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ABSTRACT

TRUSTEES OF THE LELAND

Methods for diagnosis of Kawasaki disease (KD) are dis

STANFORD JUNIOR UNIVERSITY,

closed. In particular, the invention relates to the use of biom

Palo Alto, CA (US)

arkers for aiding diagnosis, prognosis, and treatment of KD,
and more speci?cally to biomarkers that can be used to dis

tinguish KD from other in?ammatory diseases, including

(21) App1.No.: 13/910,817

infectious illness and acute febrile illness.
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METHODS FOR DIAGNOSIS OF KAWASAKI
DISEASE

KD from other in?ammatory diseases and febrile illnesses. If
not diagnosed and treated promptly, patients with KD may

CROSS-REFERENCE TO RELATED
APPLICATIONS

vascular damage can largely be prevented by timely admin
istration of intravenous immunoglobulin (IVIG). Thus, there

[0001] This application is a 35 U.S.C. §1 1 1(a) continuation
of PCT international application number PCT/US2012/
023739 ?led on Feb. 3, 2012, incorporated herein by refer
ence in its entirety, which is a nonprovisional of US. provi
sional patent application Ser. No. 61/444,735 ?led on Feb. 20,
2011, incorporated herein by reference in its entirety, and a

remains a need for sensitive and speci?c diagnostic tests for
KD that can discriminate KD from other in?ammatory dis
eases and febrile illnesses and enable early treatment of the
disease to prevent cardiovascular damage.

develop coronary artery dilatation or aneurysms. The cardio

BRIEF SUMMARY OF THE INVENTION

nonprovisional of US. provisional patent application Ser.

[0009]

No. 61/567,321 ?led on Dec. 6, 2011, incorporated herein by
reference in its entirety. Priority is claimed to each of the

diagnosis of KD. In particular, the inventors have discovered
panels of biomarkers whose expression pro?les can be used to
diagnose KD and to distinguish KD from other in?ammatory
diseases, including infectious illness and acute febrile illness.

foregoing applications.
[0002]

The above-referenced PCT international applica

The invention relates to the use of biomarkers for

tion was published as PCT International Publication No. WO

These biomarkers can be used alone or in combination with

2012/112315 on Aug. 23, 2012, incorporated herein by ref

one or more additional biomarkers or relevant clinical param

erence in its entirety.

eters in prognosis, diagnosis, or monitoring treatment of KD.
[0010]

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0003] This invention was made with Government support
under contracts R21 HL086835, RO1 HL69413, and K24
HL074864 awarded by the National Institutes of Health. The
Government has certain rights in this invention.

[0004]

In one aspect, the invention includes a method for

diagnosing KD in a subject. The method comprises (i) mea
suring the level of a plurality of biomarkers in a biological
sample derived from a subject; and (ii) analyZing the levels of
the biomarkers and comparing with respective reference
value ranges for the biomarkers, wherein differential expres
sion of one or more biomarkers in the biological sample
compared to one or more biomarkers in a control sample

obtained from a healthy individual, who does not have KD,

NOTICE OF MATERIAL SUBJECT TO
COPYRIGHT PROTECTION

indicates that the subject has KD.

A portion of the material in this patent document is

biomarkers is compared with reference value ranges for the

subject to copyright protection under the copyright laws of
the United States and of other countries. The owner of the

copyright rights has no objection to the facsimile reproduc

[0011]

In certain embodiments, the level of one or more

biomarkers. The reference value ranges can represent the
level of one or more biomarkers found in one or more samples

tion by anyone of the patent document or the patent disclo

of one or more subjects without KD (i.e., normal samples).
Alternatively, the reference values can represent the level of

sure, as it appears in the United States Patent and Trademark

one or more biomarkers found in one or more samples of one

O?ice publicly available ?le or records, but otherwise
reserves all copyright rights whatsoever. The copyright owner
does not hereby waive any of its rights to have this patent
document maintained in secrecy, including without limitation
its rights pursuant to 37 C.F.R. §1.14.

or more subjects with KD.

[0005]

[0012]

Biomarkers that can be used in the practice of the

invention include polypeptides comprising amino acid
sequences from proteins including, but not limited to, col
lagen type 16 alpha 1 (COL16A1), collagen type 1 alpha 1

BACKGROUND OF THE INVENTION

(COL1A1), collagen type 3 alpha 1 (COL3A1), uromodulin
(UMOD), collagen type 9 alpha 3 (COL9A3), collagen type

1. Field of the Invention

23 alpha 1 (COL23A1), collectin sub-family member 12

[0006] The present invention pertains generally to methods
for diagnosis of Kawasaki disease (KD). In particular, the
invention relates to the use of biomarkers for aiding diagno
sis, prognosis, and treatment of KD, and more speci?cally to
biomarkers that can be used to distinguish KD from other

in?ammatory diseases, including infectious illness and acute
febrile illness.

[0007]

2. Description of RelatedArt

[0008]

Kawasaki disease (KD) is an acute vasculitis affect

ing infants and children and the leading cause of acquired

pediatric heart disease in the US. and Japan (Burns (2009)
Indian J. Pediatr. 76:71-76). The cause of KD remains

unknown, though epidemiologic and clinical observations
indicate that the in?ammatory process may be triggered by a
viral infection (Gedalia (2007) Curr. Rheumatol. Rep. 9:336
341). KD is currently diagnosed based on clinical observa
tions and supportive non-speci?c laboratory tests (Kawasaki
et al. (1974) Pediatrics 541271-276; Morens et al. (1978)
Hosp. Pract. 13:109-112, 119-120). There is, however, no
speci?c diagnostic test, and it can be dif?cult to discriminate

(COLEC12), unnamed protein product Q6ZSL6 (Q6ZSL6),
and EMI domain containing 1 (EMID1); and peptide frag
ments thereof; and polynucleotides comprising nucleotide
sequences from genes or RNA transcripts of genes, including

but not limited to, TLR7, CXCL10, LMO2, PLXDC1,

MARCHl, IFI30, LYN, CDC42EP2, MS4A14, PARP14,
RAC2, SRF, NKTR, LAP3, APOL3, STATl, GCNT1,
CAMK4, MRPS25, P2RY8, ADD3, TRIM26, ARRB1,
GNAS, ISG20, PCGF5, PRPF18, CRTAM, LHPP, RAS
GRP1, CMPK2, and RHOH. In one embodiment, the biom
arker is a peptide comprising an amino acid sequence selected
from the group consisting of SEQ ID NOS: 1 -13, or compris
ing an amino acid sequence displaying at least about

80-100% sequence identity thereto, including any percent
identity within these ranges, such as 81, 82, 83, 84, 85, 86, 87,

88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99% sequence
identity thereto.
[0013] In certain embodiments, a panel of biomarkers is
used for diagnosis of KD. Biomarkerpanels of any siZe can be
used in the practice of the invention. Biomarker panels for

US 2013/0316921A1

diagnosing KD typically comprise at least 4 biomarkers and
up to 30 biomarkers, including any number of biomarkers in

between, such as 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 biomarkers.
In certain embodiments, the invention includes a biomarker
panel comprising at least 4, or at least 5, or at least 6, or at least
7, or at least 8, or at least 9, or at least 10 or more biomarkers.

Although smaller biomarker panels are usually more eco

nomical, larger biomarker panels (i.e., greater than 30 biom
arkers) have the advantage of providing more detailed infor
mation and can also be used in the practice of the invention.
[0014] In certain embodiments, a panel of biomarkers com
prising one or more COL16A1, COL1A1, COL3A1, UMOD,

COL9A3, COL23A1, COLEC12, Q6ZSL6, and EMID1
polypeptides or peptide fragments thereof is used for diagno
sis of KD. In one embodiment, the panel of biomarkers com
prises one or more peptides comprising an amino acid

sequence selected from the group consisting of SEQ ID NOS:
1-13, or comprising an amino acid sequence displaying at
least about 80- 1 00% sequence identity thereto, including any
percent identity Within these ranges, such as 81, 82, 83, 84,

85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%
sequence identity thereto.
[0015] In certain embodiments, a panel of biomarkers com
prising one or more TLR7, CXCL10, LMO2, PLXDCl,

MARCHl, IFI30, LYN, CDC42EP2, MS4A14, PARP14,
RAC2, SRF, NKTR, LAP3, APOL3, STATl, GCNTl,
CAMK4, MRPS25, P2RY8, ADD3, TRIM26, ARRBl,
GNAS, ISG20, PCGF5, PRPF18, CRTAM, LHPP, RAS
GRPl, CMPK2, and RHOH polynucleotides is used for diag
nosis of KD.

