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Abstract
Objective
Until now, glucocorticoids (GCs) with their anti-inflammatory and immune suppressive effects are one of the most
effective agents in therapy of several autoimmune disorders including rheumatoid arthritis (RA). Glucocorticoid receptor
(GR) polymorphisms may result in variable sensitivity to glucocorticoids playing an important role in the development
and control of symptoms in RA. We aimed to test whether the functional polymorphisms of the GR encoding gene (NR3C1)
are associated with susceptibility to RA and with various clinical signs and symptoms.

Methods
146 patients were enrolled at the National Institute of Reumatology. Clinical diagnosis was based on the criteria of
the American College of Rheumatism (ACR) 2010. Complex clinical, routine laboratory and immunological laboratory
evaluations were performed. For genotyping of the GR polymorphisms N363S (rs6195), Bcll (rs41423247) and 95 (rs6198)
peripheral blood DNA was used, extracted with commercially available reagents. Genotyping was performed with
routine molecular biological methods. Genetic data were compared to those obtained in a healthy control group (n=160)
using Chi square or Fisher tests. Associations between GR genotypes and clinical and immunological parameters were
determined with ANOVA.

Results
The main finding of the present study is the lower frequency of the Bcll in RA patients. Furthermore, regarding the
laboratory and immunoserological parameters, the level of anti-DNA antibody was significantly higher in homozygous
Bcll carriers compared to heterozygous carriers, irrespective of the anti-TNF-alpha therapy.

Conclusion
Our results reveal that although GR polymorphisms are not key players in development or clinical course of RA,
they might affect glucocorticoid action and, together with other endogenous and exogenous factors, interfere with the
pathomechanism of RA. Our results reveal some possible factors (including Bcll polymorphism), and therefore
contribute to elucidate the implication of the combination of GR functional variants.
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Introduction

Until now, due to their anti-inflamma-
tory and immunosuppressive effects,
glucocorticoids (GCs) are one of the
most effective agents in the therapy
of several autoimmune disorders in-
cluding rheumatoid arthritis (RA) (1).
Although the exact aetiology is un-
known, rheumatoid arthritis as a chron-
ic, inflammatory disorder is mediated
by several pathways. Dysregulation
of the hypothalamic-pitutiary-adrenal
(HPA) axis, the relatively low cortisol
level, high concentrations of proinflam-
matory cytokines — mainly tumour ne-
crosis alpha (TNF-alpha), interleukin-6
(IL-6), interleukin-17 (IL-17) — might
contribute to the pathogenesis of RA
(2). Glucocorticoid receptors (GR) are
important elements in determining the
sensitivity and effects of GC at cellular
level, and probably play a role both in
the pathomechanism and the response
to therapy of RA. Despite the benefit
in the early and prolonged therapy, the
adverse effects of the glucocorticoids
are a potential risk in the managment
of RA. Moreover, observations suggest
that a great proportion of the RA popu-
lation fails to respond to exogeneous
GC administration (3). Studies highly
recommend determining the individual
glucocorticoid sensitivity apart from
the glucocorticoid dose (4). GCs mani-
fests their effect by binding to mem-
brane and intracellular receptors. The
glucocorticoid receptor alpha (GRa)
is known to be the active isoform. The
precise function of glucocorticoid re-
ceptor beta (GRB) is still not detailed
clearly, but it seems to exert a negative
dominant effect on GRa and it may also
have independent transcriptional activ-
ity (5). GRS could contribute to the GC
resistence in RA. However, several GR
gene variants exist, the minor alleles
of the GR polymorphisms N363S and
Bcll are associated with increased sen-
sitivity to GCs, while ER22/23EK and
9 polymorphisms are associated with
a relative GC resistence (6).

Based on our previous as yet unpub-
lished data on glucocorticoid receptor
polymorphisms in systemic lupus ery-
thematosus (SLE) (7), our aim in this
study was to analyse the role of GR sin-
gle nucleotid polymorphisms (SNPs)

in the pathogenesis and clinical course
of rheumatoid arthritis (RA). We also
aimed to investigate their possible in-
teraction with anti-TNF-a therapy.

