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Abstract

Multiple alleles of the Human leukocyte antigen (HLA) DRB1 have been strongly associated with systemic sclerosis (SSc) and
its clinical or serological subsets. However, the associations vary in different ethnic populations. To define SSc-risk and/or -
protective alleles of HLA-DRB1 in Chinese population, we studied a Han Chinese cohort containing 585 patients with SSc
and 458 gender-matched, unrelated controls. The HLA-DRB1 genotyping was performed with sequence-based typing
method. Exact p-values were obtained (Fisher’s test) from 262 tables of allele frequency and disease status. The major SSc-
risk allele subtypes of HLA-DRB1 are the DRB1*15:02 and *16:02 in this Chinese cohort. Particularly, DRB1*15:02 was most
significantly associated with anti-centromere autoantibodies (ACA) positive, and DRB1*16:02 with anti-topoisomerase I
autoantibodies (ATA) positive patients. On the other hand, DRB1*01:01 and *04:06 were strong SSc-protective alleles in
Chinese, especially in patients who were ACA positive and had diffuse cutaneous SSc (dcSSc), respectively. In addition,
DRB1*11 and *07:01 also showed significant association with SSc as a risk for and protection from SSc, respectively, and
which is consistent with the studies of Spanish, US Caucasian and Hispanic populations. DRB1*15 was associated with ATA
positive Chinese SSc that is consistent with Black South African and Korean SSc. These findings of HLA-DRB1 alleles in
association with Chinese SSc provide the growing knowledge of genetics of SSc, and indicate that the genetic
heterogeneity among ethnicities may significantly impact the complex trait of SSc.
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Introduction

Systemic sclerosis (SSc) is an immune-mediated disease of

unknown etiology. It is characterized by fibrosis of skin and

internal organs, and the presence of a group of mutually exclusive

autoantibodies [1]. The most common SSc autoantibodies are

anti-topoisomerase I autoantibody (ATA), anti-centromere auto-

antibody (ACA), and anti-RNA polymerase III autoantibody

(RNAP3) [2,3]. In addition, based on the extent of skin fibrosis,

SSc can be classified into two clinical subsets: limited cutaneous

(lcSSc) and diffuse cutaneous (dcSSc) SSc [4]. The latter subset is

characterized by more rapid progression of skin and visceral

involvement, as well as poorer prognosis [1,4].

Although the etiology of SSc is still unknown, genetic factors

clearly play an important role. There have been numerous genetic

studies in SSc [5–17], including three genome-wide association

studies (GWAS) [7–10] and one immunochip study [11], which

demonstrated that the strongest genetic associations with SSc fell

within the human leucocyte antigen (HLA) class II region. Specific

HLA class II alleles were associated with SSc and its subtypes in

multiple reports [7–18]. However, major SSc-associated HLA-

DRB alleles vary in different ethnic populations.
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In a multi-ethnic US study [12], DRB1*11, particularly

DRB1*11:04 was strongly associated with the risk of SSc, while

DRB1*07:01 was decreased (protective) in SSc in the US

Caucasians and Hispanic individuals. In addition, HLA-

DRB1*01 (particularly DRB1*01:01) was associated with in-

creased risk in patients who were ACA positive, while

DRB1*11:04 was a major risk factor for ATA positive SSc.

However, these observations were not the same for SSc in African

Americans [12], in whom DRB1*08:01 was found to be

significantly associated with SSc in the overall group of patients

and most strongly associated in especially ATA positive group

[12].

An independent study of a Spanish population supported the

associations of HLA-DRB1*11 and DRB1*07:01 with SSc [13]. In

a study of UK population [14], the associations between HLA-

DRB1*11 and SSc with ATA was concordant, but DRB1*04 and

DRB1*08 were associated with ACA. The meta-analysis of Italian

and Spanish SSc showed an association between HLA-DRB1*01

alleles and ACA [15]. In Black South Africans [16], DRB1*11 was

associated with pulmonary fibrosis, ATA was associated with

DRB1*15, and DRB1*0301 with the lcSSc. In a Korean SSc

cohort [17], HLA-DRB1*15 was associated with ATA positive

SSc. However, a Japanese population study did not show

differences of frequencies of DRB1 alleles between SSc patients

and healthy controls for the disease overall but did find differences

for the autoantibody subsets [18].

