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Abstract
Objective
The signal transducer and activator of transcription 4 (STAT4) gene localised on chromosome 2¢32.2—q32.3 is known to
be essential for mediating responses to interleukin 12 in lymphocytes and regulating the differentiation of T helper cells.
The aim of this study was to investigate the role of the STAT4 gene in susceptibility to rheumatoid arthritis (RA) and
autoimmune thyroid diseases (AITDs) in Tunisian case control studies.

Methods
Genotyping of STAT4 rs7574865 single nucleotide polymorphism (SNP) was performed in 140 patients affected with RA,
159 patients affected with AITDs and 200 healthy controls using TagMan® allelic discrimination assay. Data were analysed
by y>-test, genotype relative risk (GRR) and odds ratio (OR).

Results

Our results revealed that frequencies of the T allele and the T/T genotype were significantly higher among RA patients
compared to controls (p=0.008; p=0.003, respectively). However, no significant associations with the risk of autoimmune
thyroid diseases were detected. Moreover, the stratification of RA patients subgroups revealed a significant association of

both T allele and T/T genotype in patients presented erosion (p=0.003; p=0.004, respectively) as well as anti-cyclic
peptides-negative RA (ACPA’) (p=0.002; p=0.0003, respectively). Furthermore, genotypic association was found

according to the absence of rheumatoid factor antibody (RF) (p=0.0014). But, no significant differences in allele and

genotype frequencies of STAT4 rs7574865 polymorphism were detected according to the presence of another autoimmune
disease, nodules and in HLA-DRB1*04 and HLA-DRBI1*0404 positive subgroups.

Conclusion
Our results support involvement of the STAT4 gene in the genetic susceptibility to RA but not to AITDs in the
Tunisian population.
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Introduction

Autoimmune diseases (AIDs) are mul-
tifactorial diseases and considered to be
caused by interactions of both genetic
and environmental risk factors such
as tobacco smoking, hormones, diet,
drugs, toxins and/or infections (1).
They are characterised by the loss of im-
munological tolerance to self antigens
and multiple alterations in the immune
system resulting in a spectrum of syn-
dromes that either target specific organs
or affect the body systemically. Despite
their relatively high prevalence rate, the
etiology and pathogenesis of most AIDs
remain poorly understood (2). Several
susceptibility genes have been identi-
fied as common risk factors for different
autoimmune diseases. For examples,
PTPN22 has been reported as a sus-
ceptibility gene for rheumatoid arthritis
(RA), systemic lupus erythematosus
(SLE), Graves’ disease (GD), type 1 di-
abetes (T1D) and juvenile idiopathic ar-
thritis (JIA) (3). CTLA4 and FCRL3 also
were reported to be associated with sev-
eral autoimmune diseases such as RA,
SLE and autoimmune thyroid diseases
(AITDs) (4, 5). Similar to these suscep-
tibility genes, STAT4 (Signal Transducer
and Activator of Transcription protein 4)
is also associated with risk for RA, SLE,
primary Sjogren’s syndrome (pSS), in-
flammatory bowel diseases (IBD) and
T1D (6-10). Aiming to define whether
this gene plays a key role in multiple au-
toimmune diseases, we investigated the
association of the most significant dis-
ease-associated SNP (rs7574865) locat-
ed within the third intron of the STAT4
gene at chromosome 2q32.2-q32.3 (6,7,
11), with rheumatoid arthritis (RA) as a
non-organ specific and AITDs as an or-
gan specific autoimmune disease in the
Tunisian population.

STATs are a family of latent cyto-
plasmic transcription factors. Upon
cytokine stimulation, STATs become
tyrosine phosphorylated and translo-
cate into the nucleus where they bind
to DNA to activate transcription (12).
STATH4 is expressed in activated periph-
eral blood monocytes, dendritic cells,
and macrophages at sites of inflam-
mation in human beings (13). STAT4
is required for Thl cell differentiation
and proliferation, is activated by IL-12,
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and induces the transcription of IFN-y
(14, 15). In addition, STAT4 is impli-
cated in the optimal differentiation of
a newly defined CD4* T-cell lineage,
designated Th17 cells. Dependent in
part on the activity of interleukin-23, a
cytokine related to interleukin-12 (16),
proinflammatory Th17 cells can play an
important, if not predominant, role in
chronic inflammatory disorders (17).

