@

Journal of Human Genetics (2013) 58, 40-46
© 2013 The Japan Society of Human Genetics All rights reserved 1434-5161/13

www.nature.com/jhg

ORIGINAL ARTICLE

Interaction of CLGALT1-IL5RA on the susceptibility
to IgA nephropathy in Southern Han Chinese

Wei Wang!>3, Yu Sun?, Yonggui Fu*, Xueqing Yu!? and Ming Li'»?

IgA nephropathy is one of the most common glomerulonephritis throughout the world, which is thought to be the
multifactorial complex diseases, with genetic and environmental factors contributing to this disease. The failure of replicating
the single genes in previous association studies may be of that the gene-gene interaction might have more influence on the
susceptibility of the complex diseases. In all, 31 single-nucleotide polymorphisms (SNPs) in 24 candidate genes (which were
involved in the pathways implicated in the development or progression of IgAN) were selected to conduct a large case—control
association study in 527 IgAN patients and 543 healthy controls. Traditional linear logistic regression analyses were used to
detect single-locus associations in dominant, recessive and additive genetic models. Bonferroni correction was used to adjust
the P-values for multiple testing. The gene—gene interaction effects of multiple SNPs were detected by multifactor-
dimensionality reduction (MDR) method. After Bonferroni correction, no significant single-locus associations was observed
between IgAN patients and controls (Pc >0.05). The MDR analysis showed a potential interaction of C1GALT1-330G/T
(rs1008898) and IL5RA31 + 197A/G (rs340833) on the susceptibility of IgAN (P<0.001). Gene-gene interaction may have
some influence on the susceptibility to IgA nephropathy. This finding proposed a potential gene—gene interactive model for

future studies.
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INTRODUCTION

IgA nephropathy (IgAN; MIM 161950) is one of the most common
glomerulonephritis throughout the world, which is characterized by
predominant IgA deposition in the glomerular mesangial area.!” The
pathogenesis of IgAN is not clear, but it is commonly thought to be
connected with both genetic and environmental factors.>* Genetic risk
factors are considered to be involved in IgAN, according to the ethnic
and geographic distributions, familial clustering, as well as the inter-
individual variation in disease course and prognosis.”™’

In the past two decades, a number of single-locus genetic
association studies have been performed for IgAN. The candidate
genes involved in adaptive and innate immunity, glycosylation of IgA1
and renin-angiotensin system were investigated,® including human
leukocyte antigen,”'? megsin,' 12 uteroglobin, %selectins!# and several
cytokines and inflammatory factors.!>™'7 However, most of these
studies suffer the limitations of small sample size and insufficient
methodologies, and the results have not always been reproducible in
independent samples.'® This lack of reproducibility may be due to
genetic heterogeneity among different ethnic groups, or may reflect
inadequate statistical power of IgAN cohorts.

In addition, individual single-nucleotide polymorphism (SNP) may
not exhibit large independent increments in disease risk. The
emerging concept suggested that multiple genes may interact
with each other in complex ways to induce the occurrence and
phenotypic variability of common complex diseases. Gene—gene
interactions may be of particular importance in complex diseases.!’
Comparing to a single candidate gene approach, the analysis of
multiple candidate gene variants and their interactions might present
a more powerful approach to study complex diseases.”’As for IgAN,
till now, there was only one study using the method of gene—gene
interaction (FAMHAP and DBMA), which found the interaction
between variants of two glycosyltransferase genes (CIGALT1 and
ST6GALNAC?) in IgAN.2!

MDR (multifactor-dimensionality reduction), as a novel computa-
tional algorithm for testing gene—gene interactions,’” has been used in
many common complex multifactorial diseases, such as breast cancer,
lupus nephritis and rheumatoid arthritis,>>~* which is thought to be
the reliable method to study the gene-gene interaction.

