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Abstract

Aim—To evaluate the clinical significance
of soluble thrombomodulin and antiendo-
thelial cell antibodies (AECA) in children
with Henoch-Schénlein purpura.
Methods—Binding of serum AECA to
bovine glomerular endothelial cells was
evaluated by enzyme linked immunosorb-
ent assay, cytotoxicity against glomerular
endothelial cells by spectrophotometric
assay, and soluble thrombomodulin con-
centrations by sandwich enzyme immu-
noassay.

Results—IgA AECA were detected in
seven of 15 patients with Henoch-
Schénlein purpura and nephritis, but
were not detected in patients without
nephritis or in controls. Patients with
Henoch-Schonlein nephritis had raised
titres of IgA AECA and serum thrombo-
modulin; severe proteinuria and renal
histological changes were associated with
raised titres of IgA AECA and raised
serum thrombomodulin. No subjects had
complement dependent cytotoxicity
against glomerular endothelial cells.
Conclusions—High titres of IgA AECA
and raised serum thrombomodulin may
be clinically useful markers of renal
involvement in patients with Henoch-
Schoénlein purpura.

(Arch Dis Child 1998;78:240-244)
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Henoch-Schénlein purpura is a common
childhood vasculitic disorder of unknown aeti-
ology. Henoch-Schénlein purpura and the
accompanying nephritis (Henoch-Schénlein
nephritis) are characterised by the deposition
of IgA in the skin and the mesangium of the
glomeruli. Endothelial cells may be actively
involved in the immune processes that lead to
glomerular injury in patients with Henoch-
Schoénlein nephritis.

Antiendothelial cell antibodies (AECA) have
been detected in patients with such vasculitic
disorders as systemic lupus erythematosus, ™
HLA matched graft rejection,’ haemolytic
uraemic syndrome,” Wegener’s granulomatosis
and microscopic polyarteritis,” and Kawasaki
disease.” ¥ AECA appear to be correlated with
the clinical severity of these diseases, suggest-
ing a possible pathogenic role in the induction
of the vasculitic process.

Thrombomodulin is a thrombin receptor
present on the surface of the endothelial cells of
arteries, veins, capillaries, lymphatics, platelets,
and placental syncytiotrophoblast cells.” "
Soluble thrombomodulin is reportedly derived
from injured or inflamed endothelial cells.'" *?
An increase in serum or plasma thrombo-
modulin in patients with disseminated intra-
vascular  coagulation,’”’  systemic  lupus
erythematosus,'* Kawasaki disease,” and dia-
betic angiopathy'® has been recognised and is
thought to indicate damage to the endothelial
cells.

In this study our aim was to evaluate the
clinical significance of soluble thrombomodu-
lin concentrations and titres of AECA to
bovine glomerular endothelial cells in children
with Henoch-Schénlein purpura. The pres-
ence of AECA was determined using a cellular
enzyme linked immunosorbent assay (ELISA),
and soluble thrombomodulin was measured
using an enzyme immunoassay. ['he associ-
ation between AECA or soluble thrombo-
modulin concentrations and the clinicopatho-
logical findings was also examined.

Methods

Twenty five Japanese children (14 males and 11
females; mean age 8.3 years, range 4.0 to 15.0
years) diagnosed with Henoch-Schéonlein pur-
pura. Fifteen subjects with Henoch-Schénlein
purpura developed nephritis (urinary erythro-
cytes = 10/high power field or proteinuria > 30
mg/dl persisted over seven days) during the
course of the study. Samples of serum and
urine were collected from the subjects between
five and 14 days after the onset of symptoms
such as purpura, abdominal pain, gastrointesti-
nal bleeding, and arthralgia. Renal biopsy was
performed between 14 and 30 days after the
onset of haematuria or proteinuria in patients
with nephritis to confirm damage to renal
tissue for clinical purposes.

