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Defective FOXP3 expression in patients with acute Kawasaki
disease and restoration by intravenous immunoglobulin therapy
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ABSTRACT

Objective. The aims of this study
were: 1) to investigate forkhead box P3
(FOXP3) expression in patients with
Kawasaki disease (KD), exploring pos-
sible differences during the acute phase
and after defervescence, 2) to evaluate
a possible association of the FOXP3
single nucleotide polymorphism (SNP)
543 (SNP ID: rs2232367) with KD.
Methods. FOXP3 expression was eval-
uated on 8 children with KD and 15
healthy children by flow cytometry and
Real-Time polymerase chain reaction
(RT-PCR). FOXP3 SNP 543 was geno-
typed by denaturing high-performance
liquid chromatography (DHPLC) and
sequencing on DNA samples from 58
additional children with KD and 114
healthy donors.

Results.The frequencies of CD4+CD25
+FOXP3+ regulatory T cells were sig-
nificantly (p=0.0002) lower during the
acute phase of KD than in sex-and age-
matched healthy donors (median % +
SD: 4.8+1.3 vs. 7.7+1.7) and a simi-
lar tendency was revealed for FOXP3
mRNA transcripts (p<0.0001). FOXP3
expression increased significantly, at
both protein and mRNA levels, after in-
travenous immunoglobulin (IVIG) ther-
apy treatment and achieving complete
remission of disease (at least 48 hrs;
median 9.5 days, range 2-30). Of the
58 patients screened, only one female
subject (1.7%) carried the presence of
543 SNP in heterozygosis (C>T; for a
total of 1 allele out of 88), with no dif-
ference between KD patients and con-
trols (0.0%, 0/203 alleles).
Conclusion. Our data reinforce the no-
tion of an impaired immunoregulation
in KD, suggesting also a role of IVIG
treatment in modifying the Treg com-
partment. FOXP3 SNP 543 does not
seem to be involved in susceptibility to
KD in Italian children.
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Introduction

Kawasaki disease (KD) is an acute,
self-limited vasculitis that occurs in
children of all ages but mostly in the
first years of life (1, 2). Although more
than 40 years have passed since the dis-
covery of this disease (3), the etiology
of the illness remains obscure, although
clinical and epidemiologic features
are most consistent with an infectious
cause (4,5). Currently, intravenous im-
munoglobulins (IVIG) in combination
with acetylsalicylic acid (ASA) is the
first-line treatment of the acute phase
of KD, and early diagnosis and treat-
ment is fundamental in order to reduce
the risk of cardiac complications (6, 7).
However, a subset of patients experi-
ence resistance to IVIG therapy (8). A
diverse array of mechanisms has been
suggested as being responsible for the
anti-inflammatory activity of IVIG, but
how exactly these effects are mediated
are only beginning to be understood
(9). Recently a novel mechanism of ac-
tion of IVIG based on its immunomod-
ulatory and anti-inflammatory poten-
tial has provided an intriguing link
between IVIG and regulatory T cells
(Treg) (10, 11). The existence of Treg-
activating epitopes (tregitopes) in the
crystallisable fragment (Fc) portion of
the IgG molecule has also been recent-
ly reported (12). However, due to the
complexity of immune cells interplay,
the heterogeneity of regulatory T cells
population (13) and of IVIG (9) many
questions remain to be addressed.
Recently, CD4+CD25+FOXP3+ regu-
latory T cells have been extensively
studied in the modulation of immune
responses during infections (14) and au-
toimmune diseases (15); however to our
knowledge only one study dealing with
regulatory T cells in KD has been pub-
lished (16). In this study we therefore
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aimed to investigate the hypothesis that
an impaired immunoregulation could be
associated with KD, by investigating the
percentage of CD4+CD25+FOXP3 T
cells in KD patients during acute phase
and after defervescence, and also moni-
toring FOXP3 mRNA levels by Real
Time PCR. A second aim of this study
was to evaluate a possible association
with a polymorphism in the FOXP3
gene in patients with KD, to exclude
that possible abnormalities in FOXP3-
positive cells might be due to this SNP.

