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Abstract
Objective
IL-8 isa CXC chemokine involved in the pathogenesis of articular damage in rheumatoid arthritis. Local
hyper production of IL-8 has been suggested to play a role in subchondral bone loss, since it suppresses osteoblast
activity and promotes osteoclasts recruitment. Osteoblasts are a source of IL-8; its secretion isregulated by a
number of hormones and cytokines. The aim of the present study was to evaluate the single and combined effects
of physiological concentrations of cortisol, 17p-estradiol and I1L-11 upon basal and IL-13-inducible production
of IL-8 in two human osteoblast-like cell lines, Saos-2 and MG-63.

Methods
Cells were incubated with cortisol (0.01 to 1 uM), 17p-estradiol (10 to 1000 pg/ml), IL-11 (1 to 100 ng/ml), in
presence or absence of IL-1 (10 ng/ml), for 20 h. Combinations of 17p-estradiol and cortisol, and of I1L-11 and
cortisol, were also tested. After incubation, 1L-8 levelsin supernatants were measured by ELISA.

Results
Cortisol dose-dependently inhibited spontaneous IL-8 secretion in both cell lines, although statistical significance
was attained in the MG-63 cells only (P < 0.01); no effect of 17f3-estradiol was apparent. With regard to
IL-1p—inducible production, cortisol dose-dependently inhibited IL-8 releasein both cell lines (P< 0.01); 17p-
estradiol resulted in only a non-significant decrease in Saos-2, but not in MG-63 cells. 17p-estradiol did not alter
the effects of cortisol in experiments involving co-incubation. I1L-11 did not have any effect on spontaneous IL-8
release, but exerted a significant inhibitory effect on IL-13-inducible release in MG-63 cells (P < 0.05);
no additional effect was observed upon the degree of cortisol-dependent inhibition.

Conclusion
Cortisol is a potent physiological inhibitor of IL-8 production by osteoblast-like cells. The results of the present
study support the use of exogenous supplemental glucocorticoids to prevent the del eterious effects of excess IL-8.
The estrogenic milieu and local concentrations of IL-11 have little if any effect on the IL-8-dependent mechanisms
of disease.
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Introduction

Interleukin-8 (IL-8) —formerly referred
to as neutrophil attractant/activating
protein 1 (NAP-1), neutrophil activat-
ing factor (NAF), or granulocyte chem-
otactic protein (GCP) — is a chemoat-
tractive cytokine (chemokine) belong-
ing to the CXC family that is character-
ized by a single non-cysteine amino
acid situated between two N-terminal
cysteines, and chemotactic properties
primarily for neutrophils. Its systematic
name in the established nomenclature
for chemokinesis CXCL8 (1).

IL-8 is produced and released by many
cellular types, including cells such as
osteoblasts derived from multi-potent
mesenchymal progenitors (2-5). It is a
pro-inflammatory substance that con-
tributes to the recruitment and traffick-
ing of neutrophils during the course of
an immunologic or inflammatory re-
sponse. Moreover, it is credited with an-
giogenic properties, and is able to re-
cruit osteoclasts (1, 6-7).

IL-8 can induce synovial inflammation.
Administration of recombinant 1L-8
into the knee joints of rabbits resulted
in neutrophilic infiltration followed by
alater infiltration of mononuclear cells
and proliferation of synovia lining
cells (8). In the synovia fluid and tis-
sue of patients suffering from rheuma-
toid arthritis (RA), IL-8 levels are
remarkably higher than the levels seen
in other rheumatic diseases, including
osteoarthritis (9-10). Interactionsin RA
between inflammation in the synovial
space, breakdown of cartilage and re-
sorption of the subchondral bone are
presently the subject of intense investi -
gation. I1L-8 is expressed by both mes-
enchymal (i.e., osteoblasts, osteocytes,
stromal and endothelial cells) and mo-
nonuclear cellsin trabecular bone biop-
sies obtained from RA patients (3). A
local hyperproduction of IL-8 as a re-
sponse to inflammatory stimuli has
been suggested to play an important
role in suppressing osteoblast activity
and promoting osteoclast recruitment
(11). Chemoattraction of neutrophilsis
aso likely to contribute to the degrada-
tion of bone matrix since neutrophils
possess a range of potent proteinases
and hydrolases, aswell as the ability to
generate a series of reactive oxygen
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intermediates (12).