Materials and methods

Patients and controls

One-hundred and fourty-six Caucasian
patients who met the classification
criteria of the American College of
Rheumatism (ACR) 2010 were in-
cluded in the study (8). The control
group consisted of 160 healthy indi-
viduals from the Hungarian popula-
tion, with no personal history of RA
(9). The percentage of females was
90.41% and 69.38% in the RA popu-
lation and in controls, respectively.
The patients’ age was 58.28+12.04
years, while 52.7+14.7 in the control
population. Age at onset of RA was
50.44+14.62. Additionally, all patients
were either rheumatoid factor (RF)
positive and anti-cyclic citrullined
peptide (anti-CCP) positive and/or had
joint erosions. Radiographic data and
RF were avaiable in 100%, anti-CCP
were avaiable 95.21%, and anti-DNA
data were available in 93.81% of pa-
tients. Patients were divided into two
groups according to therapy: those
treated only with conventional synthet-
ic disease-modifying anti-rheumatic
drugs (csDMARDs) (n=81, 55.48%)
and those also receiving anti-TNF-a
therapy (n=65, 44.52%). Anti-TNF-a
therapy was initiated after treatment
failure with at least 2 csDMARDs and
still with active RA, as indicated by the
disease activity score (DAS28> 3.2).
The research was approved by the lo-
cal Ethics Committee of Semmelweis
University (SE TUKEB 12/2013).
Written informed consent was obtained
from all patients.

Clinical and immunoserological
analysis

Clinical data of the 146 RA patients
containing detailed disease parameters,
such as tender and swollen joint counts,
visual analogue score (VAS), disease
activity score (DAS28-ESR) and Health
Assessment Questionnaire (HAQ) were
documented at the time of the study. At
the time of this cross-sectional study
every patient reached the therapeutic
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Table I. Demographic and clinical characteristics of patients and control groups.

Control (n=160) RA (n=146) RA patients with RA patients without p-value (TNFw
anti-TNF-alpha (n=65) anti-TNF-alpha (n=81) vs. TNFwo)

Mean age (SD) 52.7+14.7 5828 + 12.04 5835 + 1249 5823 £ 11.76 0.952

Mean disease duration (years) NA 7.84 + 7.60 1149 = 9.08 491 +4.37 <0.001

Age at the onset of disease (years) NA 50.44 + 14.62 46.86 = 16.16 5332 £12.64 0.008

Gender (female/male) 111/49 132/14 62/3 70/11 0.058

Anti-CCP level (U) (mean = SD) NA 499.7 = 6174 5849 = 619.8 431.0 £610.8 0.145
>40U 81/139 (58.3%) 44/62 (71.0%) 37/77 (48.1%) 0.003
20-40U 10/139 (7.2%) 6/62 (9.7%) 4/77 (5.2%)
<20U 48/139 (34.5%) 12/62 (19.4%) 36/77 (46.8%)

RF level (IU/ml) (mean = SD) NA 165.1 £ 4120 2145 + 4743 1254 £352.1 0.206
>20 IU/ml 69/139 (49.6%) 38/62 (61.3%) 31/77 (40.3%) 0.014
<20 IU/ml 70/139 (50.4%) 24/62 (38.7%) 46/77 (59.7%)

Anti-DNA level (IU/ml) (mean + SD) NA 115+ 179 11.3 £ 16.6 11.7 £19.1 0.892
>30 TU/ml 10/137 (7.3%) 3/62 (4.8%) 7/75 (9.3%) 0.252
<30 IU/ml 127/137 (92.7%) 59/62 (95.2%) 68/75 (90.7%)

RA: rheumatoid arthritis; anti-TNFo.: anti-tumour-necrosis factor alpha; anti-CCP: anti-citrullinated protein; RF: rheuma factor; anti-DNA: anti-deoxyribo-
nucleic acid; SD: standard deviation; TNFw and wo: with and without anti-TNF-a; IU: intenational unit.

target (remission or LDA (low disease
activity)) as defined by the European
League Against Rheumatism (EULAR)
committee (9). According to clinical
charts, 34% and 71% of patients never
received systemic or local GC treatment
in a short period respectively, however,
52% and 0% received systemic or lo-
cal GC at the time of the study. Patients
received <7.5 mg equivalent dose of
prednisolon (PED) GC at the time of
the study. The cumulated GC doses of
patients were averaged from the onset
of disease to the time of the study and
the doses were converted to hydrocorti-
zone for comparison purposes.