Patients and methods

RA sample

Our study included 140 Tunisian RA
patients (25 men and 115 women). The
mean ages were 39.3 years at disease
onset and 62 at the time of this study.
Among our RA patients, 98 had radio-
graphically apparent hand erosions, 15
presented rheumatoid nodules; 96 were
rheumatoid factor positive (RF*); 92
were seropositive for ACPA; 57 had
another autoimmune disease (Sjogren’s
syndrome, AITDs, SLE and T1D), 58
were positive for HLA-DRB1*#04 and
10 were positive for HLA-DRB 1#0404.
All cases satisfied the 1987 American
College of Rheumatology (ACR) crite-
ria for RA (18).

AITD sample

One hundred and fifty-nine unrelated
Tunisian patients affected with AITDs
were studied (118 were women and 41
were men). There were a total of 99 pa-
tients with Graves’ disease (GD) and 60
patients with Hashimoto’s thyroiditis
(HT). The mean age of the disease on-
set was 34.2 years. The diagnosis of GD
was based on the presence of biochemi-
cal hyperthyroidism as indicated by a
decrease of TSH, an increase of T4 lev-
els and positive TSH receptor antibody,
in association with diffuse goiter or the
presence of exophthalmoses. The diag-
nosis of HT was based on the presence
of thyroid hormone replaced primary
hypothyroidism, defined as a TSH level
above the upper limits associated with
positive titters of thyroid autoantibod-
ies (antithyroglobulin and/or anti-thy-
roid peroxydase) and with or without a
palpable goiter.

Control group
We used two hundred ethnically
matched healthy controls (60 men and



140 women) without clinical evidence
of any autoimmune diseases, based on
medical history and physical examina-
tion. The mean age at analysis was 43.2
years.

All individuals (patients and controls)
provided informed consent as required
by the ethics committee of the Centre
Hospitalo-Universitaire Hédi Chaker
de Sfax, Tunisie.

Autoantibody analysis

RA Patient sera obtained at the time
of diagnosis were examined for ACPA
by enzyme-linked immunosorbent as-
say (ELISA) (Anti-CCP ELISA (IgG)
Test instruction; EUROIMMUN®, Al-
lemagne) and for RF by nephelometry.
For AITDs patients’ thyroid autoan-
tibodies (anti-thyroglobulin and anti-
thyroid peroxydase) were measured by
enzyme-linked immunosorbant assay
(ELISA) and indirect immuno-fluo-
rescence using commercially available
kits (BINDAZYMETM Human EIA
kits) with the respective normal ranges
of 0 to 100 and 0 to 70 IU/ml.

HLA-DR typing

Broad-level HLA-DRBI1 typing and
high-resolution =~ DRB1*04  typing
were accomplished by polymerase
chain reaction-sequence specific prim-
ers (PCR-SSP) (all DRBI1 alleles for
broad-level typing, and group-specific
amplification for DRB1*04 alleles) us-
ing commercially available kits (Micro
SSP™ DNA Typing trays, SSP2LB and
SSP2-104; respectively) (One Lambda
Inc, USA).

Molecular genotyping

Genomic DNA was isolated and purified
from fresh peripheral blood leucocytes
according to standard protocols. Geno-
typing of the STAT4 rs7574865 SNP
was carried out with a TagqMan 5 allel-
ic discrimination assay on an ABI 7500
real-time polymerase chain reaction
(PCR) machine (assay: C_29882391_
10, Applied Biosystems, Foster City,
CA, USA) according to manufactor’s
instructions. CEPH controls (1347-02
and 884-15) were co-genotyped with all
our samples for quality control. Moreo-
ver, ten percent of randomly chosen
samples were genotyped twice.
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Table I. Allele and genotype frequencies of the STAT4 G/T polymorphism analysed in RA

patients and healthy controls.

RA group Control group p-value OR (95% CI)
n=140 (%) =200 (%)
Allele
G 210 (75) 333 (83.2)
T 70 (25) 67 (16.8) 0.008 1.66 (1.14-2.42)
Genotype
G/G 81 (57.8) 135 (67.5)
G/T 48 (34.3) 63 (31.5)
T/T 11 (7.9) 2 (1)
T/T vs. (G/IG+G/T) 129 (92.1) 198 (99) 0.003 8.44 (1.84-38.71)

(%): Frequencies of alleles; (*): Significant p-value (p<0.05); OR: Odds ratios and 95%; CI: confi-

dence intervals.

