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SUMMARY

 

IgA deposition in glomerular mesangium and the interaction with mesangial cells may well be the final
common pathway to IgA nephropathy (IgAN). Altered hinge-region O-glycosylation of IgA1 from
patients with IgAN may predispose to mesangial deposition and activation of the mesangial cell (MC)
by IgA1, via a novel IgA1 receptor, and may be a key event in the pathogensis of IgAN. The aim of this
study was to investigate the binding capacity and biological effects of IgA1, from both patients with
IgAN and healthy controls, on human mesangial cells (HMC). Serum IgA1 was isolated with jacalin
affinity chromatography, heated to aggregated form (aIgA1) and labelled with 

 

125

 

I. Binding capacity of
aIgA1 

 

in vitro

 

 to cultured primary HMC was evaluated by a radioligand binding assay and the specificity
of binding was determined by a competitive inhibition assay. Intracellular calcium release was studied
by confocal analysis and phosphorylation of extracellular signal-regulated kinase (ERK) was deter-
mined by Western blot analysis. Change of cell cycles was demonstrated by flow cytometry and HMC
proliferation was evaluated by direct cell count. Expression of TGF-

 

b

 

 mRNA and production of super-
natant fibronectin were tested by RT-PCR and indirect competitive ELISA, respectively. aIgA1 from
both the patients with IgAN and normal controls bound to HMC in a dose-dependent, saturable man-
ner, and was saturated at approximately 500 pmoles per 0·5 ml of aIgA1. aIgA1 from patients with
IgAN, however, bound to HMC at a higher speed and Scatchard analysis revealed a Kd of
(8·89 
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versus
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 for aIgA1 from healthy controls (

 

P =

 

 0·026).The binding
was specific because it was only inhibited by unlabelled Mono-IgA1 (mIgA1) and not by serum albumin
or IgG. aIgA1 from patients with IgAN could induce release of intracellular calcium, phosphorylation
of ERK, DNA synthesis, proliferation of HMC, expression of TGF-

 

b

 

mRNA and secretion of fibronec-
tin in HMC in a similar time-dependent manner as aIgA1 from healthy controls, but the effects were
much stronger and the durations were much longer (

 

P 

 

<

 

 0·05, respectively). We conclude that aIgA1
from patients with IgAN has a higher binding capacity to HMC and stronger biological effects than
aIgA1 from healthy controls. This suggests that direct interaction between IgA1 and HMC and subse-
quential pathophysiological responses may play an important role in the pathogenesis for IgAN.
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INTRODUCTION

 

IgA nephropathy (IgAN) is the most common primary glomeru-
lonephritis in the world [1,2]. Immunohistologically, the disease is
characterized by the deposition in the glomerular mesangium in
proximity to mesangial cells (MC) of IgA, which is accepted in the
form of poly IgA1 (pIgA1) [3,4]. The histopathology of IgAN is
predominantly abundance of mesangial matrix and proliferation

of MC [5]. Clinical observations of patients who have undergone
renal transplantation have provided strong support for the notion
that IgA nephropathy is a systemic disease. Histological evidence
of recurrent IgA nephropathy is observed in over 35% of patients
who receive renal allografts as treatment for end-stage renal dis-
ease due to IgA nephropathy. When a kidney obtained from a
donor with asymptomatic IgA nephropathy is transplanted into a
recipient with endstage renal disease due to a disease other than
IgA nephropathy, the deposits in the donor kidney rapidly disap-
pear [6]. Static studies in IgAN patients of mucosa and marrow
indicate reduced production of IgA1 and J chain in the mucosa
and in contrast an increased pIgA1 production in the marrow [7].
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Immunization studies is consistent with the static studies: There is
a reduced mucosal IgA response to mucosal immunization [8] and
systemic IgA response is exaggerated in IgAN to chronic mucosal
infection with Helicobacter pylori [9], implying that in IgAN
there is a failure of oral tolerance. Serum pIgA1 is increased in
patients with IgAN [10–12] and has an abnormal pattern of O-gly-
cans in hinge-region with a significant increase in N-acetylgalac-
tosamine (GalNAc) exposure without galactose (Gal) [13,14]. It
has been shown 

 

in vitro

 

 that IgA1 with reduced galactosylation
decreases the ability of liver to eliminate the abundant circulating
IgA1, resulting in accumulation of IgA1 in blood and self-aggre-
gation, favouring the deposition of macromolecular IgA1 in
glomerular mesangium [15,16]. pIgA1 has been demonstrated in
protein eluates of biopsy specimens from IgAN patients [17,18]
and a study of three kidneys indicates that mesangial pIgA1 is
enriched for the Gal-deficient O-glycosylation pattern seen in
serum IgA1 [19], strongly suggesting that the O-glycan abnormal-
ity is indeed directly implicated in mesangial IgA deposition.

