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Abstract This study aimed to determine the effects of
intravenous methylprednisolone pulse (IVMP) therapy on
cytokine levels in patients with acute Kawasaki disease
(KD) unresponsive to initial intravenous immunoglobulin
(IVIG) therapy. Fifteen KD patients unresponsive to initial
IVIG, 2 g/kg/day, were randomized to receive IVMP (n=7),
30 mg/kg/day for 3 days or additional IVIG (n=38), 2 g/kg/
day, and plasma cytokine levels were compared. The
fraction of febrile patients was significantly lower in the
IVMP group than in the additional IVIG group on day 2 (0/
7 vs. 3/8, p=0.03), but not on day 4 and later (3/7 vs. 4/8,
p=1.00) because of recurrent fever. The prevalence of
coronary lesions was similar between the two groups (2/7
vs. 2/8, p=1.00). The ratios of plasma levels of tumor
necrosis factor-o and monocyte chemoattractant protein-1
to those at enroliment (defined as day 1) were significantly
lower in the IVMP group on day 4 (0.50+0.27 vs. 1.01=
0.46, 0.53+0.39 vs. 0.93+0.44, p=0.02 and 0.045, respec-
tively), but not on day 7 (0.54+0.34 vs. 0.88+0.39, 0.76=
0.39 vs. 0.61=0.17, p=0.07 and 0.83, respectively). The
ratios of.interleukin-2 receptor, interleukin-6, and vascular
endothelial cell growth factor to those at enrollment did not
differ significantly between the two groups. In conclusion,
for KD patients unresponsive to inider IVIG, IVMP

M. Miura K. Kohno - H. Ohki - S. Yoshiba - A. Sugaya - M. Satch
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M. Miura (3)

1-3-1 Umezono,

Kiyose, Tokyo 204-8567, Japan
e-mail: miura@chp-kiyose-tokyo.jp

suppresses cytokine levels faster, but subsequently similar-
ly, compared with additional IVIG.

Keywords Cytokine - Kawasaki disease - Steroid pulse

Abbreviations i

IVIG Intravenous immunoglobulin

IVMP  Intravenous methylprednisolone pulse
IL-6 Interleukin-6

KD Kawasaki disease

MCP-1 Monocyte chemoattractant protein-1
sIL-2R  Soluble interleukin-2 receptor

TNF-o«  Tumor necrosis factor-oc

VEGF  Vascular endothelial cell growth factor
Introduction

An optimal management of patients who fail to become
afebrile after intravenous immunoglobulin (IVIG) therapy
has not been defined. Intravenous methylprednisolone pulse
(IVMP) therapy has been reporied to be useful for patients
who do not respond to IVIG [3, 15]; although, a recent
randomized double-blind placebo-controlled trial showed
that JVMP is not indicated in initial treatment of KD [8&].
Anti-cytokine therapy, especially tumor necrosis factor-o
(TNF-o) blockade, is also in the spotlight for a new therapy
of refractory KD [1]. In rheumatoid arthritis patients, TVMP
was reported to suppress levels of monocyte chemoattrac-
tant protein-1 (MCP-1) and TNF-« in serum and synovial
fluid [16] and levels in the synovial lining layer {14], but
effects of IVMP on cytokine levels in KD are unknown. In
this study we sought to determine whether [IVMP, compared
with additional IVIG; reduces cytokine levels putatively
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involved in coronary artery lesions as well as inflammatory
markers in KD patients unresponsive to mitial IVIG.

Patients and methods

We performed a prospective, randomized control study to
evaluate the efficacy and safety of IVMP, compared with
additional IVIG, in KD patients unresponsive to initial [VIG—
a single infusion of 2 g/kg of polyethylene glycol-treated
human immunoglobulin (Venoglobulin 1H; Mitsubishi
Pharma Corp., Osaka, Japan) over 24 hours-—between
January 2001 and May 2003, and the primary results have
been reported [7]. At enrollment, the subjects were randomly
assigned to either the IVMP group, 30 mg/kg of methyl-
prednisolone per day for 3 consecutive days, or the additional
IVIG group, 2 g/kg over 24 hours. The institutional review
board approved this study, and informed consent was
obtained from the parents of all subjects.

