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Abstract

Prostaglandin E, (PCEgz) is an abundant eicosanoid in bone that has been implicated in a number of pathological

states associated with bone loss, and is also known to stimulate matric metalloproteinase-1 synthesis and secretion in rat

and human osteoblast cells, although the intracellular reaction remain unclear. Interleukin-14 (IL-14) is a cytokine that

plays a critical role in bone remodelling and appears to act as a downstream effector of most bone-resorbing agents.

However, it is stll interesting to examine whether PGE: regulates 1L-1 3 expression by mouse osteoblasts or not. Here

we demonsirate that PGE; is a potent inducer of IL-1 3 production by fetal osteoblasts,
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Introduction

Prostaglandins are complex regulators of bone metaboli-
sm, being simuitaneously potent stimulators of osteoclastic
bone tesorption and of osteoblastic bone formation [1].
Prostaglandin Ex (PGF2)' is the most abundant eicosanoid
present in bone, and excess level of PGE: have been
implicated in a number of pathological states associated
with bane loss, such as hypercalcemia of malignancy, peri-
odontal disease, and rheumatoid arthntis [2]. PGE; is me-
diator in a net anabolic effect on bone and bone matrix
descruction in a variety of inflammatory processes, in-
cuding fracture callus remodelling 3], theumatoid ar-
thritis [2], osteomyelitis [4], melastatic disease [5], peri-
prosthetic osteolysis 6], and inflammatory diabetes {7].

To date, many of the cellular and intracellular events in-
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volved in these matrix-remodeting states remain unclear.
In osteoblasts, PGEr augments intracellular cAMP [8] and
strongly induces the production of insulin-like growth
factor-I (IGF-I) [9].

There is increasmg evidence indicating that the bone
resorbing activity of cytokines such as IL-15, TNF-a,
and [1-6 is parfially dependeni on PGE; production {10].
Thus, it is thought that PCE; may act as a facilitator or
enhancer of the resorpiive response to cytokines and
growth factors [1]. Recent study indicates that PGE; sti-
mulates osteoclast formation via endogenous IL-17 [11].
The nature of the target cells responsible for the pro-
duction of T-15 in the bone environment has, however,
not et been clarified, In view of the critical role played
by IL-12 in bone metabolism and of the evidence that
PGE: induces IL-1 5 in the bone environment, it is
interesting to address whether PGE regulates [E-1/
expression in mouse osteoblasts. Here we report that

PGHE mduces IL-1 2 production by fetal mouse ostecblasts.
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Materials and Methods

Materials

PGE;, PGE,, lipopolysaccharide (LPS) from E. coli and
BSA were purchased from Sigma Chemical Co. (St Louis,
MO). Radiochemicals were obtained from New England
Nuclear Corp. (Boston, MA). Tissue culture media and rea-
gents, Fetal bovine serum (FBS) wete from Gibeo {Chagrin
Falls, OH). The mRNA isclation kit and DNA labelling
kit were obtained from Takara Co. (Osaka, Japan) and
Promega (Madison, WI). Recombinant human 1L-13 was
obtained from Genzyme Corp. (Cambridge, MA, USA) or

our deposit as described previously [7].

Osteoblasts isolation and culture

Mouse calvarial osteoblasts were isolated from neonatal
BALB/c mice by enzymatic digestion, as described for
rat osteoblasts [8,9]. The population released during the
last three digestions was highly enriched in cells ex-
pressing two markers of the osteoblast lineage, alkaline
phosphatase and osteocalcin [12]. Cells released by col-
lagenase digestions were washed and grown to confluent
in 75 o culture flasks (Falcon) in Dulbesso’s modifica-
tion of Eagel's medium (DMEM) supplemented with anti-
biotics (penicillin and streptomycin) and 10% fetal bovine
serum (FBS; Gibeo, BRL, Bethesda, MD, USA) Incu-
bations were carried out at 37C in a humidified atmos-
phere of 5% CO./95% air; the medium was changed every
2.3 days. Cells were grown to confluence at 37C and cual-
tured in duplicate or iriplicate wells for an additional 24
h in serum-free medium supplemented with Polymixin B

sulfate to prevent endotoxin effects prior to treatment.

