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SUMMARY

Henoch±SchoÈnlein purpura (HSP) is a small vessel vasculitis characterized by increased serum IgA and

IgA-dominant immune complex deposition in lesions. The involvement of IgA implies a probable role

for TGF-b , a major factor in IgA production, in the pathogenesis of HSP. Among IgA antibodies, serum

IgA anti-cardiolipin antibodies (aCL) have been found in many diseases, including vasculitis. In addition

to the clinical presentations and laboratory parameters, we further investigated the roles of IgA aCL and

TGF-b in childhood HSP. Twenty-six Chinese children with the diagnosis of HSP were enrolled. Blood

samples from these patients were collected at both acute and convalescent stages. Intracellular staining

of lymphocytes was performed to enumerate type 1 (interferon-gamma-secreting), type 2 (IL-4-

secreting), and type 3 (TGF-b -secreting) helper T cells. Serum levels of TGF-b were detected by

ELISA. Serum IgA aCL of 21 of 26 patients at the acute stage, 11 of them at the convalescent stage,

were measured by ELISA. The data showed that IgA aCL serum levels were significantly elevated in

patients compared with healthy controls (P , 0´001), and those patients at the convalescent stage

(P , 0´001). In addition, TGF-b -secreting T cells were significantly elevated during the acute stage,

and decreased at the convalescent stage. Although more studies are needed, the high prevalence of IgA

aCL and increased TGF-b -secreting T cells in children with acute HSP revealed some points which

should permit a better understanding of the pathogenesis of HSP.
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INTRODUCTION

Henoch±SchoÈnlein purpura (HSP), one of the most common types

of vasculitis in childhood, is characterized by palpable non-

thrombocytopenic purpura over the lower extremities and

buttocks, arthritis or arthralgia, abdominal pain with or without

gastrointestinal haemorrhage, and less commonly glomerulo-

nephritis [1]. Histologically, it reveals the change of leukocyto-

clastic vasculitis, and has been well regarded as a specific

clinicopathological entity by the vascular deposition of IgA-

dominant immune complexes and elevated serum IgA levels [2,3].

The prognosis is generally good and depends on the extent of

renal involvement. Treatment is usually supportive; non-steroid

anti-inflammatory drugs (NSAID) are almost all that is needed

and steroids are usually reserved for severe cases [4±6].

Antibodies directed against negatively charged phospholipids

such as cardiolipin are a heterogeneous group of immunoglo-

bulins of the IgG, IgM, IgA classes [7]. Among them, there is a

growing interest in the IgA isotype of anti-cardiolipin

antibodies (aCL). Although some studies have reported that

these antibodies were rarely detected and of limited clinical

significance [8,9], it is generally accepted that IgA aCL, as well

as IgG aCL and IgM aCL, are significantly associated with

thrombocytopenia, thrombotic complications, and recurrent fetal

loss in patients with systemic lupus erythematosus (SLE) and/or

anti-phospholipid syndrome (APS) [10±12]. In addition, IgA

aCL has also occasionally been found alone in a variety of

diseases including Guillain±BarreÂ syndrome [13], pulmonary

fibrosis in systemic sclerosis [14], infections [15,16], and

leukocytoclastic vasculitis [17,18]. Many cells, including helper

T cells, secrete TGF-b , which has been found to enhance class

switching of IgA [19,20].

To further clarify the roles of IgA aCL and TGF-b in

childhood HSP, this study was designed not only to observe the

clinical aspects of HSP, but also to compare these immunological

parameters at different disease status.
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PATIENTS AND METHODS

Patients and controls

A total of 26 previously healthy Chinese children with acute HSP

were enrolled in this study. There were 13 males and 13 females

with an age range of 3±17 years. The diagnosis of HSP was made

according to the American College of Rheumatology 1990 criteria

[21] during the period from October 1996 to April 1999 at

National Taiwan University Hospital. Informed consent and

Institutional approval were obtained for the study. Blood samples

were collected at the time of diagnosis (acute stage) and then 6±

8 months later (convalescent stage). The clinical presentations

were recorded. Twenty healthy children with comparable sex and

age distributions were recruited as normal controls. In the assay of

IgA aCL, 10 patients with active juvenile rheumatoid arthritis

(JRA) (four pauciarticular type, four polyarticular, and two

systemic type, none with thrombocytopenia, thrombotic compli-

cations, or associated vasculitis) were also enrolled as another

control group.

Serological studies

All serum samples were stored at 2708C before the assay. The

serum levels of C3, C4, IgG, IgA, IgM and anti-streptolysin O

(ASLO) titre were assayed with laser nephelometry (Behring

Diagnostics GmbH, Marburg, Germany). Serum TGF-b levels

were measured with sandwich ELISAs. In vitro activation by

transient acidification of serum samples prior to assay was

performed, since TGF-b was secreted in a biologically inactive

form.

