Hum Genet (2014) 133:1299-1309
DOI 10.1007/s00439-014-1464-y

ORIGINAL INVESTIGATION

Polymorphism of DEFA in Chinese Han population with IgA

nephropathy

Ricong Xu - Shaozhen Feng - Zhijian Li - Yonggui Fu -
Peiran Yin : Zhen Ai - Wenting Liu - Xueqing Yu -
Ming Li

Received: 20 March 2014 / Accepted: 12 June 2014 / Published online: 15 July 2014

© Springer-Verlag Berlin Heidelberg 2014

Abstract Our recent genome-wide association study
(GWAS) had discovered a new locus at 8p23 (rs2738048)
associated with IgA nephropathy (IgAN) in Chinese Han
patients, implicating the DEFA gene family within this
locus as susceptibility genes. However, it is still unknown
whether there are additional variations within these genes
associated with the disease susceptibility. The aim of this
study is to investigate the polymorphisms of DEFA genes
in the susceptibility to IgAN and explore possible disease
mechanisms. Sixteen tag single-nucleotide polymorphisms
(tag SNPs) were selected for association study in 1,000
IgAN cases and 1,000 controls by using Sequenom Mas-
sArray system or TagMan SNP genotyping assays. We
found seven SNPs within DEFA genes that were signifi-
cantly associated with IgAN, including rs2738048 discov-
ered in our previous GWAS (p = 0.0007, OR = 0.77) and
additional 6 SNPs (rs2615787, p = 0.0001, OR = 0.74;
rs2738081, p = 0.0003, OR = 0.72; rs2738058,
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p = 0.0001, OR = 0.73; rs4288398, p = 0.0008,
OR =0.78; 156984215, p = 0.002, OR = 0.63; 1512716641,
p = 0.00002, OR = 0.71). Electrophoretic mobility shift
assays and luciferase assays demonstrated that frag-
ments containing rs2738048, rs2738081 and rs6984215
were transcription factor binding sites for CTF, SP1 and
CdxA, respectively, and the allele status of rs2738048 and
16984215 could significantly change the luciferase activ-
ity. These results suggest that polymorphisms within DEFA
genes are involved in gene transcriptional regulation, and
this may have some effect in mediating susceptibility to
IgAN in southern Chinese.

Introduction

IgA nephropathy (IgAN) is one of the most common form
of glomerulonephritis throughout the world and also the
leading cause of kidney failure among Asian populations
(D’ Amico 1987; Tsukamoto et al. 2009). It is characterized
by predominant IgA deposition in the glomerular mesan-
gial area and the disease diagnosis requires a kidney biopsy
(Donadio and Grande 2002; Barratt and Feehally 2005).
The precise pathogenesis of IgAN is unclear, but genetic
and environmental factors are thought to play important
roles in this disease. The familial clustering of the disease,
variation of the prevalence and clinical manifestations
(Scolari 2003; Barratt and Feehally 2005; 1zzi et al. 2006),
all support a genetic component to IgAN.

Previous linkage study and candidate gene association
study have identified several genetic factors predisposing to
IgAN (Fennessy et al. 1996; Gharavi et al. 2000; Narita et al.
2002; Li et al. 2004; Bisceglia et al. 2006; Paterson et al.
2007; Cao et al. 2008; Lim et al. 2008; Yu et al. 2012). How-
ever, the results from candidate gene association studies have
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not been very reproducible and the genes underlying linkage
signals were unknown. Recently, three genome-wide asso-
ciation studies (GWASs) have largely advanced our under-
standing of the disease from the genetic perspective (Fee-
hally et al. 2010; Gharavi et al. 2011; Yu et al. 2012). In one
study comprising 4,137 IgAN cases and 7,734 controls of
Chinese Han ancestry that was performed by our group, we
discovered a new locus at 8p23 (rs2738048) that implicated
DEFA genes as one of the susceptibility genes. DEFA genes
encode a-defensins, which are known to demonstrate impor-
tant antimicrobial, antiviral, and immunomodulatory prop-
erties (Yamaguchi and Ouchi 2012). The DEFA region dis-
plays multiple copy number variants (CNVs), with a CNV
extending from 5 to 14 copies per diploid genome across
the DEFAI/A3 genes (Linzmeier and Ganz 2005). Recent
studies have shown that higher copy number of DEFAI/A3
genes was associated with increased risk of Crohn’s disease
(CD) and severe sepsis (Chen et al. 2010; Jespersgaard et al.
2011). However, the effects of the single-nucleotide poly-
morphisms (SNPs) in this region are less well-understood. In
this study, we aim to investigate the association patterns of
tag single-nucleotide polymorphisms (tagSNPs) across the
DEFA gene cluster in Chinese Han patients with IgAN.

