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Introduction

Summary

Recently, sera from children with active Henoch-Schonlein purpura (HSP)
have been found to enhance interleukin (IL)-8 production by human umbil-
ical venous endothelial cells (HUVEC). To further determine the possible fac-
tor with the ability to enhance endothelial IL-8 production in sera from acute
stage of HSP, 10 children with HSP at the acute stage and 10 healthy controls
were enrolled. IgA antiendothelial cell antibodies (AECA) were detected by
cell-based ELISA. Active sera with or without pretreatment with anti-human
IgA antibody, sera of controls, and immunoglobulin A (IgA) derived from sera
were used to stimulate the HUVEC. The ability of these factors to enhance
endothelial IL-8 production was evaluated. Furthermore, signalling pathways
were also assayed by different inhibitors, and confirmed by immunoblotting.
Serum levels of IgA AECA in HPS patients at the acute stage were significantly
higher than in controls (P < 0-001). The active sera could enhance endothelial
IL-8 production (P =0-004, compared with control sera), and the ability of
these sera was mostly abolished when pretreated with fixed anti-human IgA
antibody. The supernatant IL-8 levels of endothelial cells stimulated by IgA
derived from acute stage of HSP were statistically higher than controls
(P<0-001). PD98059, an inhibitor of ERK phosphorylation, significantly
reduced IgA AECA-stimulated endothelial IL-8. IgA AECA also enhanced the
phosphorylation of ERK1 with a time-dependent manner. Together with these
findings, it is concluded that IgA AECA derived from acute stage of HSP may
bind to endothelial and enhance endothelial cells to produce IL-8 via MEK/
REK signalling pathway.
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lin A (IgA) deposits on small vessel wall, polymorphonu-
clear neutrophils (PMNs) infiltration around the vessel,

Henoch-Schénlein purpura (HSP), with an annual inci-
dence of 13-20 per 100 000 < 17 years old children [1,2], is a
kind of systemic small vessel vasculitis that occurs com-
monly in children. The disease course is usually benign and
self-limited; however, internal organs such as gastrointestinal
tract, kidney, and central nervous system involvement are
rare but major morbidity of HSP [3-6]. Aggressive therapies
with steroid or immunosuppressants are indicated in these
conditions.

Although this disease is not uncommon in children, the
aetiology and pathogenesis are still unknown. According to
the pathological and laboratory findings of immunoglobu-
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and increased serum levels of IgA and proinflammatory
cytokines during the acute stage, it is speculated that HSP is
an immune-mediated vasculitis [3,7,8]. In the previous
studies, we have revealed the development of peripheral
transforming growth factor-B (TGF-B) secreting T cells
during the acute stage, which may act as a switch factor for
IgA production [9]. Some circulating IgA from acute but
not convalescent sera would bind to endothelial cells and
the binding activity of these IgA anti-endothelial cell anti-
bodies (AECA) could be enhanced by tumour necrosis fac-
tor (TNF)-o [10]. IgG and IgM AECA found in other
systemic vasculitis such as Kawasaki disease, Wegener’s
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granulomatosis, and Takayasu’s arteritis were undetectable
in HSP. Some of these IgG and IgM antibodies are patho-
genic; they may either activate endothelial cells or damage
endothelial cells by complement-mediated or antibody-
dependent cellular cytotoxic mechanisms [11-13]. Whether
the development of IgA AECA during the acute stage of
childhood HSP is just an epiphenomenon of vascular dam-
age or has some pathogenic effects should be further evalu-
ated. Another study revealed that sera derived from acute
stage of HSP had the ability to enhance interleukin (IL)-8
production by human umbilical venous endothelial cells
(HUVEC) [14]. In this study, we aimed to determine the
possible factor that exists in acute sera and can enhance
endothelial IL-8 production. The signalling pathways
between IgA AECA of HSP and human endothelial cells
were also clarified.

