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Abstract:

Rheumatoid arthritis (RA) is a complex autoimmune disease with clinical prevalence in women. Moreover, women have poorer re-

sponse to treatment than men. Possible reasons for gender differences in response to treatment could be explained on the basis of sex

hormones and their receptors. The optimal strategy in treatment of RA is to use effective disease modifying antirheumatic drugs

(DMARDs) such as methotrexate (MTX). The aim of the present study was to examine the association between polymorphisms in

the ESR1 and ESR2 genes and the response to treatment of RA patients with methotrexate. The study was carried out on 156 women

diagnosed with active rheumatoid arthritis, treated with MTX. Good responders were defined as patients who were receiving MTX

and had a DAS28 of £ 2.4 after 6 months of therapy (patients with remission of disease symptoms). Poor-responders were defined as

patients who were receiving MTX and had a DAS28 of > 2.4. There were no statistically significant associations of ESR1 and ESR2

gene polymorphisms with response to treatment. The results of the present study suggest that the polymorphisms rs9340799:A>G

and rs2234693:T>C in ESR1 gene and rs4986938:G>A and 1256049:G>A in ESR2 gene are not associated with response to RA

treatment with MTX.
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Introduction

Rheumatoid arthritis (RA) is a complex autoimmune

disease. Previous studies have shown that genetic fac-

tors influence the response to drugs used in the ther-

apy in RA [3, 19, 20]. The optimal strategy in treat-

ment of early RA is to use effective disease modifying

antirheumatic drugs (DMARDs) in an early stage of

disease in order to reduce disease activity and to pre-

vent destructive arthropathy [26]. In clinical studies,

this treatment goal is frequently achieved by

methotrexate (MTX) [6, 23]. Accordingly, this drug

was developed as a mainstay in effective drug therapy

of RA [1, 15].

Previous studies indicated that women have poorer

response to treatment than men [2, 11, 16, 28]. Possi-

ble reasons for gender differences in RA activity

could be explained on the basis of sex hormones and

their receptors. Sex hormones, together with other
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factors, may play an important role in the regulation

of the immune response in RA.

Estrogens act through the estrogen receptors which

belong to the nuclear receptor superfamily of tran-

scription factors [5]. Two estrogen receptors have

been identified and designated as ESRa (ESR1) and

ESRb (ESR2). Two of the polymorphisms identified

in the ESR1 gene (XbaI – rs9340799:A>G and PvuII

– rs2234693:T>C) are most widely investigated. XbaI

and PvuII polymorphisms are located in the first in-

tron of ESR1 gene, 351 and 397 base pairs upstream

of exon 2, respectively [4, 22]. In the ESR2 gene two

common polymorphisms have been investigated:

rs4986938:G>A located in 3’UTR region and synony-

mous rs1256049:G>A (Val328Val) in exon 6 [14, 22].

The aim of the present study was to examine the

association between polymorphisms in the ESR1 and

ESR2 genes and the response to treatment of RA pa-

tients with methotrexate.

Patients and Methods

Patients

The study was carried out on 156 women (mean age

53.9 ± 11.2) diagnosed with active rheumatoid arthri-

tis, treated with MTX.

All patients included in this analysis began treat-

ment with a regimen of oral MTX 7.5 mg weekly,

with the dosage increasing to 15 mg weekly after 4

weeks, in combination with folic acid (1 mg daily)

and methylprednisone.

Evaluation of clinical efficacy

Good responders were defined as patients who were

receiving MTX and had a DAS28 of £ 2.4 after 6

months of therapy (patients with remission of disease

symptoms). Poor-responders were defined as patients

who were receiving MTX and had a DAS28 of > 2.4

[9, 10]. The study was approved by the local ethics

committee of Pomeranian Medical University (BN-

001/50/04) and written informed consent was ob-

tained from all subjects.

Genotyping

Common SNPs in ESR1 (rs9340799:A>G, rs223

4693:T>C) and ESR2 (rs4986938:G>A, rs1256049:

G>A) genes, previously associated with alteration in

receptor expression were selected for the purpose of

the current study. Genomic DNA was extracted from

200 µl of whole blood samples using GeneMATRIX

Quick Blood DNA Purification Kit (EURx, Poland).

Pre-validated allelic discrimination TaqMan real-time

PCR assays (Assay IDs: C___3163591_10, C___

3163590_10, C__11462726_10, C___7573265_1,

Applied Biosystems, USA) were used for detection of

the respective SNPs in ESR1 and ESR2 genes. Fluo-

rescence data were captured using an ABI PRISM

7500 FAST Real-Time PCR System (Applied Biosys-

tems, USA), after 40 cycles of PCR.