Materials and methods
Subjects

A total of 1,000 patients with renal biopsy-proven IgAN
were recruited from our department. Patients with evidence
of cirrhosis, Henoch—Schonlein purpura nephritis, hepatitis
B-associated glomerulonephritis, HIV infection and sys-
temic lupus erythematosus were excluded. All case samples
were selected from previous GWAS samples, while 1,000
healthy subjects with no history of renal diseases as well as
negative urine routine test were newly recruited as normal
controls, which had not been included in previous GWAS.
All subjects were of self-reported southern Chinese Han
ancestry. The study was approved by the Ethics Commit-
tee of the First Affiliated Hospital, Sun Yat-sen University.
All subjects gave a written informed consent for participa-
tion in this study. Genomic DNA was isolated from whole
blood using a commercial DNA extraction kit (Qiagen,
Hilden, Germany) according to the manufacturer’s instruc-
tions and quantified by spectrophotometer.

SNP selection and genotyping
SNP genotype information was derived from the HapMap
CHB and JPT populations (HapMap release 28, NCBI

build 36) spanning 1 kb upstream and downstream of
each DEFA gene. Haploview 4.2 was used for analyzing
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the HapMap data and selecting tag SNPs using the Tagger
function, with the criteria of minor allele frequency (MAF)
>0.05 in the HapMap population (both CHB and JPT) and
pairwise linkage disequilibrium (LD) of 7% < 0.8. A total of
16 tag SNPs were chosen for the DEFA locus.

Thirteen SNPs were genotyped by using Sequenom
Mass Array system (Sequenom iPLEXassay, San Diego,
USA), while another 3 SNPs were genotyped by TagMan
SNP genotyping assays (Applied Biosystems, Foster City,
CA) according to the manufacturer’s instructions. Allelic
discrimination assays were performed by ABI Prism 7500
Sequence Detection System (Applied Biosystems).

SNP function prediction

SNP function was predicted using the bioinformatics tools
Functional Single Nucleotide Polymorphism (F-SNP; http://
compbio.cs.queensu.ca/F-SNP/), AliBaba 2.1 (TRANSFAC,
conservation >80 %; http://www.gene-regulation.com) and
SNP Function Prediction online (FuncPred; http://snpinfo.
niehs.nih.gov/).

Nuclear protein extraction and electrophoretic mobility
shift assay

For electrophoretic mobility shift assay (EMSA) analy-
sis, oligonucleotides containing predicted transcription
factor binding sites (TFBSs) surrounding rs2738081,
rs2738081, rs4288398 and rs6984215 were designed and
synthesized with biotin-labeled at 5’ end (supplementary
Table 1). The open reading frame (ORF) sequence of four
predicted transcription factors (HSTF, NCBI accession no.
NM_004506.2; SP1, NCBI accession no. NM_138473.2;
CTF, NCBI accession no. X12492.1; CdxA, NCBI acces-
sion no. NM_001804.2) was individually cloned into
OmicsLink expression clone M90 vector (Genecopoeia
Inc., Germantown, MD). Transcription factor expression
vectors HSTF-M90, SP1-M90, CTF-M90, and CdxA-
M90 were constructed and confirmed by DNA sequencing.
Empty expression vector M90 (Genecopoeia Inc., German-
town, MD) was used as negative control.

