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ABSTRACT
IgA nephropathy (IgAN) is characterized by infections followed by episodic gross
hematuria. Deﬁciency of mannose-binding lectin (MBL) is associated with recurrent
infection in many diseases, but controversy exists regarding the role of MBL in IgAN.
Here, we measured MBL2 variants and MBL levels in 749 patients with IgAN and 489
healthy controls. Overall, 5.2% (39 of 749) of patients with IgAN had MBL deﬁciency
(MBL levels ,100 ng/ml), among whom LYPB/LYPB and LXPA/LYPB were the predominant MBL2 haplotypes (82%; 32 of 39). We found a nonlinear association between MBL levels and renal outcome in IgAN. Patients with IgAN and MBL
deﬁciency had a higher incidence of prodromic infections and gross hematuria than
those with sufﬁcient MBL levels (100–3540 ng/ml). Moreover, MBL deﬁciency independently associated with poor renal outcome in IgAN after multiple adjustments
(hazard ratio, 5.18; 95% conﬁdence interval, 2.50 to 10.72; P,0.001). Patients with
high MBL levels (.3540 ng/ml) had more severe proteinuria and a higher proportion
of crescents, although the association with IgAN progression did not reach statistical signiﬁcance after adjustments. In conclusion, MBL deﬁciency and MBL excess
may both have deleterious effects on IgAN progression, which suggests that MBL
contributes to IgAN pathogenesis through multiple mechanisms.
J Am Soc Nephrol 28: 3175–3181, 2017. doi: https://doi.org/10.1681/ASN.2017010076

IgA nephropathy (IgAN) is the most common primary GN1 with unclear pathogenesis.2 The classic presentation in patients
with IgAN is episodic gross hematuria after
mucosal infections. In a recent genomewide association study of IgAN, multiple
genes involved in immunity against intestinal mucosal infection were identiﬁed,
suggesting the involvement of mucosal infections in IgAN,3 although further studies are needed to reveal the underlying
mechanisms.
Mannose-binding lectin (MBL) is an
important protein in innate immunity.4,5
Multiple factors are identiﬁed to inﬂuence MBL levels. First, several regulatory
J Am Soc Nephrol 28: 3175–3181, 2017

variants of its coding gene, MBL2, are
reported to inﬂuence MBL expression,
including c.-550G.C, c.-427A.C, c.349A.G, c.-336A.G, c.-324_-329delAAAGAG, c.-221G.C, c.-70C.T, and
c.4C.T.6–8 Second, three coding variants (Arg52Cys, Gly54Asp, and Gly57Glu) in exon 1 of MBL2 result in four
alleles: the A (52Arg/54Gly/57Gly), B
(52Arg/54Asp/57Gly), C (52Arg/54Gly/
57Glu), and D (52Cys/54Gly/57Gly) alleles.7,8 Among them, A allele was the
wild-type allele, whereas the others (B/
C/D alleles), which are called O allele, led
to a reduction of functional MBL. The
combined effects of these variants result

