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Abstract
Background  Immunoglobulin A nephropathy (IgAN) is one of the most common primary forms of glomerulonephritis, 
while IgA vasculitis (IgAV) is the most common systemic vasculitis in children.
Objective  Herein we aimed to uncover single nucleotide polymorphism (SNP) markers associated with these two related 
diseases by applying association tests and Sanger sequencing.
Methods  Within the discovery stage, genomic DNA in blood samples from 101 enrolled patients were genotyped by the 
Korean Biobank Array. Association tests were performed with 397 Korean reference genomes. In the validation stage, 26 
independent samples were genotyped by Sanger sequencing.
Results  Four SNPs were identified (P < 5 × 10–8) in the discovery stage. To determine whether the genotypes determined by 
SNP array were accurate, additional genotyping via Sanger sequencing was performed. As a result, only one SNP, rs9428555, 
was properly genotyped. In the validation stage, the minor allele (A > G) was found in as many as 15 out of 26 samples (minor 
allele frequency = 0.288), even though this minor allele is rare in East Asians (< 3%).
Conclusions  We found rs9428555 as a novel susceptible locus associated with the development of both IgAN and IgAV in 
Koreans. Though we cannot conclude rs9428555 is the unique susceptible locus of IgAN and IgAV, it is likely a good marker 
as the minor allele of this SNP occurred much more often in the patient group here versus within East Asians as a whole.

Keywords  Glomerulonephritis · IGA · Purpura · Schoenlein–Henoch · Receptors · Calcitriol · Polymorphism · Single 
nucleotide · Child

Introduction

Immunoglobulin A nephropathy (IgAN) is one of the most 
common primary forms of glomerulonephritis in children 
and adolescents worldwide, and is characterized by pre-
dominant IgA-containing immune complex deposits within 
the glomerular mesangium upon renal biopsy (Noel et al. 
1987). IgA vasculitis (IgAV), formerly known as Henoch-
Schönlein purpura, is the most common form of systemic 
vasculitis in children and is also characterized by IgA-
containing immune complex in small vessels (Trnka 2013). 
Renal involvement of IgAV (IgAV nephritis) occurs in about 
30% of IgAV patients and is histologically indistinguishable 
from IgAN (Davin and Coppo 2014).

Though the pathogeneses of IgAN and IgAV and/or 
nephritis remain unclear, the multi-hit hypothesis, includ-
ing production of galactose-deficient IgA, autoantibodies 
that recognize abnormal IgA1, their subsequent immune 
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complexes formation and glomerular deposition has been 
widely supported by many studies (Davin and Coppo 2014; 
Suzuki 2019). IgAN and IgAV and/or nephritis are consid-
ered to be related diseases due to their similar histological 
features and IgA abnormalities, as well as the occurrence of 
IgAV and IgAN among identical twins or within the same 
patient (Kamei et al. 2016; Suzuki et al. 2018). Notably, 
serum levels of galactose-deficient IgA are high in both 
groups of patients—those with IgAN and IgAV nephritis—
and their asymptomatic first-degree relatives (Hastings et al. 
2010; Kiryluk et al. 2011).

Genetic background is considered important for the devel-
opment or progression of disease (Yeo et al. 2018). The prev-
alence of both the aforementioned diseases varies between 
different ethnicities, and is higher within Asian populations 
(Oni and Sampath 2019; Schena and Nistor 2018). How-
ever, the causative genes of IgAN/IgAV have not yet been 
identified, probably because these diseases are polygenic or 
highly influenced by environment (Kiryluk et al. 2014; Yeo 
et al. 2018). In an effort to explore the genetic susceptibility 
markers of these diseases, several large-scale genome-wide 
association studies (GWAS) have been performed in IgAN 
patients, mainly with cohorts of European and East Asian 
ancestry, and nearly 20 risk variants were identified (Li and 
Yu 2018; Neugut and Kiryluk 2018). In respect to IgAV 
and/or nephritis, to date there is only one GWAS study with 
308 IgAV patients and 1018 controls from Spain, reported 
by Lopez-Mejias et al. (2017). Within a Korean cohort of 
IgAN patients, Jeong et al. reported a new novel susceptible 
locus rs2296136 within the gene ANKRD16 as a candidate 
marker (Jeong et al. 2019).