In our study, to understand the genetic effect on IgAN in
Chinese Han population, we surveyed the SNPs of 24 candidate

1Department of Nephrology, The First Affiliated Hospital, Sun Yat-sen University, Guangzhou, Guangdong, China; 2Key Laboratory of Nephrology, Ministry of Health, Guangzhou,
Guangdong, China; 3Department of Nephrology, Sichuan Provincial People’s Hospital, Chengdu, Sichuan, China and “Department of Biochemistry, School of Life Sciences, Sun

Yat-sen University, Guangzhou, Guangdong, China

Correspondence: Dr M Li, Department of Nephrology, The First Affiliated Hospital, Sun Yat-sen University, 58th, Zhongshan Road I, Guangzhou, Guangdong 510080, China.

E-mail: li.ming1122@yahoo.com

Received 29 June 2012; revised 8 October 2012; accepted 29 October 2012; published online 29 November 2012


http://dx.doi.org/10.1038/jhg.2012.133
mailto:li.ming1122@yahoo.com
http://www.nature.com/jhg

genes that involved in the pathways implicated in the development
and progress of IgAN, in a large IgAN cohort comprising of 527
cases and 543 age- and gender-matched controls, investigated
the interactive effect of these genes on IgAN by using the MDR
method. Our results indicated that the variants in CIGALT1 and
IL5RA had a potential genetic interactive effect in terms of predis-
position of IgAN.

MATERIALS AND METHODS

Study population

Patients were recruited from the Department of Nephrology, The First
Affiliated Hospital of Sun Yat-sen University in Guangzhou, China. A total
of 527 patients with primary IgAN were enrolled in this study. IgAN was
diagnosed by renal biopsy following the criteria of the World Health
Organization. Patients with evidence of systemic diseases such as diabetes,
chronic liver disease and systemic lupus erythematosus were excluded.
Pregnant women were also excluded. The 543 healthy gender- and age-
matched unrelated subjects with no history of renal disease or hypertension
were recruited as controls on voluntary basis from Guangdong province. The
study was approved by the Ethics Committee of The First Affiliated Hospital of
Sun Yat-sen University (Guangzhou, China) and all participants gave an
written informed consent to participate in our study.

Selection of candidate genes and SNPs

Totally 73 SNPs in 24 candidate genes with potential involvement in the
development and progression of IgA nephropathy were selected. In all, 48
tagSNPs of them were chosen to perform the multiplex genotyping with SNP
stream Ultra-High Throughput machine (Beckman Coulter, Fulleron, CA,
USA), according to the primer compatibility of multiplex PCR.

DNA extraction and genotyping

Venous blood samples were obtained from all subjects. The genomic DNA was
extracted using QIAamp DNA Blood Midi Kit (QIAGEN, Hilden, Germany)
according to the manufacturer’s protocol. SNP stream Ultra-High Throughput
machine (Beckman Coulter) was used to genotype 48 SNPs simultaneously.
Sequences surrounding the SNPs were obtained from GenBank (http://
www.ncbi.nlm.nih.gov/Genbank/index.html) and submitted to Autoprimer.
com (Beckman Coulter). For each SNP, three primers were designed, two for
PCR amplification and internal primer with a 5 DNA sequence tag. Pairs of
primers were used to initiate PCR amplification. The internal primers were
used to initiate a sequencing reaction that added one labeled base for the
alternative nucleotides of each SNP to have distinct labels. The labeled
products were separated on an SNP-IT plate consisting of 384 mini-arrays
with 48-spots each (Beckman Coulter).

Association testing

The Hardy—Weinberg equilibrium was tested by %2 statistic. Only SNPs
that passed the HWE test in controls were further analyzed. The allele and
genotype frequencies in patients and controls were also compared by %2-
test. Logistic regression analyses were performed to detect single-locus
associations with dominant, recessive and additive genetic models. Corrected
P-values (P.) were calculated using the Bonferroni inequality method. All of
these analyses were conducted with R software, version 2.10.1 (http://www.
R-project.org/).