Apart from the basic inflammatory la-
bor parameters (erythocyte sedimen-
tation rate (ESR), C-reactive protein
(CRP)), autoantibodies were also meas-
ured. In addition to rheumatoid factor
(RF) and anti-cyclic citrullinated pep-
tide (anti-CCP), the anti-double strand-
ed deoxyribonucleic acid (anti-dsDNA)
and anti-cardiolipin immunoglobulin
M and G (a-CL IgM and IgG) antibod-
ies were also measured in all patients
with RA. Anti-dsDNA was tested us-
ing ELISA (ORGENTEC Diagnostika
GmbH, Mainz, Germany). Anti-CCP,
anti-Cardiolipin IgM and IgG antibod-
ies were tested with ELISA (INOVA
Diagnostics, San Diego, CA, USA).
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DNA extraction and genotyping
Genotyping of the Bcll, N363S and
A3669G polymorphisms was performed
from peripheral blood DNA isolated
with a commercially available DNA
Isolation kit (QIAamp DNA Blood Mini
Kit Qiagen, USA). Genotypes of the Bcll
and the N363S variants were determined
by allele-specific polymerase chain re-
action (PCR) (10). The A3669G poly-
morphism was analysed using a prim-
er-probe set purchased as predesigned
Tagman allelic discrimination assay and
performed according to the manufactur-
er’s instructions (Applied Biosystems,
Applied Biosystems Group 850 Lincoln
Center Drive Foster City, CA) on a 7500
Fast Real Time PCR System (Applied
Biosystems) (11-12). Genotypes of the
Bell, N363S and A3669G SNPs were
compared between RA patients and the
control group consisting of 160 healthy
individuals (10-12).

Statistical analysis

Dell Statistica (data analysis software
system), v. 13. (Dell Inc. (2016), soft-
ware.dell.com) was used for statistical
analysis. Distribution of allele frequen-
cies was calculated with y* and Fisher’s
exact test. To examine the differences
of coninuous variables, Student’s inde-
pendent samples’ t-test was used. In all

comparisons, p-value <0.05 was con-
sidered statistically significant.

Results

Demographic and disease-specific
characteristics

In this study the mean age was similar
in the RA and control group. Not sur-
prisingly, the percentage of females in
the RA group was significantly higher
than in the control group (90.41% and
69.38%, respectively, p<0.00001).
Anti-TNF-alpha was administered in
44.52% of the RA cases. The age at
disease onset in anti-TNF-a-treated pa-
tients was significantly lower compared
to the patients without anti-TNF-alpha
treatment. Both RF and anti-CCP were
present in 95.20% of the RA patients.
Neither aDNA, nor aCCP or RF lev-
els differed significantly between the
anti-TNF-alpha-treated and non-treat-
ed group. However, when grouping
patients according to their antibody
levels, significantly more patients
had higher aCCP and RF levels in
the patients treated anti-TNF-alpha
(584.9+619.8; 214.5+474.3) than those
not treated (431.0+610.8; 125.4+352.1)
and (p=0.003 and p=0.014, respec-
tively). The characteristics of the study
and control population are presented in
Table I.
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The allele frequencies of

the GR gene SNPs

The Bcll allele frequency was signifi-
cantly lower in RA patients compared
to controls (p=0.0104). The higher pro-
portion of Bcll in the control popula-
tion suggests that the increased sensi-
tivity to endogenous glucocorticoids
associated with this polymorphism re-
sults in a lower risk of developing RA
(Table II). There were no significant
associations regarding N363S or 9
allele frequencies and development of
RA (Table II).