HEK293T cells (ATCC) were cultured in Dulbecco’s
modified Eagle medium (DMEM) (Gibco BRL, Life Tech-
nologies, New York, USA) supplemented with 10 % fetal
bovine serum (Gibco BRL, Life Technologies, New York,
USA), penicillin G (100 U/ml), and streptomycin (100 U/
ml) (Gibco BRL, Life Technologies, New York, USA) at
37 °C in a humidified 5 % CO, incubator. HEK293T cells
were seeded into 6-well plates at a density of 3 x 10° cells
per well 20 h before transfection. HEK293T cells plated in
triplicate were transfected with expression vector of each
respective transcription factor (HSTF-M90, SP1-M90,
CTF-M90, CdxA-M90) and empty vector control M90,
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using Lipofectamine 2000 (Invitrogen, Carlsbad, USA)
according to the manufacture’s protocol.

After 48 h of incubation, nuclear protein extracts were
prepared using NE-PER Nuclear and Cytoplasmic Extrac-
tion Reagents (Thermo Scientific, Rockford, IL, USA).
Binding reactions were performed using the Light Shift
Chemiluminescent EMSA Kit (Thermo Scientific) accord-
ing to the manufacturer’s protocol. Nuclear extract was
incubated with biotin-labeled probe (50 fmol) for 20 min
at room temperature. Unlabeled DNA probe or antibodies
were added 20 min before the addition of the biotin-labeled
DNA probe. The samples were separated on a 5 % poly-
acrylamide-TBE gel, and then transferred onto nylon mem-
branes, UV cross-linked, and detected using X-ray film
(Kodak). The image on the X-ray film was scanned at a res-
olution of 600 dpi. Each EMSA experiment was repeated
three times. The anti-CTF, anti-SP1 and anti-CdxA anti-
bodies were purchased from Abgent and Millipore.

Transient transfections and luciferase activity assays

Luciferase reporter plasmids were constructed as follows:
about 100 bp SNP-containing DNA sequence was ampli-
fied from healthy human genomic DNA by PCR using a
sense primer with an additional Kpnl restriction site and
an antisense primer with an additional Bg/II restriction site
(Supplementary Table 2). The PCR fragments were purified
and cleaved with Kpnl and Bg/lI, then cloned into pGL-3
promoter vector (Promega, Madison, USA). Identification
of isolated clones was confirmed by DNA sequencing.

HEK293T cells were seeded into 12-well plates at
a density of 2 x 10° cells per well 20 h before transfec-
tion. The pGL3 promoter plasmid (500 ng) and pRL-TK
(25 ng) (Promega, Madison, USA) were co-transfected into
HEK?293T cells with either a transcription factor expression
vector (CTF-M90, SP1-M90, HSTF-M90, CdxA-M90)
(500 ng) or a negative-control empty vector M90 (500 ng)
using Lipofectamine 2000 (Invitrogen, Carlsbad, USA).
The plasmid pRL-TK was used as an internal control to
normalize differences in transfection efficiency. After 24—
48 h of incubation, cells were lysed and luciferase activi-
ties were measured using a dual-luciferase assay system
(Promega, Madison, USA) on an Infinite FS00 microplate
reader (Tecan, Minndorf, Switzerland). For each plasmid
construct, the experiment (three replicates per experiment)
was independently repeated three times.

Statistical analyses

Hardy—Weinberg equilibrium (HWE) was tested by Chi-
square test, and SNPs deviating from HWE in controls were
excluded (p < 0.05). The associations between DEFA poly-
morphisms under additive, dominant and recessive genetic