[0016]

Biomarker polypeptides can be measured, for
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ues of the clinical parameters. The clinical score can then be
classi?ed as a loW risk KD clinical score, an intermediate risk
KD clinical score, or a high risk KD clinical score by methods

described herein.
[0019] In one embodiment, the invention includes a method

for diagnosing KD in a subject comprising (i) determining a
KD clinical score for the subject; and (ii) measuring the level
of a plurality of biomarkers in a biological sample derived
from the subject; and analyZing the levels of the biomarkers
and comparing With respective reference value ranges for the
biomarkers. A panel of biomarkers comprising one or more

COL16A1, COL1A1, COL3A1, UMOD, COL9A3,
COL23A1, COLEC12, Q6ZSL6, and EMIDl polypeptides,
or peptide fragments thereof, may be used in combination
With the clinical score for diagnosis of KD. In one embodi
ment, the panel of biomarkers comprises one or more

polypeptides comprising sequences selected from the group
consisting of SEQ ID NOS: 1-13.
[0020] Alternatively or in addition, a panel of biomarkers
comprising one or more TLR7, CXCLlO, LMO2, PLXDCl,

MARCHl, IFI30, LYN, CDC42EP2, MS4A14, PARP14,
RAC2, SRF, NKTR, LAP3, APOL3, STATl, GCNTl,
CAMK4, MRPS25, P2RY8, ADD3, TRIM26, ARRBl,
GNAS, ISG20, PCGF5, PRPF18, CRTAM, LHPP, RAS
GRPl, CMPK2, and RHOH polynucleotides can be used for

diagnosis of KD.
[0021] Methods of the invention, as described herein, can
be used to distinguish a diagnosis of KD for a subject from
infectious illness or acute febrile illness. A loW KD clinical
score indicates that a patient is unlikely to have KD, Whereas
a high KD clinical score indicates that a patient is highly

example, by performing an enzyme-linked immunosorbent

likely to have KD. An intermediate KD clinical score for a
subject can be used in combination With a biomarker expres

assay (ELISA), a radioimmunoassay (RIA), an immuno?uo
rescent assay (IFA), immunohistochemistry (IHC), a sand
Wich assay, magnetic capture, micro sphere capture, a Western
Blot, surface enhanced Raman spectroscopy (SERS), ?oW

illness or acute febrile illness. In one embodiment, an inter

cytometry, or mass spectrometry. In certain embodiments, the
level of a biomarker is measured by contacting an antibody

With the biomarker, Wherein the antibody speci?cally binds to
the biomarker, or a fragment thereof containing an antigenic
determinant of the biomarker. Antibodies that can be used in
the practice of the invention include, but are not limited to,

monoclonal antibodies, polyclonal antibodies, chimeric anti
bodies, recombinant fragments of antibodies, Fab fragments,
Fab' fragments, F(ab')2 fragments, Fv fragments, or say frag
ments.

[0017] Biomarker polynucleotides (e.g., coding tran
scripts) can be detected, for example, by microarray analysis,
polymerase chain reaction (PCR), reverse transcriptase (RT

sion pro?le for the subject to distinguish KD from infectious
mediate KD clinical score is used in combination With the

expression pro?le of a panel of biomarkers comprising one or

more COL16A1, COL1A1, COL3A1, UMOD, COL9A3,
COL23A1, COLEC12, Q6ZSL6, and EMIDl polypeptides;
or peptide fragments thereof, in diagnosis of a patient. In
another embodiment, an intermediate KD clinical score is

used in combination With the expression pro?le of a panel of
biomarkers comprising one or more TLR7, CXCLlO, LMO2,

PLXDCl, MARCHl, IFI30, LYN, CDC42EP2, MS4A14,
PARP14, RAC2, SRF, NKTR, LAP3, APOL3, STATl,
GCNTl, CAMK4, MRPS25, P2RY8, ADD3, TRIM26,
ARRBl, GNAS, ISG20, PCGF5, PRPF18, CRTAM, LHPP,
RASGRPI, CMPK2, and RHOH polynucleotides in diagno
sis of a patient. In yet another embodiment, an intermediate
KD clinical score is used in combination With the expression

PCR), Northern blot, or serial analysis of gene expression

pro?les from tWo panels of biomarkers, Wherein the ?rst

(SAGE).

panel of biomarkers comprises COL16A1, COL1A1,
COL3A1, UMOD, COL9A3, COL23A1, COLEC12,
Q6ZSL6, and EMIDl polypeptides or peptide fragments
thereof; and the second panel of biomarkers comprises TLR7,
CXCLlO, LMO2, PLXDCl, MARCHl, IFI30, LYN,
CDC42EP2, MS4A14, PARP14, RAC2, SRF, NKTR, LAP3,
APOL3, STATl, GCNTl, CAMK4, MRPS25, P2RY8,
ADD3, TRIM26,ARRB1, GNAS, ISG20, PCGF5, PRPF18,
CRTAM, LHPP, RASGRPl, CMPK2, and RHOH polynucle

[0018] In certain embodiments, clinical parameters are
used for diagnosis of KD, either alone or in combination With
the biomarkers described herein. In one embodiment, the
invention includes a method for determining a clinical score

for a subject suspected of having KD. The method comprises
measuring at least seven clinical parameters for the subject,

including duration of fever, concentration of hemoglobin in
the blood, concentration of C-reactive protein in blood, White
blood cell count, percent eosinophils in the blood, percent
monocytes in the blood, and percent immature neutrophils in

otides.

[0022] In certain embodiments, patient data is analyZed by

the blood. A clinical score can be calculated using, e.g.,

one or more methods including, but not limited to, multivari

multivariate linear discriminant analysis (LDA) from the val

ate linear discriminant analysis (LDA), receiver operating

US 2013/0316921A1
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characteristic (ROC) analysis, ensemble data mining meth

data according to an algorithm; and a display component for

ods, cell speci?c signi?cance analysis of microarrays (cs

displaying information regarding the diagnosis of the patient.

SAM), and multi-dimensional protein identi?cation technol

The storage component may include instructions forperform
ing multivariate linear discriminant analysis (LDA), receiver
operating characteristic (ROC) analysis, ensemble data min
ing methods, cell speci?c signi?cance analysis of microar
rays (csSAM), and multi-dimensional protein identi?cation
technology (MUDPIT) analysis, as described herein (see
Example 1). The storage component may further include

ogy (MUDPIT) analysis.
[0023]

In another aspect, the invention includes a biomar

ker panel comprising a plurality of biomarkers for diagnosing
KD, Wherein one or more biomarkers are selected from the

group consisting of COLl 6A1, COL1A1, COL3A1, UMOD,
COL9A3, COL23A1, COLEC12, Q6ZSL6, and EMID1

polypeptides; and peptide fragments thereof, and TLR7,
CXCLlO, LMO2, PLXDCl, MARCHl, IFI30, LYN,
CDC42EP2, MS4A14, PARP14, RAC2, SRF, NKTR, LAP3,
APOL3, STATl, GCNT1, CAMK4, MRPS25, P2RY8,
ADD3, TRIM26,ARRB1, GNAS, ISG20, PCGFS, PRPF18,
CRTAM, LHPP, RASGRPl, CMPK2, and RHOH polynucle
otides. In one embodiment, the invention includes a biomar

ker panel comprising COL16A1, COL1A1, COL3A1,
UMOD, COL9A3, COL23A1, COLEC12, Q6ZSL6, and
EMIDl polypeptides; orpeptide fragments thereof. An exem

instructions for performing a sequential diagnosis, as

described herein (see Example 1).
[0028] In certain embodiments, the invention includes a
computer implemented method for diagnosing a patient sus

pected of having KD, the computer performing steps com
prising: receiving inputted patient data; calculating a clinical
score for the patient; classifying the clinical score as a loW risk
KD clinical score, an intermediate risk KD clinical score, or

a high risk KD clinical score; analyZing the level of a plurality

plary biomarker panel comprises peptides consisting of

of biomarkers and comparing With respective reference value
ranges for the biomarkers; calculating the likelihood that the

sequences selected from the group consisting of SEQ ID
NOS: 1 -13, or comprising sequences displaying at least about

patient has KD; and displaying information regarding the
diagnosis of the patient.

