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Synovium as a Source of Interleukin 6 In Vitro
Contribution to Local and Systemic Manifestations of Arthritis

Pierre-André Guerne, Bruce L. Zuraw, John H. Vaughan, Dennis A. Carson, and Martin Lotz
Department of Basic and Clinical Research, Research Institute of Scripps Clinic, La Jolla, California 92037

Abstract

Synovial inflammation is often associated with systemic
changes, such as increased levels of acute phase proteins and
hypergammaglobulinemia, which cannot be explained by the
cytokines described in synovial fluids and synoviocyte secre-
tions. Interleukin 6 (IL-6) has recently been characterized as a
mediator of multiple inflammatory responses. This cytokine
promotes T and B lymphocyte growth and differentiation, and
acute phase protein synthesis. We therefore examined IL-6
production by human synoviocytes and its presence in synovial
fluids. In vitro, synoviocytes spontaneously released IL-6,
which was increased by IL-1 and tumor necrosis factor-a.
Synoviocyte-derived IL-6 activity was able to induce hybrid-
oma-plasmacytoma proliferation, and immunoglobulin and
acute-phase protein synthesis. The synovial fluids from pa-
tients with diverse arthropathies contained IL-6 activity, but
higher levels were present in inflammatory arthropathies than
in osteoarthritis. These results demonstrate that synoviocytes
are a potent source of IL-6, which can contribute to important
manifestations of inflammatory arthropathies.

Introduction

Rheumatoid arthritis is a chronic autoimmune disorder that is
mainly expressed in joints, but which also has multiple sys-
temic manifestations. Hypergammaglobulinemia (1) and ele-
vated levels of acute-phase proteins are regular systemic fea-
tures of this disease. The synovial membrane is hyperplastic
and infiltrated with mononuclear cells (2-5). T lymphocytes in
the inflamed synovium are activated (6) and B lymphocytes
produce rheumatoid factor (7). Synoviocytes probably play a
central role in this process. They are located at the site of tissue
destruction and secrete proteases that degrade cartilage, as well
as other mediators of inflammation and tissue damage (re-
viewed by Dayer and Demczuck [8]). The cytokines that have
been shown to be released by synoviocytes can explain some
but not all the systemic manifestations of the disease. Interleu-
kin 1 (IL-1) and tumor necrosis factor-a (TNF-a)' are thought
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to play a central role in mediating inflammatory joint destruc-
tion through their ability to stimulate production of proteases
and prostaglandins by synoviocytes and bone resorption by
osteoclasts (9-11). Recently, IL-1 and TNF-a have been
shown to be potent inducers of IL-6 synthesis (12-14). IL-6 is
now known to be a central mediator of host defense responses,
affecting growth and differentiation of a wide spectrum of
cells. It induces the final maturation of B lymphocytes into
Ig-producing cells (15, 16), stimulates growth of plasmacytoma
and hybridoma cells (17), and is identical to the IL-1-induced
26-kD protein in fibroblasts (18). IL-6 has also been shown to
have hepatocyte-stimulating factor activity, thereby regulating
the major acute-phase protein response (19), to be a costimu-
lant for human thymocytes and T lymphocytes (20), to be
involved in the differentiation of cytotoxic T lymphocytes
(21), and to enhance IL-3-dependent proliferation of multi-
potential hemopoietic progenitors (22). Additionally, there is
suggestive evidence to indicate that IL-6 may regulate fibro-
blast proliferation (23). The results reported here show that
IL-6 is spontaneously produced by synoviocytes and that IL-1,
TNF-a, and lymphotoxin (LT) augment its synthesis. Very
high levels of IL-6 are present in synovial fluids obtained from
patients with inflammatory arthropathies. Synoviocyte-de-
rived IL-6 can stimulate immunoglobulin synthesis, hybrid-
oma and plasmacytoma growth, and acute-phase protein pro-
duction.