Interaction analysis

The evaluation of gene—gene interactions was performed using the method of
MDR, as outlined by Moore,?> which has been implemented in the open-
source MDR software package, version 0.6.1 (Hanover, NH, USA), available at
http://www.epistasis.org.
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Variable IgAN Healthy subjects
Age, years 31.18+10.80 33.82+13.26
Gender
Male 235 (44.59) 240 (44.19)
Female 292 (55.41) 303 (55.81)

Blood pressure

SBP (mmHg) 127.91+19.63 119.26+14.23
DBP (mmHg) 80.85+13.55 78.59+12.45
Ser (umol 1-1) 120.52 +38.89 88.76 £23.35
Proteinuria (g per 24 h) 1.05+1.23g per 24h Negative
Gross hematuria Negative
Yes 101 (20.69)
No 387 (79.31)
Cresent formation Negative
Yes 140 (28.68)
No 348 (71.32)

Abbreviations: DBP, diastolic blood pressure; GFR, glomerular filtration rate; IgAN, IgA
nephropathy; SBP, systolic blood pressure; Scr, serum creatinine.
Figures in parentheses are percentages.

RESULTS

Allele and genotype frequencies in IgAN patients and controls
The demographic information of recruited cohort of IgAN patients
and healthy controls were shown in Table 1. There were no significant
differences between the cases and healthy controls with regard to
mean age or gender distribution. Totally, 31 SNPs were successfully
genotyped, and detailed information of the SNPs was shown in
Table 2. All of them were in Hardy—Weinberg equilibrium in each of
the groups. Table 3 summarized the allele and genotype frequencies in
IgAN patients and controls, respectively. There were three SNPs that
exhibited suggestive association with IgAN by the genotypic test,
including tumor necrosis factor (TNF)-o (rs1800629, P=0.014),
ST6GALNAC2 (159890158, P=0.031) and CIGALT1 (rs1008898,
P =0.027). However, none of the associations was found after using
the Bonferroni’s inequality method.

Association of SNPs with inheritance models in IgAN

We also tested for association according to different inheritance
models using logistic regression (Table 4). We found that the G allele
at rs9890158 (ST6GALNAC2) was significantly associated with IgAN
under an additive model (P=0.008) and the T allele at rs1008898
(C1GALT1) was significantly associated under a recessive model
(P=0.008). However, none of the associations could withstand a
multiple comparison adjustment using the Bonferroni’s inequality
method.

Gene-gene interaction study (MDR) of IgAN

We explored whether SNP-SNP interactions among our candidate
loci contribute to the susceptibility of IgAN in this cohort. Table 5
summarized the results of the MDR analysis. The best model in each
dimension was shown along with its TA, CVC consistency and
significance P-value, as determined by permutation testing. The
two-way combination of CIGALT1 (rs1008898 G/T) and IL5RA
(rs340833 A/G) was significantly associated with IgAN (P<0.001).
In this model, the combination of C1GALT1-GT, IL5RA-GG and
coexistence of C1IGALT1-TT, IL5SRA-GG or AG genotypes were the
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Table 2 Detailed information of the 31 successfully genotyped SNPs