Recently, increasing evidences have demonstrated that IgA1,
isolated from healthy individuals, binds to MC in a dose depen-
dent and saturable manner, and the binding is specific for IgA1
because only IgA1 Fc fragments could inhibit the binding
whereas albumin, IgG, IgM, and IgA1 F(ab) fragments could not
[20–22]. It was found that IgA1 bound to MC with 1·2 
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 bind-
ing-sites/cell, an affinity constant (Ka) of 2·3 
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 and a dis-
sociation constant (Kd) of 4·4 
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M. Addition of various
cytokines had no significant influence on Ka, but increased the
number of binding sites/cell compared with unstimulated cells
[23]. Moreover, binding of IgA1 to MC could induce intracellular
signal transduction [22,24,25] and up-regulation of the secretion
of pro-inflammatory cytokines, such as IL-6, TNF-

 

a

 

, etc. [24,26–
28]. Therefore, it has been suggested that IgA1 binding to MC is
via a specific Fc

 

a

 

 receptor on MC and the interaction between
IgA1 and the MC is one important aspect in the pathogenesis of
IgAN.

Leung 

 

et al

 

. [29] examined the binding characteristics of IgA1
to human mesangial cells (HMC) by flow cytometry and found
that IgA1 from patients with IgAN had a higher affinity than that
from normal persons. Whether IgA1 from patients might induce a
more intensive pathophysiological effects on HMC have not been
systemically studied. The purpose of the current study was to
examine and compare the binding capacity and biological effects
of serum IgA1, from both patients with IgA nephropathy and
healthy controls, on HMC.

 

MATERIALS AND METHODS

 

Patients and sera

 

Ten patients with renal biopsy-proven IgAN were enrolled in this
study. All the patients clinically presented with active phase clin-
ical presentations, such as onset of haematuria and/or proteinuria,
or deteriorated haematuria and/or proteinuria, higher serum IgA
concentration and without treatment with corticosteroids or
immunosuppressive agents. Four patients had upper respiratory
tract infection including tonsillitis or bronchitis. Renal biopsy was
performed after the mucosal infections were fully controlled and
the blood was drawn one day before renal biopsy. The renal func-
tion in the patient group was within normal range with a mean
serum creatinine at 77 

 

±

 

 24 (41–113) 

 

m

 

mol/l. The renal pathology
included diffuse mesangial proliferation glomerulonephritis (six
cases), endocapillary proliferative glomerulonephritis (two

cases), focal proliferative sclerotic glomerulonephritis (one case)
and crescentic glomerulonephritis (one case). After obtaining
informed consent, the serum samples were collected. Sera from
10 healthy individuals, without mucosal infection in recent two
months, were used as healthy controls.

 

Isolation, aggregation and 
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I labelling of human serum IgA1

 

IgA1 was isolated from pooled sera of 10 patients or 10 healthy
controls separately by jacalin affinity chromatography [22].
Briefly, the pooled sera were diluted 1 : 1 with phosphate buff-
ered saline (PBS), filtered through a 0·2 

 

m

 

m Corning syringe fil-
ter (Corning Glass Works, Corning, NY, USA) and applied to a
jacalin column prepared using commercially available Jacalin
immobilized on cross-linked 4% beaded agarose (Vector Labo-
ratories, CA. USA) with an IgA1 binding capacity of 2–4 mg/ml
of gel. The column was then washed with 175 m

 

M

 

 Tris-HCl
(pH 7·4) until the optical density (OD 280 nm) was less than
0·10. IgA1 was eluted with 0·1 

 

M

 

 melibiose (Sigma, St. Louis,
MO, USA) in 175 m

 

M

 

 Tris-HCl in 3·0 ml fractions until the opti-
cal density returned to 0·1. The fractions were pooled and con-
centrated by ultrafiltration using 30 000 molecular weight
exclusion membranes (Centriprep 30; Amicon, Beverly, MA,
USA). The concentrated sample was dialysed against PBS for 24
h to remove melibiose. The sample was proven to be IgA by
double immunodiffusion and immunoelectrophoresis using goat
anti-human IgA, goat anti-human IgG, goat anti-human IgM
(Beckman). The various molecular size forms of IgA1 were sep-
arated by molecular sieve chromatography using a 2·6 

 

¥

 

 60 cm
Sephacryl S-200 HR column mounted on a Pharmacia Smart
System (AKTA-FPLC) equipped with a micropeak detector
(Pharmacia Biotech, Uppsala, Sweden) and two distinct peaks
in the OD280 absorption profile were noted. The molecular size
of each IgA fraction was determined by SDS-PAGE and West-
ern blot analysis using mouse anti-human IgA1 antibody, mouse
anti-human IgA2 antibody, mouse anti-human IgA SC segment
antibody, mouse anti-human IgA J chain antibody, alkaline
phosphatase (ALP)-conjugated goat anti-mouse IgG antibody
(Sigma), respectively. The protein in the second peak migrated
consistent with monomeric IgA1 (mIgA1) on SDS-PAGE and
could only be blotted by monoclonal mouse anti-human IgA1
antibody in Western blot analysis. To prepare aggregated IgA1
(aIgA1), the samples in PBS were passed through a 0·2 m filter
and then heated at 63