80-100% sequence identity thereto, including any percent
identity Within these ranges, such as 81, 82, 83, 84, 85, 86, 87,

[0029] In one embodiment, the inputted patient data com
prises at least 7 clinical parameters selected from the group

88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99% sequence

consisting of duration of fever, concentration of hemoglobin
in blood, concentration of C-reactive protein in blood, White
blood cell count, percent eosinophils in blood, percent mono
cytes in blood, and percent immature neutrophils in blood.
The inputted patient data may further comprise values for the

identity thereto. In another embodiment, the invention
includes a biomarker panel comprising TLR7, CXCL10,

LMO2, PLXDCl, MARCHl, IFI30, LYN, CDC42EP2,
MS4A14, PARP14, RAC2, SRF, NKTR, LAP3, APOL3,
STATl, GCNT1, CAMK4, MRPS25, P2RY8, ADD3,
TRIM26, ARRBl, GNAS, ISG20, PCGFS, PRPF18,
CRTAM, LHPP, RASGRPl, CMPK2, and RHOH polynucle
otides.
[0024] In another embodiment, the invention includes a
method for evaluating the effect of an agent for treating KD in

a subject, the method comprising: analyZing the level of each
of one or more KD biomarkers in biological samples derived

from the subject before and after the subject is treated With the
agent, and comparing the levels of the biomarkers With
respective reference value ranges for the biomarkers.
[0025] In another embodiment, the invention includes a
method for monitoring the ef?cacy of a therapy for treating
KD in a subject, the method comprising: analyZing the level
of each of one or more KD biomarkers in biological samples

derived from the subject before and after the subject under
goes the therapy, and comparing the levels of the biomarkers
With respective reference value ranges for the biomarkers.
[0026] In another embodiment, the invention includes a
method of selecting a patient suspected of having KD for
treatment With an intravenous immunoglobulin (WIG), the
method comprising: (i) determining the KD clinical score of
the patient, and (ii) selecting the patient for treatment With
IVIG if the patient has a KD clinical score in the high risk
range, or a KD clinical score in the intermediate risk range

and a positive KD diagnosis based on the expression pro?le of
one or more biomarker panels described herein.

[0027]

In another aspect, the invention includes a diagnos

tic system comprising a storage component (i.e., memory) for
storing data, Wherein the storage component has instructions
for determining the diagnosis of the subject stored therein; a
computer processor for processing data, Wherein the com
puter processor is coupled to the storage component and
con?gured to execute the instructions stored in the storage
component in order to receive patient data and analyZe patient

levels of one or more biomarkers in a biological sample from

the patient. For example, the inputted patient data may further
comprise values for the levels of one or more biomarkers

selected from the group consisting of a COL16A1 polypep
tide, a COL1A1 polypeptide, a COL3A1 polypeptide, a
UMOD polypeptide, a COL9A3 polypeptide, a COL23A1

polypeptide, a COLEC12 polypeptide, a Q6ZSL6 polypep
tide, and an EMIDl polypeptide; and peptide fragments
thereof. Alternatively or in addition, the inputted patient data
may further comprise values for the levels of one or more

biomarkers in a biological sample from the patient, Wherein
the biomarkers are selected from the group consisting of a
TLR7 polynucleotide, a CXCLlO polynucleotide, a LMO2
polynucleotide, a PLXDCl polynucleotide, a MARCHI

polynucleotide, a IFI30 polynucleotide, a LYN polynucle
otide, a CDC42EP2 polynucleotide, a MS4A14 polynucle
otide, a PARP14 polynucleotide, a RAC2 polynucleotide, a
SRF polynucleotide, a NKTR polynucleotide, a LAP3 poly
nucleotide, a APOL3 polynucleotide, a STATl polynucle
otide, a GCNT1 polynucleotide, a CAMK4 polynucleotide, a
MRPS25 polynucleotide, a P2RY8 polynucleotide, a ADD3

polynucleotide, a TRIM26 polynucleotide, a ARRBl poly
nucleotide, GNAS, a ISG20 polynucleotide, PCGFS, a
PRPF18 polynucleotide, a CRTAM polynucleotide, a LHPP
polynucleotide, a RASGRP 1 polynucleotide, a CMPK2

polynucleotide, and an RHOH polynucleotide.
[0030] In another aspect, the invention includes a kit for
diagnosing KD in a subject. The kit may include a container

for holding a biological sample isolated from a human subject
suspected of having KD, at least one agent that speci?cally
detects a KD biomarker; and printed instructions for reacting
the agent With the biological sample or a portion of the bio
logical sample to detect the presence or amount of at least one

KD biomarker in the biological sample. The agents may be
packaged in separate containers. The kit may further com
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prise one or more control reference samples and reagents for

regulated in FC; Y axis: false discovery rate (FDR); X axis:

performing an immunoassay and/or microarray analysis for

number of differential genes at a given FDR).
[0036] FIG. 3 shoWs a urine peptidome analysis. The top
panel summarizes the MUDPIT discovery and MALDI mass
spectrometry con?rmation processes. The bottom table lists
the 13 con?rmed urine peptide biomarkers (SEQ ID NOS: 1 -

detection of biomarkers as described herein.

[0031] In certain embodiments, the kit includes agents for
detecting polypeptides and/orpolynucleotides of a biomarker
panel comprising a plurality of biomarkers for diagnosing
KD, Wherein one or more biomarkers are selected from the

group consisting of COL1 6A1, COL1A1, COL3A1, UMOD,
COL9A3, COL23A1, COLEC12, Q6ZSL6, and EMID1

13) discriminating KD and FC (M/Z: mass to charge ratio,
SC: spectral counting difference, post translation modi?ca
tions: * hydroxylation; # methionine oxidation. U Test:

polypeptides; and peptide fragments thereof, and TLR7,
CXCL10, LMO2, PLXDC1, MARCHl, IFI30, LYN,
CDC42EP2, MS4A14, PARP14, RAC2, SRF, NKTR, LAP3,
APOL3, STAT1, GCNT1, CAMK4, MRPS25, P2RY8,
ADD3, TRIM26, ARRB1, GNAS, ISG20, PCGF5, PRPF18,
CRTAM, LHPP, RASGRP1, CMPK2, and RHOH polynucle

testing 1 and 2, Which Were strati?ed and ordered according to

otides. In one embodiment, the kit includes agents for detect

their clinical scores. Patients With intermediate scores Were

ing biomarkers of a biomarker panel comprising COL16A1,

COL1A1, COL3A1, UMOD, COL9A3, COL23A1,
COLEC12, Q6ZSL6, and EMID1 polypeptides, or peptide
fragments thereof. For example, the kit may include agents
for detecting peptides of a biomarker panel comprising pep
tides comprising sequences selected from the group consist
ing of SEQ ID NOS:1-13, or sequences displaying at least
about 80-100% sequence identity thereto, including any per
cent identity Within these ranges, such as 81, 82, 83, 84, 85,

86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99% sequence
identity thereto. In another embodiment, the kit includes
agents for detecting polynucleotides of a biomarker panel

comprising TLR7, CXCL10, LMO2, PLXDC1, MARCHl,
IFI30, LYN, CDC42EP2, MS4A14, PARP14, RAC2, SRF,
NKTR, LAP3, APOL3, STAT1, GCNT1, CAMK4, MRPS25,
P2RY8, ADD3, TRIM26, ARRB1, GNAS, ISG20, PCGF5,
PRPF18, CRTAM, LHPP, RASGRP1, CMPK2, and RHOH
polynucleotides. Furthermore, the kit may include agents for
detecting more than one biomarker panel, such as tWo or three

biomarker panels, Which can be used alone or together in any

P-value).
[0037] FIG. 4 shoWs a sequential predictive algorithm inte
grating both the clinical and molecular biomarker ?ndings to

improve KD diagnosis (KD, dark gray; FC, light gray). The
left panel shoWs all three cohort samples, clinical training,
further analyZed by 32 gene or 13 urine peptide based classi
?ers to discriminate KD and FC. The right panel shoWs a ROC

analysis of all three-cohort patients With intermediate clinical
scores analyZed by clinical score (black), cell-speci?c, Whole

blood gene-based (medium gray) and urine peptide-based
(light gray) classi?ers.
[0038] FIG. 5 shoWs a pathWay analysis of the lymphocyte
speci?c gene (A) or urine peptide (B) markers. Data mining
softWare (Ingenuity Systems, CA) Was used With differen
tially (KD vs. FC) expressed genes or peptides to identify
gene ontology groups and relevant canonical signaling path
Ways. The intensity of the node color indicates the degree of
up- or down-regulation in KD. Nodes are displayed using
shapes that represent the functional classes of the gene prod
ucts, and different line types represent various relationships.
Relationships are primarily due to co-expression.
[0039] FIG. 6 shoWs a classi?cation analysis. Misclassi?
cation errors are shoWn as a function of the threshold param
eter.

[0040] FIG. 7 shoWs a density plot analysis of the Z-score
(LAD and RCA) to quantify coronary artery lesions in KD

combination, and/or in combination With clinical parameters
for diagnosis of KD.
[0032] These and other embodiments of the subject inven

patients.

tion Will readily occur to those of skill in the art in vieW of the
disclosure herein.

system.