in the most common immune defect:
MBL deﬁciency (MBL levels ,100 ng/ml).
Third, three IL-6–responsive elements
have been found in the MBL2 promoter,
and they confer increased acute-phase
protein levels during severe inﬂammatory conditions.9
MBL functions as a pattern recognition
molecule to recognize carbohydrate patterns of micro-organisms and activate
complement via the lectin pathway. Complement activation is widely regarded as a
double-edged sword. MBL-initiated complement activation causes both pathogen
opsonization and tissue injury. Therefore,
MBL deﬁciency shows opposite (both protective and risk) effects with different diseases. Individuals with MBL deﬁciency are
more susceptible to recurrent infections,10,11 but it is protective in ischemiareperfusion injury.12,13
Controversy exists regarding the role
of MBL in IgAN. Ohsawa et al.14 found
a tendency toward improved proteinuria
and renal function in MBL-deﬁcient
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patients with IgAN, whereas two other
groups identiﬁed an association between
low MBL levels and genetic variants with
abundant immune deposits15 and IgAN
progression.16 However, these studies
were performed in relatively small populations (61–160 patients). Perhaps limited
by the population size, they focused solely
on MBL deﬁciency, and no further attention was paid to differing MBL levels in
patients without MBL deﬁciency. To solve
the puzzle, we enrolled 749 patients with
IgAN with regular follow-up and 489 controls to evaluate the exact role of MBL in
IgAN. Phenotypic characteristics of enrolled patients are summarized in Table 1.
We at ﬁrst performed genotyping of
the 11 previously reported MBL expression–associated variants. The distributions of allele and genotype frequencies
at each single variant showed no significant differences between patients with
IgAN and healthy controls (Supplemental Table 1), although patients with IgAN
presented with a slightly lower frequency
of the O allele than healthy controls
(14.2% versus 16.9%; P=0.07) (Supplemental Table 2). Among the eight
regulatory variants, six (c.-427A.C,
c.-349A.G, c.-336A.G, c.-324_3 2 9 d e l A A AG AG , c . - 7 0 C . T, a n d
c.4C.T) were completely linked as
previously reported. 8 Therefore, the
combination of the remaining two variants (c.-550G.C [H/L type] and c.221C.G [X/Y type]) and variant
c.4C.T (P/Q type; completely tagged
c.-427A.C, c.-349A.G, c.-336A.G,
c.-324_-329delAAAGAG, and c.-70C.
T) with the four alleles in exon 1 (A/B/
C/D) resulted in several haplotypes, including ﬁve major haplotypes (frequencies .0.01; LYPB/LXPA/LYPA/LYQA/
HYPA) and ﬁve minor haplotypes (frequencies ,0.01; HYPB/HXPA/HYQA/
HYPD/LYQC), in our recruited individuals. When the haplotype frequencies
were compared between patients with
IgAN and controls, no signiﬁcant differences were observed (Supplemental Table
3). Although we failed to ﬁnd any significant genetic associations, which is in accordance with another study in a white
population,17 given the limited number
of recruited patients and controls and
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the relative low frequencies of some haplotypes and variants in MBL2, we did not
have enough power (Supplemental Table
4). Future replication in large independent populations is needed to make sure
that there is no genetic association between IgAN and MBL2 variants.
Next, we detected MBL levels in
our recruited individuals with available
plasma (749 patients with IgAN and 219
healthy controls). Compared with patients
with IgAN, MBL levels in healthy controls
were signiﬁcantly lower (1315.0 ng/ml
[433.4, 2651.7] versus 2690.4 ng/ml
[962.0, 4227.3]; P,0.001; Supplemental
Figure 1). However, the proportions of individuals with MBL deﬁciency were comparable between patients with IgAN and
healthy controls (39 of 749 [5.2%] versus
15 of 219 [6.8%]; P=0.17). Among those
with MBL deﬁciency, 16 (41.0%) patients
and six (40.0%) controls were LYPB/
LYPB, whereas 15 (38.5%) patients and
nine (60%) controls were LXPA/LYPB.
Thus, LYPB/LYPB and LXPA/LYPB were
the predominant genotypes that contributed to MBL deﬁciency, accounting for
79.5% (31 of 39) of patients with IgAN
and 100% (12 of 12) of healthy controls.
Our results conﬁrm the inﬂuence of
MBL2 haplotype on MBL levels as widely
reported before.6–8
To obtain a complete picture of the relationship between MBL levels and renal
outcomes in IgAN, we next modeled
MBL levels as a continuous variable using
restricted cubic splines. Skewed distributed
MBL levels were square root transformed
to make the data close to a normal distribution. Interestingly, a nonlinear association was observed for IgAN progression
(Figure 1). Patients with MBL deﬁciency
showed distinct associations with poor renal outcome. Moreover, although patients
with IgAN with MBL levels .3540 ng/ml
(square root of MBL levels .59.50 ng/ml)
tended to have a less favorable renal survival, the relationship was not statistically
signiﬁcant.
To elucidate the clinical implications
and underlying mechanisms of MBL levels in IgAN, we simpliﬁed our analysis by
dividing patients into three groups: deﬁciency group (,100 ng/ml), sufﬁciency
group (100–3540 ng/ml), and high
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group (.3540 ng/ml). We found that
there were signiﬁcantly more patients
with IgAN in the deﬁciency group than
in the sufﬁciency group who experienced prodromic infection (26 of 39
[66.7%] versus 138 of 437 [31.6%];
P,0.001) and gross hematuria (16 of
39 [41.0%] versus 115 of 437 [26.3%];
P=0.049) (Table 1). MBL deﬁciency is
well known as a contributor to recurrent
infection in toddlers, whose adaptive
immune systems are still immature.10,11,18 Therefore, the higher proportion of prodromic infection observed
in patients with IgAN with MBL deﬁciency might share some mechanisms
with the recurrent infections in toddlers
with MBL defects, which have been attributed to the pathogen opsonization
function of MBL. Because episodic gross
hematuria within several days of infection is a characteristic clinical feature of
IgAN,19 it was unsurprising to also ﬁnd
that a higher proportion of MBL-deﬁcient patients with IgAN presented with
gross hematuria and prodromic infection. During follow-up, ten patients
(25.6%) in the deﬁciency group and 51
patients (11.7%) in the sufﬁciency group
reached the composite end point
(P=0.01) (Table 1). Kaplan–Meier survival analysis revealed that renal survival
for the composite outcome was signiﬁcantly lower in the deﬁciency group than
in the sufﬁciency group (P=0.02) (Figure 2). In a disease as complex as IgAN,
multiple risk factors are involved in progression. Therefore, we further used Cox
proportional hazards model for IgAN
prognosis prediction. After adjustment
for multiple known risk factors for
IgAN progression (including baseline
proteinuria, hypertension, eGFR, Oxford scores, and steroids/immunosuppressive therapy), the MBL deﬁciency
group retained a predictive value for
poor renal outcome compared with the
sufﬁciency group (hazard ratio, 5.18;
95% conﬁdence interval, 2.50 to 10.72;
P,0.001) (Table 2), which indicates
MBL deﬁciency as an independent risk
factor for IgAN progression. In accordance with our survival analysis results,
patients in the deﬁciency group showed
worse eGFR slopes than those in the
J Am Soc Nephrol 28: 3175–3181, 2017
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1.73 (0.64, 2.43)
26 (66.7)
16 (41.0)
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20 (51.3)/12 (30.8)/5
(12.8)/2 (5.1)
19 (48.7)
31 (79.5)
22 (56.4)
28 (71.8)
6 (15.4)/7 (17.9)
19 (48.7)/1 (2.6)
38.0 (19.0, 69.0)
13 (33.3)
38 (97.4)
24.28 (25.84, 22.24)
No. (%)
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8 (20.5)
6.47
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357 (82.8)
211 (49.0)
277 (64.3)
132 (30.6)/72 (16.7)
192 (44.5)/34 (7.9)

