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1  |  INTRODUC TION

Immunoglobulin- A (IgA) vasculitis (IgAV; formerly called Henoch- 
Schönlein purpura) is an autoimmune vasculitis characterized by 

extensive deposition of IgA1- dominant immune complexes in cap-
illaries, arterioles, and venules, with a reported incidence of 3– 
27/100.000 in children and 0.8– 5.1/100.000 in adults.1– 3 IgAV is 
the most common subtype of vasculitis in children aged 2– 10 years. 
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Abstract
Background: Immunoglobulin- A vasculitis (IgAV) is an immune- related systemic vas-
culitis with an unclear etiology. Genetic predisposition is now considered to be closely 
associated with the development of the disease, and it is essential to reveal the rela-
tionship between them. To explore the role of heredity in the disease, we performed 
a genome- wide association study (GWAS) of 496 IgAV cases and 7165 controls using 
an Illumina Infinium Global Screening Array chip.
Methods: In the first stage of analysis, a significant correlation between the major 
histocompatibility	 complex	 (MHC)	 and	 IgAV	 was	 observed.	 Subsequently,	 human	
leukocyte	antigen	(HLA)	analysis	was	conducted	using	a	new	large-	scale	Han-	MHC	
reference	 panel.	 Fine	mapping	 of	 IgAV	 risk	 in	 the	MHC	 region	 indicated	 that	 two	
amino acid positions, 120 and 11, of HLA- DRB1 and three potential HLA alleles (HLA- 
DRB1∗04, HLA- DRB1∗16, and HLA- DRB1∗16:02) were significantly associated.
Results: Further stepwise conditional analysis demonstrated that 3 amino acid po-
sitions (120, 26, 96) of HLA- DRB1 and 6 HLA- DRB1 alleles (HLA- DRB1*04, HLA- 
DRB1*16, HLA- DRB1*01, HLA- DRB1*12:02, HLA- DRB1*10, and HLA- DRB1*15:02) 
were independent signals. Among them, the most significant signal was HLA- DRB1 
amino acid Ser120 (OR = 1.59, p = 3.19 × 10−8);	no	independent	signal	in	the	MHC	
region except for HLA- DRB1 was found.
Conclusions: Our study confirms that the pathogenesis of IgAV has a genetic compo-
nent and that HLA- DRB1 is strongly associated with susceptibility to IgAV.
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the median age of onset is 4 years, and it is also present during 
adulthood.4 IgAV is clinically characterized by nonthrombocytope-
nic purpura, which can be combined with joint swelling and pain, 
joint cavity effusion, gastrointestinal symptoms (abdominal pain 
and blood in the stool), and kidney involvement (hematuria and pro-
teinuria); a few cases may involve the central nervous system and 
testis.5,6 Although most patients have a good prognosis, with self- 
limiting disease, kidney involvement is often considered to result in 
a relatively poor prognosis.7

The etiology and pathogenesis of IgAV have not yet been fully 
elucidated. Pathogenic microbial infections, drugs, vaccination, in-
sect bites, and foods are generally considered to trigger onset of 
IgAV. Compared with the Caucasian population, Asians have a higher 
incidence rate,8 a significantly higher risk of affected first- degree 
relatives of patients4 and the phenomenon of family clusters,9 sug-
gesting that IgAV has a strong genetic predisposition. Overall, 
understanding genetic abnormalities of IgAV will be crucial for un-
derstanding the development of disease. A series of studies to date 
have reported that genetic abnormalities contribute to the develop-
ment of IgAV and that the genetic component of IgAV is complex, 
perhaps	as	a	consequence	of	gene–	gene	interactions.10 A series of 
human leukocyte antigen (HLA) gene alleles located in the major his-
tocompatibility	 complex	 (MHC)	 region	are	currently	 considered	 to	
be closely related to susceptibility to IgAV through a few candidate 
gene studies.11 Genome- wide association study (GWAS) research 
explores single- nucleotide polymorphisms (SNPs) at the upstream 
genome- wide level, and its value has been confirmed in a series of 
primary vasculitis diseases, such as aortic arteritis, Behçet disease, 
and ANCA- related vasculitis.12 In addition to HLA alleles, amino acid 
site anomaly signals can also be found by further imputation of the 
HLA region. The first GWAS of IgAV in 2017 from Spain reporting 
that the HLA- II region between HLA- DQA1 and HLA- DQB1 in those 
of Caucasian ancestry is closely related to disease susceptibility.13 
But	GWAS	with	IgAV	in	the	East	Asian	population,	especially	in	the	
Chinese Han population, are still lacking.

The purpose of this study was to perform a GWAS of the Chinese 
Han	population	with	IgAV	and	to	use	the	complete	5-	Mb	MHC	local	
database constructed by the Institute of Dermatology of Anhui 
Medical	University	covering	10,689	cases	of	HLA	gene	variants	in	a	
healthy population14	for	fine	mapping	of	the	MHC	to	identify	IgAV-	
related susceptible gene variant sites.