[0041]

BRIEF DESCRIPTION OF THE SEVERAL

VIEWS OF THE DRAWING(S)

[0033]

The invention Will be more fully understood by ref

FIG. 8 shoWs a schematic diagram of a diagnostic

DETAILED DESCRIPTION

[0042] The practice of the present invention Will employ,
unless otherWise indicated, conventional methods of pharma

erence to the folloWing draWings Which are for illustrative

cology, chemistry, biochemistry, recombinant DNA tech

purposes only:
FIG. 1 shoWs a linear discriminant analysis of KD

niques and immunology, Within the skill of the art. Such
techniques are explained fully in the literature. See, e.g.,

training cohort patients, including the calculated coef?cients

Handbook ofExperimenZal Immunology, Vols. I-IV (D.M.

[0034]

of linear discriminants (LD1) of each assayed clinical param
eter, a modi?ed tWo by tWo contingency table shoWing the
percentage of classi?cations that agreed With the clinical
diagnosis, and density plots of the clinical score distribution
of both KD and FC patients (KD, dark gray density plot; FC,
light gray density plot). We strati?ed all the KD and FC
patients, using the clinical scores, into loW, intermediate and
high groups, Where the group boundaries Were decided by the
diagnosis With 95% accuracy (tWo dotted vertical lines).
[0035] FIGS. 2A and 2B shoW a cell type-speci?c signi?
cant analysis of KD and FC Whole blood microarray data.
FIG. 2A shoWs a SAM analysis revealing no differentially

Weir and C. C. BlackWell eds., BlackWell Scienti?c Publica

tions); A. L. Lehninger, Biochemistry (Worth Publishers, Inc.,
current addition); Sambrook, et al., Molecular Cloning: A

Laboratory Manual (3rd Edition, 2001); Methods In Enzy
mology (S. ColoWick and N. Kaplan eds., Academic Press,

Inc.).
[0043] All publications, patents and patent applications
cited herein, Whether supra or infra, are hereby incorporated
by reference in their entireties.
I. DEFINITIONS

expressed genes in Whole blood. FIG. 2B shoWs a csSAM

[0044] In describing the present invention, the folloWing

analysis revealing differential expression in lymphocytes, but

terms Will be employed, and are intended to be de?ned as

not in other cell types (Up: up regulated in FC; DoWn: doWn

indicated beloW.
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It must be noted that, as used in this speci?cation

and the appended claims, the singular forms “a”, “an” and
“the” include plural referents unless the content clearly dic

Which is an N- or C-glycoside of a purine or pyrimidine base.
There is no intended distinction in length betWeen the terms

“polynucleotide,” “oligonucleotide,

nucleic acid” and

tates otherwise. Thus, for example, reference to “a biomar

“nucleic acid molecule,” and these terms are used inter

ker” includes a mixture of tWo or more biomarkers, and the

changeably.

like.
[0046] The term “about,” particularly in reference to a
given quantity, is meant to encompass deviations of plus or

ferences in the quantity and/or the frequency of a biomarker

present in a sample taken from patients having, for example,

minus ?ve percent.
[0047] A “biomarker” in the context of the present inven

KD as compared to a control subject. For example, a biom
arker can be a polypeptide or polynucleotide Which is present

[0050]

The phrase “differentially expressed” refers to dif

tion refers to a biological compound, such as a polypeptide or

at an elevated level or at a decreased level in samples of

polynucleotide Which is differentially expressed in a sample

patients With KD compared to samples of control subjects.

taken from patients having KD as compared to a comparable
sample taken from control subjects (e.g., a person With a

Alternatively, a biomarker can be a polypeptide or polynucle
otide Which is detected at a higher frequency or at a loWer

negative diagnosis, normal or healthy subject). The biomar

frequency in samples of patients With KD compared to
samples of control subjects. A biomarker can be differentially

ker can be a protein, a fragment of a protein, a peptide, or a
polypeptide, or a nucleic acid, a fragment of a nucleic acid, a
polynucleotide, or an oligonucleotide that can be detected

and/ or quanti?ed. KD biomarkers include polypeptides com

prising amino acid sequences from proteins including, but not

limited to, collagen type 16 alpha 1 (COL16A1), collagen
type 1 alpha 1 (COL1A1),collagentype 3 alpha 1 (COL3A1),
uromodulin (UMOD), collagen type 9 alpha 3 (COL9A3),
collagen type 23 alpha 1 (COL23A1), collectin sub-family
member 12 (COLEC12), unnamed protein product Q6ZSL6
(Q6ZSL6), and EMI domain containing 1 (EMID 1); and
peptide fragments thereof including, but not limited to, pep
tides comprising an amino acid sequence selected from the

group consisting of SEQ ID NOSz1-13, or comprising an
amino acid sequence displaying at least about 80-100%

sequence identity thereto, including any percent identity
Within these ranges, such as 81, 82, 83, 84, 85, 86, 87, 88, 89,

90, 91, 92, 93, 94, 95, 96, 97, 98, 99% sequence identity
thereto. KD biomarkers also include polynucleotides com
prising nucleotide sequences from genes or RNA transcripts

of genes, including but not limited to, TLR7, CXCLlO,

LMO2, PLXDCl, MARCHl, 113130, LYN, CDC42EP2,
MS4A14, PARP14, RAC2, SRF, NKTR, LAP3, APOL3,
STAT1, GCNT1, CAMK4, STAT1, CAMK4, MRPS25,
P2RY8, ADD3, TRIM26, ARRBl, GNAS, 1SG20, PCGF5,
PRPF18, CRTAM, LHPP, RASGRPl, CMPK2, MS4A14,
and RHOH.
[0048] The terms “polypeptide” and “protein” refer to a
polymer of amino acid residues and are not limited to a

minimum length. Thus, peptides, oligopeptides, dimers, mul
timers, and the like, are included Within the de?nition. Both

full-length proteins and fragments thereof are encompassed
by the de?nition. The terms also include postexpression

modi?cations of the polypeptide, for example, glycosylation,

acetylation, phosphorylation, hydroxylation, oxidation, and
the like.

[0049] The terms “polynucleotide,

oligonucleotide,”

present in terms of quantity, frequency or both.

[0051] A polypeptide or polynucleotide is differentially
expressed betWeen tWo samples if the amount of the polypep
tide or polynucleotide in one sample is statistically signi?
cantly different from the amount of the polypeptide or poly
nucleotide in the other sample. For example, a polypeptide or

polynucleotide is differentially expressed in tWo samples if it
is present at least about 120%, at least about 130%, at least
about 150%, at least about 180%, at least about 200%, at least
about 300%, at least about 500%, at least about 700%, at least
about 900%, or at least about 1000% greater than it is present
in the other sample, or if it is detectable in one sample and not
detectable in the other.
[0052] Alternatively or additionally, a polypeptide or poly

nucleotide is differentially expressed in tWo sets of samples if
the frequency of detecting the polypeptide or polynucleotide

in samples of patients’ suffering from KD, is statistically
signi?cantly higher or loWer than in the control samples. For
example, a polypeptide or polynucleotide is differentially
expressed in tWo sets of samples if it is detected at least about
120%, at least about 130%, at least about 150%, at least about
180%, at least about 200%, at least about 300%, at least about
500%, at least about 700%, at least about 900%, or at least
about 1000% more frequently or less frequently observed in
one set of samples than the other set of samples.

[0053]

The terms “subject,

individual,” and “patient,” are

used interchangeably herein and refer to any mammalian

subject for Whom diagnosis, prognosis, treatment, or therapy
is desired, particularly humans. Other subjects may include

cattle, dogs, cats, guinea pigs, rabbits, rats, mice, horses, and
so on. In some cases, the methods of the invention ?nd use in

experimental animals, in veterinary application, and in the
development of animal models for disease, including, but not
limited to, rodents including mice, rats, and hamsters; and

primates.

ribonucleotides or deoxyribonucleotides. This term refers

[0054] As used herein, a “biological sample” refers to a
sample of tissue or ?uid isolated from a subject, including but
not limited to, for example, blood, plasma, serum, fecal mat

only to the primary structure of the molecule. Thus, the term
includes triple-, double- and single-stranded DNA, as Well as
triple-, double- and single-stranded RNA. It also includes

samples of the skin, external secretions of the skin, respira
tory, intestinal, and genitourinary tracts, tears, saliva, milk,

“nucleic acid” and “nucleic acid molecule” are used herein to

include a polymeric form of nucleotides of any length, either

modi?cations, such as by methylation and/or by capping, and
unmodi?ed forms of the polynucleotide. More particularly,
the terms “polynucleotide, oligonucleotide,” “nucleic acid”
and “nucleic acid molecule” include polydeoxyribonucle

ter, urine, bone marroW, bile, spinal ?uid, lymph ?uid,
blood cells, organs, biopsies and also samples of in vitro cell
culture constituents, including but not limited to, conditioned
media resulting from the groWth of cells and tissues in culture
medium, e.g., recombinant cells, and cell components.

