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Introduction

Summary

Complement system activation is associated with immunoglobulin A nephr-
opathy (IgAN) activity and progression. The aim of the present study was to
investigate the importance of urinary mannose-binding lectin (MBL), at the
time of renal biopsy, for evaluating disease severity and predicting the pro-
gression of IgAN. A total of 162 patients with biopsy-proven IgAN were
enrolled and 50 healthy individuals were selected as normal controls. Urinary
MBL was measured by sandwich enzyme-linked immunosorbent assay
(ELISA) and normalized for urinary creatinine concentration. Urinary MBL
was significantly higher in IgAN patients than that in normal controls, and
elevated as histopathological phenotypes upgraded. Urinary MBL was corre-
lated significantly with the well-known clinical predictors for the prognosis of
IgAN; that is, renal function (represented by serum creatinine and estimated
glomerular filtration rate), proteinuria and arterial hypertension. Urinary
MBL was demonstrated to be correlated with the histopathological param-
eters which have independent value in predicting renal outcome of IgAN
according to the Oxford classification; that is, mesangial hypercellularity,
segmental glomerulosclerosis, endocapillary hypercellularity and tubular
atrophy/interstitial fibrosis. More importantly, non-remission patients at the
end of follow-up had significantly higher levels of urinary MBL compared
with patients in remission. In conclusion, urinary MBL can be a reliable
non-invasive biomarker for evaluating disease severity and predicting
the prognosis of IgAN. This is the first report on this issue. However, our
conclusions should be verified further in large-scale studies with long-term
follow-up.
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investigation of novel biomarkers based on the pathogenesis
of IgAN has been a research focus [8-10].

Immunoglobulin A nephropathy (IgAN) is the most
common glomerulonephritis worldwide, with a prevalence
of 20-45% in primary glomerular disease [1]. It is charac-
terized primarily by mesangial deposition of IgA [2,3]. The
clinical spectrum of IgAN covers a wide range of features,
from minor urinary abnormalities to rapidly progressive
renal failure. About 20-40% patients with IgAN could
progress to end-stage renal disease (ESRD) within 20 years
of diagnosis [4]. Thus, the evaluation of disease severity and
progression is crucial in IgAN patients. Renal histological
lesions, renal function, the presence of arterial hyperten-
sion and proteinuria at the time of renal biopsy are all
well-known predictors in IgAN [5-7], and recently the
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In IgAN, the deposits of IgA are associated frequently with
complement components, and complement system activa-
tion is associated with IgAN activity and progression [11,12].
The complement system can be activated via three pathways:
the classical pathway, the alternative pathway and the lectin
pathway. Studies in vitro have indicated that the classical
pathway is unlikely to contribute to IgAN, whereas substan-
tial evidence has proved that the alternative pathway and the
lectin pathway are involved in IgAN [13-15]. Mannose-
binding lectin (MBL) is a member of the collectin family of
proteins with a C-terminal lectin domain and a collagenous
backbone [16]. Its collagen-like regions can react with the
MBL-associated serin proteases mannose-associated serine
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protease (MASP)-1 and MASP-2, and thus activate the lectin
pathway of complement. Furthermore, MBL deposition
co-localized with IgA deposits has been identified as a
marker for lectin pathway activation in a significant number
of IgAN patients, and the presence of MBL may be associated
with more severe glomerular injury of IgAN [15,17].

In recent years, urine has been an attractive sample
because its collection is easy and non-invasive, and in addi-
tion a urine protein profile directly reflects glomerular
disease, including IgA nephropathy [18]. Significantly
elevated levels of urinary MBL have been documented in
patients with contrast-induced nephropathy [19], but the
significance of urinary MBL in IgAN has not yet been
reported.

The aim of our study was to investigate the value of
urinary MBL, at the time of renal biopsy, in evaluating the
disease severity and predicting the progression of renal
disease in a cohort of IgAN patients.

Materials and methods

Subjects

One hundred and sixty-two patients (92 men) who under-
went renal biopsy in our department were enrolled consecu-
tively and were diagnosed as primary IgAN from December
2008 to July 2010. The day of renal biopsy was regarded
as the start-day of the study. The planned follow-up was
to December 2011. Patients with secondary IgAN were
excluded, such as those secondary to systemic lupus erythe-
matosus, Henoch—Schonlein purpura and liver disease.
No corticosteroids and immunosuppressants were applied
before the beginning of the study. Fifty healthy age- and
sex-matched individuals were selected as normal controls.

