
A haplotype in STAT4 gene associated with rheumatoid arthritis
in Caucasians is not associated in the Han Chinese population,

but with the presence of rheumatoid factor
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Objective. Several studies have shown that a haplotype (rs11889341, rs7574865, rs8179673 and rs10181656) in STAT4 is associated
with the development of RA in Caucasian, Korean and Japanese populations. The aim of this study was to investigate the effect of STAT4

on susceptibility to RA in the Han Chinese population.
Methods. Unrelated 750 RA patients and individually matched 750 healthy controls were genotyped for single nucleotide polymorphism

(SNP), rs11889341, in STAT4, which tags the susceptibility haplotype. Association analyses were performed on the whole data set and on

sex subsets. Significant relationships were determined between clinical variables and rs11889341 for each disease subtype in the studied
groups.

Results. There was no evidence of a significant association between rs11889341 and RA. The heterozygous CT genotype was associated
with RA in female group [P¼ 0.027; odds ratio (OR) 1.31; 95% CI 1.03, 1.65]. No association was found in male group and in any subsets of

RA based on sex, RF and anti-cyclic citrullinated peptide (anti-CCP) antibody. However, in the Han Chinese population with RA disease, we
observed a significantly decreased frequency of the minor T allele and TT genotype in the RF-positive subgroup compared with RF-negative

subgroup (T allele: P¼ 0.024; OR 0.73; 95% CI 0.56, 0.95; TT genotype P¼ 0.013; OR 0.49; 95% CI 0.28, 0.86).
Conclusion. The STAT4 RA-susceptibility haplotype identified in other previously reported populations has not been replicated in the

Han Chinese population with individually matched case–control study design. It is associated only with the presence of RF in the Han
Chinese population with RA disease.
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Introduction

RA (MIM 180300) is a common autoimmune disease character-
ized by chronic, destructive and debilitating arthritis and is
associated with considerable disability and early mortality. The
aetiology of RA is unknown, but it is thought to have both a
genetic and an environmental basis. The heritability of RA has
been estimated to be in the order of 60%, suggesting a substantial
contribution from genetic factors [1–4]. Although the well-known
susceptibility gene is the HLA DRB1 gene, it accounts for only
approximately one-third of the total genetic effects [5]. Non-HLA
susceptibility genes contribute a major portion of genetic suscept-
ibility to RA and remain to be elucidated.

However, it has been much more difficult to identify risk
genes outside the HLA region. Fortunately, with the advent of
genome-wide association scans, a large number of new potential
susceptibility loci for RA has appeared [6, 7]. Recently, an RA
linkage peak in chromosome 2q was detected in families of
European ancestry [8]. Further investigation in 2q has revealed
that several polymorphisms in the third intron of the signal
transducer and activator of transcription 4 (STAT4) gene are
significantly associated with RA and SLE [9]. The four disease-
associated single nucleotide polymorphisms (SNPs) in strong

correlation and linkage disequilibrium (rs11889341, rs7574865,
rs8179673 and rs10181656; r2> 0.97 in Caucasians) form a sus-
ceptibility haplotype. Subsequently, this association was repli-
cated in the Korean population [10] and one polymorphism
(rs7574865) of them was selected as a tagger SNP to replicate
this association in other Caucasians [11–13] and Japanese popu-
lation [14].

STAT4, a signal transducer and activator of transcription 4,
is expressed in activated peripheral blood monocytes, dendritic
cells and macrophages at the sites of inflammation in human
beings. It is activated by IL-12, leading to Th type 1 and Th
type 17 differentiation, monocyte activation and IFN-� produc-
tion. STAT4 is abundantly expressed in synovial macrophages in
patients with RA [15]. In model of arthritis (proteoglycan
induced), STAT4-deficient mice display less disease and decreased
parameters of inflammation compared with wild-type mice [16].
It is suggested to be a key regulatory role in the pathogenesis and
manifestation of RA [17–19].

