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DEFA gene variants associated with IgA nephropathy
in a Chinese population
YY Qi1,2,3,4, XJ Zhou1,2,3,4, FJ Cheng1,2,3,4, P Hou1,2,3,4, L Zhu1,2,3,4, SF Shi1,2,3,4, LJ Liu1,2,3,4, JC Lv1,2,3,4 and H Zhang1,2,3,4

IgA nephropathy (IgAN) is a complex syndrome with high genetic heterogeneity. More recently, a genome-wide association
study (GWAS) from Southern Han population revealed that variants within 8p23.1, where the DEFA genes encoding a-defensins
assembled, were associated with susceptibility to IgAN. To replicate the association and fine-map the genetic variants,
a case–control genetic study from an independent Northern Han cohort was conducted. A total of 60 single-nucleotide
polymorphisms in a region spanning 350 kb encompassing the DEFA genes cluster were analyzed in 2096 individuals. Copy number
variations of DEFA1A3 within the loci were also checked for the independent association. Functional significance of the
associated variants was further examined by the in silico method as well as by cis-acting expression quantitative trait loci analysis
with mRNA. It showed that 17 out of 60 (28.3%) variants were associated with susceptibility to IgAN. Two independent signals with
functional potentials were discovered (rs2738058, P= 4.64 × 10− 5, odds ratio (OR) = 0.76, 95% confidence interval (CI) 0.66–0.87 and
rs9644778, P= 4.78 × 10− 3, OR = 1.21, 95% CI 1.06–1.39). Besides, marginally significant association of rs9644778 risk genotype with
lower proportion of gross hematuria (CC+CA vs AA 35.2% vs 30.2%, P= 0.073) was observed. In conclusion, DEFA gene
polymorphisms have potentially pathogenic roles in IgAN, and the role of mucosal immunity in the pathogenesis of IgAN has
to be emphasized.
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INTRODUCTION
IgA nephropathy (IgAN), the most common cause of end-stage
renal disease in Asian population, is a genetically complex and
clinically heterogeneous renal disease.1 It is characterized as
immune complexes containing IgA deposited in the glomerular
mesangium, in renal biopsy. Although the pathogenesis of IgAN is
not clear, the four-hit model (glycosylation deficiency of IgA1,
synthesis of antiglycan IgG antibodies, formation of IgA1-
containing immune complex and mesangial deposition of
immune complex) suggesting abnormality in the innate and
adaptive immunity may be involved in its pathogenesis.2 The
familial aggregation, different prevalence among different ethnic
populations and variable disease courses in individual patients
support that genetic predisposing factors contribute to IgAN
susceptibility and development.3–8

The IgAN susceptibility loci discovered in the genome-wide
association studies (GWASs) were mainly from eight genomic
regions, including the MHC region at 6p21, DEFA locus at 8p23,
TNFSF13 locus at 17p23, HORMAD2 locus at 22q12, CFH/CFHR
locus at 1q32, ITGAM-ITGAX locus at 16p11, VAV3 locus at 1p13
and CARD9 locus at 9q34.5,6,9 Genetic studies have provided a
glimpse into IgAN pathogenesis and identified the involvement
of defects in adaptive immunity, innate immunity, mucosal
immunity and the alternative complement pathway.2 Although
the role of mucosal immunity in IgAN is still controversial, the
loci including TNFSF13, DEFA and HORMAD2 discovered in the

GWAS of IgAN were all likely implicated in the response of
mucosal immunity, suggesting a deregulation role due to
genetic defects in mucosal immunity. More recently, GWAS
conducted in 4 discovery cohorts and 10 replication cohorts
covering European and East Asian, the two major ancestries,
confirmed that DEFA locus is strongly associated with IgAN
susceptibility.9 DEFA locus, in which six human a-defensin
peptides are encoded by only five DEFA genes, encodes
α-defensins, which are antimicrobial peptides involved in
maintenance of the intestinal mucosal barrier or regulation of
the mucosal immune response.10 The DEFA1 and DEFA3 genes
are interchangeable occupants of a 19-kb copy-variable unit.
Both single-nucleotide polymorphisms (SNPs) and copy number
variations (CNVs) can associate with diseases and influence gene
expression. It has been reported that they have an effect on
several diseases.11–18 Two GWASs discovered variants in the
association of DEFA locus with IgAN susceptibility. However, the
top SNPs were inconsistent.6,9 Replication by others can ensure
that the original findings are robust and can provide a more
accurate estimate of the likely effect size. Besides, variants
discovered by previous GWASs were within the noncoding
sequences of a gene or intergenic regions. To integrate
expression data from diverse tissue types, genome and
experimental-based annotation data covering noncoding and
clinical phenotype association analysis are prominent. From a
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more important aspect for disease pathogenesis, the underlying
functional significance needs to be further addressed.
In this study, we focus on exploring independent susceptibility

