is thought each phase of the disease. However, not all clinical labgrator
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parameters were captured at each phase of the disease RESULTS

Il patients. o .
&l patients Clinicoepidemiological Characteristics of

Echocardiogram Measurements KD Patients .y .
. A total of 222 patients were eligible and 70 patients were &dol
A complete echocardiogram was conducted as part of the

standard diagnostic evaluation of KD for all patients at eacl)’ this study. The patient population consists of an almost

. . . - equal number of boysn(D 34, 49%) and girlsn( D36, 51%),
phase of the disease. The inner diameter of the right coronary: 0
artery (RCA) and the left anterior descending coronary Brte With 86% 0 D60) under 5 years of agddble ). The study

(LAD) was measured in the modi ed parasternal views, and thepopu_latlon includes a \_/arlety of s_elf-reporteo! whole or paft'a'
. ethnic backgrounds, with the majority of patients from Asian
z-score of the coronary artery diameters was calculateddcbas

0 .
on the patient's body surface area using the Boston dataset fgncestry 4 D58, 83%), and half of the patients reported two

- o
standards?9). CAL was de ned as having either an RCA or LAD or more ethnicities S]Up to v_e) a D.35’ 50%) Table 1). .M_OSt
z-score 2.5 at any phase of KLB(). patients o D 68, 97%) received primary treatment within the

rst 10 days of onset of fever; IVIG resistance was observed in
. . . 18 patients (26%)Table 1).
Protein Expression Analysis This study included 26 (37%) patients who presented with
Circulating levels of PTX-3 were measured in the patientBrBe CAL (Tab|e ]) Among patients with CAL, maximal coronary
samples by MILLIPLEX MAP Human Cardiovascular Diseas@rtery z-scores occurred most frequently during the acutasgh
Multiplex Assay (Cat. No. HCVD4MAG-67K; MilliporeSigma, [n D 15; 3.96 (3.27-4.35)], with fewer during the sub-acute phase
Burlington, MA, USA) following the manufacturersinstruotis.  [n D 11; 4.38 (3.81-7.40)], and none at the convalescent phase.
The patients samples were tested in duplicate. Plates weginicoepidemiological characteristics were reported among
analyzed on a Luminex 200 system (Luminex Corp., Austin, TXpatients with normal coronary arteries (NCA) and CAL. We did
USA) and data were analyzed using xPONENT 3.1 (Lumine¥ot observe any signi cant di erences in clinicoepidemiolagiic
Corp.) and Milliplex Analyst 5.1 Software (MilliporeSigma).  characteristics among the NCA and the CAL groups, with the
exception of IVIG resistance placing children at a higher feak
Statistical Analysis CAL (ORD 7.8; 95% CI 2.38-23.54< 0.001). However, in our
The patients clinical and demographic characteristics wergtudy population, males accounted for more of the CAL patients
summarized by descriptive analysis such as median arl@ D 16, 62%) as compared to femaled) 10, 38%), and White
interquartile range (IQR) for continuous variables and faegcy ~ children were less susceptible to CALR 7, 27%) as compared
and percentage for categorical variables. Repeated-measti@g§on-White children @ D 19; 73%).
analysis of variance (ANOVA) was used to characteriz .
howyclinical laboratory (paramet)ers and PTX-3 levels chang%levated !—evels of PTX-3 Du”ng A(_:Ute KD
over the course of KD pathogenesis (i.e., acute, sub-acut-g,‘e KD patients were evaluated for cwcu!atlng Ievel_s of PTX_—
and convalescence) (within-factor) and CAL (betweendggt 3 throughout_th(_e cllnlc_al course of the disease. ThIS amalysi
accounting for within-subject dependence. Model diagnasticreveale‘j a signi cant increase in PTX-3 levels in the acute
were explored (e.g3-Q plot and residual plots) and the outcome (5-87  1.76 pg/ml, 0.08-84.53) as compared to the sub-acute
variables were transformed by natural logarithm to sattsfy ~ (0-58 ~ 0.10 pg/ml, 0.05-3.84) and the convalescent (0.54
model assumption (normality and constant variance). Witle th 0-82 pg/ml, 0.04—7.18) KD phasésdure 1, Table 2. The CRP
nal model, Tukey'spost-hodest was conducted to compare the 1€vels and the WBC and the ANC counts peaked in the acute
di erent phases. Spearman's correlation was computed to assd¥@se and returned to normal levels in the convalescent phase.
bivariate associations between PTX-3 and coronary artegoze The ESR levels were elevated in the acute_phase, peaked in the
or clinical laboratory variables at each phase of KD. Fislesact SUP-acute phase, and returned to normal in the convalescent
test was used to evaluate the IVIG response group e ect anghase. Furthermore, red blood cell parameters such as RBC,
computed odds ratio. Repeated-measures ANOVA, SpearmafigP: and Het and MO count signi cantly decreased in the
correlations, and Fisher's exact test were conducted usirfffute phase and peaked in the convalescent phase. The ALC
GraphPad Prism version 8.4.0 (GraphPad Software, San Dieg8!d PLT counts peaked in the sub-acute phase. The lymphocyte
CA, USA). To assess the association between immune fact&@unt remained elevated in the convalescent phasblé¢ 2
and laboratory variables over the clinical course of KD, etpg-  SUPPlementary Figure 1

measures correlations were calculated using the packafe (
in R version 3.5.3. Repeated-measures correlation assbsseslpcreased Coronary Artery Z-Score Is

association between paired variables measured multiplestimé\SSociated With Elevated Levels of PTX3

within subjects. A heat map was generated to depict repeate®uring Acute KD

measures and Spearman’s correlation. The number in each c@lle analyzed the PTX-3 levels in KD patients who developed
in the heat map indicates the repeated-measures correlatidAL and compared them to KD patients with NCA. The KD
between the column and the row variables. The cells in shadestients who presented with a coronary artery z-sco25 in

of red show positive correlations and the cells in shadeswd# bl either LAD or RCA at any phase of the disease were assigned to
show negative correlations. the CAL group (D 26), and all other KD patients were included
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TABLE 1 | Patients' clinicoepidemiological characteristics.

