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Despite the prominent role of IgA, particularly IgA,, in the pathogenesis of IgA nephropathy (IgAN), the precise
role of this molecule in the process remains unclear. Four biotin-conjugated lectins in sandwich-type enzyme-linked
immunosorbent assays were devised to determine the glycosylation profiles of total IgA and its subclasses. We took
advantage of differential binding properties of these lectins to sugar residues to dissect the oligosaccharide chains
O-linked to the hinge and those N-linked to the Fc region of total IgA and IgA subclasses in 47 patients with
IgAN and an equal number of controls. The proportion of sialylated IgA; was higher in patients compared with
controls (p < 0.02), whereas IgA, in patients appeared less well sialylated. A reduction of galactose in pathological
IgA as detected by RCA-I became significant after treatment of the molecule with neuraminidase (p << 0.01).

Defective galactosylation was also observed for patient IgA; when it was probed with ECL, a lectin that has a
specificity for Gal 1,4 N-acetylglucosamine groupings on N-linked oligosaccharides. The RCA and ECL results,
therefore, suggest that increased sialylation on the IgA, is on O-linked oligosaccharides in the hinge region. This
was partly confirmed by a small increase in the binding of PNA to IgA; from the patient group. This lectin binds

preferentially to Gal 1,3 N-acetylgalactosamine groups that are found on O-linked oligosaccharides.
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Introduction

In humans, IgA occurs in two isotypes, IgA; and IgA,,
with serum IgA represented predominantly by monomeric
molecules of the IgA; subclass [1]. First described by
Berger and Hinglais [2], IgA nephropathy (IgAN) is now
recognized as the commonest type of glomerulonephritis
worldwide [3]. Clinical, immunological and histological
features of IgAN of the form secondary to Henoch-
Schénlein purpura (HSP), are similar to those of the
primary type of the disorder [4]. This is characterized by
mesangial deposits of IgA, which appears to be mostly
IgA; [5].

Despite the prominent role of IgA in the pathogenesis
of the disease, the causative peculiarities of this molecule
remain enigmatic. A number of immunological distur-
bances resulting in IgA overproduction have been
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identified [6], but could not be a prerequisite, inasmuch
as elevated levels of IgA, IgA-rheumatoid factor and
IgA-containing immune complexes do not coincide with
mesangial deposition in various settings, such as acquired
immunodeficiency syndrome [7] or primary Sjdgren’s
syndrome [8]. Instead, glomerular IgA precipitation could
be due to a qualitative abnormality of the molecule. It is
noteworthy that the eluted mesangial IgA [9], as well as
its plasma counterpart [10], have a restricted anionic
charge which could denote changes in their carbohydrate
moieties. The structural features of the oligosaccharides
are subclass specific [11]. The IgA,; subclass (Fig. 1) is
unusual among glycoproteins in having two types of
oligosaccharide linkages to the peptide chain, the N-
glycosidic linkage of N-acetylglucosamine (GlcNAc) to
asparagine in the Fc region [12], and the O-glycosidic
linkage of N-acetylgalactosamine (GalNAc) to serine in
the hinge region [13]. André er al. [14] were the first to
show that IgA in IgAN has unusual glycosylation
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Figure 1. Structure of the O-linked and N-linked oligosaccharides of IgA; and IgA, The binding sites of Sambucus nigra agglutinin
{SNA) to sialic acid (SA), Ricinus communis agglutinin I (RCA-I) to galactose (Gal), Erythrina cristagalli lectin (ECL) to Gal B1,4 N-
acetylglucosamine (GlcNAC) and peanut agglutinin (PNA) to GalfB1,3 N-acetyl-galactosamine (GalNAc) are indicated. The sugar residues in

parentheses are not present on all molecules.

demonstrated by reduced binding to jacalin, a lectin
specific for galactose (Gal) linked to GalNAc in the 81,3
configuration. Abnormal O-linked glycosylation has also
been described [15,16] and associated with raised
peripheral blood mononuclear cell 81,3 Gal transferase
[16, 17].

