BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 233, 200—202 (1997)

ARTICLE NO. RC976433

Prostaglandin F,, Receptor (FP Receptor) Agonists Are
Potent Adipose Differentiation Inhibitors for Primary
Culture of Adipocyte Precursors in Defined Medium

Ginette Serrero** and Nancy M. Lepak?®

*Department of Pharmaceutical Sciences, University of Maryland School of Pharmacy, and Program of Oncology,
University of Maryland Cancer Center, 20 N. Pine Street, Baltimore, Maryland 21201-1180

Received February 26, 1997

Prostaglandin F,, inhibits adipose differentiation of
primary culture of adipocyte precursors and of the ad-
ipogenic cell line 1246 in defined medium. In the pres-
ent paper, we investigated the effect of FP receptor
agonists cloprostenol and fluprostenol on the differen-
tiation of newborn rat adipocyte precursors in pri-
mary culture. The results show that cloprostenol and
fluprostenol are very potent inhibitors of adipose dif-
ferentiation. Dose response studies indicate that both
agonists are more potent than PGF,, in inhibiting adi-
pocyte precursors differentiation. 50% inhibition of
adipose differentiation was observed at a concentra-
tion of 3 x 1072 M for cloprostenol and 3 to 10 x 10~
M for fluprostenol respectively whereas the PGF,, con-
centration required to elicit the same effect was 1078
M. In contrast compounds structurally related to PGE,
such as 17-phenyl trinor PGE, had no effect on adipose
differentiation except when added at a 10,000-fold
higher concentration. © 1997 Academic Press

Cells cultivated in the presence of FP receptor ago-
nists remained fibroblastic, typical of undifferentiated
adipocytes. Triglyceride accumulation and increase in
specific activity for glycerol-3-phosphate dehydroge-
nase activity were inhibited. In addition mRNA expres-
sion of adipocyte markers were such as lipoprotein li-
pase (LPL) and fatty acid binding protein (FAB) was
decreased. The results provide new information on the
biological activity of FP receptor agonists as differenti-
ation inhibitors of adipocyte precursors freshly isolated
from newborn rats.

Prostaglandin F,, is a potent inhibitor of differentia-
tion of adipocyte precursors in primary culture (1) and
of the adipogenic cell line 1246 (2) 50% inhibition of
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differentiation was observed at a PGF,, concentration
of 1078M both for adipocyte precursors in primary cul-
ture and for the adipogenic cell line 1246 (1-2). Struc-
ture function studies were previously performed in or-
der to examine the structural characteristics required
by prostaglandin in order to exert a high adipose differ-
entiation inhibitory activity. The results of these exper-
iments showed that 9«,118PGF,, was equipotent to
PGF,, to inhibit adipose differentiation whereas 94,11«
PGF,, had no effect. Moreover PGD2 and PGE2 had
no effect on differentiation except when added at 100-
fold higher concentration where a 40% inhibition was
observed (3). This order of potency of various prosta-
glandins suggested that inhibition of differentiation
may be mediated via binding to the prostaglandin F,,
receptor classified as FP receptors (4).

Based on this possibility, we examined here the ef-
fect on adipose differentiation of two synthetic FP re-
ceptor agonists fluprostenol and cloprostenol. Flupros-
tenol and closprostenol which are stable analogues of
PGF,, are both potent FP receptor agonists and are
also more selective than their parent compound (4-5).
In particular, fluprostenol has no demonstrable ago-
nist activity at any of the other four prostanoid recep-
tor types (DP, EP, TP and IP). Because they are more
selective, they are very useful to examine the effect of
prostanoids on cells that have mixed prostanoid recep-
tors populations such as the adipocytes (6). In the pres-
ent paper, the effect of fluprostenol and cloprostenol on
adipose differentiation was investigated using primary
culture of rat newborn adipocyte precursors freshly
isolated from inguinal fat pads of newborn rats since
these cells can optimally proliferate and differentiate
in defined medium (7). We have shown previously that
in these defined culture conditions, 90% of adipocyte
precursors from newborn rats differentiate within 8
days of plating (7) thus providing a useful cell culture
system with which to investigate the effect of pharma-
cological agents on adipocyte differentiation in physio-
logical conditions.
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MATERIAL AND METHODS