variants in the DEFA region in a bid to provide evidence DEFA
gene involvement in the pathogenesis of IgAN.

RESULTS
The significant SNPs in the DEFA region associated with IgAN
susceptibility
A total of 60 SNPs in the DEFA region were analyzed (Figure 1).
Seventeen (28.3%) of them were significantly associated with the
susceptibility to IgAN (Po0.05; Table 1). Among them, rs2738058
located in 14 kb 3' of the DEFA1 intergenic region (GRCh37/hg19)
showed the strongest association signal (P= 4.64 × 10− 5, odds
ratio (OR) = 0.76, 95% confidence interval (CI) 0.66–0.87). The
association of top SNP rs2738048 identified in the previous GWAS
with susceptibility to IgAN was also confirmed (P= 2.13 × 10− 3,
OR = 0.81, 95% CI 0.71–0.93).6 Power calculations indicated that
we had at least 98.6% power to detect loci with allelic frequencies
40.10 and relative risk41.5 assuming an a-level of 0.05 (Po0.05)
in the current study. Detailed power calculation data for the
identified 17 variants are shown in Supplementary Table 1.
Further linkage disequilibrium (LD) analysis in the control

groups revealed that these 17 SNPs can be grouped into four
clusters (Figure 2). The most strongly associated SNPs from each
block were chosen as tag SNPs, including rs2738058 (a variant at
14 kb in 3' of DEFA1), rs2702910 (a variant 11 kb 3' of DEFA1),
rs4300027 (a variant 4.8 kb 5' of DEFA3) and rs9644778 (a variant
3.2 kb 3' of DEFA5), and together with rs2738048 (a variant 12 kb 3'
of DEFA1), which was the top signal from the GWAS from Southern
Han, for identifying the independent susceptibility variant
associated with IgAN.
To test the independence of the identified five SNPs, a stepwise

logistic regression analysis was performed using the forward
method. rs2738058 showed the strongest association with IgAN
(OR= 1.25(1.08–1.43); P= 5.82 × 10− 5). The second indepen-
dent locus was rs9644778 (OR = 1.15(1.00–1.32); P= 0.015;
Supplementary Table 2). Conditional logistic regression analysis

was also performed to investigate the independent effects
of the identified five SNPs, which showed the same results
(Supplementary Table 3). Accordant with the data from the
stepwise logistic regression analysis and conditional logistic
regression analysis, rs2738058 and rs9644778 were in low LD
(r2 = 0.16). These suggest that rs2738058 and rs9644778 were
independent variants associated with susceptibility to IgAN.

Association analysis between DEFA1A3 CNVs and SNPs
To determine whether the association of the SNPs within DEFA loci
with IgAN is independent or is due to their LD with DEFA1A3 CNVs,
we conducted a two-stage association analysis considering
DEFA1A3 copy numbers (CNs).
In the first stage, we correlated the two different variants

(SNP and CNV) in 45 HapMap Chinese Han Beijing (CHB)
individuals by χ2 test and calculated the Pearson’s correlation
coefficients for LD estimation. The previously GWAS-reported
variant rs2738048, which was located at 12 kb in 3' of DEFA1, was
significantly associated with CNs of DEFA1A3, with the risk allele
correlating with lower DEFA1A3 CNs (P= 0.012, r=− 0.370).
Another marginal significance was observed between rs2702910
risk genotypes and lower CNs (P= 0.124, r=− 0.233). For valida-
tion, we further checked DEFA1A3 CNs of 70 healthy controls with
Northern Chinese ethnicity and their associations with the two tag
SNPs. Similar to data from HapMap CHB, the correlation
coefficients observed in the current Beijing controls were also
approximately − 0.3 (P= 0.012 and r=− 0.298 for rs2738048,
P= 0.033 and r=− 0.255 for rs2702910; Figure 3). However, none
of rs2738058, rs9644778 and rs4300027 genotypes was observed
to correlate with CNs of DEFA1A3 in any of the cohorts
(Supplementary Figure 1).

