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ABSTRACT
The thromboxane (TX) A2 receptor (TP) encompasses two alter-
natively spliced forms, termed the platelet/placental (TP-P) and
endothelial (TP-E) type receptors. Experimental evidence sug-
gests that TP activity may be modulated by novel ligands, termed
the isoprostanes, that paradoxically act as TP agonists in smooth
muscle and TP antagonists in platelet preparations. Here we have
investigated whether prototypical isoprostanes 8-iso-prostaglan-
din (PG)F2� and 8-iso-PGE2 regulate the activity of TP isoforms
expressed in Chinese hamster ovary (CHO) cells using activator
protein-1 (AP-1)-luciferase activity as a reporter. AP-1–luciferase
activity was increased by a TP agonist [9,11-dideoxy-9�,11�-
methanoepoxy PGF2� (U46619)] in CHO cells transfected with the
human TP-P and TP-E receptors, and this response was fully
inhibited by TP antagonists [1S-[1�,2�(Z),3�,5�]]-7-[3-[[4-
iodophenyl)sulfonyl]amino]-6,6-dimethylbicyclo[3.1.1]hept-2-yl]-
5-heptenoic acid (I-SAP) and [1S-[1�,2�(Z),3�,4�]]-7-[[2-
[(phenylamino) carbonyl]hydrazino]methyl]-7-oxabicyclo[2.2.1]

hept-2-yl]-5-heptenoic acid (SQ 29,548)]. AP-1–luciferase activity
was potently (nanomolar concentrations) increased by 8-iso-PGE2
in CHO TP-P and TP-E cells, and this response was partially
inhibited by cotreatment of cells with TP antagonists, whereas
8-iso-PGF2� was without effect. Cyclooxygenase inhibitors did
not abolish 8-iso-PGE2 mediated AP-1–luciferase activity, indicat-
ing that this response is not dependent on de novo TXA2 biosyn-
thesis. Interestingly, 8-iso-PGE2-mediated AP-1–luciferase activ-
ity was near maximal in naive cells between 1 and 10 nM
concentrations, and this response was not inhibited by TP antag-
onist or reproduced by agonists for TP or EP1/EP3 receptors.
These observations 1) support a role for novel ligands in the
regulation of TP-dependent signaling, 2) indicate that TP-P and
TP-E couple to AP-1, 3) provide further evidence that isoprostanes
function as TP agonists in a cell-type specific fashion, and 4)
indicate that additional targets regulated by 8-iso-PGE2 couple to
AP-1.

Oxygen free radicals have been implicated in the patho-
physiology of a number of human diseases, including cancer,
atherosclerosis, neurodegenerative disorders, and aging.
Lipid peroxidation is a central feature associated with oxida-
tive stress, and various methods have been used to quantify
lipid damage (Halliwell and Grootveld, 1987). In particular, a
unique series of prostaglandin-like compounds, termed the
isoprostanes, have been identified as products of the peroxi-
dation of arachidonic acid catalyzed by oxygen free radicals
(Longmire et al., 1994; Morrow and Roberts, 1997; Rokach et
al., 1997). Since their initial discovery, numerous reports
have demonstrated the formation of isoprostanes in vivo and

in vitro (for review, see Longmire et al., 1994; Morrow and
Roberts, 1997; Rokach et al., 1997).

The isoprostanes are structurally similar to the prosta-
glandins but differ in the orientation of the fatty acid side
chains; prostaglandins have trans-oriented side chains and
isoprostanes have cis-oriented side chains (Morrow and Rob-
erts, 1997). Although a number of isoprostane chemistries
have been defined, research interests have primarily focused
on prototypical isoprostanes, whose levels are significantly
increased in response to oxidant injury. One of the abundant
detectable isoprostanes is similar to prostaglandin F2�

(PGF2�) and is termed 15-F(2t)-isoprostane [more commonly
referred to as 8-iso-PGF2�]. There are also several stereo-
chemistries related to 8-iso-PGF2� that are broadly termed
the F-series isoprostanes (Morrow and Roberts, 1996). In
addition, E-series isoprostanes (containing the E-prostane
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rings) are also formed in vivo and in vitro in response to an
oxidative stress (Morrow et al., 1998) and 8-iso-PGE2 is used
as a prototypical E-series isoprostane. It is noteworthy that
8-iso-PGF2� and 8-iso-PGE2 are potent renal vasoconstric-
tors (Habig et al., 1974; Takabashi et al., 1992) and stimulate
endothelial cell proliferation (Yura et al., 1999), raising the
possibility that these products of lipid peroxidation may ac-
tively participate in biological processes.

