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Abstract: Immunoglobulin A nephropathy (IgAN) is an immunopathologic diagnosis based on a renal biopsy, it is
characterized by deposits of IgA-containing immune complexes in the mesangium. Adults with IgAN have a galac-
tose-deficient IgA1 in the circulation and glomerular deposition. There are few studies on the glycosylation of serum
IgA1 in children with IgAN. To measure the serum levels of galactose-deficient IgA1 in pediatric patients with IgAN,
72 biopsy-proven IgAN children were divided into 3 groups based on the clinical features: isolated hematuria group
(24 patients), hematuria and proteinuria group (22 patients), and nephritic syndrome group (26 patients). They
were also divided into 3 groups according to pathologic grading: grade | + Il group (25 patients), grade Il group (33
patients) and grade IV + V group (14 patients). 30 healthy children were recruited as a control group. We used vicia
villosa lectin binding enzyme-linked immunosorbent assay to measure the serum levels of galactose-deficient IgA1
in all groups and controls. Serum levels of galactose-deficient IgA1 in children with ISAN were higher than controls
(P < 0.01). There were no significant differences in serum levels of galactose-deficient IgA1 among the different
clinical and pathologic grading groups. The values of the area under the curve for galactose-deficient IgA1 levels
were 0.976 (95% Cl, 0.953-1.000). The cutoff point for galactose-deficient IgA1 levels was 0.125, with a sensitiv-
ity of 87.5% and a specificity of 83.3%, with a positive predictive value of 92.6% and a negative predictive value of
73.5% (P < 0.01). Children with IgAN presented serum galactose-deficient IgA1, which has shown no relationship
with the clinical manifestations and pathologic grading of the disease. Detection of serum galactose-deficient IgA1
levels by vicia villosa lectin binding enzyme-linked immunosorbent assay has a certain clinical value in diagnosis of
children with IgAN.
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Introduction presenting under-glycosylation of O-linked N-
acetylgalactosamine (GalNc) residues as well
as increased GalNc, which was defined as
under- glycosylation of IgA1. Currently, few stud-
ies are available on the glycosylation of serum
IgA1 in children with IgAN. Recently, vicia villosa
lectin (VVL) binding enzyme-linked immunosor-
bent assay (ELISA) has been used to detect
galactose-deficient IgA1. The VVL binding ca-
pacity to GalNc in the hinge region of serum

Immunoglobulin A nephropathy (IgAN) is one of
the most common forms of primary glomerulo-
nephritis in children [1, 2]. There are about
11.18% children with IgAN in the pediatric renal
biopsy cases in China [3] and 30-40% in Japan
and Korea [4]. The pathological process is char-
acterized by immune complex deposition con-
taining IgA as the major immunoglobulin in the
mesangium and/or in the capillary loops. The

diagnosis is mainly based on renal biopsy. To IgAl (VVL-IgA1) was used to indirectly express
avoid this invasive procedure, particularly in the levels of galactose-deficient IgA1 (increased
children, we seek to develop a noninvasive test capacity means low level of galactose-deficient
to support the diagnosis of IgAN. Studies of IgA). In the present study, we use VVL binding
IgAN in adults [5, 6] revealed that IgA in the ELISA to determine whether serum levels of
circulation and glomerular deposition is IgA1 galactose-deficient IgA1 differ between pediat-

with under-glycosylation of the hinge region, ric patients with IgAN and healthy controls.
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Materials and methods
Study population