These controversial results highlight the complexity and

heterogeneity of HLA-DRB1 gene in different ethnic populations,

and emphasize the importance of studying genetic associations of

SSc within specific geographic distribution and racial/ethnic

groups.

Chinese SSc patients have unique serological and clinical

features with higher frequency of ATA, dcSSc and pulmonary

fibrosis (PF) and lower anti-RNAP3 antibody frequency than their

European-ancestry counterparts [19]. Associations between the

HLA-DRB1 alleles and SSc have not been previously reported in

a Chinese SSc population. Recently, we established an SSc cohort

of Han Chinese through a multicenter SSc consortium in China as

part of the International Network of Scleroderma Clinical Care

and Research (InSCAR) program (http://www.inscar-global.org).

The goal of this current study is to investigate the HLA-DRB1

alleles in association with potential risk for or protection from SSc

in Han Chinese.

Materials and Methods

Patient enrollment
SSc patients of Han population were recruited in a multicenter

study including hospitals and outpatient clinics in Shanghai, Hebei

province, Sichuan province, and Hunan province in China. All

patients met the American College of Rheumatology (ACR)

classification criteria for SSc [20], except 3 patients were

diagnosed with at least 3 out of 5 CREST features (Calcinosis,

Raynaud’s phenomenon, Esophageal dysmotility, Sclerodactyly,

and Telangiectasia) with sclerodactyly being mandatory [4]. A

total of 585 patients with SSc and 458 gender-matched unrelated

controls of Han population were examined in the studies. None of

the controls had autoimmune disease. The studies were approved

by the institutional review boards of the University of Texas

Health Science Center at Houston, United States of America and

Fudan University, Shanghai, China. Written informed consent

was obtained from each study subject.

Autoantibody Testing
Patient’s sera were tested for antinuclear antibodies (ANA) by

indirect immunofluorescence using HEp-2 cells as antigen

substrate (Antibodies, Davis, CA). ATA was detected by passive

immunodiffusion against calf thymus extracts (INOVA, Diagno-

sis). ACA was determined by the pattern of staining on indirect

immunofluorescence using HEp-2 cells. Anti-RNAP3 was detected

utilizing commercially available kits (NBL, Nagoya, Japan).

HLA-DRB1 genotying
Genomic DNA was extracted from peripheral blood cells from

subjects. The HLA-DRB1 genotyping was performed with a

sequence-based typing (SBT) method using SeCore Kits (Life

Technologies, USA). Briefly, the allele-specific polymerase chain

reactions (PCR) were performed using primers supplied in the

Table 1. Distribution of major HLA-DRB1 alleles in Chinese SSc patients and controls.

Alleles SSc % control % *p OR (95% CI)

DRB1*01 25 2.1 43 4.7 0.0011 0.44 (0.27–0.73)

DRB1*03 51 4.4 18 2.0 0.0024 2.27 (1.32–3.91)

DRB1*04 123 10.5 124 13.5 0.034 0.75 (0.58–0.98)

DRB1*07 88 7.5 102 11.1 0.0044 0.65 (0.48–0.88)

DRB1*08 114 9.7 72 7.9 0.13 1.27–0.93)

DRB1*09 153 13.1 144 15.7 0.09 0.81 (0.63–1.03)

DRB1*10 19 1.6 13 1.4 0.71 1.15 (0.56–2.33)

DRB1*11 90 7.7 40 4.4 0.0018 1.83 (1.24–2.68)

DRB1*12 128 10.9 119 13.0 0.15 0.82 (0.63–1.07)

DRB1*13 64 5.5 59 6.4 0.31 0.83 (0.57–1.19)

DRB1*14 50 4.3 50 5.5 0.21 0.77 (0.52–1.16)

