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SUMMARY

The aim of this study was to further assess the role of pooled human immunoglobulin (PHIG) on
cytokine production from PBMC stimulated with a bacterial superantigen. Human PBMC were cultured
with Streptococcus pyrogenic exotoxin A (SPE-A) with or without PHIG and several proinflammatory
cytokine levels of culture supernatants were measured. Serum cytokine levels of KD patients before and
after PHIG therapy were also examined. PHIG greatly reduced the production of IL-12, interferon-
gamma (IFN-g) and other cytokines from SPE-A-stimulated PBMC, while exogenous IL-12, but neither
IL-1 nor tumour necrosis factor-alpha (TNF-a), restored IFN-g production inhibited by PHIG. Although
PHIG partially adsorbed SPE-A, its inhibitory effect on cytokine production was not played by anti-
SPE-A antibody. Although purified CD4þ T cells cultured with human HLA-DR-transfected mouse L
cells and SPE-A could not effectively produce IFN-g, they produced large amounts of IFN-g if
exogenous IL-12 was introduced. KD patients in the acute phase had higher levels of serum IFN-g than
did controls and patients with bacterial infection. Although IL-12 levels of children with or without KD
were not significantly different, IL-12 levels of children were much higher than those of adults.
However, serum levels of IL-12 of KD patients were transiently but significantly decreased by PHIG
therapy and IFN-g amounts subsequently reverted to basal levels thereafter. These findings indicate that
PHIG inhibits IL-12 production of SPE-A-activated monocytes and thereby decreases IFN-g synthesis
by T cells and suggest that inhibition of IL-12 and IFN-g production is an important part of the
mechanisms underlying PHIG therapy on KD.

Keywords Streptococcus pyrogenic exotoxin A pooled human immunoglobulin Kawasaki
disease IL-12 interferon-gamma

INTRODUCTION

Intravenous administration of pooled human immunoglobulin
(PHIG) is reportedly effective against not only severe bacterial
and viral infections [1] but also certain diseases such as idiopathic
thrombocytopenic purpura [2], some autoimmune diseases [3,4]
and KD [5,6]. However, the mechanism underlying its effect has
not been fully elucidated. It was reported that PHIG inhibits
bacterial superantigen-induced production of proinflammatory
cytokines, such as interferon-gamma (IFN-g) and tumour necrosis
factor-beta (TNF-b) [7,8] from PBMCin vitro. On the other hand,
IL-12 is a recently reported cytokine [9–12] which activates

natural killer (NK) cells and T cells and is considered to be
critical against bacterial infections. IL-12 is produced by phago-
cytic cells and antigen-presenting cells (APC) [11,12], such as
monocytes, macrophages and dendritic cells when these cells are
activated by bacterial components, including lipopolysaccharide
(LPS) [11–14]. IL-12 is also known as an inducer of IFN-g, IL-2
and others [12,15,16]. Particularly, IL-12 is an essential and
potent inducer of IFN-g from NK cells, T cells and NK-type T
cells [12,17,18] and is also critically involved in anti-tumour
immunity [15,16,18,19].

KD is an acute multisystem vasculitis which primarily affects
young children under 6 years of age [20]. Approximately 20% of
KD patients develop coronary artery abnormalities and some of
them suffer from myocardial ischaemia and even myocardial
infarction [21,22]. Although the aetiology is still unknown, the
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possibility that bacteria, their components and bacterial super-
antigens of staphylococcus or streptococcus, are involved in this
disease has been considered [23–25]. Bacterial superantigen-
induced toxic shock syndrome mimics KD in some aspects and
some patients with infective enteritis due toYersinia pseudotuber-
culosismeet the diagnostic criteria of KD [26]. No specific virus
has been identified in KD patients; instead, marked granulocytosis,
which is not usually seen in viral infections, is observed in KD.
Among therapies tested, i.v. injection of PHIG is empirically
effective for KD and improving coronary artery complications
[5,6]. However, the mechanism of this treatment remains largely
unknown. In the present study, we demonstrate that PHIG inhibits
IL-12 production from monocytes and suppresses IFN-g produc-
tion by T cells stimulated with Streptococcus pyrogenic exotoxin A

(SPE-A). In addition, we show that PHIG therapy decreases serum
IL-12 levels in patients in the acute phase of KD and seems to
initiate reduction of serum IFN-g.

