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Effect of Prostaglandin E, and EP Receptor Agonists on |
Cell Proliferation and Basic Fibroblast Growth Factor Synthesis
of Rheumatoid Synovial Fibroblasts in Vitro

. =<
Ryuichi Saura', Soichiro Hirata', Hitoshi Ishikawa', and Kosaku Mizuno?

The role of prostaglandin E, in inflammatory process is still elusive. We have
studied the effect of prostaglandin E, on rheumatoid synovial fibroblast prolifera-
tion and synthesis of basic fibroblast growth factor in vitro. When synovial fib-
roblasts were cultured for 72 hours in the presence of prostaglandin E,, over 10
M of prostaglandin E, has shown significant decrease of tritiated thymidine incor-
poration in synovial fibroblast monolayer culture. Both EP2 receptor and EP4
receptor agonist also suppressed synovial fibroblast proliferation, whereas EP1 or
EP3 receptor agonist failed to affect cell proliferation up to 10®* M. Next, the
effect of prostaglandin E, on basic fibroblast growth factor mRNA expression of
., synovial fibroblast was examined. Basic fibroblast growth factor mRNA ex-
pression was markedly enhanced when synovial fibroblasts were treated with 10°
M prostaglandin E.. [EP1 receptor agonist has also enhanced basic fibroblast
growth factor mRNA induction, whereas EP2, EP3 and EP4 receptor agonist
failed to augment mRNA induction of synovial fibroblast. These results sug-
gested that selective EP receptor agonists or antagonists should be utilized in fu-
ture for treatment of rheumatoid arthritis for preventing pannus formation by
EP2/EP4 activation and bone resorption led to joint destruction by EP1 inactiva-
tion.

Key Words: Cyclooxygenase (COX), Prostaglandin E,, EP receptor, Rheumatoid

arthritis, Basic fibroblast growth factor.

Introduction

In rheumatoid arthritis (RA), it is
characterized that pronounced synovial
hyperplasia composed of the extensive
proliferation of synovial fibroblasts
(SFBs) and inflammatory cell infiltra-
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tion with neovascularization.” A num-
ber of mononuclear cells which infil-
trated into the sublining area of syno-
vium through small blood vessels carry
out a series of both cellular and humor-
al immune reactions and are responsi-
ble for the spread and persistence of
RA synovitis.

Pannus tissue that is the hyperplastic
synovium invades both surface of arti-
cular cartilage and subchondral bone
adjacent to the articular cartilage. It
secretes a various kinds of growth fac-
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tors and inflammatory cytokines, which
stimulate the growth of pannus tissue it-
self. Inflammatory cytokines such as
Interleukin-1 (IL-1) or tumor necrosis
factor @ (TNFa) stimulate the prostag-
landin E, (PGE,) synthesis of synovial
cells through upregulation of inducible
form of PGE, synthase, cyclooxygenase
-2 (COX-2)?. PGE,; is detectable at a
high level in the fluid of knee joints in
OA*Y and RA.>® These findings sup-
pose that PGE, might be related to the
exacerbation of joint inflammation and
involved in the disease process of de-
generative arthritis.

On the other hand, PGE; is reported
to be an antiproliferative molecule.
For instance, PGE, induces cAMP
accumulation and inhibits the growth of
the most differentiated breast cancer
cells due to loss and probably dysfunc-
tion of PGE, receptors.” PGE, also
suppressed RA synovial cell prolifera-
tion through intracellular cAMP
accumulation.¥ ~ Thus, the role of
PGE, in inflammatory process is still
elusive. We have, therefore, studied
the effect of PGE, on rheumatoid SFB
proliferation and synthesis of basic fib-
roblast growth factor (bFGF), which
seems to be one of the potent growth
factors related to the pannus formation
in RA.

