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Abstract We investigated the possible use of serum he-
patocyte growth factor (HGF) and vascular endothelial
growth factor (VEGF) levels as a predictive indicator for
the occurrence of coronary artery lesions (CAL) in
Kawasaki disease (KD). Serum HGF and VEGF levels
were measured by enzyme-linked immunosorbent assay
in 41 patients with KD and 25 afebrile controls. Serum
HGEF levels of patients in the acute phase of KD were
significantly higher than those of afebrile controls
(Pc<0.05) and decreased to lower levels during recovery
(P<0.0001). Univariate analysis showed significant
correlations between occurrence of CAL and five vari-
ables: duration of fever (P=0.018), serum C-reactive
protein concentration (P=0.024), albumin concentra-
tion (P=0.009), serum VEGF level (P=0.009) and se-
rum HGF level (P=0.035). Furthermore, multivariate
analysis revealed that serum HGF and VEGF levels and
presence of oedema were major risk factors for the oc-
currence of CAL. For prediction of the development of
CAL, we established a new risk classification system
with these three variables, which showed a sensitivity of
100% and a specificity of 94.4%. Conclusion: these data
show that hepatocyte growth factor, together with vas-
cular endothelial growth factor, might play an important

T. Ohno (X)) - T. Yuge - H. Kariyazono
H. Igarashi - K. Kusuhara - T. Hara
Department of Paediatrics,

Graduate School of Medical Sciences,
Kyushu University, 3-1-1 Maidashi,
Higashiku, Fukuoka 812-8582, Japan
E-mail: ohnot@pediatr.med.kyushu-u.ac.jp
Tel.: +81-92-6425421

Fax: +81-92-6425435

N. Kinugawa

Department of Medical Informatics,
Graduate School of Medicine,
Kyushu University, Japan

K. Joh-o

Department of Paediatrics,
Kyushu Kouseinenkin Hospital,
Japan

role in the pathophysiology of Kawasaki disease and
their serum levels could be a powerful predictor for the
development of coronary artery lesions.
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Introduction

Kawasaki disease (KD) is an acute systemic vasculitis of
unknown aetiology in infancy and early childhood,
characterised by prolonged high fever, polymorphous
skin rash, conjunctivitis, inflammation of mucous
membranes, oedema of the peripheral extremities and
cervical lymphadenopathy [12]. Activation of the im-
mune system including neutrophils, monocytes and
lymphocytes occurs in the acute stage of the disease [7, 8,
17, 20, 31]. Cytokines such as tumour necrosis factor-o,
interferon-y, interleukin (IL)-1 [7, 19, 20, 21], IL-6 and
IL-8 [21, 36] appear to play important roles in the
pathophysiology of the disease.

To identify predictive indicators for the development
of coronary artery lesions (CAL) in KD, we have been
focusing on cytokines/growth factors which exert direct
effects on vascular tissues. Actually, there was an ob-
servation that sera from patients with acute phase of KD
contained some humoural factors to enhance prolifera-
tion or migration of endothelial cells [34]. Vascular
endothelial growth factor (VEGF) is a cytokine pro-
duced by smooth muscle cells, immune cells and other
cells and works as a vascular permeability factor as well
as an endothelial cell mitogen [3, 6, 16]. Recently, we
reported that serum VEGF levels in patients with KD
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were associated with the development of CAL [32].
Hepatocyte growth factor (HGF) is a pleiotropic growth
factor produced by smooth muscle cells, fibroblasts and
other cells. In addition to the function as a stimulator for
a broad spectrum of cell types [13, 33, 35, 40], HGF
promotes the growth of endothelial cells without vas-
cular smooth muscle cell replication and acts as a sur-
vival factor for endothelial cells. Since HGF exerts its
direct effects on the endothelial cells and is produced by
vascular smooth muscle cells, a local HGF system,
consisting of HGF production and the presence of its
receptor, c-met proto-oncogene product [4, 26], appears
to exist in vascular tissues in vivo as well as in vitro [25].
Recently, it has been reported that HGF upregulated
VEGF expression in smooth muscle cells and VEGF
receptor flk-1 in human endothelial cells [37, 38].
Moreover, a recent report has shown that HGF served
as an early marker of arterial thrombus formation,
although this role of HGF has not been clarified [22].
Therefore, we measured serum HGF and VEGF levels in
patients with KD to investigate their possible usefulness
as a predictive indicator for the occurrence of CAL.