 

∞

 

C for 150 min. The samples were immedi-
ately placed on ice and microcentrifuged to remove insoluble
precipitant. The soluble aIgA1 was characterized on Sephacryl
S-200 HR column and demonstrated a molecular weight same as
polymeric IgA1 with a molecular weight of approximate 600 kD.
AIgA1 concentration in the samples was tested with Laser
Velocity Dispersion Assay and the total protein concentration of
the same sample was tested with Bradford method, the purity of
aIgA1 was calculated as the ratio of aIgA1 concentration over
total protein concentration at a level of 99·7%. AIgA1 was radi-
olabled with Na

 

125

 

I (10–20 mCi/mg iodine; Amersham corp,
Arlington Heights, IL, USA) by the Idogen method [30] to a sp.
act. of 0·3 mCi/mg. The radiolabelled aIgA1 had the same
immunology activity on double immunodiffusion, and immuno-
electrophoresis with the same molecular weight on SDS-PAGE
as nonlabelled aIgA1. AIgA1 from pooled sera of all patients
was prepared in the same way and the sample shown the same
immunology activity and molecular weight as that from the
healthy with the purity of 99·8%.
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Isolation and culture of human mesangial cells and U937 cells

 

Normal portion of human kidney cortex was obtained from each
nephrectomy specimen of six patients with kidney tumours. Pri-
mary cultures of HMC were grown from glomerular explants
using a standard sequential sieving technique [31]. Briefly, cortical
tissue, bathed in Hank’s balanced salt solution (HBSS) at 4

 

∞

 

C,
was minced and sequentially passed through 80, 140, and 220
mesh sieves. The retained glomeruli were washed with copious
amounts of HBSS to remove tubular fragments, incubated for
three minutes at 37

 

∞

 

C with 1·0 mg/ml collagenase type I (type Ia,
Sigma) and centrifuged at 1000rpm for five minutes at 4

 

∞

 

C to pel-
let the glomeruli. The pelleted glomeruli were resuspended in
RPMI 1640 medium buffered with 25 m

 

M

 

 HEPES at pH 7·4 and
supplemented with 20% FCS (Gibco BRL, UK), 30 mg/ml peni-
cillin, 68 mg/ml streptomycin, and 150 mg/ml glutamine, plated in
75-cm

 

2

 

 tissue culture flasks (Costar, Cambridge, MA, USA) and
cultured in humidified 5% CO

 

2

 

 atmosphere at 37

 

∞

 

C. Cells were
passaged when confluent using 0·025% trypsin in 0·5 m

 

M

 

 EDTA.
The cells of first passage from each nephrectomy specimen were
frozen in liquid nitrogen. Before each experiment, equal number
of these cells were thawed, mixed and cultured to third or forth
passage with 10%FCS in RPMI 1640 medium. All the experi-
ments were performed on the mixed third or fourth passage.
Purity and identification of mesangial cells were by cell morphol-
ogy, negative staining by indirect immunofluorescence with anti-
sera to cytokeratin and factor VIII antibody (Sigma), and positive
staining of actin arrays with rhodamine phalloidin (Molecular
Probes, Inc., Eugene, OR, USA). U937 cells obtained from ATCC
(Rockville, MD, USA) were grown in RPMI 1640 media with
10% FCS.

 

Binding of aIgA1 to mesangial cells

 

HMC (passages 2 or 3) suspended in medium was aliquoted into
6-well tissue culture dishes. The cells were grown to confluency
(about 24to 48 h) in RPMI 1640 media with 10% FCS. Cells
were washed three times with PBS and preincubated at 4

 

∞

 

C for
60 min with 0·5 ml 0·5%BSA-PBS alone or in the presence of
1000 pmol of aIgA1. After preincubation, cells were washed
three times with 0·5%BSA-PBS and incubated at 4

 

∞

 

C for 60 min
with nonradioactive aIgA1 of 500 pmol alone or in the presence
of increasing amounts of 125 I-aIgA1 (from 0 to 1·0 pmol) in
0·5 ml 0·5%BSA-PBS. After incubation, The cells were washed
three times with PBS and solublized in 1·0 ml 0·5 N NaOH for 10
minutes. The lysates were transferred to gamma tubes and the
radioactivity was quantified in a Packard 5002 gamma counter
(Downer’s Grove, IL, USA). The cell number from a random
well in each flask was counted with an average at 5 

 

¥

 

 10

 

5

 

/well. In
inhibition study, the cells was preincubated at 4

 

∞

 

C for 60 min
with BSA, human albumin, IgG, mIgA1 or aIgA1 of the same
amount of 1000 pmol in 0·5 ml 0·5% BSA-PBS. After preincuba-
tion, cells were incubated at 4

 

∞

 

C for 60 min with 

 

125

 

I-aIgA1 (1·0
pmol) in the presence of nonradioactive aIgA1 of 500 pmol in
0·5 ml 0·5%BSA-PBS. Taking the inhibition rate of BSA as zero
and that of aIgA1 as 100%, other proteins inhibitive capability
was calculated. The experiment with triplicate wells was
repeated three times (as well as other experiments in the whole
study).