Regulatory variant annotation and cis-eQTL (expression
quantitative trait loci) analysis exploring possible functional loci
As the majority of associated variants mapped to noncoding
intergenic regions, we first checked the functionality of lead SNPs,
including rs2738048, rs2738058 and rs9644778, by rSNPBase. In
the rSNPBase, all SNPs were annotated with references to

Figure 1. Regional association plots for SNPs in the DEFA gene cluster. x axis: chromosomal position (GRCh37/hg19). y axis: association with
IgAN from our current analysis (− log10 P-value). The figure was generated using Locus Zoom.
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experimentally supported regulatory elements, which improved
the reliability.19

SNP annotations indicated that both rs2738058 and rs9644778
rather than rs2738048 were regulatory SNPs. Considering regulation
types, by ChIP-seq technology, it was observed that rs2738058
affects proximal transcriptional regulation, whereas rs9644778
affects distal transcriptional regulation;20 rs2738058 was located
within different histone-marked regions in multiple cell lines, which
was experimentally supported by the Broad Institute using ChIP-seq

technology from ENCODE data. In T-lymphocyte and leukemia cell
lines, rs2738058 was located within H3K4me1, H3K9ac, H3K9ac
and H3K27ac histone-marked regions. In lung epithelial cells, B
lymphocytes, embryonic stem cells, liver carcinoma cells and myoblast
cells, rs2738058 was located within H4K20me1 histone-marked regions.
rs2738058 was located within H3K9me1 histone-marked regions in
leukemia cells and keratinocyte cells. rs9644778 affects distal transcrip-
tional regulation in breast adenocarcinoma MCF-7 cell lines using ChIA-
PET (Genome Institute of Singapore, Singapore) tools.20

Table 1. The association of DEFA region polymorphisms with IgAN

CHR SNP BP Location Minor
allele

MAF
in case

MAF in
control

Trend test
P-value

OR

8 rs2741658 6798969 Intergenic 16 kb 5' of DEFA4 A 0.22 0.27 1.70 ×10−3 0.80 (0.65–1.86)
8 rs2702852 6800911 Intergenic 18 kb 5' of DEFA4 G 0.21 0.25 4.29 × 10− 3 0.81 (0.70–0.94)
8 rs12680018 6807874 Intergenic 15 kb 3' of DEFA1 G 0.18 0.15 2.06 × 10− 2 1.22 (1.03–1.44)
8 rs2738058 6809027 Intergenic 14 kb 3' of DEFA1 G 0.27 0.33 4.64 × 10− 5 0.76 (0.66–0.87)
8 rs2738048 6810195 Intergenic 12 kb 3' of DEFA1 C 0.27 0.31 2.13 × 10− 3 0.81 (0.71–0.93)
8 rs2702910 6811301 Intergenic 11 kb 3' of DEFA1 T 0.24 0.28 1.48 × 10− 3 0.80 (0.69–0.92)
8 rs7825750 6867213 Intergenic 4 kb 5' of DEFA3 C 0.39 0.35 1.95 × 10− 2 1.16 (1.03–1.32)
8 rs4300027 6867985 Intergenic 4.8 kb 5' of DEFA3 T 0.32 0.37 5.37 × 10− 4 0.80 (0.70–0.91)
8 rs4512398 6868004 Intergenic 4.8 kb 5' of DEFA3 C 0.32 0.37 6.65 × 10− 4 0.80 (0.70–0.91)
8 rs7826487 6868335 Intergenic 5.1 kb 5' of DEFA3 G 0.05 0.07 4.45 × 10− 3 0.69 (0.54–0.89)
8 rs4288398 6869048 Intergenic 5.8 kb 5' of DEFA3 A 0.31 0.35 1.19 × 10− 2 0.85 (0.74–0.96)
8 rs9774483 6870701 Intergenic 7.5 kb 5' of DEFA3 A 0.21 0.18 4.23 × 10− 2 1.18 (1.01–1.37)
8 rs6982814 6875366 Intergenic 12 kb 5' of DEFA3 G 0.21 0.18 4.75 × 10− 2 1.17 (1.00–1.37)
8 rs12682030 6891017 Intergenic 9.2 kb 3' of DEFA5 C 0.08 0.10 1.17 × 10− 2 0.76 (0.61–0.94)
8 rs6999181 6891919 Intergenic 8.3 kb 3' of DEFA5 A 0.08 0.10 1.04 × 10− 2 0.75 (0.61–0.94)
8 rs9644778 6897064 Intergenic 3.2 kb 3' of DEFA5 C 0.32 0.28 4.78 × 10− 3 1.21 (1.06–1.39)
8 rs10095331 6901260 Intron DEFA5 A 0.08 0.10 9.45 × 10− 3 0.75 (0.61–0.93)