Variables All (n D 70) Normal coronary arteries ( n D 44) Coronary artery lesions ( n D 26)
Gender

Male nD 34 (49%) nD 18 (41%) nD 16 (62%)
Female nD 36 (51%) nD 26 (59%) nD 10 (38%)
Age in years, median (IQR) 2.63 (1.00-3.90) 2.25 (0.83-3.46) 3.21 (1.33-4.63)
<1 nD 17 (24%) nD 12 (27%) nD5 (19%)
1-5 nD 43 (61%) nD 28 (64%) nD 15 (58%)
>5 nD 10 (14%) nD4 (9%) nD 6 (23%)
Ethnicity &

Asian nD 58 (83%) nD 37 (84%) nD21 (81%)
NHOPI nD 30 (43%) nD 19 (43%) nD 11 (42%)
White nD 29 (41%) nD 22 (50%) nD7 (27%)
Hispanic or Latino nD5 (7%) nD3 (7%) nD 2 (8%)
Al/AN nD?2 (3%) nD1 (2%) nD1 (4%)
Black or African American nD 2 (3%) nD 2 (5%) nDO (0%)
Other nD1 (1%) nD1 (2%) nDO (0%)
Two or more ethnicities nD 35 (50%) nD 22 (50%) nD 13 (50%)
Clinical features

Duration of fever in days, median (IQR) 5.00 (4.00-7.00) 5.0{@.00-6.00) 6.00 (5.00-8.00)
Interval between fever onset and 5.00 (4.00-6.00) 4.00 (3.00-6.00) 5.00 (4.00-8.00)
treatment administration in days,

median (IQR)

IVIG treatment within 10 days of fever nD 68 (97%) nD 43 (98%) nD 25 (96%)
onset

IVIG resistance nD 18 (26%) nD5 (11%) nD 13 (50%)
CAL z-score 2.50° nD 26 (37%) nDO (0%) nD 26 (100%)
CAL z-scoré®, median (IQR) 4.23 (3.37-4.7) 1.48 (1.12-1.87) 4.16 (3.35-M)

SEM, standard error mean; IQR, interquartile range; AI/AN, Americdndian/American native; NHOPI, Native Hawaiian or Paci c Ist@er; Other, other not speci ed.

aCan have multiple ethnicities.

bNumber of children whose z-score of the right coronary artery or théeft anterior descending artery is equal ok 2.5 at either acute or sub-acute visits.

*kkk

Pentraxin-3 (pg/mL)

=&~ Mean
-@- CAL (z-score =2.5)
-@ NCA (z-score <2.5)

A SA

standard error mean. **p  0.001.

FIGURE 1 | Circulating levels of PTX-3 throughout Kawasaki disease [§
progression. Repeated-measures ANOVA was used to comparehe PTX-3
levels between the three phases of KD. The black lines tracke KD patients
with normal coronary artery if D 44), the blue lines track the KD patients with
coronary artery lesionif D 26), and the red line tracks the mean SEM of all
the patient serum samples § D 70) evaluated at each phase of the disease. A,
acute (h D 62); SA, sub-acute (1 D 65); C, convalescent § D 64); SEM,

Cc

in the NCA group 6 D 44). During the acute phase, the PTX-3
levels (14.28 4.44 pg/ml, 1.37-84.53) in the CAL group were
signi cantly higher as compared to the NCA group (1.220.21
pg/ml, 0.08-16.01)Table 3. There was no signi cant di erence

in the PTX-3 levels between the CAL and the NCA groups
at the sub-acute and the convalescent KD phaségu(e 2A,
Table 3. The PTX-3 levels during acute KD in the NCA group
remained signi cantly elevated as compared to the same gsoup’
convalescent phas@dble 3. When we compared the PTX-3
levels with the maximal coronary artery z-score at each phése
KD (largest coronary artery diameter of either LAD or RCAg w
observed a signi cant correlation between the PTX-3 leaeld
the CA z-score during the acute KD phase D 0.529, 95% CI
0.304-0.698). However, this relationship was lost at thesgwite
and the convalescent KD phasé&sgures 2B-D.

Subsequently, we compared the clinical laboratory parameters
in CAL vs NCA groups. None of the parameters evaluated
revealed any signicant dierences between these two
patient groups Table 3 Supplementary Figure 2 The group
strati cation, however, did reveal some trends among thieicél
laboratory parameters. The mean ESR, CRP, and ANC levels
were higher in the CAL group as compared to the NCA group
in the acute phase. Mean Hgb, Hct, RBC, and WBC levels were
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TABLE 2 | PTX-3, coronary artery z-scores, and clinical assessmentfan ammation throughout Kawasaki disease (KD) progressian

Acute (n D 70) n Sub-acute ( n D 69) n pa Convalescent ( n D 66) n po

PTX-3 (pg/ml) 587 1.76 (0.08-84.53) 62 0.58 0.10 (0.05-3.84) 65 ok 0.54 0.82 (0.04-7.18) 64 ok
Right coronary artery z-score 1.63 0.38 ( 2.35-20.83) 70 155 0.43 ( 2.40-24.03) 69 ns 1.02 0.47 ( 1.92-2.25) 66 ki