Gene Description Chromosome dbSNP Allele References
Megsin Serpin peptidase inhibitor, clade B (ovalbumin), member 7 18g21.33 rs1055901 C/T Li et alll
rs1055902 C/T Li et alll
MCP-1 Monocyte chemoattractant protein-1 17q11.2—ql2 rs1024611 A/G Mori et al.2’
CCR5 Chemokine receptor type 5 3p21.31 rs2857657 G/C Berthoux et al.®3
rs4586 T/IC Berthoux et al.®3
rs13900 cIT Berthoux et al.®3
ET-1 Endothelin-1 6p24.1 rs1800541 T/G Maixnerova et al.28
EDNRA Endothelin receptor type A 4q31.23 rs5335 G/C Reiterova et al.2°
uG Uteroglobin 11g12.3q13.1 rs3741240 AG Narita et al.13
TGF-B1 Transforming growth factor-f1 19q13.1 rs1800469 C/T Carturan et al.1®
SELE Selectin-E 1q24-25 rs5368 cIT Takei et al.1431
SELL Selectin-L 1q24-25 rs4987130 cIT Takei et al.1431
rs2205849 G/A Takei et al.}431
SELP Selectin-P 1q24-25 rs6131 G/A Takei et al.1431
rs6128 G/A Takei et al.}431
IL-10 Interleukin-10 19q31-q32 rs1800896 G/A Bantis et al.16
NOS3 Nitric oxide synthase 7q36 rs1799983 G/T Burg et al.*!
TNF-o Tumor necrosis factor-o 6p21.3 rs1800629 G/A Tuglular et al.32
rs361525 G/A Tuglular et al.32
CD89 IgA Fc Receptor 19913.2—ql13.4 rs3816051 () Narita et al.33
CD14 CD14 5g31.1 rs2569190 C/IT Yoon et al.3°
AGT Angiotensin 1g42-g43 rs699 M/T Bantis et al.34
IL1A Interleukin 1, alpha 2ql4 rs1800587 C/T Shu et al.3%
ADD1 Adducinl 4p16.3 154961 G/T Narita et al.38
ST6GALNAC2 ST6 (alpha-N-acetyl-neuraminyl-2,3-beta-galactosyl-1,3)- 17925.1 rs2304921 G/A Li et al37
N-acetylgalactosaminide alpha-2,6-sialyltransferase 2
rs9890158 G/A Li et al.37
NEU1 Sialidase 1 (lysosomal sialidase) 6p21.3 rs13118 T/A Li et al37
C1GALT1 Core 1 synthase, glycoprotein- N-acetylgalactosamine 7pl4—pl3 rs1008898 G/T Li et al.54
3-beta-galactosyltransferase, 1
STAT4 Signal transducer and activator of transcription 4 2q32.2—q32.3 rs8179673 G/A Park et al.30
PTPN22 protein tyrosine Phosphatase22 1p13.3-p13.1 rs2488457 C/G Bottini et al.5°
IL5RA Interleukin 5 receptor, alpha 3p26-p24 rs340833 AG Liu et al.26

only high-risk combinations (Figure 1). A higher-level interaction
models (third- and fourth-level interaction terms) did not reveal
other significant patterns of genetic interactions.

DISCUSSION

In this study, we selected SNPs of 24 candidate genes, which were
related to the development and progression of IgAN, to perform an
association study in southern Chinese Han population. Most of these
selected genes have been studied previously in different populations
(Caucasian and Asian) in IgAN, and many of these genes were found
having some association with the susceptibility and progression of
IgAN.1113:1626-38 However, in our study, we could not replicate any of
the previously described association signals in the 24 high-priority
candidate genes, although the relatively larger sample size (> 1000
individuals) were used in our study comparing to the previous
studies, which tended to produce more reliable results owing to
increasing the power to detect authentic associations and decreasing
the rates of type I errors.’**0 In addition, through extensive literature
review, the associations of some candidate genes have not always been
reproducible in previous studies. For example, polymorphisms in the
selectin gene cluster were found to be associated with IgAN in
Japanese patients, but not in Caucasians from Canada, France and
Finland.?® This lack of reproducibility may be due to genetic
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heterogeneity among different ethnic people, or may reflect
inadequate statistical power of IgAN cohorts.

The analyses of alternative inheritance models in our study detected
a suggestive association of rs9890158 in ST6GALNAC2 under an
additive model (risk allele: G, P=0.008) and rs1008898 in C1GALT1
under a recessive model (risk allele: T, P=0.008). Recently published
association study in Han Chinese population (including 670 IgAN
patients and 494 healthy controls) identified the association of
ST6GALNAC2 and C1GALT1 genes with IgAN.374! Our results also
showed marginal association of these two genes. However,
considering a large number of SNPs and models tested, our
findings were not robust to Bonferroni’s correction for multiple
testing. The reason for the failure of replication here may be due to
the potential genetic heterogeneity between different ethnic
population as well as different geographic populations of China.
Further studies will be needed to investigate this possibility.