Methods

Synoviocyte isolation and culture. Synoviocytes were isolated from
surgical specimens freshly removed from patients undergoing knee or
hip joint replacement. Collagenase digestion and culture were per-
formed as described (24). Synoviocytes were maintained in DME sup-
plemented with L-glutamine, penicillin, streptomycin, and 10% fetal
calf serum (FCS). At confluency the cells were trypsinized and recul-
tured.

Monocyte isolation and culture. Peripheral blood mononuclear
cells were obtained by histopaque gradient sedimentation and mono-
cytes were isolated by adherence to petri dishes as described (25).

Synoviocyte stimulation. At different passages, synoviocytes were
transferred to 24-well plates (10° per well) in DME supplemented with
10% FCS. At confluency, usually after 1 d, cells were washed and 1 ml
of fresh medium was added (DME supplemented with 1% FCS if not
otherwise indicated) with the different stimuli. The supernatants (SN)
were collected at the time points indicated, centrifuged, and stored at
—20°C until they were tested for the presence of IL-6. Skin fibroblasts
and peripheral blood monocytes were stimulated in a similar fashion.

IL-6 bioassays. (a) Hybridoma growth factor (HGF) assay: the
B9.9 murine hybridoma (26) was maintained in RPMI 1640 supple-
mented with penicillin, streptomycin, L-glutamine, 10% FCS, and
0.2% vol/vol supernatant from poly (rI):poly (rC)-stimulated human
skin fibroblasts as a source of IL-6. To perform the IL-6 assays, cells
were washed five times and 10,000 cells were added per well in flat-
bottomed, 96-well plates supplemented with serial dilutions of the
samples to be tested in a final volume of 150 ul of RPMI 1640 con-
taining L-glutamine, penicillin, streptomycin, and 5% FCS, in tripli-
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cates. After 48 h, 1 uCi of [*H]thymidine was added to each well and
the cells were incubated for 4 h more before harvesting onto glass fiber
filters. Radioactivity was quantified by liquid scintillation counting. In
each assay a standard curve using recombinant B cell-stimulating fac-
tor 2 ([r)BSF-2) (27) was included. One unit of IL-6 in culture SN ‘was
defined as the reciprocal of the dilution giving half-maximal stimula-
tion. In this assay (r)BSF-2 is typically detected at 0.08 pg/ml and its
specific activity is 125 U/ng. (b) BSF-2 assay: (r)BSF-2 activity was
quantified as induction of IgG secretion by the human B lymphoblas-
toid cell line CESS (28). The CESS cells were maintained in RPMI
1640 supplemented with penicillin, streptomycin, L-glutamine, and
10% FCS. For the assay, cells were washed and cultured (5,000 per well
in 96-well, flat-bottomed plates) in the presence of various concentra-
tions of test samples in a total volume of 150 ul per well in RPMI 1640
containing 5% of FCS in triplicates. After 5 d, the SN were collected.
The concentration of IgG was then determined by ELISA (29). The
activity of the SN was compared to (r)BSF-2. In this assay it was
detectable at 0.2 pg/ml and its specific activity was 40 U/ng. (c) Assay
for hepatocyte-stimulating factor (HSF) activity: we have previously
demonstrated that IL-6 is a potent inducer of C1 esterase inhibitor
(C1INH) in the human hepatoma cell line HepG2 (Zuraw, B., and M.
Lotz, manuscript submitted). These cells were maintained in RPMI
1640 supplemented with penicillin, streptomycin, L-glutamine, and
10% FCS. For the assays, they were trypsinized and plated in microtiter
wells (flat-bottomed, 96-well plates) at 10,000 per well. At confluency,
the medium was removed and replaced with 150-ul aliquots of fresh
RPMI 1640 supplemented with 5% FCS and various concentrations of
the SN to be tested. After 4 d the plates were centrifuged and the
HepG?2 SN were removed and stored at —20°C until their content of
CI1INH was assayed by ELISA (25). None of the agents used to induce
IL-6 production in synoviocytes (IL-1, TNF, LT, Poly(I):(C)) had
IL-6-like activity on CESS, B9.9, or HepG2 cells nor any synergistic
activity with IL-6.