However, there has been no report regarding genome-
wide association of pediatric-onset IgAN and IgAV patients. 
Thus, the aim of this study was to identify novel genetic 
susceptibility loci for the two related diseases IgAN and 
IgAV and/or nephritis, particularly in Korean children and 
adolescents (Fig. 1).

Methods

Subject

A total of 127 individuals were enrolled for this study, of 
whom all provided informed consent. We conducted a two-
stage analysis: the first stage (i.e. discovery cohort) consisted 
of 101 cases, and the second (i.e. validation cohort) involved 
a replication analysis of the top single nucleotide polymor-
phism (SNP) signals that were identified during the discov-
ery phase for 26 additional cases. Whole genome sequencing 
data (depth > 30x×for 397 average Koreans accessed from 
the Korean Reference Genome Database (KRGDB; http://​
coda.​nih.​go.​kr/​coda/​KRGDB/) were used with approval as 

the normal control set. One hundred and twenty-seven cases 
included IgAN patients (n = 57) or those of IgAV with or 
without nephritis (n = 70), who were diagnosed before the 
age of 18 and followed at two pediatric nephrology centers 
(Seoul National University Children’s Hospital and Bucheon 
St. Mary’s Hospital of the Catholic University of Korea). 
All IgAN patients were diagnosed via renal biopsy. IgAV 
diagnoses were clinically determined according to the Euro-
pean League Against Rheumatism/Pediatric Rheumatology 
International Trials Organisation/Pediatric Rheumatology 
European Society criteria, including purpura or petechial 
with lower limb predominance and at least one of the four 
following features: acute onset abdominal pain, histopa-
thology exhibiting leukocytoclastic vasculitis or prolifera-
tive glomerulonephritis with predominant IgA deposition, 
arthralgia or arthritis, and renal involvement. Renal involve-
ment, also known as IgA nephritis, is defined as when IgAV 
patients have proteinuria or hematuria during the disease 
course (Ozen et  al. 2010). IgAN or IgAV secondary to 
other conditions—including systemic lupus erythematosus, 
chronic hepatitis, diabetes, or cancer—were excluded. The 
first stage (Genomic DNA samples collected before August 
2019) included 48 patients with IgAN, 10 with IgAV and 
43 having IgAV nephritis, while the second stage (Genomic 

Fig. 1   Overall scheme of this study. IgAN IgA nephropathy, IgAV IgA 
vasculitis, SNP single nucleotide polymorphism, MAF minor allele 
frequency

http://coda.nih.go.kr/coda/KRGDB/
http://coda.nih.go.kr/coda/KRGDB/
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DNA samples collected after August 2019) included 9 IgAN 
patients and 12 with IgAV and 5 patients of IgAV nephritis. 
Study procedures were carried out in accordance with the 
Declaration of Helsinki. The Institutional Review Boards of 
Bucheon St. Mary’s Hospital of the Catholic University of 
Korea (IRB No. HC18TNDI0012) and Seoul National Uni-
versity Hospital (No. 1808-157-967) approved this study. All 
participants and their parents gave written informed consent. 
Patient demographics and clinical information are summa-
rized in Table 1.

