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ABSTRACT
Objective
In view of the importance of estrogen and
IL-6 in the pathogenesis of rheumatoid
arthritis (RA), the effects of 17 -es-
tradiol (E2) on interleukin (IL)-6 pro-
duction in cultured rheumatoid fibro-
blast-like synoviocytes were investiga-
ted.
Methods
Cultured fibroblast-like synoviocytes ob-
tained from RA joints were treated with
the vehicle (control), as well as 10-8 and
10-6 M of E2, with or without IL-1
stimulation. After 72 hours of culture, the
levels of IL-6 in supernatants were meas-
ured by ELISA.
Results
Treatment with 10-8 and 10-6 M of E2
had no effect on the constitutive produc-
tion of IL-6 in cultured fibroblast-like
synoviocytes. However, E2 increased IL-
1 -induced IL-6 production in a dose-
dependent manner, with a mean 12.5%
increase with 10-8 M of E2 (p = 0.048)
and 33.4% with 10-6 M (p < 0.0001)
versus the control.
Conclusion
Estrogen up-regulates IL-1 -induced IL-
6 production in cultured fibroblast-like
synoviocytes, possibly contributing to the
enhancement of rheumatoid inflamma-
tion in synovial tissues.

Introduction
Rheumatoid arthritis (RA) is an auto-
immune disorder that frequently occurs
in women when the level of estrogen is
high. However, in older age when estro-
gen levels decrease in women, both men
and women equally develop the disease
(1). These clinical observations suggest
the role of estrogen in rheumatoid in-
flammation (2).
Among various cytokines taking part in
rheumatoid inflammation, interleukin
(IL)-6 is considered to play an essential
roles in joint damage. IL-6 levels in RA
synovial fluid are elevated and related
to disease activity (3). On the other hand,
estrogen modulates IL-6 production via
an estrogen receptor (ER)-dependent
mechanism in various cells. For bone tis-
sues, 17β-estradiol (E2) was found to
downregulate IL-1β-induced IL-6 pro-
duction in bone marrow stromal cells (4)
and a human osteoblastic cell line (5),

whereas it up-regulated IL-1β-induced
IL-6 production in human articular chon-
drocytes (6). Although previous studies
have detected the presence of ER and
estrogen binding in human synovial cells
by an estrogen binding assay (7), immun-
oprecipitation (8), and reverse transcrip-
tion-polymerase chain reaction (RT-
PCR) (9), there is no known study that
has addressed the effects of estrogen on
IL-6 production in synovial cells, which
are important constituents of joint struc-
ture.
The present study was conducted to ex-
amine the effects of estrogen on IL-6
production in rheumatoid fibroblast-like
synoviocytes. The function of these cells
represent those of other synovial cells,
namely macrophage-like synovial cells
and lymphocytes (10).

Materials and methods
Subjects
Synovial tissues were obtained from 8
RA patients (3 men and 5 women, aver-
age age 59.4 years, range 30-78 years)
who underwent a knee synovectomy or
total knee arthroplasty. The patient char-
acteristics are shown in Table I. The di-
agnosis of RA was established accord-
ing to the American College of Rheuma-
tology criteria (11). None of the patients
had received hormone replacement ther-
apy or intra-articular corticosteroid injec-
tions for at least one month before sur-
gery.

Culture of rheumatoid synovial cells
Synovial tissues obtained during surgery
were immediately minced into small
pieces and washed in PBS, before being
incubated with 1.5 mg/ml of collagenase
(Sigma Chemical Co., St. Louis, MO)
in serum free Dullbecco’s modified Ea-
gle medium (DMEM, Gibco Laborato-
ries, Grand Island, NY) for 1 hour at 37°
C. The cells were then filtered through a
nylon mesh and resuspended in phenol
red-free DMEM (GIBCO) with 10%
heat inactivated fetal bovine serum (FBS,
Genzyme Co., Cambridge, MA), peni-
cillin (100 U/ml), and streptomycin (100
µg/ml) in a 5% CO2 incubator.

Effects of 17 -estradiol on IL-6
production
At confluence of the synovial cell cul-
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tures from the 8 RA patients, the medium
was removed and the cells were passaged
by trypisinization (0.05% trypsin/0.53
mM EDTA, Gibco), before being wash-
ed twice with PBS buffer and seeded in
triplicate in 12-well culture plates at 3 x
104 cells/well. Subsequently, the first
passage cells were incubated in fresh
medium containing 1% FBS and vari-
ous agents: the vehicle (0.01% ethanol),
or 10-8 M or 10-6 M of E2 (Sigma Chem-
ical Co., St. Louis, MO), with or with-
out 0.1 ng/ml of IL-1β (recombinant hu-
man interleukin-1β, Genzyme Co.), for
72 hours. After incubation, the super-
natants were collected, centrifuged, and
stored at -70°C until the IL-6 concentra-
tions were measured.

ELISA IL-6 assay
IL-6 concentrations in the supernatants
were measured using an ELISA Kit
(Genzyme Co.) and expressed in pg-ng/
ml relative to the standards provided with
the test kit. IL-6 levels were determined
from the mean value of triplicate sam-
ples. Thus, a total of 144 samples (8 pa-
tients x replicates x conditions of E2 (0,
10-8 M, 10-6 M) x conditions of IL-1β
(0, 0.1 ng/ml)) were measured. Percent
IL-6 (%IL-6) was defined as the IL-6
level x 100/IL-6 level of the control
(without E2).