Abbreviations: BP, base pair; CHR, chromosome; IgAN, IgA nephropathy; MAF, minor allele frequency; OR, odds ratio; SNP, single-nucleotide polymorphism.

Figure 2. The LD maps of the 17 identified disease-associated SNPs in 902 healthy controls. The figure was generated using the Haploview
software, and the LD was estimated using the r2 and the blocks defined according to CIs.38 The SNP marked with cross was the previous GWAS
identified, rs2738048. The most strongly associated SNPs from each block, which were chosen as tag SNPs, are marked in the boxes.
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It was reported that the functional SNP most strongly supported
by experimental evidence was possibly an SNP in LD with the
reported association rather than the reported SNP itself.21 We
further located the set of SNPs that were in strong LD (r2⩾ 0.8)
with leading SNPs in all HapMap populations, and annotated the
SNPs using a scoring scheme integrated in Regulome DB. A total
of 4 out of 7 SNPs and 6 out of 13 SNPs were in strong LD with
regulatory SNPs rs2738058 and rs9644778. This was supported by
more than one single experimental modality (for example, motif-
based predictions, DNase I hypersensitivity peaks and ChIP-seq
peaks).20 Among the many predicted regulatory SNPs, rs2615787
(17 kb 5' of DEFA4, in LD with rs2738058, r2 = 0.89 in Chinese Hans
living in Beijing) had the highest Regulome DB score 2b (namely,
containing predicted transcription factor-binding motifs sup-
ported by ChIP-seq, having protein-binding sequences as
demonstrated by ChIP-seq, or located in the chromatin structures
or the histone modification regions). rs2615787 overlapped with a
region of predicted transcription factor-binding motifs (STAT,22

HSF222,23), protein (CTCF,20 TAL124) binding, ChIP-seq peak (in 13
types of cell lines, that is, B lymphocyte–Gm12878 and Monocyte–
Monocd14ro1746), and a DNase I hypersensitivity peak20 (see
Supplementary Table 4).
Supporting eQTL data surely will support a higher functional

significance of the associated variants in addition to TF binding,
matched TF motif, matched DNase footprint and DNase
peak. Gene expression in Epstein–Barr virus-transformed
lymphoblastoid B-cell lines from 210 unrelated HapMap samples
was utilized to study the correlation between SNP genotypes
and gene expression. Risk genotypes of both rs2738058 and
rs4300027 showed significant correlation with low DEFA3 mRNA
expression (P= 1.63 × 10 − 4, r = 0.265 and P= 8 × 10 − 3, r= 0.187,
respectively).

Genetic association of the variants with specific subphenotypes
Associations of the independent variants with clinical and
demographic features of patients with IgAN were further
analyzed in our cohort. As presented in Table 2, rs9644778 risk
genotypes (CC+CA) showed significant association with early-
onset (age⩽ 18) IgAN (17.5% vs 9.4%, P= 4.69 × 10 − 5, OR = 0.49,
95% CI 0.34–0.69) and marginally significant association with
higher proportions of gross hematuria (CC+CA vs AA 35.2 vs
30.2%, P= 7.3 × 10 − 2).