MATERIALS AND METHODS

Reagents
SPE-A was purified from culture filtrate ofStreptococcus pyo-
genes strain NY-5 [27]. PHIG (Venoglobulin IH, lot no.
B025VH) was provided by the Green Cross Corp. (Osaka,
Japan). Human recombinant IL-12 (p70) (1·7×107 U/mg) was
kindly provided by Hoffman-LaRoche (Nutely, NJ), and recom-
binant IL-1a and TNF-a were purchased from R&D Systems
(Minneapolis, MN).
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Fig. 1.Time course of IFN-g and IL-12 production by PBMC stimulated with Streptococcus pyrogenic exotoxin A (SPE-A) and the inhibitory
effect of pooled human immunoglobulin (PHIG).



Cell culture
PBMC were obtained from six healthy human adult volunteers by
Ficoll–Paque gradient centrifugation and suspended in RPMI 1640
containing 10% fetal bovine serum (FBS). SPE-A (100 ng/ml)-
stimulated PBMC (1×106/ml) were cultured for 9 days at 378C and
5% CO2, with or without PHIG (5 mg/ml), and cell culture super-
natants were harvested at each 24 h and were subjected to ELISA.
In some experiments, SPE-A-stimulated PBMC were incubated
with PHIG and/or IL-12 (20 U, 1000 pg/ml) for 144 h. Cell culture
supernatants were harvested each 48 h.

High performance liquid chromatography analysis of SPE-A
after incubation with PHIG
SPE-A (100 ng/ml) was incubated at 378C and 5% CO2 with or
without 5 mg/ml PHIG for 2 h and then the decrease of the SPE-A
peak areas by PHIG was analysed on a gel permeation high
performance liquid chromatography (HPLC; Shimazu, Japan)
using a G4000PWXL column (Touso, Japan) and a UV spectro-
photometric detector (SPD-6 A; Shimazu).

Isolation of CD4þ T cells and culture with human HLA-DR-
expressing murine L cells
CD4þ HLA-DR– cells were isolated by cell sorting using EPICS
ELITE (Coulter, Hialeah, FL). The HLA-DR-transfected murine
fibroblast cell line (L cells) was kindly provided by Dr R. I. Lechler
(Department of Immunology, Royal Medical School, Hammer-
smith Hospital, London, UK) [28]. CD4þ T cells (1×106) and
2×105 mitomicin C-treated (100mg/ml, 30 min) L cells were
cultured with SPE-A with or without exogenous IL-12.

Cytokine assays
Cytokine levels were determined by sandwich ELISA using a
Pelkine Compact IFN-g ELISA kit, a Pelican Compact human
TNF-a ELISA kit (Central Laboratory of the Netherlands Red
Cross Blood Transfusion Service, Amsterdam, The Netherlands), a
Quantikine IL-1a immunoassay kit, Quantikine TNF-b immunoas-
say kit (R&D Systems), and a Cytoscreen human IL-12 (p40 and
p70) immunoassay kit (Biosource, Camarillo, CA), human IL-12
p70 (Genzyme, Cambridge, MA), respectively.

RNA isolation and cDNA synthesis and polymerase chain reaction
Total RNA was isolated from MNC by the acid guanidinium
phenol chloroform method. RNA (5mg) was converted to cDNA
using Moloney Murine Leukaemia virus reverse transcriptase
(GIBCO BRL, Grand Island, NY) and random primer (Takara
Shuzo Co., Kyoto, Japan) at 428C for 1 h in a reaction mixture.