Antibody neutralization studies. Aliquots of culture SN were
preincubated for 2 h at 37°C with rabbit antiserum to BSF-2 (30) or
with preimmune rabbit IgG (1-10 ug/ml) before addition to the cells
used in the IL-6 assays.

Metabolic labeling and immunoprecipitation. Confluent synovio-
cyte cultures in 24-well plates were washed three times with Hank’s
balanced salt solution, and cultured for 24 h in 500 ul of methionine-
free RPMI 1640 medium containing 1% FCS, 20 uCi/ml [*’S]-
methionine (No. 51006, ICN, Irvine, CA) and the various stimuli to be
tested. After 24 h, the SN were collected, centrifuged, and stored at
—20°C until analyzed. The SN were concentrated to 50 ul with ultra-
spin concentrators (Ultracent, Bio-Rad Laboratories, Richmond, CA).
They were then precleared by a 1-h incubation with an equal volume of
10% protein A agarose (#10-1041-5, Zymed, San Francisco, CA) in
Net2 buffer (50 mM Tris pH 7.4, 0.5% NP40, 150 mM NaCl, 5 mM
EDTA, 0.02% sodium azide, 0.5% sodium deoxycholate, 0.1 sodium
dodecylsulfate) + protease inhibitors (2 mg/ml soybean trypsin inhibi-
tor, S mM leupeptin, 5 mM antipain, 0.1 mM phenylmethylsulfonyl
fluoride) with gentle shaking at 4°C. The SN were recovered after
centrifugation and incubated with 10 ul of anti-IL-6 (1 mg/ml) over-
night at 4°C with gentle shaking. Then an equal volume of 10% protein
A agarose in Net2 buffer was added and incubation was continued for
an additional 3 h. The precipitates were washed seven times in Net2 at
4°C, resuspended in 50 ul of sample buffer (0.0625 M Tris, pH 6.8, 3%
SDS and 10% glycerol containing 0.025% bromphenol blue) and
boiled for 5 min. The agarose beads were pelleted by centrifugation
and the supernatants were separated on 15% SDS-polyacrylamide gels
according to the method of Laemmli (31). Before autoradiography, the
gels were dehydrated by washing twice in dimethylsulfoxide, dried, and
impregnated for 1 h with 2,5-diphenyloxazole-dimethylsulfoxide
(NEF-964, Dupont Co., Boston, MA).

Synovial fluids. The synovial fluids, obtained from patients under-
going routine arthrocentesis, were collected into heparinized tubes,
diluted five times in RPMI 1640, centrifuged at 2,000 g for 10 min to
remove cells, and stored at —20°C until they were analyzed.
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Reagents. TNF-q, sp act 5.02 X 10" U/mg and TNF-8 (LT), sp act
1.2 X 10® U/mg, were kindly provided by Dr. H. M. Shepard, Genen-
tech Inc., South San Francisco, CA; IL-1 8, was donated by Dr. C. A.
Dinarello, Tufts University Medical School, Boston, MA; (r) BSF-2
(16) and the polyclonal rabbit anti-BSF-2 (IgG fraction, 1 mg/ml) were
generously provided Drs. T. Hirano and T. Kishimoto, Institute for
Molecular and Cellular Biology, Osaka University, Osaka, Japan. The
endotoxin content of the concentrated stocks of the lymphokine prepa-
rations was less than 0.006 ng/ml (Limulus amebocyte lysate assay).
Purified endotoxin (lipopolysaccharide), from E. coli was purchased
from Sigma Chemical Co., St. Louis, MO.