Subjects and methods

Subjects

A total of 41 Japanese children (27 boys and 14 girls, aged between 2
and 106 months, median: 22.0 months) who met the diagnostic
guidelines for KD were studied. Sera were obtained in both acute
(febrile) and recovery (afebrile) phases. They were treated at Kyushu
University and Kyushu Kouseinenkin Hospitals between January
1994 and June 1999, and 5 (12.2%) of the 41 developed CAL. All
patients received intravenous gammaglobulin (IVGG) treatment,
initial administration on day 4.8 + 1.8 (mean + SD) of illness, with
acetylsalicylic acid (30 mg/kg per day) except in two cases who
received only acetylsalicylic acid because of mild symptoms. Seven
patients received IVGG (400 mg/kg per day) for 3 to 6 consecutive
days (until October 1994) and 32 patients had IVGG (1 g/kg per day,
over 10 h) for 1 to 4 consecutive days (since November 1994). Of the
39 patients, 17 (43.6%) received at least 1.6 g/kg of IVGG.

In patients with KD, sera were obtained on day 4.7+1.8
(mean + SD) of illness in the acute phase (presence of fever) before
IVGG administration as well as on day 12.9+5.3 (mean + SD) of
illness in the recovery phase (absence of fever). Normal controls
included 17 male and eight female children without infections, aged
between 6.0 and 13.0 years (median 9.0 years) and disease controls
comprised nine male and 12 female children with active infections
(ten with pneumonia, five bronchitis, two infectious mononucleo-
sis, two lymphadenitis, one with measles and one with upper airway
infection), aged between 1 and 132 months (median 18.0 months).
Informed consent was obtained from their parents before study.
These sera were collected and immediately frozen at —80°C.

The following variables at the time of admission were consid-
ered as potential CAL risk factors: age (month), sex, major
symptoms except fever, duration of fever (days), WBC, Hb con-
centration, platelet count, C-reactive protein (CRP) level, serum
sodium and potassium concentrations, total protein and albumin
concentrations, AST and ALT levels. Patients were considered to
have fever when the body temperature rose above 38°C.

Evaluation of CAL by echocardiography

Two-dimensional echocardiography was performed in all patients
at the time of diagnosis and repeated at least twice a week until

discharge (admission period 19.8 +£10.5 days, mean + SD). CAL
was defined as follows: 1) lumen diameter at least 3 mm in children
>5 years of age; 2) internal diameter of a segment at least 1.5 times
as large as that of an adjacent segment; or 3) clearly irregular
lumen.

Hepatic growth factor assay

Serum HGF levels were determined by a sandwich enzyme-linked
immunosorbent assay kit (R&D Systems Inc. Minneapolis, Minn.,
USA). Sera or recombinant human HGF standards (125-8000 pg/
ml diluted in RD6X) (50 pl) and 150 pl assay diluent RDIW were
added to the wells precoated with murine monoclonal antibody
against human HGF and incubated for 2 h at 37°C. After washing,
200 ul of polyclonal antibody against HGF conjugated to horse-
radish peroxidase was added and incubated for 2 h at 37°C. Sub-
strate solution (200 pl/well) was added and incubated for 30 min at
37°C under in the dark and the reaction was terminated with 200 pl
of 2 N H,SOy4. Absorbance was recorded at 450 nm. The detection
limit of this assay was 40.0 pg/ml.

Vascular endothelial growth factor assay

Serum VEGF levels were determined by a sandwich enzyme-linked
immunosorbent assay kit (Immuno-Biological Laboratories Co.,
Japan). Sera or recombinant human VEGF standards (R&D Sys-
tems, Minneapolis, Minn., USA, 15.6-1000 pg/ml) (100 ul) was
added to the wells precoated with mouse immunoglobin G against
human VEGF and incubated for 1 h at 37°C. After washing, 100 pul
of rabbit immunoglobin G against human VEGF (0.5 mg/ml in
0.05% phosphate-buffered saline with 1% bovine serum albumin)
conjugated to horseradish peroxidase was added and incubated for
30 min at 37°C. Substrate solution (100 pl/well) was added and
incubated for 30 min at 37°C in the dark and the reaction was
terminated with 100 pl of 1 N H,SO,4. Absorbance was recorded at
450 nm. The detection limit of this assay was 15.6 pg/ml. Serum
VEGEF levels in 41 patients in the acute and recovery phases of KD
included those of 30 patients of our previous report [31].