 

Determination of intracellular Ca

 

2

 

+

 

Intracellular calcium release was studied by confocal analysis with
fluorescent Ca

 

2+

 

 indicator Fluo-3 [32]. Briefly, 80% confluent

HMC monolayers were washed with phenol red free HBSS buffer
and loaded with Flou-3 acetoxymethyl ester (8 

 

m

 

M

 

) and F-127
(0·07%) for 45 min at 37

 

∞

 

C and 30 min at room temperature. The
cells, rinsed and kept wet in phenol red free HBSS buffer, were
placed under Confocal microscope (Leica, Manham, German)
and objectives were chosen. The release of Ca2 + were monitored
by recording changes in the fluorescence ratio at 525 nm (with
excitation at 488 nm) at 5-second interval 30 s before and 300 s
after the addition of aIgA1 at concentration of 62·5 

 

m

 

g/ml,
125·0 

 

m

 

g/ml or 250·0 

 

m

 

g/ml at room temperature. The release of
intracellular Ca2 + was expressed as the increase of fluorescence
intensity before and after the addition of aIgA1.

 

Western blot analysis of ERK

 

HMC no. 3 or 4 in 6-well tissue culture dishes, grown to conflu-
ency and in quiescent state, were incubated with 0·5%FCS in
RPMI alone or in the presence of aIgA1 of 100 

 

m

 

g/ml from
patients with IgAN or from healthy controls for additional
5 min, 15 min, 30 min and 60 min. The media was removed and
the cells were lysed in 0·15 ml lysing buffer (consisting in PBS
of 0·5% Triton-X100, 1·0 m

 

M

 

 EGTA, 50 m

 

M

 

 

 

b

 

-glycerophos-
phate, 2·0 m

 

M

 

 MgCl

 

2

 

, 100 

 

m

 

M

 

 Na

 

2

 

VO

 

4

 

, 1·0 m

 

M

 

 DTT, 20 

 

m

 

M

 

 pep-
statin, 20 

 

m

 

M

 

 leupeptin, 1000 

 

m

 

/ml aprotinin, 1 m

 

M

 

 PMSF) on
ice for 10 min. Insoluble material was removed by centrifuga-
tion at 11 600

 

 g

 

 for 10 min and protein concentration in super-
natants was measured by the Bradford method [32] using BSA
as the standard. Samples of 15 mg (for total ERK) or 30 mg
(for phosphorylated ERK) were electrophoresed and trans-
ferred to polyvinylidene difluoride membranes. Detection of
total ERK and phosphorylated ERK proteins was accom-
plished by a first incubation with 1 : 2000 dilution of rabbit anti-
human ERK and mouse anti-human phosphoralated ERK
(Santa Cruz Biotechnology), respectively, and followed by a
1 : 5000 dilution of horseradish peroxidase-conjugated second-
ary antibodies (Amersham, Buckinghamshire, UK). Mem-
branes were washed and exposed to Kodak X-Omat S films
using an ECL chemiluminescence kit (Amersham, Buckingham-
shire, UK). Densitometric analysis was performed by scanning
the blot on gel scan analysis system and then analysed using
Imagequant (Kodak, Rochester, NY, USA).

 

Flow cytometry of DNA synthesis

 

HMC no. 3 or 4 in 6-well tissue culture dishes, grown to conflu-
ency and in quiescent state, were incubated with 0·5%FCS in
RPMI alone or in the presence of aIgA1 of 100 

 

m

 

g/ml from
patients with IgAN or from healthy controls for additional 18 h,
24 h, 36 h and 48 h before harvested using 0·025% trypsin in
0·5 m

 

M

 

 EDTA. Cells of 2·0 

 

¥

 

 10

 

6

 

 were fixed with 70% ethanol at
4

 

∞

 

C for overnight and stained with 0·8 ml staining buffer (contain-
ing propidium iodide 50 

 

m

 

g and RNAase 1·67–3·33 

 

¥

 

 10

 

4

 

U) at
room temperature for 30 min. The stained cells were analysed on
a Becton-Dickenson Model FACScan (San Jose, CA, USA). A
minimum of 10·000 fixed cells for each sample was analysed. Flu-
orescence intensity was evaluated by comparing the mean fluo-
rescence channels. The result was expressed as mean fluorescence
intensity.