Associations between genotypes

and clinical and immunoserological
parameters

There was no difference in age be-
tween carriers and non-carriers of the
Bcell and N363S polymorphisms. 98
carriers were older, but not signifi-
cantly, at the onset of the disease than
controls (53.00 vs. 48.85, respectively,
p=0.095). There was no significant
correlation between the GR SNP car-
rier status and the RA disease activity
measures as the patients were treated
to target. However, the tender joint
counts tended to be lower in homozy-
gous than in heterozygous Bcll carriers
(2.69+£3.07 vs. 6.18+6.16; respectively,
p=0.053). Interestingly, patients with
the homozygous Bcll allele had signifi-
cantly higher level of aDNA than het-
erozygous Bcll carriers (20.15+26.65
IU vs. 7.63+£7.73 1U, p=0.005). This
difference was maintained when con-
sidering only patients without anti-
TNF-alpha therapy (22.75+33.40 IU
vs. 7.20+£7.85 IU, p=0.0345), while
anti-TNFo-treated patients showed
only tendency (16.00+11.98 IU wvs.
8.083+7.73, p=0.069). (Table III). The
anti-CCP level was significantly lower
in case of heterozygous 9B patients
treated with anti-TNF-alpha contrary
to the non-carriers (388.7+485.1 U vs.
708.8+668.1 U, p=0.0467) while there
was not significant differences in the
group without TNF-alpha therapy.
Since the duration of the average glu-
cocorticoid therapy in RA patients
was quite short, we did not find any
unequivocal correlation between the
duration of GC therapy or the average
GC dose and the GR polymorphisms.
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Table II. The allele frequency of Bcll, N363S and 9f3 gene polymorphism in patients with

RA and in healthy controls.

Genotype Control RA patients RA patients RA patients
population (n=146) with anti-TNF-  without anti-TNF-
(n=160) alpha (n=65) alpha (n=81)
Bell

62 (38.75%)
82 (51.52%)
16 (0.1%)
0.356

non-carrier
heterozygous carrier
homozygous carrier
allele frequency

83 (56.84%)
50 (34.24%)
13 (8.90%)
0.260

36 (55.38%)
24 (44.52%)
5 (7.69%)

0.262

47 (58.02%)
26 (32.09%)
8 (9.87%)

0.259

N363S

non-carrier 150 (0.93%)
heterozygous carrier 10 (6.25%)
homozygous carrier 0

allele frequency 0.031

134 (91.78%)
12 (8.21%)

0.041

59 (90.76%) 75 (92.59%)

6 (9.23%) 6 (7.40%)
0 0
0.046 0.037

9B

non-carrier 100 (62.50%)

90 (61.64%)

396 (60%) 51 (62.96%)

heterozygous carrier 48 (30%) 56 (38.35%) 26 (40%) 30 (37.03%)
homozygous carrier 12 (7.50%) 0 0
allele frequency 0.225 0.192 0.200 0.185
RA: rheumatoid arthritis; anti-TNF-alpha: anti-tumour-necrosis factor alpha.
Table III. The association of Bcll carrier status and anti-DNA level.

anti-DNA level (IU/ml) p-value
non-carrier 12.53 +£20.32
heterozygous Bcll carrier 7.63+7.73 0.005
homozygous Bcll carrier 20.15 £26.65
patients without anti-TNF-alpha treatment
non-carrier 12.26 +19.86
heterozygous Bcll carrier 720+7.85 0.035
homozygous Bcll carrier 2275+224
anti-TNF-alpha treated patients
non-carrier 12.88 +21.19
heterozygous Bcll carrier 8.08 +7.73 0.069
homozygous Bcll carrier 16.0+11.98

anti-TNF-a: anti-tumour-necrosis factor alpha; anti-DNA: anti-deoxyribonucleic acid

Similarly, there was no association be-
tween body mass index (BMI) or BMI
change during GC therapy and the
SNPs (not shown).

Discussion

Based on previous studies, in this re-
search we actually examined the func-
tional polymorphisms of the GR gene
(Bcll, N363S and 9p), associated with
increased or decreased GC sensitiv-
ity, which could enhance or suppress
pro-inflammatory pathyways, anti-
inflammatory mechanisms in RA. In
this cross-sectional study we examined
whether functional polymorphisms of
the GCR gene are associated with sus-
ceptibility to RA and the different se-

rological, clinical parameters and anti-
TNF-alpha therapy.