The diagnosis of Henoch-Schénlein nephri-
tis was based on the immunofluorescent detec-
tion of marked deposits of IgA on the
mesangium in renal biopsy specimens. Renal
function was normal in patients at sample col-
lection (creatinine clearance = 70 ml/min/1.73
m®). Samples were also obtained from 10
febrile children (five males and five females;
mean age 5.0 vears, range 0.5 to 13.0 years).
Four were diagnosed with pneumonia, three
with otitis media, and three with infectious
mononucleosis. Control samples were also
obtained from 20 afebrile children (10 males
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and 10 females; mean age 6.5 vears, range 2.0
to 14.0 years). Samples were stored at —80°C
until assay. Informed consent was obtained
from the parents and the children who were old
enough to give consent.

ASSAY METHODS

Endothelial cell culture

Glomerular endothelial cells were cultured
from adult bovine kidney as described
previously,” and cultivated in RPMI 1640
(Flow Laboratories) supplemented with 5%
fetal calf serum, 5 pug/ml of insulin, 2 ng/ml of
acidic fibroblast growth factor, and 5 U/ml of
heparin sodium. Cells were transferred to gela-
tin coated 96 well microtitre plates at a
concentration of 1 x 10* cells/well for ELISA.

ELISA for antiendothelial cell antibodies

AECA were detected using the method de-
scribed previously.”™ In brief, glutaraldehyde
fixed monolayers of glomerular endothelial
cells were washed with phosphate buffered
saline (PBS) and incubated with blocking
buffer (1% bovine serum albumin (BSA);
Sigma). After two washes with PBS, 100 ul of
serum diluted 1:200 with 1% BSA-0.1 mol/l
Tris-0.15 mol/l NaCl (1% BSA-TBS) was
added to each well. After incubation for 18
hours at room temperature and three washes
with 1% BSA-TBS, 100 ul of horseradish per-
oxidase conjugated goat antihuman IgG or [gA
(Cappel) diluted 1:5000 with 1% BSA-TBS
were added to each well. After incubation for 1
hour at room temperature and five washes, 100
ul of 3, 3", 5, 5'-tetramethyl benzidine (TMB)
(Vector Laboratories) were added and absorp-
tion at 450 nm was measured. Pooled serum
from two adult patients with systemic lupus
erythematosus was used as a positive control
for IgG AECA (optical density 1.05 and 1.31)
and from two adult patients with IgA neph-
ropathy as a positive control for IgA AECA
(optical density 1.02 and 1.23). The negative
control was pooled serum from seven healthy
adults. The AECA titre was calculated as
follows: AECA ttre (%) = 100 x (S—A)/(B-A),
where S is the absorbance of the sample and A
and B are the absorbances of the negative and
positive controls, respectively. Samples were
classified as positive if the AECA titre was
greater than the mean +2 SD of the afebrile
controls (> 32.8% for [gG AECA, > 30.6% for
[gA AECA).

Cvrotoxic assay

Cytotoxicity against glomerular endothelial
cells in the presence of complement was deter-
mined as described previously.’ In brief,
glomerular endothelial cell monolayers in 96
well microtitre plates were incubated for 6 h at
37°C with 50 pl of sera diluted 1:100 in PBS or
with PBS alone, followed by incubation for 30
min at 37°C with 10 ul of human complement
from fresh human AB serum. Subsequently, 10
ul of 3-(4, 5-dimethylthiazol-2-y1)-2, 5-diphenyl
tetrasodium bromide (MTT) (5 mg/ml) (Re-
search Organics) were added to cach well. After
incubation for 4 hours at 37°C and one wash
with PBS, 100 ul of dimethylsulphoxide was
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added and the absorbance at 570 nm was
measured."” The cytotoxicity against glomeru-
lar endothelial cells was calculated as follows:
cytotoxicity (%) = 100 (1-S/P), where S is the
absorbance of sample and P is the absorbance
of PBS. Samples were classified as positive if the
cytotoxicity was greater than the mean +2 SD
of the afebrile control samples (> 36.7%).