2  |  MATERIAL AND METHODS

2.1  |  Study population

The initial stage of the GWAS analysis included 514 cases of the 
Chinese Han population diagnosed with IgAV mainly from the First 
Affiliated	Hospital	of	Anhui	Medical	University	in	central	China	and	
7186 healthy controls from the Chinese Han population. At least 
two doctors diagnosed and classified IgAV according to guidelines 
for the diagnosis and classification of childhood vasculitis developed 

by	 the	 European	 Society	 of	 Children's	 Rheumatology.15	 EDTA-	
anticoagulated blood samples were collected for DNA extraction 
for genotyping. All subjects signed informed consent before par-
ticipating in the trial. Clinical information was collected from the 
patients or their guardians through comprehensive clinical examina-
tions,	 and	questionnaires	were	used	 to	 gather	 other	 demographic	
information from the patient and control populations. None of the 
controls had IgAV or other autoimmune diseases and no family his-
tory of IgAV or other autoimmune diseases (including first- , second- , 
and third- degree relatives). All trial protocols were carried out after 
being	authorized	and	approved	by	the	Ethics	Committee	of	the	First	
Affiliated	Hospital	of	Anhui	Medical	University	 in	accordance	with	
the principles of the Declaration of Helsinki.

2.2  |  GWAS genotyping and quality control

Genomic	DNA	was	extracted	from	the	EDTA-	anticoagulated	blood	
samples according to standard procedures and adjusted to a con-
centration of 50 ng/µl for genotyping. We used the Illumina Infinium 
Global Screening Array BeadChip, which includes 700,078 markers; 
a cohort including 7698 samples (512 patients and 7186 controls) 
was genotyped using the GSA array. Genotyping was conducted at 
the	Key	Laboratory	of	Dermatology	of	Anhui	Medical	University	and	
Shanghai Jingneng Biology. Genotype calling and the clustering of 
study	sample	genotypes	were	performed	using	Illumina's	GenTrain	
(version 1.0) clustering algorithm in Genome Studio (version 2011.1). 
Finally, 500 patients and 7186 controls were subjected to sub-
sequent	 genotyping.	 Smartpca	 software33	 was	 used	 to	 process	
principal component analysis (PCA) outliers.16 PLINK v.1.071 soft-
ware	was	applied	 for	quality	control	 for	 filtering	 the	original	data.	
Furthermore, we excluded SNPs with a call rate <98%, minimum al-
lele	frequency	(MAF)	<1%,	and	Hardy–	Weinberg	equilibrium	(HWE)	
p value <1 × 10−4; SNPs and copy number variant (CNV) probes on 
the X chromosome, Y chromosome, and mitochondrial chromosome 
were	removed	from	further	analysis.	After	quality	control,	genotype	
data for 33,347 autosomal variants in 496 patients and 7165 con-
trols were included for further analysis.

2.3  |  Imputation of HLA alleles, amino acid 
sites, and SNPs in the MHC region

The	5814	SNP	genotypes	contained	in	the	MHC	region	(chromosome	
6:29–	34	Mb)	of	 the	GSA	chip	were	extracted	 for	 analysis.	HLA	al-
lele region genotype filling was performed with SNP2HLA package 
v1.03 and Beagle software.17 The reference dataset relied on a newly 
established	MHC	reference	library	based	on	deep	sequencing	of	the	
MHC	region	in	the	Chinese	Han	population,	containing	29,948	vari-
ants in 10,689 cases of a healthy Han population in China.14	This	MHC	
reference library contains 8 HLA genes (HLA- A, HLA- B, HLA- C, HLA- 
DRB1, HLA- DQA1, HLA- DQB1, HLA- DPA1, and HLA- DPB1) and 
amino acid polymorphism SNPs. PLINK version 1.07 software was 
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employed	to	refer	to	previous	genotype	filling	data,	and	low-	quality	
genotype filling (r2 <	0.3),	minimum	allele	frequency	(MAF)	<0.01 and 
significantly different from Hardy– Weinberg law (p < 1 × 10−4) muta-
tions were removed. The imputation predicted r2 with true genotypes 
used	 as	 imputation	 quality,	 and	 the	 imputed	markers	which	 had	 r2 
value <0.3	was	filtered.	Ultimately,	22,966	variants	remained	for	fur-
ther analysis. Among the above variants, there were 634 amino acid 
variants for HLA class I and II antigens, 165 = classic HLA alleles (63 
two alleles and 102 four alleles), and 22,167 SNP insertions or missing.