Firstly, our findings — similarly to the
observations of Qosten et al. (13) —
show that the more frequent appearance
of the minor allele of Bcll polymor-
phism is associated with a lower risk of
developing RA by increasing GC sen-
sitivity. In contrast to previous studies,
we did not find associations between
other investigated GR polymorphisms
(N363S, 9p) and the susceptibility to
RA. The age at disease onset of RA
patients without anti-TNF-alpha was
significantly higher compared to the
patients with anti-TNF-alpha treatment.
It suggests that patients with higher dis-
ease activity, anti-CCP positivity and
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poor prognostic factors predispose to
initiate an anti-TNF-alpha treatment
earlier in life. However, the age of 93
carrier RA patients was higher but not
significantly, than the controls, which is
controversial knowing its effect causes
relative GC resistance. Otherwise, car-
rying the 98 SNP may result in the
need for anti-TNF-alpha treatment,
which may contribute to the signifi-
cantly lower anti-CCP levels in these
patients compared to those not treated
with anti-TNF-alpha. However, these
results could only partially be explained
by the minor effects of the SNPs. On
the other hand, individual and enviro-
mental factors of our studied population
may also contribute to the differences
with respect to previous studies (14-
15). The genetic predisposing factors
in RA are complex and mediate or de-
termine the heterogenous disease activ-
ity or response to the therapy (4, 16).
Cytokine networks in the pathogenesis
of RA play a major role in the diversitiy
of biological processes and the pheno-
type of RA, however, a final common
pathway is widely represented by many
researches (15). Glucocorticoids (GC)
via glucocorticoid receptors (GR) have
arelatively high impact in cytokine net-
works. Pro-inflammatory cytokines also
influence the tissue-specific (paracrin)
GC effect. Therefore, a prominent cor-
relation is established by synovial and
other inflammatory cells that produce
cytokines in ongoing disease activity
and GC sensitivity (17). Also, the GR
polymorphisms — as Bcll, ER22/23EK,
N363S and 9B — may constitutionally
determine GC sensitivity and thus the
susceptibility to develop RA (18)

Secondly, the most interesting key
points of our research are repre-
sented by two unexpected findings.
Homozygous Bcll patients in the RA
population and also in the subgroup of
patients not treated with anti-TNF-alpha
showed a significantly higher aDNA
level compared to heterozygous carri-
ers. Homozygous Bcll patients treated
with anti-TNF-o showed only the same
tendency. Knowing the fact that anti-
TNF-alpha could induce antinuclear
antibodies (ANA) including anti-DNA
antibodies (19), moreover drug-in-
duced lupus is developed by anti-TNF-
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alpha therapy in a smaller proportion of
patients (20), our results were some-
what unexpected. In the study popula-
tion, the anti-DNA level did not differ
significantly between patients with or
without anti-TNF-alpha therapy in the
analysed gene polymorphisms. There
was no significant differences in the
DNA titres between the patients with
and without anti-TNF-alpha therapy in-
dependently of the analysed genotypes.
Also, there was no significant associa-
tion of the TNF-alpha therapy and the
three genotypes.

Finally, there was no correlation be-
tween the aDNA and aCCP levels in
the two (anti-TNF-alpha treated and
not-treated) populations, either. This
finding potentially excludes the role of
polyclonal B-cell activity in the back-
ground. According to the GC sensitis-
ing effect of Bcll, the results indicated
a lower tender joint count in homozy-
gous carriers, altough this association
did not reach satistical significance
(21). However, this tendency was con-
sequent regardless of anti-TNF-alpha
therapy. We did not find any correlation
between the other documented clinical
immunoserological and laboratory pa-
rameters and also the csDMARD thera-
pies.

Our findings reveal some debatable hy-
potheses. To the best of our knowledge,
there are no studies regarding GR pol-
ymorphisms and their association with
aDNA antibody. In particular, the posi-
tive correlation between the Bcll poly-
morphism and the aDNA is uncommon.
The Bcll polymorphism is associated
with increased sensitivity for GCs and
an enhanced anti-inflammatory activ-
ity (22). However, in our study popu-
lation the Bcll polymorphism and the
increased anti-DNA level is a contro-
versial phenomenon.