Materials and methods

Patients

Eight patients (3 females and 5 males)
were admitted during 2008 for acute
KD. Venous blood samples of acute fe-
brile disease were collected during rou-
tine venipuncture before any medica-
tion was given. All patients were treated
with an IVIG infusion at the dosage
of 2 g/kg. Six out of eight patients did
promptly respond to the first IVIG in-
fusion; in one case a second IVIG dose
was needed and in another patient two
steroid pulses were added to IVIG treat-
ment to achieve clinical remission. Dur-
ing the acute phase of disease, three
patients presented coronary arteries
abnormalities (two coronary dilations,
one coronary ectasia that ultimately re-
solved within 2 weeks). An additional
blood sample was collected for repeated
analyses in clinical remission, after at
least 48 hours (median 9.5 days, range:
2-30). A control group consisting of 15
age and sex matched healthy children
attending our unit and without inflam-
matory conditions was also studied.
Moreover, stored genomic DNA from
58 additional children diagnosed with
Kawasaki disease, was analysed for the
543 SNP of FOXP3 gene. This popu-
lation consisted of 28 females and 30
males (median age 4.2 years, range
1.2-9.7) with a total number of 86 al-
leles. As controls, 114 healthy subjects
(89 females and 25 males) were stud-
ied (203 total alleles). All patients were
evaluated for the presence of 543 poly-
morphism, responsible for a C>T sub-
stitution in the first base (splice site) of
exon 5 of FOXP3 gene. Informed con-
sent was obtained from the patients or
their legal guardians
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Immunophenotypic analysis

Peripheral blood mononuclear cells
(PBMCs) were isolated with lym-
phocyte separation medium (Eurobio,
France) by standard density gradient
centrifugation. For flow cytometry,
0.5-1 x 10 PBMCs were incubated for
15 min with CD4-peridinin chlorophyll
protein-cyanin 5.5 (PerCP-Cy5.5) and
CD25 phycoerythrin (PE)-conjugated
Abs (both from BD Biosciences, San
Jose, CA). FOXP3 intracellular stain-
ing was performed with anti-human
FOXP3 flow kit (Clone 259D, Biole-
gend, San Diego, CA, USA) accord-
ing to the manufacturer’s protocol.
Briefly, surface stained cells were first
fixed and permeabilised with FOXP3
1X Fix/Perm Buffer. After washing,
permeabilised cells were stained with
Fluorescein isothiocyanate (FITC)-
conjugated anti-human FOXP3 mAb
or mouse IgG1 isotype control for 30
minutes in the dark. Cells were acquired
on a FACSCanto flow cytometer and
analyzed using FACSDiva software v
5.0.2 (BD Biosciences) and FlowlJo
software v 7.1.2 (Tree Star, Inc.). Gates
for CD4+FOXP3+ T cells were set ac-
cording to isotype negative control.
The gate for whole CD4+CD25+ T
cells was set using as a control their
respective unstained cells. A total of
100,000 events were acquired for each
sample, and an initial lymphocyte gate
was defined according to forward scat-
ter (FSC) and side scatter (SSC).