As we know, IgAN is the multifactorial complex disease
where genetic and environmental factors contributed equally to this
disease. It is thought that there were multiple genes involved
in the genetics of IgAN, where some of the candidate genes may
have the strong effects as ‘susceptibility loci’ for development and
progression, and some genes may have modest effects as ‘modifier
genes’ for endophenotypic expression.> Thus, gene-gene interaction
perhaps has significant effect on the genetic background of IgAN. Till



C1GALTI1-IL5RA and susceptibility to IgA nephropathy

W Wang et al
43
Table 3 Allele and genotype frequencies in IgAN patients and controls
ISAN (n=527) Controls (n= 543)
Allele Allelic test Genotypic test

Gene SNP A minor/B H-W p A count % H-W p A count % P P
Megsin rs1055901 T/IC 0.701 23.62 0.611 21.45 0.137 0.396

rs1055902 C/T 0.744 23.71 0.611 21.45 0.129 0.381
MCP-1 rs1024611 AG 0.302 46.48 0.611 44.19 0.295 0.516
CCR5 rs2857657 G/C 0.218 7.49 0.088 6.81 0.283 0.439

rs4586 T/C 0.265 46.58 0.737 44.19 0.284 0.497

rs13900 T/C 0.285 46.48 0.611 44.19 0.989 0.533
Endothelin-1 rs1800541 T/G 0.158 21.06 0.819 22 0.275 0.602
EDNRA rs5335 G/C 0.335 43.73 0.571 46.86 0.094 0.193
Uteroglobin rs3741240 A/G 0.121 35.57 0.238 37.01 0.239 0.708
TGF-B1 rs1800469 T/C 0.211 41.08 0.558 44.56 0.944 0.226
E-Selection rsb368 T/IC 0.117 22.77 0.352 22.46 0.256 0.197
L-Selection rs4987310 T/IC 0.107 27.32 0.993 27.53 0.328 0.496

rs2205849 G/A 0.259 27.6 0.903 27.62 0.279 0.667
P-selection rs6131 A/G 0.211 21.72 0.014 22.46 0.759 0.462

rs6128 G/A 0.086 31.3 0.436 30.75 0.259 0.198
IL-10 rs1800896 G/A 0.773 5.59 0.222 4.97 0.758 0.232
NOS3 rs1799983 T/G 0.349 10.72 0.511 9.94 0.153 0.819
TNF-o rs1800629 A/G 0.172 9.29 0.063 7.73 0.167 0.0142

rs361525 A/G 0.546 2.56 0.536 2.94 0.272 0.969
CD89 rs3816051 C/T 0.458 35.95 0.205 34.89 0.772 0.8
CD14 rs2569190 C/T 0.082 43.07 0.592 44.19 0.929 0.592
AGT rs699 T/C 0.837 14.32 0.263 14.36 0.083 0.789
IL1A rs1800587 T/IC 0.407 6.54 0.232 7.45 0.155 0.672
ADD1 rs4961 T/G 0.082 43.92 0.197 45.3 0.491 0.081
ST6GALNAC2 rs2304921 A/G 0.409 13.18 0.435 13.07 0.228 0.981

rs9890158 G/A 0.238 18.31 0.302 13.9 0.886 0.031°
NEU1 rs13118 AT 0.01 1.51 0.092 2.02 0.137 0.63
C1GALT1 rs1008898 G/T 0.1 39.75 0.868 49.07 0.297 0.027¢
STAT4 rs8179673 G/A 0.278 34.34 0.305 34.16 0.559 0.998
PTPN22 1s2488457 C/G 0.498 38.14 0.992 39.31 0.588 0.755
ILBRA rs340833 A/G 0.368 24.57 0.865 30.47 0.087 0.08

Abbreviations: IgAN, IgA nephropathy; SNP, single-nucleotide polymorphism.
8Peorrected = 0.014 x 31 =0.434.
PP, omected = 0.031 x 31=0.961.
©Peorrected =0.027 x 31=0.837.

now, there was only one study about the gene—gene interaction of
IgAN,?! which also have the limitation of only focusing on the IgAl
glycosylation in IgAN. So it is important for us to perform the study
of the gene—gene interaction in IgAN by checking relatively more
candidate genes.