DRB1*15 224 19.1 126 13.8 0.0011 1.49 (1.17–1.88)

DRB1*16 41 3.5 6 0.7 1.461025 5.51 (2.23–14.5)

total 1170 916

*nominal significance level: P,0.05; Bonferroni correction for significance was calculated as P,0.0038.
doi:10.1371/journal.pone.0106939.t001
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SeCore kits, followed by sequencing exon 2 and 3 of the HLA-

DRB1 gene, as well as an additional targeted sequencing on codon

86. The HLA SBT uTYPE 6.0 program (Life Technologies) was

used in sequencing analysis and assigning HLA-DRB1 alleles.

Statistical analysis
Exact p values were obtained (Fisher’s test) from 262 tables of

allele counts and disease status. The p values less than 0.05 were

considered nominal significance. We applied both nominal

significance and a strict ‘‘Bonferroni’’ correction to the p values,

which allows the readers to consider the context, due to extensive

and long-range haplotypes in the HLA-DRB1 region, a Bonfer-

roni correction is considered highly conservative.

Permutation analysis (10,000 times) was conducted to validate

previous chi-square test.

Results

Autoantibody tests showed that 92% of SSc patients were ANA

positive. There were 460 patients examined for ATA with 214

being positive (46.5%); 440 were examined for ACA with 92

positive (20.7%); 365 were examined for anti-RNAP3 with 7

positive (1.9%). Out of 433 patients who were examined with chest

X-ray and/or CT, 295 were diagnosed as pulmonary fibrosis

(68%).

A total of thirteen DRB1 alleles (two-digit typing) were found in

cases and controls in this Chinese cohort, and the common ones of

control group are DRB1*09 (15.7%), *15 (13.8%), *04 (13.5%),

*12 (13%) and *07 (11.1%). The associations of these alleles with

SSc are displayed in Table 1. Bonferroni correction for signifi-

cance was calculated as P,0.0038. According to this correction,

the HLA-DRB1*01 was significantly decreased, while DRB1*03,

*11, *15 and *16 were significantly increased in SSc patients

(Table 1). In studies of SSc subsets, DRB1*11 was more

significantly associated with dcSSc, while DRB1*15 and *16 were

more significantly associated with SSc patients who were ATA

positive and dcSSc (Table 2). In addition, DRB1*16 and *03 were

significantly increased in SSc patient with pulmonary fibrosis, and

DRB1*10 was associated with SSc patients with ACA (Table 2).

A total of twenty DRB1 allele subtypes (four-digit typing) were

found with frequency equal or larger than 1% in the cases and/or

controls. The common ones of control group are DRB1*09:01

Table 2. Two-digit allele frequencies of HLA-DRB1 between SSc subsets and controls.

Cont (%) ATA (+) (%) p OR (95% CI)

DRB1*11 4.4 8.1 0.0056 1.92 (1.2–3.1)

DRB1*15 13.8 21.2 0.00052 1.69 (1.25–2.27)

DRB1*15:01 10.6 11.3 0.7 1.1 (0.73–1.57)

DRB1*15:02 2.1 6.5 4.261025 3.3 (1.7–6.1)

DRB1*16 0.7 4.1 761026 6.6 (2.6–16.7)

Cont (%) ACA (+) (%) p OR (95% CI)

DRB1*10 1.4 6.7 0.00022 5.01 (1.95–12.9)

DRB1*11 4.4 10.6 0.0059 2.59 (1.29–5.22)

DRB1*15 13.8 20 0.08 0.6 (0.95–2.7)

DRB1*15:01 10.6 5.8 0.12 0.52 (0.2–1.3)

DRB1*15:02 2.1 13.5 ,1027 7.3 (3.4–16)

Cont (%) SSc with PF (%) p OR (95% CI)

DRB1*03 2.0 4.7 0.0026 2.47 (1.35–4.52)

DRB1*15 13.8 19.4 0.004 1.51 (0.14–2)

DRB1*15:01 10.6 10.7 0.97 1 (0.71–1.43)