Materials and Methods

1. Preparation of SFBs derived from
RA patients and SFB monolayers -
Synovial tissue samples were surgical-

ly obtained, after consent, from

patients with RA at the time of total
knee arthroplasty. Diagnosis of RA
was based on the revised criteria for the
classification of rheumatoid arthritis by
American Collage of Rheumatology in

1987. SFBs were isolated from these
tissue samples as described previously
with some modifications.”  Briefly,
minced synovial tissue were dissociated
using 0.2 % of collagenase (Sigma Che-
mical Co., St. Louis, MO) and 0.25 %
of trypsin-EDTA (DIFCO LABOR-
ATORIES, Detroit, MI) at 37 °C for 2
hours, with gentle stirring. The dis-
sociated cells were then suspended in
SFB culture medium, consisting of Dul-
becco’s modified Eagle’s medium
(DMEM; Gibco BRL., Grand Island,
NY) supplemented with 10 % heat-
inactivated fetal bovine serum (FBS;

- Biowhittaker, Walkersville, ML) and

antibiotics, and cultured in 75-cm’ tis-
sue culture flask (Corning Glass Works,
Conring, NY) at cell density of 10°
cell/cm®’. The next day, culture flasks
were vigorously rinsed to remove non-
adherent lymphoid cells with fresh
DMEM, and resultant adherent SFBs
were cultured with fresh SFB culture
medium.

When the primary cultures reached
confluence, cells were trypsinized, re-
suspended in fresh SFB culture
medium, and seeded into 75-cm’ tissue
culture flask at cell density of 10°
cell/cm® for further passage. All the
experiments described below were con-
ducted using cells at the second or third
passage.

2. Assay for tritiated thymidine (H]-

TdR) incorporation into SFBs

In order to examine the effect of
PGE, and EP receptor agonists on
DNA synthesis of SFBs, ['H]-TdR in-
corporation into the SFBs was quanti-
fied. For cell proliferation assay, SFBs
were obtained from monolayer culture
by trypsinization and further cultures
were carried out in flat-bottomed 96-
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microtiter wells (6.4 mm in diameter).
Ten thousand of SFBs were allowed to
attach in every well and cultured for 72
hours. Fifteen hours before terminat-
ing the assay of incubation time, 37
KBq of [’H]-TdR were added to each
well. At the end of this assay, SFBs
were washed three times with distilled
water. Two hundred microliter of
scintillation liquid was added and cell
associated [’H]-TdR was determined us-
ing scintillation counting (PACKARD
INSTRUMENT COMPANY, Mariden,
CT, USA).

3..Detection of bFGF mRNA expression

of SFBs by RT-PCR

In order to examine the effect of
PGE, and EP receptor agonists on
bFGF synthesis of SFBs, bFGF mRNA
expression was detected by RT-PCR in
the SFB culture. Briefly, 5.0 X10° cells
were inoculated into the 6-multiwell
plate and cultures were carried out in
the presence of 10° M PGE, or 10° M
EP receptor agonists. After 6 h-
incubation, total RNA was directly iso-
~lated from the cell monolayers using
RNAzol™B (Tel-test, Friendswood,
TX) according to the manufacturer’s in-
structions.  Then, first-strand cDNA
were synthesized by incubating 1 ug of
total RNA with 1.25 uM oligo dT
primer in a 40 ul PCR buffer II con-
taining 2.5 mM MgCl,, 0.5 mM dNTP
mix, 0.5 units of RNase inhibitor and
1.25 units of MulV reverse transcrip-
tase. The mixtures were incubated for
120 minutes at 37 °C. The PCR reac-
tion volume contained 1.5 mM MgCl,,
0.2 mM dNTP mix, 0.5 M sense and
antisense primer, 1.5 units of AmpliTaq
Gold DNA polymerase, and 1 ul RT
reaction in 20 ul of PCR buffer II (Per-
kin FElmer, Foster City, CA). A
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temperature profile of 1 min at 94 °C,
Imin at 55 °C, 1min at 72 °C was ap-
plied for 30 cycles. '

The bFGF primers used were 5°-
CGGCTGTACTGCAAAAACGGG-3
and 5-
GCTCTTAGCAGACATTGCAAG-3'.
These two primers encompass a 375-
basepair (bp) nucleic acid region encod-
ing amino  acids  31-37  (5-
oligonucleotide) and amino acids 149-
155 (3’-oligonucleotide), respectively."”
As these primers were derived from hu-
man sequences, they are specific for hu-
man bFGF. The primers specific for
human GAPDH as internal control

were 5
GTGAAGGTCGGAGTCAACG-3’
and 5°-

GAGATGATGACCCTTTTGGC-3’."
These primers amplified a 356-bp pro-
duct. RT-PCR was also performed in
the absence of sample RNA and re-
verse transcriptase as a negative con-
trol. A fraction of each amplified
DNA fragments were analyzed without
further purification by electrophoresis
on 1.5 % agarose gels. The separated
PCR products were stained by Vistra
Green (Amersham International plc,
England) and visualized with the
fluolomager™ system (Molecular Dyna-
mics Inc., CA, USA). Digital image
of the separated PCR products were
analyzed with the ImageQuant software
(Molecular Dynamics Inc.) and the
fluorescence intensity of PCR products
amplified from the bFGF mRNA were
compared each other after standardized
by the intensity of product amplified
from the GAPDH mRNA.