PGF,,, cloprostenol, fluprostenol and 17-phenyl trinor PGE, were
obtained from Cayman (Ann Harbor, MI) and were freshly prepared
as ethanol solutions prior to being assayed. Tissue culture plas-
ticware is from Beckton-Dickinson. Dulbecco’s modified Eagle’s me-
dium (DME) and Ham’s F12 nutrient media were from Gibco-BRL.
Hormones and chemicals were from Sigma chemicals.

Culture of adipocyte precursors from inguinal fat pads of 2-day old
Sprague-Dawley rats was carried out in defined medium as described
previously (3-4). The defined medium consisted of DME-F12 nutrient
mixture (1:1) supplemented with human fibronectin (0.2 pg/ml) bo-
vine insulin (10 pg/ml) human transferrin (10 pg/ml) and bovine
recombinant basic fibroblast growth factor 5 ng/ml. PGF,, and FP
receptor agonists were added at day 1 and maintained in the culture
medium throughout the experiments. Medium was changed every
three days and fresh agonist or prostaglandin added at that time.
Each experiment was done with duplicate dishes for each condition
and repeated at least three times. Differentiation was routinely fol-
lowed by measuring glycerol-3-phosphate dehydrogenase specific ac-
tivity (G3PDH). Total RNA was extracted with RNAzol (Cinnabio-
tech, Friendswood, TX). Northern blot analysis for measuring the
mRNA expression of lipoprotein lipase (LPL), fatty acid binding pro-
tein (FAB) and ribosomal protein L32 (RPL32) were performed as
described previously (8). Triglycerides were measured as described
previously (9).

RESULTS AND DISCUSSION

We first examined the effect of increasing concentra-
tions of cloprostenol and fluprostenol on the differentia-
tion of adipocyte precursors by measuring glycerol-3-
phosphate dehydrogenase (G3PDH) specific activity
(figure 1). Fluprostenol and cloprostenol both inhibited
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FIG. 1. Effect of increasing concentrations of fluprostenol and
cloprostenol on adipose differentiation of adipocyte precursors in pri-
mary culture. Adipocyte precursors freshly isolated from inguinal fat
pads of 2-day-old rats were cultivated in defined medium as described
in the method section. Fluprostenol and cloprostenol were added
at day 1 and maintained throughout the experiment (until day 8).
At day 8, cells were harvested to measure Glycerol-3-phosphate
(G3PDH) specific activity. Values for G3PDH specific activity are
expressed as a percentage of the control corresponding to G3PDH
specific activity in cells maintained in defined medium deprived of
FP receptor agonist. 100% of control was 2087 = 78 mU/mg protein.
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TABLE 1
Triglycerides
Culture conditions (% control)
Control 100
Fluprostenol 3 X 107 M 24
Fluprostenol 3 x 1078 M 5
Cloprostenol 3 X 107 M 11
Cloprostenol 3 X 1078 M 5

Adipocyte precursors were cultivated in defined medium as de-
scribed in the method section in the absence (control) or in the pres-
ence of either cloprostenol or fluprostenol. At day 8, the amount of
triglycerides accumulated was determined as described previously
(9). Results are expressed as % control. 100% value corresponded to
the triglycerides accumulated in cells cultivated in defined medium
only and was 860 ug/10° cells. SD was less than 10%.