The increased anti-DNA level may
indicate the development of lupus.
However, the development of lupus
usually is rare in RA patients with el-
evated DNA. In RA, tumour necrosis
factor-alpha (TNF-alpha) is one of the
proinflammatory cytokines that plays
a pivotal role in the pathogenic chang-
es in the synovium. Anti-TNF-alpha
therapy has been successfully exerted
in the treatment of several autoinflam-

matory conditions, mainly in RA. Anti-
TNF-alpha suppresses the production
of Thl cytokines, therefore it leads to
a triggered Th2 cytokine production,
IL-10, and IFN-a and could induce
lupus-like syndrome (23). The other
hypothesis is that systemic inhibition
of TNF-a could interfere with apop-
tosis by decreasing CD44 expression.
This affects immune and synovial cell
apoptosis and autoantibody produc-
tion against DNA and other nuclear
antigens (24-25). However, the result
in our cohort, that the anti-DNA level
was high in homozygous Bcll carriers
both with and without anti-TNF-alpha
therapy, suggests that susceptibility to
autoimmunity is processed by more
gene loci or polymorphisms. Therefore,
induction of antibodies is common in
patients with anti-TNF-alpha, but only
a minority of the patients experienced
it and were and treated for lupus-like
syndrome (25).

In summary, in the present study on
RA patients we have found that carry-
ing a Bcll allele showed a lower risk
of developing RA. The age of patients
treated with anti-TNF-alpha at the di-
agnosis of RA was significantly lower
than those without anti-TNF-alpha.
Interestingly, patients with the ho-
mozygous Bcll gene had significantly
higher aDNA levels than heterozygous
Bcll carriers. This latter finding was in-
consistent with the previous results in-
dicating an increased GC sensitivity of
Bcll carriers. However, other gene pol-
ymorphisms and external factors could
also interfere with the pathomechanism
of RA and the response to glucorticoid
therapy (26). These results reveal some
preliminary hypotheses and, in the fu-
ture, a higher number of RA patients,
functional variants and combinations
of polymorphisms could elucidate fur-
ther biological mechanisms.

References

1. STREHL C, VAN DER GOES MC, BIJLSMA JW,
JACOBS JW, BUTTGEREIT F: Glucocorticoid-
targeted therapies for the treatment of rheu-
matoid arthritis. Expert Opin Investig Drugs
2017;26: 187-95.

2. ALTEN R, WIEBE E: Hypothalamic-pituitary-
adrenal axis function in patients with rheuma-
toid arthritis treated with different glucocor-
ticoid approaches. Neuroimmunomodulation
2015; 22: 83-8.

Clinical and Experimental Rheumatology 2020



10.

. LIU D, AHMET A, WARD L et al.: A practical

guide to the monitoring and management of
the complications of systemic corticosteroid
therapy. Allergy Asthma Clin Immunol 2013;
9: 30.

. QUAX RA, KOPER JW, HUISMAN AM et al.:

Polymorphisms in the glucocorticoid receptor
gene and in the glucocorticoid-induced tran-
script] gene are associated with disease ac-
tivity and response to glucocorticoid bridging
therapy in rheumatoid arthritis. Rheumatol
Int 20153 35: 1325-33.

. NAGY Z,ACS B,BUTZH et al.: Overexpression

of GRB in colonic mucosal cell line partly
reflects altered gene expression in colonic
mucosa of patients with inflammatory bowel
disease. J Steroid Biochem Mol Biol 2016;
155(Pt A): 76-84.

. GOECKE A, GUERRERO J: Glucocorticoid

receptor beta in acute and chronic inflam-
matory conditions: clinical implications.
Immunobiology. 2006;211:85-96.

. BAZSO A, SZAPPANOS A, RASONYI R et al.:

Polymorphisms of human glucocorticoid re-
ceptor gene in systemic lupus erythematosus:
a single-centre result. Clin Rheumatol 2019;
38:1979-84.

. ALETAHA D, NEOGI T, SILMAN AJ et al.

2010 Rheumatoid arthritis classification cri-
teria: an American College of Rheumatology/
European League Against Rheumatism col-
laborative initiative. Arthritis Rheum 2010;
62: 2569-81.

. FELSON D: Defining remission in rheumatoid

arthritis. Ann Rheum Dis 2012; 71 Suppl. 2):
i86-i88.