cDNA (2ml) was added to reaction mixture containing 10 mM

Tris pH 8·3, 3 mM MgCl2, 0·2 mM dNTP, 2·5 U Taq DNA poly-
merase (Toyobo Co., Osaka, Japan), and 0·5mM of each primer. For
amplification of the desired cDNA, the following gene-specific
primers were used: IL-12 p35 sense 50-CTT CAC CAC TCC CAA
AAC CTG-30, antisense 50-AGC TCG TCA CTC TGT CAA TAG-
30 [29]; IL-12 p40 sense 50-CAT TCG CTC CTG CTG CTT CAC-
30, antisense 50-TAC TCC TTG TTG TCC CCT CTG-30 [30]; b-
actin sense 50-CGT GAC ATC AAA GAG AAG CTG TG-30,
antisense 50-GCT CAG GAG GAG CAA TGA TCT TGA-30.
Polymerase chain reaction (PCR) was carried out in an automatic
DNA thermal cycler (ASTEC, Tokyo, Japan). The cycle pro-
gramme was set to denature at 948C for 1 min, to anneal at 608C
for 1 min, and to extend at 728C for 1·5 min for a total of 32 cycles.
Electrophoresis of the PCR products was performed on 2% agarose

gels and the PCR fragments were visualized by ethidium bromide
staining under UV illumination.

Serum levels of IL-12, IFN-g and TNF-a in patients with KD
To determine the effect of PHIG therapy, serum levels of IL-12,
IFN-g and TNF-a in patients with KD (n¼ 28, 3·26 2·0 years old)
in the acute phase and in the convalescent phase after PHIG therapy
were compared with those of patients with bacterial infections
(n¼ 13, 4·76 3·9 years old), age-matched healthy controls
(n¼ 10, 2·56 1·8 years old) and healthy adult volunteers (n¼ 8).
Four KD patients received 2 g/kg of PHIG once while the others
received 400 mg/kg of PHIG for 5 days. Blood samples were
collected before PHIG therapy, within 2 days after PHIG therapy,
and within 10 days after therapy when all patients were already
afebrile. Patients with bacterial infection included three with strep-
tococcal tonsillitis, two withEscherichia coliurinary tract infec-
tions, two with Haemophilus influenzaecellulitis, one with
Salmonellacolitis, and five with septicaemia (twoH. influenzae,
oneE. coli, oneStaphylococcus aureus, oneStreptococcus viridans).
Informed consent was obtained from parents of the children.

Statistical analysis
Statistically significant differences were assessed using Mann–
Whitney U-test. Differences were considered significant if
P< 0·05.

RESULTS

PHIG inhibits IFN-g and IL-12 production by PBMC stimulated
with SPE-A
In confirmation of earlier reports [7,8], PHIG significantly inhibited
IFN-g production by PBMC stimulated with SPE-A (Fig. 1). PHIG
also greatly inhibited IL-12 production (Fig. 1). Production of both
cytokines reached a plateau after 4–6 days of culture. Detected IL-12
was mainly p40 chain, because low levels of IL-12 p70 heterodimer
(10–20 pg/ml) were detected by ELISA at only 48 h after SPE-A
stimulation (data not shown). However, PHIG inhibited IL-12 p35
and p40 mRNA expression of PBMC stimulated by SPE-A (Fig. 2)
(depending upon individuals, weak p35 mRNA expression was
sometimes detectable in unstimulated PBMC). PHIG exerted a
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Fig. 2. Inhibition by pooled human immunoglobulin (PHIG) of IL-12 p35
and p40 mRNA expression of PBMC stimulated with Streptococcus
pyrogenic exotoxin A (SPE-A). PBMC were stimulated with SPE-A with
or without PHIG for indicated periods and IL-12 p35 and p40 mRNA
expression was examined by reverse transcriptase-polymerase chain reac-
tion (RT-PCR).



substantial inhibitory effect if added after culture started (data not
shown).