2.4  |  Statistical analysis

All HLA variants were recorded as binary tags, similar to those re-
corded elsewhere. To evaluate how the variation affects the risk of 
IgAV, we used the logistic regression model by PLINK software (v.1.9) 
to assume that each allele exerts an additive effect on the scale. The 
statistical results are not presented using genome control correction 
because according to λgc (genome expansion coefficient) results re-
ported earlier, there is negligible evidence of population stratification, 
which is consistent with our previous research results.18 To identify 
distinctive independent HLA allelic variants and corresponding amino 
acid changes, a stepwise condition analysis was performed to evalu-
ate the independent signal with PLINK software (v.1.9). Because the 
statistical analysis is done at the genetic level, the analysis was com-
pleted until no significant variants appeared in the results (p > 0.05). 
The R language (4.0.3) was used to visualize the results.

3  |  RESULTS

3.1  |  General situation of the research subjects and 
SNPs

This study included statistical analysis of the average age, the male 
to female ratio, and the sample size of the Chinese Han population. 
The results are shown in Table 1.

3.2  |  Statistical analysis of genome- wide SNP 
typing data

PCA was used to assess typing data for 496 IgAV patients and 7165 
controls. No abnormal deviation was found among the samples, and 
the case and control samples were basically matched. The PCA chart 
is shown in Figure 1.

After	 strict	 quality	 control,	 Plink1.07	 software	 was	 used	 to	
count 377,302 SNPs genome- wide in 496 patients with IgAV and 

7165 normal controls. SNPs in the HLA region were strongly re-
lated to IgAV (Figure 2A). This finding suggested that the HLA 
gene	 located	 in	 the	MHC	 region	may	 be	 closely	 related	 to	 sus-
ceptibility to IgAV. By analyzing 377,302 whole- gene SNPs, cor-
rected genome expansion coefficient (λgc) of 1.39778 (1.37931 
after	 excluding	 the	MHC	 region)	was	 calculated;	 the	QQ	plot	 is	
shown in Figure 2B. Among them, we detected 112 SNPs in the 
HLA	region	(Chr.	6:	29–	34	Mb),	with	a	P_GWAS	value	<10 × 10−5. 
The correlation between 17SNPs and IgAV reached the signif-
icance level of the entire genome (p < 5 × 10−8), and 18 SNPs 
(rs9275407, rs9275440, rs9275332, rs9275393, rs9275428, 
rs9275371, rs9275439, rs9275390, rs9275377, rs9272346, 
rs9275464, rs660895, rs521539, rs9275365, rs17427599, 
rs9269110,	 rs9275327,	 and	 rs6903608)	 are	 located	 in	 the	MHC	
region (Table 2).

3.3  |  HLA genotype filling and quality 
control results

We used SNP2HLA software to fill in the HLA genotypes for 496 
IgAV	patients	and	7165	controls	in	the	MHC	region	using	the	im-
proved	MHC	 region	 reference	 dataset	 above	 and	 obtained	 cor-
responding data for 29,948 loci in the HLA region. Quality control 
was performed again, and 22,966 sites were obtained, including 
165 HLA alleles, 634 HLA gene corresponding amino acid posi-
tions and 22,167 SNP sites. After Bonferroni correction, the cor-
relation analysis result p < 2.21 × 10−6 was defined as statistically 
significant.

3.4  |  Association analysis results of classic HLA 
alleles and amino acid site SNPs

We performed logistic single- point association analysis on the data 
for	496	 IgAV	patients	and	7165	controls	after	 the	previous	qual-
ity	control	step.	After	 imputation	of	the	newly	constructed	MHC	
region reference data, the association analysis showed multiple 
allele and amino acid variations in HLA- DRB1 to be associated 
with susceptibility to IgAV. We conducted a single- point asso-
ciation analysis of 165 classic HLA alleles and found that 3 HLA- 
DRB1 alleles were infinite near the significance level of this study 
(p < 2.21 × 10−6), with HLA- DRB1*04 being the most significant 
site (p = 3.17 × 10−6).	The	frequency	of	HLA-	DRB1*04	was	16.1%	
among the IgAV patients and 11.23% among the controls. The OR 
value calculated by the logistic regression model was 1.517 (95% 
CI: 1.207– 1.809), and the specific results are shown in Table 3. 
After analyzing the corresponding positions of 634 variants in HLA 

TA B L E  1 Summary	of	the	samples	used	for	GWAS

Cases Control

TotalSample size male/female Mean age Sample size male/female Mean age

496 283/213 16.58 (±14.16) 7165 3537/3628 33.46 (±15.38) 7661
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genes, we found that 3 amino acid positions reached a significant 
difference (p < 2.21 × 10−6); the results are also shown in Table 3. 
The most significantly related site were amino acid 120 of HLA- 
DRB1: serine (Ser), aspartic acid (Asp) and position 11: valine (Val). 
The former is a risk type change (OR = 1.593, p = 3.19 × 10−8). All of 
the findings suggest that the HLA- DRB1 gene is related to suscep-
tibility to IgAV. In a comparison of 22,167 SNPs between the cases 
and controls, 143 reached the level of association significance 
(p < 2.21 × 10−6), and the specific results are shown in Table 3.