Quantitative real-time PCR

FOXP3 mRNA levels were quantified
by quantitative real-time PCR using the
ABI PRISM 7500 Sequence Detection
System (Applied Biosystems). Briefly,
total RNA was extracted from PBMCs
using TRIzol reagent (Invitrogen, CA,
USA) according to the manufacturer’s
instructions and stored at -80°C until
use. The first strand of cDNA was syn-
thesised using oligo(dT)12-18 prim-
ers and Superscript II Reverse Tran-
scriptase (both from Invitrogen, Life
Technologies, Carlsbad, CA, USA).
Relative transcripts of FOXP3 mRNA
were determined using TagMan Uni-
versal Master Mix reagent (Applied
Biosystem, Branchburg, New Jersey,
USA), in accordance with the manufac-
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turer’s protocol. FOXP3 primers and
TaqMan probe were purchased as an
Assay-On-Demand from Applied Bio-
systems (assay identification numbers:
Hs 00203958_m1). Each sample was
assayed in duplicates or triplicates with
the housekeeping gene RNaseP (Tag-
man Rnase P control reagents, Applied
Biosystem, Foster City, CA, USA) as
internal reference in 25 ul final reac-
tion volume. The PCR conditions were
as follows: 95°C for 10 min followed
by 45 cycles of two-stage temperature
profile of 95°C for 15 s and 60°C for
I min. The threshold cycle number
(Ct) was determined for all PCR reac-
tions and in most cases the threshold
was manually adjusted to lie within
the exponential phase using ABI 7500
Fast System SDS software. Levels of
mRNA expression were calculated us-
ing the 224t method (17).

DNA extraction, denaturing high
performance liquid chromatography
(DHPLC) and sequencing

Genomic DNA was extracted from
whole blood (200 uL) from 58 patients
with KD and 114 healthy controls using
QIAmp DNA blood Mini Kit (Qiagen).
Patients and controls were all of Cauca-
sian origin. FOXP3 exon 5 specific am-
plifications were performed with Plati-
num Taq DNA Polymerase High Fidelity
(Invitrogen) according to the manufac-
turer’s recommendations using the fol-
lowing primers forward 5’-TGGGAGT-
CAGGGTTTTCGAGG-3’ and reverse
5’-TTATTGGGATGAAGCCTGAC-3".
Polymorphism at position 543 of FOXP3
(SNP ID: rs2232367) was analysed us-
ing denaturing high-performance liquid
chromatography (DHPLC). Individual
DNA fragment elution profiles were
compared by visual inspection and di-
rect automated sequencing analysis was
performed to confirm C>T heterozigos-
ity of patients and healthy subjects with
DHPLC altered profiles.

Statistical analysis

Comparison of CD4+CD25+FOXP3+
percentages and of the amount of
FOXP3 mRNA was performed using
Student 7-test. Fisher’s exact test was
used to compare the frequency of 543
SNP between KD patients and controls
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Fig. 1. Phenotypic characterisation of CD4+CD25+, CD4+FOXP3+ (panel A) and CD4+CD25+
FOXP3+ T cells (panel B) in a Kawasaki Disease patient during the acute phase (top) and a healthy
control (bottom). In each plots CD25 and FOXP3 expression was determined on CD4+ gated cells.
Gate for FOXP3+ T cells were set according to isotype control IgG1 antibody. An initial lymphocyte

gate was defined according to forward scatter and side scatter.

A B
12- = 00002 P< 0.0001
&
e 107 i 1.00 -
o S
(' i < '
P 24 075 -
a £ S
O 61 %
+ [
3 £ g 050 -
O 41 o2
= Ls
24 & 025 -
0 " y 0.00 .
& e @ &
°o° é"o

00

Fig. 2. (A) Percentage of CD4+CD25+FOXP3+ T cells in Peripheral Blood (PB) of Kawasaki Dis-
ease (KD) patients compared to healthy controls. Data are shown as box plots. The horizontal lines of
the boxes denote the 25", 50" (median) and 75" percentiles. The lines outside the boxes represent the
minimum and the maximum value (excluding outliers); (B) Relative expression of FOXP3 in PBMCs
as determined by Real-Time PCR. FOXP3 expressions levels were determined with the 2-22¢T methods

(20) and presented as mean + SEM.

or allele frequency of Italian population.
A p-value of less than 0.05 was consid-
ered to be statistically significant.