Prostanoid receptors (i.e., heptahelical G-protein coupled
receptors for prostaglandins and thromboxanes) have been
implicated as candidate isoprostane receptors (Fukunaga et
al., 1993; Fukunaga et al., 1997; Janssen and Tazzeo, 2002;
Tintut et al., 2002), and pharmacological evidence suggests
that a unique isoprostane receptor may also exist (Fukunaga
et al., 1993, 1997). Within the context of prostanoid recep-
tors, significant effort has been directed at understanding the
regulation of thromboxane (TX) A2 receptor (TP) activity by
isoprostanes. Interestingly, isoprostanes seem to paradoxi-
cally function as agonists for smooth muscle TP and as an-
tagonists for platelet TP (Longmire et al., 1994). The mech-
anisms underlying this contradictory activity are not known.

Radioligand-binding studies have suggested the existence
of multiple TP subtypes (Takahara et al., 1990; Ko et al.,
1995; Ko, 1997). Consistent with binding studies, TP cloning
efforts have identified a single gene (Abramovitz et al., 1995)
but two alternative splice variants, termed the platelet/pla-
cental (TP-P or TP�) and -endothelial (TP-E or TP�) type
receptors (Raychowdhury et al., 1994; Parent et al., 1999).
Alternative splicing occurs selectively in the carboxyl termi-
nus and confers association with different G-proteins, sup-
porting the experimental finding that these receptors couple
to both common and unique signaling pathways (Hirata et
al., 1996). TP-related signal transduction is consistently as-
sociated with calcium mobilization, inositol phospholipid
turnover, and activation of protein kinase C (PKC) (Arm-
strong and Wilson, 1995; Sachinidis et al., 1995; Ohkubo et
al., 1996; Karim et al., 1997). We have demonstrated that a
renal proximal tubular TP couples to redox-responsive tran-
scription factors, including activator protein-1 (AP-1) and
nuclear factor �B (Weber et al., 1997, 2000). Renal AP-1
activity was also increased by 12-O-tetradecanoyl phorbol-
13-acetate (TPA), a PKC activator, and a PKC inhibitor abol-
ished both phorbol ester- and TP-dependent AP-1 activity
(Weber et al., 1997, 2000). Collectively, these observations
suggest that the renal TP regulates AP-1 via phorbol ester-
sensitive PKC isoforms.

Emerging clinical evidence raises the possibility that TP
activity may be modulated by novel agonists. Specifically,
increased nonenzymatic formation of isoprostanes was sug-
gested to provide a biochemical link between altered oxidant/
antioxidant balance and the synthesis of a TXA2-like activity
that was not inhibited by aspirin but was inhibited by vita-
min E (Cipollone et al., 2002). Furthermore, a TXA2-like
activity that induces contraction of the human saphenous
vein through interaction with the TP, but does not seem to be
synthesized through the conventional cyclooxygenase path-
way, seems to contribute to temperature-dependent basal
tone (Simonet et al., 2002). In this study, we examined
whether prototypical isoprostanes (8-iso-PGF2� or 8-iso-
PGE2) regulate AP-1 activity via the cloned human TP re-
ceptor alternative splice variants to determine whether oxi-
dized lipids may provide a biochemical link to novel TP-

dependent signaling in physiological and pathophysiological
processes.

Materials and Methods
Materials. U46619, I-SAP, SQ 29,548, sulprostone, 8-iso-PGE2,

and 8-iso-PGF2� were obtained from Cayman Chemical (Ann Arbor,
MI). LipofectAMINE was purchased from Invitrogen (Carlsbad, CA).
pTRE-luciferase was obtained from Stratagene (La Jolla, CA). Lu-
ciferase assay kit was from Promega (Madison, WI). All other chem-
icals were from Sigma Chemical (St. Louis, MO).