 

Total RNA extraction and reverse transcription-PCR

 

HMC no. 3 or 4 in 6-well tissue culture dishes, grown to conflu-
ency and in quiescent state, were incubated with 0·5%FCS in
RPMI alone or in the presence of aIgA1 of 100 

 

m

 

g/ml from
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patients with IgAN or from healthy controls for 12, 24, 36, 48
and 72 h. Total RNA was extracted from HMC using Trizol
Reagent kit (Life Technologies Calsbad, CA, USA). The
mRNA from 5·0 

 

m

 

g total RNA was reverse-transcribed with
Superscript II using random hexamers (Life Technologies BRL,
Gaithersburg, MD, USA) at 42

 

∞

 

C for 50 min 1·0 

 

m

 

l cDNA
mode was amplified in a DNA thermal cycler (Perkin Elmer
Cetus) using 92

 

∞

 

C melting, 66

 

∞

 

C annealing, 72

 

∞

 

C extension
temperature and 35 cycles according to manufacturer’s instruc-
tions, using the following 5

 

¢

 

- and 3

 

¢

 

-primers based on the
sequence data for TGF-

 

b

 

; 5

 

¢

 

-TGGAACTTCTACCAGTGC
GAC-3

 

¢

 

 (sense) and 5

 

¢

 

-AGCTTCTTAGTGAGCTTTT CTCTC-
3

 

¢

 

 (antisense). Twenty microlitres of the PCR products was
analysed by agarose gel electrophoresis and staining with ethid-
ium bromide. Integrity of the RT products from RNA was
ensured by examining the gene expression of a housekeeping
gene, glyceraldehydes-3- phosphate-dehydrogenase (GAPDH)
with the primers 5

 

¢

 

-CGTCTTCACCA CCATGGAGA-3

 

¢

 

(sense) and 5

 

¢

 

-CGGCCATCACGCCACAGTTT-3

 

¢

 

 (antisense).
The up-regulation of TGF-

 

b

 

 expression was expressed as the
ratio of band intensity of TGF-

 

b

 

 mRNA over GAPDH mRNA.

 

Fibronectin (Fn) secretion by HMC 

 

in vitro
HMC no. 3 or 4 in 6-well tissue culture dishes, grown to conflu-
ency and in quiescent state, were incubated with 0·5%FCS in
RPMI alone or in the presence of aIgA1 of 100 

 

m

 

g/ml from
patients with IgAN or from healthy controls for 12, 24, 36 and
48 h. Supernatants were collected and Fn was assessed by indirect
ELISA, using the human serum Fn as a standard, rabbit anti-
human Fn IgG as primary antibody and horseradish peroxidase-
conjugated goat anti-rabbit IgG as the second antibody. Freshly
prepared substrate solution containing OPD 0·4 mg/ml, 1·0 

 

m

 

l/ml
30% H

 

2

 

O

 

2

 

 in 0·1 M citrate-phosphate buffer (PH 5·0) was added
and yellow colour was allowed to develop for 5–10 min before the
reaction was stopped by addition of 2·0 N sulphuric acid, the
absorbance at 490 nm was read in an ELISA reader (Metertech
S960).

RESULTS

Binding of aIgA1 to HMC
The binding of aIgA1 from both patients and healthy controls to
HMC was dose dependent and saturation was achieved at
approximately 500 pmol (Fig. 1). There was no significant differ-
ence in the maximal binding capacity between patients and
healthy controls (136·9 ± 31·24 fmol/105cells versus 123·5 ± 21·05
fmol/105cells, P > 0·05). Quantification of aIgA1 binding to HMC
was performed according to the method of Scatchard analysis
[33]. The first-order linear regression fit for the Scatchard plot
suggested that there was a single population of IgA receptors and
the dissociation constant, Kd, for aIgA1 from patients was
(8·89 ± 2·1) ¥ 10-8 M versus (4·3 ± 1·2) ¥ 10-7M for that from
healthy controls (P = 0·026). The specificity of IgA1 binding was
investigated by determining the pattern of inhibition obtained
with different unlabelled proteins. As shown in Fig. 2, only mIgA1
was able to inhibit the binding of aIgA1 to HMC by
(30·99 ± 6·84)% for patients and (37. 3 ± 7·75)% for healthy con-
trols. In contrast, neither human albumin nor IgG blocked the
binding. All these results suggested that the receptor for IgA was
class specific and aIgA1 had a higher affinity to HMC than
mIgA1.

Ca2+ mobilization in HMC stimulated with algA
The aIgA from both patients and healthy controls could evoke
a similar, dose-dependent increase in Ca2+ release lasting 2–
4 min with the peak time at 20–30seconds. The increases of
maximal fluorescence intensity, however, induced by aIgA1
from patients and healthy controls were 95·83 ± 11·43 and
55·88 ± 12·72 (aIgA1 at 125 mg/ml) or 120·86 ± 21·71 and
96·40 ± 15·91 (aIgA1 at 250 mg/ml), respectively (P < 0·05). The
aIgA1 from patient could stimulate intracellular Ca2+ release in

Fig. 1. aIgA1 binding to HMC. Equilibrium binding of 125 I-aIgA1 to
cultured HMC was assessed at 4∞C as described in the Methods section.
The experiment with triplicate wells was repeated three times in the study.
The inset is a Scatchard plot. The cells were a mixture of six lines and the
aIgA1 sample was from pooled sera of 10 healthy controls or 10 patients.
P = 0·026, Kd value of 8·89 ± 2·1 ¥10-8 M for Pat. aIgA1 (patient’s aIgA1)
versus (4·3 ± 1·2 ¥ 10-7M for Nor. aIgA1 (normal aIgA1).