Results

IL-6 production by synoviocytes. When synoviocyte culture
supernatants were tested on a subclone of the B9.9 hybridoma
cell line, which is very sensitive to IL-6 but does not respond to
a large panel of human cytokines, IL-6 activity was consis-
tently detected in the absence of added stimuli (Fig. 1). Both
primary explants of synoviocytes (P1) that were examined 5 d
after their removal from the joint, as well as synovial cells
cultured up to five passages (more than 7 wk), released similar
amounts of IL-6. No significant difference in the amounts of
IL-6 released was noted between rheumatoid arthritis and os-
teoarthritis synoviocyte cultures. Synoviocytes derived from
an avascular necrosis specimen as well as normal skin fibro-
blasts that were cultured under the same conditions also re-
leased similar amounts of IL-6 (data not shown). The addition
of IL-1 to both early and late synoviocyte cultures augmented
IL-6 production (Fig. 1). To rule out the possibility that con-
taminating lipopolysaccharide was responsible for this activa-
tion, similar experiments were repeated in the presence of
polymixin B (12.5 pg/ml). IL-6 activity released by control and
IL-1-stimulated synoviocytes was not significantly changed by
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Figure 1. Spontaneous IL-6 release by synoviocytes. Different syno-
viocyté cell lines from rheumatoid arthritis (RG [©] and RD [¢]) and
osteoarthritis (OA [0]) were studied at passages 1, 3, and 5, and cul-
tured in DME supplemented with 1% FCS alone (C) and in one case
with IL-1 (2 ng/ml) for comparison (RG IL-1 [¢]). The SN were col-
lected after 72 h and tested for IL-6 activity in the B9.9 hybridoma
cell proliferation assay. The results are mean values of triplicates (SE
< 10) of three representative cultures.



the addition of polymixin B which completely inhibited the
IL-6-inducing effect of lipopolysaccharide at doses up to 10
ng/ml (data not shown). To evaluate whether serum constitu-
ents were responsible for the IL-6 production by nonstimu-
lated synoviocytes, cultures were performed with various con-
centrations of FCS. The results indicated that FCS was neces-
sary since no IL-6 activity was detectable in cultures without
serum. However, a maximal serum effect was already seen at
1% FCS with no further increase at 5-10%. An analysis of the
time course of the IL-6 release showed that the cytokine was
already detectable at 2 h in control cultures and at higher titers
in cultures induced with IL-1 (Fig. 2). Levels further increased
reaching submaximal levels by 24 h, with only slight additional
increases thereafter.

Cytokine regulation of synoviocyte IL-6 production. To
evaluate factors that might be important physiological regula-
tors of IL-6 production, we tested the effects of IL-1, TNF-a,
and LT (TNF-8) on synoviocyte cultures. Fig. 3 summarizes
the results of three representative experiments showing that all
three cytokines enhance IL-6 release. Of note is the difference
in the potency of these three cytokines. When tested between
0.2 and 20 ng/ml, IL-1 was most active; at 20 ng/ml it in-
creased IL-6 by more than 350-fold compared to unstimulated
cultures. TNF-a was slightly less potent, with a 120-fold in-
crease at the same concentration. The increase induced by LT
was much smaller and was detectable only at the highest con-
centrations: 20 ng/ml increased IL-6 release by only 2.5-fold.
These experiments also show that the responsiveness of syno-
viocytes derived from osteoarthritis and rheumatoid arthritis
patients is not significantly different. Synoviocytes from avas-
cular necrosis specimens and skin fibroblasts have also been
tested under these conditions and the pattern of IL-6 release
was similar (data not shown). Finally, as illustrated in Fig. 3,
the number of passages did not significantly alter cytokine-in-
duced IL-6 production.

Functional characterization of synoviocyte IL-6 activity.
Having established that synoviocytes produce IL-6 activity as
measured in HGF and plasmacytoma growth factor assays
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Figure 2. Kinetics of IL-6 production by synoviocytes. Rheumatoid
arthritis synoviocytes were cultured either in medium alone or in the
presence of IL-1 (2 ng/ml). SN were collected at the time points indi-
cated and assayed for IL-6 activity as proliferation of hybridoma
cells. Results are mean values of triplicates (SE < 15%).

