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Abstract
Previous genome-wide association studies have discovered significant association at ITGAX-ITGAM on 16p11.2 for IgA
nephropathy (IgAN). In this study, we performed a two-stage association study that enrolled 1700 IgAN cases and 2400
controls to further investigate the relationship of ITGAX and ITGAM gene polymorphisms with IgAN. Seven single-
nucleotide polymorphisms (SNPs) were selected for genotyping in 1000 IgAN cases and 1000 healthy controls in the
discovery stage, and the significant SNP was further validated in additional 700 IgAN cases and 1400 healthy controls. We
found that four SNPs (rs11150619, rs11150614, rs7190997, and rs4597342) showed potential associations with IgAN
susceptibility in the discovery stage, but only SNP rs11150619 was further genotyped in the validation stage after multiple
testing. The results indicated that rs11150619 was significantly associated with IgAN in the combined samples (OR= 0.81,
95%CI= 0.71–0.91, and dominant P= 6.68 × 10−4). Moreover, patients with TT genotype of rs11150619 exhibited
increased estimated glomerular filtration rate levels and a reduced proportion of global sclerosis compared with those with
TC and CC genotypes. Our results suggested that ITGAX and ITGAM gene polymorphisms were associated with IgAN in a
Chinese Han population, and the rs11150619-T allele showed a potential protective role for IgAN.

Introduction

IgA nephropathy (IgAN) is one of the most type of primary
glomerulonephritis in the Chinese population [1]. Currently,

IgAN can only be diagnosed by renal biopsy, which is
featured by dominant IgA-containing immune complexes
deposition in the glomerular mesangial region [2]. The
activation of mesangial cells is amplified by the pathoge-
netic complexes to activate the complement system, and
complement component C3 is often seen in the renal
biopsies of IgAN [3].

IgAN shows a slow but persistent clinical course and
30–40% of cases will progress to end-stage renal disease
within 20 years [4]. Numerous lines of evidences indicated
that IgAN is a complex polygenic disease, and multiple
genetic susceptibility genes with minor to moderate effects
likely contribute to the development and progression of the
disease [5]. Since 2011, five genome-wide association stu-
dies (GWAS) have discovered a large number of suscept-
ibility loci of IgAN [6–10], and the ITGAX-ITGAM locus on
16p11.2 is significantly associated with IgAN in European
and Chinese populations [9, 10].

ITGAM (CD11b) and ITGAX (CD11c) encode integrins
alphaM and alphaX, which integrate with the integrin β2
chain to form leukocyte-specific complement receptors 3
(CR3) and 4 (CR4), respectively [11]. The receptors (CR3
and CR4) are expressed on most white blood cells (WBCs)
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and play a role in the adherence of neutrophils and mono-
cytes to stimulate endothelium cells and phagocytosis of
complement-coated particles [12]. Both CR3 and CR4 have
binding sites for inactive complement component 3b (iC3b)
and fibrinogen [13], and are involved in the glomerular
infiltration of immune cells in IgAN as complement
receptors [14]. These observations indicate that CD11b and
CD11c may act as an important player in complement
activation and the etiology of IgAN.

ITGAM and ITGAX were also reported as candidate
genes for several autoimmune diseases, including systemic
lupus erythematosus (SLE) [15], systemic sclerosis [16],
and Behcet’s disease [17]. Recently, an IgAN GWAS
conducted in European populations has identified two sig-
nificant signals at rs11574637 and rs11150612 within the
ITGAX-ITGAM region [9]. Interestingly, the frequency of
rs11574637-C allele in European population is 0.18, while
absent in Asian populations, suggesting the contribution of
genetic susceptibility to disease prevalence in different
ethnic populations. However, the association analysis of
ITGAX and ITGAM variants with IgAN susceptibility and
clinical significance were not performed till now. Therefore,
we conducted this two-stage association study to further
explore the potential role of ITGAX and ITGAM gene
polymorphisms with IgAN in a Chinese Han population.

Materials and methods

Study subjects

A total of 1700 sporadic IgAN patients (1000 cases for the
discovery stage and 700 cases for the validation stage)
were recruited from the Department of Nephrology, The
First Affiliated Hospital of Sun Yat-sen University. All
patients were confirmed by histopathological examination
of renal biopsy. Patients with secondary IgAN such as
chronic liver cirrhosis, SLE, and Henoch–Schonlein pur-
pura were removed. Demographic and clinical informa-
tion of IgAN patients were collected at the time of
diagnosis.