DISCUSSION
DEFA gene cluster codes for small peptides that are important
effector molecules in innate and adaptive immunity. In humans,
there are two families of defensins, α-defensins and β-defensins. α-
Defensins are mainly expressed in the neutrophils and in the
paneth cells of the intestine, whereas β-defensins are expressed by
the epithelial tissue.10 Elevated level of α-defensins was found in
type 1 diabetic patients with nephropathy,11 rheumatoid arthritis,12

systemic lupus erythematosus13 and Sjögren’s syndrome.14 CNVs
and gene polymorphisms of DEFA1 or/and DEFA3 are found
associated with multiple immune-related diseases such as Crohn’s
disease.17 All the above discoveries highlighted the critical role of
α-defensins in autoimmunity, including mucosal innate immunity.
SNPs together with CNVs may contribute to the making up of the
IgAN susceptibility background.
For IgAN, it was suggested that innate, adaptive and mucosal

immunity were involved in inherited defects in IgAN.2 Recent
GWASs have revealed that the DEFA locus at 8p23.1 was
associated with susceptibility to IgAN in the Southern Chinese Han
population.6 In the present study, we investigated 60 SNPs in
8p23.1 spanning 350 kb encompassing the DEFA gene cluster and
its upstream region. A total of 17 (28.3%) identified SNPs were
observed to significantly associate with the susceptibility to IgAN.
Two independent signals, rs2738058 and rs9644778, discovered in
DEFA locus were in low LD, and survived from stepwise analysis
and conditional analysis. Multiple variants identified in DEFA locus
suggested a likely true effect of DEFA SNP effects on IgAN
susceptibility. Besides, our results also indicated that rs2738048
disease association effects may be partially inflated by DEFA1A3
CNVs. Just like SNPs, CNVs are also an important source of genetic
variation in the human genome. CNVs are expected to have an
important role in the genetic basis of complex diseases such as
autoimmune diseases and autism.25–27 DEFA1A3 locus on human
chromosome 8p23.1 is also a region that exhibits multiallelic CNVs.
Future studies addressing the respective contributions of CNVs
and SNPs in DEFA locus to IgAN are deserved. More recently, Black
et al.28 suggested that different structural haplotypes in DEFA1A3
locus were associated with DEFA1A3 CNs. However, they mainly
focused on a 4.1-kb region in high LD from a Caucasian
population. The top-tagging SNP rs4300027 was also in low LD
with ours, r2 being between rs4300027 and rs2738048 (r2 = 0.16),
rs2738058 (r2 = 0.10), rs2702910 (r2 = 0.06) and rs9644778

Figure 3. The correlation between DEFA1A3 CNs and SNPs in HapMap CHB population. The replication cohort was analyzed by χ2 test and the
Pearson’s correlation coefficient was calculated.
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(r2 = 0.04; LD relationships between SNPs were adopted based on
the HapMap data using CHB samples). Thus, the structural
haplotypes they observed may not be well tagged in our cohort
and need further testing in multiple populations, because
repeated data supported that CNVs of the region suffer from
power of selection. In addition, both rs2738058 and rs9644778 are
expected to be highly functional variants in DEFA gene cluster,
which may act as regulatory factors for gene expression. From a
GWAS of chronic periodontitis conducted in a general German
population, rs2738058 was also observed to be one of the top
association signals, further suggesting that rs2738058 may be one
of the causal variants.29 The risk genotypes (CC+CA) of rs9644778
were associated with gross hematuria marginally, which indicates
that the SNPs in DEFA loci may not only influence disease
susceptibility but also impact IgAN severity. Hematuria, a typical
clinical presentation secondary to upper respiratory or gastro-
intestinal illness in IgAN patients, was speculated to be caused by
the synergistic effect of innate, mucosal and adaptive
immunity.30,31 Although limited by the small sample size, as more
IgAN patients with detailed clinical data are needed to confirm the
result, our findings support the notion that α-defensins are
involved in the inherited defect in IgAN, via innate and mucosal
immunity disorders. Cis-eQTL analysis showed that risk genotypes
of both rs2738058 and rs4300027 showed significant correlations
with lower gene expressions. When α-defensin concentration was
low, human monocyte-derived dendritic cells elevated secretions
of tumor-necrosis factor-α and interleukin-1β, contributing to
aggregation of inflammatory medium.32 The risk genotypes
correlated with lower gene expressions may lead to low serum
α-defensin concentration, which would provide a proinflammatory
environment in glomeruli mesangial cells to amplify proinflam-
matory loop by upregulation of IgA receptors in mesangial cells.33