Statistical analyses

Hardy-Weinberg  equilibrium  was
checked in the control group using a
standard chi-square test. Genotypic
and allelic frequencies were obtained
by direct counting. The x> test (2*2
contingency tables) with 1 degree of
freedom was performed to compare
distributions for statistical significance.
The Genotype Relative Risk (GRR)
test adjusts the genotype frequencies
in the controls to the expected Hardy-
Weinberg proportions and yields more
accurate risk estimates (19). Values of
p<0.05 were considered statistically
significant, but for RA subgroups, Sig-
nificance of p-values was assessed us-
ing a Bonferroni correction at 5% (a p-
value less than 0.05/11=0.0045 is con-
sidered significant). Odds ratios (OR)
and 95% confidence intervals (95% CI)
were calculated according to Woolf’s
method (20).

Power calculation

We calculated the empirical power of
the study by bootstrapping from the
dataset of patients and controls (ran-
dom sampling with replacement of the
same number of patients and controls
from the original dataset). For each
bootstrap a GRR test was calculated.
100 000 bootstraps were used and the
empirical power was estimated as the
number of times the GRR test exceed-
ed the y? threshold (when a true asso-
ciation is declared) at a 5% significance
level (3.84) divided by the total number
of bootstraps. Calculations were per-
formed using a program written in R
language (www.r-project.org) (21).
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Results

We analysed 499 samples (140 RA
patients, 159 patients affected with
AITDs and 200 healthy controls). The
distribution of genotypes in the control
group showed no deviation from Har-
dy-Weinberg equilibrium (p=0.067).

Association of STAT4 polymorphism
with RA

Table I show the STAT4 rs7574865 al-
lele and genotype distributions. We
observed a statistically significant in-
crease of the minor T allele in RA pa-
tients compared to healthy controls (25
vs. 16.8%, p=0.008, OR=1.66, 95%
CI=[1.14-2.42]). Moreover, the distri-
bution of genotypes showed a higher
frequency of T/T homozygous indi-
viduals in the RA patient group (7.9
vs. 1% in the control group, p=0.003,
OR=8.44,95% CI=[1.84-38.71]).

Stratification by autoantibody status

When the subgroups defined by either
ACPA positivity or RF positivity were
compared with controls, no associa-
tion could be observed for the STAT4
polymorphism (Table II). Moreover
neither allelic nor genotypic associa-
tion was found in the subgroup who
was positive for both tests (ACPA*
RF*) (p=0.23; p=0.67, respectively).
However, a significant association of
T allele and T/T genotype were shown
with ACPA-negative RA in patients
as compared with healthy controls
(p=0.002; p=0.0003, respectively) (al-
lelic OR=2.15, 95% CI=[1.3-3.55];
genotypic OR=14.14, 95% CI=[2.76—
72.52]). Furthermore, an increase in
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Table II. Allele and genotype frequencies of the STAT4 rs7574865 SNP in Tunisian RA patients and Tunisian controls, stratified by clinical

and immunological data.

Allele association

Genotype association

G T p-value Allelic OR G/G G/T T/T T/T vs. Genotypic
(95% CI) (G/G+G/T) OR (95% CI)
p-value

ACPA* (n=92) * 143 (777%) 41 (223%) 0.1 56 (61%) 31 (33.6%) 5 (54%)  0.105

ACPA- (n=48) * 67 (698%) 29 (302%)  0002%* 215 [13-355] 25 (52.1%) 17 (354%) 6 (12.5%) 00003* 14.14 [2.76-72.52]
RF* (n=96) ® 144 (75%) 48 (25%) 0015 54 (56.25%) 36 (37.5%) 6 (625%) 0.044

RF (n=44) ® 66 (75%) 22 (25%) 0.06 27 (6137%) 12 (2727%) 5 (1136%) 0.0014* 1269 [2.38-67.78]
ACPA* RF* (n=68)¢ 107 29 0.23 41 25 2 0.67

ACPA" RF (n=21)¢ 31 11 0.12 12 7 2 0.023

AID* (n=57) 84 (73.7%) 30 (26.3%) 0.021 29 (50.9%) 26 (45.6%) 2 (3.5%) 0.483

Erosive * (n=98) 143 (73%) 53 (27%) 0.003* 1.84 [1.22-2.77] 53 (54.1%) 37 (37.7%) 8 (8.2%) 0.004* 8.8 [1.83-42.27]
Nodules* (n=15) 22 (73.3%) 8 (26.7%) 0.16 9 (60%) 4 (26.7%) 2 (133%)  0.005