models with IgAN were tested in binary logistic regression
model with R software (http://www.r-project.org/), where
age and gender were included as covariates. An additive
model assumes that the tested allele exerts an additive effect,
so that carriers with 0, 1, 2 risk alleles would have zero,
moderate and the strongest effect, respectively. A dominant
model assumes that all carriers of the tested allele (both
homozygote and heterozygote) would have an effect, while
a recessive model assumes that only carriers with two cop-
ies of the tested allele (homozygote) would have an effect
(Ma et al. 2010). In each model, the p value, odds ratio (OR),
and 95 % confidence interval (95 % CI) were presented. The
linkage disequilibrium patterns and statistics were obtained
by Haploview v4.2 (Barrett et al. 2005). Bonferroni cor-
rection for 16 independent tests was used to correct for the
number of SNPs studied, resulting in a p value threshold
of 0.0031 for claiming statistical significance. Student’s ¢
test was used to analyze the difference in luciferase activity
between two alleles of each SNP by GraphPad Prism 5 soft-
ware (GraphPad Software Inc., San Diego, CA, USA).

Results
Patient characteristics

Nineteen subjects (11 cases, 8 controls) with genotype call
rate less than 90 % were excluded. Finally, 989 cases and
992 controls were included for further analysis. Sample
information was shown in Table 1. All samples were col-
lected from southern China.

Genetic association analysis

All the 16 tagSNPs were successfully genotyped by seque-
nom or TagMan methods, and the genotype counts were con-
sistent with the HWE (control group, p > 0.05). The physical
locations of and inter-marker LD between these SNPs are
schematically presented in Fig. 1. We tested for association
under different inheritance models by using logistic regres-
sion adjusted for age and gender (Table 2). The minor alleles
of the following six SNPs were more significantly associated
with IgAN under additive models (rs2615787, p = 0.0001,
OR = 0.74, 95 % CI: 0.64-0.86; rs2738081, p = 0.0003,
OR = 0.72, 95 % CI: 0.60-0.86; rs2738058, p = 0.0001,
OR = 0.73, 95 % CI: 0.63-0.85; rs2738048, p = 0.0007,
OR = 0.77, 95 % CI: 0.66-0.89; rs4288398, p = 0.0008,
OR = 0.78, 95 % CI: 0.68-0.90; rs12716641, p = 0.00002,
OR = 0.71, 95 % CI: 0.61-0.83), while the minor allele of
rs6984215 was more significantly associated under a reces-
sive model (p = 0.002, OR = 0.63, 95 % CI: 0.47-0.85).
We also compared the allele frequencies of the seven
associated SNPs among different HapMap populations.
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Table 1 Characteristics of the study population

Characteristics Case® Control
Total number 989 992
Male (%) 427 (43.17) 675 (68.04)
Age, year, mean + SD 36.17 £ 0.35 42.49 + 043
Hypertension (%) 254 (29.7)
Estimated GFR (ml/min/1.73 m?)?® 89.65 £ 1.52

CKD stage 1 (%)° 409 (51.1)

CKD stage 2 (%)° 186 (23.2)

CKD stage 3 (%)° 124 (15.5)

CKD stage 4 (%)° 46 (5.7)

CKD stage 5 (%)° 36 (4.5)
Serum IgA level (mg/ml) 2.96 + 0.04
Gross hematuria (%) 100 (11)
Microscopic hematuria (%) 479 (52.5)
Proteinuria (g/day)* 1.04 £ 0.05

<0.3 (%) 190 (25)

0.3-1 (%) 332 (43.7)

1-3 (%) 185 (24.3)

>3 (%) 53(7)
Clinical subtypes of IgAN¢

Asymptomatic hematuria 98 (12.9)

or proteinuria (%)
Nephritic syndrome (%) 619 (81.4)
Nephrotic syndrome (%) 43 (5.7)

SD standard deviation

 Estimated GFR: estimated glomerular filtration rate, which was cal-
culated by the MDRD formula

® CKD stage: stage 1 (GFR >90 ml/min/1.73 m?), stage 2 (GFR:
60-89 ml/min/1.73 m?), stage 3 (GFR: 30-59 ml/min/1.73 m?), stage
4 (GFR: 15-29 ml/min/1.73 m?), stage 5 (GFR <15 ml/min/1.73 m?)