Two independent groups of 2400 age- and gender-
matched healthy controls (1000 healthy controls for dis-
covery stage and 1400 healthy controls for validation stage)
with normal urinalysis and no history of kidney diseases
were collected from the Health Examination Center, The
First Affiliated Hospital of Sun Yat-sen University. All
subjects were unrelated and self-described as Han Chinese.
The study was approved by the Research Ethics Committee,
The First Affiliated Hospital of Sun Yat-sen University and
conformed to the principles outlined in the Helsinki
declaration. Informed consent was obtained from all the
study participants.

SNP selection

We used the HapMap (http://www.HapMap.org) to
download the single-nucleotide polymorphism (SNP)
genotyping data for ITGAX and ITGAM (Release 27,
Phase I+ II+ III, CHB populations). Haploview software
(https://www.broadinstitute.org/haploview/haploview)
was used to analyze the HapMap data. Five tag SNPs
(rs7199585, rs11150614, rs11150619, rs2929, and
rs9929832) were chosen for the ITGAX gene, and only
one tag SNP (rs4597342) was chosen for ITGAM owing to
the high linkage disequilibrium (LD) among the common
SNPs of this gene. The selection of these SNPs was based
on the criteria of the minor allele frequency ≥5% and r2

threshold of 0.80. Another functional SNP of ITGAX
(rs1140195) was also selected after searching the SNPinfo
(http://snpinfo.niehs.nih.gov/snpinfo/snpfunc.htm) web-
site for its potential role as microRNA (miRNA) binding
site. Then, the LD analysis was conducted for these six
SNPs of ITGAX by using Haploview software. We found
that rs7199585 and rs1140195 were in high LD (r2=
0.86), and the potentially functional SNP rs1140195 was
left for further analysis. The GWAS-reported SNP
rs7190997 was also included in this study. Finally, a total
of seven SNPs (rs11150614, rs11150619, rs2929,
rs9929832, rs4597342, rs1140195, and rs7190997) were
chosen for genotyping.

Genotyping assay

DNA was isolated from 2 ml whole blood of 4100 sam-
ples by using a commercial DNA extraction Kit
(Qiagen, Hilden, Germany) according to the manu-
facturer’s instructions. The Sequenom MassARRAY
system (Sequenom, San Diego, USA) was used to geno-
type the seven candidate SNPs in the discovery stage,
and Kompetitive Alelle Specific PCR technology with
SNPLine platform (LGC Genomics, the United Kingdom)
was used to genotype the potentially significant SNP
in the validation stage. The corresponding polymerase
chain reaction (PCR) primers used for each SNP are listed
in Supplementary Tables 1 and 2.

Measurement of ITGAX and ITGAM mRNA levels

To evaluate ITGAX and ITGAM gene expression levels in
WBCs, we enrolled 74 IgAN patients and 54 gender- and
age-matched healthy controls. Total RNA from WBCs
was isolated by using TRIzol reagent (Invitrogen, Carls-
bad, CA, USA). The mRNA levels were evaluated by
TaqMan quantitative real-time polymerase chain reaction
(qRT-PCR) experiments using the ABI 7900 (ABI prism
7900HT Sequence Detection System, Life Technology,
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USA). TaqMan probes and primers for the target ITGAX
gene (Hs00174217-m1), ITGAM gene (Hs00167304-m1),
and the internal reference gene GAPDH (Hs03929097-gl)
were obtained from Applied Biosystems (Carlsbad, CA,
USA). ΔCt values were calculated (Ct of the target ITGAX
and ITGAM gene minus Ct of the GAPDH gene) in each
sample that was evaluated in duplicate. The relative
mRNA expression levels were assessed as the expression
of the target ITGAX and ITGAM gene normalized to the
expression of GAPDH by using the 2−ΔCt method.

Bioinformatics analysis of the significant SNP

We used HaploReg 4.1 (http://compbio.mit.edu/HaploReg)
to explore the tagged variants of rs11150619 according to
the LD information from the ASN population (CHB, Chi-
nese individuals in Beijing; +JPT, Japanese individuals in
Tokyo) with r2 ≥ 0.8, and RegulomeDB online website
(http://www.regulomedb.org/) was used to calculate the
regulome database score.