IL-8 expression by osteoblasts is regu-
lated by a number of factors, including
cytokines and hormones. Interleukin-
1b (IL-1b), which admittedly is a key
mediator of the rheumatoid inflamma-
tion in the peripheral joints, markedly
increases such expression (3-5, 13).
With regard to hormonal signals, glu-
cocorticoids have been consistently
shown to be effective inhibitors of ba-
sal and stimulated 1L-8 production by
osteoblasts, while studies on estrogen
action have yielded negative results
(13-15).

Interleukin-11 (IL-11) is an anti-in-
flammatory cytokine that mediates its
effects through gpl30-dependent path-
ways, leading to inhibition of the tran-
scriptional activator nuclear factor
(NF)-kB (16-18). NF-kB is known to
be active in the promoter region of the
human IL-8 gene and it reportedly con
tributes to the up-regulatory effect of
inflammatory cytokines (19). IL-11 is
currently being investigated as a poten-
tial therapeutic tool in inflammatory
autoimmune diseases, including RA
(20).

The aim of the present study was to
evaluate the single and combined ef-
fects of physiological concentrations of
cortisol, 17b-estradiol and IL-11 upon
basal and IL-1b-inducible production
of IL-8 in two human osteoblast-like
cell lines, Saos-2 and MG-63. These
cell lines represent a valuable model
sincethey produce IL-8 (2, 21), express
glucocorticoid and estrogen receptors
(22-23), and are glucocorticoid and es-
trogen responsive (22, 24-25). They
also express the IL-11 receptor and are
IL-11 responsive (2, 26-29). Important-
ly, they show divergent functional pro-
files in terms of alkaline phosphatase,
cytokines, and receptors, which possi-
bly reflect different degrees of osteo-
blastic differentiation (Tablel).

Materials and methods

Materials

Human recombinant IL-1b and IL-11
(Sigma-Aldrich, Milan, Italy) were re-
constituted using sterile buffered saline
(PBS) containing 1% bovine serum al-
bumin to a concentration of 1 ng/ml
and stored at -20°C. Cortisol and 17b-
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estradiol (Sigma-Aldrich) were dis-
solved in absolute ethanol and stored at
-20°C. Before the experiments steroids
were diluted to the final concentrations
in complete medium; the maximum
concentration of ethanol in the culture
media was 0.01% (vol/val). This con-
centration was previously found to
have no significant effect on the oste-
oblastic phenotypes or functions being
studied.

Cells and culture conditions

The human osteosarcoma cell lines
Saos-2 and MG-63 have been main-
tained and extensively studied in our
laboratory. Saos-2 cells were kindly
provided by Prof. M.L. Brandi (Uni-
versity of Florence, Italy); MG-63 cells
were purchased from Interlab Cell Line
Collection (Nationa Institute for Can-
cer Research, Genoa, Italy). Saos-2 and
MG-63 cell lines were cultured in
Coon’'s F12 modified medium (Oxoid,
Milan, Italy) and DMEM (Euroclone,
UK), respectively, enriched with 10%
(vol/val) heat inactivated fetal bovine
serum (FBS), 2 mM glutamine, 100
IU/ml penicillin and 100 ng/ml strepto-
mycin (Sigma-Aldrich), in a humidi-
fied atmosphere of 95% air / 5% CO, at
37°C. The pattern of expression of os-
teoblastic markers, cytokines and hor-
mone receptors assessed in our labora
tory isshownin Tablel.

Before the experiments cells were
seeded into 6-well plates (Sterilin, Cel-
bio, Milan, Italy). Since phenol red,
commonly used as a pH indicator in
cell culture media, is known to possess
estrogen activity, cells were incubated
with complete phenol red free (PhRF)
media enriched with 10% charcoal-
treated FBS. When they were near con
fluence, the media were replaced with
fresh media containing different con-
centrations of cortisol (0.01 — 1 V),
17b-estradiol (10 — 1000 pg/ml), or IL-
11 (1 — 100 ng/ml), alone or in combi-
nation with IL-1b (10 ng/ml), and the
cellswere cultured for 20 h.