The severity of renal histological lesions in IgAN patients
was graded according to Lee’s classifications [20]. The 162
patients included were divided further into three groups
according to the degrees of renal damage; 49 patients fulfill-
ing the histopathological criteria of Lee-I or II were defined
as mild renal lesions (group 1), 63 patients with Lee-III as
moderate renal lesions (group 2) and 50 patients with Lee-IV
or V as severe renal lesions (group 3).

The clinical parameters of IgAN patients such as routine
urinalysis, serum creatinine (SCr) and 24-h urinary protein
excretion were obtained immediately before renal biopsy.
The estimated glomerular filtration rate (eGFR) was esti-
mated using the four-variable Modification of Diet in Renal
Disease (MDRD) formula [21], and the result was reduced
by 25-8% for women. Patients were considered hypertensive
if their arterial blood pressure was 140/90 mmHg or more,
or if levels less than 140/90 mmHg were reached with
anti-hypertensive medications. This study was performed
according to recommendations outlined in the Declaration
of Helsinki Principles (IV Adaptation). Sampling and renal
biopsy were performed after signed informed consent.
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Evaluation of renal histopathological lesion

Adequate tissue was obtained for diagnostics (at least eight
glomeruli in light microscopy sections and complete immu-
nohistology and electronmicroscopy examination). Sections
were stained routinely for haematoxylin and eosin, periodic-
acid Schiff and/or periodic-acid-silver methenamine for
histopathology. Two pathologists who were blinded to
patients’” data evaluated the slides separately.

Besides the overall evaluation with Lee’s classification, we
further evaluated four variables of renal histopathological
lesion recommended by the Oxford classification, which
have independent value in predicting renal outcome [22].
Mesangial proliferation was scored as MO if no more than
half the glomeruli have more than three cells in a mesangial
area, and M1 for more than half the glomeruli. Segmental
glomerulosclerosis and endocapillary hypercellularity were
categorized as either absent or present (i.e. SO or S1, and EO
or El). Tubular atrophy/interstitial fibrosis was classified
according to the percentage of cortical area involved by the
tubular atrophy or interstitial fibrosis; that is: = 25% as TO,
26-50% as T1, and >50% as T2. It should be specified that all
the included patients in the present study, even those cases
with sclerosis, had active histological changes.

Treatment protocol

Patients with haematuria, proteinuria of less than
1g/24h and normal renal function received non-
immunosuppressive therapy, including angiotensin convert-
ing enzyme inhibitors (ACEI) and/or angiotensin II receptor
blockers (ARB), fish oil, statins and anti-platelets. Patients
with proteinuria of 1:0 g/24h or more and histological
manifestations of cellular/fibrocellular crescents, moderate
to severe mesangial proliferation and/or interstitial cell
infiltration were treated with immunosuppressive therapy
[23-25]; that is, corticosteroids alone or combined
with other immunosuppressive drugs (e.g. cytostatics,
cyclosporin A and mycophenolate mofetil). Non-
immunosuppressive therapy could also be used in the latter
group of patients as needed.

Outcome definitions

To evaluate further the value of urinary MBL for predicting
progression in IgAN, we divided IgAN patients into remis-
sion group and non-remission group according to renal
function and urinary protein excretion at the end of follow-
up. Renal remission was defined as stable or improved renal
function (i.e. no ‘progressive renal impairment’) with reduc-
tion of proteinuria by > 50%, proteinuria less than 3 g/24 h
and serum albumin >30 g/l. Progressive renal impairment
was defined as a reduction in eGFR = 5 ml/min/1-73 m?*/
year or renal replacement therapy received during the
follow-up period.
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Urinary MBL measurement by enzyme-linked
immunosorbent assay (ELISA)

On the day of renal biopsy, morning urine samples of IgAN
patients were collected to measure urinary MBL and creati-
nine excretion. The urine samples were centrifuged at 769 g
for 10 min to remove cellular components and the superna-
tant was frozen at —80°C until tested. Spot morning urine
samples from healthy individuals were also collected and
prepared in the same manner as for patients.