Statistical analysis

Chi-square or Fisher exact tests were used to compare

genotype and allele frequencies between the study

groups; p < 0.05 was considered statistically significant.

Results

The allele distribution of genotypes studied was as

follows: ESR1 rs9340799 A allele 65.1%, G allele

34.9%; ESR1 rs2234693 T allele 51.6%, C allele

48.4%; ESR2 rs4986938 G allele 67.9%, A allele

32.1%; ESR2 rs1256049 G allele 93.3%, A allele

6.7% and was similar as in Caucasian population. The

reported frequency of these alleles was as follows:

ESR1 rs9340799 A allele 59.5%, G allele 40.5%;

ESR1 rs2234693 T allele 53.2%, C allele 46.8%;

ESR2 rs4986938 G allele 60.5%, A allele 39.5%;

ESR2 rs1256049 G allele 95%, A allele: 5% [17, 18].

The allele distribution of the ESR1 and ESR2 gene

polymorphisms was reported to differ between racial

and ethnic groups and studied diseases.

The efficacy of RA therapy with MTX is presented

in Tables 1 and 2. Under MTX therapy remission of

RA symptoms was achieved in 20.3% of ESR1

rs9340799 AA genotype carriers, in 21.3% of subjects

with AG genotype and in 23.5% of patients with GG

genotype. The differences were statistically non-sig-

nificant (Tab. 1).
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Tab. 1. The response to treatment with methotrexate in association with ESR1 polymorphisms

Genotypes or alleles Patients
with DAS £ 2.4

Patients
with DAS > 2.4

p-valuea Compared
genotypes
or alleles

p-valueb OR (95% CI)

n % n %

ESR1 rs9340799 genotype

AA 13 20.3 51 79.7 0.96 GG + AG vs. AA 0.85 1.09 (0.50–2.39)

AG 16 21.3 59 78.7 GG vs. AG + AA 0.53 1.17 (0.35–3.85)

GG 4 23.5 13 76.5 GG vs. AA 0.50 1.21 (0.34–4.32)

ESR1 rs9340799 allele

A 42 20.7 161 79.3

G 24 22.0 85 78.0 G vs. A 0.66 1.08 (0.61–1.91)

ESR1 rs2234693 genotype

TT 11 26.2 31 73.6 0.11 CC + CT vs. TT 0.27 0.67 (0.29–1.55)

CT 11 14.3 66 85.7 CC vs. CT + TT 0.11 1.87 (0.80–4.34)

CC 11 29.7 26 70.3 CC vs. TT 0.62 1.19 (0.45–3.19)

ESR1 rs2234693 allele

T 33 20.5 128 79.5

C 33 21.9 118 78.1 C vs. T – 1.09 (0.63–1.87)

a c2 test, b Fisher exact test

Tab. 2. The response to treatment with methotrexate in association with ESR2 polymorphisms

Genotypes or alleles Patients
with DAS £ 2.4

Patients
with DAS > 2.4

p-valuea Compared
genotypes or

alleles

p-valueb OR (95% CI)

n % n %

ESR2 rs4986938 genotype

GG 12 17.4 57 82.6 0.59 AA + GA vs. GG 0.24 1.51 (0.68–3.34)

GA 18 24.3 56 75.7 AA vs. GA + GG 0.74 1.13 (0.29–4.37)

AA 3 23.1 10 76.9 AA vs. GG 0.44 1.43 (0.34–5.97)

ESR2 rs4986938 allele

G 42 19.8 170 80.2

A 24 24.0 76 76.0 A vs. G 0.38 1.28 (0.72–2.26)

ESR2 rs1256049 genotype

GG 27 19.9 109 80.1 0.44 AA + GA vs. GG 0.25 1.73 (0.61–4.92)

GA 6 31.6 13 68.4 AA vs. GA + GG 0.21 0.00 (–)

AA 0 0.00 1 100.0 AA vs. GG 0.20 0.00 (–)

ESR2 rs1256049 allele

G 60 20.6 231 79.4

A 6 28.6 15 71.4 A vs. G 0.27 1.54 (0.57–4.14)

a c2 test, b Fisher exact test



The remission of RA symptoms was observed in

26.2% of ESR1 rs2234693 TT genotype carriers, in

14.3% of subjects with CT genotype, and in 29.7% of

patients with CC genotype. The differences were sta-

tistically non-significant (Tab. 1).