35.1611.9
193 (44.2)
1.15 (0.67, 2.28)
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115 (26.3)
82.95630.24
197 (45.1)/136 (31.1)/87
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211 (48.3)
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3 (0.006)
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0 (0)
0 (0)
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2 (0.004)
0 (0)
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22.89 (25.72, 21.25)
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33.3612.3
156 (57.1)
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0.60
0.42
0.01
0.19
0.01
,0.001
,0.001

0.07
0.04
0.01
,0.001
,0.001

0.31
0.01

0.82
0.75
0.76
0.89
0.05

0.50

0.052
0.001
,0.001
0.56
0.28
0.46
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P Valueb

0.46
0.03

0.31
0.20

0.60
0.37
0.35
0.31
0.54

0.96

0.10
0.19
0.31
,0.001
0.049
0.27
0.71

P Valuea

Oxford classiﬁcation: mesangial hypercellularity score (M1.0.5), the presence of endocapillary proliferation (E1: present), segmental glomerulosclerosis/adhesion (S1: present), severity of tubular atrophy/interstitial ﬁbrosis (T1=26%–50%; T2.50%), and presence of crescent (C1: 1%–25%; C2: 26%–100%). IQR, interquartile range; HBP, high BP; RAS, renin-angiotensin system.
a
P value was used to indicate the difference between the MBL deﬁciency group and the sufﬁciency group. A two-tailed P,0.05 was considered statistically signiﬁcant.
b
P value was used to indicate the difference between the MBL high group and the sufﬁciency group. A two-tailed P,0.05 was considered statistically signiﬁcant.
c
CKD stages 1–4 denote eGFR$90, 60–89, 30–59, and 15–29 ml/min per 1.73 m2, respectively, according to the Kidney Disease Outcomes Quality Initiative.
d
The Oxford classiﬁcation was developed by the Working Group of the International IgA Nephropathy Network and the Renal Pathology Society. Oxford scores of ten patients were unavailable, because each of
them had fewer than eight glomeruli.
e
Composite outcome included 50% eGFR decline or ESRD, whichever occurred ﬁrst.