From October 2001 to May 2003, we evaluated
laboratory data and cytokine levels in 15 patients, consist-
ing of seven in the IVMP group and eight in the additional
IVIG group. Data was evaluated at enrollment (defined as
day 1) and on days 4 and 7 after enrollment for interleukin-
6 (IL-6), MCP-1, soluble interleukin-2 receptor (sIL-2R),
TNF-«, and vascular endothelial cell growth factor
(VEGF). By using the quantitative sandwich enzyme
immunoassay, we measured the plasma levels of IL-6,
MCP-1, TNF-a, and VEGF (QunatiGio for IL-6 and TNF-
o, Quantikne for MCP-1 and VEGF; R&D Systems, Inc.,
Minneapolis, MN, USA) and the serum level of sIL-2R
(Cellfree IL-2R Test Kit; Endogen, Inc., Cambridge, MA,
USA). A monoclonal antibody specific to each cytokine
had been precoated onto a microplate. Standards and
samples were pipetited into the wells and the cytokine
present was bound by the immobilized antibodies. After
washing away any unbound substances, an enzyme-linked
polyclonal antibody specific to each cytokine was added to
the wells. Following a wash to remove any unbound
antibody-enzyme reagent, a substrate solution was added
to develop light for 1L-6, sIL-2R, and TNF-& or color for
MCP-1 and VEGF in proportion to the amount of cach
cytokine bound in the initial step. The development was
stopped and the intensity of light or color was measured.

For baseline characteristics and cytokine levels, we
analyzed continuous variables with the normal distribution,
expressed as mean+SD, by the unpaired ¢ test and those
with any nonnormal distribution, expressed as median
(interquartile range), by the Wilcoxon rz.!i-sum test. The
Fisher exact test was applied for nominal variables. To
evaluate changes of laboratory data and cytokine levels, the
values at enrollment and at days 4 and 7 were log-
transformed and analyzed using repeated measures analy-

@ Springer

ses; the ratios of values at days 4 and 7 to those at
enrolment were analyzed similarly. All statistical tests were
two-tailed, and p<0.05 was considered significant.

Results

At enrollment, there were no significant differences between
the IVMP group and the additional IVIG group in baseline
characteristics: age was 32+19 months vs. 3126 (the IVMP
group vs. the additional IVIG group); male:female ratio was
5:2 vs. 5:3; number of clinical signs in the diagnostic criteria
for KD in terms of patients with 5 signs compared to those
with 6 signs was 5:2 vs. 6:2; number of febrile days at the start
of initial IVIG was 5 (4-7) vs. 4 (4-4); number of febrile days
at enrollment was 9 (8-10) vs. 8 (6-9). Laboratory data and
cytokine levels were also similar between the two groups;
although, some patients among the [VMP group showed high
cytokine levels (Fig. 1): leukocyte count was 12.6 (9.4-15.9)
vs. 15.1 (10.7-17.3) x 10% /ul; neutrophil count was 9.0
(5.2-12.8) vs. 11.7 (6.0-14.1) x 10* /ul; C-reactive protein
was 8.0+7.0 vs. 5.6+4.8 mg/dl; IL-6 was 210 (15-670) vs.

102 (59-223) pg/ml ml; MCP-1 was 232 (98--1005) vs. 250

{146-355) pg/ml; sIL-2R was 1860 (686-8310) vs. 1820
(1200-2315) U/ml; TNF-a was 6.6 (2.3-11.9) vs. 5.0 (3.3~
6.8) pg/ml; and VEGF was 85 (46-401) vs. 170 (81-210)
pg/ml.