3.5  |  Stepwise regression analysis in the 
MHC region

The	 most	 relevant	 gene	 in	 the	 MHC	 region	 is	 HLA-	DRB1	
(Figure 3A). Since HLA genes and the corresponding amino acids 

are the most basic units for function, we conducted stepwise re-
gression analysis for HLA alleles and corresponding amino acid 
positions and found 6 independent HLA- DRB1 allele signals: 
HLA- DRB1*04, HLA- DRB1*16, HLA- DRB1*01, HLA- DRB1*1202, 
HLA- DRB1*10, and HLA- DRB1*1502 (Table 4). We also detected 
3 independent signals of HLA- DRB1 amino acid positions: HLA- 
DRB1 amino acid Ser120 (OR = 1.593, p = 3.19 × 10−8), HLA- DRB1 
amino acid Leu26, and HLA- DRB1 amino acid Glu96 (Table 5). 
After controlling for HLA- DRB1 alleles and amino acids, we did 
not	discover	any	other	significant	independent	signal	in	the	MHC	
region (Figure 3B,C). The statistical significance in both associa-
tion and stepwise regression analyses of the change at amino acid 
120 suggests that HLA- DRB1 amino acid 120 is a marker of sus-
ceptibility to IgAV. After selecting independent signal sites in HLA 
genes, the signal changes in the entire stepwise regression are 
shown in Figure 3.

F I G U R E  1 Principal	component	analysis	(PCA)	of	samples	in	the	central	Chinese	Han	population
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4  |  DISCUSSION

IgAV is a primary autoimmune small vasculitis disease, and genetic 
components play a key role in the development of disease. HLA, as 
the main molecule involved in the presentation of endogenous and 
exogenous antigens in the human body, has been confirmed to be 
strongly associated with systemic lupus erythematosus, rheuma-
toid arthritis, psoriasis, and some other autoimmune diseases19 and 

closely related to some primary vasculitis, such as antineutrophil cy-
toplasmic antibody (ANCA)- associated vasculitis (AAV) and giant cell 
vasculitis (GCA). Furthermore, recent GWASs have shown that HLA– 
DPB1 is associated with the pathogenesis of AAV and HLA– DRB1 
with GCA.20– 22

The correlation between the HLA gene and IgAV has been 
identified by a series of studies based on candidate gene methods. 
Among HLA class I molecules, HLA- B*4102, HLA- B*7, HLA- B*15, 

F I G U R E  2 Summary	of	genome-	wide	association	results	for	496	cases	and	7165	controls.	(A)	The	genome-	wide	p	values	(−log10 p) of 
logistic	regression	analysis	adjusted	for	sex	(19,899	SNPs)	plotted	against	the	position	on	chromosome	6.	(B)	Quantile–	quantile	plots	of	the	
observed p values versus the expected values from the p value of association. The plot in black is based on the entire set of 377,302 SNPs