Left anterior descending coronary artery z-score 2.40 0.50 ( 3.00-26.24) 70 2.20 0.69 ( 3.00-36.30) 69 * 1.62 0.74 ( 2.25-37.23) 66 ok
CA z-score MAX 2.75 0.49 ( 2.35-26.24) 70 272 0.68 ( 2.34-36.30) 69 ns 2.03 0.72 ( 1.00-37.23) 66 il
Erythrocyte sedimentation rate (mm/h) 78.38 3.40 (28.02-120.0) 68 85.32 3.85 (6.00-120.0) 66 ns 1439 1.69 (1.00-84.00) 66 il
C-reactive protein (mg/L) 110 10.16 (84.39-427.0) 69 7.45 1.23 (0.00-42.60) 66 ok 1.14 0.28 (0.00-11.40) 60 ok
Hemoglobin (g/dl) 10.97 0.13 (1.11-13.50) 70 10.71 0.13 (8.30-13.30) 67 ns 12.16 0.12 (8.90-14.80) 66 wkk
Hematocrit (g/dI) 32.60 0.36 (3.00-38.40) 69 32.16 0.37 (25.00-38.50) 67 ns 36.21 0.32 (29.20-43.20) 66 ok
Red blood cell (102/L) 4.09 0.05 (0.41-4.99) 69 3.99 0.05 (2.89-4.90) 66 ns 455 0.05 (3.69-5.35) 66 ok
White blood cell (16/L) 14.97 0.75 (6.24-42.00) 70 11.66 0.52 (4.20-25.60) 67 ok 9.00 0.31 (3.50-17.50) 66 ok
Absolute lymphocyte count (18/L) 311 023 (1.86-8.40) 63 570 0.27 (1.89-11.10) 65 ok 519 0.27 (1.41-11.55) 64 ok
Absolute neutrophil count (18/L) 11.39 1.10 (8.83-63.20) 64 4.90 0.47 (0.67-17.66) 63 ok 3.01 0.21 (0.74-8.78) 65 i
Absolute eosinophil count (18/L) 0.40 0.05 (0.35-1.38) 49 0.44 0.05 (0.01-1.66) 57 ns 0.38 0.05 (0.03-2.28) 61 ns
Absolute basophil count (16/L) 0.07 0.01 (0.08-0.41) 29 0.11 0.02 (0.02-0.37) 22 ns 0.08 0.01 (0.02-0.20) 40 ns
Monocyte (1(P/L) 0.76 0.07 (0.54-2.80) 61 0.75 0.06 (0.10-2.02) 63 ns 239 0.39 (0.07-14.00) 65 *

Platelet (10/L) 383 15.79 (132.1-699.0) 70 633 22.57 (302.0-1,365) 67 il 380 13.9 (207.0-743.0) 66 ns

Mean SEM (range) evaluated for the indicated variable of all the patient senusamples (nD 70) at the acute, sub-acute, and convalescent phases of the disease. Repéad-measures ANOVA was used to compare the coronary
artery z-scores and the clinical laboratory parameters between the tbe phases of KD. p-value comparing the effect of the variable at each phas

2p-value between acute and sub-acute phases.

bp-value between acute and convalescent phases.

*p 0.001;**p 0.01;*p 0.05.

SEM, standard error mean; CA, coronary artery; CA z-score MAX, largesbronary artery diameter between RCA and LAD z-scores; ns, not signi a& (p > 0.05).
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TABLE 3 | PTX-3, coronary artery z-scores, and clinical assessmentfon ammation throughout Kawasaki disease (KD) progressiom patients with normal coronary arteries (NCA) and in pati¢s who develop coronary
artery lesions (CAL).

NCA (z-score < 2.5) (n D 44) CAL (z-score  2.5) (n D 26) NCA vs. CAL
Acute (n D 44) n Sub-acute (n D 44) n P& Convalescent(nD41) n pb Acute (n D 26) n Sub-acute ( n D 26) n P& Convalescent(nD28) n pb P
PTX-3 (pg/ml) 122 021 (0.08-16.01) 38 0.48 0.11 (0.05-3.03) 40 *** 0.46 0.18 (0.04-7.18) 42 *** 14.28 4.44 (1.37-84.53) 21 0.73 0.19 (0.10-3.84) 26 ** 0.67 0.23 (0.08-5.85) 25 =+ =& pgd.e

Right coronary artery ~ 0.66 0.16 ( 2.35-2.19) 44 0.47 0.16 ( 2.40-1.84) 44 ns 017 0.14 ( 1.92-2.23) 41 ns 327 0.9 ( 0.50-20.83) 26 3.39 1.04 ( 0.35-24.03) 26 ns 2.39 1.19 ( 1.25-25.77)26 ns  ©d ns®
Z-score

Left anterior descending 0.89 017 ( 3.00-2.50) 44 0.37 0.17 ( 3.00-2.44) 44 ns 0.26 0.16 ( 2.25-2.17) 41 ns 4.95 1.18 ( 0.60-26.24) 26 531 1.69 ( 0.09-36.30) 26 ns 3.84 1.87 ( 1.01-37.23) 26 ** *£.d npge
coronary artery z-score

CA z-score MAX 1.18 0.15 ( 2.35-25) 44 0.89 0.14 ( 2.34-2.44) 44 ns 0.69 0.11 ( 1.00-2.23) 41 *** 542 1.13 (1.73-26.24) 26 582 1.65 (0.85-36.30) 26 ns 4.21 1.84 (0.48-37.23) 26 *** xe,de
Erythrocyte 75.89 4.26 (14.00 — 120.0) 44 84.35 4.92 (6.00-120.0) 40 ns 13.2 1.8 (1.00-59.00) 41 *** 82.96 5.63 (19.00-120.0) 24 86.81 6.32 (20.00-120.0) 26 ns 16.36 3.36 (1.00-84.00) 25 *** n&.d.e
sedimentation rate

(mm/h)

C-reactive protein 107.6 12.8 (1.80-427.5) 44 7.26 1.6 (0.00-42.60) 41 ** 0.94 0.31 (0.00-8.50) 36 *** 114.7 16.9 (7.40-310.7) 25 7.76 1.94 (0.30-37.5) 25 *** 1.45 0.54 (0.00-11.40) 24 *** n&de
(mglL)