DRB1*15:02 2.1 6.8 4.461026 3.5 (1.9–6.3)

DRB1*16 0.7 3.3 0.0001 5.2 (2.1–13.2)

Cont (%) dcSSc (%) p OR (95% CI)

DRB1*03 2.0 4.5 0.0073 2.3 (1.2–4.4)

DRB1*11 4.4 8.7 0.00096 2.09 (1.3–3.3)

DRB1*15 13.8 21.7 0.00014 1.7 (1.3–2.3)

DRB1*15:01 10.6 11.4 0.64 1.1 (0.76–1.5)

DRB1*15:02 2.1 7.3 161026 3.7 (2.1–6.8)

DRB1*16 0.7 3.6 3.661025 5.7 (1.3–14.5)

Cont (%) lcSSc (%) p OR (95% CI)

DRB1*01 4.7 1.5 0.004 0.3 (0.13–0.71)

DRB1*07 11.1 6.3 0.0063 0.54 (0.35–0.85)

DRB1*16 0.7 2.9 0.00095 4.6 (1.7–12.3)

*nominal significance level: P,0.05; Bonferroni correction for significance was calculated as P,0.0038. For DRB1*15, two major subtypes also were displayed.
doi:10.1371/journal.pone.0106939.t002
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(15.7%), *07:01 (11.1%), *15:01 (10.6%) (Table 3). The associa-

tions of these allele subtypes with SSc are displayed in Table 3.

Bonferroni correction for significance was calculated as P,0.0025.

According to the correction, the HLA-DRB1*01:01, *04:06,

*07:01 and *12:02 were significantly decreased in SSc, while

DRB1*15:02 and *16:02 were strong risk alleles for SSc (Table 3).

In analysis of SSc subsets with the HLA-DRB1 allele subtypes

(Table 4), DRB1*01:01 and DRB1*04:06 were significantly

decreased and increased, respectively, in SSc patients who were

ACA negative, lcSSc or ATA positive; DRB1*07:01 and *08:02

were associated with lcSSc with decreased and increased

occurrence, respectively; DRB1*12:02 was increased in SSc

patients with ATA or pulmonary fibrosis; DRB1*15:02 and

*16:02 represented the major risk alleles for ACA positive and

ATA positive SSc, respectively.

Comparisons between dcSSc and lcSSc, autoantibody positive

and negative SSc, and SSc with and without PF, only

DRB1*01:01 and *15:02 were observed to be significantly

increased in ACA positive SSc compared to ACA negative SSc

patients. It is important to know that this comparison may be lack

of statistic power for some alleles.

HLA-DRB1*11:04, an uncommon allele in the Chinese cohort,

was increased in SSc (0.77% in cases vs. 0.22% in controls), but its

p value is 0.085 with odds ratio (OR) 3.5.

We were underpowered to perform meaningful association

studies in the anti-RNAP3 positive subgroup because the

frequency of this antibody was only 1.9% (7 cases) in this cohort.

It is worth noting that Bonferroni correction is extremely

conservative. It can lead to false negative errors of unacceptable

levels. Therefore, we reported the nominal p-values (p,0.05) in

each table.

The permutation test showed same significant pattern with

traditional chi-square test. DRB1*01:01, DRB1*15:02,

DRB1*16:02 were significantly associated with SSc at p-values

,1024, while DRB1*04:06, DRB1*12:02 and DRB1*07:01 were

strongly associated with SSc achieving the p-values of 0.0001,

0.0014 and 0.0021, respectively (Table 3). DRB1*03:01 showed a

significant association with SSc, while it is not significant in

traditional chi-square test with ‘‘Bonferroni’’ correction.

As we previously reported that DQB1*05:01 was strongly

associated with ACA positive SSc in Han Chinese [21]. In fact,

DRB1*15:02/DQB1*05:01 was considered as a haplotype in Asia

population [22]. Other alleles of the DQB1 did not show

significant impact on those DRB1 alleles observed in association

with SSc.