Meanwhile, much evidence shows that non-HLA susceptibil-
ity genes of RA may have significant population differences.
Perhaps one of the best examples is the P1 protein tyrosine
phosphate (PTPN22) gene. The PTPN22 risk allele (R620W,
rs2476601) was associated with RA in many White RA cohorts
but not in non-White populations [20, 21]. In the Han Chinese
population, this polymorphism does not exist. This genetic
heterogeneity of RA across the major racial groups highlights
the importance of testing genes reported to be associated with
RA in different populations. This study genotyped the poly-
morphism rs11889341 in the previously reported haplotype of
STAT4 and investigated the association of STAT4 with RA
susceptibility in the Han Chinese population. Since the clinical
phenotype of RA is heterogeneous, further stratification
analysis was performed in specific patient subgroups based
on sex, RF and anti-cyclic citrullinated peptide (anti-CCP)
autoantibodies.
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Patients and methods

Subjects evaluated in the association study

A total of 1514 subjects evaluated in this study, including 757 RA
patients and 757 healthy controls, were Chongqing city residents
in Southwest China with similar environmental exposure (living
customs and warm, humid climate) and unrelated ethnic Han
Chinese basis of their self-reported ancestry. Subjects from other
minorities such as Miao Nationality and TuJia Nationality were
excluded from the study. All patients with an established diagnosis
of RA according to the 1987 revised criteria of the ACR for the
classification of the disease [22] were consecutively recruited from
the outpatient clinics and hospitalization wards in the Department
of Rheumatology at the Southwest Hospital (Chongqing) between
May 2006 and November 2008. Clinical data with potential diag-
nostic value, such as age, sex, disease duration, levels of IgM RF
and IgG antibodies to CCP, were provided by the physicians. All
healthy individuals with no medical history of RA were examined
by physicians and recruited from the Health Care Center at the
Southwest Hospital during the same period. A single healthy con-
trol was matched with each case on the basis of sex, age, ethnicity
and local living region.

Genomic DNA from patients and controls was extracted from
ethylene diamine tetraacetic acid (EDTA)-treated whole blood,
using the Wizard Genomic DNA Purification Kit (Promega,
Madison, USA) according to the manufacturer’s instructions.
The DNA samples were then stored at �208C until used.

Written informed consent was obtained from all the subjects,
and the study was performed with the approval of the ethical
committee of the Third Military Medical University.

SNP selection and genotyping methods

We first confirmed that the four polymorphisms (rs11889341,
rs7574865, rs8179673 and rs10181656) in STAT4 previously
reported were also polymorphic in Chinese population
[rs11889341 minor allele frequency (MAF) 0.344; rs7574865
MAF 0.333; rs8179673 MAF 0.321; and rs10181656 MAF
0.344] and also had strong correlation with each other (r2> 0.8)
using Haploview 4.1 with HapMap data (http://ftp.hapmap.org/
genotypes/latest_phaseII_ncbi_b36/rs_strand/non-redundant/).
Therefore, any one of the four polymorphisms can sufficiently
capture the information of sequence variation in the susceptible
haplotype to be a tagger SNP. In this study, to meet the multiplex
polymerase chain reactions (PCRs) in one panel with other SNPs
in SNPstream Genotyping System, rs11889341 was selected as a
tagger SNP to represent the haplotype (r2 between rs11889341 and
rs7574865 is 0.855; rs11889341 captured four alleles at r2 50.8;
mean max r2 is 0.874).