Statistical analyses

Medians and ranges (median, minimum, maximum) were used as
descriptive statistics. Distributions of serum HGF levels of patients
with KD, acute (febrile) and recovery (afebrile) phases, normal
controls and disease controls were compared using the Mann-
Whitney U test and the multiple comparison test (Bonferroni’s
method). The corrected P values (Pc) were obtained by multiplying
the P values by the numbers of the tests. Statistical significance was
defined as Pc<0.05. Correlations between serum HGF levels and
laboratory data including serum VEGF levels were studied by
Spearman’s correlation coefficients. Association between CAL de-
velopment and all variables in patients with KD was studied by
multivariate analysis (stepwise logistic regression analysis). Signif-
icance was defined as P <0.05.

Results

Serial determination of serum hepatocyte growth factor
and vascular endothelial growth factor levels

Serial serum HGF levels of patients with KD in acute
(febrile) and recovery (afebrile) phases are shown in Fig.
1. Serum HGF levels in the acute phase (range 628.8—
8920.9 pg/ml, median 1653.4 pg/ml) were significantly
higher than those in the recovery phase (range 409.5—
2804.3 pg/ml, median 409.5 pg/ml; Pc<0.05), and



showed significant differences to those of normal con-
trols (range 394.8-1360.0 pg/ml, median 817.8 pg/ml;
Pc<0.05) and those of disease controls (range 550.5—
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Fig. 1 Serum HGF levels in patients with KD in both acute and
recovery phases. Absence of CAL (open circles), presence of CAL
(filled circles), normal controls (open squares) and disease controls
(open triangles). NS not significant. * Pc <0.05 (Mann-Whitney U
test and multiple comparison test)
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2820.8 pg/ml, median 762.2 pg/ml; Pc<0.05). Serum
VEGTF levels in the acute phase (range 0.0-2003.6 pg/ml,
median 68.0 pg/ml) were also higher than those in the
recovery phase (range 0.0-328.7 pg/ml, median 58.4 pg/
ml; P=0.0013, Wilcoxon signed rank test). In 32
(78.0%) of 41 patients with KD, serum HGF levels in
the acute phase were greater than the 90th percentile
(1084.4 pg/ml) of those in normal controls. No signifi-
cant differences were seen between serum HGF levels in
the recovery phase of KD patients and those of normal
controls or disease controls (Pc>0.05, respectively).
Serum HGF levels (acute phase) in five patients with
CAL were 1489.1, 3095.4, 3194.7, 3710.5 and 6677.8 pg/
ml, which decreased in recovery phase.

Relationships between serum hepatocyte growth factor
level and other laboratory data in the acute phase

Relationships between serum HGF level and other
variables including serum VEGF level in patients with
KD were studied by Spearman’s correlation coefficients
(Table 1). Serum HGF levels in the acute phase of KD
showed significant positive correlations with duration of
fever (r,=0.352, P=0.0262), WBC count (r,=0.426,
P=0.0071), neutrophil count (r,=0.496, P=0.0020),
serum CRP concentration (r;=0.643, P<0.0001) and
serum VEGF level (r;=0.526, P=0.0009), and a nega-
tive correlation with albumin concentration (r,=
—0.415, P=0.0095). There were no significant correla-
tions between serum HGF levels and liver enzymes
(ALT and AST) in the acute phase of KD. Five patients
developed CAL among nine patients with serum VEGF
levels > 750 pg/ml or serum HGF levels > 6500 pg/ml,
while none had CAL among 32 with serum VEGF lev-
els <750 pg/ml and serum HGF levels < 6500 pg/ml
(Fig. 2). These criteria for selection of development of
CAL had a sensitivity of 100% and a specificity of
88.9%. In the nine patients described above, oedema
was observed in seven (77.8%) patients including five
with CAL and two without CAL. On the other hand, 18

Table 1 Relationships between

serum HGF level and other Variable Number (n) Spear@gn rank ' 4 P

laboratory data in the acute correlation coefficient (r)

phase of KD Duration of fever (days) 41 0.352 0.0262*
WBC count (/pl) 41 0.426 0.0071%*
Neutrophil count (/ul) 40 0.496 0.002%*
Hb (g/dl) 41 -0.229 0.1473
Platelets (x10*/ul) 41 0.159 0.3136
Haematocrit (%) 41 -0.226 0.1522
CRP (mg/dl) 41 0.643 <0.0001**
Na (mEq/l) 41 -0.302 0.056
K (mEq/l) 41 -0.223 0.8236
AST (IU/1) 41 0.114 0.4706
ALT (IU/1) 41 0.233 0.1399
Total protein (g/dl) 41 0.067 0.6733
Albumin (g/dl) 40 -0.415 0.0095%*
VEGF (pg/ml) 41 0.526 0.0009**

*P<0.05
**P<0.01
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(56.3%) of the 32 patients with low HGF and VEGF
levels showed oedema of the hands or feet.