Genotyping

Genomic DNA was extracted from peripheral blood sam-
ples collected in tubes containing EDTA. We genotyped 

these samples via Korea Biobank Array (DNA Link Inc., 
Seoul, Korea), which consists of more than 800,000 mark-
ers, including > 247,000 rare-frequency variants within 
Koreans (Moon et al. 2019). To validate four SNP markers, 
genomic DNA of 14 samples previously genotyped dur-
ing the discovery stage and 26 which were not used in the 
discovery stage, were separately prepared and genotyped 
via Sanger sequencing (Cosmo GeneTech, Seoul, Korea). 
Four primer pairs, (G‌A‌G‌C‌C‌A‌G‌A‌T‌G‌C‌C‌T‌T‌A‌C‌A‌C‌C‌A and 
T​‌A​‌A​‌G​‌A​‌C​‌A​‌T​‌T​‌T​‌C​‌A​‌A​‌T​‌C​‌C​‌A​‌G​‌C​‌A​‌C​‌A​‌G​‌C; T‌T‌G‌G‌C‌A‌G‌C‌T‌G-
‌G‌‌A‌C‌T‌T‌A‌C‌T‌G‌T‌T and C‌T‌T‌​G‌G‌G‌​A‌T‌T​‌C‌C​‌T‌T‌​C‌C‌​A‌G​‌G‌C‌T; 
A‌C‌T‌G‌A​‌A​‌A​‌G​‌C​‌A​‌​A‌T‌G‌G‌C‌T‌C‌A‌A‌A‌C and G‌T‌G‌T‌C‌T​‌G‌A‌C‌​
T‌T‌A‌C‌T​‌T‌C‌A‌C‌T‌‌T‌A‌A‌T‌A‌T‌G‌C; C‌​A‌​T‌G‌G‌C‌C‌T‌T‌G​‌A‌​T‌​T‌​‌C‌​A​
‌A‌T‌C‌C‌T and T‌T‌G‌G‌A‌A‌C‌T‌T​‌G‌G‌T‌G​‌T‌A​‌A‌A‌T‌G‌A‌G‌A) were 

Table 1   Clinical and pathological characteristics of 127 IgAN and IgAV patients

Data are presented with number, median (interquartile range), or number (%)
101 and 26 samples were used in the discovery and validation stages, respectively
IgAN IgA nephropathy, IgAVN IgA vasculitis with nephritis, IgAV IgA vasculitis, ESRD end-stage renal disease
b n1 and n2 represent the number of samples from Bucheon St. Mary’s Hospital and Seoul National University Children’s Hospital, respectively

Total (n = 127) Discovery stage (n = 101) Validation stage (n = 26)

IgAN (n = 48) IgAVN (n = 43) IgAV (n = 10) IgAN (n = 9) IgAVN (n = 5) IgAV (n = 12)

Demographics
 Sex (M/F) 76/51 32/16 26/17 4/6 5/4 2/3 7/5
 Age at diagno-

sis (year)
9.2 (6.4, 13.2) 12.5 (8.8, 15.3) 8.1 (6, 10.6) 5.8 (4.4, 7.9) 10.9 (6.3, 14) 7.9 (6.3, 16.4) 7.3 (5.4, 8.8)

 Age at sam-
pling (year)

10.1 (7, 14.2) 13.6 (9.9, 16.4) 9.3 (6.5, 12.3) 6.4 (4.5, 8.3) 13.5 (6.3, 16.4) 7.9 (6.3, 16.3) 7.4 (5.4, 8.8)

 Age at last 
observation 
(year)

12.2 (7.9, 16.2) 15.5 (12.1, 
18.3)

11.3 (7.3, 14.9) 6.5 (4.5, 8.6) 15.7 (13.5, 17) 14.9 (12.1, 
16.6)

7.5 (5.6, 8.9)

 Family history 5 3 0 1 0 1 0
 Progression to 

ESRD
3 1 2 0 0 0 0

Laboratory find-
ings

 Serum creati-
nine (mg/dL) 
at diagnosis

0.48 (0.4, 0.64) 0.6 (0.5, 0.81) 0.45 (0.39, 
0.51)

0.39 (0.33, 
0.46)

0.46 (0.35, 
0.59)

0.48 (0.45, 
0.55)

0.44 (0.37, 0.55)

 Urine protein 
to creatinine 
ratio (UPCR) 
at diagnosis

1.49 (0.31, 
3.39)

1.35 (0.36, 2.8) 2.67 (0.59, 
5.11)