TA B L E  2 Association	evidence	for	18	SNPs	at	MHC	loci	in	GWAS

CHRa SNP Positionb Allelec

MAFd

OR (95% CI)e p valueCase Control

6 rs9275407 32,670,037 T/G 0.3303 0.2289 1.66 (1.45– 1.91) 3.63 × 10−13

6 rs9275440 32,671,596 T/C 0.3303 0.229 1.66 (1.45– 1.91) 3.65 × 10−13

6 rs9275332 32,666,943 A/G 0.3303 0.229 1.66 (1.45– 1.91) 3.8 × 10−13

6 rs9275393 32,669,439 A/G 0.3303 0.229 1.66 (1.45– 1.91) 3.8 × 10−13

6 rs9275428 32,670,978 G/A 0.3303 0.2291 1.66 (1.45– 1.91) 3.87 × 10−13

6 rs9275371 32,668,296 C/T 0.3303 0.2292 1.66 (1.45– 1.91) 4.15 × 10−13

6 rs9275439 32,671,521 C/T 0.3296 0.2291 1.65 (1.44– 1.90) 5.43 × 10−13

6 rs9275390 32,669,156 C/T 0.3289 0.2295 1.65 (1.43– 1.89) 1.08 × 10−13

6 rs9275377 32,668,667 G/A 0.2319 0.1546 1.65 (1.41– 1.93) 1.34 × 10−10

6 rs9272346 32,604,372 G/A 0.2436 0.3538 0.59 (0.50– 0.70) 3.38 × 10−10

6 rs9275464 32,672,082 G/A 0.2327 0.1567 1.63 (1.40– 1.91) 4.28 × 10−10

6 rs660895 32,577,380 G/A 0.2834 0.2051 1.53 (1.33– 1.77) 5.13 × 10−9

6 rs521539 32,581,973 T/A 0.2828 0.2047 1.53 (1.33– 1.77) 5.23 × 10−9

6 rs9275365 32,668,125 A/G 0.2581 0.1843 1.54 (1.33– 1.79) 9.69 × 10−9

6 rs17427599 32,667,364 T/C 0.2692 0.1948 1.52 (1.32– 1.76) 1.46 × 10−8

6 rs9269110 32,443,269 A/C 0.3222 0.4109 0.68 (0.60– 0.78) 3.87 × 10−8

6 rs9275327 32,666,802 T/C 0.2581 0.1874 1.51 (1.30– 1.75) 4.7 × 10−8

aCHR: chromosome.
bPositions are based on human genome version 19 (hg19).
cMinor/major	alleles.
dMAF:	minor	allele	frequency.
eOR (95% CI):Odds ratio (95% Confidence interval).
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HLA- B*40, HLA- B*52 HLA - B*35, and HLA- B*49 alleles have been 
found to be closely related to susceptibility to IgAV in Caucasian, 
Turkish, and Asian populations, respectively,23– 25 whereas HLA- A*1, 
HLA- A*2, HLA- A*3, HLA- A*11, and HLA- A*26 alleles are considered 
to be closely related in Turkish and Asian populations.24,25 Previous 
research on HLA class II molecules has mainly focused on HLA- DRB1. 

HLA- DRB1*01, HLA- DRB1*0103, HLA- DRB1*03, HLA- DRB1*07, 
and HLA- DRB1*11 are closely related to susceptibility to IgAV.26– 28 
In 2017, the first GWAS for IgAV (285 patients vs. 1006 controls) 
in Caucasians reported the potential relevance of HLA- DRB1 
amino acid positions 11 and 13 (p = 1.88 × 10−5, p = 6.67 × 10−5, 
respectively).13 In our study, we also observed a strong correlation 
signal	 in	 the	 MHC	 region,	 and	 subsequent	 fine-	mapping	 analysis	
showed amino acid positions 120 and 11 of HLA- DRB1 and three 
potential HLA- DRB1 alleles (HLA- DRB1*04, HLA- DRB1*16, HLA- 
DRB1*1602) to be independently associated with IgAV. Our findings 
are largely consistent with a study from Spain and precisely localize 
HLA- DRB1 amino acid abnormalities in IgAV. Given that the changes 
in amino acids of HLA- DRB1 may significantly affect function, such 
alterations	might	participate	in	the	occurrence	of	IgAV.	Unlike	some	
previous conclusions obtained through candidate gene studies, all of 
the abnormal signals in the HLA region in our research are in HLA- 
DRB1, with no other HLA genes found to have abnormally inde-
pendent signals. This may be closely linked to population specificity 
and test deviations due to limitations of previous methods. Given 
the smaller sample size, we need to further expand the sample ca-
pacity to confirm the specificity of the HLA- DRB1 gene in suscep-
tibility	 to	disease.	Moreover,	how	genetic	abnormalities	affect	 the	
function of immune cells and trigger disease needs further explora-
tion. Some studies have shown that amino acid site variation in the 
antigen- binding region of the HLA gene may change the presenting 
peptide repertoire and cause a significant risk of autoimmune dis-
eases.29,30 This suggests that dysfunction of the antigen- presenting 
cells that express HLA molecules may be an important initiating fac-
tor in the pathogenesis of IgAV.

HLA- DRB1 is an HLA II molecule that is mainly distributed on 
the surface of antigen- presenting cells responsible for immune 
system regulation. HLA- DRB1 is involved in the recognition of ex-
ogenous antigen peptides and in charge of presenting exogenous 
antigen peptides to CD4+ Th cells, participating in T- cell activa-
tion signal transduction. A study from Spain showed that 40% of 
IgAV patients had a history of pro- respiratory infection before 
disease onset,31 suggesting that antigen presentation dysfunction 

TA B L E  3 Association	of	HLA	alleles	and	amino	acid	changes	with	IgAV	susceptibility

HLA variant A1/A2

Frequency of A1

OR(95% CI) p valueCases Controls

HLA allele

HLA- DRB1*04 P/A 0.161 0.1123 1.52 (1.27– 1.81) 3.17 × 10−6

HLA- DRB1*16 P/A 0.014 0.0441 0.31 (0.18– 0.52) 4.6 × 10−6

HLA- DRB1*1602 P/A 0.014 0.0441 0.31 (0.18– 0.52) 4.6 × 10−6

Amino acid polymorphism

HLA- DRB1 amino acid Asn120 P/A 0.187 0.1261 1.59 (1.35– 1.88) 3.19 × 10−8

HLA- DRB1 amino acid Ser120 A/P 0.187 0.1261 1.59 (1.35– 1.88) 3.19 × 10−8

HLA- DRB1 amino acid Val11 P/A 0.187 0.1262 1.59 (1.35– 1.88) 3.33 × 10−8

Abbreviations: 95% CI, 95% confidence interval for the odds ratio; A1, effective allele; A2, alternative allele, the letter “A” stands for “Absent,” the 
letter “P” stands for “Present”; OR, estimated odds ratio.