otides (containing 2-deoxy-D-ribose), polyribonucleotides

[0055]

(containing D-ribose), and any other type of polynucleotide

a biomarker present in a sample being tested. A test amount

A “test amount” of a marker refers to an amount of
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can be either an absolute amount (e.g., g/ml) or a relative

amount (e.g., relative intensity of signals).
[0056] A “diagnostic amount” of a biomarker refers to an
amount of a biomarker in a subject’s sample that is consistent
With a diagnosis of KD. A diagnostic amount can be either an
absolute amount (e.g., g/ml) or a relative amount (e.g., rela

tive intensity of signals).
[0057] A “control amount” of a marker can be any amount
or a range of amount Which is to be compared against a test
amount of a marker. For example, a control amount of a
biomarker can be the amount of a biomarker in a person
Without KD. A control amount can be either in absolute

amount (e.g., ug/ml) or a relative amount (e.g., relative inten
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immunoreactive With a particular protein. For example, solid
phase ELISA immunoassays are routinely used to select anti
bodies speci?cally immunoreactive With a protein (see, e.g.,
HarloW & Lane. Antibodies, A Laboratory Manual (1988),
for a description of immunoassay formats and conditions that
can be used to determine speci?c immunoreactivity). Typi
cally a speci?c or selective reaction Will be at least tWice
background signal or noise and more typically more than 10
to 100 times background.
[0061] “Capture reagent” refers to a molecule or group of
molecules that speci?cally bind to a speci?c target molecule
or group of target molecules. For example, a capture reagent
can comprise tWo or more antibodies each antibody having

sity of signals).

speci?city for a separate target molecule. Capture reagents

[0058]

can be any combination of organic or inorganic chemicals, or

The term “antibody” encompasses polyclonal and

monoclonal antibody preparations, as Well as preparations

biomolecules, and all fragments, analogs, homologs, conju

including hybrid antibodies, altered antibodies, chimeric

gates, and derivatives thereof that can speci?cally bind a

antibodies and, humanized antibodies, as Well as: hybrid (chi

target molecule.
[0062] The capture reagent can comprise a single molecule

meric) antibody molecules (see, for example, Winter et al.
(1991) Nature 349:293-299; and US. Pat. No. 4,816,567);

F(ab')2 and F(ab) fragments; Fv molecules (noncovalent het
erodimers, see, for example, Inbar et al. (1972) Proc Natl
Acad Sci USA 69:2659-2662; and Ehrlich et al. (1980) Bio

chem 19:4091-4096); single-chain Fv molecules (sFv) (see,
e.g., Huston et al. (1988) Proc NaZlAcad Sci USA 8515879

5883); dimeric and trimeric antibody fragment constructs;
minibodies (see, e.g., Pack et al. (1992) Biochem 31:1579

1584; Cumber et al. (1992) Jlmmunology 149B:120-126);
humanized antibody molecules (see, e.g., Riechmann et al.
(1988) Nature 332:323-327; Verhoeyan et al. (1988) Science
239: 1534-1536; and UK. Patent Publication No. GB 2,276,

that can form a complex With multiple targets, for example, a

multimeric fusion protein With multiple binding sites for dif
ferent targets. The capture reagent can comprise multiple
molecules each having speci?city for a different target,
thereby resulting in multiple capture reagent-target com
plexes. In certain embodiments, the capture reagent is com
prised of proteins, such as antibodies.
[0063] The capture reagent can be directly labeled With a
detectable moiety. For example, an anti-biomarker antibody
can be directly conjugated to a detectable moiety and used in
the inventive methods, devices, and kits. In the alternative,
detection of the capture reagent-biomarker complex can be by

169, published 21 Sep. 1994); and, any functional fragments

a secondary reagent that speci?cally binds to the biomarker or

obtained from such molecules, Wherein such fragments retain

the capture reagent-biomarker complex. The secondary

speci?c-binding properties of the parent antibody molecule.

reagent can be any biomolecule, and is preferably an anti

[0059]

body. The secondary reagent is labeled With a detectable
moiety. In some embodiments, the capture reagent or second
ary reagent is coupled to biotin, and contacted With avidin or

“Immunoassay” is an assay that uses an antibody to

speci?cally bind an antigen (e.g., a biomarker). The immu
noassay is characterized by the use of speci?c binding prop
erties of a particular antibody to isolate, target, and/ or quan
tify the antigen. An immunoassay for a biomarker may utilize
one antibody or several antibodies Immunoassay protocols
may be based, for example, upon competition, direct reaction,
or sandWich type assays using, for example, labeled antibody.
The labels may be, for example, ?uorescent, chemilumines

[0064] “Detectable moieties” or “detectable labels” con
templated for use in the invention include, but are not limited

cent, or radioactive.

?uorescent protein (GFP), red ?uorescent protein (DsRed),

[0060] The phrase “speci?cally (or selectively) binds” to an
antibody or “speci?cally (or selectively) immunoreactive

Cyan Fluorescent Protein (CFP), YelloW Fluorescent Protein

Wit ,” When referring to a protein or peptide, refers to a
binding reaction that is determinative of the presence of the

line phosphatase (AP), beta-lactamase, chloramphenicol
acetyltransferase (CAT), adenosine deaminase (ADA), ami

protein in a heterogeneous population of proteins and other

noglycoside phosphotransferase (neo’, G418") dihydrofolate

biologics. Thus, under designated immunoassay conditions,
the speci?ed antibodies bind to a particular protein at least
tWo times the background and do not substantially bind in a

reductase (DHFR), hvgromycin-B-phosphotransferase
(HPH), thymidine kinase (TK), lacZ (encoding .alpha.-galac
tosidase), and xanthine guanine phosphoribosyltransferase

signi?cant amount to other proteins present in the sample.
Speci?c binding to an antibody under such conditions may

@(GPRT), Beta-Glucuronidase (gus), Placental Alkaline
Phosphatase (PLAP), Secreted Embryonic Alkaline Phos

require an antibody that is selected for its speci?city for a

phatase (SEAP), or Fire?y or Bacterial Luciferase (LUC).

particular protein. For example, polyclonal antibodies raised

Enzyme tags are used With their cognate substrate. The terms
also include color-coded microspheres of knoWn ?uorescent
light intensities (see e. g., microspheres With xMAP technol

to a biomarker from speci?c species such as rat, mouse, or

human can be selected to obtain only those polyclonal anti
bodies that are speci?cally immunoreactive With the biomar
ker and not With other proteins, except for polymorphic vari
ants and alleles of the biomarker. This selection may be
achieved by subtracting out antibodies that cross-react With

streptavidin having a detectable moiety tag.
to, radioisotopes, ?uorescent dyes such as ?uorescein, phy

coerythrin, Cy-3, Cy-5, allophycoyanin, DAPI, Texas Red,
rhodamine, Oregon green, Lucifer yelloW, and the like, green

(YFP), Cerianthus Orange Fluorescent Protein (cOFP), alka

ogy produced by Luminex (Austin, Tex.); microspheres con
taining quantum dot nanocrystals, for example, containing
different ratios and combinations of quantum dot colors (e. g.,

Qdot nanocrystals produced by Life Technologies (Carlsbad,

biomarker molecules from other species. A variety of immu

Calif.); glass coated metal nanoparticles (see e. g., SERS

noassay formats may be used to select antibodies speci?cally

nanotags produced by Nanoplex Technologies, Inc. (Moun
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tain View, Calif); barcode materials (see e.g., sub-micron

in a sequential diagnostic method for determining appropriate

sized striped metallic rods such as Nanobarcodes produced

treatment regimens for patients (see Example 1).

by Nanoplex Technologies, Inc.), encoded microparticles
With colored bar codes (see e. g., CellCard produced by V1tra

[0071] In order to further an understanding of the invention,
a more detailed discussion is provided beloW regarding the

Bioscience, vitrabio.com), and glass microparticles With
digital holographic code images (see e.g., CyVera micro
beads produced by Illumina (San Diego, Calif). As With

identi?ed biomarkers and clinical scoring system and meth
ods of using them in prognosis, diagnosis, or monitoring
treatment of KD.

many of the standard procedures associated With the practice

[0072]

Biomarkers

of the invention, skilled artisans Will be aWare of additional

[0073]

Biomarkers that can be used in the practice of the

labels that can be used.

invention include polypeptides comprising amino acid
sequences from proteins including, but not limited to, col
lagen type 16 alpha 1 (COL16A1), collagen type 1 alpha 1

[0065]

“Diagnosis” as used herein generally includes deter

mination as to Whether a subject is likely affected by a given
disease, disorder or dysfunction. The skilled artisan often
makes a diagnosis on the basis of one or more diagnostic

(COL1A1), collagen type 3 alpha 1 (COL3A1), uromodulin
(UMOD), collagen type 9 alpha 3 (COL9A3), collagen type

indicators, i.e., a biomarker, the presence, absence, or amount
of Which is indicative of the presence or absence of the dis
ease, disorder or dysfunction.
[0066] “Prognosis” as used herein generally refers to a
prediction of the probable course and outcome of a clinical
condition or disease. A prognosis of a patient is usually made
by evaluating factors or symptoms of a disease that are indica

ments thereof including, but not limited to, peptides compris
ing amino acid sequences selected from the group consisting
of SEQ ID NOS:1-13, or comprising amino acid sequences
displaying at least about 80-100% sequence identity thereto,

tive of a favorable or unfavorable course or outcome of the

including any percent identity Within these ranges, such as 81 ,

disease. It is understood that the term “prognosis” does not
necessarily refer to the ability to predict the course or out

99% sequence identity thereto. KD biomarkers also include

come of a condition With 100% accuracy. Instead, the skilled
artisan Will understand that the term “prognosis” refers to an
increased probability that a certain course or outcome Will
occur; that is, that a course or outcome is more likely to occur

in a patient exhibiting a given condition, When compared to
those individuals not exhibiting the condition.