HLA-DRB1#04 (n=58) 91 (784%) 25 (21.6%) 0.23 34 (58.6%) 23 (39.7%) 1 (1.7%) 0.893

HLA-DRB1*0404 (n=10) 13 (65%) 7 (35%) 0.036 4 (40%) 5 (50%) 1 (10%) 0.035

Controls (n=200) 333 (832%) 67 (16.8%) - 135 (67.5%) 63 (31.5%) 2 (1%) -

ACPA: anti-citrullinated peptide antibodies; RF: rheumatoid factor; AID: autoimmune diseases; (%): Frequencies of alleles; (*): Significant p-value using
a Bonferroni correction at 5% (<0.004); OR: Odds ratios and 95%; CI: confidence interval; * A direct comparison of ACPA* vs. ACPA" samples showed no
significant difference;® A direct comparison of RF* vs. RF- samples showed no significant difference; ¢ A direct comparaison ACPA* RF+ vs. ACPA"RF-

showed no significant difference.

frequency of the T/T genotype was
observed in patients with RF-negative
RA as compared with healthy controls
(p=0.0014, genotypic OR=12.69,95%
CI=[2.38-67.78]). But, no significant
association was found when we com-
pared the ACPA-negative and RF-
negative patients (ACPA- RF) with
controls (p>0.004).

In order to investigate the effect of se-
rum autoantibodies on the association
of STAT4 with RA, we analysed the
distribution of the rs7574865 geno-
types and alleles among RA patients
stratified according to autoantibody
status. We found a similar trend of dis-
tribution between ACPA-positive and

ACPA-negative patient groups and
between RF-positive and RF-negative
patient groups. Similarly, the compari-
son of the subgroups positive and neg-
ative for both ACPA and RF (ACPA*
RF*vs. ACPA" RF’) showed no signifi-
cant difference. This finding suggests
that the susceptibility to RA conferred
by the rs7574865 T allele does not dif-
fer according to ACPA or RF status in
patients with RA (Table II).

Stratification by clinical data

in RA patients

The stratification of RA patients’ sub-
groups according to clinical data (Ta-
ble II) revealed a significant associa-

Table III. Allele and genotype frequencies of the STAT4 G/T polymorphism analysed in

AITD patients and healthy control subjects.

AITDs group Control group p-value OR (95% CI)
n=159 (%) n=200 (%)
Allele
G 254 (80) 333 (83.2)
T 64 (20) 67 (16.8) 0.244 1.25 (0.86-1.83)
Genotype
G/G 102 (64) 135 (67.5)
G/T 50 (32) 63 (31.5)
T/T 7 (4) 2 (1)
T/T vs. (G/IG+G/T) 152 (96) 198 (99) 0214 4.56 (0.93-22.26)

(%): Frequencies of alleles; (*): Significant p-value (p<0.05); OR: Odds ratios and 95%; CI: confi-

dence intervals.
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tion of both T allele and T/T genotype
in patients presented erosion (p=0.003;
p=0.004, respectively). But, no signifi-
cant differences in allele and genotype
frequencies of STAT4 rs7574865 poly-
morphism were detected neither ac-
cording to the presence of another au-
toimmune disease and nodules nor in
HLA-DRB1*#04 and HLA-DRB1*#0404
positive subgroups (p>0.004).

Association of STAT4 polymorphism
with AITDs

The data summarised in Table III show
the allele frequency and genotype dis-
tribution in AITDs patients and con-
trols. Our results showed neither allelic
nor genotypic significant association of
the STAT4 gene polymorphism between
AITDs patients and controls in the
Tunisian sample (p=0.244; p=0.214,
respectively); [OR g5 ;=125 (0.36—
1.83)]. Stratifying patients affected
with AITDs according to their pheno-
type (Graves’ disease and Hashimoto’s
thyroiditis) did not show any signifi-
cant association with STAT4 rs7574865
(data not shown).

Power calculation
To evaluate the informativeness of our
case-control RA sample, we computed



the empirical power, which is the prob-
ability of detecting an association. We
had a 77.8% power to detect a trend in
favour of an association for a=5% for
the allelic test and 98.3% power for the
genotypic test. Likewise, for the AITD
sample, we found a power of 23.9% for
the allelic test and 77.4% for the geno-
typic test; this explains the negative al-
lelic and genotypic associations.