In this case, more IgA may be deposited in mesangial cells, which
is consistent with renal biopsy specimens. The data above showed
the genetic, expression and clinical manifestation association of
DEFAs and IgAN. However, the association in IgAN was relatively
weak and precise mechanisms still need to be determined.
GWASs have identified numerous susceptibility loci for diseases

or traits. One of the greatest challenges in the post-GWAS era is to
clarify the functional variants within the identified loci. In this
study, we investigated multiple SNPs spanning a 350-kb range in
DEFA loci among 2096 CHB. We discovered two independent SNPs
with potential regulatory functions and successfully replicated

previously GWAS-reported rs2738048. Genetic, expression and
clinical manifestation association suggested that DEFA gene
polymorphisms have potentially pathogenic roles in IgAN. The
role of mucosal immunity in the pathogenesis of IgAN should be
emphasized.

MATERIALS AND METHODS
Patients and controls
The cases and controls analyzed in this study were from our previous
GWAS cohort,5 including 1194 renal biopsy-proved IgA nephropathy
patients and 902 healthy controls of Chinese Han ancestry from Northern
China. Participants in this cohort were geographically and ethnically
matched and statistically analyzed in a previous report.5 The study got the
approval from the Medical Ethics Committee of the Peking University First
Hospital and written informed consent was obtained from all the patients.

SNP selection and genotyping
For genotyping, a customized Illumina (San Diego, CA, USA) Human 610-
Quad BeadChip platform was applied and genotyping yield was over 99%.5

A region spanning 350 kb (chromosome 8, 6 750 000–7 100 000, GRCh37/
hg19) encompassing the DEFA gene cluster (132 kb, GRCh37/hg19) and its
upstream (DEFA5, 5′ region, 200 kb, GRCh37/hg19) was selected, and a
total of 60 SNPs within this region were included and analyzed in the
current study.

Determination of DEFA1A3 CNVs
The relative standard curve method of quantitative real-time PCR (7500
Real-time PCR System, Applied Biosystems, Foster City, CA, USA) was used
to determine DEFA1A3 CNVs, as described previously,34 without modifica-
tions of primers and PCR conditions. For quality control, an internal control
from HapMap CHB population (NA18570) was selected and randomly
assigned in every plate for calibration. Seven serial 1:2 dilutions of genomic
DNA of the calibrator were used to generate standard curves on each PCR
plate and the minimal DNA content was 0.5 ng in the reaction. The CN
count of each sample was determined by the average of three times of
repeated amplification. For methodological validations of the DEFA1A3 CNs
determined by qPCR, we compared our results with the sequencing data in
the database obtained from the Complete Genomics Institute (http://www.
completegenomics.com/).35 Our qPCR results were totally concordant with
sequencing data in the database from Complete Genomics Institute. The
resulting CN between our qPCR and sequencing data was consistent in
triplicated qPCR assays.

Table 2. Associations between variants in DEFA gene cluster and severity of IgAN

Clinical parameters rs2738058 rs9644778

GG+GA (n= 549) AA (n= 645) P-value CC+CA (n= 635) AA (n= 557) P-value

Age onset (⩽18 years, %) 66 (12.0%) 97 (15.1%) 0.13 111 (17.5%) 52 (9.4%) 4.69 × 10− 5 0.49
(0.34–0.69)