[0067]

“Substantially puri?ed” refers to nucleic acid mol

ecules or proteins that are removed from their natural envi
ronment and are isolated or separated, and are at least about

23 alpha 1 (COL23A1), collectin sub-family member 12

(COLEC12), unnamed protein product Q6ZSL6 (Q6ZSL6),
and EMI domain containing 1 (EMID 1); and peptide frag

82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98,
polynucleotides comprising nucleotide sequences from
genes or RNA transcripts of genes including, but not limited

to, TLR7, CXCLlO, LMO2, PLXDCl, MARCHl, IFI30,
LYN, CDC42EP2, MS4A14, PARP14, RAC2, SRF, NKTR,
LAP3, APOL3, STAT1, GCNTl, CAMK4, STAT1, CAMK4,
MRPS25, P2RY8, ADD3, TRIM26, ARRB1, GNAS, ISG20,
PCGFS, PRPF18, CRTAM, LHPP, RASGRPl, CMPK2,
MS4A14, and RHOH. Differential expression of these biom
arkers is associated With KD and therefore expression pro?les

60% free, preferably about 75% free, and most preferably

of these biomarkers are useful for diagnosing KD and distin

about 90% free, from other components With Which they are

guishing KD from other in?ammatory conditions, including

naturally associated.

infectious illness and acute febrile illness.

II. MODES OF CARRYING OUT THE
INVENTION

[0068]

Before describing the present invention in detail, it

is to be understood that this invention is not limited to par
ticular formulations or process parameters as such may, of

course, vary. It is also to be understood that the terminology

used herein is for the purpose of describing particular
embodiments of the invention only, and is not intended to be

limiting.
[0069]

Although a number of methods and materials simi

lar or equivalent to those described herein can be used in the

[0074] Accordingly, in one aspect, the invention provides a
method for diagnosing KD in a subject, comprising measur
ing the level of a plurality of biomarkers in a biological

sample derived from a subject suspected of having KD, and
analyZing the levels of the biomarkers and comparing With
respective reference value ranges for the biomarkers, Wherein
differential expression of one or more biomarkers in the bio
logical sample compared to one or more biomarkers in a

control sample indicates that the subject has KD. When ana
lyZing the levels of biomarkers in a biological sample, the
reference value ranges used for comparison can represent the
level of one or more biomarkers found in one or more samples

of one or more subjects Without KD (i.e., normal or control

practice of the present invention, the preferred materials and

samples). Alternatively, the reference values can represent the

methods are described herein.

level of one or more biomarkers found in one or more samples
of one or more subjects With KD.

[0070] The invention relates to the use of biomarkers either
alone or in combination With clinical parameters for diagno
sis of KD. In particular, the inventors have discovered panels
of biomarkers Whose expression pro?les can be used to diag
nose KD and to distinguish KD from other in?ammatory
diseases, including infectious illness and acute febrile illness.
The inventors have further developed a clinical scoring sys

[0075]

The biological sample obtained from the subject to

be diagnosed is typically blood or urine, but can be any

sample from bodily ?uids, tissue or cells (e.g., blood cells,
lymphocytes) that contain the expressed biomarkers. A “con
trol” sample as used herein refers to a biological sample, such
as blood, urine, tissue, or cells that are not diseased. That is, a

tem for classifying patients according to their risk of having

control sample is obtained from a normal subject (eg an

KD based on 7 clinical parameters (duration of fever, hemo

individual knoWn to not have KD or any condition or symp

globin concentration, C-reactive protein concentration, White

tom associated With the disease). A biological sample can be
obtained from a subject by conventional techniques. For
example, blood can be obtained by venipuncture; urine can be
spontaneously voided by a subject or collected by bladder

blood cell count, percent eosinophils, percent monocytes, and
percent immature neutrophils). This clinical scoring system
can be used alone or in combination With biomarker pro?les
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catheteriZation; and solid tissue samples can be obtained by
surgical techniques according to methods Well known in the
art.

[0076] In certain embodiments, a panel of biomarkers is
used for diagnosis of KD. Biomarkerpanels of any siZe can be
used in the practice of the invention. Biomarker panels for
diagnosing KD typically comprise at least 4 biomarkers and
up to 30 biomarkers, including any number of biomarkers in

betWeen, such as 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 biomarkers.
In certain embodiments, the invention includes a biomarker
panel comprising at least 4, or at least 5, or at least 6, or at least
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disease from other in?ammatory conditions, including infec
tious illness and acute febrile illness.

[0078] In certain embodiments, clinical parameters are
used for diagnosis of KD, either alone or in combination With
the biomarkers described herein. In one embodiment, the
invention includes a method for determining a clinical score

for a subject suspected of having KD. The method comprises
measuring at least seven clinical parameters for the subject,

including duration of fever, concentration of hemoglobin in
the blood, concentration of C-reactive protein in the blood,
White blood cell count, percent eosinophils in the blood,
percent monocytes in the blood, and percent immature neu
trophils in the blood. A clinical score can be calculated using,

7, or at least 8, or at least 9, or at least 10 or more biomarkers.

e.g., multivariate linear discriminant analysis (LDA) from the

Although smaller biomarker panels are usually more eco

values of the clinical parameters. The clinical score can then

nomical, larger biomarker panels (i.e., greater than 30 biom

be classi?ed as a loW risk KD clinical score, an intermediate

arkers) have the advantage of providing more detailed infor

risk KD clinical score, or a high risk KD clinical score by

mation and can also be used in the practice of the invention.

methods described herein (see Example 1).

[0077]

[0079] A high risk KD clinical score or a loW risk KD
clinical score alone is su?icient to accurately diagnose a

In another aspect, the invention includes a biomar

ker panel comprising a plurality of biomarkers for diagnosing
KD, Wherein one or more biomarkers are selected from the

group consisting of a COL16A1 polypeptide, a COL1A1
polypeptide, a COL3A1 polypeptide, a UMOD polypeptide,
a COL9A3 polypeptide, a COL23A1 polypeptide, a
COLEC12 polypeptide, a Q6ZSL6 polypeptide, and an

EMID1 polypeptide; or peptide fragments thereof; and a
TLR7 polynucleotide, a CXCLlO polynucleotide, a LMO2
polynucleotide, a PLXDCl polynucleotide, a MARCHl

polynucleotide, a IFI30 polynucleotide, a LYN polynucle
otide, a CDC42EP2 polynucleotide, a MS4A14 polynucle
otide, a PARP 14 polynucleotide, a RAC2 polynucleotide, a

SRF polynucleotide, a NKTR polynucleotide, a LAP3 poly
nucleotide, a APOL3 polynucleotide, a STATl polynucle
otide, a GCNTl polynucleotide, a CAMK4 polynucleotide, a
MRPS25 polynucleotide, a P2RY8 polynucleotide, a ADD3
polynucleotide, a TRIM26 polynucleotide, a ARRBl poly
nucleotide, GNAS, a ISG20 polynucleotide, PCGF5, a PRPF
18 polynucleotide, a CRTAM polynucleotide, a LHPP poly
nucleotide, a RASGRPI polynucleotide, a CMPK2 poly
nucleotide, and an RHOH polynucleotide. In one embodi
ment, the invention includes a biomarker panel comprising a
COL16A1 polypeptide, a COL1A1 polypeptide, a COL3A1
polypeptide, a UMOD polypeptide, a COL9A3 polypeptide,
a COL23A1 polypeptide, a COLEC12 polypeptide, a