Materials and methods

Patients

Ten children with typical nonthrombocytopenic purpura
were diagnosed with HSP according to the criteria defined by
the American College of Rheumatology (ACR) 1990 [15].
Active sera were isolated from whole blood at the acute stage
and before steroid or other immunosuppressants treatment.
Ten age-matched healthy children were also enrolled as con-
trols. The serum levels of IgA and C-reactive protein (CRP)
were analysed by nephelometry, IL-8 was detected by DuoSet
human IL-8 ELISA kit (R & D Systems, Inc., Minneapolis,
MN, USA). Informed consents were obtained, and the study
was approved by hospital institutional review boards.

Human umbilical vein endothelial cells (HUVEC)
culture and cell-based ELISA

Human endothelial cells were separated from human umbil-
ical vein by collagenase (Gibco BRL Life Technologies, Rock-
ville, MD, USA), and cultured in complete medium 199
(Gibco BRL, Life Technologies). Cell-based ELISA was per-
formed as previously described [10]. Briefly, HUVEC were
seeded on gelatin-coated 96-well microtitre plates (Nunc™,
Denmark). When the cellular growth became confluent 3—
4 days later, cells were fixed with 0-2% glutaraldehyde. The
serum samples, diluted at 1 : 50 for IgA detection, were incu-
bated for 2h at 37 °C. Peroxidase-conjugated rabbit anti-
human IgA immunoglobulins were added to each well for
further 2h. After adding tetramethyl benzidine (TMB)
(KPL, Gaithersburg, MD, USA) solution and stop solution,
the optical density of each well was read at 450 nm by an
ELISA reader. The results were expressed as ELISA ratio

(ER)=100x (S—A)/(B—A)

where S is absorbance of sample, A is absorbance of negative
control, and B is positive control.
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Sera and IL-8 production by HUVEC

Because the study population was not totally the same as our
previous study [14], in order to investigate whether the
active sera of these patients had the same ability to enhance
endothelial IL-8 production, we repeated the previous pro-
tocol [14]: HUVEC were stimulated by either sera from chil-
dren with active HSP or sera from healthy controls, the
concentrations of IL-8 of the supernatants were determined
by commercial IL-8 ELISA kit.

TNF-a and endothelial IL-8 production

The serum levels of TNF-o were analysed by commercial
ELISA kits (BD PharMingen, San Diego, MN, USA) accord-
ing to the protocols of the manufactures. HUVEC were
seeded on gelatin-coated 96-well microtitre plates at a con-
centration of 1x10* cells/well. When the cellular growth
became confluent 3—4 days later, the supernatants were
removed. Each well was then washed by PBS for two times,
and the recombinant human TNF-a (Gibco BRL, Life Tech-
nologies) of different concentrations (0 pg/ml, 100 pg/ml,
1 ng/ml, 10 ng/ml, 50 ng/ml) was added to wells containing
HUVEC and serum-free medium 199 alone. Twenty-four
hours later, the supernatants were collected and the levels of
IL-8 were assayed.

Pre-treated sera and endothelial IL-8 production

In this experiment, sera from children with active HSP were
pretreated with neutralizing anti-human TNF-a antibody
(R & D system) at a final optimal concentration of 1 pug/ml,
or mouse monoclonal anti-human IgA antibody (Sigma, St
Louis, MO, USA) that was precoated on a 24-well plate for
2 h. These pretreated sera (50 pl) were cocultured with the
HUVEC and 150 pl serum-free medium 199 for 2 h at 37 °C
in 5% CO,. After the procedure of washing, the cells were
incubated with serum-free medium 199 at 37 °C in 5% CO,
for further 24 h, and the supernatants were then collected.
Supernatant IL-8 levels were determined.

Circulating IgA and endothelial IL-8 production

Circulating IgA was isolated from sera by Immobilized Jaca-
lin (Pierce, Rockford, IL, USA), a commercial kit that can
isolate serum-circulating IgA1 by galactose-binding lectin.
The levels of IgG, IgA, and IgM of eluent were assayed by
laser nephelometry (Behring Diagnostics GmbH, Margurg,
Germany). HUVEC were then incubated with these isolated
IgA at 37 °C for 24 h, and the IL-8 levels of culture superna-
tants were evaluated.