IL-8 enzyme-linked immunosor bent
assay (ELISA)

After treatment, cell cultures media
were harvested for assay, spun for 10
min at 2500 g at 4°C and the super-

Table |. Cytokines and glucocorticoid receptor expression profiles of the two human
osteoblast-like cell lines, Saos-2 and MG-63.

Sa0s-2 MG-63

IL-6 (pg/10° cells) 1.2+ 0.3 (n=4) 7725 + 2005 (n=7)
sIL-6R (pg/106 cells) 126 + 1 (n=2) 303 + 45 (n=3)
IL-11 (pg/10° cells) 621 + 40 (n=3) 15.1 + 0.8 (n=3)
IL-1b (pg/108 cells) undetectable (n=2) undetectable (n=2)
TNF-a (pg/10° cells) undetectable (n=2) undetectable (n=2)
IL-8 (pg/10° cells) 60+ 11 (n=7) 32286 + 6410 (n=10)
OPG (pg/108 cells) 683 + 73 (n=8) 708120 + 118474 (n=8)
SRANKL (pg/108 cells) not detectable (n=3) not detectable (n=3)
APh (nmol/108cellmin) 1060 + 1675 (n=4) not detectable (n=3)
GR number (sites/cell) 31783 + 1847 (n=12) 110380 + 4499 (n=11)

affinity (nM) 35104 (n=12) 2.8+ 0.3(n=11)

IL: interleukin; sIL-6R: soluble IL-6 receptor; OPG: osteoprotegerin; APh: alkaline phosphatase; GR:

glucocorticoid receptor.

natants were frozen at —20°C. Superna-
tants were diluted 10- to 1000-fold
when necessary before analysis. 1L-8
was measured in duplicate by a sensi-
tive ELISA using a commercial kit
(R&D Systems, Abingdon, UK). Level
of sensitivity was < 10 pg/ml; theintra-
assay and inter-assay CV values were <
5%. Datawere expressed as the amount
of IL-8 released from viable cells cul-
tured under different experimental con-
ditions (pg/10°cells).

Satistical analysis

Theresults are expressed as the mean +
SE. Statistical analysis of the data was
carried out using Statistica 6.0 (Statsoft
Inc., Tulsa, OK, USA). The effects of
IL-1b, cortisol, 17b-estradiol and I1L-11

were analyzed by multiple measures
ANOVA, followed by the Newman-
Keuls multiple comparison test when
appropriate. P< 0.05 was considered to
represent statistical significance.

Results

In both cell lines, IL-1b was a potent
stimulator of 1L-8 release in the extra-
cellular medium (P < 0.01 by multiple
measures ANOVA), the concentration
of 1 ng/ml being close to the maximal
effect which was attained at the con-
centration of 10 ng/ml (Fig. 1). This
concentration therefore was chosen for
subsequent experiments. In terms of
the percent increase above baseline
levels, Saos-2 cells responded to IL-1b
significantly more than MG-63 cells (P
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Fig. 1. Dose-response curve of 1L-1b on IL-8 secretion by MG-63 and Saos-2 cells. The cells were
exposed to IL-1b (1-100 ng/ml) for 20 h; IL-8 concentrations were measured by ELISA. m MG-63; [
Saos-2 cells; U: untreated. Data are expressed as means + SE of 3 independent experiments. * P< 0.05,
**P< 0.01 by multiple measures ANOV Afollowed by the Newman-Keuls post-hoc comparison test.
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Fig. 2. Effects of cortisol and 17b-estradiol on constitutive IL-8 release by MG-63 and Saos-2 cells.
The cells were exposed to cortisol (0.01 — 1 nM) or 17b-estradiol (10 — 1000 pg/ml). m MG-63; [
Saos-2 cells. Data are expressed as means = SE of four independent experiments. ** P< 0.01 by multi-
ple measures ANOV Afollowed by the Newman-K euls post-hoc comparison test.
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Fig. 3. Effects of cortisol and 17b-estradiol on IL-1b-inducible IL-8 release by MG-63 and Saos-2
cells. The cells were exposed to IL-1b (10 ng/ml), alone or in combination with cortisol (0.01 — 1 mM)
or 17b-estradiol (10 — 1000 pg/ml). m MG-63; 0 Saos-2 cells. Data are expressed as means + SE of
four independent experiments. *P < 0.05, **P< 0.01 by multiple measures ANOVA followed by the
Newman-Keuls post-hoc comparison test.
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Fig. 4. Effects of IL-11 on spontaneous and IL-1b-inducible IL-8 release by MG-63 and Saos-2 cells.
The cells were exposed to I1L-11 (1 — 100 ng/ml) in the presence or in the absence of IL-1b (10 ng/ml).
m MG-63; 0 Saos-2 cells. Data are expressed as means = SE of three independent experiments. *P <
0.05 by multiple measures ANOV Afollowed by the Newman-K eul s post-hoc comparison test.