IgA, IgG, and IgM anti-cardiolipin antibodies

Because of the limitations regarding blood sampling from some

patients, only 21 of 26 patients at the acute stage and 11 of these

21 patients at the convalescent stage were included for the

detection of serum levels of aCL. The IgG, IgM, and IgA aCL of

21 patients, IgA aCL of 11 of them at the convalescent stage, and

IgA aCL of both control groups were measured by commercially

standardized ELISAs (ORGenTec ELISA kit; Germany). Briefly,

the microplate was coated with highly purified cardiolipin and

saturated with human b2-glycoprotein I (b2-GPI). Polyclonal

rabbit anti-human IgG, IgM, and IgA antibodies labelled with

horseradish peroxidase were used as conjugate solutions to

recognize aCL of the three isotypes. This assay system is

calibrated against the internationally recognized reference sera

from E. N. Harris (Louisville, KY) [22]. The plate was finally read

in a spectrophotometer at 450 nm. The cut-off values for IgG,

IgM, and IgA aCL were set at 10 GPL U/ml, 7 MPL U/ml, and 10

APL U/ml, respectively.

Lymphocyte phenotyping and intracellular staining

Phenotyping of lymphocytes was performed by a lysed whole-

blood method. T cells (CD4, CD8, CD45RA2, TCR-ab , TCR-

gd ), B cell subsets, and natural killer (NK) cells were analysed

using matched combinations of murine MoAbs conjugated with

FITC or PE. For intracellular staining of cytokines, peripheral

blood mononuclear cells (PBMC) were isolated and stimulated

with phorbol 12-myristate 13-acetate (PMA; 20 ng/ml), ionomy-

cin and monensin (4 nm) for 12 h. They were then washed in PBS,

fixed with 4% paraformaldehyde, permeabilized with saponin, and

stained with specificity-matched combinations of fluorescence-

labelled antibodies (CD4 Cy-chrome plus interferon-gamma (IFN-

g)±FITC for Th1, IL-4±PE for Th2, and TGF-b1±FITC for Th3).

Fluorescein-stained cells were detected with a FACScan flow

cytometer, and the results were analysed with SimulSET software

(Becton Dickinson Immunocytometry Systems, San Jose, CA).

Statistical analysis

The values of IgA aCL were presented as median with ranges, and

the Mann±Whitney U-test was used to compare the IgA aCL

levels between patients and controls, and at different stages. The

prevalence of three isotypes of aCL of HSP was compared by

McNemar's test. The relationship between serum total IgA and

IgA aCL was analysed by correlation coefficient test. Other

laboratory data were expressed as means ^ s.e.m. Comparisons of

these data between different disease stages of patients were

performed with the non-parametric Wilcoxon signed ranks test. A

two-tailed P value of , 0´05 was considered statistically

significant.

RESULTS

Clinical presentations and courses

Most of the children (23/26) in this series had onset of HSP during

either the autumn or winter seasons. Table 1 summarizes the

clinical characteristics of the 26 patients in this study. All of them

had typical characteristics of HSP with palpable purpura over the

lower extremities. Abdominal pain with or without gastrointest-

inal bleeding occurred in 19 of 26 patients (73%). Arthritis or

arthralgia was noted in 17 of 26 patients (65%). The ankle was the

most common joint involved, followed by the knee joint. Five

patients had leg oedema, and one had oedema of all four limbs. A

history of upper respiratory tract infection (URI) was noted in 16

of 26 patients (61%). Only one patient developed glomerulo-

nephritis, with presentations including heavy proteinuria and

haematuria. None of the patients exhibited any features of APS,

except for one patient with thrombocytopenia (110 000/mm3).

The outcomes were generally good. All patients were prescribed

NSAIDs. Short-term steroid was used in 19 patients and

azathioprine (Imuran) in three patients because of either nephritis,

GI bleeding, or severe abdominal pain despite NSAIDs. Twenty-

two patients (including the 11 patients detected for IgA aCL at a

mean follow-up duration of 7 months) were symptom-free during

Table 1. Clinical characteristics and treatment of patients with Henoch±

SchoÈnlein purpura

No. of patients (%)

Symptoms and signs

Purpura over lower extremities and/or buttocks 26 (100)

Abdominal pain with/without SOB 19 (73)

Arthritis/arthralgia 17 (65)

Extremities oedema 6 (23)

Glomerulonephritis 1 (4)

Previous URI 16 (61)

Treatment

NSAID 26 (100)

Steroid 19 (73)

Azathioprine 3 (12)

SOB, Stool occult blood; URI, upper respiratory tract infection; NSAID,

non-steroidal anti-inflammatory drug.
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follow up (6±8 months); four patients (15%) had recurrent

symptoms, mostly as leg purpura and abdominal pain.