Q6ZSL6 polypeptide, and an EMID1 polypeptide; or peptide

fragments thereof. An exemplary biomarker panel comprises
13 peptides consisting of sequences selected from the group
consisting of SEQ ID NOS: 1-13. In another embodiment, the
invention includes a biomarker panel comprising a TLR7
polynucleotide, a CXCLlO polynucleotide, a LMO2 poly
nucleotide, a PLXDCl polynucleotide, a MARCHI poly
nucleotide, a IFI30 polynucleotide, a LYN polynucleotide, a
CDC42EP2 polynucleotide, a MS4A14 polynucleotide, a
PARP14 polynucleotide, a RAC2 polynucleotide, a SRF

polynucleotide, a NKTR polynucleotide, a LAP3 polynucle
otide, a APOL3 polynucleotide, a STATl polynucleotide, a
GCNTl polynucleotide, a CAMK4 polynucleotide, a
MRPS25 polynucleotide, a P2RY8 polynucleotide, a ADD3

polynucleotide, a TRIM26 polynucleotide, a ARRBl poly
nucleotide, GNAS, a ISG20 polynucleotide, PCGF5, a
PRPF18 polynucleotide, a CRTAM polynucleotide, a LHPP
polynucleotide, a RASGRPI polynucleotide, a CMPK2

polynucleotide, and an RHOH polynucleotide. Biomarkers
panels are useful for diagnosing KD and distinguishing KD

patient as either having KD or not having KD, respectively.
For patients With intermediate risk KD clinical scores, addi
tional information is needed to diagnose the patient accu
rately. A sequential diagnosis method can be used, Wherein
the clinical score information is combined With one or more

biomarker pro?les to diagnose the subject. Thus, in one
embodiment, the invention includes a method for diagnosing
KD in a subject comprising (i) determining a KD clinical
score for the subject; and (ii) measuring the level of a plurality
of biomarkers in a biological sample derived from the subject;
and analyZing the levels of the biomarkers and comparing
With respective reference value ranges for the biomarkers. For
example, a panel of biomarkers comprising one or more

COL16A1, COL1A1, COL3A1, UMOD, COL9A3,
COL23A1, COLEC12, Q6ZSL6, and EMID1 polypeptides
or peptide fragments thereof may be used in combination
With the clinical score for diagnosis of KD. In one embodi

ment, the panel of biomarkers used in combination With the

clinical store comprises peptides consisting of amino acid
sequences selected from the group consisting of SEQ ID
NOS: 1 -13, or comprising amino acid sequences displaying at

least about 80-100% sequence identity thereto, including any
percent identity Within these ranges, such as 81, 82, 83, 84,

85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%
sequence identity thereto. Alternatively or in addition, a panel
of biomarkers comprising one or more TLR7, CXCL10,

LMO2, PLXDCl, MARCHl, IFI30, LYN, CDC42EP2,
MS4A14, PARP14, RAC2, SRF, NKTR, LAP3, APOL3,
STATl, GCNTl, CAMK4, MRPS25, P2RY8, ADD3,
TRIM26, ARRBl, GNAS, ISG20, PCGF5, PRPF18,
CRTAM, LHPP, RASGRPl, CMPK2, and RHOH polynucle
otides can be used in combination With the clinical score for

diagnosis of KD.
[0080] The methods described herein may be used to deter
mine if a patient suspected of having KD should be treated
With an intravenous immunoglobulin (WIG). A patients is
selected for treatment With IVIG if the patient has a KD
clinical score in the high risk range, or a KD clinical score in

the intermediate risk range and a positive KD diagnosis based
on the expression pro?le of one or more biomarker panels
described herein.

[0081]

Detecting and Measuring Levels of Biomarkers

[0082]

It is understood that the expression level of the

biomarkers in a sample can be determined by any suitable
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method known in the art. Measurement of the expression
level of a biomarker canbe direct or indirect. For example, the
abundance levels of RNAs or proteins can be directly quan
titated. Alternatively, the amount of a biomarker can be deter

mined indirectly by measuring abundance levels of cDNAs,
ampli?ed RNAs or DNAs, or by measuring quantities or
activities of RNAs, proteins, or other molecules (e.g.,
metabolites) that are indicative of the expression level of the
biomarker. The methods for detecting biomarkers in a sample
have many applications. For example, one or more biomark
ers can be measured to aid in the diagnosis of KD, to deter

mine the appropriate treatment for a subject, to monitor
responses in a subject to treatment, or to identify therapeutic

compounds that modulate expression of the biomarkers in
vivo or in vitro.

[0083] Detecting Proteins, Polypeptides, and Peptides
[0084]

In one embodiment, the expression levels of the

biomarkers are determined by measuring protein, polypep
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used (Morrison et al., Proc. Natl. Acad. Sci. 81, 6851-55,
1984; Neuberger et al., Nature 312, 604-08, 1984; Takeda et
al., Nature 314, 452-54, 1985). Monoclonal and other anti
bodies also can be “humanized” to prevent a patient from

mounting an immune response against the antibody When it is
used therapeutically. Such antibodies may be suf?ciently
similar in sequence to human antibodies to be used directly in
therapy or may require alteration of a feW key residues.
Sequence differences betWeen rodent antibodies and human
sequences can be minimiZed by replacing residues Which
differ from those in the human sequences by site directed
mutagenesis of individual residues or by grating of entire

complementarity determining regions.
[0088] Alternatively, humaniZed antibodies can be pro
duced using recombinant methods, as described beloW. Anti
bodies Which speci?cally bind to a particular antigen can
contain antigen binding sites Which are either partially or
fully humaniZed, as disclosed in US. Pat. No. 5,565,332.

tide, or peptide levels of the biomarkers. Assays based on the

Human monoclonal antibodies can be prepared in vitro as

use of antibodies that speci?cally recogniZe the proteins,
polypeptide fragments, or peptides of the biomarkers may be

described in Simmons et al., PLoS Medicine 4(5), 928-36,
2007.

used for the measurement. Such assays include, but are not

[0089] Alternatively, techniques described for the produc

limited to, immunohistochemistry (IHC), Western blotting,
enZyme-linked immunosorbent assay (ELISA), radioimmu
noassays (RIA), “sandWich” immunoassays, ?uorescent
immunoassays, immunoprecipitation assays, the procedures

tion of single chain antibodies can be adapted using methods
knoWn in the art to produce single chain antibodies Which
speci?cally bind to a particular antigen. Antibodies With
related speci?city, but of distinct idiotypic composition, can

of Which are Well knoWn in the art (see, e.g., Ausubel et al,

be generated by chain shuf?ing from random combinatorial
immunoglobin libraries (Burton, Proc. Natl. Acad. Sci. 88,

eds, 1994, Current Protocols in Molecular Biology, Vol. 1,

John Wiley & Sons, Inc., NeWYork, Which is incorporated by
reference herein in its entirety).
[0085]

Antibodies that speci?cally bind to a biomarker can

be prepared using any suitable methods knoWn in the art. See,
e.g., Coligan, Current Protocols in Immunology (1991); Har
loW & Lane, Antibodies: A Laboratory Manual (1988); God

ing, Monoclonal Antibodies: Principles and Practice (2d ed.
1986); and Kohler & Milstein, Nature 256:495-497 (1 975). A
biomarker antigen can be used to immuniZe a mammal, such
as a mouse, rat, rabbit, guinea pig, monkey, or human, to

produce polyclonal antibodies. If desired, a biomarker anti
gen can be conjugated to a carrier protein, such as bovine

serum albumin, thyroglobulin, and keyhole limpet hemocya
nin. Depending on the host species, various adjuvants can be
used to increase the immunological response. Such adjuvants
include, but are not limited to, Freund’s adjuvant, mineral

gels (e.g., aluminum hydroxide), and surface active sub

stances (e.g. lysolecithin, pluronic polyols, polyanions, pep
tides, oil emulsions, keyhole limpet hemocyanin, and dinitro
phenol). Among adjuvants used in humans, BCG (bacilli
Calmette-Guerin) and Corynebacterium parvum are espe

11120-23, 1991).
[0090] Single-chain antibodies also can be constructed
using a DNA ampli?cation method, such as PCR, using
hybridoma cDNA as a template (Thirion et al., Eur. J. Cancer
Prev. 5, 507-11, 1996). Single-chain antibodies can be mono
or bispeci?c, and can be bivalent or tetravalent. Construction

of tetravalent, bispeci?c single-chain antibodies is taught, for
example, in Coloma & Morrison, Nat. Biotechnol. 15, 159

63, 1997. Construction of bivalent, bispeci?c single-chain
antibodies is taught in Mallender & Voss, J. Biol. Chem. 269,
199-206, 1994.
[0091] A nucleotide sequence encoding a single-chain anti
body can be constructed using manual or automated nucle

otide synthesis, cloned into an expression construct using
standard recombinant DNA methods, and introduced into a
cell to express the coding sequence, as described beloW. Alter

natively, single-chain antibodies can be produced directly
using, for example, ?lamentous phage technology (Verhaar et
al., Int. J Cancer 61, 497-501, 1995; Nicholls et al., J. Immu

nol. Meth. 165, 81-91, 1993).

cially useful.