(data not shown), we sought to determine whether the syno-
viocyte-derived material would have the other important IL-6
effects relevant to rheumatoid arthritis and other inflamma-
tory arthropathies. Thus SN were tested for the ability to en-
hance production of Ig (BSF-2 activity) and of acute-phase
protein (HSF activity). Fig. 4 shows that in the BSF-2 assay,
which is less sensitive than the hybridoma growth factor assay,
unstimulated synoviocyte culture SN slightly but consistently
enhanced IgG production by the human lymphoblastoid cell
line CESS, corresponding to a mean of 1.6 U/ml when com-
pared with human (r)BSF-2. Supernatants from synoviocytes
stimulated with IL-1, TNF-a, and LT (20 ng/ml) had in-
creased levels of IL-6. The highest levels (> 6,500 U/ml) were
induced by IL-1. We then analyzed the effect of synoviocyte
SN on production of CIINH, an acute-phase protein that is
induced specifically by IL-6 in the human hepatoma cell line
HepG2 (Zuraw, B., and M. Lotz, manuscript submitted). Fig.
5 shows that synoviocyte supernatants contained significant
HSF activity, which was higher when the synoviocytes were
stimulated with IL-1, TNF-q, or LT. These latter cytokines by
themselves do not stimulate C1INH production and they do
not synergize with IL-6 in this assay (Zuraw, B., and M. Lotz,
manuscript submitted).

Immunological analysis of synoviocyte IL-6. To establish
whether the activities detected by the different assays in syno-
viocyte SN were functions of IL-6, we performed antibody
neutralization experiments. Fig. 6 shows that antibody raised
against human (r)BSF-2/IL-6 completely inhibited the HGF
and HSF activity in the culture SN. Preimmune rabbit IgG, at
identical concentrations, did not alter these activities. To fur-
ther characterize the synoviocyte-derived IL-6 proteins, im-
munoprecipitation of [>S]methionine-labeled synoviocyte,
skin fibroblast, and monocyte SN was performed. The im-
munoprecipitates contained predominant proteins which mi-
grated as a doublet between 23 and 30 kD in 15% SDS polyac-
rylamide gels in (Fig. 7), which is consistent with the known
molecular mass of IL-6 (15, 32). This doublet was detectable in
the unstimulated SN and was significantly enhanced by stimu-
lation with IL-1. The bands were blocked when the antiserum
was preincubated with an excess of (r)BSF-2/IL-6 before im-
munoprecipitation, confirming that these bands are IL-6. The
figure also shows that the proteins precipitated from synovio-
cyte, skin fibroblast, and monocyte culture SN by this anti-
serum had identical electrophoretic migration patterns.

IL-6 activity in synovial fluids. Finally, we examined the
IL-6 content of a series of synovial fluids. The results in Fig. 8
show that high levels of IL-6 activity could be detected in all of
the rheumatoid arthritis synovial fluids tested (mean
5,288+1,729 [SE] U/ml). High levels were also found in fluids
from other inflammatory arthropathies. The levels found in
psoriatic arthritis, for instance, were not significantly different
(3,806+2,418 U/ml, P = 0.48) from those in rheumatoid ar-
thritis. In contrast, the IL-6 content of osteoarthritis fluids,
although clearly detectable, was significantly lower than that of
rheumatoid arthritis (490+324 U/ml, P = 0.0281).

Discussion

These experiments have examined the production of IL-6 by
synoviocytes and the effects of this cytokine on cells that are
involved in local and systemic manifestations of arthritis. The
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Figure 3. Cytokine regulation of synoviocyte IL-6
production. Synoviocytes from rheumatoid arthritis
(RA) or osteoarthritis (OA4) were cultured in me-
dium supplemented with 1% FCS alone (c) or with
IL-1, TNF-q, or LT at the concentrations indicated

RA (P3)

Synoviocytes

results show that IL-6 is produced constitutively by synovio-
cytes when cultured in the presence of serum and that its
synthesis can be upregulated by IL-1, TNF-«, and, to a lesser
extent, by LT. Synoviocyte-derived IL-6 is able to induce hy-
bridoma-plasmacytoma proliferation as well as immunoglob-
ulin and acute-phase protein synthesis.