To investigate whether rs11150619 had a functional
effect on gene expression in Epstein-Barr virus-transformed
lymphoblastoid cell lines, we conducted genotype-
phenotype analysis using the publicly available SNPexp
online tool (http://app3.titan.uio.no/biotools/tool.php?app=
snpexp). The genotype data were obtained from the Hap-
Map (phase II release 23 data set) database including 270
individuals with different ethnicities, among which 45 were
unrelated CHB individuals.

Statistical analyses

Mean ± standard deviation (SD) was applied to present the
normally distributed variables. Median (interquartile ranges)
and percentages were used for non-normally distributed
variables and categorical data, respectively. Student’s t-test,
nonparametric Mann–Whitney U-test, one-way analysis of
variance and Kruskal–Wallis test were performed for
comparison of continuous variables.

We evaluated the Hardy-Weinberg equilibrium (HWE)
by chi-square (χ2) test for each candidate SNP in healthy
controls. The associations between SNPs and IgAN sus-
ceptibility were evaluated by odds ratios (ORs) and 95%
confidence intervals (CIs) using multivariate logistic
regression analysis with adjustment for age and gender
under additive, dominant and recessive genetic models as
previously described [18]. We used Haploview 4.2 software
(Broad Institute, Cambridge, MA, USA) to detect the LD of
SNPs within ITGAX and ITGAM. Bonferroni correction for
multiple tests was applied by lowering the significance level
of a P value < 0.0083 for the six SNPs.

The Mann–Whitney U-test and student’s t-test were used
to compare ITGAX and ITGAM mRNA levels in WBCs
between IgAN patients and healthy controls, respectively.
Statistical comparison of ITGAX and ITGAM mRNA levels
among SNP genotypes was assessed by using the
Mann–Whitney U-test and Student’s t-test. The correlations
between ITGAX and ITGAM mRNA levels and clinical
parameters of IgAN patients were tested using Spearman
and Pearson correlation analysis. P ≤ 0.05 was considered to
be statistical significance. All analyses were assessed by
using PLINK 1.07 [19], SPSS 19.0 (SPSS, Inc., Chicago,
IL, USA), and GraphPad Prism 5.0 (GraphPad Software
Inc., San Diego, CA, USA).

Results

General characteristics of the study subjects

The basic characteristics for the discovery stage (1000
IgAN cases and 1000 controls) and the validation stage (700
IgAN cases and 1400 controls) are summarized in Table 1.
The mean (SD) age of 1700 cases and 2400 controls in the
combined samples was 35.54 ± 10.81 and 34.92 ± 11.06
years, respectively. No significant differences in the age (P
= 0.076) and gender distribution (P= 0.260) were noted
between the two groups (Table 1).

Table 1 Baseline characteristics of study subjects

Discovery stage Validation stage Combine samples

IgAN patients
(n= 1000)

Controls
(n= 1000)

P IgAN patients
(n= 700)

Controls
(n= 1400)

P IgAN patients
(n= 1700)

Controls
(n= 2400)

P

Agea (years) 34.63 ± 11.24 34.84 ± 10.94 0.666 35.35 ± 10.78 36.04 ± 10.70 0.166 35.54 ± 10.81 34.92 ± 11.06 0.076

Gender (n, %) 0.964 0.217 0.260

Male 487 (48.70) 488 (48.80) 344 (49.14) 728 (52.00) 831 (48.88) 1216 (50.67)

Female 513 (51.30) 512 (51.20) 356 (50.86) 672 (48.00) 869 (51.22) 1184 (49.23)

IgAN IgA nephropathy
aAge was presented as mean ± standard deviation
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Association of ITGAX and ITGAM gene
polymorphisms with IgAN susceptibility

Seven candidate SNPs were all successfully genotyped and
all the SNPs had call rates >95%. However, SNP rs2929
was excluded for further analysis due to deviation from
HWE in the control samples (P < 0.05). Four SNPs
(rs11150619, rs11150614, rs7190997, and rs4597342)
showed potential associations with the susceptibility of
IgAN (P < 0.05), but only rs11150619 achieved sig-
nificance after Bonferroni’s correction under the additive
model (OR= 0.83, 95%CI= 0.72–0.95, P= 0.006)
(Table 2).