Discussion

Human HLA genes are extremely polymorphic. Specific alleles

of the HLA genes determined by complex gene sequence

polymorphisms encode amino acid sequences with distinct affinity

for antigenic peptides (epitopes) for effective immune surveillance.

In many aspects of the immune response, a large variety of HLA

alleles is considered necessary to protect the human body.

However, some of these alleles also confer susceptibility to a

variety of autoimmune or immune-mediated diseases, e.g. SSc [7–

18], rheumatoid arthritis (RA) [23], ankylosing spondylitis [24]

and type 1 diabetes [25].

According to SSc GWAS, the HLA genes confer the major

susceptibility to SSc [7–10]. Several studies indicated that the

HLA-DRB1 gene in particular contains major SSc-risk and -

protective alleles. However, SSc-associated HLA-DRB1 alleles

appeared only partially concordant in different ethnic populations

[12–18]. Studies of a Chinese cohort herein supported this notion,

T
a

b
le

5
.

C
o

m
p

ar
is

o
n

o
f

SS
c-

as
so

ci
at

e
d

H
LA

-D
R

B
1

al
le

le
s

o
f

C
h

in
e

se
co

h
o

rt
w

it
h

th
e

re
p

o
rt

s
o

f
o

th
e

r
e

th
n

ic
p

o
p

u
la

ti
o

n
s

(*
U

P
:

u
n

d
e

r
p

o
w

e
r)

.

U
S

C
a

u
ca

si
a

n
U

S
H

is
p

a
n

ic
s

U
S

A
fr

ic
a

n
A

m
e

ri
ca

n
S

p
a

n
is

h
U

K
S

o
u

th
A

fr
ic

a
n

s
K

o
re

a
n

T
h

a
i

C
h

in
e

se
H

a
n

q
D

R
B

1
*0

1
:0

1
in

A
C

A
(+

)
ye

s
ye

s
ye

s
n

o

q
D

R
B

1
*1

1
:0

4
in

A
T

A
(+

)
ye

s
ye

s
ye

s
*U

P

q
D

R
B

1
*0

8
:0

1
in

A
T

A
ye

s
n

o

q
D

R
B

1
*0

3
0

1
in

lc
SS

c
ye

s
ye

s

Q
D

R
B

1
*0

7
:0

1
ye

s
ye

s
ye

s
ye

s

q
D

R
B

1
*0

4
in

A
C

A
ye

s
n

o

q
D

R
B

1
*0

8
in

A
C

A
ye

s
n

o

q
D

R
B

1
*1

1
in

SS
c

ye
s

ye
s

ye
s

ye
s

ye
s

ye
s

q
D

R
B

1
*1

5
in

A
T

A
ye

s
ye

s
ye

s
ye

s

d
o

i:1
0

.1
3

7
1

/j
o

u
rn

al
.p

o
n

e
.0

1
0

6
9

3
9

.t
0

0
5

The HLA-DRB1 Alleles in Chinese Scleroderma

PLOS ONE | www.plosone.org 6 September 2014 | Volume 9 | Issue 9 | e106939



and a comparison of SSc-associated HLA-DRB1 alleles of the

Chinese cohort with the reports of other ethnic populations is

displayed in Table 5. In particular, significantly increased HLA-

DRB1*11 in SSc in the Han Chinese is concordant with the

reports of studies in US Caucasian and Hispanics [12], Spanish

[13], UK [14] and Black South African populations [16]. A strong

association of DRB1*15 with SSc is consistent in the Chinese Han,

Black South Africans [17], Koreans [18] and Thai patients [26],

which suggests it is specific to populations of Asian and South

African. On the other hand, the associations between DRB1*04

and *08 with ACA positive SSc reported in UK studies [14] were

not observed in this Chinese cohort, which instead showed an

association of DRB1*10 with ACA positive cases. In addition, it is

worth noting that DRB1*15 and *16 were strongly associated with

PF along with dcSSc and ATA (+) in Chinese SSc patients

(Table 2). Interestingly, these two alleles also were reported in

association with interstitial lung disease (ILD) in Japanese RA

patients [27].