Several cytokines have been detected in synovial fluids or
in synoviocyte secretions. IL-1 has been identified in rheuma-
toid arthritis synovial fluids and smaller quantities were found
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Figure 4. Ig production induced by synoviocyte-derived IL-6
(BSF-2). Synoviocytes from rheumatoid arthritis or osteoarthritis
were cultured in medium supplemented with FCS alone (C) or with
IL-1, TNF, or LT (20 ng/ml). After 3 d, the supernatants were col-
lected and assayed for IgG induction in the human lymphoblastoid
cell line CESS. The results are mean values of three experiments,
each in triplicates. They are compared to a standard curve with IL-6
([r]BSF-2) and expressed in units per milliliter. Error bars represent
the SE of the three experiments.
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OA (P4)

(ng/ml). The supernatants were collected after 2 d.
IL-6 activity was assayed as proliferation of hybrid-
oma cells. The results are mean values of triplicates
(SE < 15%) of three representative experiments.

in fluids from osteoarthritis patients (33-35). In addition, sy-
noviocytes have been shown to produce IL-1 (36, 37). IL-2 has
also been shown to be present in rheumatoid arthritis synovial
fluids by some groups (38, 39). Current concepts of the patho-
genesis of arthritis, indicate that IL-1 (reviewed by Miossec [9])
and TNF-a (10, 11, 40, 41) are important mediators of local
and systemic inflammatory responses. However, although
IL-1 and TNF-a can modulate B cell differentiation at an early
phase (42) and induce the production of some acute-phase

N

50

46.5

C1 INH [ng/ml]

C IL-1 TNF LT 20 2 0.2 [

Rec IL-6
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Figure 5. Induction of the acute phase protein CI1INH by synovio-
cyte-derived IL-6. Rheumatoid arthritis synoviocytes were cultured
in medium supplemented with FCS alone (C) or with IL-1, TNF-a,
or LT (20 ng/ml). After 3 d the SN were collected and assayed for
C1INH induction in the hepatoma cell line HepG2. The results are
mean values of triplicates (SE < 10%) of a representative experiment.
They are compared to various doses of a standard IL-6 (U/ml).
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proteins (43-45), the spectrum of their effects cannot com-
pletely explain the changes seen in inflammatory arthropa-
thies. Furthermore, compared to the levels of IL-6 (mean of
5,200 U/ml in rheumatoid arthritis which corresponds to 42
ng/ml (r)BSF-2), much smaller levels of these mediators have
been found in synovial fluids.

IL-1 can induce the synthesis of only some acute phase
proteins by hepatocytes (43-45). For example, IL-1 does not
alter the production of fibrinogen, a,-macroglobulin, cysteine
proteinase inhibitor, and C1INH. Recently, IL-6 has been
shown to be a major HSF that is capable inducing a wide

Preimmune Ig
A IL-6 [1]
A IL-6 [10]

LT

Preimmune Ig
alL-6[1]
alL-6[10]
C1INH bg

Figure 6. Antibody neutralization of HPGF/IL-6
and HSF/IL-6. SN were obtained by culturing rheu-
matoid arthritis synoviocytes in medium alone
(Contr.) or with IL-1, TNF-a, or LT (20 ng/ml).
They were tested on B9.9 cells for induction of pro-
liferation (4) and for C1 esterase inhibitor (C1INH)
induction on HepG2 cells (B) at a dilution of 1:50
in presence of the indicated concentrations (ug/ml)
of polyclonal antibody to IL-6 (IgG fraction) or
preimmune rabbit immunoglobulins. The back-
ground of each experiment (B9.9 proliferation and
LT HepG2 C1INH production in the presence of me-
dium without added SN) is indicated (B9.9 bg or
C1INH bg). Results are mean values of triplicates
(SE < 15%).

spectrum of acute-phase proteins (19). The results presented
here clearly show that synoviocyte-derived IL-6 is indeed able
to act as an inducer of acute-phase proteins, providing a ra-
tional basis for the acute phase response that regularly accom-
panies various types of synovitis.