Cell Culture. Chinese hamster ovary (CHO) cells were main-
tained in DMEM/Ham’s F12 (Invitrogen) supplemented with 10%
fetal bovine serum (FBS; Atlanta Biologicals; Norcross, GA), 2 mM
L-glutamine, 100 U/ml penicillin, 100 �g/ml streptomycin, and 25
�g/ml amphotericin B in 5% CO2/95% air at 37°C. CHO cells trans-
fected with the human TP-P and TP-E were the kind gift of Dr.
Anthony Ware (Beth Israel Hospital, Harvard Medical School, Bos-
ton MS). Vector control groups represent cells that were stably
transfected with pcDNA1/Neo (Invitrogen). Cells were subcultured
by trypsinization.

Transient Transfection Assay. CHO cells were seeded in 24-
well plates (3 � 104 cells/well) and maintained for 24 h. Cells were
then serum-starved (0.1% FBS/DMEM/Ham’s F12) for 24 h, trans-
fected with the pTRE-luciferase reporter vector using Lipo-
fectAMINE reagent (0.2 �g DNA/well; 1 �l of LipofectAMINE/well in
a total volume of 140 �l/well) in serum-free media for 3 h and
subsequently maintained in 0.1% FBS DMEM/Ham’s F12 for an
additional 16 h. Cells were then treated with test agents at the
indicated concentrations for 6 h and luciferase activity measured
using a luciferase assay kit and a microplate luminometer (Lumi-
noskan Ascent; LabSystems, Helsinki, Finland). Luciferase activity
was normalized to protein and results are expressed as fold induc-
tion.

Statistics. Individual comparisons were made using the Stu-
dent’s t test or analysis of variance with a post hoc Student-Newman-
Keul test, as appropriate. The p � 0.05 level was accepted as signif-
icant.

Results
Experimental evidence suggests that the TP couples to

AP-1 in renal proximal tubule epithelial cells via PKC-re-
lated signal transduction (Weber et al., 1997, 2000). Initially,
we characterized AP-1–luciferase activity in CHO cells stably
transfected with the TP-P and TP-E receptors (henceforth
referred to as CHO TP-P or TP-E cells) to determine 1)
whether TXA2-related pharmacology was behaving in a pre-
dictable fashion and 2) whether both TP isoforms coupled to
AP-1 in the CHO model. AP-1–luciferase activity was signif-
icantly increased in CHO TP-P and TP-E cells treated with
100 nM U46619 (TP agonist), and this response was fully
inhibited by a TP antagonist (SQ 29,548; Fig. 1). Similar
results were observed when a structurally distinct TP antag-
onist (I-SAP) was substituted for SQ 29,548 (data not shown).
Therefore, TXA2-related pharmacology is predictable in the
CHO model and both TP isoforms seem to couple to AP-1.

AP-1–luciferase activity was significantly increased in
CHO TP-P and TP-E cells treated for 6 h with 100 nM
8-iso-PGE2, but not 8-iso-PGF2� (Fig. 2). Similar results were
observed over a range of 8-iso-PGF2� concentrations (1–1000
nM; data not shown). Importantly, 8-iso-PGE2-mediated AP-
1–luciferase activity was clearly detected at low (nanmolar)
concentrations in CHO TP-P and TP-E cells (Fig. 3). A weak
but dose-dependent increase of AP-1–luciferase activity
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(ranging from 1- to 2-fold) was observed in stable vector
control cells treated with 1–100 nM 8-iso-PGE2 but not 8-iso-
PGF2� (data not shown). This weak increase of AP-1 will be
discussed within the context of 8-iso-PGE2-mediated AP-1
activity detected in naive CHO cells (shown in Figs. 6 and 7).
To determine whether 8-iso-PGE2-mediated AP-1 luciferase
activity was dependent on the TP, cells were pretreated with
a TP antagonist (1 �M SQ 29,548) for 30 min, subsequently
cotreated with 10 nM 8-iso-PGE2 and 1 �M SQ 29,548 for 6 h,
and the cells processed for measurements of AP-1–luciferase
activity as described under Materials and Methods. SQ
29,548 treatment significantly reduced but did not fully in-
hibit the AP-1 luciferase response to 8-iso-PGE2 in CHO
TP-P and TP-E cells (Fig. 4). Similar results were observed
using the TP antagonist I-SAP (data not shown).