Thrombomodulin assay

Soluble thrombomodulin was measured by a
one step sandwich enzyme immunoassay using
two monoclonal antibodies (Fuji Chemical
Industries)."” In brief, 15 ul samples of serum
or urinc or of an aliquot of standard soluble
human thrombomodulin, and 300 pl of horse-
radish peroxidase conjugated purified mouse
monoclonal antibody (0.5 mg/l) in 30 mmol/l
sodium phosphate buffer containing 0.1%
BSA, 0.1 mol/l NaCl, and 10 mmol/l EDTA
were incubated for 1 hour at room temperature
with a polystyrene ball which had been coated
with monoclonal antibody. After the polysty-
rene ball was washed, TMB was added and the
absorbance at 450 nm was measured. One
FU/ml represents 1 ng/ml.

STATISTICAL ANALYSIS

Data are expressed as mean (SD). Wilcoxon’s
signed rank test was used to compare paired
groups, and Wilcoxon’s rank sum test to
compare non-paired groups. Spearman’s rank
correlation test was used to evaluate relations
between clinicopathological variables and IgA
AECA or thrombomodulin titres. A value of
p < 0.05 was considered statistically significant.

Results

INCIDENCE OF ANTIENDOTHELIAL CELL
ANTIBODIES

Only one subject was positive for IgG AECA
(fig 1A). The mean IgG AECA titre did not
differ significantly among the groups. IgA
AECA were detected in seven of 15 patients
with Henoch-Schonlein purpura and nephritis,
but were not detected in patients without
nephritis or in controls (fig 1B). The mean IgA
AECA titre was significantly higher in the
patients with nephritis (27.4(7.8)%) than in
those without nephritis (20.2(4.2)%) or in
febrile and afebrile controls (19.3(5.5)% and
18.2(6.2)%, respectively).

CYTOTOXICITY STUDIES

None of the patients with Henoch-Schénlein
purpura showed complement dependent cyto-
toxicity against glomerular endothelial cells (fig
2). The mean complement dependent cytotox-
icity against glomerular endothelial cells did
not differ significantly among patient groups
and control groups.

SOLUBLE THROMBOMODULIN

The mean serum thrombomodulin titre was
significantly higher in patients with Henoch-
Schénlein purpura and nephritis (4.5 (1.3)
FU/ml) than in the patients without nephritis
(3.2 (0.3) FU/ml) or in the febrile and afebrile
controls (3.5 (1.0) and 3.4 (0.6) FU/ml,
respectively) (fig 3A). Urinary excretion of
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Figure 1  Effect of renal status on antibody binding activity of serum from children with Henoch-Schonlein purpura
(HSP). (A) IgG antiendothelial cell antibody (AECA) binding expressed as a percentage of binding measured in pooled
serum from rwo adult patients with systemic lupus erythematosus. (B) IgA AECA binding expressed as a percentage of
binding of pooled serum from two adult patients with IgA nephropathy. The broken line indicates the upper limit of the
normal range (mean +2 SD of afebrile controls). Horizontal bars represent mean values from HSP subjects and control
groups. Nephritis (—) = HSP subjects without nephritis; nephritis (+) = HSP subjects with = 10 urinary erythrocytes per
high power field or proteinuria > 30 mg/dl; febrile = febrile control group; controls = afebrile control group. *p < 0.01 for the

indicated comparison test.
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Figure 2 Effect of renal status on cytotoxicity of serum

from children with Henoch-Schonlein purpura (HSP).

Complement dependent cytotoxicity of serum against bovine
glomerular endothelial cells was determined by absorbance
of reaction mixtures containing MTT. Dashed line indicates
the upper limit of the normal range (mean +2 SD of
afebrile controls). Horizontal bars represent mean values

from HSP subjects and control groups. Nephritis (—) =

HSP subjects without nephritis; nephritis (+) = HSP
subjects with = 10 urinary erythrocytes per high power

field or proteinuria > 30mg/dl; febrile = febrile control

group; controls = afebrile control group.

thrombomodulin in the patients with nephritis
(0.94 (0.17) FU/g creatining) and in those
without nephritis (0.96 (0.26) FU/g creatinine)
was slightly less than in the febrile and afebrile
controls (1.10 (0.38) and 1.15 (0.42) FU/g
creatinine, respectively), but the differences
were not significant (fig 3B).