BOYLE B, KORANYI K, PATOCS A et al.
Polymorphisms of the glucocorticoid receptor
gene in Graves ophtalmopathy. Br Optalmol

Clinical and Experimental Rheumatology 2020

11.

14.

15.

17.

18.

Glucocorticoid receptor polymorphisms in RA / A. Bazsé et al.

2008; 92: 131-4.

MOLNAR A, KOVESDI A, SZUCS N et al.:
Polymorphisms of the GR and HSDI11BI
genes influence body mass index and weight
gain during hormone replacement treatment
in patients with Addison’s disease. Clin
Endocrinol (Oxford) 2016; 85: 180-8.

. MAJNIK J, PATOCS A, BALOGH K, TOTH M,

RACZ K: A rapid and simple method for de-
tection of Asn363Ser polymorphism of the
human glucocorticoid receptor gene. J Steroid
Biochem Mol Biol 2004; 92: 465-8.

. VAN OOSTEN MJ, DOLHAIN RJ, KOPER JW

et al.: Polymorphisms in the glucocorticoid
receptor gene that modulate glucocorticoid
sensitivity are associated with rheumatoid
arthritis. Arthritis Res Ther 2010; 12: R159.
GERGICS P, PATOCS A, MAINIK J et al.
Detection of the Bcl I polymorphism of the
glucocorticoid receptor gene by single-tube
allele-specific polymerase chain reaction.
J Steroid Biochem Mol Biol 2006; 100: 161-6.
DEANE KD, DEMORUELL MK, KELMENSON
MK et al.: Genetic and environmental risk
factors for rheumatoid arthritis. Best Pract
Res Clin Rheumatol 2017; 31: 3-18.

. FIRESTEIN GS, MCINNES IB: Immunopatho-

genesis of rheumatoid arthritis. Immunity
2017; 46: 183-96.

BAZSO A, SZAPPANOS A, PATOCS A, POOR
GY, SHOENFELD Y, KISS E: The importance
of glucocorticoid receptors in systemic lu-
pus erythaematosus. A systematic review.
Autoimmun Rev 2015; 14: 349-51.
HERRERA C, MARCOS M, CARBONELL C et
al.: Association between allelic variants of
the human glucocorticoid receptor gene and
autoimmune diseases: A systematic review
and meta-analysis. Autoimmun Rev 2018; 17:

19.

20.

21.

22.

23.

24.

25.

26.

449-56.

QUAX RA, DE MAN YA, KOPER JW et al.:
Glucocorticoid receptor gene polymorphisms
and disease activity during pregnancy and the
postpartum period in rheumatoid arthritis.
Arthritis Res Ther 2012; 14: R183.

BUCH MH, JOHNSEN A, SCHIFF M: Can
switching to abatacept therapy in patients
with rheumatoid arthritis on background
methotrexate reverse TNF-inhibitor-induced
antinuclear  autoantibody/double-stranded
DNA autoantibody conversion? An analysis
of the AMPLE and ATTEST trials. Clin Exp
Rheumatol 2019; 37: 127-32.

DONN R, PAYNE D, RAY D: Glucocorticoid
receptor gene polymorphisms and suscepti-
bility to rheumatoid arthritis. Clin Endocrinol
(Oxford) 2007; 67: 342-45.

RAMOS PS, SHEDLOCK AM, LANGEFELD
CD: Genetics of autoimmune diseases: in-
sights from population genetics. J Hum
Genet 2015; 60: 657-64.

WILLIAMS EL, GADOLA S, EDWARDS CI:
Anti-TNF-induced lupus. Rheumatology
(Oxford) 2009; 48: 716-20.

QUAX RA, KOPER JW, HUISMAN AM et al.:
Polymorphisms in the glucocorticoid recep-
tor gene and in the glucocorticoid-induced
transcript]l gene are associated with dis-
ease activity and response to glucocorticoid
bridging therapy in rheumatoid arthritis.
Rheumatol Int 2015; 35: 1325-33.
RICHARD-MICELI ~ C, CRISWELL LA:
Emerging patterns of genetic overlap across
autoimmune disorders. Genome Med 2012; 4:
6.

SMOLEN JS, ALETAHA D, BARTON A et al.:
Rheumatoid arthritis. Nat Rev Dis Primers
2018; 4: 18001.

863