Determination of risk factors for coronary artery lesion
development by univariate and multivariate analyses

Firstly, correlation between CAL development and
continuous variables in patients with KD was studied by
univariate analysis (Mann-Whitney U test). Table 2
shows significant correlations between occurrence of
CAL and five variables: duration of fever (P=0.018),
serum CRP concentration (P=0.024), albumin concen-
tration (P=0.009), serum VEGF level (P=0.009) and
serum HGF level (P=0.035). With respect to categorical
variables such as gender and presence or absence of
conjunctival injection, lymphadenopathy, rash, oedema
of hands or feet and erythematous lip, there were no
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Fig. 2 Correlation between serum HGF and VEGF levels in 41
patients with KD in the acute phase. Absence of CAL (open
circles), presence of CAL (filled circles)

significant correlations as to the development of CAL in
Chi-squared test with Yates correction (data not
shown).

Secondly, stepwise logistic regression analysis re-
vealed that significant correlations existed between oc-
currence of CAL and three variables: elevations of
serum HGF and VEGF levels with every 100 pg/ml
(P=0.0398, odds ratio: 1.09, 95% confidence interval:
0.97-1.22 and P=0.0002, odds ratio: 1.87, 95% confi-
dence interval: 0.99-3.53, respectively) and the presence
of oedema of the hands or feet (P=0.0013, odds ratio
was not able to be estimated for monotone likelihood),
as shown in Table 3.

For prediction of the development of CAL, we es-
tablished a formula to determine risk score as follows:
risk score = 0.08683 x serum HGF level (pg/ml)/
100+ 0.626 x serum VEGF level (pg/ml)/100+13.14 x
oedema of hands or feet (presence = 1, absence = 0) -
19.27. The risk score >0 was considered as a high risk
for the development of CAL. With this score, the sen-
sitivity and specificity were 100% and 94.4%, respec-
tively (Fig. 3).

Discussion

Coronary artery aneurysm or dilatation occurs in ap-
proximately 5%—-16% of patients with KD despite the
introduction of high-dose IVGG treatment [9, 24, 27,
28]. As coronary aneurysm is responsible for most of the
mortality of the disease [5, 11], it is essential to determine
risk factors for the development of coronary aneurysm
in advance to establish a better treatment strategy.
Among various cytokines or growth factors that have
direct effects on vascular tissues, we investigated serum
HGF levels in patients with KD in the present study.
Elevation of serum HGF levels in patients with KD was

Table 2 Univariate analysis of continuous variables related to CAL development

Variable Number () Median (range) Mann-Whitney U test
Total CAL CAL P
Positive/negative  Positive Negative
Age (months) 41 5/36 22.0 (4-55) 23.5 (2-106) 0.591
Duration of fever (days) 41 5/36 9 (7-13) 6 (2-15) 0.018**
WBC count (/pl) 41 5/36 16510 (9200-22350) 11290 (5300-22050) 0.087
Neutrophil count (/pl) 40 5/35 12292 (5612-14715) 5712 (550-18240) 0.082
Haemoglobin (g/dl) 41 5/36 11.6 (8.5-12.6) 11.5 (8.2-13.3) 0.765
Platelets (x10%/ul) 41 5/36 29.5 (28.8-98.0) 31.0 (16.2-64.0) 0.55
CRP (mg/dl) 41 5/36 13.6 (6.7-17.0) 7.2 (0.3-34.5) 0.024*
Na (mEq/l) 41 5/36 136 (134-142) 137 (129-143) 0.841
K (mEq/l) 41 5/36 4.5 (3.8-4.9) 4.4 (3.2-5.2) 0.4384
AST (TU/1) 5/36 44 (20-117) 33 (19-590) 0.921
ALT (1U/1) 41 5/36 43 (11-219) 23 (5-435) 0.604
Total protein (g/dl) 41 5/36 6.8 (6.4-7.1) 6.8 (5.4-8.2) 0.704
Albumin (g/dl) 40 5/35 3.5(2.94.2) 4.2 (3.3-4.7) 0.009%*
VEGF (pg/ml) 41 5/36 1088.8 (62.5-2003.6) 59.6 (0.0-1766.9) 0.009%*
HGF (pg/ml) 41 5/36 3194.7(1489.1-6677.8)  1577.1 (628.8-8920.9)  0.035*

*P<0.05
**P<0.01
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Table 3 Identification of risk

factors for CAL by stepwise Variable P Odds ratio (95% CI)
logistic regression analysis Ocdema of hands or feet

Positive® 0.0013 -

Negative®

Serum VEGF elevation with every 100 pg/ml 0.0002 1.87 (0.99-3.53)