The rs11889341 SNP was genotyped using the SNPStream
Ultra High Throughput Genotyping system (Beckman Coulter,
Fullerton, CA, USA) according to the manufacturer’s instruc-
tions. Briefly, the target genomic sequences containing the SNPs
were amplified as part of 12-plex PCRs, which were subjected to
an extension reaction using 50-tagged extension primers and fluor-
escent dye-labelled terminators. In a thermal cycled extension
step, the primers hybridized to the specific amplicons one base
adjacent to the SNP site and were extended by one base at the
30-end with a fluorescently labelled nucleotide. These reaction
products were transferred to an array plate, where each of the
12 extension products in the multiplex reaction were sorted by
hybridization of the unique 50-tag sequence to its complementary
probe immobilized in a mini-array within each well. The plates
were imaged by the SNPscope (Beckman Coulter). Two primers of
the rs11889341 for PCR were 50AAAGGAACACTTGATTTAT-
GACAGA30 and 50ACATGTCTACCAAATTCCAATAACA30

and an internal primer with a 50 DNA sequence tag was
50AGGGTCTCTACGCTGACGATCTGGCCCAGCAGAGCA-
GTGGTAAAA30. The genotype concordance rate was 100% as

assessed by random retyping across different plates. Finally,
1500 samples of 1514 samples were genotyped successfully and
the call rate of successful genotype was 99.1%.

Statistical analysis

RA has a complex disease phenotype, variations in severity, age at
onset and presence of various other clinical features, such as ero-
sions, RF and anti-CCP antibody. It is recognized that there
might be a phenotypic heterogeneity within the samples collected.
In such situations, stratification analysis can increase the power to
detect linkage by creating more homogeneous subsets of cases
despite the loss of power due to reductions in sample size [23].
Hence, after investigation of the STAT4 rs11889341 in whole RA
case cohort, stratification analysis was also undertaken to inves-
tigate whether associations were present in specific patient subsets
based on sex, RF and anti-CCP antibody.

Hardy–Weinberg equilibrium (HWE) test was undertaken
using a Pearson chi-square test goodness-of-fit test. Allele of
rs11889341 was analysed for association with clinical or labora-
tory variables using Pearson chi-square test or Fisher’s exact test.
Due to individually matching case–control design, conditional
logistic regression analysis using Cox regression model was per-
formed to evaluate whether the genotypes were associated with
susceptibility to RA or some subset RA [24, 25]. Among RA cases,
binary logistic regression analyses were performed to evaluate
whether there was an association between genotypes and the
presence of RF or anti-CCP antibodies. These analyses were
performed using SPSS software (version 13.0, SPSS, Chicago,
USA). The P-values, odds ratio (OR) and 95% CI were
calculated, and the P-values< 0.05 were considered significant.

Results

Clinical phenotypes of the study subjects

Patients were individually matched with controls based on sex and
age. Therefore, 82.9% were females among RA patients and
healthy controls. The mean� S.D. ages in the case group and in
the control group were 46.8� 10.1 years each. The mean� S.D. age
at disease onset was 40.7� 10.5 years. Among the 757 RA
patients, 79.1% of the 707 RA patients with available RF infor-
mation were RF positive, and 77.2% of the 689 RA patients with
available anti-CCP antibodies information were anti-CCP
positive.

Association study in RA patients and their controls

Allele and genotype frequencies for the STAT4 rs11889341 were in
HWE in both the patient and the control populations. As shown
in Table 1, the minor T allele and TT genotype frequencies for RA
case group did not differ significantly from those in the control
group (P¼ 0.182; OR 1.110; 95% CI 0.956, 1.289; and P¼ 0.443;
OR 1.139, 95% CI 0.816, 1.590, respectively). The difference in the
frequency of the CT genotype between patients and controls failed
to reach statistical significance (P¼ 0.062; OR 1.224; 95% CI
0.990, 1.514).

Stratified analyses of clinical and laboratory variables
in RA patients

RA is a heterogeneous disease and, therefore, associations may be
found in subgroups of the patients. Stratification analyses were
undertaken to account for sex and the presence of RF or anti-CCP
antibodies. In each stratification analyses, frequencies of alleles
and genotypes of subgroup RA patients were compared with
their individually matched control group. Stratification analysis
for sex was shown in Table 1. In the female Han Chinese group,
heterozygous CT genotype was associated with RA (P¼ 0.027;
OR 1.31; 95% CI 1.03, 1.65). In the male Han Chinese group,
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no significant differences in genotype frequency or allele frequency
were observed.