0.18 (0.15, 
0.22)

1.74 (0.84, 
2.52)

4.16 (1.3, 8.08) 0.24 (0.12, 0.32)

Pathologic find-
ings

n = 48 n = 20 n = 9 n = 4

 Glomerulo-
sclerosis

26 (54.2) 12 (60) NA 4 (44.4) 1(25) NA

 Diffuse mesan-
gial hyper-
cellularity

32 (66.7) 14 (70) 7 (77.8) 2 (50)

 Tubular atro-
phy

11 (22.9) 2 (10) 4 (44.4) 1 (25)

Hospital (n1/n2)a 31/70 11/37 10/33 10/0 3/6 3/2 12/0
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used for Sanger sequencing of rs4926802, rs147294199, 
rs9428555, and rs11660485, respectively.

Identifying candidate SNP markers and statistical 
analysis

Out of 827,783 SNP markers within the Korean Biobank 
Array, only autosomal SNPs that were assigned as ‘Rec-
ommended’ by the SNPolisher package (Affymetrix) were 
selected. In addition, only SNPs with marker call rate < 0.05, 
Hardy–Weinberg Equilibrium p-value > 10–6, and minor 
allele frequency (MAF) < 0.01 were selected. After applying 
these filters, an association test was carried out for 509,500 
SNP markers using PLINK 1.9 (Purcell et al. 2007). SNPs 
whose p-value for the association test was < 5 × 10–8 were 
considered as candidate SNPs.

Results

Four candidate loci identified in array‑based 
discovery stages

In the discovery stage, an association test was carried out 
for 101 test subjects and 397 healthy controls based on the 
genotypes of > 500,000 SNPs identified using the Korean 
Biobank Array. Based on p-values < 5 × 10–8 (See Meth-
ods), four loci (rs4926802 in CYP4Z1, rs147294199 in 
FAM151A, rs9428555 in intergenic region, and rs11660485 
in SLC14A2) were selected and considered as candidate 
markers for further validation (Table 2). As shown in Quan-
tile–Quantile plot and Manhattan plot in Fig. 2, p-values 
of the four SNPs were significantly different from those of 
other SNPs. More detailed regional Manhattan plots and 
plots of signal intensities for the four loci in the Korean 
Biobank Array were presented in Supplementary Figs. S1 
and S2.

Resequencing by Sanger methods validated one 
SNP, rs9428555

All of the MAF values of candidate loci in control group 
were less than 0.05 (Table  2) and HWE p-values were 

relatively small. This implies that the list of candidates may 
include false positives or incorrectly genotyped. To verify 
whether the genotypes identified by SNP array were accu-
rate, Sanger sequencing was carried out for the four above-
mentioned SNPs using genomic DNA samples that were 
already used in the discovery stage. Eight samples having 
minor allele variant(s) were used for each SNP, with a result-
ing 14 samples used in total (Supplementary Table S1). Only 
one SNP, rs9428555, was validated with Sanger sequencing, 
while variant alleles were not identified in three out of four 
SNPs (Supplementary Table S1). Because we tested only 
four loci, we could not conclude what made this inconsist-
ency, but additional verification seems necessary when using 
the result of Korean Biobank Array.

Sanger sequencing validation for independent 
samples

In the validation stage, we utilized blood samples from 
26 patients that were not included in the discovery stage. 
Although this sample size is relatively small, we estimated 
that validation with this number of cases would be relevant 
because the determined variant (rs9428555) is known to be 
very rare in East Asians (Supplementary Table S2). Inter-
estingly, 15 out of 26 patients harbored the minor allele (G) 
of the SNP marker (Supplementary Table S3; Supplemen-
tary Fig. S3), resulting in the MAF of the discovery cohort 
being 0.2885, which is significantly higher than those in all 
populations with the exception of Africans (MAF = 0.0278 
in East Asians; Supplementary Table S2).