Analysis of HLA-DRB1 allele subtypes showed that

DRB1*07:01 was consistently protective from SSc in Han

Chinese, US Caucasian, US Hispanic and Spanish patients

[12,13]. A decreased DRB1*03:01 in lcSSc was concordant

between Han Chinese (at nominal significance level) and Black

South Africans [16]. DRB1*11:04, a major risk allele for ATA

positive SSc in US Caucasian [12], US Hispanic [12] and UK

populations [14], is a rare allele in Han Chinese. Although it was

increased (0.77% in cases vs. 0.22% in controls) in Chinese SSc,

the association was not significant likely due to small numbers and

a lack of statistic power.

The major SSc-risk allele subtypes of HLA-DRB1 are the

DRB1*15:02 and *16:02 in this Chinese cohort. Particularly,

DRB1*15:02 was most significantly associated with ACA positive,

and DRB1*16:02 with ATA positive and ACA negative Chinese

SSc patients. On the other hand, DRB1*01:01 and *04:06 were

strong SSc-protective alleles in Chinese, especially in patients who

were ACA positive and had dcSSc, respectively. In contrast, the

studies of US Caucasian, US Hispanic and UK SSc cohorts

indicated that DRB1*01:01 was a risk allele for ACA positive SSc

[12,14]. In addition, a previously reported association between

DRB1*08:01 and ATA positive SSc in African Americans [12]

was not observed in the Chinese cohort.

While examining HLA region by imputing through genome-

wide SNP data, Raychaudhuri and others found SNP variants

corresponding to five amino acids including three in HLA-DRb1

and one in each HLA-B (at position 9) and HLA-DPb1 almost

completely explain the MHC association to seropositive RA risk

[28]. To examine whether identified SSc-risk alleles from different

ethnic populations share any sequence variants or corresponding

amino acids different from non-risk alleles of SSc, each sequence

of these SSc-risk alleles was compared with each other and with

other non-risk alleles. Such a unique sequence variant or an

encoded amino acid was not fund among these SSc-risk alleles.

In summary, this is the first report of HLA-DRB1 studies in

Chinese SSc. Compared to the results of previously reported

studies in several other ethnic populations, DRB1*11 and *07:01

showed the most consistent association with SSc as a risk for and

protection from SSc, respectively. Identified associations of some

specific HLA-DRB1 alleles with Chinese SSc were not reported in,

or discordant from the studies of other ethnic populations, which

need to be confirmed in a large sample size of SSc cohort and/or

other ethnic populations. In fact, previous studies of different

populations already demonstrated ethnic differences in genetic

associations with SSc. Therefore, genetic heterogeneity among

ethnicities may significantly impact the complex trait of SSc.
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9. Allanore Y, Saad M, Dieudé P, Avouac J, Distler JH, et al. (2011) Genome-wide

scan identifies TNIP1, PSORS1C1, and RHOB as novel risk loci for systemic
sclerosis. PLoS Genet 7: e1002091.

10. Gorlova O, Martin JE, Rueda B, Koeleman BP, Ying J, et al. (2011)

Identification of novel genetic markers associated with clinical phenotypes of
systemic sclerosis through a genome-wide association strategy. PLoS Genet 7:

e1002178.

11. Mayes MD, Bossini-Castillo L, Gorlova O, Martin JE, Zhou X, et al. (2014)
Immunochip analysis identifies multiple susceptibility loci for systemic sclerosis.

Am J Hum Genet 94: 47–61.

12. Arnett FC, Gourh P, Shete S, Ahn CW, Honey RE, et al. (2010) Major

histocompatibility complex (MHC) class II alleles, haplotypes and epitopes

which confer susceptibility or protection in systemic sclerosis: analyses in 1300

Caucasian, African-American and Hispanic cases and 1000 controls. Ann
Rheum Dis 69: 822–827.

13. Simeón CP, Fonollosa V, Tolosa C, Palou E, Selva A, et al. (2009) Association of
HLA class II genes with systemic sclerosis in Spanish patients. J Rheumatol 36:

2733–2736.