Among 750 patients with successful genotyping, 702 patients
with RF information available were divided into two groups by
RF status: RF-positive RA group and RF-negative RA group. As
shown in Table 1, there was no significant evidence of association

between the rs11889341 and RF subgroups, either RF-positive
RA group or RF-negative RA group. As to stratification
for anti-CCP status, 684 RA patients with available anti-CCP
antibody information were divided into two groups: anti-CCP-
positive RA group and anti-CCP-negative RA group. For the
anti-CCP-positive RA group, the difference in the frequency of
the heterozygous CT genotype between anti-CCP RA patients and
their matched controls failed to reach statistical significance
(P¼ 0.055; OR 1.29; 95% CI 1, 1.67). The allele and genotype
frequencies for anti-CCP-positive RA group did not differ signifi-
cantly from those in the control group.

In addition, to test whether the STAT4 rs11889341 polymorph-
ism was associated with the presence of RF or anti-CCP anti-
bodies, we analysed the distribution of the rs11889341 genotypes
and alleles among RA patients stratified by autoantibody status.
As shown in Table 2, rs11889341 TT genotype was present in the
RF-positive subgroup at significantly lower frequencies than in
the RF-negative subgroup (10.4 and 17.1%, respectively;
P¼ 0.013; OR 0.49; 95% CI 0.28, 0.86). Accordingly, we observed
a statistically significant decrease in the frequency of the minor
T allele in the RF-positive subgroup compared with RF-negative
subgroup (P¼ 0.024; OR 0.73; 95% CI 0.56, 0.95). Therefore,
homozygosity for the T allele appeared to be associated with
a reduced risk of the presence of RF in RA patients. As to stra-
tification for anti-CCP status, no difference in allele or genotype
frequencies between anti-CCP-positive group and anti-CCP-
negative group was found.

Discussion

The main finding in the present study is that the rs11889341
polymorphism, a tagger SNP of the previously reported haplotype
of STAT4, is associated not with the development of RA but
with the presence of RF in the Han Chinese population with
RA disease. The four polymorphisms (rs11889341, rs7574865,
rs8179673 and rs10181656) in STAT4 have strong correlation
with each other not only in the populations previously reported,
but also in the Han Chinese population in Beijing (CHB) using
HapMap data released on 1 April 2008. Our findings suggest that
this susceptibility haplotype replicated in several other popula-
tions is associated not with RA in Han Chinese population, but
with the presence of RF in Han Chinese population with RA
disease.

As to the negative results showing that no association of
STAT4 and RA in Han Chinese population, there are several
possible reasons. First, inadequate power may be an explanation
of our negative results. However, we believe this is highly unlikely.
For the rs11889341, this individually matched case–control study
had power >89% to replicate the effects in Korean population
by Lee et al. [10]. Based on the genotype frequencies of rs7574865
in previous studies and a 0.948 D0 between rs11889341 and
rs7574865 from HapMap CHB, this study also had power
>83% to replicate the association between the haplotype and
RA in Japanese, European and Colombian population (calculated

TABLE 1. STAT4 rs11889341 allele and genotype frequencies in RA patients, in
controls and in subgroups

RA patients Controls P-value OR (95% CI)

Total study group 750 750
CC 289 (38.5) 324 (43.2) – 1 (reference)
CT 370 (49.3) 336 (44.8) 0.062 1.224 (0.990, 1.514)
TT 91 (12.1) 90 (12) 0.443 1.139 (0.816, 1.590)
C 948 (63.2) 984 (65.6) – 1 (reference)
T 552 (36.8) 516 (34.4) 0.182 1.110 (0.956, 1.289)