0

30

60

90

120

150

0 100 200 300 400 500

aIgA1, pmol

bo
un

d 
aI

gA
1,

 fm
ol

/1
05  

ce
lls

Pat aIgA1 Nor aIgA1

0

0·0015

0·003

0·0045

0 50 100 150
bound aIgA1, fmol/105 cells

bo
un

d/
fr

ee
 a

Ig
A

1

Fig. 2. Specificity of lgA1 binding to HMC in culture. HMC were prein-
cubated for 60 min at 4∞C with different unlabelled proteins before the
addition of radio-active aIgA1: bull serum albumin (BSA), human IgG
(IgG), human mIgA1 (mIgA1), human aggregated IgA1 (aIgA1).
Results shown were means ± 2SE of three different experiments with
triplicate wells. Pat.aIgA1 (patient’s aIgA1). Nor. aIgA1 (normal
aIgA1). The cells were a mixture of six lines and the aIgA1 sample was
from pooled sera of 10 healthy controls or 10 patients. # P < 0·05 mIgA1
versus IgG or aIgA1.

0

20

40

60

80

100

BSA HSA IgG mIgA1 aIgA1

R
el

at
iv

e 
In

hi
bi

ito
n 

ra
te

 % Pat aIgA1

Nor IgA1

#
#



172 Y. Wang et al.

© 2004 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 136:168–175

HMC more significantly than that from healthy controls
(Fig. 3).

Phosphorylation of ERK in cultured HMC
A low level (10%-12%) phosphorylation of ERK was detected in
unstimulated HMC. aIgA treatment could induce a time-depen-
dent increase in phosphorylation of ERK with maximal levels
after 15–30min of incubation (Fig. 4a). The semiquantitative
assessement of phosphorylation ERK was expressed as percent-
age in respect of density ratio of the bands of phosphorylated
ERK over total ERK. At 15 min of incubation, the phosphoryla-
tion of ERK in HMC was (49·5 ± 10·1)% for aIgA1 from patients
versus (30·7 ± 4·4)% for that from healthy controls, the difference
was significant (P = 0·042) (Fig. 4b).

DNA synthesis and proliferation of HMC stimulated by aIgA1
Incubation of HMC with aIgA1 induced a time-dependent DNA
synthesis and mitosis in HMC, but the stimulation of aIgA1 from
patients was stronger and lasted longer than that from healthy
controls (Fig. 5). After 18 h of incubation, the percentage of ‘S’
phase cell in 0·5%FCS group, normal aIgA1 group and patients’
aIgA1 group were (3·48 ± 0·54)% (6·64 ± 0·96)% and
(7·85 ± 0·71)%, respectively, the difference between 0·5%FCS
group and aIgA1 group was significant (P < 0·05), and such trend
lasted  to  36 h  of  incubation  in  patients’  aIgA1  group  while
24 h in normal aIgA1 group. After 24 h to 36 h of incubation, the
percentage  of  ‘G2-M’  phase  cell  in  0·5%FCS  group, normal
aIgA1 group and patients’ aIgA1 group were (9·4 ± 1·86)%
(14·35 ± 0·70)% and (17·24 ± 0·27)%, respectively, there was a sig-
nificant difference between each two groups (P < 0·05). To con-
firm the proliferation of HMC after incubation with aIgA1, cell
number was directly counted. As similar as the result of DNA syn-
thesis, aIgA1 treatment resulted in an increase of the number of

cultured HMC. After 48 h of incubation, and cell number in
patients’ aIgA1 group was significantly higher than that in normal
aIgA1 group (Fig. 6).

Up-regulation of TGF-b mRNA expression in HMC
A low level TGF-b mRNA expression was detected in unstimu-
lated HMC. aIgA1 treatment induced a time-dependent up-reg-
ulation in expression of TGF-b mRNA with maximal levels after
24–36 h of incubation (Fig. 7). At 24 and 36 h of incubation, the
expression of TGF-b mRNA expressed as density ratio of bands
of TGF-b over GAPDH was 0·79 ± 0·02 and 0·98 ± 0·03 for aIgA1
from patients and 0·70 ± 0·01 and 0·90 ± 0·04 for that from healthy
controls (both P < 0·05).