In this study enzyme-linked immunosorbent assays
(ELISA) were used to further determine the glycosylation
profile of total IgA and subclasses by taking advantage
of differential binding properties of four lectins to sugar
residues [18]. Sambucus nigra agglutinin (SNA) which is
specific for sialic acid (SA) attached to terminal Gal in
the a2,6 and to a lesser degree, o2,3 linkage. Ricinus
communis agglutinin I (RCA-I) which has an affinity for
terminal B1,3 and B1,4 Gal. Erythrina cristagalli lectin
(ECL) which has a specificity for Gal and the highest
binding activity towards Gal B1,4 GlcNAc. Peanut
agglutinin (PNA) which binds preferentially to Gal $1,3
GalNAc. In some patients, we found an excessive
sialylation of oligosaccharides attached to the Fc¢ region,
combined with a defective galactosylation. These ab-
normalities might affect not only the IgA; clearance, but
also its glomerular deposition.

Materials and methods

Patients and controls

Serum was obtained from 47 patients with biopsy-proven
IgAN. This diagnosis was considered if the immunofluor-
escence study indicated IgA deposition either in a
predominantly mesangial pattern, or equally distributed
between the mesangium and the capillary wall. Forty-four
patients had the idiopathic form of the disease and the
remaining three IgAN secondary to HSP. There were 14
women and 33 men, whose age ranged from 28 to 67
years {mean 41). All patients, but three, had elevated
levels of serum IgA. Twelve of them presented end-stage
renal failure. Normal controls consisted of 47 healthy
subjects who were members of the staff or residents of a
home for the elderly. As glycosylation varies with age,
they were matched by age and sex with the patients.

Stalyiation IgA assay

As depicted in Fig. 2, microtitre plates were coated
(Sugml™!) with a polyclonal F(ab’), anti-human
IgA (Jackson Immuno-Research, West Grove, PA), a
monoclonal anti-human IgAl (Boehringer Mannheim,
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Figure 2. Enzyme-linked immunosorbent assays based on using anti-IgA, anti-IgA; or anti-IgA, antibodies as capturing agents and
horseradish peroxidase (HRP)-labelled lectin or biotinylated lectin with a second layer of HRP-conjugated streptavidin as detecting agents.

Germany), or a polyclonal rabbit F(ab'), anti-mouse IgG
(Dako, Versailles, France) which captured a monoclonal
for anti-human IgA, (Bochringer). This was carried out in
carbonate-bicarbonate buffer, pH9.7, for 3h at 30°C.
After coating, each washing step consisted of three washes
of phosphate-buffered saline (PBS) supplemented with
0.05% (v/v) Tween-20, followed by blotting dry. Plates
were blocked with 200 ul of PBS containing 3% (w/A)
bovine serum albumin by incubating for 90 min at 30 °C.

To reduce the background reaction between the carbo-
hydrate on the capturing antibody and the detecting
lectins, the former was exposed to an oxidation step [18].
This treatment opens up the ring structure of the terminal
SA and Gal using periodate, as demonstrated by the
rapid loss of binding to SNA and RCA-I, respectively
(unpublished observations). The degree of oxidation also
altered to varying degrees, the binding of the antibodies
for IgA. Therefore, a compromise between the time of
oxidation and the background lectin reaction was
reached. Plates were oxidized with 200 pl of 50mMm
sodium periodate in 0.05M citrate buffer, pH4, for
10 min, and washed a further five times.

Then, 100 ul of test serum, diluted 1:100 in PBS
supplemented with 0.1% (v/v) Tween-20 (PBS-T), was
added to saturate the plates, and incubated for 60 min at
30°C. Plates were washed, 100 ul of biotinylated SNA
(Vector Laboratories, Burlingame, CA), diluted 1:4000 in
PBS-T, was added and incubated for 60 min at 37 °C.
After washing, 100 ul of horseradish peroxidase (HRP)-
conjugated streptavidin (Amersham, Little Chalfont, UK),
diluted 1:4000 in PBS-T supplemented with 3% poly-
ethylene glycol 6000 (Merck, Chelles, France) was added
and incubated for 60 min at 37 °C. Plates were washed
and incubated with 100 ul of 1,2 O-phenylenediamine
substrate (Dako) in 0.1 M citric acid-phosphate buffer,
pHS5, plus 5 pul of 30% (vA) hydrogen peroxide per

12 ml of substrate. The reaction was stopped with 50 ul
of 1.5M sulfuric acid and the optical density (OD) read
at 492 nM using an ELISA spectrophotometer.