4. Statistical analysis
Statistical analysis was carried out on
all data points with regard to control by
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an unpaired Welch’s t-test. Each data
point from cell proliferation assay rep-
resented the mean of six separate sam-
ples with the corresponding standard
error of the mean (SEM). P values
under 0.05 were considered significant
statistically.

Results

1. Effects of PGE, and EP receptor
agonists on [HJTdR incorporation
into SFBs
When SFBs were cultured for 72

hours in the presence of PGE,, [*H]-

TdR incorporation into cells was sup-

pressed in a dose dependent fashion.
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Figure 1. Effects of PGE; on [’H]-TdR incorpora-
tion into SFBs. The effect of PGE; on
SFB proliferation was detected as de-
scribed in materials and methods. SFB
obtained from RA patients were cul-
tured in the presence of various concen-
trations of PGE, for 72-hour and incor-
poration of [’H]-TdR was detected.
Statistical analysis was carried out on
all data points with regard to control by
an unpaired Welch’s t-test. Each data
point represented the mean of six sepa-
rate samples with the corresponding
standard error of the mean (SEM). P
values under 0.05 were considered sig-
nificant statistically.

Over 10" M of PGE, has shown signifi-
cant decrease of [’H]-TdR incorpora-
tion in SFB monolayer culture (Fig. 1).
The actions of PGE, are reported to be
mediated by four distinct classes of EP
receptors (EP1 through EP4).">%11519
Therefore, effect of selective agonists of
EP receptor on SFB proliferation was
examined. Both EP2 receptor agonist,
butaprost and EP4 receptor agonist,
misoprostol, suppressed SFB prolifera-
tion, whereas both EP1 receptor ago-
nist, 17-phenyl-trior PGE, and EP3 re-
ceptor agonist, sulprostone failed to
affect cell proliferation up to 10° M
(Fig. 2).

Increased cAMP generation by PGE,

7000
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Figure 2. Effects of EP receptor agonists on [*H]-
TdR incorporation into SFBs. The
effect of EP receptor agonists on SFB
proliferation was detected as described
in materials and methods. SFB were
cultured in the presence of various con-
centrations of EP receptor agonists for
72-hour and incorporation of [’H]-TdR
was detected. Each data point repre-
sented the mean of six separate sam-
ples.  Statistical analysis was carried
out on all data points with regard to
control by an unpaired Welch’s t-test.
P values under 0.05 were considered
significant statistically.
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may be due to EP2 or EP4 receptor
activation. Activation of EP1 receptor
is reported to be associated with a rise
in intracellular calcium/protein kinase C
(PKC) activation. - The effect direct
adenylate cyclase activator, forskolin or
PKC activator, phorbol 12-myristate 13-
acetate (PMA) on SFB proliferation
were then examined. When SFBs
were cultured for 72 hours with a
varying concentration of forskolin, [*H]-
TdR incorporation into cells was sup-
pressed in a dose dependent fashion.
Over 107 M of forskolin has shown sig-
nificant decrease of [’H]-TdR incor-
poration in SFB monolayer culture
(Fig. 3a). However, PMA had no
effects on SFB proliferation shown in
Fig. 3b. ['H]-TdR incorporation into
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cells was not affected by addition of
PMA up to 10° M. These results sug-
gested that PGE, suppresses SFB prolif-
eration and this antiproliferative effect
of PGE, were mainly mediated by accu-
mulation of intracellular cAMP through
EP2 or EP4 receptor.

2. Effects of PGE, and EP receptor
agonists on bFGF mRNA expression
of SFBs
It is recently reported that PGE, in-

-creases bFGF mRNA induction through

EP, receptor activation in rat Miiller
cells and bovine adrenal medullary
cells'”. Therefore, effect of PGE, on
bFGF mRNA expression of SFB . was
examined. As shown in Fig. 4, bFGF
mRNA expression was markedly en-
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Figure 3. Effects of forskolin or PMA on [’H]-TdR incorporation into SFBs. The effect of forskolin
(a) or PMA (b) on SFB proliferation was detected as described in materials and methods.
SFB were cultured in the presence of various concentrations of these activators for 72-hour

and incorporation of [*’H]-TdR was detected.
separate samples with the corresponding standard error of the mean (SEM).