CLINICOPATHOLOGICAL ASSOCIATIONS

We found no correlation between the serum
concentration of immunoglobulin (IgG or IgA)
and IgG or IgA AECA titres in the subjects
with Henoch-Schonlein purpura. However,
there was a significant correlation (r = 0.617,
n = 25, p<0.01) between IgA AECA titres
and serum thrombomodulin titres in the
subjects with Henoch-Schonlein purpura (data
not shown). Among the patients with Henoch-
Schonlein purpura and nephritis, those with
proteinuria exceeding 1 g/day had a signifi-

cantly higher titre of IgA AECA than the
patients with less proteinuria, at 32.6(4.9)% v
19.7(3.6)% (table 1). All seven patients
positive for IgA AECA had proteinuria exceed-
ing 1 g/day. In addition, subjects with diffuse
mesangial proliferative glomerulonephritis or
> 10% cellular crescents had significantly
higher titres of IgA AECA (30.6(6.9)% and
30.8(6.2)%, respectively) than the patients
with milder disease (21.0(5.6)% and
22.3(7.6)%, respectively). All seven patients
positive for IgA AECA had diffuse mesangial
proliferative glomerulonephritis; six of the
seven patients had = 10% cellular crescents.
Declining titres of IgA AECA were associated
with decreased proteinuria; thus IgA AECA
were no longer raised after proteinuria had
subsided in the course of a two year follow up
(data not shown). Only one of the seven IgA
AECA positive subjects with nephritis had per-
sistent proteinuria and was continuously posi-
tive for IgA AECA (31.2% at two years after
onset). However, this patient’s renal function
remained stable during the two year follow up
period.

We found higher serum titres of thrombo-
modulin o patients with Ilenodi-Schionlcin
purpura and nephritis when proteinuria ex-
ceeded lg/day (5.0 (1.5) FU/ml) or when there
were = 10% cellular crescents (5.0 (1.5)
FU/ml) than in the children with less severe
nephritis (3.8 (0.6) and 3.9 (0.8) FU/ml,
respectively) (table 1). The serum thrombo-
modulin titre decreased to within the normal
range with the disappearance of symptoms
such as purpura, abdominal pain, gastrointesti-
nal bleeding, and arthralgia, and concomitant
with decreases in the severity of proteinuria
(data not shown). The one subject persistently
positive for proteinuria and IgA AECA men-
tioned above had a slightly raised serum
thrombomodulin (4.2 FU/ml) at two years
after disease onset.

Discussion
The AECA obtained from patients with vascu-
litic disorders’ " or Kawasaki disease’ * shows
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Figure 3 Effect of renal status on serum and urinary thrombomodulin in children with Henoch-Schinlein purpura
(HSP). Concentrations of thrombomodulin in (A) serum and (B) urine were measured by sandwich enzyme
immunoassay. Horizontal bars represent mean values from HSP subjects and control groups. Nephritis (=) = HSP subjects
without nephritis; nephritis (+) = HSP subjects with = 10 urinary erythrocytes per high power field or proteinuria

> 30mgldl; febrile = febrile control group; controls = afebrile control group. *p < 0.01 for the indicated comparison test.

antibody dependent cell cytotoxicity or com-
plement dependent cytotoxicity against human
umbilical vein endothelial cells in vitro. In a
guinea pig model of experimental nephritis,
immunisation with an endothelial cell mem-
brane preparation caused mesangial prolifera-
tion with positive IgG and C3 staining of the
peripheral capillary loop and mesangium, and
resulted in a high titre of serum AECA.*" These
findings suggest that an AECA mediated
immune mechanism can induce glomerular
injury.