Gender (male, %) 295 (53.7%) 288 (44.7%) 0.57 349 (55.0%) 302 (54.2%) 0.55
SBP (mmHg) 124.07± 17.33 123.95± 17.92 0.91 123.50± 17.27 124.59± 18.09 0.29
DBP (mmHg) 78.38± 12.36 78.86± 13.22 0.52 78.35± 12.53 78.95± 13.19 0.43
Uric acid (μmol l− 1) 349.69± 114.74 347.2± 107.69 0.71 348.68± 111.44 348.11± 110.33 0.93
Scr (μmol l− 1) 119.13 (109.02–129.25) 113.67 (105.33–122.01) 0.24 117.28 (107.82–126.74) 115.02 (106.31–123.73) 0.30
24-h UTP (g per day) 2.16 (1.94–2.37) 2.22 (2.03–2.40) 0.74 2.21 (2.02± 2.40) 2.17 (1.96–2.38) 0.95
Serum IgA (g l−1) 3.18± 1.19 3.25± 1.26 0.38 3.27± 1.27 3.15± 1.17 0.10
Gross hematuria (%) 182 (33.2%) 209 (32.5%) 0.80 223 (35.2%) 168 (30.2%) 0.07
eGFR (ml min− 1 per 1.73 m2) 83.71 (80.65–86.76) 87.34 (84.45–90.23) 0.06 86.86 (83.92–89.80) 84.29 (81.28–87.31) 0.20
Histological grading (mild
lesions/severe lesions)

80/107 114/131 0.44 107/125 87/113 0.59

Abbreviations: DBP, diastolic blood pressure; eGFR, esimated glomerular filtration rate; IgAN, IgA nephropathy; SBP, systolic blood pressure; Scr, serum
creatinine; 24 hour UTP, 24 hours total urine protein. Associations between variants in DEFA gene cluster and severity of IgAN. GFR was estimated based on the
Modified Diet in Renal Disease equation for the Chinese population. As none among the serum creatinine level, proteinuria or eGFR rate conformed to normal
distribution, we performed a nonparametric Mann–Whitney U-test. Other parameters used Student’s t-test for continuous variables or the χ2 test for
dichotomous variables. Histological grading: mild lesions refer to grades I and II; grades III, IV and V denote severe lesions. Associations with statistical
significance or marginal significance were marked in bold.
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Cis expression quantative trait loci analysis
SNP–gene associations in eQTL were analyzed using data from Epstein–
Barr virus-transformed lymphoblastoid cell lines of 210 unrelated HapMap
samples, as previously reported.36 Normalized mRNA data were retrieved
from the database of the Gene Expression Variation (GENEVAR) project at
the Wellcome Trust Sanger Institute (http://www.sanger.ac.uk/humgen/
genevar/).

Bioinformatic analysis
Regulatory SNPs were analyzed by rSNPBase (http://rsnp.psych.ac.cn).19

Annotations of variants, located in the transcription factor-binding motifs,
protein-binding sequences, chromatin structures or the histone modification
regions, were obtained from the Regulome DB database (http://www.
regulomedb.org) in ENCODE project.37

Statistical analysis
The identified 60 SNPs within DEFA gene cluster were consistent with Hardy–
Weinberg equilibrium genotype frequency expectations (P40.05) using χ2

goodness-of-fit test. The degrees of LD were estimated by CI method using
Haploview4.1 (Cambridge, MA, USA). Allelic and genotypic associations were
accessed with PLINK. A stepwise logistic regression analysis using forward
method was applied to determine the independence of the SNP. Univariate
linear regression was used to determine the correlations between genotypes
of associated SNPs and CNs. Power was calculated by Power and Sample Size
Calculations Software (http://biostat.mc.vanderbilt.edu/). In cis-eQTL analysis,
Spearman’s coefficient was calculated.
Means and s.d. were used to summarize normally distributed variables.

Median and interquartile ranges were used for non-normally distributed
variables. Categorical data were summarized by ratios and percentages.
Student’s t-test, nonparametric Mann–Whitney U-test and one-way
analysis of variance were performed for comparison of continuous
variables. χ2 test or logistic regression analysis was used for categorical
variables. A two-tailed P-valueo0.05 was considered statistically signifi-
cant. Statistical analysis was performed with the SPSS 16.0 software
package (SPSS Inc., Chicago, IL, USA).
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