To explore this possibility we utilized the MDR approach,?? a novel
computational algorithm for testing gene—gene interactions. MDR as
a method for reducing the dimensionality of multi-locus information
has reasonable power to identify interactions among two or more loci
in relatively small samples and can improve the identification of
polymorphism combinations associated with disease risk.2%4? This
method has been used in some common complex diseases and has
discovered that the genes jointly contribute to the susceptibility of
these diseases.?>24

In our study, when pairwise interactions were analyzed, a higher
risk for susceptibility of IgAN was observed for the simultaneous
presence of CIGALT1-GT and IL5RA-GG genotypes, as well as for
C1GALTI-TT and IL5RA-GG or AG genotypes. Three- and four-way
interaction models did not lead to more specific genetic patterns of
interaction. As outlined by Moore and Williams,*? it is difficult to
make inferences about the biologic significance of a statistical model
of interactions; nonetheless, these two genes (CIGALT1 and IL5RA)

have more biologic plausibility with IgAN, which indicated that they
were potentially important for the susceptibility of IgAN.

IL5RA encodes the o chain of the interleukin 5 receptor, and
signaling through this receptor may be related to modulating Th1/
Th2 polarity and immune regulation.**> Also, a study found that
IL-5RA expressing B-la B cells were involved in innate mucosal IgA
antibody responses.*® Although there were only one study that
showed the association with IL-5RA and IgAN, the polymorphisms
of this gene were found having association with some auto-immune
diseases, such as asthma*”*® and atopic dermatitis,*’ suggesting that
this gene may have some influence on the pathogenesis of immune
response for IgAN.

CI1GALT1 (core 1 synthase, glycoprotein-N-acetylgalactosamine
3-B-galactosyltransferase) were the coding genes for the key glycosyl-
transferase (p1,3-galactosyltransferase) in IgAl O-glycosylation pro-
cess, which mediate the addition of galactose onto GalNAc residues of
IgA1.°% Accumulating evidence suggests that aberrant glycosylation
of the hinge region of IgAl has the influence on the pathogenesis of
IgAN,>52 including glomerular deposition®*>* and injury to renal
intrinsic cells.5>¢ Till now, there were several studies that found the
polymorphism of CIGALT1 related to IgAN, in both the Caucasian
and Asia population.?137:58
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Table 4 Analysis of IgAN risk according to the mode of inheritance of the alleles

IgAN (n=1527)

Control (n=543)

Allele P-value
Gene SNP A/B AA AB BB AA AB BB Dominant Recessive Additive
Megsin rs1055901 T/C 31 187 309 23 187 333 0.218 0.368 0.229
rs1055902 CIT 31 188 308 23 187 333 0.336 0.218 0.209
MCP-1 rs1024611 AG 120 250 157 109 262 172 0.474 0.274 0.277
CCR5 rs2857657 G/C 1 77 449 0 74 469 0.233 0.582 0.527
rs4586 T/C 121 249 157 108 264 171 0.243 0.56 0.296
rs13900 T/C 120 250 157 109 262 172 0.504 0.282 0.295
Endothelin-1 rs1800541 T/G 18 186 323 26 187 330 0.892 0.318 0.646
EDNRA rs6335 G/C 106 249 172 116 277 150 0.07 0.625 0.146
Uteroglobin rs3741240 AG 59 257 211 68 266 209 0.586 0.447 0.439
TGF-B1 rs1800469 T/C 82 269 176 104 276 163 0.251 0.114 0.098
E-Selection rsb368 T/C 21 198 308 31 182 330 0.185 0.415 0.844
L-Selection rs4987310 T/C 32 224 271 41 217 285 0.332 0.704 0.93
rs2205849 G/A 35 221 271 42 216 285 0.488 0.727 0.993
P-selection rs6131 AG 20 189 318 16 212 315 0.438 0.441 0.665
rs6128 G/A 43 244 240 55 224 264 0.263 0.313 0.779
IL-10 rs1800896 G/A 2 55 470 0 54 489 0.092 0.64 0.513
NOS3 rs1799983 T/G 4 105 418 4 100 439 0.966 0.53 0.548
TNF-o rs1800629 AG 8 82 443 2 80 461 0.177 0.017 0.345
rs361525 AG 0 27 500 2 28 513 0.969 0.553 0.969
CD89 rs3816051 CIT 64 251 212 59 261 223 0.76 0.518 0.59
CD14 rs2569190 C/T 88 278 161 103 274 166 0.994 0.331 0.59
AGT rs699 T/C 10 131 386 8 140 395 0.583 0.773 0.907
IL1IA rs1800587 T/C 2 65 460 2 77 464 0.983 0.377 0.389
ADD1 rs4961 T/G 111 241 175 104 284 155 0.417 0.09 0.517
ST6GALNAC2 rs2304921 AG 7 125 395 8 126 409 0.847 0.957 0.848
rs9890158 G/A 14 165 348 7 137 399 0.014 0.135 0.008?
NEU1 rs13118 AT 1 14 512 20 522 0.353 0.983 0.392
C1GALT1 rs1008898 G/IT 89 241 197 132 269 142 0.218 0.008° 0.019
STAT4 rs8179673 G/A 57 248 222 58 255 230 0.985 0.959 0.976
PTPN22 rs2488457 C/G 73 256 198 84 259 200 0.454 0.802 0.573
IL5RA rs34833 AG 31 197 299 49 233 261 0.766 0.095 0.014