Results other than laboratory data and cytokine levels were
similar to those in the previous report [7]. The body
temperature dropped more rapidly in the [IVMP group than
in the additional IVIG group (p=0.01); the antipyretic effect
of IVMP was superior to that of additional IVIG on day 2
(p=0.04), but not on day 3 and later. The fraction of febrile
patients was significantly lower in the TVMP group than in
the additional IVIG group on day 2 (0/7 vs. 3/8, p=0.03), but
it was similar on day 4 and later (3/7 vs. 4/8) because
recurrent fever was found in three patients assigned to the
TVMP group and in two patients assigned to the additional

- IVIG group. There were no significant differences between

the two groups in absolute internal diameters of any coronary
arteries, their Z scores, or the prevalence of coronary lesions
(2/7 vs. 2/8). No patients had coronary ancurysms of 5 mm
in diameter in either group. Regarding adverse effects,
bradycardia (6/7 vs. 2/8, p=0.04) and hyperglycemia (5/7
vs. 0/8, p=0.01) were more often in the IVMP group than in
the additional TVIG group. There were no significant
differences in the fraction of patients with hypothermia (1/7
vs. 0/8), hypertension (6/7 vs. 5/8), embolism (07 vs. 0/8),
or gastrointestinal bleeding (0/7 vs. 0/8).

The leukocyte and neutrophil counts were significantly
increased in the IVMP group than in the additional IVIG
group {(p=0.045 and 0.04, respectively), and both of them
were significantly higher in the IVMP group on day 4 (p=
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Fig. 1 Changes in cytokine levels in Kawasaki disease patients
unresponsive to initial intravenous immunoglobulin (IVIG) therapy
who were treated with intravenous methylprednisolone pulse (circles)
or additional IVIG {triangles). Any cytokine levels did not change
significantly beiween the two groups using repeated measures

analyses for log-wansformed values. /L-6 interleukin-6; AfCP-!
monocyte chemoattractant protein-1; s/L-2R soluble interleukin-2
receptor; TNF-o tumor necrosis factor-x; VEGF vascular endothelial
cell growth factor

Table 1 Ratios of laboratory data and cytokine levels after additional treatment to those at enroliment

IVMP (n=7) Additional IVIG (n=8) p-valie
Day 4 Day 7 Day 4 Day 7
Laboratory data
Leucocyte count 1.48+0.72° 1.14£0.43 0.84£0.35 1.05=0.40 0.045*
Neutrophil count ' 1.58=0.93° 1.23£0.62 0.65=0.37 0.84:0.45 0.03*
Hemoglobin 6.97x0.03 0.98+0.11 0.96=0.03 0.97£0.06 0.90
Platelet count 1.48=0.30 1.63+0.46 1.57=0.35 2.02:£0.82 0.38
C-reactive protein 0.22%0.10° 0.37+0.31 0.38+0.17 0.16=0.16 0.02*
Alanine aminotransferase 1.24::0.56 1.76+1.82 0.79+0.35 0.73:0.41 0.21
Albumin 1.02x0.12 1.10£0.21 0.97=0.06 1.06=0.17 0.72
Cytokine levels
Interleukin-6 (IL-6) 0.08=0.06 0.2120.21 0.2720.38 0.11x0.15 0.11
Monocyte chemoattractant protein-1 (MCP-1) 0.53=0.39° 0.76+0.39 0.93+0.44 0.61=0.17 0.02*
Soluble interleukin-2 receptor (sIL-2R) 0.72£0.19 0.72£0.39 0.84=0.26 0.62x0.12 .42
Tumor necrosis factor-a (TNF-ox) 0.50+0.27° 0.54£0.34 1.014:0.46 0.88=0.39 0.02%
Vascular endothelial cell growth factor (VEGF) 0.73=0.55 2.36+3.28 247£2.6] 1.90=1.09 0.27