Hemoglobin (g/dl) 11.13 0.16 (8.80-13.50) 44 10.91 0.18 (8.60-13.30) 41 ns 12.14 0.17 (8.90-14.80) 41 *** 10.71 0.23 (8.20-12.50) 26 10.41 0.2 (8.30-12.00) 26 ns 12.19 0.18 (10.50-13.60) 25 *** ng.d.e
Hematocrit (g/dl) 33.15 0.42 (27.10-38.40) 44 32.69 0.47 (27.30-38.50) 41 ns 36.2 0.45 (29.20-43.10) 41 *** 31.64 0.64 (25.60-36.30) 25 31.33 0.59 (25.00-36.90) 26 ns 36.23 0.44 (31.00-40.40) 25 *** n§.de

Red blood cell (10'2/L) 4.17 0.06 (3.23-4.99) 44 4.08 0.06 (3.14-4.90) 41 ns 4.52 0.06 (3.69-5.35) 41 ** 3.95 009 (3.09-4.55) 25 3.85 0.09 (2.89-4.49) 25 ns 4.6 0.07 (3.87-5.14) 25 ** n&d.e
White blood cell (1@/L) 1559 0.97 (7.80-42.00) 44 12.25 0.69 (4.20-25.60) 41 ** 9.2 0.41 (5.20-17.50) 41 *** 13.92 1.15 (3.10-28.10) 26 10.73 0.77 (5.00-21.00) 26 ns 8.67 0.45 (3.50-13.60) 25 *** ng.d.e
Absolute lymphocyte  3.39 0.28 (0.39-7.17) 40 5.93 0.35 (1.89-11.10) 40 *** 541 0.35 (2.14-11.55) 40 ** 2.62 0.4 (0.44-8.40) 23 532 041 (2.32-8.69) 25 ** 483 0.4 (1.41-8.36) 24 *** n§.de
count(loglL)

Absolute neutrophil 10.76 1.02 (1.64-35.70) 40 5.13 0.66 (0.84-17.66) 38 *** 2.91 0.28 (0.74-8.78) 40 *** 12.43 2.43 (1.09-63.20) 24 4.56 0.66 (0.67-13.23) 25 *** 3.17 0.3 (0.78-7.07) 25 *** n§.d.e
count(loglL)

Absolute eosinophil 0.47 0.07 (0.03-1.38) 31 0.5 0.07 (0.07-1.66) 35 ns 0.42 0.07 (0.03-2.28) 37 ns 0.28 0.06 (0.01-0.91) 18 0.35 0.06 (0.01-1.21) 22 ns 0.31 0.04 (0.04-0.92) 24 ns ngde
coum(loglL)

Absolute basophil count 0.07  0.02 (0.02-0.41) 21 0.13 0.03 (0.02-0.37) 13 ns 0.08 0.01 (0.02-0.20) 24 ns 0.07 0.02 (0.03-0.18) 8 0.07 0.01 (0.03-0.10) 9 ns 0.08 0.01 (0.03-0.19) 16 ns ngde
(10/L)

Monocyte (lOglL) 0.78 0.08 (0.12-2.45) 39 0.85 0.08 (0.11-2.02) 39 ns 255 0.5 (0.15-14.00) 40 ns 0.72 0.12 (0.11-2.80) 22 0.58 0.06 (0.10-1.09) 24 ns 2.15 0.62 (0.07-13.00) 25 ns n&d.e
PLT (ICPIL) 380 16.9 (150.0-650.0) 44 642.9 23.4 (381.0-1,014) 41 *** 380.9 15.9 (228.0-743.0) 41 ns 388.1 31.9 (68.00-699.0) 26 616.9 45.5 (302.0-1,365) 26 *** 379.8 26.2 (207.0-737.0) 25 ns ng.d.e

Mean SEM (range) evaluated for the indicated variable of all the patient senisamples (nD 70) at the acute, sub-acute, and convalescent phases of the disease stragéd by NCA and CAL. Repeated-measures ANOVA was used to
compare the coronary artery z-scores and the clinical laboratory paraeters between the three phases of KD. p-value comparing the effect of the veable at each phase.

2p-value between acute and sub-acute phases.

bp-value between acute and convalescent phases.

®p-value comparing the acute NCA and the acute coronary artery lesion groups

dp-value comparing the sub-acute NCA and the sub-acute coronary artery kon groups.

ep-value comparing the convalescent NCA and the convalescent corong artery lesion groups.

“p 0.001;"p 0.01;"p 0.05.

SEM, standard error mean; CA, coronary artery; CA z-score MAX, largesbronary artery diameter between the right coronary artery and the left antier descending coronary artery z-scores; ns, not signi cant (p> 0.05).
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FIGURE 2 | Comparison of Kawasaki disease (KD) patients' PTX-3 levedsd coronary artery z-score.(A) Circulating PTX-3 levels in KD patients who develop
coronary artery lesions (CAL) (z-score 2.5) and patients with normal coronary artery (NCA) (z-scex 2.5). Repeated-measures ANOVA was used to evaluate group
differences (i.e., CAL and NCA groups) of PTX-3 levels at thihree phases of KD. Each graph represents the mean SEM for all the KD patients in the NCA (black
line;n D 44, AD 39, SAD 40, C D 40) or CAL (blue linen D26, A D 23, SAD 25, C D 24) groups. A, acute; SA, sub-acute; C, convalescent; SEM, &ndard error
mean. (B-D) Spearman correlation between KD patients' circulating lesls of PTX-3 and coronary artery z-score at the acut¢B), sub-acute (C), and convalescent(D)
phases of KD. The black line represents the best- t linear regssion between circulating PTX3 levels and coronary artgz-score. The variables were not normally
distributed and thus were transformed by natural logarithnfior analysis and plotting to reduce variance and satisfy maal assumptions.rs, Spearman correlation
analysisr value; A, acute i D 62); SA, sub-acute (i D 65); C, convalescent (i D 64); CA, coronary artery; SEM, standard error mean; ns, notigni cant (p > 0.05).
**p  0.001.