Inhibition of IL-8 production

HUVEC were seeded and cultured in gelatin-coated 96-well
plates and pretreated with 0-1% DMSO alone or four
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inhibitors (150 pl/well) which were initially dissolved in high
concentration DMSO solution and diluted in serum-free
medium 199 at a concentration of 0-1% DMSO: 1 uM Hel-
enalin (BIOMOL Research Laboratories Inc., Plymouth
Meeting, PA, USA) which inhibits nuclear factor (NF)-xB
pathway, 20 uM SB203580 (Calbiochem, San Diego, CA,
USA) which inhibits p38 kinase pathway, 25 uM PD98059
(Calbiochem) which inhibits mitogen-activated protein
kinase kinase (MEK)/extracellular signal-regulated kinase
(ERK) pathway, and 5 uM JNK inhibitor II (Calbiochem)
which inhibits Jun N-terminal protein kinase (JNK) path-
way. After pretreatment with DMSO alone or inhibitors for
3 h, purified HSP IgA (50 ul/well) was added for another
24 h. Control group was incubated with serum-free medium
199 containing 0-1% DMSO without adding IgA. The super-
natants were collected and the IL-8 levels were evaluated and
compared.

ERK1/2 phosphorylation

HUVEC were seeded in gelatin-coated 6-well plates and cul-
tured in (2 ml/well) complete medium 199 at 37 °C for 24 h,
washed by PBS once, and incubated with serum-free
medium 199 alone or 25uM PD98059 (Calbiochem)
(750 pl/well). After incubation for 3 h, cells were stimulated
by HSP IgA (250 pl/well), and total cell lysate was extracted
by Gold lysis buffer (137 mM NaCl, 20 mM Tris, 10 mM
NaF, 5 mM EDTA, 1 mM EGTA, 10% glycerol, 1% Triton X-
100, 1 mM sodium orthovanadate, 1 mM sodium pyrophos-
phate, 100 uM B-glycerophosphate, 1 mM PMSE, 10 ug/ml
aprotinin, 10 ug/ml leupeptin) in different time intervals
(0 min, 10 min, 30min, 60 min). Samples were loaded
(30 ug/well) into the wells of 10% polyacrylamide gel. Elec-
trophoresis was performed at a fixed current for 90—120 min,
and the separated gel was transferred to a PVDF membrane,
washed with 0-05% TBST, and incubated with blocking
buffer (5% milk in TBST) at 25 °C for one hour. The mem-
brane was further incubated either with antiphospho-p44/
p42 mitogen-activated protein kinase (MAPK) (ERK1/2)
antibody (1: 1000) (phospho-MAPK family antibody sam-
pler kit, Cell Signalling Technology) at 4°C overnight or with
anti-p44/p42 MAPK antibody (1: 2000) (Cell Signalling
Technology, Danvers, MA, USA) at room temperature for
one hour. HRP-conjugated anti-rabbit IgG antibody (Cell
Signalling Technology) was then added for another one
hour. Finally, ECL plus was added onto the membrane and
exposed the signal to the Hyperfilm.

Statistical analysis

The values of serum IgA, IL-8, TNF-o, AECA ELISA ratio,
and supernatant IL-8 were expressed as mean = SEM. The
comparisons between groups were conducted using the
Mann—Whitney U-test and one-way ANOVA. A two-tailed P-
value of <0-05 was considered statistically significant.

© 2006 The Author(s)
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Fig. 1. Cell-based ELISA assay revealed the values of serum IgA AECA
(expressed as ELISA ratio (ER)) of 10 HSP patients at the acute stage
and 10 healthy controls.

Results

Characteristics of patients

All 10 patients had typical skin purpura, 7 patients had
abdominal angina and arthritis, and 2 patients suffered from
glomerulonephritis. Serum levels of IgA and IL-8 in patients
with active HSP were significantly higher than those in
normal healthy controls (IgA: 249-5+19-6 mg/dl versus
173-1 £2-3 mg/dl, P=0-01; IL-8: 271-7 £ 88-0 pg/ml versus
6-5+4-4 pg/ml, P=0-014). Half of 10 patients had elevated
CRP (normal value <0-9 mg/dl).

IgA AECA detection

Antibodies of IgA isotype in 10 children with HSP at the
acute stage were detected to bind to HUVEC. The serum lev-
els of IgA AECA of these patients were significantly higher
than healthy controls (Fig. 1).