A pool of normal sera was passed over a goat F(ab'),
anti-human IgA column and the total IgA eluted with
glycine-HC1, pH2.4, and applied to a jacalin column
(Vector) which is specific for IgA; [19]. The column was
washed through several times with Tris-HCI (pH 7.5) and
the final effluent contained IgA,, but not IgA,. This was
established by IgA;- and IgA,-specific ELISAs IgA; was
cluted with 0.8 M galactose in Tris-HC1 buffer (pH 7.5).
The eluate and the effluent served as positive controls in
the IgA; and the IgA, tests, respectively, and the serum
from an IgA-deficient patient (generous gift from Jean-
Louis Preud’homme, Poitiers, France) was used as a
negative control.

Galactosylation IgA assay

As previously demonstrated by inhibition experiments
[20], several lectins specifically identify Gal, provided this
sugar residue terminates the oligosaccharide chain. Using
the method described for SA, binding of IgA to RCA-I
was 80% inhibited by 0.8 mgml™' Gal, but it was not
inhibited by SA or GlcNAc [21]. Biotinylated-RCA-I
(Vector) was used, diluted 1:8000 in PBS-T, and after
washing away unbound lectin, the bound lectin was
detected using a second layer of HRP-conjugated strepta-
vidin in the total IgA and the IgA; assays. HRP-labelled
ECL (Vector Labs), diluted 1:1000, and HRP-labelled
PNA (Makor Chemicals Ltd, Tel Aviv, Israel), diluted
1:500, were used to identify Gal 1,4 GlcNAc in the Fc
region and Gal 81,3 GalNAc in the hinge region of IgA,,
respectively. At saturating levels of Ig the lectin binding
was proportional to the amount of Ig present (unpublished
observations). Whilst these assays detected sugars
present on nanograms of Ig (approximately 0.30-0.75 ng
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of oligosaccharide), the correlation between lectin reac-
tivity and the amount of protein present was better when
higher amounts of glycopeptide were present.

Defective binding could be due to the masking cffect
of SA or to absence of Gal. In order to make a
distinction between these two possibilities, Gal was
exposed by treating the IgA molecules with neuramini-
dase. Five ml of serum were incubated overnight at room
temperature with 150 ul of 0.067 Uml™! of Clostridium
perfringens type V neuraminidase (Sigma Chemical Co.,
St Louis, MO) in 50 ml of 0.2 mmol1~! of citrate buffer,
pHS5. One unit liberated 1 uM of SA per min at pHS5.0
at 37 °C. The removal of SA was demonstrated by
the above sialylation assay. Serum ftreated with heat-
denatured neuraminidase in identical buffer conditions
served as a negative control. Despite different levels of
sialoglycoproteins in different sera, pilot experiments
showed that the amount of enzyme was adequate to
remove SA in both the control and patient sera.

Statistics

The backgrounds for SNA and RCA-1 were 0.04 and
0.18 respectively and these were subtracted from each
measurement as appropriate. All measurements were
performed in triplicate and these results were averaged.
Patients and control sera were dispensed at random on to
every plate. Intra-plate and inter-plate variation coeffi-
cients were under 10%. The assays were thus reproducible.
All comparisons were made using the Mann-Whitney U
test for unpaired data and the Wilcoxon’s signed rank test
for paired data. The correlations were assessed using the
Spearman test.
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Results

Sialylation of total IgA, IgA; and IgA,

Figure 3 shows the ODs for the different groups using
SNA. These were 0.84 (median 0.86, range 0.65-0.92) and
0.68 (median 0.65, range 0.46-0.83) for patient and
control total IgA respectively (p << 0.04); 0.65 (median
0.63, range 0.27-0.98) and 0.49 (median 0.47, range 0.17—
0.77) for IgA respectively (p < 0.02); and 0.70 (median
0.80, range 0.32-1.28) and 0.88 (median 0.92, range 0.33—
1.50) for IgA, respectively (p <<0.05). The larger
variations in the control group were probably due to
different glycoforms, whereas in the disease group, it was
probably caused by different degrees of disease activity.
Assuming that the upper cut-off point (mean = 2SD) in the
control group is 1.16 for total IgA, 0.81 for IgA; and 1.54
for IgA,, then there are six patients where the sialylation
of IgA; was outside the normal range. Although this
finding did not correlate with the total level of serum IgA
in each specimen (r=0.07), five of them presented with
end-stage renal failure. Oversialylation of IgA; appeared
to be counter-balanced by defective sialylation of IgA,.