In some experimental systems, 8-iso-PGF2� has been re-
ported to modulate TP-dependent signaling via the up-regu-
lation of de novo TXA2 biosynthesis (Hou et al., 2002; Opere
et al., 2002). We therefore investigated whether this regula-
tion also occurred in response to 8-iso-PGE2 treatment. TXA2

biosynthesis requires cyclooxygenase activity, and we have
used aspirin and indomethacin to inhibit cyclooxygenase ac-
tivity in prior studies (Towndrow et al., 2000). CHO TP-E
cells were pretreated for 30 min with 10 �M indomethacin or
100 �M aspirin, subsequently treated with 10 nM 8-iso-PGE2

for 6 h, and processed for measurements of AP-1–luciferase
activity as described under Materials and Methods. 8-iso-
PGE2 treatment increased AP-1–luciferase activity, and this
response was not inhibited by aspirin or indomethacin (Fig.
5). These observations suggest that 8-iso-PGE2 does not mod-

ulate TP-dependent signaling via the up-regulation of de
novo TXA2 biosynthesis.

Interestingly, treatment of naive CHO cells with 100 nM
8-iso-PGE2, but not 8-iso-PGF2� or U46619, was associated
with a significant increase of AP-1–luciferase activity, and
this response was not inhibited by SQ 29,548 (Fig. 6). 8-iso-
PGE2-mediated AP-1–luciferase activity was at an apparent
maximum between 1 and 10 nM concentrations in naive cells
(Fig. 7), suggesting that a second cellular activity coupled to
AP-1 may be activated at lower concentrations of 8-iso-PGE2,
relative to the TP-dependent activation of AP-1 (compare
with Fig. 3). Sulprostone is a prostaglandin E2 receptor ago-
nist with selectivity for the EP1/EP3 receptor subtypes.
Treatment of naive and CHO TP-P and TP-E cells for 6 h
with 100 nM sulprostone did not increase AP-1–luciferase
activity (data not shown), suggesting that the TP antagonist-
insensitive regulation of AP-1 by 8-iso-PGE2 does not corre-
late with EP1/EP3 receptor pharmacology.

We have correlated TP-dependent AP-1 activity with phor-
bol ester-sensitive signal transduction in renal proximal tu-
bule epithelial cells (Weber et al., 1997, 2000). We therefore
determined whether phorbol ester increased AP-1 activity in
CHO cells. Treatment of CHO cells with 10 ng/ml TPA for 6 h
was associated with a marginal increase of AP-1–luciferase
activity in CHO TP-P, TP-E, and naive cells (Fig. 8). As a
positive and negative control, cells were treated with a TP
agonist (U46619), which resulted in a dramatic increase of
AP-1–luciferase activity in CHO TP-P and TP-E but not
naive cells. TPA-mediated AP-1–luciferase activity was not
increased further by higher TPA concentration (100 ng/ml;
data not shown).

Fig. 1. TXA2-related pharmacology in CHO TP-P and TP-E cells. CHO
TP-P (�) and TP-E (f) cells were treated with 100 nM U46619 (TP
agonist) in the presence and absence of 1 �M SQ 29,548 (TP antagonist)
for 6 h and processed for measurements of AP-1–luciferase activity as
described under Materials and Methods. Values represent the mean �
S.E. (n � 3). �, Significantly different from respective vehicle control, p �
0.05. †, Significantly different from respective U46619-treated cells, p �
0.05. Similar results were observed in two separate experiments.

Fig. 2. AP-1–luciferase activity is increased by 8-iso-PGE2, but not 8-iso-
PGF2� in CHO TP-P and TP-E cells. CHO TP-P (�) and TP-E (f) cells
were treated with ETOH, 100 nM 8-iso-PGE2, or 100 nM 8-iso-PGF2� for
6 h and processed for measurements of AP-1–luciferase activity as de-
scribed under Materials and Methods. Values represent the mean � S.E.
(n � 3). *, Significantly different from respective vehicle control, p � 0.05.
Similar results were observed in two separate experiments.
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8-iso-PGE2 seems to function as a TP agonist in rat vascu-
lar smooth muscle cells but as a TP antagonist in rat and
human platelets (Longmire et al., 1994). Because prostaglan-
dins and related compounds can exhibit nonspecific activities
in vitro, particularly at elevated concentrations, we chose to
validate our primary observation that 8-iso-PGE2 was acting
as an agonist by cotreating CHO TP-P and TP-E cells with
submaximal concentrations of test agent (10 nM U46619 and
1–10 nM 8-iso-PGE2). The concentrations of 8-iso-PGE2 cho-
sen are within the linear range of the AP-1 assay as shown in
Fig. 3 and are well below concentrations (i.e., �1 �M) capable
of eliciting nonspecific actions. Treatment of cells with
U46619 was associated with increased AP-1–luciferase activ-
ity as previously observed (compare 0 concentration groups
in Fig. 9), and cotreatment of cells with 1 to 10 nM 8-iso-
PGE2 further increased AP-1–luciferase activity. These ob-
servations support the notion that 8-iso-PGE2 is behaving as
a TP agonist in CHO TP-P and TP-E cells.