Discussion

Our results suggest that STAT4
1s7574865 T allele and T/T genotype
were significantly associated with RA
in the Tunisian population (p=0.008;
p=0.003, respectively). These results
support previous finding reported in US
(6), Swedish (6, 22), Korean (7), UK
(23),Greek (24), Colombian (25), Span-
ish (22), Japanese (26) and Dutch (22)
populations. These results confirm that
the STAT4 rs7574865 polymorphism is
associated with RA susceptibility in dif-
ferent ethnic groups, and that its preva-
lence is ethnicity dependent, as report-
ed by Lee et al. (27). Moreover, in one
meta-analysis, an association between
the STAT4 1s7574865 polymorphism
and RA in all this studies, was shown
(p<0.001, OR=1.271, 95% CI=1.197-
1.350) (27). After stratification by
ethnicity, analysis indicated that the
STAT4 157574865 T allele was signifi-
cantly associated with RA in Europeans
and Asians (p<0.001, OR=1.300, 95%
CI=1.195-1.414; p<0.001, OR=1.216,
95% CI=1.135-1.303).

It is worth noting that the North Ameri-
can Rheumatoid Arthritis Consortium
(NARAC) has reported an RA linkage
region on the long arm of chromosome
2 in 642 families of European ances-
try (28). In addition, dense SNP map-
ping and candidate-gene approach of
this region led to the identification of
a new susceptibility gene, STAT4, for
RA and SLE (6). In fact, association of
1s7574865 polymorphism was found in
three SLE cohorts (6, 25, 26), suggest-
ing that this locus may harbour a risk
allele pre-disposing to susceptibility
for multiple autoimmune diseases with
a shared aetiology in a similar manner
to the PTPN22 gene.

In RA, previous studies have suggested
that genetic risk factors predispose in-
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dividuals to specific subsets of the dis-
ease, characterised by autoantibody sta-
tus. For example, both the HLA shared
epitope and PTPN22 loci have been
shown to be associated with a clear pre-
disposition to ACPA-positive disease
only. In our study, stratification of pa-
tients according to autoantibodies status
showed a significant association of T al-
lele with ACPA-negative RA subgroup
and an increase of the T/T genotype in
both ACPA-negative and RF-negative
RA as compared with healthy controls.
In this term, significant associations be-
tween the T allele and RA in both ACPA
positive and negative RA patients ver-
sus controls were shown in a Caucasian
population (29) and only with ACPA
positive RA in a Korean population
(7). Additionally, direct comparison
between ACPA positive and negative
subjects showed no significant differ-
ence in our study similar to the other
previous studies (29). However, the as-
sociation between the STAT4 rs7574865
polymorphism and RA is not dependant
of the presence of this antibody. It was
also reported in two series of Spanish
patients with RA that there was a lack
of association between STAT4 and RA
with or without cardiovascular events,
the presence of endothelial dysfunc-
tion or increased carotid intima-media
thickness (30), or the presence of HLA
shared epitope, rheumatoid nodules and
radiographic changes (31).

In contrast to our positive results on the
RA subgroup, we failed to detect either
allelic or genotypic association of STAT4
rs7574865 with AITDs and healthy con-
trols in the Tunisian population. To as-
sess the significance of our case-control
sample, we computed the power of de-
tecting an association; we found a power
of 23.9% for the allelic test and 77.4%
for the genotypic test. Therefore, the
lack of association between STAT4 poly-
morphism and AITDs could be due to
the limited sample size. Our results were
similar to a previous study that showed
a lack of association of rs7574865 poly-
morphism with multiple sclerosis in the
Spanish population (9).

In our study, we noted that the minor al-
lele frequencies (MAF) in our healthy
controls (16.8%) was similar to that re-
ported previously in the European pop-
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ulation (16.5 to 23.16%) and lower than
those reported in the Asian (30.97 to
33.8%) and Latin American (31.46%)
populations (27, 32). This similarity
in the allele frequencies in our popu-
lation as compared to other European
populations could be explained by the
exchange between the North African
populations and European population
(33, 34). These data support our previ-
ous results on 103 microsatellite mark-
ers which showed a similarity between
allele frequencies between Tunisian
and CEPH populations (35).