Active sera enhance endothelial IL-8 production

The supernatant IL-8 levels of HUVEC incubated with active
sera were statistically higher than those of HUVEC
incubated with controls’ sera (1124-3 +73-2 pg/ml versus
7784+ 51-3 pg/ml, P=0-004) (Fig. 2).

The effects of TNF-ol and anti-human TNF-a antibody
on endothelial IL-8 release

TNF-0. was increased during the acute stage of HSP;
the serum levels were significantly higher than those in
healthy controls (65-3 +9-3 pg/ml versus 18-9 = 4-8 pg/ml,
P=0-001). TNF-o of different concentrations could also
enhance the production of IL-8 by HUVEC (0 ng/ml:
718-3 £ 30-2 pg/ml, 100 pg/ml: 781-1 £71-0 pg/ml, 1 ng/ml:
948-2 + 1789 pg/ml, 10 ng/ml: 3458-1 +433-5 pg/ml, 50 ng/
ml: 11344-7 £ 873-8 pg/ml) and there was a dose-dependent
relationship in this interaction (Fig. 3a). Because TNF-o had
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Fig. 2. The supernatant IL-8 levels between HUVEC cocultured with
active sera, active sera pretreated by anti-human IgA antibody, and sera
from healthy controls.

the effect of enhancing IL-8 release and the TNF-o serum
levels were increased at the acute stage of childhood HSP, in
order to determine whether TNF-o. is the only factor in sera
of patients to enhance endothelial IL-8 production, sera
from patients with active HSP were pretreated by neutraliz-
ing anti-human TNF-o antibody before the stimulation test.
The supernatant IL-8 levels of HUVEC incubated with sera
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Fig.3. (a) TNF-o of different concentrations (0 pg/ml, 100 pg/ml,

1 ng/ml, 10 ng/ml, 50 ng/ml) enhanced HUVEC to release IL-8 with a
dose-dependent manner. *P < 0-001 versus 0 pg/ml. (b) The superna-
tant IL-8 levels between HUVEC cocultured with active sera pretreated
by anti-human TNF-a antibody (1 pg/ml) and those cells incubated
with sera without antibody pretreatment.
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pretreated by anti-human TNF-o antibody were lower
than those of HUVEC cocultured with sera without anti-
body pretreatment, however, not statistically significant
(915-6 £ 157-2 pg/ml versus 1021-4 £ 142-5 pg/ml, P=0-64)
(Fig. 3b).

Depletion of circulating IgA by anti-human IgA
antibody affects IL-8 release

Incubation with anti-human IgA antibody fixed on a 24-well
plate was to remove circulating IgA from active sera.
Although this procedure was not specific for IgA AECA
depletion, and sera IgA were still detectable with relative low
concentration (data not shown) after treatment by anti-
human IgA antibody, the enhancement ability of these pre-
treated sera was mostly inhibited. Figure 2 showed a trend
hat the IL-8 levels in supernatant from HUVEC incubated
with pretreated sera were decreased when compared with
active sera (1124-3 =732 pg/ml versus 793-1 £ 110-7 pg/ml,
P=0-05), and they were not significantly different from
those in supernatant from HUVEC incubated with sera
of controls (793-1 £ 110-7 pg/ml versus 778-4 £ 51-3 pg/ml,
P=091).

IgA AECA enhance endothelial IL-8 secretion

The eluent collected by Immobilized Jacalin contained only
IgA (mean concentration: 200 mg/dl), IgG and IgM were
undetectable. The purified IgA was added to stimulate
HUVEC, and the IL-8 levels in supernatant from HUVEC
incubated with IgA derived from active sera of HSP were sig-
nificantly higher than controls (2329-6 £ 70-2 pg/ml versus
977-7 £ 32-5 pg/ml, P < 0-001).