14. Gilchrist FC, Bunn C, Foley PJ, Lympany PA, Black CM, et al. (2001) Class II

HLA associations with autoantibodies in scleroderma: a highly significant role
for HLA-DP. Genes Immun 2: 76–81.

15. Beretta L, Rueda B, Marchini M, Santaniello A, Simeón CP, et al. (2012)
Analysis of Class II human leucocyte antigens in Italian and Spanish systemic

sclerosis. Rheumatology (Oxford) 51(1): 52–9.

16. Tikly M, Rands A, McHugh N, Wordsworth P, Welsh K (2004) Human

leukocyte antigen class II associations with systemic sclerosis in South Africans.
Tissue Antigens 63: 487–490.

17. Kang SH, Park MH, Song EY, Kang SJ, Lee EB, et al. (2001) Association of
HLA class II genes with systemic sclerosis in Koreans. J Rheumatol. 28: 1577–

83.

18. Kuwana M, Inoko H, Kameda H, Nojima T, Sato S, et al. (1999) Association of

human leukocyte antigen class II genes with autoantibody profiles, but not with
disease susceptibility in Japanese patients with systemic sclerosis. Intern Med 38:

336–344.

19. Wang J, Assassi S, Guo G, Tu W, Wu W, et al. (2013) Clinical and serological

features of systemic sclerosis in a Chinese cohort. Clin Rheumatol 32: 617–621.

20. Subcommittee for scleroderma criteria of the American Rheumatism Associa-

tion Diagnostic and Therapeutic Criteria Committee (1980) Preliminary criteria
for the classification of systemic sclerosis (scleroderma). Arthritis Rheum 23:

581–590.

21. Zhou XD, Yi L, Guo XJ, Chen E, Zou HJ, et al. (2013) Association of HLA-

DQB1*0501 with scleroderma and its clinical features in Chinese population.

Int J Immunopathol Pharmacol 26: 747–751.

The HLA-DRB1 Alleles in Chinese Scleroderma

PLOS ONE | www.plosone.org 7 September 2014 | Volume 9 | Issue 9 | e106939



22. Yunis EJ, Larsen CE, Fernandez-Viña M, Awdeh ZL, Romero T, et al. (2003)

Inheritable variable sizes of DNA stretches in the human MHC: conserved
extended haplotypes and their fragments or blocks. Tissue Antigens 62: 1–20.

23. Newton JL, Harney SM, Wordsworth BP, Brown MA (2004) A review of the

MHC genetics of rheumatoid arthritis. Genes Immun 5: 151–157.
24. Reveille JD (2006) Major histocompatibility genes and ankylosing spondylitis.

Best Pract Res Clin Rheumatol 20: 601–609.
25. Erlich H, Valdes AM, Noble J, Carlson JA, Varney M, et al. (2008) HLA DR-

DQ haplotypes and genotypes and type 1 diabetes risk: analysis of the type 1

diabetes genetics consortium families. Diabetes 57: 1084–1092.

26. Louthrenoo W, Kasitanon N, Wichainun R, Wangkaew S, Sukitawut W, et al.

(2013) Association of HLA-DRB1*15:02 and DRB5*01:02 allele with the

susceptibility to systemic sclerosis in Thai patients. Rheumatol Int 33: 2069–77.

27. Furukawa H, Oka S, Shimada K, Sugii S, Ohashi J, et al. (2012) Association of

human leukocyte antigen with interstitial lung disease in rheumatoid arthritis: a

protective role for shared epitope. PLoS One 7: e33133.

28. Raychaudhuri S, Sandor C, Stahl EA, Freudenberg J, Lee HS, et al. (2012) Five

amino acids in three HLA proteins explain most of the association between

MHC and seropositive rheumatoid arthritis. Nat Genet 44: 291–296.

The HLA-DRB1 Alleles in Chinese Scleroderma

PLOS ONE | www.plosone.org 8 September 2014 | Volume 9 | Issue 9 | e106939