Then, we recruited 700 IgAN cases and 1400 controls
to further validate the association of rs11150619 with
IgAN. A marginal association was noted between
rs11150619 and IgAN risk in the validation stage under the
dominant model (OR= 0.83, 95% CI= 0.69–1.00, P=
0.051) (Table 3). However, when we further analyzed the
association in the combined samples, the significant effect
of rs11150619 became more evident for IgAN susceptibility
(OR= 0.86, 95%CI= 0.78–0.94, additive P= 1.56 × 10−3;
OR= 0.81, 95%CI= 0.71–0.91, dominant P= 6.68 ×
10−4) (Table 3).

Associations between rs11150619 and the clinical
phenotypes of IgAN

We collected the clinical data of IgAN patients in the
discovery stage and further investigated the associations
between the significant SNP rs11150619 and the clinical
phenotypes. As shown in Table 4, our results indicated
that the protective allele T of rs11150619 was associated
with younger age (P= 0.019), increased eGFR levels (P=
0.034), increased serum C3 levels (P= 0.051) and a
reduced proportion of global glomerulosclerosis (P=
0.031).

Comparison of ITGAX and ITGAM mRNA levels
among rs11150619 genotypes

The ITGAX mRNA expression levels in WBCs of IgAN
patients were increased compared with those of normal
controls [0.55 (0.37–0.85) versus 0.44 (0.36–0.50), P=
0.004] (Fig. 1a), but no significant difference was found
between IgAN patients and controls for ITGAM mRNA
expression levels (Fig. 1b). Moreover, there was no sig-
nificant correlation between ITGAX and ITGAM mRNA
levels and clinical variables in IgAN patients (Supplemen-
tary Table 3).

To evaluate the influence of rs11150619 on ITGAX
and ITGAM expression, we compared ITGAX and
ITGAM mRNA levels among different genotypes in Ta
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Table 3 Associations of SNP rs11150619 with the susceptibility to IgAN in the discovery, validation and combined studies

Samples Allelea Controlb Caseb MAFc PHWE
d Additive Modele Dominant Modele Recessive Modele

OR (95% CI) P OR (95% CI)c P OR (95% CI) P

Discovery stage T/C 470/412/111 520/383/83 0.32/0.28 0.152 0.83 (0.72–0.95) 0.006 0.80 (0.67–0.96) 0.014 0.74 (0.54–0.99) 0.046

Validation stage T/C 628/629/133 342/277/69 0.32/0.30 0.174 0.91 (0.79–1.04) 0.174 0.83 (0.69–1.00) 0.051 1.05 (0.77–1.42) 0.774

Combined stage T/C 1098/1041/244 862/660/152 0.32/0.29 0.906 0.86 (0.78–0.94) 1.56E−03 0.81 (0.71–0.91) 6.68E−04 0.87 (0.70–1.08) 0.200

IgAN IgA nephropathy, SNP single-nucleotide polymorphism, MAF minor allele frequency, HWE Hardy–Weinberg equilibrium, OR odds ratio, CI
confidence interval
aMinor/major allele
bMajor homozygote/heterozygote/rare homozygote between cases and controls
cMinor allele frequency (MAF) among controls/cases
dP values among normal controls
eLogistic regression with adjustment for age and gender

Table 4 Associations of the SNP rs11150619 with clinicopathological parameters in IgAN patients

Varibles Total (n= 986) CC (n= 520) CT (n= 383) TT (n= 83) P

Gender (male, %) 479 (48.6) 243 (46.7) 190 (49.6) 39 (47.0) 0.684

Age (years) 34.66 ± 11.26 34.97 ± 11.09 34.97 ± 11.43 31.34 ± 11.17 0.019

Urine protein (g/day) 1.13 (0.50–2.66) 1.08 (0.51–2.45) 1.20 (0.48–2.74) 0.90 (0.49–3.52) 0.782

Scr (μmol/l) 97.00 (67, 181) 96.00 (68, 182) 96 (67, 168) 92 (64, 141) 0.236

eGFR (ml/min/1.73 m2) 71.43 (33.98, 102.5) 69.68 (32.65, 103.00) 69.45 (32.32,100.60) 81.16 (54.37,113.90) 0.034

Serum IgA (g/l) 2.95 ± 1.08 2.99 ± 1.06 2.88 ± 0.89 2.88 ± 1.25 0.242

MAP (mmHg) 97.49 ± 15.14 97.83 ± 15.36 97.65 ± 15.11 94.62 ± 13.63 0.212

Uric acid (μmol/l) 402.00 ± 125.60 403.10 ± 127.50 404.70 ± 122.80 382.6 ± 125.90 0.355