¢ 24 h proteinuria level: none/mild (<0.3 g/day), moderate (0.3-1 g/
day), (1-3 g/day), severe (>3 g/day)

4 Clinical subtypes: asymptomatic hematuria or proteinuria (urine
protein <3.5 g/24 h, Scr <1.3 mg/dl and without edema or hyperten-
sion); nephritic syndrome (urine protein <3.5 g/24 h, with or with-
out Scr >1.3 mg/dl, or edema, or hypertension); nephrotic syndrome
(urine protein >3.5 g/24 h)

¢ A few subjects in this study lacked of specific data and we only
analyzed those who had the information

Whereas the minor allele of rs2738058 is more common
in non-Asian than Asian populations, the minor alleles of
rs4288398 and rs6984215 are similar between Asian and
European ancestry populations but much lower in African
populations (Supplementary Table 3).

Bioinformatic analyses predict TFBS in the region
surrounding SNP

In order to analyze the molecular mechanisms underlying
the associations between those seven SNPs and disease,
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the function of SNPs were predicted using three independ-
ent bioinformatics tools (SNPinfo, F-SNP and AliBaba
2.1) (Table 3). Only four SNPs (rs2615787, rs2738081,
rs2738048, and rs6984215) were predicted to be functional
and to alter the transcription factor binding sites (TFBSs)
for the transcription factors heat shock factor (HSTF),
specificity protein 1 (SP1), CCAAT box-binding tran-
scription factor (CTF) and caudal-type homeobox protein
(CdxA), respectively. These SNPs were predicted to either
disrupt or create transcription factor sequence motifs and
were considered as candidates for further gene transcrip-
tional regulation analysis.

EMSA demonstrates DNA—nuclear proteins binding ability
of SNPs

We conducted EMSA to investigate whether the DNA
sequences containing SNPs (rs2615787, rs2738081,
rs2738048, or rs6984215) could interact with nuclear
proteins and alter DNA-protein interactions. As shown
in Fig. 2a, nuclear proteins from HEK 293T cells trans-
fected with CTF expression vector retarded the migration
of probes for both the C allele (lane 2) and the T allele
(lane 7). The band corresponding to shifted complex
showed weaker intensity when the labeled oligonucleo-
tide contained the C allele, whereas a higher intensity was
achieved when the labeled oligonucleotide contained the
T allele. The DNA—protein complex was supershifted by
anti-CTF antibody (lanes 3 and 8) and could be attenu-
ated by competition with unlabeled probe (lanes 4 and 9).
There was no detectable band corresponding to shifted
complex when oligonucleotide interacted with nuclear
proteins from mock HEK 293T cells (lanes 5 and 10).
The results indicated that the T allele of rs2738048 might
bind to transcription factor CTF more effectively than the
C allele. The same assay was conducted with oligonucleo-
tides containing the major and minor alleles of rs2738081
and rs6984215 (Fig. 2b, c). Both oligonucleotides con-
taining rs2738081 or rs6984215 could interact with SP1
or CdxA. However, there was no significant difference of
altered DNA—protein complex intensity between the major
and minor alleles. We could not detect any interaction of
rs2615787 with any of the nuclear proteins (Supplemen-
tary Fig. 1).

The effect of SNPs on promoter activity by luciferase assay

The effect of the SNP-containing DNA sequence on gene
expression was assessed by the luciferase assay. The pGL3-
promoter reporter vector containing the SNP fragment
was co-transfected with transcriptional factor expression
construct into HEK293T cells. Compared with the empty
expression plasmid MO0, transfection of allele-specific
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Fig.1 A linkage disequilibrium (LD) plot for tagSNPs of DEFA
measured by 2. A total of 992 controls were used for analysis. The
gene structure of DEFA is shown with exons and relative exon size
denoted by the width of the vertical bars. The 16 SNPs annotated to
DEFA are represented as black dots and arrayed by position along
chromosome 8, with fangential lines connecting each SNP to its hap-
lotype block. Pairwise marker—marker LD (shown below the gene
structure) was generated using Haploview v4.2 (Barrett et al. 2005).