Haemogram and lymphocyte subsets

The leucocyte, neutrophil percentage, platelet count and C-

reactive protein (CRP) were significantly higher at the acute stage

than at the convalescent stage (Table 2). Serum C3, C4, and IgA

levels were also significantly higher at the acute stage than at the

Table 2. Laboratory data of 26 patients at both acute and convalescent stage and that of 20 healthy controls

Acute Convalescence Control

Haematological and serological parameter

Leucocytes (mm3) 11 001´9 ^ 635´8* 6790´0 ^ 374´8 ND

Neutrophils (%) 63´4 ^ 2´6* 46´6 ^ 3´0 ND

Lymphocytes (%) 33´8 ^ 3´5 45´0 ^ 2´9 ND

Platelet count ( � 103/mm3) 384´9 ^ 16´6* 311´4 ^ 12´1 ND

Elevation of CRP (no./total)² 11/23* 0/25 ND

C3 (mg/dl) 115´6 ^ 3´1* 100´8 ^ 4´4 116´1 ^ 3´7

C4 (mg/dl) 33´6 ^ 2´5* 25´1 ^ 2´5 23´7 ^ 1´5

IgG (mg/dl) 1133´2 ^ 62´1 1072´2 ^ 53´6 1071´9 ^ 68´2

IgA (mg/dl) 269´4 ^ 18´4* 210´4 ^ 21´9 170´8 ^ 15´9

IgM (mg/dl) 181´8 ^ 14´9 156´7 ^ 12´8 181´1 ^ 13´7

TGF-b (ng/dl) 32´0 ^ 4´6 41´9 ^ 5´1 30´4 ^ 4´6

Elevation of ASLO (no./total)³ 19/26* 11/26 0/20

Phenotype analysis of lymphocyte

T cell 70´3 ^ 1´8 71´9 ^ 1´3 65´0 ^ 1´6

B cell 17´3 ^ 1´5 14´9 ^ 0´8 15´2 ^ 1´2

CD41 T cell 35´8 ^ 1´8 35´7 ^ 1´6 32´0 ^ 2´5

CD81 B cell 27´6 ^ 1´5 14´8 ^ 1´1 12´5 ^ 0´9

CD45RA2CD41 T cell 15´2 ^ 1´8 14´8 ^ 1´1 12´5 ^ 0´9

CD45RA1CD41 T cell 20´7 ^ 2´0 20´8 ^ 1´5 19´5 ^ 2´4

ab -T cell 57´5 ^ 2´1 59´3 ^ 1´3 ND

gd-T cell 7´5 ^ 0´8 8´4 ^ 0´7 ND

NK cell 10´1 ^ 1´5 11´0 ^ 1´5 13´1 ^ 1´8

CD51 B cell 8´2 ^ 1´0 6´6 ^ 0´5 8´9 ^ 1´0

Values are presented as mean ^ s.e.m.

ND, Not done.

*P , 0´05 for differences between acute and convalescent stage.

²Normal value of CRP: , 0´09.

³Anti-streptolysin O (ASLO) level . 58 U/ml was viewed as elevated.
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Fig. 1. Distribution of the IgA anti-cardiolipin antibody (aCL) levels of

patients with acute Henoch±SchoÈnlein purpura (HSP) (n � 21), of healthy

controls (n � 20), and of juvenile rheumatoid arthritis (JRA) controls

(n � 10). The difference of serum levels of IgA aCL between patients and

both control groups was statistically significant.
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Fig. 2. The IgA anti-cardiolipin antibody (aCL) levels of 11 patients with

Henoch±SchoÈnlein purpura (HSP) during the acute stage and the

convalescent stage. The serum levels of IgA aCL decreased significantly

during the convalescent stage.
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convalescent stage. By contrast, IgG and IgM levels were within

normal limits and did not differ significantly between disease

stages. ASLO was increased in 19 of the 26 patients (Table 2).

T lymphocytes at both the acute and convalescent stages were

increased significantly compared with the controls; CD51 B cells

decreased at the convalescent stage, although the difference was

not statistically significant. Serum TGF-b levels at the acute stage

were lower than those at the convalescent stage, but it did not

show statistical significance when comparison was conducted

between the different stages and the controls (Table 2).