We previously reported that three of 18
Henoch-Schoénlein purpura patients were posi-
tive for IgA AECA which react with human
umbilical vein endothelial cells. All of these
patients developed nephritis. However, their
titres of IgA AECA to human umbilical vein
endothelial cells were only slightly above the
normal range.” Preliminary data® indicating
the presence of IgA AECA that would react
with glomerular endothelial cells in Henoch-
Schonlein nephritis were confirmed in the
present study. Partial characterisation of some
of the antigens recognised by IgA AECA

Table 1  Association between clinicopathological variables
and IgA AECA titres or thrombomodulin (TM)
concentrations in patients with Henoch-Schnonlein purpura
and nephritis

Serum TM
IgA AECA utre concentration
(% positive control)  (FU/ml)
Urinalysis
Urine erythrocytes
<100/HPF (n=7) 25.6 (9.1) 4.8 (1.7)
>100/HPF (n=8)  29.0 (6.8) 4.3 (0.9)
Proteinuria
<1.0 g/d (n=6) 19.7 (3.6)" 3.8 (0.6)¢
>1.0 g/d (n=9) 32.6 (4.9)" 5.0 (1.5)¢
Histology
Pattern
MGA+FGN (n=5) 21.0 (6.9)° 4.0 (0.5)
DPGN (n=10) 30.6 (5.6)° 4.8 (1.5)
Cellular crescents
<10% (n=6) 22.3 (7.6)° 3.9 (0.8)°
>10% (n=9) 30.8 (6.2)° 5.0 (1.5)°

DPGN = diffuse mesangial proliferative glomerulonephritis;
FGN = focal glomerulonephritis; HPF = high power fielf; MGA
= minor glomerular abnormality. Values are mean (SD).
aa, bb p<0~0 1 z cc, dd, ccp<0.05'

showed that the antibodies were not specific for
glomerular endothelial cells.”” Reaction with
surface antigens on both glomerular endothe-
lial cells and fibroblasts was observed, suggest-
ing the presence of common antigens.

Patients with Henoch-Schénlein nephritis
with proteinuria exceeding 1 g/day or active
renal histological findings had significantly
higher IgA AECA titres, and a decrease in IgA
AECA titre was associated with clinical im-
provement. These findings suggest that IgA
AECA that react with glomerular endothelial
cells may be a marker for the presence and
activity of Henoch-Schonlein nephritis.
Moreover, the binding of IgA AECA to
endothelial cells may cause glomerular capil-
lary endothelial cell damage through migration
of inflammatory cells. However, cytotoxicity—
such as complement dependent cyototoxicity
or antibody dependent cell cytotoxicity (data
not shown)—against glomerular endothelial
cells was not observed, suggesting that factors
other than the production and binding of IgA
AECA contribute to renal injury. Alternatively,
endothelial cell damage of unidentified cause
may expose endothelial antigen, resulting in
the production and deposition of IgA AECA.

In the present study, we could not examine
other markers of endothelial damage such as
adhesion molecules and von Willebrand
factor.*®  Soylemezoglu et al recently sug-
gested that plasma von Willebrand factor is a
good marker of the severity of vasculitis in
Henoch-Schonlein purpura, and intercellular
adhesion molecule-1 but not E-selectin might
be an additional index in some patients.*
However, this report did not establish the
association between these variables and renal
involvement.

The increase in soluble thrombomodulin
concentrations in serum or plasma is presumed
to reflect endothelial cell damage."” ' " ** In the
present study, the rise in serum thrombomodu-
lin titre in patients with Henoch-Schoénlein
nephritis suggested the presence of damage to
the renal arterioles, capillaries, or venules. Pre-
vious studies have suggested that the renal



clearance of thrombomodulin influenced
serum or plasma concentrations of thrombo-
modulin,'” ™ but none of patients in the present
study had renal failure. It is probable that more
severe and more prolonged damage to the
endothelial cells is present in the patients with
nephritis than in those without nephritis. The
decrease in serum thrombomodulin that oc-
curred with clinical improvement was similar
to the decrease in titres of IgA AECA, and a
significant correlation was observed between
serum thrombomodulin concentrations and
IgA AECA titres, suggesting that thrombo-
modulin may be a marker of the severity of
glomerular capillary endothelial cell injury in
patients with Henoch-Schénlein purpura.

In conclusion, our results suggest that IgA
AECA that react with glomerular endothelial
cells may be a useful marker of the presence
and severity of Henoch-Schénlein nephritis in
patients with Henoch-Schonlein purpura.
Serum thrombomodulin may be useful in
assessing the state of glomerular capillary
endothelial cell damage.
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