Abbreviations: IgAN, IgA nephropathy; IL, interleukin; SNP, single-nucleotide polymorphism; TNF, tumor necrosis factor.

2P, rracted = 0.008 x 31 =0.248.
5P, rrected = 0.008 x 31 =0.248.

Table 5 Results of multifactor-dimensionality reduction analysis of
interactions between SNPs—SNPs contributing to susceptibility IgAN

Best combination

in each dimension TA cve P-value
IgAN vs control C1GALT1-330G/T 0.558 10/10 0.01

C1GALT1-330G/T, IL5RA-A/G 0.576 10/10 0.001

C1GALT1-330G/T, STAT4-A/G, 0.609 3/10 0.054

TGF-B1-509C/T

C1GALT1-330G/T, UG38G/A, 0.644 3/10 0.623

ADD1G460/W, PTNP22-1123G/C

Abbreviations: CVC, cross-validation consistency; IgAN, IgA nephropathy; SNP, single-nucleotide
polymorphism; TA, testing accuracy.

In our study, although the selected candidate genes have no
association with IgAN individually, but after using the MDR method,
we can find that the interaction of these two genes (IL5RA and
C1GALT1) contribute to the susceptibility of IgAN, which from
another aspect demonstrated that IgAN is a complex disease, where
the genetic factor contributed to this disease. The genes involved in
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the disease may have some minor effect, but the interaction of these
genes may have more influence on the genetics of IgAN. Also, these
two genes indicated that immune response and glycosylation of IgA1l
may have some effect on IgAN.

The limitation of our study is that we only selected limited SNPs of
some candidate genes from the pathogenesis of IgAN, which may lose
some information of other potential susceptibility genes. As of now
several GWAS (genome-wide association study) for IgAN have
emerged® %2 and we can comprehensively and accurately get more
information about the susceptibility genes for IgAN. More candidate
genes will be selected to study the gene—gene interaction through the
comprehensive aspect from the whole genome level, where we can
provide more solid information of the genetic background of IgAN.
This will be the future work for us to do.

In conclusion, using MDR method, we explored the genetic
interactive effect of variants in IL5SRA and CIGALT1 on IgAN in a
large Southern Chinese Han population. Our results suggested that
variants in IL5RA and CIGALT1 had interaction on the genetic
susceptibility of IgAN, which also demonstrated that IgAN may be
associated with specific genetic polymorphisms involved in immune
regulation and IgA1 O-glycosylation.
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Figure 1 IL5RA-A/G and C1GALT1-G/T combinations associated with IgAN.
Each multi-locus genotype combination is considered high risk when the
ratio of cases to controls exceeds a threshold T, equal to the ratio of cases
to controls in each population; otherwise, the cell is classified as low risk.
High-risk combinations are depicted as darkly shaded cells, low-risk
combinations as lightly shaded cells. For each cell, the left bar indicates
the cases, the right bar the controls. A full color version of this figure is
available at the Journal of Human Genetics journal online.
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