PD98059 inhibit the endothelial IL-8 induced by IgA
AECA

To clarify the possible signalling pathway, inhibitors of dif-
ferent pathways were tested to abolish the ability of IgA AECA
to enhance the endothelial IL-8 production. Those inhibitors
were finally dissolved in 0-01% DMSO, and the 0-01% DMSO
did not influence the effect of IgA AECA on endothelial IL-
8 production (2473-3 +189-2 pg/ml versus 898-7 £ 27-1 pg/
ml, P=0-001) (Fig. 4). Among these inhibitors, PD98059, an
inhibitor of ERK phosphorylation, could significantly reduce
the effect of IgA AECA. The IL-8 levels in supernatant of
HUVEC pretreated with PD98059 and stimulated by HSP
IgA AECA were statistically lower than those of HUVEC
stimulated by IgA AECA alone (2473-3 + 189-2 pg/ml versus
727-3 + 14:9 pg/ml, P=0-001) (Fig. 4).

IgA AECA enhance ERK1/2 phosphrylation
Figure 5 revealed that ERK1 phosphorylation was enhanced

by the stimulation of IgA AECA. The signal reached the
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Fig. 4. HUVEC were stimulated by adding HSP IgA alone, or adding
HSP IgA and 4 inhibitors: Helenalin (1 uM), SB203580 (20 uM),
PD98059 (25 uM), and JNK inhibitor II (5 uM), respectively. PD98059
significantly inhibited the endothelial IL-8 releasing. *P = 0-001, com-
pared with those HUVEC stimulated by HSP IgA only.

highest 10 min after the stimulation, and then decreased
gradually. The effect of IgA AECA on the phosphorylation
of ERKI was inhibited in those HUVEC pretreated by
PD98059.

Discussion

HSP is a common systemic childhood vasculitis with
unknown pathogenesis. This vasculitis is initially classified as
type III hypersensitivity immune-complex disease, however,
IgA-containing circulating immune complexes are found
only in part of patients [16,17]. According to the increased
serum IgA levels, IgA deposition in inflamed blood vessels,
we hypothesized that some immunoglobulins of IgA isotype
during HSP acute stage may bind to endothelial cells. In
1998, Fujieda et al. [18] found that IgA antibodies against
bovine glomerular endothelial cells could be detected in near
one half of patients with HSP nephritis. Furthermore, our
previous study also revealed that IgA, but not IgG or IgM
AECA against human macro- and microvessels would
develop at the acute stage of childhood HSP, and they were
undetectable at the convalescent stage [10]. In this study, the
enrolled patients were identified with IgA AECA by the same
method of cell-based ELISA.

AECA represent an extremely heterogeneous family of
autoantibodies in different diseases, not only because of the

Phosphorylated Protein

IgA and IL-8 in childhood HSP

variety of their target endothelial antigens, but also the sub-
sequent diversity of their effects [19]. IgG and/or IgM AECA
derived from Kawasaki disease and Takayasu’s arteritis have
been shown to activate the classical complement pathway
and induce lysis of endothelial cells [11,12,20]. In addition to
the activation of complement, AECA in other diseases have
also been found with different pathogenic roles. In dengue
haemorrhagic fever, antibodies of IgG and IgM isotype
against NS1 of dengue virus might cross-react with endot-
helial cells and induce endothelial cell apoptosis [21]. Del
Papa etal. [22] revealed that AECA IgG from Wegener’s
granulomatosis patients did not display any significant cyto-
toxicity but were able to up-regulate the expression of E-
selectin, intercellular adhesion molecule 1 (ICAM-1) and
vascular cell adhesion molecule 1 (VCAM-1) and to induce
the secretion of cytokines such as IL-6 and IL-8. According to
these reports, we desire to investigate whether IgA AECA in
childhood HSP have any pathogenic effects.

Initially, we used IgA AECA-containing sera from acute
stage of HSP to directly stimulate endothelial cells and the
result was consistent with previous study [14], which showed
that the IL-8 levels in supernatants of HUVEC incubated
with sera from children with active HSP were statistically
higher than the levels in supernatants of HUVEC incubated
with sera from healthy controls. The presentation of adhe-
sion molecules on endothelial surface was previously evalu-
ated, but no enhancement was detected after stimulation by
different sera [14]. These results indicated that sera of active
HSP might contain some factors that could activate endot-
helial cells to release IL-8.