Rheumatoid arthritis is characterized by an increase in B
cell activity, as indicated by the large number of B lympho-
cytes and plasma cells infiltrating the synovium (46, 47) and
by the presence of hypergammaglobulinemia (1). Rheumatoid
arthritis synovial tissues actively produce immunoglobulins
(48) and rheumatoid factor (7), which are thought to contrib-
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Figure 7. Immunoprecipitation of IL-6 produced by synoviocytes,
skin fibroblasts, and monocytes. SN were obtained by culturing
rheumatoid arthritis synoviocytes (10°/ml), skin fibroblasts (10°/ml),
or monocytes (4 X 10°/ml) in methionine-free medium containing
1% FCS and [**S]methionine in the presence of IL-1 (2 ng/ml) or un-
stimulated (C). The labeled proteins were immunoprecipitated with
a polyclonal antibody to IL-6 and protein A agarose. Proteins were
then separated on 15% SDS polyacrylamide gels. Autoradiography
was performed after impregnation in 2,5-diphenyloxazole-dimethyl-
sulfoxide.
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Figure 8. IL-6 activity in synovial fluids. Synovial fluids were col-
lected from patients suffering from different arthropathies: Rheuma-
toid arthritis (RA), osteoarthritis (OA), psoriatic arthritis (PA), sero-
negative rheumatoid arthritis (SNA), arthritis associated with inflam-
matory bowel disease (/BDA), ankylosing spondylitis (45), Reiter’s
syndrome (REITER), and pseudogout (PG). The fluids were serially
diluted five times and assayed for IL-6 as proliferation of the B9.9
hybridoma cells. Each point represents a different patient. Results
are mean values of triplicates (SE < 15%). They are compared to a
standard IL-6 ([r]BSF-2). Units of IL-6 are shown on a log' scale.
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ute to localized immune complex deposition. We show here
that the IL-6 produced by synoviocytes stimulates immuno-
globulin secretion. Considering the high levels of IL-6 activity
that are produced by synoviocytes, this cytokine is therefore
likely to play an important role in the hypergammaglobuline-
mia and rheumatoid factor production seen in rheumatoid
arthritis. Based on its function as plasmacytoma growth factor,
IL-6 may also promote the plasma cell infiltration seen in
rheumatoid synovium (5). It has been demonstrated that some
tumors such as cardiac myxoma, cervical cancer and bladder-
cell carcinoma can release large amounts of IL-6 and that
patients bearing these tumors may display autoimmune phe-
nomena and autoantibody production (30, 49, 50). However,
the levels of IL-6 found in classical rheumatoid arthritis are
comparable to those found in seronegative rheumatoid arthri-
tis or in psoriatic arthritis, which feature hypergammaglobu-
linemia but do not express autoantibodies. IL-6 may therefore
be a general stimulus for antibody synthesis in vivo, whereas
the specific spectrum of (auto)antibodies is determined by ad-
ditional factors.

Although not directly tested in this study, it is likely that
synoviocyte-derived IL-6 may also contribute to recruitment
of cells that participate in the localized inflammatory process.
In this aspect, IL-6 again appears to be a more important
mediator than IL-1 since IL-6 and IL-3 act synergistically in
supporting proliferation of hematopoietic stem cells, whereas
IL-1 has only minimal effects on this response (22).