< 0.02 by two-factor ANOVA). Expo-
sure to cortisol yielded a dose-depen-
dent decrease in spontaneous IL-8 pro-
duction which was highly significant at

the concentration of 1 M, notably in
MG-63 cells (P< 0.01 by multiple mea-
sures ANOVA). On the contrary, no
effect of 17b-estradiol was apparent in
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either cell line (Fig. 2).

Co-exposure of cells to glucocorticoid
and estrogen did not change the degree
of inhibition observed with glucocorti-
coid alone (data not shown). With
regard to IL-1b-inducible production,
cortisol dose-dependently inhibited (P
< 0.01 by multiple measures ANOVA)
and again was significantly more effec-
tivein MG-63 than in Saos-2 cells (P<
0.03 by two-factor ANOVA). 17b-Es-
tradiol induced a non-significant de-
crease in Saos-2 cells, but not in MG-
63 cells (Fig. 3). 17b-Estradiol did not
change the effects of cortisol in experi-
ments with co-incubation (data not
shown). IL-11 did not show for either
cell line appreciable effects on sponta-
neous | L-8 release, but exerted asignif-
icant inhibitory effect on IL-1b-indu-
cible release in MG-63 cells (P < 0.05
by multiple measures ANOVA), while
it was totally ineffective under the
same experimental conditions in Saos-
2 cells(Fig. 4). INnMG-63 cells, howev-
er, no additional effect was observed
upon the degree of cortisol-dependent
inhibition when experiments involving
co-exposure to glucocorticoids and IL-
11 were performed (data not shown).

Discussion

Osteoblasts are specialized fibroblasts
that express only a few specific genes
and retain the ability to produce an
array of cytokines, as do most cellular
types derived from common mesen-
chymal progenitors. Subchondral oste-
oblasts are reportedly involved in the
inflammatory processes that activate
local cartilage and bone destruction in
RA (3,4,30). In the present investiga-
tion we focused on two established hu-
man osteoblast-like cell lines that con-
stitutively display different functional
phenotypes and conceivably have dif-
ferent hierarchies of transcriptional
activators of cytokine genes. Both cell
lines reportedly express glucocorticoid,
estrogen and IL-11 receptors and are
responsive to their specific ligands (22-
29). Moreover, both cell lines release
IL-8, which is markedly induced by IL-
1b, consistent with previous observa-
tions in different human osteoblastic
models (2-5).

We first examined whether exposure to
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physiological concentrations of cortisol
and/or 17b-estradiol (the most repre-
sentative endogenous glucocorticoid
and estrogen hormones, respectively)
was effective in challenging basal and/
or IL-1b-inducible IL-8 production. IL-
8 has an important pathogenetic role in
the development and progression of
many inflammatory diseases, notably
RA (1). Pertinently, either a deficiency
of glucocorticoid action or menopausal
status have been associated with a
higher risk of clinically apparent RA
(31, 32). We found that cortisol did
inhibit IL-8 release in the culture medi-
um under al experimental conditions.
The inhibitory effect, as inferred by
percent changes in levels versus unex-
posed cells, was more apparent in MG-
63 cdls, that constitutively express
more IL-8 and more glucocorticoid
receptors as well. Keeping in mind the
limitation that in this experiment we
utilized osteosarcoma-derived osteo-
blast-like cells, our results are consis-
tent with those of previous studies, and
add support to the view that glucocorti-
coids play a pivotal role in modulating
IL-8 production in cells of mesenchy-
mal origin (13, 14, 19).