ELISA kits designed for human MBL (USCN Life
Science, Inc., Missouri City, TX, USA) were used for detect-
ing urinary MBL. This is a sandwich ELISA kit specific for
the human MBL in which the polystyrene 96-well microti-
tre plate was precoated with a monoclonal antibody specific
for MBL. Standards or urine samples were then added
to the appropriate microtitre plate wells with a biotin-
conjugated polyclonal antibody preparation specific for
MBL. Next, avidin conjugated to horseradish peroxidase
(HRP) was added to each microplate well and incubated. A
3,3’,5,5’-tetramethylbenzidine (TMB) substrate solution
was then added to each well. The enzyme—substrate reaction
was terminated by the addition of a sulphuric acid solution
and the colour change was measured at a wavelength of
450 nm wavelength with a Model 680 Microplate Reader
(Bio-Rad Laboratories K.K., Tokyo, Japan). The concentra-
tion of MBL in the samples was then determined by com-
paring the optical density (OD) of the samples to the
standard curve, and expressed in ng/ml. The minimum
detectable dose of human MBL of the kit was 0-28 ng/ml,
and the detection range was 0-94-60 ng/ml. The measure-
ment of urinary MBL was normalized for urinary creatinine
(uCr) concentration (expressed as ng/mg uCr), and the
ratios of urinary MBL to uCr were used for analysis.

Statistical analysis

Continuous data were analysed descriptively by using
mean * standard deviation (s.d.). Categorical data were
described as absolute frequencies and percentages. x* test,
independent t-test, one-way analysis of variance (ANOVA)

Table 1. Clinical characteristics of IgAN patients.

and the Mann—Whitney U-test were used for comparison of
all the clinical and histopathological data, and Spearman’s
correlation was applied for correlation analysis. All the
analyses were performed with spss version 16-0 (SPSS,
Inc., Chicago, IL, USA), and a two-tailed P-value =0-05 was
considered statistically significant.

Results

Characteristics of IgAN patients

The clinical characteristics of IgAN patients among different
groups are described in Table 1. No significant differences
were detected in mean age, sex and rate of loss to follow-up
among three groups. The levels of SCr presented a significant
increase as the histopathological phenotypes aggravated,
whereas the levels of eGFR went in the opposite direction.
There were no significant differences between groups 1 and 2
in the ratio of patients with hypertension and urinary
protein excretion, but the two parameters were significantly
higher in group 3 than those in groups 1 and 2. The remis-
sion ratio was not significantly different between groups 1
and 2, but was significantly lower in group 3.

The histopathological parameters of IgAN patients are
shown in Table 2. The patients’ ratios of M0 : M1, SO : S1,
E0: El and TO: T1 : T2 showed a trend of gradual decrease
with the aggravation of histopathological phenotypes.

Urinary MBL in IgAN patients and normal controls

The levels of urinary MBL in IgAN patients were sig-
nificantly higher than those in normal controls
(4-65 = 9-64 ng/mg uCr versus 0-50 = 0-39 ng/mg uCr,
P <0-001) (Fig. 1). Furthermore, among three groups with
different histopathological phenotypes, the levels of urinary
MBL were significantly higher in group 3 than those in
group 2 (10-25 = 14-99 ng/mg uCr versus 3-1 = 4-96 ng/mg
uCr, P=0-006), and similarly, they were also significantly
higher in group 2 compared with those in group 1
(31 =496 ng/mg uCr versus 0-94 £ 1-05ng/mg uCr,
P =0-004) (Fig. 2).

P-value
Group 1 (n=49) Group 2 (n=63) Group 3 (n=50) 1 versus 2 1 versus 3 2 versus 3
Mean age (years) 33-51 = 11-07 3641 = 11-91 35-98 + 12-59 0-461 0-661 0-997
Male/female 26/23 25/28 31/19 0-552 0-368 0-131
Hypertension 9/49 13/63 35/50 0-764 <0-001 <0-001
SCr (umol/l) 6669 * 18-16 88:60 *= 46-65 253-34 = 197-57 0-003 <0-001 <0-001
eGFR (ml/min/1-73 m?) 121-42 *= 2642 93-78 * 34-59 42-45 * 31-11 <0-001 <0-001 <0-001
Proteinuria (g/24 h) 1-71 = 2-38 1-:93 = 2.04 4-14 = 3-11 0-938 <0-001 <0-001
Loss to follow-up 3/49 6/63 8/50 0-511 0-118 0-299
Remission 39/46 39/57 7142 0-054 <0-001 <0-001

IgAN: immunoglobulin A nephropathy; SCr: serum creatinine; eGFR: estimated glomerular filtration rate.
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Table 2. Histopathological characteristics of IgAN patients.