HBP, mmHg (%)
Oxford classiﬁcationd (%)
M1
E1
S1
T1/T2
C1/C2
Follow-up
Follow-up interval, mo
Treated with immunosuppressive
agents or prednisone (%)
RAS blocker (%)
Slope, ml/min per 1.73 m2 per year
Outcome
50% Decline in eGFR
ESRD
Compositee
MBL
Plasma MBL, ng/ml
Haplotype (frequency)
LYPB
LXPA
LYPA
LYQA
HYPA
Rare
HYPB
HYPD
HXPA
HYQA
LYQC

Baseline
Age, yr
Sex (% men)
Initial proteinuria, g/d
Prodromic infection (%)
Gross hematuria (%)
eGFR, ml/min per 1.73 m2
CKD stages 1/2/3/4–5c (%)

Characteristic

Table 1. Demographic, clinical, and histologic characteristics of patients with IgAN
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Figure 1. Nonlinear association between MBL levels and adjusted hazard ratios of 50%
eGFR decline or ESRD in patients with IgAN. Four knots at the 10th, 25th, 75th, and 90th
percentiles of MBL levels were used to model the association between MBL levels and
composite end point, deﬁned as a 50% eGFR decline or ESRD, using restricted cubic
splines. The solid line represents the estimated hazard ratio, the shaded area represents
the 95% conﬁdence interval, and the histogram represents the distribution of the square
root of MBL levels in patients with IgAN. Models were adjusted for age; sex; eGFR; proteinuria; hypertension; Oxford M (mesangial hypercellularity score), E (the presence of
endocapillary proliferation), S (segmental glomerulosclerosis/adhesion), T (severity of tubular atrophy/ininterstitial ﬁbrosis), and C (presence of crescent) scores; and corticosteroids/immunosuppressive therapy. Patients with MBL deﬁciency (MBL,100 ng/ml; square
root of MBL levels ,10 ng/ml) showed distinctly higher hazard ratios for the composite
end point, whereas although patients with higher MBL levels (square root of MBL levels
.59.50 ng/ml) tended to have a less favorable renal survival, the relationship was not
statistically signiﬁcant.

sufﬁciency group (2 4.28 [2 5.84,
22.24] versus 22.85 [25.13, 21.19]
ml/min per 1.73 m2 per year; P=0.03)
(Table 1), which supports the important
role of MBL deﬁciency in IgAN progression. Patients with IgAN often experience
disease onset or exacerbation after infection; therefore, we suspected that MBLdeﬁcient patients with IgAN, who are
prone to infection, might have more frequent IgAN onset or exacerbation, resulting in rapid progression and poor
renal outcome. Future prospective cohort studies designed to reveal the connection among MBL deﬁciency, infection
frequency/type, and disease progression
are needed in IgAN.
Moreover, compared with the sufﬁciency group, patients in the high group
presented with more severe proteinuria
3178

(1.50 [0.84, 3.25] versus 1.15 [0.67, 2.28]
g/d; P,0.001) (Table 1) and higher Oxford C scores (C0/C1/C2: 113 [42.0%]/
123 [45.7%]/33 [12.3%] versus 205
[47.6%]/192 [44.5%]/34 [7.9%]; P=0.05)
(Table 1). We also found that patients in
the high group showed signiﬁcantly
worse renal outcome compared with
those in the sufﬁcient group (P=0.02)
(Figure 2), although the signiﬁcance
was lost after adjustment for clinical
and histologic manifestations using the
Cox regression model (Table 2). Because
IgAN is a slow progression disease and
our patients were only followed for a
short time, future studies recruiting patients with IgAN with longer-term follow-up would be required for replication
and further evaluation. MBL is an acutephase protein and can be induced by
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multiple inﬂammatory factors.20,21 Several studies have shown renal inﬂammation in IgAN; thus, active glomerular
lesion may be one of the reasons for overproduction of MBL in these patients. Accordingly, we observed more severe IgAN
phenotypes in the high group. Because
the lectin pathway is observed in approximately 25% of patients with IgAN22 and
MBL is an initiator of this pathway, we
propose a hypothesis that patients with
IgAN with high circulating MBL levels
might be prone to lectin pathway–initiated complement activation at renal local, resulting in severe renal tissue injury
and a trend of rapid progression. Unfortunately, because of the retrospective design of our study, we did not have data on
local renal MBL staining to support our
hypothesis.
In conclusion, we found that both
MBL deﬁciency and high levels of MBL
are risk factors for poor renal outcome in
IgAN. They may be involved in different
mechanisms of IgAN pathogenesis.