Female group 622 622
CC 237 (38.1) 270 (43.4) – 1 (reference)
CT 315 (50.6) 275 (44.2) 0.027 1.31 (1.03, 1.65)
TT 70 (11.3) 77 (12.4) 0.804 1.05 (0.73, 1.51)
C 789 (63.4) 815 (65.5) – 1 (reference)
T 455 (36.6) 429 (34.5) 0.295 1.10 (0.93, 1.29)

Male group 128 128
CC 52 (40.6) 54 (42.2) – 1 (reference)
CT 55 (43) 61 (47.7) 0.913 0.97 (0.59, 1.60)
TT 21 (16.4) 13 (10.2) 0.182 1.77 (0.77, 4.08)
C 159 (62.1) 169 (66) – 1 (reference)
T 97 (37.9) 87 (34) 0.407 1.19 (0.83, 1.70)

RF-positive RA vs
individual matched
controls

556 556

CC 227 (40.8) 251 (45.1) – 1 (reference)
CT 271 (48.7) 246 (44.2) 0.128 1.21 (0.95, 1.55)
TT 58 (10.4) 59 (10.6) 0.681 1.09 (0.72, 1.64)
C 725 (65.2) 748 (67.3) – 1 (reference)
T 387 (34.8) 364 (32.7) 0.324 1.10 (0.92, 1.31)

RF-negative RA vs
individual matched
controls

146 146

CC 48 (32.9) 52 (35.6) – 1 (reference)
CT 73 (50) 71 (48.6) 0.665 1.12 (0.68, 1.83)
TT 25 (17.1) 23 (15.8) 0.628 1.19 (0.59, 2.40)
C 169 (57.9) 175 (59.9) – 1 (reference)
T 123 (42.1) 117 (40.1) 0.674 1.09 (0.78, 1.51)

Anti-CCP-positive
RA vs individual
matched controls

530 530

CC 203 (38.3) 230 (43.4) – 1.0 (reference)
CT 266 (50.2) 234 (44.2) 0.055 1.29 (1.00-1.67)
TT 61 (11.5) 66 (12.5) 0.813 1.05 (0.70-1.58)
C 672 (63.4) 694 (65.5) – 1.0 (reference)
T 388 (36.6) 366 (34.5) 0.341 1.10 (0.92-1.31)

Anti-CCP-negative
RA vs individual
matched controls

154 154

CC 56 (36.4) 64 (41.6) – 1 (reference)
CT 77 (50) 74 (48.1) 0.478 1.18 (0.75, 1.84)
TT 21 (13.6) 16 (10.4) 0.300 1.46 (0.71, 2.98)
C 189 (61.4) 202 (65.6) – 1 (reference)
T 119 (38.6) 106 (34.4) 0.315 1.20 (0.86, 1.67)

Values given as n (%). Allele analysis for association was used by Pearson chi-square test
or Fisher’s exact test; genotype analyses for association with matched data were used by
conditional logistic regression (Cox regression model) in SPSS.

TABLE 2. Genotype and allele frequencies of the STAT4 rs11889341 polymorphism in the RA subset cases group stratified by the presence of RF and anti-CCP antibody,
where such information was available

Patients with RF-positive RA vs patients with RF-negative RA Patients with anti-CCP-positive RA vs patients with anti-CCP-negative RA

rs11889341
RF-positive
RA patients

RF-negative
RA patients OR (95% CI) P-value

Anti-CCP-positive
RA patients

Anti-CCP-negative
RA patients OR (95% CI) P-value

CC 227 (40.8) 48 (32.9) 1 (reference) – 203 (38.3) 56 (36.4) 1 (reference) –
CT 271 (48.7) 73 (50) 0.79 (0.52, 1.18) 0.241 266 (50.2) 77 (50) 0.95 (0.65, 1.41) 0.809
TT 58 (10.4) 25 (17.1) 0.49 (0.28, 0.86) 0.013 61 (11.5) 21 (13.6) 0.80 (0.45, 1.43) 0.452
C 725 (65.2) 169 (57.9) 1 (reference) – 672 (63.4) 189 (61.4) 1 (reference) –
T 387 (34.8) 123 (42.1) 0.73 (0.56, 0.95) 0.024 388 (36.6) 119 (38.6) 0.92 (0.71, 1.19) 0.546

Values given as n (%). Allele analysis for association was used by Pearson chi-square test or Fisher’s exact test; genotype analysis for association was used by binary logistic regression analyses.
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by the genetic power calculator [26]; the powers of our study to
replicate their positive results are shown in supplementary table
available as supplementary data at Rheumatology Online).