Production of fibronectin(Fn) in HMC
After 36 h of incubation with aIgA1 from both patients and
healthy controls, Fn secretion of cultured HMC increased signif-
icantly, and HMC treated with patients’ aIgA1 secreted more Fn
in the supernatant (Table 1). At 36 and 48 h of incubation, the
concentration of Fn in 0·5%FCS group, normal aIgA1 group and
patients’ aIgA1 group were (3·23 ± 0·22) ng/ml and (4·83 ± 0·23)
ng/ml, (5·51 ± 0·15) ng/ml and (3·01 ± 0·27) ng/ml, (5·54 ± 0·43) ng/
ml and (6·45 ± 0·18) ng/ml, respectively, the differences between
the 0·5%FCS group, the normal aIgA1 group and the patients’
aIgA1 group were all significant (P < 0·05).

DISCUSSION

IgAN is a relatively newly recognized disease, first described by
Berger and Hinglais in 1968 [34]. It is now generally known to be

Fig. 3. Intracellular Ca2+ increase of in HMC. The change of maximal
fluorescence intensity at 525 nm recorded by Confocal microscopic on
HMC before the stimulation of aIgA1 (base fluorescence) and 60 s after
the addition (maximal fluorescence) of different concentration. The
release of intracellular Ca2+ was expressed as the increase of maximal
fluorescence intensity. Results shown were mean ± 2SE of three repeated
experiments  with  triplicate  wells.  Pat.aIgA1  (patient’s  aIgA1).  Nor.
aIgA1 (normal aIgA1). The cells were a mixture of six lines and the aIgA1
sample was from pooled sera of 10 healthy controls or 10 patients.
*P £ 0·05, Pat.aIgA1 versus Nor.aIgA1; #P £ 0·05, between different
aIgA1 concentration.
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Fig. 4. Phosphorylation of ERK in HMC. HMC were incubated in
0·5%FCS culture alone (C, 05%FCS) or with 100 mg/ml of normal aIgA1
(N, Nor.aIgA1) or patients’ aIgA1 (P, Pat. aIgA1) for different time. (a) c
film exposed using an ECL chemiluminescence kit. Upper bands were
phosphorylated ERK, lower bands were total ERK (b) Densitometric
analysis performed by scanning the blot of the film on scan analysis system
and analysed using Imagequant. Phosphrylation of ERK was expressed as
the density ratio of phosphrylated ERK over total ERK Results shown
were means ± 2SE of three different experiments with triplicate wells.
Pat.aIgA1 (patient’s aIgA1). Nor. aIgA1 (normal aIgA1). The cells were
a mixture of six lines and the aIgA1 sample was from pooled sera of 10
healthy controls or 10 patients. #P £ 0·05 Nor.aIgA1 versus PBS; *P £ 0·05
Pat.aIgA1 versus Nor.aIgA1 or P £ 0·01 Pat.IgA1 versus PBS.

PNCPNCPNCPNC

0

0·2

0·4

0·6

0·8

5 15 30 60

Time (Min)

%
 P

ho
sp

ho
ry

la
te

d/
T

ot
al

 E
R

K

0·5%FCS
Nor aIgA1
Pat aIgA1

#

*

(a)

(b)



Interaction between IgA1 of IgAN and glomerular mesangial cells 173

© 2004 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 136:168–175

the most common form of primary glomerulonephritis through
out the world [1,35,36]. Although primary IgA nephropathy was
considered a benign condition for many years, it is now clear that
a large number of cases eventually progress to renal failure [37–
40]. Indeed, IgA nephropathy is the main cause of end-stage renal
disease in patients with primary glomerular disease who require
renal-replacement therapy [39,41,42].

The pathogenensis of IgAN is still unclear. The view was
widely held that mucosal immune system hyperactivity played a
central role in the pathogenesis, but this view cannot now be sus-
tained without doubt as the evidence increasing that in IgAN
patients the production of IgA1 and J chain in the mucosa and

mucosal IgA response to mucosal immunization is reduced while
the production pIgA1 with Abnormal O-Glycosylation in the
marrow and systemic pIgA response to chronic mucosal infection
with Helicobacter pylori is enhanced [7–9]. It was also accepted
that IgAN was an immune-complex-mediated glomerulonephri-
tis, However, no antigen has been consistently detected in circu-
lating immune complexes containing IgA or in biopsy specimens
from the kidneys of patients with IgA nephropathy [43].

Recently, the direct interaction between deposite IgA1 and
mesangial cells is being paid much attention in the pathogensis of
IgAN. It has been demonstrated in mouse models of IgA immune
complex nephritis [44,45] that the binding of IgA to the mesangial