G3PDH specific activity in a dose dependent fashion.
50% inhibition was observed at a concentration of
3x107*M for cloprostenol and a concentration of 3-
10x10~ ™M for fluprostenol. PGF,, inhibited G3PDH
specific activity by 50% when added at a concentration
of 3 X 107 M. In contrast, a structural analogue of
PGEZ2, 17-phenyl trinor PGE2 known to be an agonist
of EP1 receptor did not inhibit differentiation until it
was added at a concentration of 3 X 10" M which is a
1,000 to 10,000-fold higher than the respective concen-
tration of fluprostenol and cloprostenol required to in-
hibit adipose differentiation (data not shown).

We then examined the effect of cloprostenol and flu-
prostenol on the expression of other markers of adipose
differentiation.

In addition to having lower levels of G3PDH specific
activity, adipocyte precursors treated with cloprostenol
and fluprostenol remained fibroblastic and triglyceride
accumulation was inhibited (table 1). In the presence
of increasing concentrations of cloprostenol or flupros-
tenol, the cells accumulated from 80% to 95% less tri-
glycerides than the control cells cultivated in defined
medium in their absence.

Expression of mMRNA for lipoprotein lipase (LPL) and
of the adipose specific fatty acid binding protein (FAB)
as early markers of adipose differentiation (10) was
also examined in cells treated or not with FP receptor
agonists (figure 2). When normalized to the level of
ribosomal protein Ls, (RPL3, mMRNA) used as an inter-
nal standard, mRNA expression for adipocyte markers
such as lipoprotein lipase and fatty acid binding protein
was inhibited when the adipocyte precursors were cul-
tivated in defined medium in the presence of clopros-
tenol or fluprostenol.

The results presented here demonstrate that FP re-
ceptors agonists cloprostenol and fluprostenol are po-
tent inhibitors of adipose differentiation of primary cul-
ture of adipocyte precursors. Similar results were ob-
served with the adipogenic cell line 1246 where

201



Vol. 233, No. 1, 1997

N Q«\?‘ .
S & &S
— LPL
. whlh FAB
RPL32

Lt

Beusll g

FIG. 2. Effect of fluprostenol, cloprostenol and PGF,, on the
mRNA expression of adipose differentiation markers in adipocyte
precursors. Cells were cultivated in defined medium only (control)
or in the presence of 3 X 107*° M fluprostenol (Flup.), 3 X 107 M
cloprostenol (Clop.) or 3 X 10 ®M PGF,, (PGF,,). Cells were har-
vested at day 8 for extracting total RNA using RNAzol. Northern
blot analysis was performed using 15 ug of total RNA from control
and treated cells. Nitrocellulose filters were sequentially hybridized
to 3?P-labeled cDNA probe corresponding to lipoprotein lipase (LPL),
fatty acid binding protein (FAB). mMRNA expression for ribosomal
protein Ls, (RPL3,) was used as internal standard to monitor RNA
loading.

fluprostenol and cloprostenol inhibited adipose differ-
entiation with similar EDg, as the ones determined for
rat adipocyte precursors (data not shown). Interest-
ingly for primary culture of adipocyte precursors and
for the 1246 cells, both cloprostenol and fluprostenol
were found at least 1,000-fold more potent that PGF,,
to inhibit differentiation.

FP receptor cDNAs have been cloned from human
and rodent tissues and cells (11-14). The fact that flu-
prostenol is more potent than PGF,, to inhibit adipose
differentiation is consistent with the order of potency
found for binding to expressed FP receptor cDNA
cloned from rat corpus luteum cDNA libraries (13). One
interesting point is the consistently higher potency of
cloprostenol when compared to fluprostenol in its effec-
tiveness to inhibit differentiation. Since freshly pre-
pared preparations of both components were used in
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all our experiments, it is not clear whether the differ-
ence in potency could be only explained by a difference
in stability of both compounds or rather a difference in
the specificity for both agonists of FP receptors ex-
pressed on adipocyte precursors when compared to the
ones expressed on other tissue types.

Since the experiments described here were carried
out with adipocyte precursors freshly isolated from in-
guinal fat pads, these studies point out to the impor-
tance of FP receptor mediated pathways in the physio-
logical regulation of adipose differentiation.
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