Minor allele frequencies in subgroups

As summarized in Table 1, our samples could be divided 
into three subgroups, IgAN, IgAVN, and IgAV. To check 
whether there were differences of allele frequencies among 
subgroups, we compared MAFs in all subgroups (Table 3) 
for the four loci identified in the discovery stage. For 
rs9428555, since we genotyped the locus in validation stage 
by Sanger sequencing, we also calculated MAFs for each 
subgroup in the validation samples. Without any exception, 
all of MAFs in subgroups were much higher than those in 
control set. Although we compared all pairwise combination 

Table 2   Four SNPs identified in the discovery stage

SNP single nucleotide polymorphism, MAF minor allele frequency, HWE Hardy–Weinberg Equilibrium p-value

Chromosome Position dbSNP ID Gene Major allele Minor allele MAF (Case) MAF (Control) HWE Missing rate

1 47,571,902 rs4926802 CYP4Z1 T C 0.198 0.01511 0.003 0.010
1 55,085,605 rs147294199 FAM151A C T 0.2857 0.001259 0.080 0.030
1 243,071,634 rs9428555 Intergenic A G 0.325 0.03526 0.011 0.000
18 42,866,471 rs11660485 SLC14A2 A C 0.2526 0.01008 1.000 0.040
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of subgroups and calculated p-values based on chi-square 
test, we could not find any significant differences among 
subgroups in the three types of diseases (data not shown).

Investigation of functional roles of rs9428555

To the best of our knowledge, no reports or literature 
exist concerning the functional role of this variant, which 
is located within an intergenic region between PLD5 and 
CEP170. We additionally carried out literature search about 
PLD5 and CEP170. PLD5 is a gene encoding a protein, 

Phospholipase D (PLD) Family Member 5. We could not 
find any direct evidences refereeing relation between PLD5 
and any disorders. Knockout study in a mouse could not 
detect any abnormalities (Karp et al. 2010). We could find 
only a weak evidence from the fact that both PLD and dia-
cylglycerol kinase (DGK) are known to be involved in gener-
ation of phosphatidic acid (PA). In the previous two studies, 
mutations in DGKe, one of DGK members, were shown to 
lead hemolytic uremic syndrome, a type of Nephrotic syn-
drome (Lemaire et al. 2013; Ozaltin et al. 2013). CEP170 
encodes a CEntrosomal Protein of 170 kDa. Unfortunately, 

Fig. 2   Plots of p-values of SNPs tested by Korean Biobank Array. 
Each p-values represents statistical significance of each locus. A 
Quantile–Quantile plot of observed quantiles of p-values versus the 

quantiles of the ideal distribution. B Manhattan plot of p-values along 
the genomic coordinate
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we could not find any evidence that CEP170 is associated 
with IgAN or any neurological disorders. Even though 
we found a weak clue about association with PLD5 and a 
nephrotic syndrome, the distance from the rs9428555 to 
PLD5 are 383 kb. Thus, it is unlikely that a genotype of 
rs9428555 directly affect the functions of PLD5.

Then, we searched for related expression quantitative 
trait loci (eQTL) information in Genotype-Tissue Expres-
sion (GTEx) (Baran et al. 2015). However, we could not 
find any gene expression linked with rs9428555. Also, we 
tried to find epigenetic involvements by exploring ENCODE 
data using UCSC genome browser (Rosenbloom et al. 2013). 
Unfortunately, we could not detect any related known find-
ings of epigenetic role of the locus.

We have investigated related variants using LDproxy, 
which is a part of LDlink (Machiela and Chanock 2015) 
and provides proxy and putatively functional variants for a 
query variant. We found three alleles highly related (D′ = 1, 
R2 > 0.99) to the identified variant rs9428555 (Supplemen-
tary Table S4) from the result of global population in 1,000 
genomes (Genomes Project et al. 2015). All of these were 
within intergenic regions, but we ascertained that rs2491835, 

one of the three SNPs contains a probable sequence of bind-
ing motif of vitamin D receptor (VDR) based on Regu-
lomeDB (Boyle et al. 2012).