Fig. 5. Cell cycle change of HMC£¨24 h£©. HMC, incubated for different hours in 0·5%FCS culture medium alone (0·5%FCS) or with
100 mg/ml of normal aIgA1 (Nor.aIgA1) or patients’ aIgA1 (Pat.aIgA1), were fixed and stained with Propidium iodide and RNAase at
room temperature for 30 min. The stained cells were analysed on FACScan. The result was expressed as mean fluorescence intensity of
HMC DNA at the incubation time of 24 h. The cells were a mixture of six lines and the aIgA1 sample was from pooled sera of 10 healthy
controls or 10 patients.
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Fig. 6. Cell count of MC. HMC was incubated in 0·5%FCS culture
medium alone (0·5%FCS) or with 100 mg/ml of normal aIgA1 (Nor.aIgA1)
or patients’ aIgA1 (Pat.aIgA1) for different hours before count. The cell
was a mixture of six lines and the aIgA1 sample was from pooled sera of
10 healthy controls or 10 patients. Results shown were means of three
different experiments with triplicate wells. *P £ 0·05, Nor.aIgA1 versus
0·5%FCS; **P £ 0·05, Pat.aIgA1 versus 0·5%FCS or Nor.aIgA1; #
P £ 0·05, 48 h versus 24 h or 72 h versus 48 h in the same group.
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Fig. 7. TGF-b mRNA expression in HMC. (a) Representative SDS-
PAGE of RT-PCR products of mRNA isolated form serum-starved
HMC exposed to 0·5%FCS culture medium alone (C, 0·5%FCS) or with
aIgA1 of 100 mg/ml from healthy controls (N, Nor. aIgA1) or from
patients with IgAN (P, Pat.aIgA1) for different hours. (b) Densitometric
analysis of TGF-b mRNA levels, from (a), as a ratio to GAPDH.
Results shown were means ± 2SE of three different experiments with
triplicate wells. The cells were a mixture of six lines and the aIgA1 sam-
ple was from pooled sera of 10 healthy controls or 10 patients. * P £ 0·05
Nor.aIgA1 versus 0·5%FCS; **P £ 0·05 Pat.aIgA1 versus 0·5%FCS or
Nor.aIgA1.
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cells in vivo induces proliferation and deposition of excess matrix
and injection of mouse IgA anti-Thy 1·1 antibody, which binds to
mesangial cells, into mice results in haematuria without producing
an inflammatory response [46]. Therefore, MC might be expected
to express functional IgA receptors, the direct interaction
between deposite IgA1 and mesangial cells may explain some of
the the pathological changes seen in IgAN [47–49].

In the current study, it was confirmed that human aggregated
IgA1 binding to HMC was specific, in a dose-dependent and sat-
urable manner. Scatchard analysis revealed a population of 106

binding sites/cell with a Ka of approximately 107 M-1. The inter-
action between aIgA1 and HMC could induce mobilization of
intracellular calcium, DNA synthesis and cell proliferation, up-
regulation of TGF-b mRNA, secretion of fibronectin in cultured
HMC. These results support the speculation that there might be
specific IgA1 receptor(s) on HMC, and direct interaction of IgA1
with HMC could enhance HMC proliferation, cytokine release,
and extracellular matrix production similar to the pathological
finding seen in IgA nephropathy.

Leung et al. [50] reported that poly IgA1 from patients with
IgAN bound to HMC with higher affinity than aIgA1 from
healthy controls. The study was performed by flow cytometry
which is not the typical method to investigate the binding dynam-
ics between receptor and ligand because labelled florescence usu-
ally has a big molecular and that might affect the binding
capability of labelled ligand. Furthermore, flow cytometry can not
obtain data of accurate binding sites and Ka or Kd value. In the
current study, the traditional radio-ligand binding assay was per-
formed to evaluate the binding capacity of aIgA1 and it was found
that aIgA1 from patients could bind to HMC much faster and had
a higher association constant than aIgA1 from healthy controls.
These results indicated in details that IgA1 from patients might
has higher affinity to HMC than that from healthy controls.

IgAN is characterized by proliferation of mesangial cells and
abundance of extracellular matrix. For the first time, our study
systemically investigated the effects of aIgA1 from patients with
IgAN on cultured HMC and revealed that interaction between
aIgA1 from patients with IgAN and HMC could also induce
HMC to proliferate, secret inflammatory and sclerotic cytokines,
and to produce extracellular matrix, and the effects were much
stronger than aIgA1 from healthy controls. These data suggested
that the binding between IgA1 from patients with IgAN and

HMC and sequential pathophysiological response might play an
important role in the pathogenesis of IgAN.

To elucidate the signal transductions after the binding, mobi-
lization of intracellular Ca2+ and phosphorylation of ERK were
also tested in the current study. The aIgA1 from both patients and
healthy controls could evoke a dose-dependent, rapid and tran-
sient increase in release of Ca2+ in HMC, which was in consistant
with previous reports [25]. It was also revealed that aIgA1 could
phosphorylate extracellular signal-regulated kinase (ERK), indi-
cating that interaction of IgA1 with HMC could activate multiple
signal transduction pathways. Moreover, aIgA1 from patients was
more powerful to induce the release of intracellular Ca2+ and
phosphorylation of ERK in HMC than aIgA1 from healthy
controls.

In conclusion, the current study demonstrated that aIgA1
from patients with IgAN could bind to cultured HMC with high
affinity and induce signal transduct, enhance HMC proliferation,
cytokine release, and extracellular matrix production. The bind-
ing capacity and pathophysiological response for aIgA1 from
patients with IgAN was much stronger than IgA1 from healthy
controls.
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