Serum levels of IgA, IgG, and IgM anti-cardiolipin antibodies

Seventeen (81%) of 21 patients with HSP had a positive test result

for IgA aCL. The median level was 17´4 APL U/ml with a range

from 7´6 APL U/ml to 125´7 APL U/ml. IgA aCL was detected in

only one (11´2 APL U/ml) of the 20 healthy controls (median 0´9

APL U/ml, range 0±11´2 APL U/ml), and none of the JRA

controls (median 0´8 APL U/ml, range 0±7´5 APL U/ml). The

difference in IgA aCL levels between patients and controls was

statistically significant (P , 0´001) (Fig. 1). The IgA aCL levels

of all 11 of the follow-up patients decreased significantly during

the convalescent stage (P , 0´001) (Fig. 2). Four patients (4/21)

and two JRA controls were positive for IgG aCL, and three of

these four patients also had detectable levels of IgA aCL. The IgM

aCL was not detected in any of the patients and controls.

Statistically, the prevalence rate of IgA aCL was higher than that

of IgG (P , 0´05) or IgM isotype (P , 0´05). No correlation was

found between IgA aCL and total serum IgA antibodies

(P � 0´596).

Levels of cytokine-secreting T cells

Intracellular staining of stimulated PBMC with anti-cytokine

antibodies demonstrated the presence of a particular subset of

TGF-b -secreting CD41 T cells in all patients during the acute

stage. These TGF-b -secreting T cells were not found in normal

control and JRA control groups (0%). A significant elevation in

TGF-b -secreting (Th3) cells during the acute stage was demon-

strated in all of the patients; this declined to nearly undetectable

levels when disease activity subsided (Fig. 3). By contrast, there

was no difference in the percentage of either Th1 or Th2 during

the disease process of HSP (Fig. 4).

DISCUSSION

In the current study, elevation of leucocytes, neutrophil percen-

tage, platelet counts and CRP at the onset of HSP reflected the

possible nature of acute inflammatory process; increased serum

C3, C4 and IgA levels implied involvement of immunological

elements in the pathogenesis of HSP. There have been

inconsistent results regarding the serum complement concentra-

tions in patients with HSPÐboth classic and alternative pathways

of complement activation were suggested [23±26]. The previous

reports and our current study had the same finding of elevated

serum IgA in this group of patients [27±30]. Since IgA activates

the complement system via the alternative pathway [31], the

involvement of the alternative pathway in HSP is more rational.

No consensus has been reached on the distribution of lymphocyte

subsets in HSP [32±35]. In our study, the population of total T

cells increased significantly irrespective of disease status.

Furthermore, CD51 B cells, committed to the production of

polyreactive autoantibodies and involved in the pathogenesis

of autoimmune diseases [36], depressed at the convalescent stage

of disease.

In 1994, Burden et al. reported detection of IgA aCL in a 51-

year-old patient with HSP [17]. Two years later, in a prospective

study, Burden found a high prevalence (60%) of IgA aCL in

patients with cutaneous leukocytoclastic vasculitis. However, in

their subsequent study, only one of 10 patients with childhood

HSP had positive IgA aCL [18]. In 1998, Tajima et al. reported

that IgA aCL was an independent risk factor for vasculitis in

patients with various collagen diseases [37]. In the present study,

21 of 26 Chinese children without any collagen diseases who were

suffering from acute onset HSP had a higher prevalence of IgA

aCL than healthy and JRA controls. Similar to the results of

previous studies [17,18,37], the other two isotypes of aCL were

rarely detected in patients of this series. All four of the patients

with positive IgG aCL in this series had low levels (11´3 GPL U/

ml, 13´3 GPL U/ml, 13´6 GPL U/ml, 11´1 GPL U/ml). This result

suggests that aCL restricted to IgA isotype may play an important

role in the pathogenesis of HSP.

The presence of IgA aCL has been associated with thrombotic

events, thrombocytopenia, fetal loss in patients with autoimmune

diseases [10±12], and also independently with infections [15,16],

neurological diseases [13,16], and vasculitis [17,18,31]. Recent

studies have identified two different types of aCL [38]: one

requires a cofactor for binding to cardiolipin (cofactor dependent),

and the other one does not (cofactor independent). The cofactor,

which was identified as b2-GPI, a 50-kD b2-globulin, enhances

the reaction between cardiolipin and aCL [39]. In the present

study, the test kits coated with cardiolipin and highly purified

human b2-GPI were specific only for autoantibodies (IgG, IgM,
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Fig. 3. Photography of flow cytometry demonstrating the distribution of

TGF-b-secreting helper T cells (Th3) during the acute (a) and the

convalescent (b) stage. TGF-b-secreting helper T cells can only be

detected in patients at the acute stage, not in those at the convalescent

stage.
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Fig. 4. The percentage of IFN-g-secreting (Th1), IL-4-secreting (Th2),

and TGF-b -secreting (Th3) cells at both stages. The population of Th3

cells is significantly higher at the acute stage (A) than at the convalescent

stage (B) (6´2% versus 0´4%; P � 0´008).
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and IgA) directed against cardiolipin and the complex of

cardiolipin and b2-GPI. No cross-reactivity was observed to

anti-DNA antibodies and antibodies occurring in syphilis. There-

fore, regardless of whether the aCL was cofactor-dependent or

cofactor-independent, it could be measured by this method.