Statistical analysis
All values were expressed as the mean
± standard deviation (SD). Comparison
of %IL-6 between different groups was

performed by one-way analysis of vari-
ance (ANOVA). Fisher’s protected least
significant difference (PLSD) was ap-
plied when ANOVA was significant.
Differences were considered significant
at p < 0.05. When appropriate, Student’s
t-test was also used.

Results
Table 1 shows the levels of IL-6 pro-
duced by cultured fibroblast-like syno-
viocytes and %IL-6 under various con-
ditions. When the cells were incubated
without IL-1β (unstimulated), %IL-6
was 91.7 ± 25.4 (mean ± SD) for a physi-
ological dose of E2 (10 -8 M) and 117.6
± 37.4 for a pharmacological dose of E2
(10-6 M) versus 100 (control). No sig-
nificant differences were found between
the three groups by one-way ANOVA.
When the cell were incubated with IL-
1β (stimulated), %IL-6 was 112.5 ± 12.8
(mean ± SD) for a physiological dose of
E2 and 133.4 ± 16.2 for a pharmacologi-
cal dose of E2. There were significant
differences between the three groups (p
= 0.048, control versus 10-8 M; p <
0.0001, control versus 10-6 M; p = 0.021,
10-8 M versus 10-6 M by Fisher’s PLSD).
Levels of IL-6 produced by fibroblast-
like synoviocytes and %IL-6 were com-
pared between men (n = 3) and women
(n = 5) under various conditions (unsti-
mulated/stimulated, addition of 0, 10-8

M or 10-6 M of E2). However, no sig-
nificant differences were seen between
men and women by Student’s t-test (data
not shown).

Discussion
The present study demonstrated that both
a physiological and a pharmacological
dose of E2 increases the level of IL-1β
induced IL-6 production in fibroblast-
like synoviocytes from RA joints. IL-6
is a multifunctional cytokine that is
closely related to the disease activity of
RA patients (3). It has been shown to
stimulate both hormonal and cellular
immunity (12,  13), increase such acute
phase proteins as C-reactive protein (14),
and induce bone resorption by regulat-
ing the proliferation and differentiation
of osteoclasts (15). The present results
therefore suggest that estrogen contrib-
utes to the enhancement of rheumatoid
inflammation in synovial tissues.
In contrast, estrogen has been shown to
be protective with regard to the risk of
osteoporosis in RA, and its administra-
tion has been shown to have favorable
effects in postmenopausal women with
RA (16-20) with respect to subjective
joint symptoms, without significant im-
provements in laboratory markers such
as the erythrocyte sedimentation rate and
C-reactive protein level (19, 20). The ef-
fects of estrogen on IL-6 production
seem to vary, depending on the target cell
phenotypes. In human osteoblastic cells,
estrogen is known to inhibit IL-6 pro-
duction (4,  5), whereas it increases IL-
1β induced IL-6 production in human
chondrocytes (6). Since responses to
estrogen vary between target tissues, the
beneficial effects of estrogen adminis-
tration in RA patients would equal the

Table I. Levels of IL-6 produced by cultured synovial cells. Means of triplicates (pg/ml) and %IL-6 (in parentheses).

Duration of IL-1β absent IL-1β present
Pt Sex Age RA (yrs.) Control E2 10-8M E2 10-6M Control E2 10-8M E2 10-6M

 1 M 78 20 65.8 (100) 50.8 (77.2) 79.1 (120.2) 19,770 (100) 20,270 (102.5) 23,570 (119.2)

 2 F 78 21 34.0 (100) 26.5 (77.9) 28.0 (82.4) 20,540 (100) 21,300 (103.7) 24,870 (121.1)

 3 F 59 25 71.7 (100) 71.7 (100.0) 126.7 (176.7) 14,720 (100) 15,280 (103.8) 17,700 (120.2)

 4 F 59 15 325.0 (100) 266.3 (81.9) 231.7 (71.3) 33,530 (100) 35,870 (106.7) 39,230 (117.0)

 5 M 43 7 63.7 (100) 80.0 (125.6) 92.8 (145.7) 11,170 (100) 12,400 (111.0) 16,270 (145.7)

 6 M 74 20 55.0 (100) 65.0 (118.2) 53.3 (96.9) 5,870 (100) 7,370 (125.6) 8,300 (141.5)

 7 F 54 6 38.3 (100) 18.3 (47.8) 58.3 (152.2) 10,700 (100) 11,000 (108.4) 15,170 (141.8)

 8 F 30 7 100.5 (100) 105.5 (105.0) 95.5 (95.2) 2,780 (100) 3,850 (138.5) 4,470 (160.8)

Mean 94.3 (100) 85.5 (91.7) 95.7 (117.6) 14,890 (100*) 15,990 (112.5*) 18,700 (133.4*)
SD 95.5 78.3 (25.4) 62.7 (37.4) 9,730 9,970 (12.8) 10,780 (16.2)

* By one-way ANOVA, there was a significant difference between the 3 groups at the level of p < 0.05 (p < 0.0001 between control vs 10-6 M of E2, p = 0.048
between control vs 10-8M of E2 by Fisher’s PLSD).
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overall sum of varied responses.
Estrogen levels differ according to gen-
der. Thus, the proinflammatory effects
in fibroblast-like synoviocytes induced
by estrogen may be significant in wo-
men, but less in men. As suggested by
Cutolo (2), androgens, which have im-
munosuppresive effects, may have sig-
nificant effects in men, when androgen
levels decrease with age.
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