[0092]

[0086]

antigen also can be produced by inducing in vivo production
in the lymphocyte population or by screening immunoglobu
lin libraries or panels of highly speci?c binding reagents as

Monoclonal antibodies Which speci?cally bind to a

biomarker antigen can be prepared using any technique Which
provides for the production of antibody molecules by con
tinuous cell lines in culture. These techniques include, but are
not limited to, the hybridoma technique, the human B cell

hybridoma technique, and the EBV hybridoma technique
(Kohler et al., Nature 256, 495-97, 1985; KoZbor et al., J.
Immunol. Methods 81, 3142, 1985; Cote et al., Proc. Natl.
Acad. Sci. 80, 2026-30, 1983; Cole et al., Mol. Cell Biol. 62,

Antibodies Which speci?cally bind to a biomarker

disclosed in the literature (Orlandi et al., Proc. Natl. Acad.
Sci. 86, 3833 3837, 1989; Winter et al., Nature 349, 293 299,
1 99 1 ).
[0093]

Chimeric antibodies can be constructed as disclosed

genes to human antibody genes to obtain a molecule With

in WO 93/03151. Binding proteins Which are derived from
immunoglobulins and Which are multivalent and multispe
ci?c, such as the “diabodies” described in W0 94/ 13804, also
can be prepared.
[0094] Antibodies can be puri?ed by methods Well knoWn
in the art. For example, antibodies can be a?inity puri?ed by

appropriate antigen speci?city and biological activity, can be

passage over a column to Which the relevant antigen is bound.

109-20, 1984).
[0087] In addition, techniques developed for the production
of “chimeric antibodies,” the splicing of mouse antibody
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The bound antibodies can then be eluted from the column
using a buffer With a high salt concentration.
[0095] Antibodies may be used in diagnostic assays to
detect the presence or for quanti?cation of the biomarkers in
a biological sample. Such a diagnostic assay may comprise at
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is eluted from the column (“fraction 1”) has the highest per
centage of high molecular Weight proteins; fraction 2 has a

loWer percentage of high molecular Weight proteins; fraction
3 has even a loWer percentage of high molecular Weight

proteins; fraction 4 has the loWest amount of large proteins;

least tWo steps; (i) contacting a biological sample With the
antibody, Wherein the sample is a tissue (e.g., human, animal,

and so on. Each fraction can then be analyZed by immunoas

etc.), biological ?uid (e. g., blood, urine, sputum, semen,
amniotic ?uid, saliva, etc.), biological extract (e.g., tissue or
cellular homogenate, etc.), a protein microchip (e.g., See

tion of biomarkers.
[0100] In another embodiment, a sample can be fraction

Arenkov P, et al., Anal Biochem., 278(2): 123-131 (2000)), or
a chromatography column, etc; and (ii) quantifying the anti
body bound to the substrate. The method may additionally
involve a preliminary step of attaching the antibody, either
covalently, electrostatically, or reversibly, to a solid support,
before subjecting the bound antibody to the sample, as

chromatography alloWs fractionation of the proteins in a

says, gas phase ion spectrometry, and the like, for the detec

ated by anion exchange chromatography. Anion exchange
sample roughly according to their charge characteristics. For

de?ned above and elseWhere herein.

example, a Q anion-exchange resin can be used (e. g., Q
HyperD F, Biosepra), and a sample can be sequentially eluted
With eluants having different pH’ s. Anion exchange chroma
tography alloWs separation of biomarkers in a sample that are
more negatively charged from other types of biomarkers.

[0096]

Various diagnostic assay techniques are knoWn in

Proteins that are eluted With an eluant having a high pH are

the art, such as competitive binding assays, direct or indirect
sandWich assays and immunoprecipitation assays conducted

eluted With an eluant having a loW pH are likely to be strongly

in either heterogeneous or homogenous phases (Zola, Mono
clonal Antibodies: A Manual of Techniques, CRC Press, Inc.,
(1987), pp 147-158). The antibodies used in the diagnostic

likely to be Weakly negatively charged, and proteins that are

negatively charged. Thus, in addition to reducing complexity
of a sample, anion exchange chromatography separates pro
teins according to their binding characteristics.

assays canbe labeled With a detectable moiety. The detectable

[0101]

moiety should be capable of producing, either directly or
indirectly, a detectable signal. For example, the detectable
moiety may be a radioisotope, such as 2H, 14C, 32P, or 125I, a

tionated by heparin chromatography. Heparin chromatogra

?uorescent or chemiluminescent compound, such as ?uores
cein isothiocyanate, rhodamine, or luciferin, or an enzyme,

such as alkaline phosphatase, beta-galactosidase, green ?uo
rescent protein, or horseradish peroxidase. Any method
knoWn in the art for conjugating the antibody to the detectable

moiety may be employed, including those methods described
by Hunter et al., Nature, 144:945 (1962); David et al., Bio
chem., 1311014 (1974); Pain et al., J. Immunol. Methods,
40:219 (1981); and Nygren, J. Histochem. and Cytochem.,
30:407 (1982).
[0097]

Immunoassays can be used to determine the pres

In yet another embodiment, a sample can be frac

phy alloWs fractionation of the biomarkers in a sample also on

the basis of a?inity interaction With heparin and charge char
acteristics. Heparin, a sulfated mucopolysaccharide, Will
bind biomarkers With positively charged moieties, and a
sample can be sequentially eluted With eluants having differ
ent pH’s or salt concentrations. Biomarkers eluted With an

eluant having a loW pH are more likely to be Weakly positively
charged. Biomarkers eluted With an eluant having a high pH

are more likely to be strongly positively charged. Thus, hep
arin chromatography also reduces the complexity of a sample
and separates biomarkers according to their binding charac
teristics.
[0102] In yet another embodiment, a sample can be frac

ence or absence of a biomarker in a sample as Well as the

tionated by isolating proteins that have a speci?c character

quantity of a biomarker in a sample. First, a test amount of a

istic, e.g. glycosylation. For example, a CSF sample can be
fractionated by passing the sample over a lectin chromatog

biomarker in a sample can be detected using the immunoas
say methods described above. If a biomarker is present in the
sample, it Will form an antibody-biomarker complex With an

raphy column (Which has a high af?nity for sugars). Glyco

antibody that speci?cally binds the biomarker under suitable

cosylated proteins Will pass through the ?oW through.

sylated proteins Will bind to the lectin column and non-gly

incubation conditions, as described above. The amount of an

Glycosylated proteins are then eluted from the lectin column

antibody-biomarker complex can be determined by compar

With an eluant containing a sugar, e.g., N-acetyl-glucosamine
and are available for further analysis.
[0103] In yet another embodiment, a sample can be frac

ing to a standard. A standard can be, e.g., a knoWn compound
or another protein knoWn to be present in a sample. As noted
above, the test amount of a biomarker need not be measured
in absolute units, as long as the unit of measurement can be
compared to a control.

tionated using a sequential extraction protocol. In sequential

fractionate biological samples, e.g., to enrich samples for

extraction, a sample is exposed to a series of adsorbents to
extract different types of biomarkers from a sample. For
example, a sample is applied to a ?rst adsorbent to extract
certain proteins, and an eluant containing non-adsorbent pro

loWer abundance proteins to facilitate detection of biomark
ers, or to partially purify biomarkers isolated from biological
samples to generate speci?c antibodies to biomarkers. There

teins (i.e., proteins that did not bind to the ?rst adsorbent) is
collected. Then, the fraction is exposed to a second adsorbent.
This further extracts various proteins from the fraction. This

[0098]

It may be useful in the practice of the invention to

are many Ways to reduce the complexity of a sample based on

second fraction is then exposed to a third adsorbent, and so

the binding properties of the proteins in the sample, or the
characteristics of the proteins in the sample.

on.

[0099]

perform sequential extraction of a sample. For example, a
series of spin columns comprising different adsorbents can be
used. In another example, a multi-Well comprising different

In one embodiment, a sample can be fractionated

according to the siZe of the proteins in a sample using siZe
exclusion chromatography. For a biological sample Wherein
the amount of sample available is small, preferably a siZe
selection spin column is used. In general, the ?rst fraction that

[0104]

Any suitable materials and methods can be used to

adsorbents at its bottom can be used. In another example,
sequential extraction can be performed on a probe adapted for