Results

FOXP3 expression in KD patients
during acute disease phase

At the time of enrollment, during the
acute phase of KD disease, we observed
a lower percentage of CD4+CD25+
T cells in peripheral blood of patients

compared to healthy controls (median %
+SD: 10.1+2.9,vs. 16.0+3,9; p=0.0012;
Figure 1, panel A). Moreover, the per-
centage of CD4+CD25+ T cells that co-
express FOXP3 (see Fig. 1. Panel B for
a representative dot plot between KD
patients and controls) was significantly
(p=0.0002) lower in KD patients when
compared with healthy controls (median
% + SD: 4.8+1.3 vs. 7.7x1.7; Fig. 2A).
Similarly, at the baseline, during acute
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phase of disease, the amount of FOXP3
transcripts in KD patients was 2.9+0.6
median fold lower than in control sub-
jects (p<0.0001; Fig. 2B).

FOXP3 expression in KD patients
after clinical remission

After at least 48 hours from last treat-
ment (median 9.5 days; range: 2-30)
and after achieving complete remis-
sion of disease (defervescence of fe-
ver; decrease of C-reactive protein and
white blood cell counts) the percent-
age of CD4+CD25+FOXP3+ cells and
the relative mRNA levels of FOXP3
showed a significant increase, returning
to levels comparable to those observed
in healthy controls (Fig. 3A and 3B). A
representative flow cytometric analysis
of FOXP3 expression on CD4+CD25+
T cells during acute phase disease and
after IVIG treatment and complete clini-
cal remission is shown in Figure 3C; No
difference in FOXP3 expression levels
between patients with or without coro-
nary arteries abnormalities was seen at
both protein and molecular level (data
not shown).

Evaluation of 543 (C>T)
polymorphism

Of the 58 patients screened, only one
female subject carried the presence of
543 SNP in heterozygosis (C>T) with
no statistical difference between KD
patients and controls (0.0%, 0/203 alle-
les) or a Caucasian population (C>T con-
trol allele frequency 0.03, n=371) (18).

Discussion

Although a number of immunoregula-
tory abnormalities have been demon-
strated during the acute phase of KD
disease, including activation of mono-
cytes, macrophages, helper T cells and
B cells and deficiency of suppressor/
cytotoxic T cells, (19-21), none of these
alterations appear to be specific for the
disease or has been identified as a poten-
tial target for therapy. An increased pro-
duction of proinflammatory cytokines
such as IL-1, IL-6, tumour necrosis fac-
tor o, TNF-a, have also been reported
during the acute phase of KD disease
and correlated with vascular endothe-
lial cell activation and antibody-medi-
ated injury (22, 23).



PAEDIATRIC RHEUMATOLOGY

Taken together, these studies suggest
that the acute phase of KD may be ac-
companied by alterations of immune-
regulation which may result in an im-
paired inflammatory response. Intrave-
nous immune globulin have a beneficial
effect in KD and in many other autoim-
mune and systemic inflammatory con-
ditions, and it is generally accepted that
the immunomodulatory effects of IVIG
are directed against a wide range of tar-
gets (24-25). One of the major mecha-
nisms of the antiinflammatory effects
of immune globulins is likely to be the
modulation of cytokine production (26),
and decreased levels of the inflamma-
tory cytokine interleukin-1 have been
reported in Kawasaki disease after the
administration of intravenous immune
globulin (23). In addition, infusion of
IVIG has also been reported to interfere
with activation of T and B lymphocytes
in patients with KD (27). As mentioned,
IVIG has been shown to expand regula-
tory T cells both in vitro and in vivo (9,
10), but only one study has thus far ad-
dressed this issue in KD (16).

In this paper, the authors have analysed
the percentage of CD25+CD4+ T cells
and the amounts of FOXP3 mRNA in
patients with KD during acute-phase
disease and after IVIG treatment. It
should be emphasised that, although
CD25 (the interleukin 2 receptor alpha
chain) is considered the best surface
marker of regulatory T cells, it can be
expressed on any T cell following ac-
tivation (17, 28). So, the percentage of
T lymphocytes co-expressing CD4 and
CD25 should not be interpreted as fre-
quency of Treg, especially in those dis-
ease, such as KD, where abnormalities
in T cell activation may be involved.