Values are expressed as mean=SD

IVIG intravenous immunoglobulin, /JMP intravenous methy!prednisolone pulse
* Increases or decreases were significantly greater in the [IVMP group than in the additional IVIG group using the repeated measures analysis (p<0.05)
* p<0.05 compared with the additional group using the unpaired ¢ test at day 4 or 7
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0.04 and 0.01), but not on day 7. The ratios of leukocyte
and neutrophil counts to those at enrollment were signifi-
cantly increased in the TVMP group (p=0.045 and 0.03,
respectively), and both of them were significantly higher in
the TVMP group on day 4 (p=0.04 and 0.01), but not on
day 7 (Table 1). The C-reactive protein level was
significantly decreased in the IVMP group (p=0.01), and
it was lower in the IVMP group on day 4 (p=0.03), but not
on day 7. The ratio of C-reactive protein level to that at
enrollment was significantly decreased in the IVMP group
{p=0.02), and it was lower in the IVMP group on day 4
(»=0.03), but not on day 7.

Cytokine levels did not change significantly between the
two groups (Fig. 1). However, the ratios of MCP-1 and
TNF-a levels to those at enrollment were significantly
decreased in the IVMP group compared to the additional
IVIG group (p=0.02 and 0.02, respectively), and both of
them were significantly lower in the IVMP group on day 4
{#=0.02 and 0.045), but not on day 7 ;> 0.07 and 0.83)
(Table 1). Although the ratios of sIL-2R, IL-6, or VEGF to
those at enrollment tended to be lower in the IVMP group

than in the additional IVIG group on day 4, none of them

differed significantly between the two groups.

Discussion

In the present study, levels of C-reactive protein, MCP-1,
and TNF-a were suppressed more rapidly by [IVMP than
additional IVIG in KD patients unresponsive to initial
IVIG, but this was followed by rebounds after completion
of IVMP. In inflammatory sites, MCP-1 facilitates recruit-
ment of monocytes/macrophages, which de novo synthesize
and release TNF-a, a pyrogenic cytokine [6]. The changes
of these cytokine levels in the IVMP group may thereby
explain our previous observation [7] that IVMP, compared
with additional IVIG, induced faster but temporary resolu-
tion of fever. A rise in the counts of leukocyte and
neutrophil by IVMP in our study is to be expected, because
the increasing effect of steroids on neutrophil of peripheral
blood is well known and dose dependent [11]. In KD
patients receiving IVMP therapy, C-reactive protein levels
instead of leukocyte and neutrophil counts should be used
as inflammatory markers.

The stronger suppression of MCP-1 and TNF-« levels
by IVMP is noteworthy for prevention of coronary artery
lesions. It was shown that MCP-1 was expressed at the sites
of coronary arteritis of fatal KD patients [12], and that the
expression of MCP-1 genes persisted or was increased into
the convalescent phase in KD patients with coronary artery
lesions [[3]. It was also reported that the serum level of
TNF-« in KD patients was higher in patients with coronary
artery lesions than in those without coronary artery lesions
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[5], and that TNF-a was necessary for the development of
coronary artery lesions in an animal model of KD [4]. Thus,
IVMP may reduce the prevalence of coronary artery
lesions, especially if the rebounds are prevented by any
subsequent therapies such as oral administration of predni-
sone [2]. Because initial IVIG plus prednisolone therapy
was reported to reduce rapidly cytokine levels without
rebounds [10], a normal dose of steroids may be enough for
down-regulation of cytokine secretion in KD patients. On
the other hand, longer administration of steroids may
induce adverse effects including poor coronary artery
outcomes, and the efficacy and safety need to be examined.

Our study has some limitations. The small sample size
was not adequate for reliable assessment. We did not
stratify the subjects by age and sex at enrollment of the
randomized control study. Treating physicians, echocar-
diographers, or patients’ families were not blinded, raising
the possibility of a bias in interpreting the results.

In conclusion, IVMP may induce rapid reduction of
MCP-1 and TNF-« levels and fast defervescence in KD
patients unresponsive to initial IVIG; however, some
patients had adverse effects such as bradycardia [7] and
rebounds of the cytokine levels with recurrent fever after
completion of the administration. We therefore agree with
the policy of the American Heart Association [9] that
steroid treatment should be restricted to children in whom
two or more infusions of IVIG have been ineffective.
Further investigations are required to determine the appro-
priate steroid therapy in the future.
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