Each data point represented the mean of six
Statistical

analysis was carried out on all data points with regard to control by an unpaired Welch’s t-
test. P values under 0.05 were considered significant statistically.

Vol.16, 2000



Ryuichi Saura et al.

hanced when SFBs were treated with
10®* M PGE,. Then, effect of EP re-
ceptor agonist on bFGF mRNA induc-
tion was examined to confirm which
type of EP receptor was linked to this
mRNA induction of SFB. Surprising-
ly, EP1 receptor agonist has enhanced
bFGF mRNA induction, whereas EP2,
EP3 and EP4 receptor agonist failed to

shown in Fig. 5.

When SFBs were treated with 10° M
of calcium ionophore, A-23187 substi-
tuting for intracellular signaling path-
way by EP1 activation, bFGF mRNA
expression of SFB was augmented,
whereas forskolin substituting for
EP2/EP4 mediated intracellular signal
failed to enhance this mRNA express-

augment mRNA induction of SFB as ion (Fig. 4). These findings, therefore,
Control PGE2 A-23817 Forskolin
(106 M) (10€M) (10°M)
bFGF (375 bp) 3
GAPDH (356 bP)
bFGF/GAPDH 0.17 0.26 0.37 0.18

Figure 4. Effects of PGE,, forskolin or calcium ionophore on bFGF mRNA expression of SFBs.
Effect of PGE,, forskolin or calcium ionophore on bFGF mRNA expression of SFB was ex-

amined as described in materials and methods.

The first-strand cDNA obtained from total

RNA by reverse transcriptation was amplified using specific primers for bFGF or GAPDH.
A fraction of each amplified DNA fragments were analyzed by electrophoresis on 1.5 %
agarose gels and PCR products stained by Vistra Green was visualized with the fluolomager™
system. The fluorescence intensity of PCR products amplified from the bFGF mRNA were
compared each other after standardized by the intensity of product amplified from the

GAPDH mRNA.

Control

EP1

EP3 EP4

bFGF (375 bp)

EP2

GAPDH (356 bp)

0.17

bFGF/GAPDH

Figure 5. Effects of EP receptor agonists on bFGF mRNA expression of SFBs.

0.23

0.18 0.15 0.18

Effect of EP receptor

agonists on bFGF mRNA expression of SFB was examined as described in materials and

methods.

The first-strand cDNA obtained from total RNA by reverse transcriptation was

amplified using specific primers for bFGF or GAPDH. A fraction of each amplified DNA
fragments were analyzed by electrophoresis on 1.5 % agarose gels and PCR products stained
by Vistra Green was visualized with the fluolomager™ system. The fluorescence intensity of
PCR products amplified from the bFGF mRNA were compared each other after standardized
by the intensity of product amplified from the GAPDH mRNA.
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suggested that PGE, increases bFGF
mRNA expression through EP; recep-
tor activation in SFB and this effect
might be related to the proinflamma-
tory property of PGE,, which lead to
the joint destruction through pannus
growth stimulated by bFGF. '

Discussion

In this paper we have shown that
PGE, inhibited the proliferation of
synovial fibroblasts obtained from RA
patients. This finding is already re-
ported previously and elevation of in-
tracellular cAMP level is suggested to
induce the inhibitory effects on the pro-
liferation of synovial cells.® It is also
reported that PMA stimulated the pro-
liferation of synovial cells. They sug-
gested that PMA is a potent activator
of PKC and activation of PKC results
in the proliferation of synovial cells.
Because the enhancement of prolifera-
tion of synovial cells by inflammatory
cytokines such as IL-18, TNFa or
granulocytes/macrophage colony stimu-
lating factor is reduced by H7, a potent
inhibitor of PKC, the signal for prolif-
eration of synovial cells is supposed to
be transmitted through the activation of
PKC. However, PMA did not affect
the SFB proliferation up to 107 M this
time. The divers response to PMA of
SFB may be dependent on the biologic-
al property of cells utilized for ex-
periments because the adherent cells in
the primary cultures were used for pro-
liferation assay. We use further pas-
saged cells for eliminating the con-
tamination of inflammatory cells such
as lymphocytes or macrophages.
Another hypothesis that may explain
this difference is follows; Normal prolif-
eration of synovial cells is reported not