The remission of RA symptoms was achieved in

17.4% of ESR2 rs4986938 GG genotype carriers, in

24.3% of subjects with GA genotype and in 23.1% of

patients with AA genotype. The differences were sta-

tistically non-significant (Tab. 2).

With regard to the ESR2 rs1256049 polymorphism,

the remission of RA symptoms was observed in

19.9% of GG genotype carriers and in 31.6% of sub-

jects with GA genotype. The differences were statisti-

cally non-significant (Tab. 2).

Discussion

In this study we assessed the hypothesis whether the

ESR1 and ESR2 gene polymorphisms may influence

the efficacy of RA therapy with methotrexate. We ex-

amined the association between ESR1 and ESR2 gene

polymorphisms and response to RA therapy with

MTX in 156 women diagnosed with rheumatoid ar-

thritis. The statistical power for the comparison of al-

lele frequencies between the good and poor respond-

ers was sufficient to detect with 80% probability the

true effect size measured as odds ratio (OR) equal to

2.3 or 0.4 for rs9340799, rs2234693 and rs4986938

and 3.3 or 0.1 for rs1256049.

The implication for this study was the observation

that the efficacy of RA treatment is better in men than

in women. Previous studies suggested poorer re-

sponse to MTX therapy in women and increased fre-

quency of adverse events [11, 16, 28]. In a meta-

analysis, Anderson et al. [2] found that female pa-

tients had a poorer response to treatment. Moreover,

female patients were more likely to stop treatment for

adverse events. These authors identified disease dura-

tion as the strongest predictor of treatment response in

a meta-analysis of 1435 patients, with patients with

longer disease duration at the start of treatment being

less likely to respond to MTX [2]. The authors of the

QUEST-RA study found that women had increased

baseline disease activity measures and poorer re-

sponse to treatment [24]. Studies examining disease

activity as a predictor of MTX response are inconsis-

tent, with some studies suggesting that patients with

low disease activity are less likely to respond to treat-

ment [1]. However, in a study published by Hoekstra

et al. [11] patients with low disease activity at the

baseline were more likely to respond to treatment

with MTX. Verschueren et al. [28] evaluated the pre-

dictors of remission, normalized physical function in

rheumatoid arthritis. The authors found that male sex

and Health Assessment Questionnaire score (HAQ-

score) were the predictors of remission [28]. Kvien et

al. [16] also found that female sex reduces the likeli-

hood of achieving treatment response with MTX and

anti-tumor necrosis factor (anti-TNF) drugs by

30–50%. Hoekstra et al. [11] examined the factors as-

sociated with efficacy of MTX in patients with rheu-

matoid arthritis. Response to MTX treatment was as-

sociated with low disease activity at the baseline and

male sex. Anderson et al. [2] suggest that RA patients

with longer disease duration do not respond as well to

treatment compared with patients with early disease,

and female sex, prior DMARD use, disease functional

class, and disease activity also have effects on the

likelihood of patient response to treatment.

The differences in response to RA treatment be-

tween men and women may be associated with the ac-

tion of sex hormones and their receptors. So far, only

few studies assessed the associations of ESR1 and

ESR2 polymorphisms with RA [12, 25, 27]. Ushiyama

et al. [27] did not find the associations of XbaI –

rs9340799 and PvuII – rs2234693 polymorphisms with

RA susceptibility, however, these polymorphisms cor-

related with age at disease onset. Karlson et al. [12]

studied ESR2 receptor polymorphisms in women with

RA. These authors suggest that ESR2 polymorphisms

are not associated with RA risk in women.

Several investigators have examined the presence

of sex steroid receptors in RA synovial tissues [7, 13].

High estrogen concentrations have been found par-

ticularly in synovial fluids of RA patients of both

sexes [21]. Estrogens can act directly on monocytes

and macrophages, increasing the production of proin-

flammatory cytokines which promote cartilage reab-

sorbtion, inhibit synthesis of proteoglikans and cause

inflammation, all of which are major symptoms of RA

[7, 8]. However, several physiological, pathological

and therapeutic conditions may change the sex hor-

mone milieu. Furthermore, genetic polymorphism af-

fecting levels or function of estrogens may lead to an

imbalance in the hormonal-immune system and might

contribute to RA etiology. It seems that the reasons of
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poorer response to MTX therapy in women are very

complex and depend not only on sex hormones but on

many other factors. Although estrogens and their re-

ceptors play important role in RA pathogenesis, the

results of the present study suggest that the polymor-

phisms rs9340799:A>G and rs2234693:T>C in ESR1

gene and rs4986938:G>A and 1256049:G>A in ESR2

gene are not associated with response to RA treatment

with MTX.
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