ISAN group: 72 children with IgAN, hospitalized
in the pediatric renal center of the first affiliated
hospital of Sun Yat-sen University, were includ-
ed in the study. The diagnosis of IgAN was
based on a renal biopsy. Through light micros-
copy, immunofluorescence and electron densi-
ty in ultra-structure, IgA was the dominant or
the codominant immunoglobulin in a predomi-
nantly mesangial distribution. Of these 72
patients, 57 were males and 15 were females.
All other secondary IgAN cases were excluded.
The median age at biopsy was 9.3 years (range
4.1-14.1 years). The duration of disease from
onset to renal biopsy was between 6 days and
77 months with a median duration of 3.5
months. None of the patients had infections,
received corticosteroids or immunosuppres-
sive drugs for two weeks before the serum
specimens were collected. All were during the
active stage of IgAN, demonstrating hematuria
and/or proteinuria, whereas the clinical type of
nephrotic syndrome was defined as the pre-
senting different degrees of edema, 3-4 plus of
urine protein from urine analysis, the urine pro-
tein quantitation of 24 hours > 0.05 g/kg and
serum Albumin < 20 g/L. In accordance to the
guidelines [7] of 2010 from the Subspecialty
Group of Nephrology, Society of Pediatrics, and
Chinese Medical Association; the IgAN children
were divided into 3 groups according to their
clinical features: isolated hematuria group (24
patients; 14 cases of gross hematuria and 10
cases of microscopic hematuria), hematuria
and proteinuria group (22 patients) and nephrit-
ic syndrome group (26 patients). In line with the
pathological grading of the WHO standards in
1982 [8], some different pathologic grading
patients were combined and all together were
further divided into three groups according to
their pathologic grading: grade | + Il group (25
patients containing 2 cases of grade I), grade llI
group (33 patients) and grade IV + V group (14
patients containing one case of grade V).

Control group: 30 healthy children of 21 males
and 9 females, from our outpatient clinic in the
same period, were included. They had no respi-
ratory or other system infections for the past
month. The median age at biopsy was 9.7 years
(range 3.8-12.7 years). Compared with the IgAN
group, there was no significant difference in
age and gender between the two groups.
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Parents and guardians were informed of the
objectives of the study prior to enrolling the
children in the study and written consents were
obtained.

Laboratory investigation

Blood samples collection: 4 ml fasting venous
blood sample was collected from children with
IgAN the morning before the renal biopsy, fol-
lowed by centrifugation (3500 rpm, 10 min) to
separate the serum, the separated plasma was
stored at -70°C until assay avoiding thawing
and refreezing. In the control group, 4 ml fast-
ing venous blood sample was collected in the
early morning while having the health examina-
tion followed by the serum separation and
stored as mentioned before.

Determination of levels of serum IgA: Using
immunoturbidimetry, the kits for IgA determina-
tion and the immune turbidimetric instrument
were purchased from Dade Behring, Inc
(Westwood, MA, USA).

Determination of levels of serum IgAl: Using
immunoturbidimetry, the kits for IgA1 determi-
nation and the Minineph Laser scattering pro-
tein turbidimetric instrument were purchased
from The Binding Site Group Ltd, (Birmingham,
UK).

Determination of levels of serum galactose-
deficient IgA1: Using VVL binding ELISA. VVL
were purchased from Vector Labs (Burlingame,
CA, USA). Horseradish peroxidase (HRP)-
conjugated rat anti-human IgA1l (specific al
hinge region) monoclonal antibodies were pur-
chased from Southern Biotech (Birmingham,
AL, USA).

Method: VVL diluted to 1 mg/L in TBS (Tris-HCI
buffer, PH 8.0) was coated to the enzyme label
plates and stored at 4°C overnight. Taking out
the reaction board, the liquid in each plate was
removed and then the plates were washed
three times with 0.01 M phosphate buffered
saline containing 0.1% Tween 20 (PBS-T). The
plates were then blocked with 10 g/L (1%) BSA
at 37°C for 2 hours (200 ul/plate). The plates
were then washed with PBS-T to cleanse the
blocking liquid. The serum samples were then
added to the plates (50 pl/plate) along with 1%
BSA added to the blank control plates. After 1
hour incubation and three times washing with
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Table 1. Basic data and levels of serum IgA, IgA1 and VVL-IgA1 for study subjects