The fact that constitutive production of IL-6 by synovio-
cytes, which was dependent on the presence of serum, per-
sisted at least 7 wk in tissue culture and that skin fibroblasts
also produce IL-6 spontaneously suggests that in vivo activa-
tion cannot account for the in vitro production of the cyto-
kine. Monocytes have also been shown to produce IL-6 when
cultured in medium containing FCS (51). The factors in serum
that are necessary for IL-6 synthesis have not yet been charac-
terized. It has been suggested that albumin is one factor (51)
but platelet-derived growth factor (12) and other factors may
also be involved. As shown by metabolic labeling and immu-
noprecipitation, the IL-6 secreted by synoviocytes is newly
synthesized. Furthermore, the molecular mass of synoviocyte-
derived IL-6 is identical to that of IL-6 produced by monocytes
and skin fibroblasts. The synoviocytes from inflammatory
(rheumatoid arthritis, ankylosing spondylitis) and from non-
inflammatory (osteoarthritis, avascular necrosis) diseases pro-
duce similar levels of IL-6 per cell in tissue culture. By con-
trast, a clear difference in IL-6 content of synovial fluids was
noted between the inflammatory arthropathies and os-
teoarthritis. These divergent levels may be attributed to in vivo
activation and to other cells present in the inflamed synovium.
Activated monocytes can release IL-1 and TNF-«, which are
potent inducers of IL-6 in fibroblasts (13, 14) as well as in
monocytes themselves (Fig. 7). Platelet derived growth factor
and interferon-G1 have also been shown to induce IL-6 pro-
duction by fibroblasts (12). Immune complexes composed of
self-associated IgG rheumatoid factor have been shown to in-
duce the release of IL-1 by monocytes (52), raising the ques-
tion whether immune complexes can alter directly IL-6 pro-
duction. We have already demonstrated that the crystals asso-
ciated with inflammatory arthropathies (urate, pyrophosphate,
and hydroxyapatite) can induce IL-6 production (Guerne,
P. A, unphblished results), and it will be of interest to deter-
mine whether this effect is direct or mediated by IL-1 (53, 54).
Lipopolysaccharide has been shown to increase serum IL-6



activity in vivo (55) and in cultures of human fibroblasts (56),
monocytes (19), and endothelial cells in vitro (Jirik, F., et al.,
manuscript submitted). We have also found that small con-
centrations of lipopolysaccharide increase IL-6 production by
synoviocytes (data not shown). Finally, preliminary findings
indicated that cytomegalovirus infection of synoviocytes
markedly enhanced IL-6 synthesis (Lotz, M., unpublished re-
sults). This finding is consistent with other reports showing
that viral infections augment IL-6 production by murine fibro-
blasts (57) and that poly (rl):poly(rC) is a potent inducer of
IL-6 synthesis in fibroblasts (14).

It is certainly possible that cells other than synoviocytes
contribute to the production of IL-6 in arthropathies. The
large numbers of activated monocytes infiltrating the syno-
vium in rheumatoid arthritis can directly release IL-6 (Lotz,
M., unpublished results) and endothelial cells may be an addi-
tional sources (Jirik, F., et al., manuscript submitted). Never-
theless, synoviocytes may be a major source of IL-6 since they
are a physiological component of the joint and are directly
located at the site of inflammation and tissue destruction.

It was of interest to see if IL-6 could also enhance collagen-
ase and PGE, production by synoviocytes, which represents a
major action of IL-1 and TNF in the process of joint destruc-
tion. Our results showed that IL-6 does not have this property
(Guerne, P. A., manuscript in preparation). Experiments are
in progress to determine if IL-6, instead, induces the produc-
tion of tissue inhibitor of metalloproteinases (TIMP), a specific
inhibitor of collagenase (58) which is also regulated by
IL-1 (59).

In conclusion, we have established synoviocytes as a potent
source of IL-6 in vitro and found that IL-6 is abundant in
synovial fluids of patients with inflammatory arthritis. Syno-
viocyte-derived IL-6 can enhance hybridoma and plasmacy-
toma growth, immunoglobulin synthesis, and hepatic acute-
phase protein production, providing a rational explanation for
important local and systemic manifestations of arthritis.
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