Partial adsorption of SPE-A by PHIG
HPLC analysis revealed that 2 h incubation of SPE-A with PHIG
reduced the area of the SPE-A peaks (retention time 15 min) from
292 2746 27 697 counts to 190 2536 26 358 counts (n¼ 3) (Fig.
3), whereas the areas of PHIG peaks increased from 1879 7236
7899 counts to 1996 5686 62 619 counts. Therefore, it was demon-
strated that while we could not rule out the contribution of the non-
specific binding, PHIG adsorbed 34·9% of SPE-A. However, the

amounts of IFN-g and IL-12 produced by PBMC stimulated with
even 10 ng/ml SPE-A were not significantly different from those
produced by PBMC stimulated with 100 ng/ml SPE-A (data not
shown). Thus, although PHIG may contain SPE-A-neutralizing
antibody, the inhibitory effect of PHIG on cytokine productions
can not be explained by SPE-A-neutralizing antibody.

Exogenous IL-12 restores PHIG-inhibited IFN-g production of
PBMC stimulated with SPE-A but does not affect suppressed
production of IL-1a, TNF-a, IL-1b, and PBMC proliferation
Although PHIG inhibits PBMC production of IFN-g, the addition

314 Y. Takataet al.

q 1998 Blackwell Science Ltd,Clinical and Experimental Immunology, 114:311–319

0.2

0.0

0.1

A
b

s
o

rb
a

n
c
e


(2

1
5

 n
m

)

(a)

SPE-A 100 ng/ml

0.5

0.0

0.4

0.1

0.3

0.2

A
b

s
o

rb
a

n
c
e

 (
2

1
5

 n
m

)

(b)

SPE-A 100 ng/ml
+PHIG 5 mg/ml

0.5

0.0

0.4

0.1

0.3

0.2

A
b

s
o

rb
a

n
c
e

 (
2

1
5

 n
m

)

(c)

PHIG 5 mg/ml

Retention time (min)

10 15 20 30250 5

10 15 20 30250 5

10 15 20 250 5

Fig. 3.High performance liquid chromatography (HPLC) analysis of pooled human immunoglobulin (PHIG)-treated Streptococcus pyrogenic
exotoxin A (SPE-A). SPE-A (100 ng/ml) was incubated with or without 5 mg/ml PHIG for 2 h. Then, buffer-diluted SPE-A (a), SPE-Aþ

PHIG (b) and PHIG (c) were subjected to a gel permeation HPLC and areas of SPE-A and PHIG peaks were compared.



of exogenous IL-12 to the culture resulted in a significant recovery
of IFN-g production (Fig. 4). Similar up-regulatory effects of IL-12
were obtained if SPE-A and IL-12 were introduced to the culture
after PBMC had been treated with PHIG for 2 h (not shown). Neither
exogenous IL-1a nor TNF-a affected IFN-g production (data not
shown). PHIG also inhibited the production of IL-1a, TNF-a and
TNF-b, but exogenous IL-12 did not significantly up-regulate the
production of these cytokines (Fig. 4). IL-12 alone did not induce
production of substantial amounts of IFN-g (Fig. 4), indicating that
IL-12-induced recovery of PHIG-inhibited IFN-g production
requires T cell–SPE-A interaction. Exogenous IL-12 significantly
up-regulated IFN-g production in a dose-dependent manner, but the
effect reached a plateau at 500 pg/ml of IL-12 (not shown). Exogen-
ous IL-12 did not restore the decreased SPE-A-stimulated PBMC
proliferation (40% reduction) by PHIG.

IL-12 is required for IFN-g production from CD4þ T cells
stimulated with SPE-A in the presence of L cells
Since it is known that bacterial superantigens bind HLA-DR
antigens of APC in an MHC-unrestricted manner and stimulate a
large population of certain Vb T cells [31], purified HLA-DR–

CD4þ cells were cultured with mitomicin C-treated human DR
molecule-transfected murine L cells. Although SPE-A alone could
induce only small amounts of IFN-g (Fig. 5), the addition of
exogenous IL-12 with SPE-A induced the production of large
amounts of IFN-g, while IL-12 alone was not so effective (Fig.
5). These findings support that while MHC class II molecules
of accessory cells present SPE-A to T cells or their T cell

receptors, IL-12 is required for effective production of IFN-g from
T cells.