In contrast, the transcription factor
forkhead box p3 (FOXP3) appears
to be the most specific marker for
CD4+CD25+ Treg cells and allows a
more precise identification of the CD4
T-cell subset with a regulatory/suppres-
sive phenotype (29). Nevertheless a
precise definition of “regulatory CD4+
T cells” still remains controversial. In-
deed it has become clear that effector T
cells can transiently express FOXP3 fol-
lowing TCR-mediated activation (30).
In the present study we show for the
first time that Treg cells are significant-
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Fig. 3. (A) Percentages of CD4+CD25+
FOXP3+ T cells in PB of KD patients in acute
phase and in clinical remission. Horizontal
dotted line represents the median percentage
of CD4+CD25+FOXP3+ T cells in untreated
healthy controls; (B) Relative FOXP3 mRNA
expression in KD patients in acute phase and
in clinical remission. The level of FOXP3
mRNA in untreated healthy controls is shown
(y=1); (C) Arepresentative three-colour FACS
contour plots showing the comparative analy-
sis of FOXP3 expression on CD4+CD25+ T
cells in peripheral blood of patients with Ka-
wasaki disease during the acute phase of dis-
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ly decreased in patients with clinically
active KD. Similarly, FOXP3 mRNA
gene expression levels were found de-
creased in the pre-IVIG samples com-
pared with control samples. We also
found, not surprisingly, that FOXP3
mRNA levels strongly correlated with
the percentages of CD4+FOXP3+ and
CD4+CD25+FOXP3+ T cells (data not
shown). Interestingly, the proportion of
regulatory T cells and the amounts of
FOXP3 mRNA increased in the defer-
vescence phase, after IVIG treatment.
These changes appeared not to be relat-
ed to clinical variables such as coronary
involvement, but our numbers are too
small to draw any definite conclusions.
This is of importance considering that
other investigators have already shown
that the presence of IVIG with Treg in
culture is significantly able to increase
FOXP3 mRNA expression (10), and
that expansion of CD4+CD25+ regula-
tory cells by IVIG results in a signifi-
cant protection from the development
of MOGe-induced EAE (11). In one
patient who did not respond to conven-
tional treatment with IVIG, but to ster-
oid pulses, we also found restored ex-
pression of FOXP3, at both protein and

S-96

molecular levels. Although the effect of
steroids on regulatory T cells was al-
ready known in other autoimmune con-
ditions in both mice and human (31, 32),
it has never been reported in Kawasaki
disease. The restoration of FOXP3 ex-
pression following steroid treatment is
consistent with the conclusion that the
absence of the inflammatory state may
be the most reasonable mechanism to
explain normalisation of Tregs. In fact,
and as discussed above, general inflam-
mation and composition of the inflam-
matory milieu, as well as autoimmune
genetic background, may all contribute
to the observed Tregs defects seen dur-
ing the acute phase. Although our study
did not provide a direct effect of IVIG
on Treg cells (and the modulation of the
inflammatory state by IVIG should be
also taken into account for a more com-
plete description and interpretation of
our result) this phenomenon cannot be
excluded (10, 11).

The current study also documented that
an individual SNP (rs2232367) in the
FOXP3 gene, responsible for a C>T
transition in the first base of exon 5, that
has been reported to likely affect splic-
ing process and, consequently, FOXP3
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mRNA expression, and that might be
of importance in autoimmune disorders
(33) does not differ between KD patient
and healthy controls. The dysregulation
in FOXP3 expression in the acute phase
is therefore not secondary to this par-
ticular SNP.

We are aware of the limits of our study.
First of all, the small sample size, due to
the relative rarity of this disease in west-
ern countries and to the need to draw
additional amounts of blood in young
children. Second, as we did not include
febrile controls we cannot exclude that
inflammation per se could have played
a role in the abnormalities seen. How-
ever, the results were consistent in all
eight patients tested and therefore un-
likely due by chance. However, to our
knowledge the FOXP3 expressing cells
have never been studied in KD and our
preliminary findings provide novel the-
ories for the disease pathogenesis and
IVIG mechanisms of action.
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