CONCISE METHODS
Study Population
From 2003 to 2014, 1750 patients participated and registered in the IgAN cohort based
at Peking University First Hospital (http://ckd.
edc-china.com.cn/). Among them, 1052 patients were followed up for at least 1 year. Finally,
749 patients with IgAN with both available
plasma and DNA were recruited in our study.
Diagnosis of IgAN was on the basis of the
presence of dominant IgA deposition in the
mesangial area by immunoﬂuorescence and
electron-dense material deposition in the mesangial area by electron microscopy. Patients
with Henoch–Schonlein purpura, liver cirrhosis, and other secondary etiologies of IgAN by
detailed clinical and laboratory examinations
were excluded. In addition, 489 age-, sex-, and
geographically matched unrelated healthy individuals were recruited as controls.
For recruited individuals, anticoagulated
(EDTA) peripheral venous blood was obtained on the day of renal biopsy (for patients with IgAN) or inclusion in the study
(for controls). After the blood samples were
centrifuged at 20003g for 15 minutes at 4°C,
plasma was stored in aliquots at 270°C until
J Am Soc Nephrol 28: 3175–3181, 2017
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Modiﬁed Glomerular Filtration Rate Estimating Equation.24 Histologically, the Oxford
classiﬁcation was used for the evaluation of
pathologic lesions for those with more than
eight glomeruli in biopsy specimens.25 Additionally, crescent scores of C0 (no crescents),
C1 (crescents in less than one fourth of glomeruli), and C2 (crescents in over one fourth
of glomeruli), which were recently added to the
Oxford classiﬁcation, were also used in our
study.26,27 For survival analysis, 50% eGFR decline or ESRD, whichever occurred ﬁrst, was
used as the deﬁnition of composite end point.

Genotyping and Haplotypes of the
MBL2 Gene

Figure 2. Kaplan–Meier renal survival curves of patients with IgAN according to MBL
levels. Patients with IgAN were stratiﬁed into three groups according to MBL levels: a
deﬁciency group (,100 ng/ml; dash-dot line), a sufﬁciency group (100–3540 ng/ml;
dashed line), and a high group (.3540 ng/ml; solid line). Patients in the deﬁciency group
and the high group had signiﬁcantly lower renal survival rates than those in the sufﬁciency
group (P=0.02 for the deﬁciency group; P=0.02 for the high group). The renal survival
curves for patients in the deﬁciency group and the high group showed no signiﬁcant difference (P=0.08).

use, and genomic DNA was extracted by a
salting-out procedure.23
The research was in compliance with the
principles of the Declaration of Helsinki and
approved by the local ethics committees. Informed consent was obtained from all enrolled individuals.

Clinical and Histologic Manifestations
Clinical manifestations at the time of renal
biopsy, including age, sex, serum creatinine

levels, 24-hour urine protein excretion, history of high BP, prodromic infection, and
gross hematuria, were collected from the
medical records. High BP was deﬁned as a
systolic BP of 140 mmHg or more, a diastolic
BP of 90 mmHg or more, or taking antihypertensive medications to prevent hypertension. Prodromic infection was deﬁned as
onset of IgAN within 2 weeks after signs
and symptoms of infections. The GFR of patients with IgAN was calculated using the