Serum C3 (g/l) 0.95 ± 0.20 0.95 ± 0.19 0.95 ± 0.21 1.00 ± 0.19 0.051

Serum C4 (g/l) 0.24 ± 0.12 0.24 ± 0.10 0.24 ± 0.13 0.24 ± 0.15 0.772

Proportion of global glomerulosclerosis (%) 20.00 (5.41, 50.00) 22.48 (6.20, 50.00) 20.00 (5.13, 50.00) 13.34 (0.54, 38.72) 0.031

Proportion of segmental glomerulosclerosis (%) 3.33 (0, 9.09) 3.28 (0, 8.33) 3.70 (0, 10.00) 0 (0, 9.41) 0.138

Proportion of crescent (%) 0 (0, 8.33) 0 (0, 8.03) 0 (0, 8.33) 0 (0, 11.63) 0.557

IgAN IgA nephropathy, SNP single-nucleotide polymorphism, eGFR estimated glomerular filtration rate, MAP mean arterial pressure

Values are calculated as the mean ± standard deviation, median (interquartile range) or frequency (%)

Fig. 1 ITGAX mRNA expression levels in healthy controls and IgAN
patients [0.55 (0.37–0.85) versus 0.44 (0.36–0.50), P= 0.004] (a).
ITGAM mRNA expression levels in healthy controls and IgAN

patients (0.016 ± 0.008 versus 0.016 ± 0.009, P= 0.833) (b). Bars
represent median and mean values of groups in a and b, respectively
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IgAN patients and healthy controls. As shown in Fig. 2,
no significant differences of ITGAX and ITGAM mRNA
levels were found among individuals with different
rs11150619 genotypes (P > 0.05), which was consistent
with the observation regarding the rs11150619 geno-
types and ITGAX expression in the CHB population
according to the SNPexp database (P= 0.168, Supple-
mentary Table 4).

Functional annotation of SNP rs11150619

SNP rs11150619 was located in the intron of ITGAX, and
12 variants (r2 ≥ 0.8) were tagged by rs11150619 using the
HaploReg v4.1 database. All these 12 SNPs are located

within the ITGAX gene, and we examined their potential
biological significance in RegulomeDB (Supplementary
Table 5). SNP rs11150619 was annotated as regulatory with
“score 3a: TF binding+ any motif+DNase peak”. Among
the 12 proxy variants, rs11150616 and rs13332545 had the
highest evidence for potential function (score 1f: eQTL+
TF binding/DNase peak), and a missense variant rs2230429
exhibited high LD (r2= 0.95) with rs11150619.

Discussion

In current study, we conducted a two-stage association
study with a total of 1700 sporadic IgAN patients and 2400

Fig. 2 ITGAX and ITGAM mRNA levels in individuals with different
genotypes of rs11150619 in IgAN patients and healthy controls. There
was no statistical difference between different genotypes of

rs11150619 of ITGAX and ITGAM mRNA levels in IgAN patients (a,
c) and healthy controls (b, d). Bars represent median (a, b) and mean
(c, d) values of groups
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healthy controls in a Chinese Han population to explore the
genetic association of ITGAX and ITGAM SNPs with the
susceptibility of IgAN. Our results showed that the
rs11150619-T allele was significantly associated with
reduced risk and disease severity of IgAN. Thus, it may
serve as an important protective role for IgAN.

The ITGAX-ITGAM region was associated with numer-
ous autoimmune diseases [15–17], and SNP rs7190997 was
identified to be associated with IgAN in the Chinese
population [10]. In the current study, our data showed that
rs7190997 was nominally associated with IgAN suscept-
ibility, but we found another SNP rs11150619 which was in
high LD (r2= 0.78, Fig. 3) with rs7190997 showed a strong
association with IgAN. After functional annotation analysis,
RegulomeDB [20] annotated that rs11150619 (scored 3a)
was less likely to affect binding and had no eQTL data.
When we investigated whether rs11150619 have a func-
tional influence on ITGAX and ITGAM gene expression, no
statistical significance was noted among different genotypes
of rs11150619, which was consistent with the results from
SNPexp [21]. Using HaploReg [22], 12 proxy SNPs to
rs11150619 were identified and five of these SNPs had a
high degree of potential regulatory function (RegulomeDB
scored 2b-1f), suggesting that ITGAX variants may
influence disease by regulating gene expression. Moreover,
of the 12 SNPs, the missense variant rs2230429 was
predicted to have a probable damaging effect on the protein
according to PolyPhen-2 database [23] and may influence
the formation of CR4 protein. Although we observed
the association of rs11150619 polymorphism with IgAN
susceptibility, we couldn’t speculate whether it is due to
the SNP itself, or other causal SNPs having LD
with rs11150619. Further comprehensive analysis of
ITGAX-ITGAM locus should be performed to identify the
causal variants within this region.