lower in the CAL group as compared to the NCA group in thePTX-3 Levels and Clinical Laboratory

acute phaseTable 3 Supplementary Figure 2 Parameters of In ammation Have Strong
) Positive Correlations in KD Patients With
PTX-3 Levels Are Highly Correlated to CAL
Neutrophil Counts in KD To further investigate thel di erences in PTX-3 levels bawe

To evaluate the role of PTX-3 in the in ammatory processkKD patients with and without CAL, we stratied the data
of KD, we correlated PTX-3 to the clinical markers ofbetween the CAL and the NCA patient groups and then
in ammation. Longitudinal correlations between PTX-3 and conducted a correlation analysis between PTX-3 and thecalini
clinical laboratory parameters by repeated-measures @tivak  laboratory parameters of in ammatiorH{gure 4). Stratifying the
(rrm) demonstrated a signi cant, strong positive correlation KD patients by coronary artery z-score to evaluate correfeti
between PTX-3 and ESR, CRP, WBC, and ANC and signi canhetween PTX-3 levels and thee clinical laboratory parameters
strong negative correlations with Hct, ALC, and PLHiure 3).  of in ammation revealed di erences in the repeated-measures
At the individual phases of KD, we observed weaker Spearmamorrelation §;n) and Spearman's correlationrg] analyses
correlations (s) between PTX-3 and the clinical laboratory between the two groups. Overall, thg, and rs correlations
parametersKigure 3). Moderately positives correlations were were stronger in the CAL group. Similar to the un-strati ed
observed between PTX-3 and CRP and ANC during the acutanalysis, the, analysis in both the NCA and the CAL groups
phase, weak positivg correlations were observed between PTX-showed a signi cant, strong positive correlation between P3IX

3 and ANC, Hgb, and MO during the sub-acute phase, andyio and ESR, CRP, WBC, and ANC and signi cant, strong negative
correlations were observed in the convalescent phagee 3.  correlations with ALC and PLTHKigure 4). In the CAL group,
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FIGURE 3 | Correlations between PTX-3 and clinical measures of in amnt#n (i.e., C-reactive protein, erythrocyte sedimentatiorate, and complete blood count).
The number in each cell in the heat map indicates the repeatetheasures correlation analysisrfy,) between PTX-3 and the clinical laboratory parameters of

in ammation at all phases of Kawasaki disease (KD) and Spearam's correlation ¢s) analysis between PTX-3 and the clinical laboratory pararters of in ammation at
the acute (Ars), sub-acute (SArs), and convalescent (Crs) phases of KD. The red cells show positive correlations andhé blue cells show negative correlations.p
0.05; *p  0.01;**p 0.001.

FIGURE 4 | Correlations between PTX-3 and the clinical laboratory pameters of in ammation (i.e., C-reactive protein, erythrogte sedimentation rate, and complete
blood count) strati ed by normal coronary artery (z-score< 2.5) and coronary artery lesion (z-score 2.5) groups. The number in each cell in the heat map indicates
the repeated-measures correlationr¢y) analysis between PTX-3 and the clinical assessment of in amation at all phases of Kawasaki disease (KD) and Spearman's
correlation ¢s) analysis between PTX-3 and the clinical laboratory pararters of in ammation at the acute (Ars), sub-acute (SArs), and convalescent (Crs) phases of

KD. The red cells show positive correlations and the blue cksl show negative correlations.y  0.05; **p  0.01; **p  0.001.