F I G U R E  3 Stepwise	conditional	analysis	of	genotyped	and	
imputed HLA classical alleles and AAs and with the IgAV GWA 
cohort. The horizontal axis of each panel represents the - log10 (p) 
value of the site, and the vertical axis represents the corresponding 
physical location of the hg19 version of the human genome. The 
gray dashed line represents the significance level of this study. (A) 
Association results before conditional analysis, marked as HLA- 
DRB1. (B) Conditional analyses controlling for HLA- DRB1 alleles. 
(C) Conditional analysis by further controlling for HLA- DRB1 amino 
acids
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caused by extraneous antigen stimulation plays an important role 
in the onset of IgAV. Amino acids at positions 120 and 11 are lo-
cated in the peptide- binding grooves of HLA- DRB1 molecules, 
suggesting latent abnormal antigen presentation and protein sta-
bility	of	the	corresponding	MHC	molecules.32,33 Such a change in 
the HLA- DRB1 gene encoding the antigen peptide- binding domain 
may be an important component of IgAV pathogenesis. Whether 
the abnormal independent signals of HLA- DRB1 amino acid sites 
found in our study have a marked effect on gene function and lead 
to immune disorders and further increase susceptibility to disease 
deserve further experimental confirmation.

In	summary,	this	is	the	first	study	to	utilize	GWAS	and	MHC	re-
gion genotype filling to identify multiple phenotypes of HLA- DRB1 
alleles and amino acid position changes at the genomic level in 
the Chinese Han population with IgAV. Our findings suggest that 
HLA- DRB1 has a strong association with susceptibility to IgAV. 
Nonetheless, further research is needed to elucidate how the HLA- 
DRB1 allele and amino acid site changes found in this study result 
in abnormal activation of antigen- presenting cells and Th cells after 
antigen stimulation and ultimately lead to the occurrence of IgAV.

ACKNOWLEDG EMENTS
We are grateful to all participants who donated blood samples for 
this research.

CONFLIC T OF INTERE S T
The authors declare that they have no competing interests.

DATA AVAIL ABILIT Y S TATEMENT
The data used to support the findings of this study are available from 
the	corresponding	author	upon	request.

ORCID
Xuejun Zhang  https://orcid.org/0000-0002-7958-498X 

R E FE R E N C E S
 1. Jennette JC, Falk RJ, Bacon PA, et al. 2012 revised international 

chapel hill consensus conference nomenclature of vasculitides. 
Arthritis Rheum. 2013;65(1):1- 11.

	 2.	 Piram	 M,	 Maldini	 C,	 Biscardi	 S,	 et	 al.	 Incidence	 of	 IgA	 vascu-
litis in children estimated by four- source capture- recapture 
analysis: a population- based study. Rheumatology (Oxford). 
2017;56(8):1358- 1366.

	 3.	 Hočevar	A,	Rotar	Z,	Ostrovršnik	J,	et	al.	Incidence	of	IgA	vasculitis	in	
the adult Slovenian population. Br J Dermatol. 2014;171(3):524- 527.

	 4.	 González-	Gay	MA,	García-	Porrúa	C.	Epidemiology	of	the	vasculiti-
des. Rheum Dis Clin North Am. 2001;27(4):729- 749.

	 5.	 Garzoni	L,	Vanoni	F,	Rizzi	M,	et	al.	Nervous	system	dysfunction	in	
Henoch- Schonlein syndrome: systematic review of the literature. 
Rheumatology (Oxford). 2009;48(12):1524- 1529.

 6. Jauhola O, Ronkainen J, Koskimies O, et al. Clinical course of extra-
renal symptoms in Henoch- Schonlein purpura: a 6- month prospec-
tive study. Arch Dis Child. 2010;95(11):871- 876.

	 7.	 Ronkainen	J,	Nuutinen	M,	Koskimies	O.	The	adult	kidney	24	years	
after childhood Henoch- Schönlein purpura: a retrospective cohort 
study. Lancet. 2002;360(9334):666- 670.TA

B
LE

 5
 
Su
m
m
ar
y	
re
su
lts
	o
f	s
te
pw
is
e	
co
nd
iti
on
al
	a
na
ly
si
s	
of
	H
LA
	a
m
in
o	
ac
id
	c
ha
ng
es
	fo
r	I
gA
V

A
m

in
o 

ac
id

 p
ol

ym
or

ph
is

m

N
om

in
al

 a
ss

oc
ia

tio
n

co
nd

iti
on

 o
n 

H
LA

- D
RB

1 
po

si
tio

n 
12

0
co

nd
iti

on
 o

n 
H

LA
- D

RB
1 

po
si

tio
n 

12
0&

H
LA

- D
RB

1 
po

si
tio

n 
26

co
nd

iti
on

 o
n 

H
LA

- D
RB

1 
po

si
tio

n 
12

0&
H

LA
- D

RB
1 

po
si

tio
n 

26
&

H
LA

- 
D

RB
1 

po
si

tio
n 

96

p
O

R 
(9

5%
 C

I)
p

O
R 

(9
5%

 C
I)

p
O

R 
(9

5%
 C

I)
p

O
R 

(9
5%

 C
I)

H
LA

- D
RB

1 
am

in
o 

ac
id

 
Se

r1
20

3.
19

 ×
 1

0−
8

1.
59

3 
(1

.3
49

– 1
.8

82
)

N
A

N
A

N
A

N
A

N
A

N
A

H
LA

- D
RB

1 
am

in
o 

ac
id

 
Le

u2
6

3 
× 

10
−5

1.
41

3 
(1

.2
– 1

.6
64

)
1.