Intravenous PHIG therapy in patients with KD decreases serum
IL-12 and IFN-g levels
Since bacterial superantigens were reportedly a candidate for the
cause of KD and bacterial superantigens are potent inducers of
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IL-12, we examined serum IL-12, TNF-a and IFN-g levels in KD
patients. Patients in the acute phase of KD had significantly higher
levels of serum IFN-g (but not IL-12 or TNF-a) than age-matched
patients with bacterial infection (P<0·05) and controls (Fig. 6a).
Interestingly, children had remarkably higher serum IL-12 levels
than adults, whereas IFN-g and TNF-a levels were similar (Fig.
6a). The IL-12 detected in sera was IL-12 p40; IL-12 p70 was not
detected.

PHIG therapy transiently but significantly decreased serum IL-
12 in patients with KD (133·36 16·7versus95·86 12·4;P<0·01)
and IFN-g levels started to decrease and reached basal levels
within 10 days after PHIG therapy (12·66 2·7 versus1·56 0·6;
P<0·01) (Fig. 6b). While PHIG therapy did not significantly affect
TNF-a levels in KD patients, apparent increases of TNF-a levels
immediately after PHIG therapy were observed in three patients
(Fig. 6b).

DISCUSSION

In the present study, we demonstrated that PHIG inhibits IL-12
production from monocytes stimulated with SPE-A and thereby
inhibits IFN-g production by T cells. IFN-g production recovered
(if not fully) after introduction of exogenous IL-12 (but not IL-1a

nor TNF-a) to the culture. Exogenous IL-12 did not affect the
PHIG-induced reduced production of TNF-a, IL-1a and TNF-b.
The inhibitory effect of PHIG on IL-12 and IFN-g production was
not due to SPE-A neutralizing antibody contained in PHIG. Serum
IFN-g levels were significantly elevated in febrile KD patients
compared with patients with bacterial infection or controls, and i.v.
PHIG therapy reduced serum IL-12 levels and seemed to trigger a
decrease in serum IFN-g.

IL-12 produced by phagocytic cells [11,12] stimulated with
bacteria and bacterial components activates NK cells and T cells to
produce IFN-g. In a positive feedback loop, IFN-g then further
stimulates monocytes to secrete monokines [32] and augments
other functions, probably including phagocytosis and antigen-
presenting capacity. Thus, IL-12 and IFN-g are essential cytokines
against bacterial infection and induce T helper type 1 immune
responses. IL-12 is also known to be an anti-tumour cytokine; it
activates NK cells, conventional T cells [9–12,15,16] and T cells
with NK cell markers [18,19,29,30,33,34] and endows potent anti-
tumour activities to these cells in both human and mice. Another
important function of IL-12 is its anti-parasitic effect; it is required
for mouse resistance againstToxoplasma gondiiand Leishmania
major [35–37]. On the other hand, the role of IL-12 in viral
infections is controversial; it aggravates viral infections in certain
conditions [38].

It was reported that PHIG inhibitsin vitro activation of PBMC
by bacterial components or their factors; it inhibits proliferation and
cytokine production of PBMC stimulated with LPS or certain
bacterial superantigens [7,8,39]. The production of various mono-
kines (IL-1, TNF-a) and other cytokines (IFN-g, TNF-b) from
PBMC stimulated with bacterial superantigens or LPS is reportedly
blocked by PHIGin vitro [7]. In addition to these cytokines, we
demonstrate here that PHIG inhibits IL-12 production of PBMC
stimulated with a bacterial superantigen and may therefore reduce
IFN-g production by T cells. Although biologically active IL-12 p70
levels in culture supernatant of SPE-A-stimulated PBMC were much
lower than IL-12 p40 (biologically inactive) levels, others also
reported that significant IL-12 p70 levels were detected in
culture supernatants of bacteria-stimulated monocytes only when

monocytes had been pretreated with IFN-g [40]. Trinchieri also
reported that the levels of p70 heterodimer produced by IL-12-
producing cell lines were even 50-fold lower than those of p40 chain
[12,41]. Nevertheless, it is accepted that IL-12 p40 production
correlates well with p70 production [42].