Of the two other nominally associated SNPs
(rs11150614 and rs4597342), SNP rs11150614 is located in
the intron of ITGAX with little evidence of predicted func-
tional effects (RegulomeDB scored 4). However, SNP
rs4597342 was predicted to be located in the 3′ UTR of
ITGAM and affect binding between the miRNA and ITGAM
based on the SNPinfo website [24], which may influence
the translation of ITGAM mRNA and disease susceptibility.
Identification of multiple variants in the ITGAX-ITGAM
region indicated a potential effect of ITGAX-ITGAM SNPs
on the susceptibility for IgAN. The investigators have
demonstrated that variants in ITGAX-ITGAM region have
functional effect on the ligand-binding and phagocytosis of
iC3b-coated targets [25]. The CR4-mediated inflammatory
responses were enhanced by increased CR4 expression and
ligand binding [26], and iC3b/CR4 interaction can amplify
persistent glomerular infiltration of immune cells in IgAN
[14]. Moreover, CD11b (ITGAM) participates in the

regulation of IgA-producing cells in the intestine [27], and
CR3 (CD11b/CD18) is also required for the interaction
between CD89 (FcαR) and secretory IgA [28]. In IgAN,
IgA1 can bind with CD89 to form an IgA1-CD89 complex,
and then interact with CD71 (TfR1) on mesangial cells and
accumulate in the kidney [29]. Thus, we speculated that
ITGAX and ITGAM gene polymorphisms may affect the
gene expression, structures and ligand binding activity of
CR3 and CR4, eventually leading to the deposition of IgA1-
CD89 complex in the kidney, aberrant inflammatory and
complement response during the development of IgAN.

Given that IgAN patients exhibited different clinical
features, we further investigated the correlation between
ITGAX rs11150619 and various clinical phenotypes of
IgAN. The protective allele T of rs11150619 was found to
be associated with less disease severity including increased
eGFR levels, serum C3 levels and reduced proportion of
global glomerulosclerosis in IgAN patients. However, the
patients with TT genotypes were younger, and these
patients with higher eGFR levels and less global glomer-
ulosclerosis may partially due to the age. In addition, it was
noteworthy that increased serum C3 levels indicated better
prognosis of IgAN [30], suggesting that rs11150619 may
have functional relevance in complement activation by
influencing the serum C3 levels. Taken together, our find-
ings indicated that the SNP rs11150619 may not only
influence disease susceptibility but can also serve as an
important factor to predict IgAN disease severity.

Fig. 3 The LD map of the six candidate SNPs in our samples of the
discovery stage. The figure was generated using the Haploview soft-
ware, and the LD was estimated using the r2
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ITGAX and ITGAM play a pivotal role in cellular sig-
naling and immunoregulation of multiple inflammatory
diseases by T cell activation and cytokine production
[31, 32]. In addition, ITGAX was demonstrated to be a
treatment biomarker to predict response to a TNF inhibitor
drug in rheumatoid arthritis patients [33]. Previous studies
showed that ITGAX and ITGAM were highly expressed in
the kidney of IgAN and positively associated with protei-
nuria [34]. It is likely that ITGAX and ITGAM may act
as an important player on the process of binding with the
ligands, eventually influencing the inflammatory response
during the development of IgAN. We observed that IgAN
patients had higher ITGAX mRNA levels compared with
healthy controls. However, we did not identify a correlation
between ITGAX mRNA expression levels and clinical
variables. Whether ITGAX expression levels can be applied
as a biomarker for predicting disease severity and progres-
sion require further elucidation.

In brief, the current study suggested that the variants of
ITGAX and ITGAM are involved in the susceptibility of
IgAN, and the rs11150619-T allele showed a protective role
for IgAN. More experimental data are needed to elucidate
the biologic mechanisms of the associations of ITGAX and
ITGAM with IgAN.
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