Previously, eight variants in the promoter
and 59 untranslated region (c.-550G.C
[rs11003125], c.-427A.C [rs11003124], c.349A.G [rs7084554], c.-336A.G [36014597],
c.-324_-329delAAAGAG [rs10556764], c.221G.C [rs7096206], c.-70C.T [rs11003123],
and c.4C.T [rs7095891]) and three variants in
exon 1 (c.223C.T [rs5030737], c.230G.A
[rs1800450], and c.239G.A [rs1800451]) of
MBL2 were reported to inﬂuence MBL
expression. Therefore, a 990-bp sequence
(from 2677 to 313) containing the above
11 variants of MBL2 was ampliﬁed by PCR
in our recruited 749 patients with IgAN
and 489 healthy controls, and genotyping
of these variants was performed by direct
sequencing.
To determine MBL2 haplotypes, a PCR
sequence-speciﬁc primer was further applied
to individuals with more than one locus
showing heterozygous genotypes among six
variants, including c.-550G.C, c.-221G.C,
c.4C.T, c.223C.T, c.230G.A, and c239G.A,
followed by direct sequencing.

Table 2. Risks of composite end point of MBL levels
MBL Subgroup

MBL Median (IQR), ng/ml

Sufﬁciency group
Deﬁciency group
P value
High group
P value

1663 (745.8, 2630.8)
0.0 (0.0, 3.6)
4847.7 (4073.9, 5689.0)

Hazard Ratio (95% Conﬁdence Interval) and P Value
Unadjusted

Model 1a

Model 2b

Model 3c

1 (Reference)
2.82 (1.43 to 5.57)
0.003
1.56 (1.06 to 2.30)
0.03

1 (Reference)
2.85 (1.44 to 5.68)
0.003
1.52 (1.02 to 2.24)
0.04

1 (Reference)
4.06 (1.99 to 8.30)
,0.001
1.50 (1.00 to 2.27)
0.05

1 (Reference)
5.18 (2.50 to 10.72)
,0.001
1.54 (1.02 to 2.33)
0.04

Composite end point was deﬁned as a 50% decline in eGFR or ESRD. IQR, interquartile range.
a
Model 1 was adjusted for sex and age. Sex was analyzed as dichotomous data.
b
Model 2 was adjusted for covariates in model 1 plus eGFR, proteinuria, high BP (yes or no), and Oxford M (mesangial hypercellularity), E (the presence of endocapillary proliferation), S (segmental glomerulosclerosis/adhesion), T (severity of tubular atrophy/interstitial ﬁbrosis), and C (presence of crescent) scores. The
latter ﬁve variables were analyzed as categorical data.
c
Model 3 was adjusted for covariates in model 2 plus steroids or other immunosuppressive agents use (yes or no).
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All primers used for PCR and the PCR sequence-speciﬁc primer were designed using
the Primer 3 program (http://bioinfo.ut.ee/
primer3-0.4.0/) and are listed in Supplemental
Table 5 along with the PCR annealing temperatures. PCR products were sequenced using an
ABI 3730 XL Genetic Analyzer (Applied Biosystems, Carlsbad, CA) and aligned to the reference
sequence (version NC_000010.11) to determine
the genotypes and haplotypes of the MBL2 gene.

MBL Level Detection
Plasma MBL levels of recruited individuals
with available plasma (749 patients with
IgAN and 219 healthy controls) were detected
by ELISA using a commercial MBL Oligomer
ELISA kit (BIOPRTO, Hellerup, Denmark)
according to the manufacturer’s protocol.
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Statistical Analyses
Quantitative variables are presented as the
means6SD (for normally distributed data) or
medians with interquartile range (for non-normally distributed data). Categorical data are
summarized as absolute frequencies and percentages. For continuous variables, an independent samples t test was used if the data were
normally distributed; if not, Mann–Whitney or
Kruskal–Wallis tests were performed. Categorical variables were compared using the chisquared test. Cumulative kidney survival curves
were derived using the Kaplan–Meier method,
and differences between curves were analyzed
using a log-rank test. The prognostic factors
were determined by multivariate analysis with
Cox regression. The results are expressed as
hazard ratios with 95% conﬁdence intervals.
The statistical software SPSS 11.0 (SPSS, Chicago, IL) was used for mean/median/percentage comparison and survival analysis.
To explore the association of MBL levels as
continuous variables with renal outcome using Cox regression, MBL levels were modeled
using restricted cubic splines after multivariable adjustment, for which Stata Edition 14.0
(Stata, College Station, TX) was used. Statistical signiﬁcance was considered as a P,0.05.
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