An increased serum IgA concentration is a characteristic

laboratory finding during the acute stage of HSP [1]. Some studies

have reported that autoantibodies, such as IgA rheumatoid factor

[40] and IgA anti-neutrophil cytoplasmic antibodies (ANCA) [41],

were associated with HSP. Although no significant correlation

was noted between total serum IgA and IgA aCL in the present

study, the finding of the high prevalence of IgA aCL in patients

with acute HSP suggested that IgA aCL is an important

component of circulating IgA antibodies.

A variety of cells have been well documented to secret TGF-

b . It has been suggested that a subset of CD41 T cells called type

3 T helper (Th3) cells in the gut-associated lymphoid tissue

(GALT) exert active cellular suppression via the secretion of

TGF-b [42±45]. TGF-b , in addition to its potent immunosup-

pressive and anti-inflammatory effects, acts as a switch factor for

IgA production [19,20]. Our study showed no significant

correlation between serum TGF-b and disease activity. However,

it clearly demonstrated the activation of TGF-b -secreting T cells

(Th3) at the acute stage of HSP. The serum level of TGF-b is

influenced by interactions of other cytokines, and the measure-

ment by ELISA is unable to reflect correctly the microenviron-

ment in the pathogenesis of disease; intracellular staining of

cytokines may be a better tool to evaluate the frequency of TGF-

b -secreting cells in HSP [46].

Although HSP is a common childhood disease, its pathogen-

esis remains undetermined. Previous epidemiological studies have

found striking seasonal variations in HSP, with most cases

occurring in the winter [47,48]. HSP has also been associated with

a history of preceding infections, especially URI [48]. These

results raise the possibility of infection as a direct cause or a

potential trigger of this disease. Several microorganisms have

been reported to be associated with the development of HSP,

including b -haemolytic streptococcus [49], Mycoplasma pneu-

moniae [50], varicella [51], and mumps virus [52]. However, no

definite pathogen could be isolated from the majority of patients

with HSP. The association of infections and autoantibody

production had been studied. Vaarala et al. found raised IgA

aCL levels in patients with mumps infection [16]. Recently,

Wilson et al. reported a high prevalence of IgA aCL in 42

Jamaicans with T cell lymphotrophic virus I (HTLV-I)-associated

tropical spastic paraparesis (TSP) [15]. In the present study, 23

patients (90%) developed HSP during the autumn or the winter.

More than half of patients in this series had preceding URI. The

levels of IgA aCL decreased in parallel with the improvement of

clinical symptoms. Taken together with increased Th3 cells, these

findings may suggest that one of the associated microorganisms

with specific antigenic structures which mimic cardiolipin enters

the respiratory or GI tract and stimulates the T cells residing in the

mucosa. Inflammatory responses are elicited with the participation

of various immunocompetent cells and their humoral counterparts.

The secreted TGF-b thus drives clonal IgA isotype switch in B

cells, and thereby contributes to the formation of IgA antibodies.

These antibodies to the structures may cross-react with host

cardiolipin to form IgA immune complexes which damage the

vessels. It is also possible that these pathogens could disrupt the

structure of the vessels, resulting in the release of the hidden

antigens, which induce IgA aCL production, and cause subsequent

vascular inflammation.

In conclusion, the results of our study demonstrate a

significant association between IgA isotype of aCL, Th3 cells,

and childhood HSP during the acute stage. The detection of these

antibodies and cells may also be valuable in the following of

disease activity. In this study however, only two patients received

skin lesion biopsies, which could not only provide the patholo-

gical evidence of leukocytoclastic vasculitis, but also demonstrate

the deposition of IgA-containing complexes by fluorescence

microscopy [1]. Recent studies have revealed that infection-

related IgA aCL were cofactor-independent. The test kits used in

the present study could not differentiate between these two

subclasses of IgA aCL [22,38]. Although more work needs to be

done, the data herein did reveal some immunological clues for a

better understanding of the pathogenic mechanisms of HSP.
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