Secondly, the discrepancy could be attributable to true varia-
tion between the ethnic groups. Indeed, the allele and genotype
frequencies of the STAT4 polymorphisms vary with ethnicity
(Fig. 1). Genotypes and frequency data of common (>0.1 minor
allele frequency) SNPs in STAT4 gene from different populations
from HapMap were analysed with Haploview 4.1. The haplotype
blocks were defined by CIs [27]. The linkage disequilibrium
patterns of STAT4 gene were largely divided into 10 discrete
blocks in CEU (Utah residents with Northern and Western
European ancestry from the CEPH collection) and JPT
(Japanese in Tokyo, Japan) populations, whereas eight blocks in
CHB population. It suggests that the independent historical
recombinant events occurred in different populations (Fig. 1A).
Although the previously reported four SNPs are all in one block in
different population, there are different haplotypes in different
populations (Fig. 1B). In the CEU population, the four SNPs
within Block 7 compose only five common haplotypes, whereas
in JPT population, they compose nine haplotypes. In CHB
population, they are in Block 5 and have eight haplotypes.

A third explanation is that the discrepancy could be attributa-
ble to different characteristics of the control such as age and sex
ratio. As we know, RA is three to four times more common in
women than in men, whereas in a healthy population, the sex ratio
is usually one. Without matching, there was a great difference
between the sex ratio of RA cases and the one of healthy controls.
The controls in some previous studies were matched with cases
based on only ethnic, not on age and sex [9–11, 14]. No logistic
regression analysis with adjustment for age and sex was
performed. Biased samples may give smaller P-values than even
samples. The present study performed individually matched case–
control study design different from the previous studies. Although

this study had no large sample size, individually matched case–
control study design can increase statistical power. Besides sex and
age, environmental exposures and genetic background were also
taken into account. All subjects, including cases and healthy con-
trols evaluated in this study were recruited from residents in one
city and have similar environmental exposures such as warm
humid climate and diet custom. Some DNA samples whose
ethnic backgrounds were not Han Nationality were excluded
before genotyping due to multi-nationalities in China. All these
efforts were put into decreasing danger of false positives.

Finally, there are different environmental factors such as cli-
mate, diet and other lifestyle factors between Chinese population
and others. Since RA risk is probably influenced by gene–gene
and gene–environment interactions [28–30], STAT4 gene may
have different degree of genetic risk among ethnic groups under
different environmental exposure.

The data we obtained in this study were reliable. Genotyping
was performed in a blind manner so that the performers did not
know subjects’ case/control status. Data quality was high, with the
genotype concordance rate of 100% and the call rate of 99.1%.
The frequencies of allele and genotypes obtained from these data
concorded well with the data of HapMap CHB (TT genotype:
0.089; CT genotype: 0.511; CC genotype: 0.400; C allele: 0.656;
and T allele: 0.344), suggesting that these cases and controls we
recruited can be representative of the Han Chinese population.