Urinary MBL and IgA nephropathy progression

P-value
Group 1 (n=49) Group 2 (n=63) Group 3 (n=50) 1 versus 2 1 versus 3 2 versus 3
MO/M1 47/2 50/13 25/25 0-011 <0-001 0-001
S0/S1 35/14 17/46 3/47 <0-001 <0-001 0-004
E0/E1 40/9 39/24 20/30 0-023 <0-001 0-021
To/T1/T2 48/1/0 2712917 2/20/28 <0-001 <0-001 <0-001

According to the Oxford classification, four variables were evaluated; that is, mesangial proliferation (M), segmental glomerulosclerosis (S),

endocapillary hypercellularity (E) and tubular atrophy/interstitial fibrosis (T). IgAN: immunoglobulin A nephropathy.

Correlations between urinary MBL and
clinical parameters

In this cohort of IgAN patients, the levels of urinary
MBL had no significant correlation with age (P = 0-398), and
were not significantly different between male and female
patients (4-06 * 7-72 ng/mg uCr versus 5-44 = 11-72 ng/mg
uCr, P=0-366). However, patients with hypertension
had significantly higher levels of urinary MBL than those
without hypertension (9-10 = 14-45 ng/mg uCr versus
2-24 * 3-85 ng/mg uCr, P=0-001) (Fig. 3a).

Urinary MBL was correlated positively with the levels of
SCr and proteinuria, but negatively with eGFR (r=0-541,
P<0-001; r=0-322, P<0-001; r=-0-405, P<0-001)
(Fig. 3b—d). There was no significant correlation between
urinary MBL and haematuria (expressed by RBC counts per
high-power field) (P=0-146). Furthermore, the levels of
urinary MBL had no correlation with the levels of serum IgA
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Fig. 1. Comparison of the levels of urinary mannose-binding lectin
(MBL) between immunoglobulin A nephropathy (IgAN) patients and
normal controls. The horizontal solid lines indicate the median values
for each group.
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and C3 (P =0-502, 0-314), but had a positive correlation with
serum C4 (r=0-171, P=0-03) (Fig. 3e).

Correlations between urinary MBL and
histopathological parameters

For mesangial proliferation, the levels of urinary MBL
were significantly higher in patients with M1 than those
in patients with MO (12-57 = 15-36 ng/mg uCr versus
2:06 = 4-50 ng/mg uCr, P < 0-001) (Fig. 4a); for segmental
glomerulosclerosis, patients scored as S1 had significantly
higher levels of urinary MBL than those scored as SO
(5-78 = 11-27 ng/mg uCr versus 2-47 = 4-52 ng/mg uCr,
P=0-009) (Fig.4b); for endocapillary hypercellularity,
patients scored as E1 had also significantly higher levels of
urinary MBL than those scored as E0 (7-59 = 13-87 ng/mg
uCr versus 2-78 * 470 ng/mg uCr, P=0-01) (Fig. 4c); and
the levels of urinary MBL were elevated significantly with the
severity of tubular atrophy or interstitial fibrosis upgraded;
that is, they were significantly higher in patients scored as
T2 than in those scored as T1 (14-23 * 16:65 ng/mg uCr
versus 3-44 * 4-53 ng/mg uCr, P=0-002) and T1 than TO
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Fig. 2. Comparison of the levels of urinary mannose-binding lectin
(MBL) among different renal histopathological phenotypes. The
horizontal solid lines indicate the median values for each group.
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(3-44 * 4-53 ng/mg uCr versus 1-09 * 1-92 ng/mg uCr,
P =0-003) (Fig. 4d).

Correlation between urinary MBL and renal remission

Of 162 IgAN patients, 17 were lost to follow-up. The mean
time of follow-up was 28:6 = 5-9 months. To clarify further
the significance of urinary MBL for predicting the progres-
sion of IgAN we divided the 145 patients who completed the
whole period of follow-up into remission and non-remission
groups and compared the levels of urinary MBL between
them, which showed significantly lower levels in the remis-
sion group compared with the non-remission group
(1-07 = 1-24 ng/mg uCr versus 9-71 = 13-37 ng/mg uCr,
P <0-001) (Fig. 5a). Considering the effect of different treat-
ment protocols on disease progression, the patients were
stratified into non-immunosuppressive therapy group and
immunosuppressive therapy group. In both subgroups, the
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patients who achieved remission had significantly lower levels
of urinary MBL compared with non-remission patients
(non-immunosuppressive therapy group: 1-02 = 1-10 ng/mg
uCr versus 7-14 = 7-18 ng/mg uCr, P =0-004, Fig. 5b; and
immunosuppressive therapy group: 1-12 = 1-35 ng/mg uCr
versus 10-64 £ 14-96 ng/mg uCr, P < 0-001, Fig. 5¢).