77
 ×

 1
0−
5

1.
43

6 (1
.2

17
– 1

.6
95

)
N

A
N

A
N

A
N

A

H
LA

- D
RB

1 
am

in
o 

ac
id

 
G

lu
96

2.
67

 ×
 1

0−
4

1.
89

2 
(1

.3
35

– 2
.6

82
)

1.
06

 ×
 1

0−
4

1.
99

2 (1
.4

06
– 2

.8
22

)
2.

6 
× 

10
−2

1.
55

9 (1
.0

67
– 2

.2
77

)
N

A
N

A

H
LA

- D
RB

1 
am

in
o 

ac
id

 
G

ln
74

0.
79

5
1.

02
9 

(0
.8

27
– 1

.2
81

)
0.

31
6

1.
11

7 
(0

.8
9–

 1.
38

8)
9.

6 
× 

10
−2

1.
20

5 (0
.9

67
– 1

.5
03

)
9.

6 
× 

10
−2

1.
20

6 
(0

.9
67

– 
1.

50
3)

https://orcid.org/0000-0002-7958-498X
https://orcid.org/0000-0002-7958-498X


    |  9 of 9XIA et Al.

	 8.	 Gardner-	Medwin	 JM,	 Dolezalova	 P,	 Cummins	 C,	 Southwood	 TR.	
Incidence of Henoch- Schonlein purpura, Kawasaki disease, and 
rare vasculitides in children of different ethnic origins. Lancet. 
2002;360(9341):1197- 1202.

	 9.	 Zhang	 Y,	 Gu	W,	 Mao	 J.	 Sibling	 cases	 of	 Henoch-	Schönlein	 pur-
pura in two families and review of literature. Pediatr Dermatol. 
2008;25(3):393- 395.

	10.	 López-	Mejías	R,	Castañeda	S,	Genre	F,	et	al.	Genetics	of	immuno-
globulin- A vasculitis (Henoch- Schönlein purpura): an updated re-
view. Autoimmun Rev. 2018;17(3):301- 315.

	11.	 González-	Gay	MA,	López-	Mejías	R,	Pina	T,	Blanco	R,	Castañeda	S.	
IgA vasculitis: genetics and clinical and therapeutic management. 
Curr Rheumatol Rep. 2018;20(5):24.

	12.	 Carmona	FD,	Martín	 J,	González-	Gay	MA.	Genetics	of	 vasculitis.	
Curr Opin Rheumatol. 2015;27(1):10- 17.

	13.	 López-	Mejías	R,	Carmona	FD,	Castañeda	S,	et	al.	A	genome-	wide	
association study suggests the HLA Class II region as the major sus-
ceptibility locus for IgA vasculitis. Sci Rep. 2017;7(1):5088.

	14.	 Zhou	F,	Cao	H,	Zuo	X,	et	al.	Deep	sequencing	of	the	MHC	region	in	
the Chinese population contributes to studies of complex disease. 
Nat Genet. 2016;48(7):740- 746.

	15.	 Ozen	 S,	 Pistorio	A,	 Iusan	 SM,	 et	 al.	 EULAR/PRINTO/PRES	 crite-
ria for Henoch- Schönlein purpura, childhood polyarteritis nodosa, 
childhood Wegener granulomatosis and childhood Takayasu arteri-
tis: Ankara 2008. Part II: final classification criteria. Ann Rheum Dis. 
2010;69(5):798- 806.

	16.	 Price	 AL,	 Patterson	 NJ,	 Plenge	 RM,	Weinblatt	 ME,	 Shadick	 NA,	
Reich D. Principal components analysis corrects for stratification in 
genome- wide association studies. Nat Genet. 2006;38(8):904- 909.

 17. Browning BL, Browning SR. A unified approach to genotype impu-
tation and haplotype- phase inference for large data sets of trios 
and unrelated individuals. Am J Hum Genet. 2009;84(2):210- 223.

 18. Tang XF, Zhang Z, Hu DY, et al. Association analyses identify three 
susceptibility Loci for vitiligo in the Chinese Han population. J 
Invest Dermatol. 2013;133(2):403- 410.

	19.	 Trowsdale	 J,	 Knight	 JC.	 Major	 histocompatibility	 complex	 ge-
nomics and human disease. Annu Rev Genomics Hum Genet. 
2013;14:301- 323.