there was a strong negativg, between PTX-3 and Hct, which positiversbetween PTX-3 and MO in both the NCA and the CAL
was not observed in the NCA groupigure 4). During the acute  groups. In the NCA group, sub-acute phasenalysis between
phasersanalysis between PTX-3 and CRP remained signi cantlfPTX-3 and Hgb and Hct showed weak positive relationships.
positive in both groups. Analysis of the acute phase NCA groupurthermore, there were np; between PTX-3 and the clinical
by rs revealed weak positive relationships between PTX-3 angarameters of in ammation in the convalescent phase for the
ALC and MO. Similarly, analysis of the sub-acute phase redeal®CA and the CAL groupsKigure 4).
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Elevated Levels of PTX-3 and CAL Is . |eeee.2ppoe Eg
Associated With IVIG Resistance g |- irizggeee g8
IVIG resistance is a well-known risk factor for CAL. Our sjud c a333332s534945+49 %Q
population included 18 (26%) I\_/I_G-reS|stant p_atlenﬂ'sable D, ) $S8888sc38c % é
of whom 13 (72%) also exhibited CAL. Fisher's exact test o S @~ EI :'.I S o ,‘il o B
con rmed that IVIG resistance was a risk factor for CAL (@R - o2 eI g R 2t &
7.8; 95% Cl 2.38-23.54< 0.001) in this study. Comparisons of 3 ddeddeedee E8 g
the coronary artery z-scores between IVIG-responsive atG{V IS o ® I R, 2 gx %
resistant patients demonstrated signi cantly larger caaon b Na¥aged&el23 03 g
artery z-scores throughout KD progression among IVIG- = s +Y o8B vuw s i; g
resistant patients as compared to IVIG-responsive patients | S SR e gics Tl 33 2
(Figure 5A, Table 4. These di erences were more pronounced c L L §§ ;
by further strati cation of IVIG resistance among KD patient o TS Tar88s g 8 g
with NCA and CAL. The coronary artery z-scores among VG- 2 Sy da@co8s® S3 8
resistant KD patients with CAL were signi cantly larger than < §8RYIS8 g L8 'E:'f N
those of KD patients responsive to IVIG treatment at all phases % fceedeeceed | § = g
of the diseaseHigure 5B, Table 4. There were no statistically g D owgg ey B oy ge %
signi cant di erences in the coronary artery z-score among § c®®ococococo ¥ &6 q “g% 5
IVIG-resistant groups with NCA or CAL. ® s8araaNeye i‘é-‘; g
Next, we evaluated the IVIG response group e ects on the = 7 dddcobe s g § g §
circulating levels of PTX-3HKigure 5C Table 4. The PTX-3 _ RRRREB8IIIIT ¢ga< 8
levels were signi cantly elevated during acute KD in IVIG- § 2222222222 ¢ %% 8
resistant patients as compared to those IVIG-responsive patien g - «E o ox o 22222 §‘§§ %
(Figure 5D, Table 4. There were no statistically signicant| 2 | < 2838382888388 gg;‘l’ £
di erences in the PTX-3 levels among IVIG-responsive and £ S388Qgcsrc8® g S £ 2
IVIG-resistant KD patients at the sub-acute and the comages | § | o E8EEI T o8 5a S35 E
phases of the disease. The PTX-3 levels were further stldtie | & = < §889388858 3 g8 >
the NCA and the CAL groups among the IVIG-resistant groups. = | § ceecemmmeTlg 8 % s
The PTX-3 levels during the acute phase were signi cantijeig § § AL T f%% g
in KD patients who were IVIG resistant with CAL as compared & | o N~ ool o § s | £3% S
to those in KD patients who were IVIG resistant with NCA' 5 | = B 8eS30 " wo | gEs £
and in KD patients responsive to IVIG treatment. However, © | < AN NeTeEY ‘_§%‘ c °
there were no signi cant dierences between KD patients E e~ . 8 Z @ 5
resistant to IVIG with NCA and KD patients responsive to § £ 38523838885 Rgs £
IVIG treatment (D 0.99) Figure 5E Table 4. Aninvestigaton £ | 84 4 41195315971 S283 s
of the eect of IVIG response in NCA and CAL patients £ B85 & & 238838525 888 8
on ANC did not reveal any statistically signi cant di erense g | 2 2| T T =77 = % g g g %
(Figures 5F,GTable 4. E f e Lo rncecoNoy EES 2 5
§ £: 3883338538 £82 4,2 ¢
DISCUSSION £ 50 sgasngies edz I3 £
S 2 HddddvYdo0odea | L250LXE
S ececwgssss spEf3: °
PTX-3 is produced in response to proin ammatory signals and 2 aoocaaoconaaa ; §§ élg § 'g
microbial stimulation and by a wide variety of immune and ¢ e % = z % g g% g f“; <
endothelial cells with roles in the regulation of in ammati 3 L 282,28 28 ¢ g § g23 9
and complement activation as well as in vascular in ammation 38253823828 g7 & cE ¢
and endothelial cell dysfunctior2g, 32). Elevated levels of PTX- | & Tszivgez<s: gia555 ¢
3 have been found in septic shocR3( 34), chronic kidney g °©3 © e é ?_ EE E é
diseased?n), stroke (36), and a variety of cardiovascular diseases § g g f‘; § 22 3838
(25, 37, 39). In younger populations, elevated levels of PTX-3 3 e £ 8 s s é )
have been associated with neonatal sefiss gevere pediatric | £ 3 g e g 8885
microbial infections 40, 41), and autoimmune diseases, such 2 g %gg g g g g g
as childhood-onset systemic lupus erythematosgi3, (uvenile s s §€5555 0
idiopathic arthritis 43), and asthma44). In this study, we found = 3 . E 3 S58222 %
signi cantly elevated circulating levels of PTX-3 in a cahof < 8 g ; » §§ % % % 8 E
patients with acute KD as compared to the PTX-3 levels in the 2 & 2 3 cf28353° 2
same patients upon resolution of the disease, i.e., coneslesc & S £ P Sggecey
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FIGURE 5 | Effects of intravenous immunoglobulin (IVIG) response on aovary artery z-scores, circulating PTX-3 levels, and absafe neutrophil count (ANC)(A)
Coronary artery z-score among Kawasaki disease (KD) patieiresponsive to IVIG treatment (blackn D 52) and resistant to IVIG treatment (greem D 18) throughout
the disease progression.(B) Coronary artery z-score among KD patients responsive to 1VIGdatment (black;n D52) and resistant to IVIG treatment with normal
coronary artery (NCA) (orangen D 5) and IVIG resistant with coronary artery lesion (CAL) (pueph D13) throughout the disease progression(C) Circulating PTX-3
levels in single patients throughout the KD progression: A) D 62; SA, n D 65; and C, n D 64. The black lines track KD patients who were responsive to G
treatment (1 D 52; A D 40, SAD 47, and C D 48), the green lines track KD patients who were resistant to I treatment 6 D 18, AD 16, SAD 18, and C D 16), and
the red line track the mean SEM of all the patient serum samplesr(D 70) evaluated at each phase of the disease(D) Circulating levels of PTX-3 in KD patients
responsive (black,n D 52) or resistant (greenn D 18) to IVIG treatment throughout the disease progressior(E) Circulating levels of PTX-3 in KD patients responsive
to IVIG treatment § D 52; AD 40, SAD 47, and C D 48), resistant to IVIG treatment with NCAn(D 5 for all three KD phases), and resistant to IVIG treatment with
CAL (D 13; AD 11, SAD 13, and C D 11). (F) ANC among KD patients responsive to IVIG treatment (blacki D 52, AD 48, SAD 48, and C D 48) and resistant to
IVIG treatment (greenn D 18, AD 16, SAD 16, and C D 15) throughout the disease progression(G) ANC among KD patients responsive to IVIG treatment (blacky
D 52, AD 48, SAD 48, and C D 48), resistant to IVIG treatment with NCA (orange1 D 5, AD 5, SAD 4, and C D 5), and IVIG resistant with CAL (purples D 13, A
D 11, SAD 12, and C D 12) throughout the disease progression. The box plots mear25, 75%, minimum, maximum, and individual points of all pagnts' (n D 70)
maximal coronary artery z-score among the right coronary &ry and left anterior descending coronary artery at the ade, sub-acute, and convalescent phases of KD,
strati ed by IVIG response (i.e., responsive or resistant) ancbronary artery z-score (i.e., NCA or CAL). Repeated-meases ANOVA was used to compare the IVIG
treatment response groups with NCA or CAL, with coronary agry z-scores, circulating PTX-3 levels, and ANC at the threghases of KD and the maximal coronary
artery z-score throughout KD progression. C, convalescentSEM, standard error mean; CA, coronary artery; MAX, largésoronary artery diameter between RCA and
LAD z-scores; A, acute; SA, sub-acute p-value comparing the effect of the IVIG treatment response gups at each phase. **p  0.001; *p 0.01;*p 0.05.