Gender Median Serum IgA Serum IgA level Serum IgA1l  Serum WVLIgA1l  Subjects with
Group N Ratio age at level (g/L) > normal level level (g/L) level (A450 nm) Serum VVL-IgA1l
(M/F)  study (years) median (range) mean + 2SD (%) median (range) median (range) level > 0.125 (%)
IgAN 72 3.8 9.3 1.90 (0.90-3.80) 51.4 (37/72) 1.67 (0.70-3.15)  0.20 (0.12-0.35) 87.5(63/72)
Controls 30 2.3 9.7 1.28 (0.70-1.85) 10.0 (3/30) 0.91 (0.44-1.65) 0.03(0.02-0.15) 16.7 (5/30)
H/x? 0.989 -0.485 -5.972 15.218 -5.848 -7.596 47.813
p 0.320 0.628 <0.001 <0.001 <0.001 <0.001 <0.001
WVL-IgA1 VWL binding capacity to GalNc in hinge region of serum IgA1, indirectly express the levels of galactose-deficient IgA1.
Table 2. Diagnostic value of serum IgA and VVL-IgA1 assays
IgAN Controls o s Positive Negative
Cal Sensitivity = Specificity . g._
Yes No Yes No predictive predictive
IgA > normal level mean + 2SD 37 35 3 27 51.4 90.0 92.5 43.5
VVL-IgA1l > 0.125 63 9 5 25 87.5 83.3 92.6 73.5
PBS-T, HRP-conjugated rat anti-human IgA1 Results

monoclonal antibodies (0.5 mg/ml) were dilut-
ed with antibody diluents to 1:1000, and then
the enzyme-labeled antibodies were added to
microplate (50 pl/plate) while the blank control
did not receive any for 1 hour incubation at
room temperature. After the incubation, the
plates were washed three times with PBS-T and
then the freshly prepared substrate was added
(200 pl/plate) followed by color developing in a
darkroom at room temperature for 30 mins.
Finally the enzyme reaction was stopped with
125 g/L (12.5%) Sulfuric acid (50 pl/plate). The
absorbance value (A) at 450 nm was recorded
in an enzyme-linked immunosorbent assay
reader. The higher the absorbance value
expressed, the more GalNAc exposed in IgA1l
molecules, which means higher level of serum
galactose-deficient IgA1l.

Statistical analysis

Wilcoxon rank sum test was used to compare
subject and control groups for age, IgA, IgAl
and galactose-deficient IgA1 levels. Chi-square
test was used to compare categorical data.
Kruskal-Wallis test was used to determine sig-
nificance of serum levels of IgA, IgA1 and galac-
tose-deficient IgA1 among subject and control
groups. Spearman correlation coefficient was
used to assess the relationship between serum
IgA and IgA1 levels. Receiver operating curve
(ROC) analysis was used to determine optimal
cutoff scores for galactose-deficient IgA1l in
relation to the area under the curve (AUC), sen-
sitivity, and specificity. P < 0.05 was considered
to be significant.

7863

Since erum IgA levels vary in different ages in
childhood, and the sample of the control group
was small, the normal upper limit of serum IgA
levels was considered to be two standard devi-
ations (SD) above the mean value of each age
period of healthy children; (3-7 years: 1.00 g/L,
7-12 years: 1.71 g/L, 12-14 years: 1.92 g/L)
[9]. Serum IgA levels of IgAN group were signifi-
cantly different from the controls (Table 1).
Serum IgA levels were significantly increased in
37 of the 72 patients with IgAN. In contrast,
only 3 of the 30 children in controls showed sig-
nificantly increased serum IgA levels (P < 0.01).
These data indicated a sensitivity of 51.4% and
a specificity of 90.0% with a positive predictive
value of 92.5% and a negative predictive value
of 43.5% (Table 2).

Serum IgA1 levels in the IgAN group were posi-
tively correlated with serum IgA levels (r =
0.966, P < 0.01) (Figure 1). Median serum IgA1
level differed significantly between IgAN group
and control group (P < 0.01, Table 1).