TNF-0. is a cytokine with multiple functions in the
immune responses. It has been well documented to play a
major role in many systemic inflammatory diseases includ-
ing systemic vasculitis [23]. We showed that the serum levels
of TNF-a. in acute stage of childhood HSP was significantly
elevated and the mean value was around 65 pg/ml. Although
TNF-o. could enhance IL-8 secretion by HUVEC in a dose-
dependent manner, TNF-o. of a concentration 100 pg/ml,
which was higher than the mean value of HSP patients, could
not significantly enhance endothelial IL-8 production.
Moreover, after blocking serum TNF-a by adding high dose
neutralizing anti-human TNF-a antibody, the ability of
these pretreated sera to enhance endothelial IL-8 production

Total Protein

PD98059  — - -
HSP IgA Stimulation Time
(min) 10 30
ERK1 (p44) — - -
ERK2 (p42) (D

+ - - - - +

10 0 10 30 60 10

Fig. 5. Immunoblotting for intracellular total protein of ERK1 and ERK2, and the phosphorylation of ERK1 after IgA AECA stimulation at different
time intervals (0 min, 10 min, 30 min, 60 min), and after further treatment by PD98059.
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could not be significantly suppressed. According to these
results, we could make a conclusion that in addition to TNF-
o, there may be other major factors existing in the sera of
active HSP that can activate endothelial cells to produce IL-8.

We designed two experiments in this study to determine
whether IgA AECA in acute stage of HSP could activate
endothelial cells to produce IL-8. In the first experiment,
active sera that can enhance endothelial IL-8 secretion were
incubated with mouse monoclonal anti-human IgA anti-
body. This antibody is specific for heavy chain of human
IgA and does not crossreact with human IgG, IgM, IgD and
IgE. The result indicated that these IgA-depleted sera could
not significantly activate endothelial cells as they previously
did. In the other experiment, circulating IgAl in sera of
children with active HSP separated and purified by Immo-
bilized Jacalin could bind to endothelial cells and induce
them to produce a large amount of IL-8. IL-8 is a powerful
chemoattractant; it may recruit and activate PMNs to
induce further endothelial cells damage [24]. The effect of
IgA AECA on endothelial cells may contribute to the patho-
logic finding of perivascular PMNs infiltration in active
HSP.

Many cells can produce IL-8 under a wide range of stimuli
encompassing proinflammatory cytokines such as TNF-o. or
IL-1 [25], bacterial [26] or viral products [27,28], and cellu-
lar stress [29,30]. Recently, significant advances in the under-
standing of signalling pathways, which regulate IL-8 gene
expression, have been made. As demonstrated in previous
studies, IL-8 gene promoter element contains NF-xB and
activating protein (AP)-1 binding sites, and factors that can
induce IL-8 secretion have the capacity to modulate NF-xB
and AP-1 activity. AP-1 is activated by MAPK. Three MAPK
pathways contribute to IL-8 expression, the ERK, JNK and
p38 kinase cascades [31]. The role of NF-xB is widely
explored; those IL-8 serecting-cells stimulated by proinflam-
matory cytokines are mostly NF-xB dependent [25,32]. In
the present study, specific inhibitors to these four pathways
were tested to determine the possible signalling pathway.
PD98059, the inhibitor of MEK/ERK, completely depressed
the IgA AECA induced-endothelial IL-8 secretion. Phospho-
rylated ERK-1 could also be detected time-dependently
under the stimulation of IgA AECA and inhibited after add-
ing PD98059. From these findings, IgA AECA of HSP may
bind to endothelial cells and augment the phosphorylation
of ERK-1, which phosphorylates AP-1, and promote the IL-
8 expression.

In conclusion, IgA AECA develop during the acute stage of
childhood HSP, which may bind to a disease-specific endot-
helial antigenic peptide. Although the antigenic determi-
nants of HSP and monoclonal antibody against endothelial
cells are not yet identified, IgA AECA from acute stage of
childhood HSP may have the possible pathogenic effect;
these antibodies can directly activate endothelial cells to pro-
duce IL-8 through the MEK/ERK signalling pathway. These
results establish the pathogenesis of HSP more thoroughly,
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and suggest that IgA AECA may be a target for new treat-
ment strategies for HSP.
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