Although the rs11889341 was not associated with the develop-
ment of RA disease in Han Chinese population, this polymorph-
ism was associated with the presence of RF in RA patients. The
minor T allele had a significantly protective effect of the presence
of RF in RA patients (OR¼ 0.73; 95% CI 0.56, 0.95). The RA
patients with TT genotype had a significantly reduced risk to
present RF (OR¼ 0.49; 95% CI 0.28, 0.86), and the ones with
CT genotype also had a reduced risk to present RF (OR¼ 0.79;
95% CI 0.52, 1.18). This corresponds to the additive genetic

FIG. 1. Linkage disequilibrium (LD) and haplotype blocks of STAT4 gene and the LD pattern of the four SNPs in different populations. (A) Schematic view of pairwise
LD among common SNPs with minor allele frequency >0.1 in 123-kb STAT4 region in three populations; haplotype blocks were defined by CIs [27] with Haploview 4.1;
bright red represents very strong LD (D0 ¼1) with high level of significance [logarithm of odds (LOD) 52)], shades of pink/red represents no LD (D0 <1) and LOD 52, white
indicates absence of LD among SNPs (D0 < 1, LOD < 2) and blue indicates strong LD (D0 ¼ 1) with a low level of significance (LOD<2). (B) Different frequencies of the
haplotypes in the block with the four SNPs in different population. The locations of the four SNPs are indicated.
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model. When analysing the CHB data from Hapmap using
Haploview 4.1, we found that this SNP and its highly correlated
SNPs (rs7574865, rs10168266, rs10181656, rs7582694, rs8179673,
rs7568275 and rs4274624) are all located within the third intron of
STAT4. STAT4 activated by IL-12 is to promote the differentia-
tion of naive CD4þ T cells into Th 1 cells (Th1), which produce
IFN-�. STAT4 is also important for the development of the
recently identified IL-17 secreting Th cells in response to IL-23.
Both Th1 and Th17 cells are important pathogenic T cells of RA.
RF is an antibody against the Fc portion of IgG, which is itself an
antibody. This study shows that STAT4 may be involved in the
production of RF. Although intron’s precise pre-mRNA replicas
are excised during the maturation of the transcripts into mRNA
molecules and excluded from the main gene function—coding
the protein, it is considered that introns are helpful symbionts
of eukaryotic genomes that carry out various gene regulatory
functions and actively participate in gene evolution [31].

Although the data we obtained were reliable and this study
had >80% power to replicate most of the previous results, an
independent replication is needed in Han Chinese population to
further confirm these findings. Functional studies are also needed
to define the effect of the variants of the SNPs in STAT4.

In addition, RA is a clinical diagnosis based on symptoms
classified by the presence of four out of the seven criteria devel-
oped by ACR, and many genetic association studies revealed that
different subtypes of RA had different susceptible loci [32–41]. As
to the haplotype in STAT4, it was associated with the develop-
ment of anti-CCP-positive RA in the Korean population [10] and
with the development of four RA subgroups (RF-positive RA,
RF-negative RA, anti-CCP-positive RA and anti-CCP-negative
RA) in the Spanish cohort [11], but not with the RF status in
Japanese [14] and Spanish populations [11]. Since the aetiology
of RA is unknown, we were also interested to explore whether it
was associated with any clinically relevant subset of RA with the
hope of obtaining the aetiological clues. But most of the RA
patients were RA seropositive for RF or anti-CCP antibodies.
When we performed stratified analyses, some subgroups of RA
such as seronegative for RF or anti-CCP antibodies had small
sample size. Although there was no significant association with
any subgroup of RA in Han Chinese population, these stratified
analyses had little power. Therefore, further replication in Han
Chinese population would better have large enough sample size
to ensure the sufficient power of stratified analyses.

In summary, a STAT4 RA-susceptibility haplotype identified
in other populations previously reported has not been replicated
in the Han Chinese population with individually matched case–
control study design. Our results reveal that it is associated with
the presence of RF in Han Chinese population with RA disease.
The minor T allele of the rs11889341 has a significantly protective
effect of the presence of RF in RA patients. In addition, the
heterozygous CT genotype of the rs11889341 is associated with
RA in the female Han Chinese cohort.

Rheumatology key messages

� A haplotype in STAT4 associated with RA in other populations is
not associated in the Han Chinese population.

� This haplotype is associated with the presence of RF in Han
Chinese with RA disease.
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