Discussion
We have examined whether prototypical isoprostanes mod-

ulate TP-dependent signal transduction. The data indicate
that 8-iso-PGE2 is a TP agonist for both TP-P and TP-E
isoforms expressed in CHO cells, whereas 8-iso-PGF2� is not
a TP agonist. Collectively, these observations 1) support a
role for novel ligands in the regulation of TP-dependent sig-
naling, 2) indicate that both the TP-P and TP-E couple to
AP-1, 3) provide further evidence that isoprostanes function
as TP agonists in a cell-type specific fashion, and 4) suggest

that additional targets regulated by 8-iso-PGE2 couple to
AP-1.

8-iso-PGE2 seems to function as a TP agonist in rat vascu-
lar smooth muscle cells but as a TP antagonist in rat and
human platelets (Longmire et al., 1994). Experimental evi-
dence indicating that 8-iso-PGE2 is a TP agonist in CHO cells
include: 1) 8-iso-PGE2 robustly increased AP-1 activity only
in cells expressing the cloned TP isoforms (Figs. 3 and 7), 2)
the regulation of AP-1 by 8-iso-PGE2 in CHO TP-P and TP-E,
but not naive cells, was inhibited by TP antagonists (Fig. 4),
3) 8-iso-PGE2, rather than inhibiting U46619-mediated AP-
1–luciferase activity, enhanced this response (Fig. 9), and 4)
8-iso-PGE2-mediated AP-1–luciferase activity could not be
accounted for by de novo TXA2 biosynthesis (Fig. 5). There-
fore, the CHO model is useful for investigating the agonist
activity of 8-iso-PGE2 for TP isoforms and has the advantage
that the TP-independent regulation of AP-1 can be cleanly
dissociated from the apparent TP-dependent regulation of
AP-1 observed in naive cells (Fig. 6).

There is speculation that the TP in platelets and smooth
muscle is different and this unique cell type-specific property
may account for the paradoxical agonist/antagonist activities
of prototypical isoprostanes (Longmire et al., 1994). In CHO
cells, the dose-response curve for the regulation of AP-1 by
8-iso-PGE2 was comparable for both TP isoforms, suggesting
that alternative splicing does not afford a competitive advan-
tage to a particular splice variant. TP isoforms are associated
with unique properties (e.g., differential receptor desensiti-
zation; Yukawa et al., 1997); therefore, the potential exists
that differences in the ratio of TP-P to TP-E expression
patterns could contribute to cell-type specific differences. In

Fig. 3. Dose-dependent regulation of AP-1–luciferase activity by 8-iso-
PGE2. CHO TP-P (F) and TP-E (f) cells were treated with 1 to 100 nM
8-iso-PGE2 for 6 h and processed for measurements of AP-1–luciferase
activity as described under Materials and Methods. *, p � 0.05, signifi-
cantly different from respective vehicle control. Values represent the
mean � S.E. (n � 3). Similar results were observed in three separate
experiments.

Fig. 4. Inhibition of 8-iso-PGE2-mediated AP-1–luciferase activity by a
TP antagonist (SQ 29,548). CHO TP-P (�) and TP-E (f) cells were
pretreated for 30 min with 1 �M SQ 29,548, subsequently cotreated with
10 nM 8-iso-PGE2 and 1 �M SQ 29,548 for 6 h, and processed for
measurements of AP-1–luciferase activity as described under Materials
and Methods. Values represent the mean � S.E. (n � 3). *, p � 0.05,
significantly different from respective vehicle control. †, p � 0.05, signif-
icantly different from respective 8-iso-PGE2-treated cells. Similar results
were observed in two separate experiments.
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our studies, however, both TP isoforms coupled to AP-1;
therefore, it seems unlikely that overexpression of a partic-
ular TP isoform would confer a response diametrically op-
posed to that of a target ligand, unless the molecular readout
of TP activity used here (AP-1) does not accurately reflect TP
activity in other model systems.