phase. Furthermore, we observed a signi cant di erence in PTXand leukocyte levels were highest in the convalescent phase.
3levels in patients with CAL when compared to patients withouitCorrelations between individual KD patient's clinical labtary

CAL during acute KD. data and the PTX-3 levels throughout KD progression showed
) o PTX-3 levels with positive correlations to ESR, CRP, WBC,

PTX-3 in KD Is Correlated to Clinical and ANC levels and negative correlations with Hct, ALC, and

Assessment of In ammation PLT. During the acute phase, the PTX-3 levels were positively

Consistent with previous studies of clinical laboratory alat correlated to CRP and ANC. At the sub-acute phase, the PTX-
in KD progression 45-48), in our study, the levels of ESR, 3 levels were positively correlated to Hgb, ANC, and MO. No
CRP, WBC, and ANC peaked in the acute phase, the plateletinical laboratory parameters were correlated to the PTX-3
levels were highest in the sub-acute phase, and RBC, Hct, Hdeyels in the convalescent phase, consistent with PTX-3 as an
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in ammatory modulator during acute KD pathogenesis. The ESReducing cell proliferation and function and thus promoting
and the CRP levels are established in ammatory parame®&)s (  endothelial dysfunction 3, 64). Similarly, PTX-3 inhibits
Strong repeated-measures correlation analysis between3TXangiogenesis through inhibition of broblast growth faci@ that
and these clinical in ammatory markers suggests arole foxP  alters several functions including in ammation, tissug@adr, and
3 in monitoring KD disease progression and further supportsgrowth (65, 66). Furthermore, PTX-3 interacts with P-selectin,
the diagnostic and the prognostic potential of PTX-3 for KDPromoting lymphocyte recruitment, vascular in ammation,

diagnosis and risk scoring. and endothelial dysfunction that can result in morphologdica
alterations £8). Taken together, these observations and our data
Neutrophils as a Source of PTX-3 During suggest the value of evaluating the PTX-3 levels in KD patient

KD P . as other clinical assessments of in ammation fail to distirsi

ro,greSSI(m . KD patients with CAL from those without CAL.
The p".s't"’? repeated-measures correlation and Spegrman‘s There have been several studies investigating PTX-3 in the
correlatlo_n in the acute phase between .WBC’ spec C"’_‘"%ontext of coronary artery disease, with conicting results.
neutrophils and PTX-3, suggest heutrophils as a possmlﬁzl nine studies, published between 2004 and 2017, among
source for PTX,'3' Neytrophﬂs have begn shown to rel,easgdult study populations conducted in Asia, Europe, and North
PTX-3 when activated n cardlovascu_lar disease and Seﬁ_s's (America, there seems to be a consensus that patients with
34’_ 39 Pgthology studies of heart tissues from autopsies 0(foronary disease and higher circulating PTX-3 levels had an
children with KD has led to a model of KD vasculopathy i, reased risk of all-cause mortality, cardiac death, aandliac
that begins with an initial neutrophilic in ltration of the events £6). In our study, we observed signi cantly higher PTX-3
coronary artery, followed by in ltration of monocytes and |eyels in patients with CAL as compared to patients without CAL
macrophages, implicating these immune cells as key playeg§ring the acute, but not in the sub-acute nor the convalasce
in KD-associated CAL and vascular dysfunctiori, 8, 49, phase of KD. Comparisons between individual KD patient's
50). Macrophages, dendritic cells, and endothelial cells essprecoronary artery z-score to their PTX-3 levels revealednsiro
PTX-3in response to lipopolysaccharides, interleukin (Il3ntl  positive correlations between the clinical laboratory parare

1, and tumor necrosis factor (TNF)- (51 52). Similarly, iy the acute phase, which were lost in the sub-acute and the
PTX-3 is released from neutrophil granules in response t@gnvalescent phases of KD.
tissue damage5(@). Interestingly, TNF- (54) and IL-1 (55 Strati cation of KD patients by coronary artery z-scores in
56) are recognized biomarkers in acute KD. Inammatory the CAL and the NCA groups revealed a stronger repeated-
biomarkers, immunological markers, and proteomic biomaiske measures correlation between PTX-3 and the clinical asgzgsm
have been demonstrated to be elevated in the blood qff in ammation in the CAL group. Previous studies have
acute KD patients 12). In particular, elevated levels of the gphserved elevated sub-acute and convalescent WBC and ESR
neutrophil-derived S100A12 protein, a pro-in ammatory lighn |evels ¢6) and higher sub-acute PLT leve&7] associated with
for the PRR receptor for advanced glycation end productkp patients with CAL. Furthermore, elevated levels of PTX-3
(RAGE), were negatively regulated by soluble RAGE-( in acute KD remained signi cant among both NCA and CAL
60). Our data suggest that PTX-3 is among the neutrophilyroups. While the group strati cation implicates the role GFR-
products that make up the in ammatory milieu in the coronary 3 in the development of CAL, the protein is not exclusive to this
arteries of KD patlents Furthel’more, preViOUS studies of K%rocess; rather, it is integral in the overall progression of K
pathogenesis and PTX-3 expression suggest that neutrophitshys, research in adult human coronary artery dise& i
in response to induction by IL-1 and TNF- , induce PTX-3  conjunction with our data implicates PTX-3 as a modulator of
production in the coronary artery during acute KD. Therefore yascular dysfunction and remodeling and could have a speci ¢
we propose that PTX-3 may play an important role inrgle in KD-associated CAL. Therefore, we propose PTX-3 as a

KD pathogenesis, particularly in vascular dysfunction legdi sensitive marker for coronary artery dilation in KD.
to CAL.