reporter vector of rs2738048 with CTF expression vec-
tor, or transfection of allele-specific reporter vector of
rs2738081 with SP1 expression vector resulted in a signifi-
cant decrease in luciferase activity by ~3-8 fold (Fig. 3a,
b). These results were consistent with the EMSA results,
implying that rs2738048 and rs2738081 were transcrip-
tion factor binding sites for CTF and SP1 and functioned as
negative regulation of gene expression. However, only the
allele status of rs2738048 significantly changed the lucif-
erase activity. The T allele of rs2738048 showed a more
significant decrease in luciferase activity than C allele (by
~50 %, p < 0.05, Fig. 3a), which may be attributed to the
more efficiently binding to CTF of the T allele than the
C allele (Fig. 2a). Co-transfection of allele-specific SNP
(rs6984215T/C) containing vector with CdxA expression

Block 1 (87 kb)

\.>Q
. KV/</\
\ 2

o

Regions of low-to-high LD, as measured by the #* statistic, are rep-
resented by light gray to black shading, respectively. The r* value is
displayed as a percentage in the plot. One LD block has been identi-
fied (black solid line) and is involvement of 8 SNPs by Haploview
v4.2. The four SNPs predicted to be the transcription factor binding
sites (rs2615787, rs2738081, rs2738048 and rs6984215) are outlined
in black rectangles

vector or M90 empty vector showed similar luciferase
activity, which suggested that binding of transcription fac-
tor CdxA to this fragment was not significantly associated
with repressed transcriptional activity (Fig. 3c). Further-
more, the C allele at rs6984215 had an obvious effect in
decreasing luciferase activity compared to the T allele (by
~4 fold), thereby suggested that the C allele may cause
a reduction in transactivation probably independent of
CdxA. We also found that transfection of allele-specific
SNP (rs2615787A/C) containing vector with or with-
out HSTF expression vector did not change the luciferase
activity (p = 0.5851, p = 0.7511, Fig. 3d). As EMSA
results showed that there was no detectable interaction of
rs2615787 with nuclear proteins (Fig. 2d), these results
demonstrated that rs2615787A/C was likely not a binding
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Table 3 Functional prediction of significant SNP by website program F-SNP

SNP Alleles  Functional category Prediction FS score  (SNP allele) TF name (SNP allele) TF name TFBS®
result (distance from start site)  (distance from start site)®
1s2615787 A/C Transcriptional regulation ~ Changed 0.5 (A) HSF2 (—2,028 bp) (A) HSTF (—2,028 bp) No
rs2738081 C/A Transcriptional regulation ~ Changed 0.5 (C) SP1 (—6,397 bp) Yes
rs2738058 A/IG Transcriptional regulation ~ Changed 0.5 (G) ADRI1 (—3,934bp) No TFBS No
rs2738048 T/C No functional information (T) CTF (—5,102 bp) Yes
exists for rs2738048, yet.
rs4288398  A/G Transcriptional regulation ~ Not changed 0 No TFBS No
rs6984215  T/C Transcriptional regulation ~ Changed 0.5 (T) CdxA (—9,055 bp) No TFBS No
rs12716641 T/C No functional information No TFBS No

exists for rs12716641, yet.

The transcription factor (TF) binding to SNP was predicted by TFSearch tool (score >90) from F-SNP (http://compbio.cs.queensu.ca/F-SNP/)
* TF binding to SNP was predicted by TRANSFAC tool (conservation >80 %) from AliBaba2.1 (http://www.gene-regulation.com/pub/

programs/alibaba2/index.html)

® SNP function was predicted by FuncPred tool from SNPinfo (http:/snpinfo.niehs.nih.gov/, show validated SNPs only). Only rs2738081 and
rs2738048 were predicted to be associated with potential transcription factor binding sites (TFBS)

site of HSTF and had no effect on transcriptional regulation
by HSTFE.