Comparison to loci previously reported to be 
associated with IgAN

Recently, another GWAS study for Korean IgAN cohort 
was reported using customized DNA chip containing gene 
regions which were selected manually (Jeong et al. 2019). In 
that study, twelve previously reported IgAN loci were com-
pared to other GWAS based on other populations. Out of the 
twelve ones, five loci were genotyped in our study. We com-
pared the p-values of previously reported susceptible loci in 
our study and Jeong et al.’s result (Table 4). As Jeong et al. 
failed to show susceptible loci reported in other populations 
were also susceptible in Korean population, we also failed 
to common susceptible loci. One locus (rs660895 in HLA-
DRB1) showed moderate association with IgAN (p < 0.05), 
which was identified in Han Chinese study (Yu et al. 2011).

Discussion

The present study represents the first GWAS of pediatric-
onset IgAN and IgAV in a Korean population. We identi-
fied one novel susceptible SNP, rs9428555 in chromosome 
1. Although we tried to find any direct pathological asso-
ciation between the locus and the disease, we only find an 
indirect and weak evidence about VDR binding motif. VDR 
binding had known to be significantly enriched in alleles 
associated with various diseases and phenotypes identified 
by GWAS (Ramagopalan et al. 2010). VDR binding sites 
in the human genome have been reported to be related to 
the evolution hypothesis regarding skin color (Jablonski 
and Chaplin 2000; Ramagopalan et al. 2010). Although we 
could not identify a detailed functional mechanism linked to 
this variant, its notable frequency provides some evidence 
that the variant may affect vitamin D-related pathway(s) and 
renal functions. In support, association of the VDR with 
nephropathies, including IgAN, have been elucidated in 
many studies (Yang et al. 2018). Several studies reported 

Table 3   Minor allele frequencies of the four loci identified in the dis-
covery stage for subgroups

a Genotypes were identified based on Korean Biobank Array, and 
Sanger sequencing for discovery and validation samples, respectively

Subgroup rs4926802 rs147294199 rs9428555 rs11660485

Discovery 
(n = 101)a

0.1980 0.2857 0.3250 0.2526

 IgAN (n = 48) 0.2292 0.2778 0.3646 0.2174
 IgAVN 

(n = 43)
0.1628 0.3140 0.3095 0.2738

 IgAV (n = 10) 0.2000 0.2000 0.2000 0.3333
Validation 

(n = 26)a
– – 0.2885 –

 IgAN (n = 9) – – 0.2778 –
 IgAVN (n = 5) – – 0.2000 –
 IgAV (n = 12) – – 0.3333 –

Control 
(n = 397)a

0.0151 0.0013 0.0352 0.0101

Table 4   Comparison of p-values for loci previously reported to be associated with IgAN

Gene Chromosome SNP ID This work Another Korean study 
(Jeong et al. 2019)

Non Korean study

p-value Population

CFH 1 rs6677604 0.9364 0.10578 3.00E−10 Chinese (Zhu et al. 2015)
HLA-DPB2 6 rs1883414 0.3145 0.09046 2.00E−11 European (Kiryluk et al. 2014)
HLA-DRB1 6 rs660895 0.01478 0.00185 4.00E−20 Han Chinese (Yu et al. 2011)
HLA-DQA1 6 rs2187668 0.7799 0.16412 3.00E−13 European (Ferreira et al. 2010)
MTMR3 22 rs12537 0.6078 0.38984 1.00E−11 Han Chinese (Yu et al. 2011)
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that VDR gene polymorphisms are associated with increased 
susceptibility to glomerulonephropathies, such as: diabetic 
nephropathy, lupus nephritis, and chronic renal failure (Azab 
et al. 2016; Li et al. 2018; Yang et al. 2017). Recently, Mo 
et al. reported that a VDR gene FokI polymorphism is asso-
ciated with an increased risk of renal dysfunction in IgAN 
patients within a Chinese population (Mo et al. 2019). In 
addition, treatments with VDR agonist exhibited therapeutic 
effects in IgAN patients and an IgAN rat model via regula-
tion of immune responses (Deng et al. 2017; Yuan et al. 
2017). Additional studies could help to elucidate the associa-
tion of rs9428555 with the VDR gene and its functional role 
for the development or prognosis of IgAN.