Discussion

Glomerular IgA deposition is associated with activation of
the complement system, involving the alternative pathway
and the lectin pathway of the complement. Although histo-
logical deposition of MBL, as a recognition molecule of the
lectin pathway of the complement, had been demonstrated
to be associated with more severe renal injury, no published
study has examined urinary MBL in IgAN patients. To our
knowledge, this study is the first to investigate the signifi-
cance of urinary MBL as a non-invasive biomarker for
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estimating the severity of renal damage and predicting the
progression of IgAN.

In the present study, we first demonstrated that the levels
of urinary MBL were significantly higher in IgAN patients
than those in normal controls, and increased with the aggra-
vation of histopathological phenotypes. Furthermore, we
illustrated that urinary MBL was correlated with the well-
known clinical prognostic factors for the development of
ESRD in IgAN patients; that is, renal function (expressed by
SCr and eGFR), proteinuria and arterial hypertension at the
time of renal biopsy. Then, we showed that urinary MBL was
correlated with the histopathological parameters which have
independent value in predicting renal outcome of IgAN
according to the Oxford classification; that is, mesangial
hypercellularity, segmental glomerulosclerosis, endocapil-
lary hypercellularity and tubular atrophy/interstitial fibrosis.
More importantly, our follow-up data showed that non-
remission patients had higher levels of urinary MBL than
patients in remission. Above all, we conclude that the higher
levels of urinary MBL are associated with more severe renal
lesions and poorer renal prognosis of IgAN patients, and
therefore urinary MBL can be a reliable non-invasive biom-
arker for evaluating the severity and predicting the progres-
sion of IgAN.

Previous studies have demonstrated that serum levels of
MBL had no association with glomerular deposition of MBL
or severity of renal lesions, while glomerular deposition of
MBL was correlated with more severe renal disease in I[gAN
[15]. According to our study, urinary MBL was elevated with
aggravation of renal histopathological lesions. These find-
ings suggest that elevated MBL in urine may derive from

© 2012 The Authors

MBL accumulation in renal tissue instead of the circulation.
Accumulated MBL can trigger glomerular activation of
the lectin pathway of complement and, consequently,
the increased proinflammatory activation products of the
complement system lead to cell injury and induction of the
inflammation, which promotes disease progression [26].
With the progression of renal disease, the defect of glomeru-
lar filtration occurs which results further in the presence of
abnormal material in urine, including MBL. However, our
hypothesis needs to be proved further in future studies.

In the present study, we evaluated the renal histological
lesions at two levels. First, we performed overall evaluation
with Lee’s classification and compared the levels of urinary
MBL among three groups divided by different histopatho-
logical phenotypes, which indicated that the levels of urinary
MBL were elevated with renal histopathological phenotypes
upgraded. Furthermore, we evaluated the associations
between urinary MBL and the specific four variables with
predictive significance according to the Oxford classification,
including glomerular and interstitial lesions, which sug-
gested that urinary MBL was correlated with not only glom-
erular but also interstitial lesions. The combined application
of two classifications for evaluating renal histopathological
lesions may supply more comprehensive information and
more powerful evidence.

We avoided selection bias by including all consecutive
patients receiving a histological diagnosis of IgAN in our
department. Normal controls were selected as sex- and age-
matched to exclude bias from the effect of sex and age.
Because it is well accepted that the protein : creatinine ratio
in spot urine may represent 24-h proteinuria, we used the
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MBL : creatinine ratio to reflect total urinary MBL excretion
to avoid the effect of urine volume [27,28].

However, there are some limitations in our study. First, as
a single-centre study, its external validity may be limited.
Secondly, the short-term follow-up period might weaken the
strength of our conclusions. In fact, we are maintaining a
regular follow-up of this cohort of IgAN patients, and the
results could be published in the future.

In conclusion, our study demonstrates that urinary MBL
can be a useful and reliable biomarker for evaluating the
severity of renal injury and predicting the progression in
IgAN. However, our conclusions should be verified further
in large-scale studies with long-term follow-up.
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