The clinical relevance of glucocorti-
coid inhibition of pro-inflammatory
substances in patients with RA even at
physiological concentrations has been
underscored most recently in a study
on the suppressive effects of cortisol on
IL-8 release from primary early cul-
tures of synoviocytes (33). Interesting-
ly enough, we have previously found
that 1L-8 released by mononuclear cells
of the synovial fluid obtained from
untreated RA patients inversely corre-
lated with synovial fluid cortisol con-
centrations (34). Taken together, al
these data speak in favour of the thesis
that in RAlocal hyperproduction of IL-
8 gains pathogenetic importance also
because it is unrestrained by endoge-
nous glucocorticoids. It is pertinent to
say that the use of corticoid derivatives
as an early therapy for RA, possibly in
combination with other “induction-
therapy”, is gaining value (35). In RA
patients given glucocorticoids, the in-
hibitory effect upon IL-8 production
offers an additional explanation for the
apparent paradox of a beneficial effect

on subchondral bone in the face of gen-
eralized glucocorticoid-induced osteo-
porosis.

Contrary to cortisol, we did not find
any apparent effect of physiological
concentrations of 17b-estradiol on IL-8
production by our cell lines. These neg-
ative results confirm previous observa-
tions (14,15). The mechanisms account-
ing for the clinical appearance and pro-
gression of RA at the time of meno-
pause do not seem to involve IL-8 pro-
duction, at least from subchondral cells
of the osteoblastic lineage.

IL-11 is a gpl30-mediated cytokine
which is credited with anti-inflamma-
tory properties. It has been shown to
diminish the release of pro-inflamma-
tory cytokines in different cellular mo-
dels; the suggested mechanism was in-
hibition of NF-kB activity through the
up-regulation of Ik-Ba (16-18). Conse-
quently, IL-11 has been investigated as
a potentia therapeutic agent in a num-
ber of inflammatory diseases, including
RA (20). Surprisingly, we found a sig-
nificant (albeit modest) inhibitory
effect of IL-11 on IL-1b-inducible IL-8
release only in MG-63 but not in Saos-
2 cells. I1L-8 gene promoter possesses
binding sites for NF-kB, and NF-kB
has documented importance for the
regulation of constitutive and IL-1b-
stimulated expression (36). Inhibition
of IL-8 production thereforeislikely to
occur only in the presence of an NF-kB
activating signal such as IL-1b, and of
remarkably increased production of the
cytokine.

Moreover, we did not observe any ad-
ditional effect of IL-11 upon cortisol-
dependent inhibition. This observation
has a number of possible explanations.
First, it is consistent with a redundancy
of mechanisms that may eventually
lead to restrained IL-8 release. Indeed,
both glucocorticoids and IL-11 are
known to inhibit NF-kB activity. Glu-
cocorticoids act both through a direct
physical interaction of the glucocorti-
coid receptor with NF-kB, and via the
up-regulation of Ik-Ba (19). This latter
effect has also been reported to be ex-
erted by IL-11 (17). Second, it is pos-
sible that glucocorticoids and IL-11
mutually inhibit their action. We have
recently shown that I1L-11 dose-depen-
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dently decreases glucocorticoid recep-
tor in MG-63 célls (37). Furthermore,
Liu et al. have found that glucocorti-
coidsinhibit IL-11 receptor expression,
with no effect on gp130 (38). It should
be noted that these authors reported on
the prolonged exposure of rat
osteoblasts to dexamethasone; more-
over, in contrast with these findings,
gp130 up-regulation by glucocorticoids
has been described by others (39). In
any case, it appears obvious that the
potentiality of IL-11 as anegative mod-
ulator of IL-8 is much less, and even
minimal, in comparison to that of corti-
sol at physiological concentrations, and
that there is no synergism between the
two substances for this particular
action. Indeed, administration of IL-11
was found to be ineffective in patients
with RA on glucocorticoid therapy
(20).

In conclusion, we believe that cortisol
is a potent physiological modulator of
IL-8 production by cells of the oste-
oblastic lineage and that results of the
present study support the use of exoge-
nous supplemental glucocorticoids to
prevent the deleterious effects of ex-
cess IL-8, hence of chemoattracted
neutrophils in inflammatory diseases
involving bone, notably active RA. In
such conditions, the estrogenic milieu
and local concentrations of 1L-11 have
little if any effect on IL-8-dependent
mechanisms of disease.
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