Interestingly, the MAF of rs9428555 has previously been 
shown to be significantly higher only in African populations 
(Supplementary Table S2), even considering that risk allele 
frequencies were known to be higher than those of non-Afri-
can populations (+ 1.15% on average) (Kim et al. 2018). 
However, in the present study this MAF was also found to be 
higher in IgAN and IgAV patients. Therefore, theoretically 
the incidence of IgAN or IgAV would be expected to be high 
in African populations. Nevertheless, the incidence of IgAN 
in Africa is known to be lower than that of other populations 
(Schena and Nistor 2018). The causes of this phenomenon 
could not be determined here, but we may speculate that 
other important variants or environmental factors, such as 
local pathogen variation, may affect the occurrence of these 
diseases because IgAN and IgAV are polygenic (Kiryluk 
et al. 2011).

To date, several large-scale GWAS for IgAN patients 
within East Asian populations have been conducted, pri-
marily within the Han Chinese (Li and Yu 2018). These 
showed that several loci encoding proteins playing roles 
in innate immunity, complement activation, regulation of 
mucosal IgA production and intestinal mucosal barrier 
maintenance are associated with the development of IgAN, 
and these identified loci are also related with other immune-
mediated diseases such as inflammatory bowel disease 
(Kiryluk et al. 2014; Li and Yu 2018). Among these loci, 
one variant in complement factor H (rs6677604) identified 
as an IgAN-susceptible variant by GWAS, was also associ-
ated with the development of IgAV nephritis in a Chinese 
population (Jia et al. 2020). Herein rs9428555 was associ-
ated with the development of both IgAN and IgAV. These 
data may support that IgAN and IgAV are related diseases. 
However, affecting alleles were not consistently found within 
other East Asian populations. The results for pediatric-onset 
IgAN and IgAV in the Korean population described here 
were also not consistent with those for adult IgAN patients 
within the same ethnicity (Jeong et al. 2019). Furthermore, 
age at disease onset may be affected by the cumulative bur-
den of risk-associated alleles for the development of IgAN or 
IgAV (Kiryluk et al. 2014). Thus, large-scale cohort studies 

including pediatric-onset IgAN and IgAV patients should be 
conducted to elucidate the genetic effects for occurrence or 
progression of these diseases.

The present study has some limitations in that this asso-
ciation study was conducted for a relatively small number 
of patients, therefore sensitivity is not guaranteed. In other 
words, other loci may be identified as IgAN susceptible loci 
if subsequent study is conducted using larger cohort. Nev-
ertheless, this study is the first to identify rs9428555, a SNP 
marker associated with pediatric-onset IgAN and IgAV by 
applying an association test, and the SNP was successfully 
validated by Sanger sequencing in an independent cohort. In 
other words, there may be other SNP markers but at least the 
SNP (rs9428555) is not a false positive and is an apparent 
marker associated with IgAN and IgAV. Unfortunately, how-
ever, the SNP was located in intergenic region, and we had 
difficultly to find reliable functional link between the locus 
and the disease. Thus, one limitation is that we could not 
clearly explain why A > G in rs9428555 is associated with 
IgAN. However, we still believe the SNP can be a possible 
marker for IgAN according to our observations although we 
could not answer a mechanism.

In summary, we identified one candidate SNP marker, 
rs9428555 for both pediatric-onset IgAN and IgAV. We 
could not find any previous studies or directly related anno-
tations in multiple types of databases. Although it is unclear 
whether the marker is functionally and directly relevant to 
the disease or not, it could be utilized as a genetic marker 
diagnosing IgAN or IgAV as its MAF is quite rare in East 
Asians.
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