Median value of VVL-IgAl in IgAN group was
0.20, significantly differed from 0.03 in control
group (P < 0.01, Table 1). The ROC curve for
VVL-IgA1 levels was shown in Figure 2. The AUC
values for VVL-IgA1 levels were 0.976 (95% Cl,
0.953-1.000). The cutoff point for VVL-IgA1 lev-
els was 0.125, with a sensitivity of 87.5% and a
specificity of 83.3% with a positive predictive
value of 92.6% and a negative predictive value
of 73.5% (P < 0.01, Table 2).
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(Table 3). In addition, there

3.50+ was no significant difference
among various pathological

3.00 o groups (Table 4).
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Figure 1. Scatter Plot of Correlation between Serum levels of IgA and IgA1 in

IgAN patients. (r = 0.966, P < 0.01).
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Figure 2. Serum levels of VVLIgA1 in IgAN patients
and healthy controls. ROC curve for VVL-IgA1 levels.
Area under the curve is 0.976. VVL-IgA1l level 0.125;
sensitivity 87.5, specificity 83.3.

The median serum VVL-IgA1l levels of IgAN
patients with different clinical types were sig-
nificantly higher than that of controls. The high-
est serum VVL-IgAl levels were in patients
manifested as isolated hematuria, followed by
hematuria and proteinuria group and nephritic
syndrome group. However, there was no signifi-
cant difference among those three groups
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IgA1 showed a higher sensitiv-
ity and equal specificity for dif-
ferentiating the IgAN patients
from the healthy controls. In
addition, the high serum lev-
els of total IgA and IgA1 do not necessarily lead
to IgAN; for example, patients of IgA myeloma
or HIV with obviously increased serum level of
IgA rarely develop IgAN. Herein, the increased
levels of serum IgA can be used as a reference
for ISAN diagnosis rather than just evidence.

Recently, many studies have focused on the
aberrantly glycosylated IgA1 in the pathogene-
sis of IgAN. Several studies [10-13] showed
that children with IgAN have the hinge region of
IgA1 aberrantly glycosylated both in circulation
and mesangial deposition. It presents reduced
galactosylation of O-linked N-acetylgalactosa-
mine (GalNc) residues as well as increased
GalNc. The galactose-deficient IgA1 molecules
develop new antigenic determinants, inducing
the production of antibodies, which could form
immune complexes and deposits in the glomer-
ular mesangium with subsequent damage of
glomeruli. Meanwhile, galactose-deficient IgA1
molecules are prone to self-aggregation form-
ing macromolecular complexes, getting rid of
the clearance of hepatocyte receptors with a
result of increased serum levels of galactose-
deficient IgA1. This finding may have indicated
that it was the galactose-deficient IgA1 that
plays an important role in the pathogenesis of
IgAN, as Tanaka M [14] has previously
reported.
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Table 3. Levels of serum IgA, IgA1 and VVL-IgA1 for various clinical feature groups

Serum IgA Serum IgA level Serum IgAl Serum VVL-IgA1l Subjects with

Group N level (g/L) > normal level level median level (A450 nm)  Serum VVL-IgA1l

median (range)  mean + 2SD (%) (range) (g/L) median (range) level > 0.125 (%)
IH 24 2.76 (1.55-3.58)* 48.1(13/24)* 2.27 (1.00-2.98)* 0.22(0.12-0.28)* 95.8 (23/24)*
HP 22 2.00(0.90-3.80)* b54.5(12/22)* 1.85(0.78-3.15)* 0.20(0.12-0.31)* 86.4 (19/21)*
NS 26 1.81(0.97-3.75)* 46.2(12/26)* 1.29(0.70-3.10)* 0.20(0.12-0.35)* 80.8 (21/26)*
Controls 30 1.28(0.70-1.85) 10.0 (3/30) 0.91 (0.44-1.65) 0.03(0.02-0.15) 16.7 (5/30)
H 36.762 15.687 36.181 58.276 49.105
P < 0.001 0.001 <0.001 <0.001 < 0.001

IH Isolated Hematuria, HP Hematuria and proteinuria, NS Nephritic syndrome; *There was significant difference. when com-
pared with the control group (P < 0.01); No significant difference was found among IH, HP and NS group (P > 0.05).