Alternatively, the TP agonist activity of 8-iso-PGE2 in vas-
cular smooth muscle preparations may be attributed to the
expression of a unique isoprostane receptor, thereby dissoci-
ating the actions of 8-iso-PGE2 from the TP (Longmire et al.,
1994). Because the putative isoprostane receptor exhibits
higher affinity for the prototypical isoprostanes and couples
to signal transducers common to the TP (Fukunaga et al.,
1993), this receptor would appear as a TP-like receptor but
would have a competitive advantage. Although this interpre-
tation is intriguing in light of the apparent TP-independent
regulation of AP-1 by 8-iso-PGE2 (Fig. 6) that occurs at lower
concentrations relative to the TP-dependent regulation of
AP-1 (Fig. 7), this observation is not cohesive with the ob-
served TP agonist activity of 8-iso-PGE2 in CHO cells. There-
fore, an alternative explanation to account for results ob-
served in the CHO model within the context of isoprostane
actions in platelet and smooth muscle preparations is war-
ranted. One possible alternative explanation is that the iso-
prostanes activate a number of cellular receptors, thereby
eliciting cell type-specific responses based on the complement
of target receptors in the model under investigation. In sup-
port of this possibility, the activity of 8-iso-PGE2 at the cel-
lular level has been associated with a number of prostanoid
receptors, including the inositol phospholipid coupled TP/EP3

receptors (Janssen and Tazzeo, 2002; Fig. 4), as well as the
cyclic AMP-coupled EP2 receptor (Tintut et al., 2002). In
addition, we provide evidence for a TP-independent regula-
tion of AP-1 by 8-iso-PGE2 in naive CHO cells (Fig. 6) that
does not correlate with prostanoid TP or EP receptor phar-
macology. Furthermore, isoprostane treatment in some sys-
tems is associated with the up-regulation of de novo throm-
boxane biosynthesis (Hou et al., 2002; Opere et al., 2002),
indicating that the isoprostanes also induce secondary ef-
fects, which in turn contribute to their associated biological
activities. Therefore, the cellular response to isoprostanes
probably results from a complex interplay between primary
signaling pathways directly activated by the isoprostanes,
and the cell type-specific secondary pathways activated via
autocrine loops and signal transduction cross-talk. Any num-
ber of combinations could account for cell type-specific differ-
ences to isoprostane treatment.

As indicated above, we observed a putative TP-independent
regulation of AP-1 by 8-iso-PGE2 in naive cells that was near
maximal at 1 nM concentration (Fig. 7). The relative fold induc-
tion of this activity was comparable with that of the TP antag-
onist-insensitive AP-1 activity in CHO TP-P and TP-E cells
(compare 8-iso-PGE2 � SQ 29,548 group in Fig. 4 with that in
Fig. 7). Therefore, we speculate that a novel cellular activity
coupled to AP-1 is present in CHO cells and is regulated by
8-iso-PGE2 at concentrations lower than those required for the
TP-dependent regulation of AP-1 by this isoprostane. Whether
this activity represents the putative isoprostane receptor (Long-

Fig. 5. Effect of cyclooxygenase inhibitors on 8-iso-PGE2-mediated AP-
1–luciferase activity. CHO TP-E cells were pretreated for 30 min with 10
�M indomethacin or 100 �M aspirin and subsequently treated with 10
nM 8-iso-PGE2 for 6 h. Cells were processed for measurements of AP-1–
luciferase activity as described under Materials and Methods. Values
represent the mean � S.E. (n � 3). Similar results were observed in two
separate experiments.