Discussion

Over the past few years, genome-wide association stud-
ies (GWAS) have successfully identified numerous genetic
variants for complex human diseases (McCarthy et al.
2008; Frazer et al. 2009). Our previous GWAS revealed
that the SNP rs2738048 in DEFA was associated with
IgAN (Yu et al. 2012). In this study, we further investigated
tagSNPs within DEFA region to confirm the role of DEFA
polymorphisms in susceptibility to [gAN and explore pos-
sible disease mechanisms.

There are seven SNPs within DEFA confirmed to be sig-
nificantly associated with IgAN, including one SNP dis-
covered in our previous GWAS and additional six SNPs.
Individuals with minor alleles of rs2615787, rs2738081,
rs2738058, 1s2738048, 1s4288398, rs12716641 and
rs6984215 had significantly lower risk of developing IgAN,
mostly with an additive genetic effect, suggesting that the
minor alleles of these SNPs in DEFA genes might be a pro-
tective genetic factor against the development of IgAN.

Most of the disease-associated variants discovered in
GWAS are noncoding variants, and a long-range regulation
by enhancers, repressors or insulators may account for the
association between these noncoding variants and complex
polygenic diseases (Noonan and McCallion 2010; Ward
and Kellis 2012; Lee et al. 2013). In our study, the signifi-
cant SNPs discovered in the DEFA region for IgAN were
also within noncoding regions. Since the distance between
the predicted functional SNP and gene transcription unit is

more than 2 kb, we tested whether the polymorphic seg-
ment could influence promoter and luciferase activity by
binding to transcription factor to exert a long-range regu-
latory interaction. Although rs2738048 and rs2738081 are
upstream variants of pseudogenes DEFA9P (=5 kb) and
DEFASP (=6 kb), several lines of evidence have shown
that pseudogenes may have regulatory roles in gene expres-
sion (Healy et al. 1996; Korneev et al. 1999). In our study,
a significant reduction of promoter activity was found after
co-expression with transcription factor CTF or SP1, indi-
cating that SNPs rs2738048 and rs2738081 in the 5’ flank-
ing region of DEFA9P and DEFASP were likely to regu-
late gene expression through binding of CTF and SP1. Our
results also supported the previous opinion that transcrip-
tion factor binding at the SNP site resulting in altered gene
expression may be a possible molecular mechanism of how
these SNPs influence susceptibility to disease (Hata et al.
2007; Butter et al. 2012; Karczewski et al. 2013).

We also found that the allele status of rs2738048 could
significantly change the luciferase activity, where the
major allele (T) had ~50 % lower luciferase activity than
the minor allele (C). Another SNP rs6984215 was 9 kb
upstream of DEFAIB. The minor C allele at rs6984215
had stronger transcriptional regulation activity than major
T allele and showed increased repressor activity. SNP
rs6984215 is likely to negatively regulate gene transcrip-
tion independent of transcription factor CdxA. Our lucif-
erase assay and EMSA results indicated that the DNA
segment containing rs2738048 or rs6984215 may reduce
gene expression through long-range interactions. Further
studies are warranted to confirm whether the allele status
of 152738048 and rs6984215 influence the expression of
DEFAs at transcriptional level.
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Fig.2 EMSAs performed with biotin-labeled oligonucleotide and
nuclear extracts prepared from HEK293T cells transfected with an
expression plasmid-encoding CTF (C), SP1 (S), CdxA (A). Spe-
cific binding of nuclear protein to the respective oligonucleotide was
tested by adding competing unlabeled oligonucleotide probe and pro-
tein-specific antibody. a The rs2938048 oligonucleotide formed com-
plex with nuclear proteins which was supershifted by the addition of
anti-CTF antibody. b The rs2928081 oligonucleotide formed DNA—
protein complex which was attenuated by unlabeled oligonucleotide.
The complex band was abolished by addition of anti-SP1 antibody. ¢