Table 4. Levels of serum IgA, IgA1 and VVL-IgA1 for various pathological groups

Serum IgA Serum IgA level Serum IgA1 Serum VVL-IgA1l Subjects with
Group N level (g/L) me- > normal level level median level (A450 nm)  Serum VVLIgAl
dian (range) mean + 2SD (%)  (range) (g/L) median (range) level > 0.125 (%)
Grade | + I 25 2.76 (1.27-3.75) 68.0 (17/25) 2.28 (1.00-3.10) 0.20 (0.12-0.35) 92.0 (23/25)
Grade Il 33 1.83 (0.90-3.80) 45.6 (15/33) 1.41 (0.70-3.15) 0.24 (0.12-0.33) 84.9 (28/33)
Grade IV +V 14 1.73 (1.27-3.40) 35.7 (5/14) 1.43 (1.00-2.72) 0.20 (0.12-0.28) 85.7 (12/14)
Controls 30 1.28(0.70-1.85)* 10.0 (3/30)*  0.91(0.44-1.65)* 0.03 (0.02-0.15)* 16.7 (5/30)*
H 38.542 20.043 36.198 58.149 48.165
P < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

*There was significant difference when compared with the control group (P < 0.01); No significant difference was found among grade | + Il group,

grade Ill group and grade IV + V group, (P > 0.05).

It is difficult to distinguish between the struc-
ture of the galactose-deficient IgA1 and the
normal IgA1 through conventional antigen-anti-
body methods. Based on the fact that lectin
specifically binds to a sugar group, the VVL
binding capacity to GalNc in hinge region of
IgA1 can be used to indirectly express levels of
galactose-deficientIgA1[15, 16]. Consequently,
we used a sensitive and quantitative VVL bind-
ing ELISA for measurement of galactose-defi-
cient IgAl. Several studies [15, 17] have
demonstrated increased serum levels of galac-
tose-deficient IgA1l in patients with IgAN and
Henoch-Schonlein purpura nephritis by using
Helix aspera assay and Glycine max lectin, how-
ever, using VVL binding ELISA for measurement
of the serum galactose-deficient IgA1 in pediat-
ric patients with IgAN was rarely reported.

In the present study, we have demonstrated
that the serum level of galactose-deficient IgA1
was increased in 87.5% of patients and as a
diagnostic maker, its specificity and positive
predictive value were 83.3% and 92.6% respec-
tively, presenting higher effectiveness (high
sensitivity and specificity) and good application
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(high positive predictive value and negative
predictive value). Therefore, using VVL binding
ELISA for testing serum galactose-deficient
IgA1 has the potential to develop into a non-
invasive diagnostic assay for IgAN with a cer-
tain clinical value, because currently, the estab-
lished diagnosis relies only on renal biopsy by
immunofluorescence examinations. As Hogg
RJ? reported, currently, there are no non-inva-
sive techniques that can establish the diagno-
sis of IgAN. Thus, highly sensitive and specific
laboratory diagnostic methods and serum
blood markers are urgently required.

Furthermore, the clinical and pathological man-
ifestations of IgAN were of diversity and hetero-
geneity. The study in adults with IgAN revealed
the galactose-deficient IgA1 was closely relat-
ed to the kidney pathological manifestation
and likely to affect the natural history and clini-
cal manifestation of IgAN [18]. In the present
study, there was no significant difference in the
serum levels of galactose-deficient IgA1 when
compared in various clinical and pathological
types. This finding indicated that the serum lev-
els of galactose-deficient IgA1 have no relation

Int J Clin Exp Med 2015;8(5):7861-7866
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with clinical manifestations or changes of renal
pathology. Thus it can't reflect the severity of
the clinical manifestations as well as the pathol-
ogy, same conclusion was previously reported
by Lau KK [17] in children with IgAN.
Investigation of a larger sample and various
detection methods are needed for further
exploration to further study whether there are
differences between adults and children.
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