RNA isolaticn and Northern blot analysis

Conditioned confluent cultures were treated for the
desired time periods with experimental medium alone
(controls) or medium containing the agents of interest.
The prostaglanding wre dissolved in absolute ethanol,
exceplt PGl which was dissolved in 100 mM Tris-HCL
(pH 9.4). After appropriate treatment period, cells were
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rinsed once with 10 ml PBS and then harvested by
adding 10 ml lysis buifer directly to flasks. Poly (A)+
RNA was isolated from the lysate according to the manu-
facturer's instructions or using the guanidine isothi-
ocyanate lysis method. Five micrograms of each sampie
were size-separated on 2.2 M formaldehyde-1.0% agarose
gels. The mRNA was transferred to Zeta probe membrane
or a nylon membranes (GeneScreen plus, NEN, Boston,
MA, USA), and fixed by UV cross-linking, Prehybri-
dization and hybridization with [*Pldeoxy-CTP-labeled
complementary DNA (cDNA) probes (10° cpm/ml) was
performed at 42°C in 50% formamide, 5 X S5C {1 X 55C
= 150 mM NaCl and 15 mM sodium citrate, pH 7.0),
and 0.2% each of polyvinylpyrrolidone, BSA, and Ficoll
with 250 pg/ml sheared salmon sperm DNA, 0.1%
sodium dodecyl sulfate (SDS), 50 mM sodium phosphate
(pH 6.5), and transfer RNA (25 g g/ml). The filters were
washed in a 2 X 55C-0.1% SDS four times for 5 min at
room temperature, followed by two 15-im washes in 0.1
X 85C-01% SDS at 50T. Northern blots were analyzed
by autoradiography {XAR-5 film, Eastman Kodak,
Rochester, NY), and the bands were quantitated by using
densitometer. All data were normalized to S-actin mRNA
abundance, which showed no general change in response

to the prostaglandins.

Plasmids
Mouse A-actin and TL-15 gene were described pre-

viously [7].

Detarmination of the [L-18 amount in culture fluids
The amount of Ti-18 produced by osteoblasts in
culture fluids was determined by an immunoassay

specific for mouse IL-13 (BioSource International).

Results and Discussion

PGE; stimulates the production of IL-18 in
mause calvarial osteoblasts

Osteoblasts were isolated from fetal mouse calvarial
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bones by sequential collagenase digestion. The population
released during the last three digestions is highly enri-
ched in cells expressing two markers of the osteoblast
lineage, alkaline phosphatase and osteocalcin [12]. We
have used this osteoblast-enriched population as osteo-
blast cells for future study. To investigate whether PGE;
stimulates the production of IL-17 by mouse calvarial
osteoblasts, primary cultured of confluent fetal mouse
osteoblasts were treated with PGE; for increasing amounts
of time 1n the presence or absence of LPS, a well known
stimulator of IL-1A [13], and the supernatants were
analyzed for IL-1 4 Immunoassays. As shown in Fig. 1,
the constitutive level of IL-14 production by osteoblasts
was very low, and PGL induced it strongly. The
induction of IL-17 production was highly sensitive and
increased with time dependent. This induction of IL-1 4
was dose dependent and persited for 36 h of culture.
When LPS was used as positive control for induction of
IL-13, it strongly stimulated the production of IL-1 4
with the same kinetics as PGFEs, as expected. These date
indicated that PGE; is a potent inducer of IL-13 pro-
duction by mouse calvarial osteablasts.

To investigate the regulation of IL-13 gene expression
by PGEs, osteoblasts were stimulated for increasing amo-
unts of time with PGE; or LIPS and subjected to Nor-
thern hybridization analysis. As shown in Fig. 2, unsti-
mulated osteoblasts expressed an undetectable level of
IL-1 5 mRNA. Their stimulation with 01 gM PGE; for
1 h was not detectable in IL-17 mRNA expression,
while 1.0 yM PGE:z stimulated [L-15 mRNA transcrip-
tion and the value of stimulation was similar to that
stimualated by 20 pg LPS.

Prostaglandins are known fo be potent activators of
bone remodeling and have been reported as having both
anabolic and catabolic effects on bone. Recent in vivo
administrations have demonstrated that systemic PGE;
results in an increase in both bone resorption and
formation with a net anabolic effect and prostaglanding

are also thought to have very potent resorptive effects in
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Fig. 1, Stmulating activities of PGE: and LPS on TL-173
production in the mouse calvarial osteohlastic cells.
Confluent cells were treated with increasing amounts of
tume with 07 pM PGE, (A), 20 pg/ml LPS (B}, or increa-
sing amounts of PGE; for 4 h {C). Culture supernatants
from four separate wells were harvested and tested for
IL-14 amount This figure is representative of two
inclependent experiments which gave similar results.
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Fig. 2. Effects of PGE, and LPS on IL-13 mRNA tran-
cription in the mouse calvarial osteoblastic cells.
Confluent cells were cultured for increasing amounts of
tirne with 0.1 UM PGE; or LPS (20 pg/ml). Total RKNA
was extracted and subjected to Northern hybndization.
Blats were hybridized with IL-18 and A-actin probes.
A representative autoradiogram after a 6-h exposure 1s
shown. Even though the long exposures (8 and 12 hrs)
were detectable, signals were undetectable in auteradio-
grams caused by shortterm (1 and 2 hrs) treatments
and lew amounts (below 0.001 M) of PGEs

a variety of in vivo and in vifro systems {2-4, 14]. This
study addresses that PGE, is a sirong inducer of 11-1 3.

Information on the control of IL-14 gene expression
by primary mouse osteoblasts is limited and the regula-
tory elements in PGEs-induced IL-1 8 gene expression re-
main unclear yet. PGE: induced both the IL-1 8 production
and gene expression in LPS-stimulated mouse calvarial

osteoblasts.
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