Serum HGF elevation with every 100 pg/ml

0.0398 1.09 (0.97-1.22)

#0edema of hands or feet; positive: five patients with CAL and 20 patients without CAL were included
®Oedema of hands or feet; negative: 16 patients without CAL were included
“Odds ratio was not able to be estimated for monotone likelihood
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Risk score = 0.08683 x serum HGF level (pg/ml) / 100
+ 0.626 x serum VEGF level (pg/ml) / 100
+13.14 x edema of hands or feet
(presence = 1, absence = 0)
- 19.27
The risk score > 0: high risk for the CAL development

Fig. 3 Risk scores for prediction of the development of CAL in 41
patients with KD. Absence of CAL (open circles), presence of CAL
(filled circles)

found to be a major risk factor for the occurrence of
CAL. Although there is no definite information on
topical HGF kinetics of damaged vessels, it is possible
that HGF was produced locally and therefore correlated
with severity of inflammation in vascular tissue because
HGEF is synthesised by smooth muscle cells and fibro-
blasts within vascular tissues [25]. In Henoch-Schdnlein
purpura [29], elevation of serum HGF levels was also
probably due to the production of HGF by vascular
tissue with inflammation. An alternative explanation
includes that to repair or to regenerate injured vascular
tissues, serum HGF was produced by intact tissues or
cells in accordance with the degree of vascular damage.
In fact, the HGF endocrine-related mechanism for tissue
repair or regeneration of injured organs was suggested
from animal studies. In partially hepatectomised or
unilaterally nephrectomised rats, HGF mRNA in-
creased rapidly in intact organs [39], and HGF receptor
was markedly down-regulated in injured organs but not
in intact organs [10, 23].

In the present study, serum HGF level showed posi-
tive correlations with duration of fever, WBC count,
neutrophil count, serum CRP concentration and serum

VEGTF level, and a negative correlation with albumin. A
positive correlation between serum HGF and VEGF
levels was consistent with a recent observation that HGF
upregulated VEGF expression in smooth muscle cells
[37]. In addition, it is possible that to a certain extent,
serum HGF level reflects a degree of systemic vascular
inflammation because of its positive correlations with
duration of fever, WBC count, neutrophil count and
serum CRP concentration, and of a negative correlation
with albumin. Furthermore, the correlations between
serum HGF level and WBC count or neutrophil count
might be ascribed in part to the direct effects of HGF on
the proliferation of haematopoietic progenitor cells and
the colony formation of granulocyte-erythroid-megak-
aryocyte lineages [14, 30].

Various risk factors for the development of CAL
have been reported. Duration of fever has been one of
the major risk factors to predict coronary aneurysms
found in studies in Japan and the United States [1, 15].
Beiser et al. [2] reported a sequential risk classification
instrument using neutrophil and band counts, haemo-
globin concentration, platelet count, and fever on the
following day after IVGG infusion to predict the de-
velopment of coronary aneurysms. We have recently
reported that elevated serum VEGF level served as a
new risk factor for the development of CAL [32]. In the
present study, we have identified three variables in-
cluding the presence of oedema of the hands or feet, high
serum VEGF level and high serum HGF level as major
risk factors for CAL development by multivariate
analysis. After the introduction of high-dose IVGG
treatment, presence of oedema in the extremities was
first identified as a risk factor in this study. Oedema
appears to reflect the severity of vasculitis in extremities,
which might be correlated with that in coronary arteries.
Using the three variables, we have established a new
classification system for prediction of the development
of CAL. With respect to oedema of the hands or feet,
since its quantitative evaluation was not performed in
this study, we utilised oedema as a categorical variable in
the formula. Although both HGF and VEGF, showing
direct effects on the endothelial cells, were closely asso-
ciated with each other in patients with KD, multivaria-
tive analysis showed that they appeared to work
independently as risk factors for the development of
CAL. This new risk classification showing higher spec-
ificity (94.4%) than previous ones (60%—65%), can be
done at the time of diagnosis in contrast to the previous
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classifications, which enables us to modulate the treat-
ment strategy in advance [2, 15]. Furthermore, one other
criterion using two growth factors (serum HGF and
VEGF) only, also had a high sensitivity (100%) and
specificity (88.9%), may be more informative for the
clinician. Conversely, this system has a disadvantage
that serum HGF and VEGEF levels are not routine lab-
oratory assays in hospitals.

Since there is a significant association between serum

HGF and VEGEF levels and CAL development, HGF
and VEGF should play important roles in the patho-
physiology of KD and their serum levels might serve as a
predictor for the development of coronary aneurysms.
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