Vol.16, 2000

to be significantly affected by the addi-
tion of H7. IL-17 stimulates the much
amount of PGE, synthesis of synovial
cells through upregulation of COX-2,
and the proliferation of synovial cells at
the same time. The enhanced prolif-
eration of synovial cells by IL-18 was
further augmented by the addition of
indomethacin which inhibited the pro-
duction of PGE, by synovial cells.
These observations suggested that PKC
may be engaged into signal transduction
of cell proliferation by cytokines activa-
tion and cell proliferation is well con-
trolled by activation of both protein
kinase A (PKA)/ PKC in balance.
Physiological functions of PGE, are
thought to be mediated through interac-
tions with four distinct prostaglandin re-
ceptors, EP1, EP2, EP3, and EP4,
which are associated with different sig-
nal transduction pathways. Binding
with EP2 and EP4 stimulates adenylate
cyclase and thus activates PKA. EP3
mediates the inhibition of adenylate
cyclase. Interaction of PGE, with EP1
activates phospolipase C, which hyd-
rolyses polyphosphoinoisitide lipid, re-
sulting in the second messenger mole-
cule inositol triphosphate and diacylg-
lycerol lipid. The latter activates PKC.
Our results show that PGE, suppressed
SFB proliferation through the PKA
pathway and agonist for EP2 and EP4
suppressed [’'H]-TdR incorporation into
the SFB. These findings imply the
effect of PGE, on cell proliferation is
mediated through EP2, EP4 or both.
We have also revealed that PGE, in-
duced bFGF mRNA expression in SFBs
through a rise in intracellular
calcium/PKC activation and agonist for
EP1 receptor induced bFGF mRNA ex-
pression in SFBs. These observations
imply the effect of PGE, on bFGF
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mRNA expression is mediated through
EP1 receptor neither EP2 nor EP4 be-
cause forskolin or EP2, EP4 receptor
agonists failed to induce bFGF mRNA
expression.

Recently, a number of studies have
proposed that some growth factors in-
cluding transforming growth factor-g,
platelet derived growth factor, acidic
FGF and bFGF regulate the prolifera-
“tion of human synovial cells.'®'*212>2:29
Among them, bFGF is of particular in-
terest, since the immunostaining of
bFGF in the synovium of RA patients
was reported to be more extensive and
intense than that of OA patients.”
Cultured synovial cells in vitro express
bFGF mRNA and bFGF protein.
More over the cells have the functional
receptor for bFGF.

In the rat model of experimental ad-
juvant arthritis, there is a close associa-
tion between increased bFGF express-
ion and destruction of arthritis joints.*”
As a potent angiogenic and mitogenic
polypeptide, bFGF has been implicated
in tissue differentiation angiogenesis,””
and synovial proliferation.”®  Thus,
bFGF is involved in synovial hyperpla-
sia, neovascularization and joint des-
truction in RA. FGFs also play a cri-
tical role in the bone remodeling in-
cluding bone formation and bone re-
sorption. It is reported that bFGF at

low concentrations acts directly on ma-
ture osteoclasts to resorb bone mod-
erately, whereas at high concentrations
it acts on osteoblastic cells to induce
COX-2 and stimulates bone resorption
potently. It is also indicated that
bFGF induces osteoclast formation by
stimulating osteoclast differentiation
factor production through COX-2-
mediated PG synthesis and by suppres-
sing osteoclastogenesis inhibitory factor
production through a mechanism inde-
pendent of PG synthesis.

We have investigated the effect of
PGE; on SFB proliferation and bFGF
mRNA expression in this paper. PGE,
seems to be involved in joint destruc-
tion physiologically and pathologically
due to different receptors activation.
Recently, selective COX-2 inhibitors,
which may reduce PG synthesis in in-
flammatory site, are utilized as NSAIDs
with less divers effects such as gastric
ulcer or renal dysfunction. These
effects might result from COX-1 inhibi-
tion by conventional NSAIDs such as
indomethacin. However, selective EP
receptor agonists or antagonists should
be utilized in future for RA treatment
for preventing pannus formation by
EP2/EP4 activation and bone resorption
led to joint destruction by EP1 inactiva-
tion.
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