 20. Lyons PA, Rayner TF, Trivedi S, et al. Genetically distinct 
subsets within ANCA- associated vasculitis. N Engl J Med. 
2012;367(3):214- 223.

	21.	 Carmona	FD,	Mackie	SL,	Martín	JE,	et	al.	A	large-	scale	genetic	anal-
ysis reveals a strong contribution of the HLA class II region to giant 
cell arteritis susceptibility. Am J Hum Genet. 2015;96(4):565- 580.

	22.	 Merkel	PA,	Xie	G,	Monach	PA,	et	al.	Identification	of	functional	and	
expression polymorphisms associated with risk for antineutrophil 

cytoplasmic autoantibody- associated vasculitis. Arthritis Rheumatol. 
2017;69(5):1054- 1066.

	23.	 López-	Mejías	 R,	 Genre	 F,	 Pérez	 BS,	 et	 al.	 Association	 of	 HLA-	
B*41:02 with Henoch- Schönlein purpura (IgA Vasculitis) in Spanish 
individuals irrespective of the HLA- DRB1 status. Arthritis Res Ther. 
2015;17(1):102.

 24. Peru H, Soylemezoglu O, Gonen S, et al. HLA class 1 associations in 
Henoch	Schonlein	purpura:	 increased	and	decreased	frequencies.	
Clin Rheumatol. 2008;27(1):5- 10.

	25.	 Ren	SM,	Yang	GL,	Liu	CZ,	et	al.	Association	between	HLA-	A	and	-	B	
polymorphisms and susceptibility to Henoch- Schönlein purpura in 
Han	and	Mongolian	children	from	Inner	Mongolia.	Genet Mol Res. 
2012;11(1):221- 228.

	26.	 Amoli	MM,	Thomson	W,	Hajeer	AH,	et	 al.	HLA-	DRB1*01	associ-
ation with Henoch- Schönlein purpura in patients from northwest 
Spain. J Rheumatol. 2001;28(6):1266- 1270.

	27.	 Amoroso	A,	Berrino	M,	Canale	L,	et	al.	Immunogenetics	of	Henoch-	
Schoenlein disease. Eur J Immunogenet. 1997;24(5):323- 333.

	28.	 López-	Mejías	 R,	 Genre	 F,	 Pérez	 BS,	 et	 al.	 HLA-	DRB1	 associ-
ation with Henoch- Schonlein purpura. Arthritis Rheumatol. 
2015;67(3):823- 827.

 29. Scally SW, Petersen J, Law SC, et al. A molecular basis for the as-
sociation of the HLA- DRB1 locus, citrullination, and rheumatoid 
arthritis. J Exp Med. 2013;210(12):2569- 2582.

	30.	 van	Lummel	M,	Duinkerken	G,	van	Veelen	PA,	et	al.	Posttranslational	
modification of HLA- DQ binding islet autoantigens in type 1 diabe-
tes. Diabetes. 2014;63(1):237- 247.

	31.	 Calvo-	Río	V,	Loricera	J,	Mata	C,	et	al.	Henoch-	Schönlein	purpura	
in northern Spain: clinical spectrum of the disease in 417 patients 
from a single center. Medicine (Baltimore). 2014;93(2):106- 113.

 32. Jin H, Arase N, Hirayasu K, et al. Autoantibodies to IgG/HLA class 
II complexes are associated with rheumatoid arthritis susceptibility. 
Proc Natl Acad Sci USA. 2014;111(10):3787- 3792.

	33.	 Miyadera	H,	Ohashi	J,	Lernmark	Å,	Kitamura	T,	Tokunaga	K.	Cell-	
surface	MHC	density	profiling	reveals	instability	of	autoimmunity-	
associated HLA. J Clin Invest. 2015;125(1):275- 291.

How to cite this article:	Xia	L,	Chen	M,	Zhang	H,	et	al.	
Genome- wide association study of 7661 Chinese Han 
individuals and fine- mapping major histocompatibility complex 
identifies HLA- DRB1 as associated with IgA vasculitis. J Clin 
Lab Anal. 2022;36:e24457. doi:10.1002/jcla.24457

https://doi.org/10.1002/jcla.24457

	Genome-wide association study of 7661 Chinese Han individuals and fine-mapping major histocompatibility complex identifies HLA-DRB1 as associated with IgA vasculitis
	Abstract
	1|INTRODUCTION
	2|MATERIAL AND METHODS
	2.1|Study population
	2.2|GWAS genotyping and quality control
	2.3|Imputation of HLA alleles, amino acid sites, and SNPs in the MHC region
	2.4|Statistical analysis

	3|RESULTS
	3.1|General situation of the research subjects and SNPs
	3.2|Statistical analysis of genome-wide SNP typing data
	3.3|HLA genotype filling and quality control results
	3.4|Association analysis results of classic HLA alleles and amino acid site SNPs
	3.5|Stepwise regression analysis in the MHC region

	4|DISCUSSION
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES


