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Introduction

Summary

Recent studies have demonstrated deposition of secretory immunoglobulin A
(sIgA) in glomeruli of some patients with IgA nephropathy (IgAN). The aim
of this study is to investigate the levels of urinary sIgA in IgAN patients with
different pathological phenotypes and whether it could be used as a non-
invasive biomarker for assessment of kidney injury in IgAN. Urine samples
from 202 patients with IgAN were collected on the day of renal biopsy.
Forty-eight fulfilled the histopathological criteria of Haas-I or II (group 1), 60
fulfilled Haas-III (group 2) and 94 patients fulfilled Haas-IV or V (group 3).
Urine samples from 60 healthy sex- and age-matched volunteers with negative
urinalysis were collected as normal controls. Urinary sIgA was detected by
sandwich enzyme-linked immunosorbent assay and was corrected by urinary
creatinine. In comparison with normal controls, the levels of urinary
sIgA were significantly higher in IgAN [2-22 (0-43-82) pug/mg Cr versus 1-08
(0-16-49) pg/mg Cr, P < 0-001]. The levels of urinary sIgA were significantly
higher in group 3 than that in group 2 and group 1 [3-54 (0-43-82) ug/mg
Cr versus 1-63 (0-15-88) pg/mg Cr versus 0-91 (0-11-79), P <0-001], and
group 2 than group 1 (P=0-014). The levels of urinary sIgA were associated
positively with proteinuria (r = 0-443, P < 0-:001), serum creatinine (r = 0-376,
P < 0-001) and histopathological parameters, such as ratio of global sclerosis
(r=0-356, P < 0-001), ratio of total crescents (r=0-339, P < 0-001) and ratios
of cellular crescents (r=0-231, P < 0-001). The levels of urinary sIgA were
associated closely with histopathological phenotypes of IgAN and might be
used as a non-invasive biomarker to evaluate kidney injury in IgAN.
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has been paid to the urinary biomarkers, which would be
useful in pharmaceutical intervention and evaluation of the

Immunoglobulin A nephropathy (IgAN) is the most
common glomerulonephritis worldwide, with a prevalence
of 20-45% in primary glomerular disease [1-3]. Substantial
evidence suggests that IgAN is a heterogeneous disease with
different clinical and pathological phenotypes. More than
one-third of patients with IgAN could progress to end-stage
renal failure after 20-25 years, eventually requiring renal
replacement therapy [4]. Thus, sequential assessment of
kidney injury and disease progression is crucial during
follow-up of patients with IgAN. Repeated renal biopsy is
not practical in the clinical setting as an invasive technique.
Although serum creatinine (SCr) and creatinine clearance
(Cecr) are used to reflect renal injury, non-invasive and more
reliable biomarkers are still needed. Recently, more attention

effectiveness of therapy.

Secretory IgA (sIgA) is a dominant Ig in external
mucosal secretions. Next to its presence in mucosal
secretions, small amounts of sIgA can also be found in
human serum. It has been suggested that sIgA might
play a pathogenic role in IgAN; substantial evidence has
demonstrated that serum sIgA was elevated in patients
with IgAN [5-10] and, recently, studies including
ours revealed successfully the deposition of sIgA in glom-
eruli of some patients with IgAN [11-13]. However, only
one study of 31 patients with chronic glomerulonephritis,
including 10 patients with IgAN, found that the level of
urinary sIgA was significantly higher than normal controls
[14].
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In this study, we investigated whether urinary sIgA could
be used as a non-invasive biomarker for assessment of
kidney injury in patients with IgAN. We first detected sIgA in
urine from a large cohort of patients with IgAN with differ-
ent histopathological phenotypes. We then analysed the
associations between the levels of urinary sIgA and serologi-
cal biomarkers of renal function, as well as histological
parameters of IgAN.

Materials and methods

Patients

To detect urinary sIgA, morning urine samples from 202
patients with IgAN were collected on the day of renal biopsy,
and morning urine samples from 60 healthy sex- and age-
matched normal controls with normal urinalysis were also
collected. The severity of renal lesions of patients with IgAN
was graded according to Haas’s classifications [15]. Among
the 202 patients, 48 patients fulfilling the histopathological
criteria of Haas-I or II were defined as mild renal lesions
(group 1), 60 patients with Haas-III as moderate renal
lesions (group 2) and 94 patients with Haas-IV or V as severe
renal lesions (group 3). Clinical parameters such as mean
arterial pressure (MAP), routine urinalysis, SCr, Ccr and
24-h urinary protein, etc. were obtained immediately before
renal biopsy. The clinical parameters of patients with IgAN
were collected retrospectively. Informed consent was
obtained for sampling prior to renal biopsy.

Evaluation of renal histopathological damage

Sections were stained routinely for haematoxylin and eosin,
periodic-acid Schiff and/or periodic-acid-silver meth-
enamine for histopathology. Two pathologists who were
blinded to patients” data evaluated the slides separately. For
glomerular lesions, mesangial proliferation was scored as 1+
for mild (i.e. between four and six cells per mesangial area)
and 2+ for moderate and intense (more than six cells per
mesangial area). Global and segmental sclerosis, total cres-
cents, cellular crescents, cellular and fibrous crescents were
calculated as percentages of the total number of glomeruli
respectively. For tubulointerstitial lesions, tubular atrophy,
interstitial fibrosis and interstitial inflammatory cell infiltra-
tion were scored 0 as absent, 1+ as mild (involving < 25% of
the interstitium and tubules), 2+ as moderate (involving
25-50% of the interstitium and tubules) and 3+ as intense
(involving > 50% of the interstitium and tubules).

Urine samples

Spot morning urine samples from patients were collected on
the same day of renal biopsy. All samples were centrifuged at
769 g for 10 min to remove cellular components, and the
supernatant was kept at =70°C until use. Spot morning urine

samples from normal controls were also collected and pre-
pared in the same manner as for patients.

Detection of urinary sIgA by enzyme-linked
immunosorbent assay

According to previous studies, a sandwich enzyme-linked
immunosorbent assay was used [7,12]. Briefly, mouse mono-
clonal anti-human secretory component (SC) (Sigma, St
Louis, MO, USA) was diluted to 5-1 pg/ml with 0-05 mol/l
bicarbonate buffer pH 9:6 and was coated onto the wells of
one-half of a polystyrene microtitre plate (Costar, Corning,
NY, USA). The wells in the other half were coated with
bicarbonate buffer alone to act as antigen-free wells. Incuba-
tion was carried out for 1 h at 37°C. Free binding sites were
blocked for a further 1 h at 37°C with phosphate-buffered
saline containing 0-1% (vol/vol) Tween-20 (PBST)/1%
(10 mg/ml) bovine serum albumin (BSA). Urine samples
were diluted to 1:10 in PBST/BSA. The volumes of this and
subsequent steps were 100 pl and all incubations were carried
out at 37°C for 1 h. The plates were washed three times with
PBST. Each plate contained a blank control (PBST/BSA) and
a positive control. After incubation and washing, rabbit poly-
clonal anti-human IgA (Dako, Glostrup, Denmark) with a
dilution of 1:5000 was added. The binding was detected by
horseradish peroxidase (HRP)-conjugated goat anti-rabbit
IgG with a dilution of 1/10 000 (ciBco BRL, Grand Island,
NY, USA). The HRP substrate O-phenylenediamine was used
at 0-4 mg/mlin 0-1 mmol/l citrate phosphate buffer (pH 5-0).
The reaction was stopped by 1-0 mol/l H,SO, and results were
recorded as the net optical density 490 nm. SIgA purified and
isolated from human colostrums (Serotec, Oxford, UK) was
used to establish standard curve and the level of urinary sIgA
was calculated.

Detection of urinary creatinine

Urinary creatinine was detected (using Synchron LX20;
Beckman Coulter, Clinical Systems, Fullerton, CA, USA) in
the same urine samples of patients and controls to correct
urinary sIgA levels. The adjusted urinary sIgA was expressed
as a concentration of sIgA/concentration of creatinine
(1g/mg Cr).

Statistical analysis

For statistical analysis, statistical software spss version 10-0
(SPSS, Inc., Chicago, IL, USA) was employed. Quantitative
data were expressed as mean * standard deviation and
median with range (minimum-maximum). For comparison
between patients and controls, and comparison of clinical
features and the patients’ pathological data, Student’s ¢-test,
one-way ANova and the Mann—Whitney U-test were used.
Spearman’s correlation was used to analyse correlation.
Statistical significance was considered as P < 0-05.
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Table 1. Clinical parameters of patients with immunoglobulin A nephropathy with different histopathological phenotypes.

P-value (between groups)

Group 1 Group 2 Group 3

n=48 n=060 n=94 1 versus 2 1 versus 3 2 versus 3
Male/female 28/20 31/29 57/37 0-489 0-791 0-273
Age (years) 30-98 * 8-72 3288 = 9-69 34-65 * 11-58 0-346 0-049% 0-307
Disease duration (months) 25-87 (0-3-396) 22:93 (0-25-300) 13-53 (0-3-108) 0-713 0-094 0-170
MAP (mmHg) 90-38 * 11-68 91-27 £ 18-28 101-26 = 21-50 0-807 0-001* 0-001*
History of URT infection 22/48 19/60 18/94 0-132 0-001* 0-076
History of macrohaematuria 20/48 21/60 18/94 0-478 0-004* 0-027*
Serum IgA (mg/ml) 3-15 * 1-04 3-42 + 1:30 320 = 1-01 0-272 0-834 0-294
Serum complement 3 (mg/ml) 1-01 = 0-23 1-00 = 0-22 0-99 + 0-18 0-799 0-547 0-757
Serum creatinine (Lmol/l) 8330 £ 1691 90-31 * 3429 189-58 = 169-85 0-759 < 0-001* < 0-001*
Creatinine clearance (ml/min) 103-01 * 28-84 93-02 * 26-47 5867 * 32:75 0-108 < 0-001* < 0-001%
Proteinuria (g/24 h) 0-97 * 147 1-49 *+ 126 2:57 + 1:95 0-11 <0-001* <0-001*

Group 1, patients with mild lesions; group 2, patients with moderate lesions; group 3, patients with severe lesions; MAP, mean arterial pressure; URT,

upper respiratory tract. *P < 0-05.

Results

Demographic data of patients with IgAN

The clinical parameters of patients with IgAN with various
glomerular and tubulointerstitial lesions are shown in
Table 1. Compared with patients with tubular atrophy and
interstitial fibrosis grade 0, the levels of MAP, SCr and pro-
teinuria were significantly higher in patients with grades 2
and 3 and the level of Ccr was significantly lower in patients
with grades 1, 2 and 3.

The histopathological parameters are shown in Table 2;
the parameters included extent of mesangial proliferation,
ratio of segmental sclerosis, ratio of global sclerosis, ratio of
crescents, endocapillary proliferation and infiltration of
interstitial mononuclear cells.

Both clinical and histopathological parameters were com-
pared among different groups of patients.

Levels of urinary sIgA from patients with IgAN
and controls

The levels of urinary sIgA in normal controls and patients
with IgAN were 1-08 (0-16-49) ug/mg Cr and 2-22
(0-43-82) ug/mg Cr respectively. In comparison with
normal controls, urinary sIgA was significantly higher in
patients with IgAN (P < 0-001) (Fig. 1). More importantly,
after stratification of the patients by different histopathology
phenotypes, the levels of urinary sIgA were significantly
higher in group 3 than that in groups 2 and 1 [3-54
(0-43-82) ug/mg Cr versus 1-63 (0-15-88) ug/mg Cr versus

Table 2. Histopathological characteristics of patients with immunoglobulin A nephropathy with different histopathologic phenotypes.

P-value (between groups)

Group 1 Group 2 Group 3
n=48 n =060 n=94 1 versus 2 1 versus 3 2 versus 3

Mesangial proliferation score 1 47/48 39/60 48/94 0-193 0-021* 0-414
Mesangial proliferation score 2 1/48 21/60 46/94 < 0-001* < 0-001* 0-293
Patients with EC proliferation 1/48 11/60 29/94 0-008* < 0-001* 0-103
Ratios of segmental sclerosis 192 % 5-99 0-72 £ 2:52 220 £ 6:65 0-273 0-773 0-113
Ratios of global sclerosis 6-22 * 28-88 4-62 * 6:66 23-30 = 2191 0-045* < 0-001% < 0-001*
Ratios of total crescents 0-12 = 0-87 9-8 = 11-64 21-49 *= 127-39 < 0-:001* < 0:001* 0-061
Ratios of cellular crescents 0-06 * 0-44 265 = 5:76 5:69 * 10-16 < 0-001% < 0-001% 0-06
Interstitial fibrosis score 0 19/48 5/60 8/94 0-003* 0-001* 1
Interstitial fibrosis score 1 29/48 49/60 21/94 0-367 0-004* < 0-001*
Interstitial fibrosis score 2 0/48 6/60 29/94 0-039% < 0-001* 0-018*
Interstitial fibrosis score 3 0/48 0/60 36/94 >1 < 0-001% < 0-001*
Interstitial infiltration score 0 23/48 16/60 5/94 0-137 < 0-001% 0-002*
Interstitial infiltration score 1 25/48 37/60 25/94 0-632 0-062 0-007*
Interstitial infiltration score 2 0/48 7/60 38/94 0-040% < 0-001* 0-004*
Interstitial infiltration score 3 0/48 0/60 26/94 >1 < 0-001% < 0-001*

Group 1, patients with mild lesions; group 2, patients with moderate lesions; group 3, patients with evere lesions; EC, endocapillary; *P < 0-05.
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Fig. 1. Levels of urinary urinary secretory immunoglobulin A (sIgA)
in patients with IgA nephropathy (IgAN) and normal controls. The
horizontal solid lines indicate the median values for each group.

0-91 (0-11-79), P < 0-001], and in group 2 than that in group
1 (P=0-014) (Fig. 2).

Associations between clinical parameters and
urinary sIgA

The levels of urinary sIgA were correlated positively with the
levels of SCr and proteinuria correlated negatively with CCr
in patients with IgAN. However, there was no correlation
between the levels of urinary sIgA and levels of serum IgA
(Fig. 3). No difference in urinary sIgA was found between
patients with or without history of upper respiratory
tract infection or history of macrohaematuria respectively
[2:15 (0-2691) ug/mg Cr versus 2-:22 (0-43-82) ug/mg Cr,
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Fig. 2. Levels of urinary urinary secretory immunoglobulin A (sIgA)
in IgA nephropathy (IgAN) patients with different histopathological
phenotypes and normal controls. Group 1: patients with mild lesions;
group 2: patients with moderate lesions; group 3: patients with severe
lesions (group 2 versus normal controls and group 1 respectively,

*P < 0-05; group 3 versus normal controls, groups 1 and 2, **P < 0-05).
The horizontal solid lines indicate the median values for each group.

P =0-403; 2-37 (0-43-82) pg/mg Cr versus 1-65 (0-33-6)
ug/mg Cr, P =0-076].

Associations between histopathological parameters and
urinary sIgA

The levels of urinary sIgA were significantly higher in
patients with mesangial proliferation score 2 than those with
score 1 [4:30 (0-43-82) ug/mg Cr versus 1-50 (0-33-60)
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of urinary sIgA and the quantity of proteinuria;
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and serum IgA.
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Fig. 4. Levels of urinary urinary secretory immunoglobulin A (sIgA)
in IgA nephropathy (IgAN) patients with different scores of tubular
atrophy and interstitial fibrosis. (A) patients with tubular atrophy and
interstitial fibrosis score 0; (B) patients with tubular atrophy and
interstitial fibrosis score 1; (C) patients with tubular atrophy and
interstitial fibrosis score 2; (D) patients with tubular atrophy and
interstitial fibrosis score 3 (compared with normal controls, *P < 0-05;
compared with normal controls, A, B and C, **P < 0-05). The
horizontal solid lines indicate the median values for each group.

pg/mg Cr, P < 0-001]. The levels of urinary sIgA were signifi-
cantly higher in patients with crescents than those without
crescents [1-64 (0-26-18) ug/mg Cr versus 2-89 (0—43-82)
pg/mg Cr, P=0-009]. The levels of urinary sIgA were
elevated in patients with higher scores of tubular atrophy
and interstitial fibrosis, and interstitial inflammatory cell
infiltration. In patients with a score of 3, the levels of urinary
sIgA were significantly higher than those with scores of 0, 1
and 2 respectively (Figs 4 and 5). Finally, the urinary sIgA
was correlated positively with the ratios of global sclerosis,
total crescents and cellular crescents (Table 3).

Discussion

The IgAN is the most common form of glomerulonephritis
worldwide. This is the first study to investigate whether
urinary sIgA could be a reliable non-invasive biomarker for
monitoring renal injury and disease progression in patients
with IgAN. We show that the levels of urinary sIgA are higher
in patients with IgAN than that in healthy individuals. The
higher the urinary sIgA, the more pronounced will be the
kidney injury. Furthermore, the levels of urinary sIgA were
associated with levels of clinical parameters of renal func-
tion, such as SCr, quantity of proteinuria and CCr in patients
with IgAN. These data indicate that the urinary sIgA parallel
with the severity of renal injury and disease progression.
Previous studies have shown that levels of serum sIgA and
saliva sIgA were elevated in patients with IgAN, and the
elevation of serum sIgA was associated with haematuria.
Meanwhile, sIgA exhibits stronger binding and stimulation
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Fig. 5. Levels of urinary urinary secretory immunoglobulin A (sIgA)
in IgA nephropathy (IgAN) patients with different scores of interstitial
inflammatory infiltration. (E) Patients with interstitial inflammatory
infiltration score 0; (F) patients with interstitial inflammatory
infiltration score 1; (G) patients with interstitial inflammatory
infiltration score 2; (H) patients with interstitial inflammatory
infiltration score 3 (compared with normal controls, E and F,

*P < 0-005, compared with normal controls, E, F and G, **P < 0-05).
The horizontal solid lines indicate the median values for each group.

to mesangial cells than serum IgA. More production of
interleukin-6 were detected after the stimulation of sIgA,
which could not be blocked by free SC [7,10]. More impor-
tantly, recent studies from Oortwijn et al. and ours have
demonstrated sIgA deposition in glomeruli of some patients
with IgAN. The presence of sIgA in the biopsies showed a
strong correlation and co-localization with deposition of
mannose-binding lectin and C4d, which indicates that
mesangial IgA was originated, at least partly, from mucosal
immune sites and its appearance induces more severe inju-
ries [11-13]. This study confirms further that sIgA may play
an important role in the pathogenesis of IgAN. The mecha-
nisms of increasing urinary sIgA in IgAN might be as
follows: (i) excessive production of sIgA in submucosal tissue
with partial backward flow to blood, which passes through
the filter barrier of injury glomeruli, as we found that serum
levels of sIgA were correlated with urinary sIgA levels (data
were not shown); (ii) the free SC secreted by renal tubular
epithelial cells binding with polymeric IgA originating from
bone marrow, spleen or lymphoid tissues, which passes
through the filter barrier of injury glomeruli in urine
[16-18]; and (iii) secretion of sIgA by mucosa of urinary

Table 3. Association between levels of urinary secretory immuno-
globulin A (sIgA) and histopathological parameters of patients with
immunoglobulin A nephropathy.

Urinary sIgA (n=202)

Parameters r-value P-value
Ratios of global sclerosis 0-356 <0-001*
Ratios of total crescents 0-339 <0-001*
Ratios of cellular crescents 0-231 <0-001*
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tract [14,19]. However, the exact reason for elevated urinary
sIgA in IgAN is still unknown, and further study is needed.

Studies indicate that sIgA is associated closely with
mucosal immunity, and the levels of urinary sIgA elevated in
the patients with urinary tract infection [14,19]. However,
our patients were excluded for urinary tract infection before
renal biopsy. To explore the possible link between mucosal
immunity and the development of IgAN, we examined the
association between levels of urinary sIgA and history of
upper respiratory tract infection and history of macrohae-
maturia, but no association was found.

Our study has some limitations. First, the morning spot
urine sample might not be appropriate to represent total
sIgA secretion in urine; however, it is well accepted that
protein/creatinine ratio in spot urine may represent 24-h
proteinuria [20-22], therefore it is rational to use the sIgA/
creatinine ratio to reflect total sIgA secretion in urine. Sec-
ondly, the best way to evaluate disease progression in the
histopathology of patients with IgAN is to perform repeat
renal biopsy periodically when patients have signs of disease
progression clinically; however, repeat renal biopsy is not
acceptable clinically. Therefore, in the current study, we
stratified our patients into three groups according to disease
severity in histopathology. We hope the stratification of
patients may reflect disease progression clinically as well as
histopathologically.

In conclusion, we found the level of urinary sIgA was
elevated in patients with IgA nephropathy and was associ-
ated with pathological phenotypes of the disease. These find-
ings support the notion that sIgA might play an important
role in the pathogenesis of IgAN. The urinary sIgA could be
used as a reliable non-invasive biomarker for monitoring
renal injury and disease progression in patients with IgAN.
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