In conclusion, this study investigated
the association of STAT4 with RA in
the Tunisian population. Our results
were the first to show an association
of this genetic variant in a population
of North African origin. There was no
clear effect observed in patients with
AITD. Replication studies using larger
sample sizes and/or other ethnic popu-
lations will be required to confirm and
establish any genetic association.

Acknowledgements

We thank Jeffrey Hammer (National
Institutes of Health, Bethesda, Mary-
land, USA) for his critical reading of
this manuscript.

References

1. EDWARDS CJ, COOPER C: Early environmen-
tal factors and rheumatoid arthritis. Clin Exp
Immunol 2005, 143: 1-5.

2. ANAYA JM, GOMEZ L, CASTIBLANCO 1J: Is
there a common genetic basis for autoim-
mune diseases? Clin Dev Immunol 2006; 13:
185-95.

3. LEE YH,RHO YH, CHOI SJ et al.: The PTPN22
C1858T functional polymorphism and au-
toimmune diseases--a meta-analysis. Rheu-
matology (Oxford) 2007; 46: 49-56.

4. KOCHI Y, YAMADA R, SUZUKI A et al.: A
functional variant in FCRL3, encoding Fc re-
ceptor-like 3, is associated with rheumatoid
arthritis and several autoimmunities. Nat
Genet 2005; 37: 478-85.

5. UEDA H, HOWSON JM, ESPOSITO L et al.:
Association of the T-cell regulatory gene
CTLA4 with susceptibility to autoimmune
disease. Nature 2003; 423: 506-11.

6. REMMERS EF, PLENGE RM, LEE AT et al.:
STAT4 and the risk of rheumatoid arthritis
and systemic lupus erythematosus. N Engl J
Med 2007; 357: 977-86.

7. LEE HS, REMMERS EF, LE JM, KASTNER DL,
BAE SC, GREGERSEN PK: Association of
STAT4 with rheumatoid arthritis in the Ko-
rean population. Mol Med 2007; 13: 455-60.

8. KORMAN BD, ALBA MI, LE JM et al.: Vari-
ant form of STAT4 is associated with primary



STAT4 gene polymorphism in Tunisian RA and AITDs / M. Ben Hamad et al.

10.

11.

12.

13.

14.

16.

17.

Sjogren’s syndrome. Genes Immun 2008; 9:
267-70.

. MARTINEZ A, VARADE J, MARQUEZ A et

al.: Association of the STAT4 gene with in-
creased susceptibility for some immune-me-
diated diseases. Arthritis Rheum 2008; 58:
2598-602.

ZERVOU MI, MAMOULAKIS D, PANIERAKIS
C, BOUMPAS DT, GOULIELMOS GN: STAT4:
A risk factor for type 1 diabetes? Human Im-
munology 2008; 69: 647-50.

BOWES J, BARTON A: Recent advances in the
genetics of RA susceptibility. Rheumatology
2008; 47: 399-402.

LEVY DE, DARNELL JE, Jr: Stats: transcrip-
tional control and biological impact. Nat Rev
Mol Cell Biol 2002; 3: 651-62.

FRUCHT DM, ARINGER M, GALON ] et al.:
STAT4 is expressed in activated peripheral
blood monocytes, dendritic cells, and mac-
rophages at sites of Th1-mediated inflamma-
tion. J Immunol 2000; 164: 4659-64.
KAPLAN MH: STAT4 Acritical regulator of
inflammation in vivo. Immunol Res 2005; 32:
231-41.

. AERTS NE, EBO DG, BRIDTS CH, STEVENS

WJ, DE CLERCK LS: T cell signal transducer
and activator of transcription (STAT) 4 and 6
are affected by adalimumab therapy in rheu-
matoid arthritis. Clin Exp Rheumatol 2010;
28:208-14.

MATHUR AN, CHANG HC, ZISOULIS DG et
al.: Stat3 and Stat4 direct development of IL-
17-secreting Th cells. J Immunol 2007; 178:
4901-7.

BETTELLI E, OUKKA M, KUCHROO VKT:
T(H)-17 cells in the circle of immunity and
autoimmunity. Nat Immunol 2007; 8: 345-
50.

. ARNETT FC, EDWORTHY SM, BLOCH DA et

al.: The American Rheumatism Association
1987 revised criteria for the classification of

20.

21

22.

23.

24.

25.

26.