PHIG reportedly blocks the SPE-A binding of monocytes and/
or presentation of SPE-A by monocyte MHC class II molecules to
T cells [31]. Nevertheless, it can not solely explain the inhibitory
effect of PHIG, because exogenous IL-12 indeed recovered IFN-g

production of T cells suppressed by PHIG in the presence of SPE-A
while IL-12 could not induce an effective IFN-g production in the
absence of SPE-A. It is possible that PHIG may block costimula-
tory molecules of monocytes and T cells which are required for
effective presentation of SPE-A or activation of these cells. It should
be noted that since PHIG also decreased SPE-A-induced IL-10
production and staphylococcal enterotoxin B-induced production of
IL-12 and IFN-g (our unpublished data), it is suggested that PHIG
broadly inhibits production of both proinflammatory and anti-
inflammatory cytokines induced by bacterial superantigens. The
finding that excess amounts of exogenous IL-12 p70 (500 pg/ml)
were required to substantially recover IFN-g production inhibited by
PHIG could be explained by the possibility that PHIG inhibits not
only the production of proinflammatory cytokines other than IL-12
(including IFN-g-inducing factor, IL-18 and IL-15) but also antigen-
presenting capacity of monocytes to T cells.

Some recent reports suggest that staphylococcus and strepto-
coccus or their superantigens may be involved in KD [23–25].
These superantigen-producing bacteria were detected in rectums or
throats of KD patients but not in control patients [25]. Further,
bacteria superantigen-induced toxic shock syndrome or toxic
shock-like syndromes mimic KD in some features [25], and several
bacterial superantigen-specific Vb T cells reportedly expand in
patients with KD [23].

The finding that PHIG therapy transiently but significantly
decreases serum IL-12 in patients with KD is consistent with thein
vitro effect on cytokine production. However, it is of note that
although IFN-g levels were elevated only in the acute-phase KD
patients, IL-12 levels were not significantly different among
children with or without KD and much higher than those of
adults. Matsubaraet al. [43] also reported that IFN-g levels are
elevated in the acute phase of KD. Around 6 months after birth,
maternally derived antibodies in children decrease and children
may have to compensate for the reduction of antibodies. In other
words, infants may be more susceptible to microbes than adults.
Further, around 6 months after birth the process of weaning begins
and the introduction of new foods introduces many microbes into
the intestine and changes intestinal bacterial flora. Therefore,
elevated serum IL-12 levels in infants could be a reasonable
response to activate innate cellular immunity. However, IFN-g

levels may be suppressed by certain mechanisms in normal infants
to avoid unnecessary immune reactions. In fact, daily injections
of IL-12 into mice elevates serum IFN-g only for the initial 48 h;
IFN-g amounts return to basal levels thereafter despite the con-
tinuance of IL-12 injections [12,16]. In KD patients, this balance
may be broken [42] and an elevation of IFN-g is induced. Masked
bacterial infections or their components may trigger for this imbal-
ance. PHIG may reverse the imbalance by a reduction of IL-12
(even if transient) and subsequent inhibition of IFN-g synthesis.

According to previous reports [44,45] that PHIG contains
staphylococcal superantigen-neutralizing antibodies, it is sug-
gested here that PHIG may also include a substantial amount of

IL-12 production and human immunoglobulin 317

q 1998 Blackwell Science Ltd,Clinical and Experimental Immunology, 114:311–319



anti-SPE-A antibody. There is still controversy regarding the exact
cause of KD (bacterial superantigens, conventional bacterial anti-
gens or other antigens) [23–26,46], and we do not conclude that
bacterial superantigens are the cause of KD. However, the results
of the present study suggest that while antigen- and cytokine-
neutralizing antibodies in PHIG may be partly responsible for the
effect of PHIG on KD, the inhibitory effect of PHIG on IL-12
production and other proinflammatory cytokine production can
be one of the important mechanisms of the therapeutic effect of
PHIG.
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