Galactosylation of total IgA

The binding of RCA-1 to IgA; is shown in Fig. 4. The
patient mean ODs were 0.88 (median 0.92, range 0.5-
1.69) and 1.18 (median 1.20, range 0.89-1.50) before and
after treatment with neuraminidase respectively (delta P;
p < 0.0001), and the control mean ODs, 0.86 (median
0.86, range 0.52-1.20) and 1.47 (median 1.39, range 1.02—
1.58) (delta C; p << 0.0001). Although the binding of
RCA-I to IgA was not significantly different in the patient
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Figure 3. Sialylation of total IgA, IgA; and IgA, as detected by SNA in 47 patients with IgA nephropathy (closed symbols) and 47
controls (open symbols). Horizontal lines in figures 3 to 5 are mean values.
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Figure 4. Galactosylation of IgA, before and after neuraminidase
treatment of the immunoglobulins, evaluated using RCA-L

and control groups before neuraminidase treatment, after
treatment, it was significant (p < 0.01). Also, the increase
in RCA-I binding caused by neuraminidase treatment was
significantly higher in the control group (delta P vs delta
C; p <0.05).

Fc dependent galactose deficiency in IgA,

Reduced galactosylation in the Fc region of IgA; was
demonstrated in the patient group using ECL (Fig. 5). All
specimens were pretreated with neuraminidase. The
mean OD for the patients was 1.06 (median 1.07, range
0.55-1.58) compared with 1.32 (median 1.32, range
0.83-1.68) for the controls, p < 0.02. If the bottom
cut-off point was taken as 0.75 (mean —2SD), the level
of the IgA, hinge region galactosylation was abnormally
low in seven patients. Interestingly, four of them also had
an excess of SA in IgA;. The measurements made with
PNA showed that galactosylation in the hinge region of
IgA; was slightly increased. The mean OD was 0.30
(median 0.25, range 0.13~0.36) in the patients, compared
with 0.26 (median 0.22, range 0.10-0.34) in the controls,
p < 0.05.
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Figure 5. Galactosylation of IgA; from 47 patients with IgA
nephropathy and 47 normal controls measured using ECL and PNA
lectins. All preparations were previously treated with neuromini-
dase. ECL was used to detect changes in Fc galactosylation and
PNA was used to detect changes in hinge galactosylation.

Galactosylation of IgA;

In contrast to IgA;, galactosylation of neuraminidase-
treated IgA, (as detected by RCA-I) was comparable
in the patients (0.86sD *=0.18) and the controls
(0.87 sD = 0.17).

Discussion

There is a dearth of information about the factors leading
to mesangial IgA deposition. The IgA-dependent carbo-
hydrates could play a pivotal role in this respect. The
major emphasis of this study therefore, was to investigate
the oligosaccharide chains attached to the hinge and the
Fc regions of the molecule. Our approach was to develop
assays in which antibody was used to catch IgA or IgA
subclasses, and a sugar-specific lectin was used to identify
the terminal sugar residues on the captured molecule. A
mild oxidation step was included in the assay to reduce
direct interaction between antibody and lectin. This was
based on the procedure described by Kinoshita ef al. [18].
A number of assays of this type have been previously
reported [22]. These assays appear to be sensitive
(approximately, 0.30-0.75 ng of oligosaccharide), specific
(shown by inhibition experiments) and reproducible (with
intra-plate and inter-plate variation coefficients of under
10%).