27.

rheumatoid arthritis. Arthritis Rheum 1988;
31: 315-24.

. LATHROP GM: Estimating genotype relative

risks: Tissue Antigens 1983; 22: 160-6.
WOOLF B: On estimating the relation be-
tween blood group and disease. Ann Hum
Genet 1995; 19: 251-3.

. DEBAKKER PI, YELENSKY R,PE’ER I, GABRI-

EL SB, DALY MIJ, ALTSHULER D: Efficiency
and power in genetic association studies. Nat
Genet 2005; 37: 1217-23.

OROZCO G, ALIZADEH BZ, GADO-VEGA AM
et al.: Association of STAT4 with rheumatoid
arthritis: a replication study in three Euro-
pean populations. Arthritis Rheum 2008; 58:
1974-80.

BARTON A, THOMSON W, KE X et al.: Re-
evaluation of putative rheumatoid arthritis
susceptibility genes in the post-genome wide
association study era and hypothesis of a key
pathway underlying susceptibility. Hum Mol
Genet 2008; 17: 2274-9.

ZERVOU MI, SIDIROPOULOS P, PETRAKI E
et al.: Association of a TRAF1 and a STAT4
gene polymorphism with increased risk for
rheumatoid arthritis in a genetically homoge-
neous population. Hum Immunol 2008; 69:
567-71.

PALOMINO-MORALES RJ, ROJAS-VILLAR-
RAGA A, GONZALEZ CI, RAMIREZ G, ANAYA
JM, MARTIN J: STAT4 but not TRAF1/C5
variants influence the risk of developing
rheumatoid arthritis and systemic lupus ery-
thematosus in Colombians. Genes Immun
2008; 9: 379-82.

KOBAYASHI S, IKARI K, KANEKO H et al.:
Association of STAT4 with susceptibility
to rheumatoid arthritis and systemic lupus
erythematosus in the Japanese population.
Arthritis Rheum 2008; 58: 1940-6.

LEE YH, WOO JH, CHOI SJ, JI JD, SONG GG:
Association between the rs7574865 poly-

274

28.

29.

30.

31.

32.

33.

34.

35.

morphism of STAT4 and rheumatoid arthri-
tis: a meta-analysis. Rheumatol Int 2010; 30:
661-6.

AMOS CI, CHEN WV, LEE A et al.: High-den-
sity SNP analysis of 642 White families with
rheumatoid arthritis identifies two new link-
age regions on 11p12 and 2q33. Genes Im-
mun 2006; 7: 277-86.

DAHA NA, KURREEMAN FA, MARQUES RB
et al.: Confirmation of STAT4, IL2/IL21, and
CTLA4 polymorphisms in rheumatoid arthri-
tis. Arthritis Rheum 2009; 60: 1255-60.
PALOMINO-MORALES R, GONZALEZ-JUA-
NATEY C, VAZQUEZ-RODRIGUEZ TR et al.:
Lack of association of PTPN22, STAT4 and
TRAF1/C5 gene polymorphisms with car-
diovascular risk in rheumatoid arthritis. Clin
Exp Rheumatol 2010; 28: 695-701.
SUAREZ-GESTAL M, CALAZA M, DIEGUEZ-
GONZALEZ R et al.: Rheumatoid Arthritis
Does Not Share Most of the Newly Identified
Systemic Lupus Erythematosus Genetic Fac-
tors. Arthritis Rheum 2009; 60: 2558-64.
JIJD, LEE WJ, KONG KA et al.: Association
of STAT4 polymorphism with rheumatoid
arthritis and systemic lupus erythematosus: a
meta-analysis. Mol Biol Rep 2010; 37: 141-7.
HAJJEJ A, KAABI H, SELLAMI MH et al.: The
contribution of HLA class I and II alleles and
haplotypes to the investigation of the evolu-
tionary history of Tunisians. Tissue Antigens
2006; 68: 153-62.

AYED K, AYED-JENDOUBI S, SFAR I,
LABONNE MP, GEBUHRER L: HLA class-I
and HLA class-II phenotypic, gene and hap-
lotypic frequencies in Tunisians by using
molecular typing data. Tissue Antigens 2004;
64: 520-32.

MAALEJA,REBAI A,AYADI A,JOUIDAJ, MA-
KNI H, AYADI H: Allelic structure and distri-
bution of 103 STR loci in a Southern Tuni-
sian population. J Genet 2004; 83: 65-71.