PTX-3 in KD-Associated CAL PTX-3 in KD-Associated IVIG Resistance

It has been suggested that PTX-3 plays dual roles, botlVIG resistance is a risk factor for the development of CAL in
protective and harmful, in the development and the progressioKD (30). Fever status is an indicator of systemic in ammation.
of a cardiovascular diseas@5( 28 61). Previous studies Patients resistant to IVIG treatment experience prolonged
have implicated a variety of stimuli to induce PTX-3systemic in ammation, which includes in ammation of the
expression/release in immune and vascular endotheliak celtoronary arteries, leading to an increased risk for CAR ¢9).
(49, 50). Our analysis of the potential group e ects in clinical Among our patient population, the KD patients resistant to IVIG
laboratory parameters did not reveal any signi cant di ere&sc treatment were at a higher risk for CAL as compared to the KD
in the clinical laboratory parameters of KD patients with patients who were responsive to IVIG treatment.

and without CAL. PTX-3 may have a dierent site-specic  Researchers in Japan who evaluated the transcriptional
function, which could explain the pro-in ammatory and the regulation of in iximab therapy in IVIG-resistant KD patients
anti-in ammatory roles of PTX-3 in cardiovascular disea$e?).  identi ed high levels of PTX-3 transcript levels in IVIG-riegant
PTX-3 decreases nitrogen oxide synthesis in endothelild, ce KD patients {0). Therefore, we stratied our data on the
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circulating levels of PTX-3 among IVIG-responsive and IVIG-PTX-3 levels dramatically increase within 6—8h of infectio
resistant KD patients and con rmed that the PTX-3 levels wereand in ammation (24). Thus, the non-speci c role of PTX-3 in
higher in the IVIG-resistant patients as compared to those innfection and in ammation might preclude the protein's utijit
the IVIG-responsive patients. These di erencesin the cirinfa  as a general biomarker to distinguish KD patients from other
PTX-3 levels were more dramatic when further stratifying th febrile children. However, our results demonstrate a sigant
IVIG resistance group by coronary artery z-score in the NCAacute elevation of PTX-3 level among KD patients with CAL as
and the CAL groups. The circulating PTX-3 levels in the IVIG-compared to those with NCA. This data further suggests a speci
resistant patients with CAL were signi cantly elevated wherrole for PTX-3 in KD immunopathogenesis, particularly in
compared to the IVIG-resistant patients with NCA. Furthernsor CAL development. Future studies should focus on investiggati
the PTX-3 levels in the IVIG-responsive group were similar tathe underlying mechanisms by which PTX-3 and other
those in the IVIG-resistant patients with NCA. Collectivelyese in ammatory proteins are involved in KD pathogenesis and
data suggest that the elevated levels of PTX-3 are indécafiv CAL development.
enlarged coronary arteries rather than IVIG resistance.

Studies of clinical laboratory markers have describedatéel
CRP, liver enzyme level, WBC, and neutrophil counts to b ONCLUSIONS
associated with KD patients resistant to IVIG treatmesf))( Our
data implicate the role of PTX-3 in producing the heightenedCurrently, KD diagnosis relies on the identi cation of speci
in ammatory environment in IVIG-resistant KD patients with SYmptoms by an experienced clinician. Without prompt
CAL. Previous studies have suggested elevated neutropinito diagnosis and administration of treatment, KD patients ate a
in IVIG resistance {7, 18 71). However, we and others @n increased risk for severe complications such as CAL and
(72, 73 did not observe elevated neutrophil counts in either@n€urysm formation, which may result in permanent coronary
IVIG-resistant patients or IVIG-resistant patients with CAds ~ vVasculopathy and life-long risk for cardiovascular dise4Sgs
compared to those in IVIG-responsive patients. Perhaps oufherefore, there is a pressing need for better, less sugect
small and heterogeneous patient population may account fofiagnostic and prognostic methods for the identi cation of

these di erences in the neutrophil counts. Furthermore, mostchildren with KD and those children who are at a greatest risk
data on the positive correlation of IVIG resistance and neptil for cardiovascular complications associated with the dis&dse

counts are from homogenous populatioris(18, 71). current ndings demonstrate the potential role of PTX-3 in
the in ammatory process of acute KD and, in particular, as a
Patient Population contributor to CAL.

In this study, we demonstrate the potential role of PTX-3 in
KD pathogenesis and particularly in coronary dilation that is
the most signi cant outcome of the disease. A strength othe

ndings is that they have been obtained in a population of . . . . .
. - S . The raw data supporting the conclusions of this article will be
mixed ethnicity. Ethnicity is a well-known risk factor foflXand . . .
made available by the authors, without undue reservation.

KD-associated CAL. Much KD research has been conducted in
ethnically homogenous study populations (i.e., Asian or Whit
Our study's geographic setting in Hawai'i has resulted in ETHICS STATEMENT

heterogeneous study population, including a majority of ndixe

race patients. Perhaps this allows the associations that tgetde Thjs study was approved by the Kapi'olani Medical Center
to have more robust disease implication rather than geog@phifor \Women and Children (KMCWC) Institutional Research
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T . . No. 1140512). Informed consent was obtained from the
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