The proportion of sialylated IgA; was abnormally high
in patients. This could be due to hinge O-glycosylation as
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well as Fc N-glycosylation. The excess of SA is likely on
both chains. However, after neuraminidase treatment,
decreased Gal was detected by RCA-I (which detects Gal
in the Fc and hinge regions) and by ECL (which detects
Gal in Fc region) which suggests that the increase SA
was attached to GalNAc in the hinge region.

From the SNA results IgA, seemed to be less well
sialylated in the patients although IgA, does contain SA-
GalNAc. Our finding of a normal amount of RCA-I-
binding to IgA, suggests that SA is more deficient than
Gal in IgA;. A positive relationship has been previously
shown between the concentrations of Gal and SA in
normal IgA, proteins [11]. This interpretation is in
accordance with the virtual absence of IgA, within the
mesangial deposits.

Lectin-binding alterations of the patients’ IgA; mole-
cules have previously been reported [14-16]. These were
also consistent with the results of direct chemical
analyses of IgA from IgAN patients [15]. However, it
was worth knowing whether the previously Gal defi-
ciency was associated with both the O- and N-linked
oligosaccharide chains. Given that most of the oligosac-
charides reported for IgA have been determined using
myeloma proteins, normal immunoglobulins may differ in
glycosylation to myeloma proteins.

Caution should, thus, be exercised when identifying
sugar residues on particular parts of IgA with the
different lectins. The explanation why after neuramini-
dase treatment, the amount of Gal is significantly lower
in the patient group is unclear. The glycosylation of
serum IgA is more heterogeneous [23] than that reported
for the myeloma protein [12, 13]. The structures vary in
antennary oligosaccharides complexity and charge due to
non-, mono-, di- and tri-sialylated composition. Nor -can
the large number of glycoforms result from a polyclonal
population, since a similar heterogeneity was found for
hybridoma IgG [24]. If neutral forms of IgA predomi-
nated in a subgroup of patients, Gal residues could be
cleaved from IgA by small amounts of contaminating B-
galactosidase and neuraminidase [25].

Nephropathy could arise from derangements of the
genes encoding the IgA heavy chains. Restriction
fragment length polymorphism analysis of the Cal and
Co2 flanking regions indicated that there may be two
separate associations of IgAN with the Ig switch region
[26]. Hence, it is feasible that the number of locations for
GalNAc is augmented, and, consequently, that of Gal
residues predisposed to accept SA. Of great interest was
the relation found between levels of oversialylated IgA
and the progression of the disease to end-stage renal
failure, so that, conceivably, renal failure per se and not
IgAN may explain the observed differences. In order to
conclude that the findings are specific for IgAN, a group
of patients with other glomerular disecases would provide
an ideal negative control.

Baharaki et al.

Nonetheless, evidence that carbohydrates are important
in the IgA deposition come from other sources. Early
studies [27] established that IgA present in normal serum
reacts with a liver receptor specific for asialoglycoprotein
(ASGP-R). This structure recognizes the O-linked carbo-
hydrate unit of IgA; that are desialylated [15]. Over-
sialylated IgA; would not therefore, be properly cleared,
so that its serum half-life would be extended. Undoubt-
edly, a better understanding of IgA catabolism is of
importance in determining the pathogenesis of IgAN.
Alternatively, the expression of monocyte IgA Fc
receptors might be defective, as recently reported in
patients with alcoholic cirrhosis [28].

The glomerular mesangium is composed of matrix
and mesangial cells. The binding of IgA to the matrix
relies on a carbohydrate/lectin interaction which can
be inhibited by a variety of sugar residues. For example,
SA is extremely efficient in preventing IgA from
fixing to laminin [29]. Increased sialylation of IgAl
results in increased anionic charge on the molecule,
thereby making the molecule more likely to
precipitate. An additional IgA receptor in rat and
human mesangial cells has been recently described [30].
Again, the IgA oligosaccharides are essential to its
function. Indeed, preincubation of cells with Gal or
GalNAc caused a sigpificant reduction of the IgA
binding.

Herein, a number of IgA glycosylation abnormalities
have been established in patients with IgAN. Yet, the
mechanisms remain elusive, since the bone marrow cells
are the primary source of pathological IgA [31]. Further
investigations need to be carried out on sialyl and
galactosyl transferase activities in these cells.
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