Biologically, a-defensins encoded by DEFA genes are
primarily produced by neutrophils and Paneth cells (Lehrer
2004). Increased levels of a-defensins were reported in type
1 diabetic patients with nephropathy, rheumatoid arthritis
(RA), systemic lupus erythematosus (SLE) and Sjogren’s
syndrome (SS), demonstrating the important roles of
a-defensins in autoimmune diseases (Bokarewa et al.
2003; Peluso et al. 2007; Saraheimo et al. 2008; Sthoeger
et al. 2009). Low concentration of human a-defensins 1-3
(1 pg/ml) increase the secretion of TNFa, IL-18 and IL-8
in human monocyte-derived dendritic cells (Rodriguez-
Garcia et al. 2009), which are essential factors for initiating
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The rs6984215 oligonucleotide formed DNA—protein complex which
was attenuated by unlabeled oligonucleotide. The complex band
was abolished by addition of anti-CdxA antibody. Lanes 1 and 6, no
nuclear extracts; lanes 2 and 7, 10 g nuclear extracts with 20 fmol
biotin-label probe; lanes 3 and 8, complex was supershifted with 2 g
antibody; lanes 4 and 9, complex was included unlabeled competitor
in 200-fold molar excess; and lanes 5 and 10, nuclear extracts from
HEk293T cells without transfection (M). [ free biotin-labeled probes.
11 specific DNA—protein complex bands. The supershifted complex is
denoted by a single arrow

a proinflammatory cascade when mesangial cells expose
to IgA antibodies in IgAN (Barratt and Feehally 2005).
Alpha-defensins 1-3 can also enhance phagocytosis and
clearance of intracellular pathogens (Arnett and Seveau
2011), and participate in antibodies and extracellular matrix
productions (Lillard et al. 1999; Brogden et al. 2003; Mar-
tin and Leibovich 2005). The formation and impaired clear-
ance of immune complexes and an inflammatory response
to their deposition along with mesangial proliferation are
critical for IgAN pathogenesis (Sancho et al. 1983; Barratt
and Feehally 2005; Wyatt and Julian 2013). These studies
suggest that a-defensins may affect the process of IgAN.
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Fig. 3 Functional analysis of SNPs by luciferase assay. a SNP
(rs2738048C/T)-containing pGL3 promoter vector was transfected
with or without CTF-M90 expression vector into HEK293T cells.
The T allele of rs2738048 showed a more significant decrease in
luciferase activity than C allele. b SNP (rs2738081A/C)-containing
pGL3 promoter vector was transfected with or without SP1-M90
expression vector. Both C allele and A allele of rs2738081 signifi-
cantly decreased the luciferase activity through binding to SPI. ¢
SNP (rs6984215T/C)-containing pGL3 promoter vector was trans-
fected with or without CdxA-M90 expression vector. Both could

Our study confirmed that variants within DEFA were asso-
ciated with IgAN and some of them had effects on gene
transcriptional regulation.

The present work is the first study to investigate the asso-
ciation between DEFA polymorphism and IgAN. However,
there are some limitations in this study. Firstly, the asso-
ciations of DEFA with IgAN were only studied in Chinese
Han population, and further analysis in different ethnic
populations will be needed to validate the result. Secondly,
as the DEFA region displays a high frequency of CNVs, the
correlations of the known CNVs with the SNPs should be
further analyzed. Thirdly, although our results suggested
that some SNPs of DEFAs had effects on gene transcrip-
tional regulation, the expression level of a-defensins in
IgAN patients carrying different alleles should be exam-
ined to confirm this finding.

In brief, we have confirmed the previous GWAS finding
in IgAN and found more variations within DEFA genes,
some of which may regulate promoter activity and gene
expression. These results suggested that transcriptional

(% pGL3 promoter)

reduce luciferase activity. d SNP (rs2615787C/A)-containing pGL3
promoter vector was transfected with or without HSTF-M90 expres-
sion vector, which did not change the luciferase activity. The pGL3-
promoter vector containing the SV40 promoter and empty expression
vector M90 were used as negative controls. Luciferase activity was
analyzed 36 h after transfection. All transfections were repeated in
duplicates and the results were expressed as the mean of three dif-
ferent experiments + SD. p values were evaluated using two-tailed
Student’s ¢ tests

activity of DEFA genes may influence susceptibility to
IgAN in southern Chinese.
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