Fig. 6. 8-iso-PGE2-mediated AP-1–luciferase activity in naive CHO cells.
Naive CHO cells were treated with 100 nM 8-iso-PGE2, 8-iso-PGF2�, or
U46619 (TP agonist) in the presence and absence of 1 �M SQ 29,548 (TP
antagonist) for 6 h and processed for measurements of AP-1–luciferase
activity as described under Materials and Methods. Values represent the
mean � S.E. (n � 3). *, p � 0.05, significantly different from vehicle
control. Similar results were observed in three separate experiments.
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mire et al., 1994) or some other target cannot be determined
from the present studies. It is important to note that the weak
increase of AP-1–luciferase activity by 8-iso-PGE2 in naive cells
is probably under-represented. Specifically, the regulation of
AP-1 transcriptional complexes by PKC isoforms is widely rec-
ognized (Curran, 1992; Forrest and Curran, 1992). PKC, in
turn, is activated by products of inositol phospholipid metabo-
lism such as diacylglycerol, for which phorbol esters are used as
surrogates (Nishizuka, 1992). Because 10 to 100 ng/ml TPA is
typically associated with a robust activation of PKC and AP-1 in
diverse cell types (Weber et al., 1997; Chang et al., 2002), the

weak increase of AP-1 activity by TPA suggests that the CHO
model is suboptimal for investigating inositol phospholipid- and
phorbol ester-sensitive AP-1 activity. This is significant because
1) the TP-dependent regulation of AP-1 in renal epithelial cells
correlates with phorbol ester-sensitive signal transduction (We-
ber et al., 1997, 2000), 2) the TP is known to activate phorbol
ester-sensitive PKC isoforms (Ko, 1997; Yukawa et al., 1997),
and 3) the isoprostanes increase inositol phospholipid turnover
(Kunapuli et al., 1998; Yura et al., 1999; Leitinger et al., 2001).
Alternatively, because AP-1 activity was significantly increased
by TP agonist despite the weak response to phorbol ester, it
seems that the TP can couple to AP-1 via multiple signaling
pathways in different cell types.

8-iso-PGF2� did not increase AP-1 activity in CHO TP-P
and TP-E cells (Fig. 2), and this observation is consistent
with pharmacological evidence demonstrating that 8-iso-

Fig. 7. Dose-dependent regulation of AP-1–luciferase activity by 8-iso-
PGE2 in naive CHO cells. Naive CHO cells were treated with 1 to 100 nM
8-iso-PGE2 for 6 h and processed for measurements of AP-1–luciferase
activity as described under Materials and Methods. *, p � 0.05, signifi-
cantly different from vehicle control. Values represent the mean � S.E.
(n � 3). Similar results were observed in two separate experiments.

Fig. 8. Regulation of AP-1–luciferase activity by U46619 and TPA. Naive
(�) TP-P (o), and TP-E (f) CHO cells were treated with vehicle, 100 nM
U46619, or 10 ng/ml TPA for 6 h and processed for measurements of
AP-1–luciferase activity as described under Materials and Methods. *,
p � 0.05, significantly different from vehicle control. Values represent the
mean � S.E. (n � 3). Similar results were observed in two separate
experiments.

Fig. 9. Effect of U46619 and 8-iso-PGE2 cotreatment on AP-1–luciferase
activity. CHO TP-P and TP-E cells were treated with ETOH (E) or 10 nM
U46619 (F) in the presence of 0, 1, and 10 nM 8-iso-PGE2 for 6 h and
processed for measurements of AP-1–luciferase activity as described un-
der Materials and Methods. Values represent the mean � S.E. (n � 3).
Similar results were observed in two separate experiments.
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PGF2� does not compete for binding at TP sites (Pratico et al.,
1996). Independent investigators have provided evidence
that 8-iso-PGF2� may modulate TP-dependent signaling in
some systems through the up-regulation of de novo TXA2

biosynthesis (Hou et al., 2002; Opere et al., 2002). However,
the up-regulation of TXA2 biosynthesis by prototypical iso-
prostanes does not occur in all model systems (Takabashi et
al., 1992). Furthermore, 8-iso-PGF2� metabolic breakdown
products may be biologically active and induce de novo TXA2

biosynthesis via the same receptor as 8-iso-PGF2� (Hou et al.,
2002). Because the metabolic breakdown products of 8-iso-
PGF2� seem to interact with the 8-iso-PGF2� receptor with
comparable potency, it is unlikely that differences in cellular
metabolic activities can account for the lack of an effect of
8-iso-PGF2� on AP-1 activity in CHO cells, assuming that
8-iso-PGF2� is degraded to similar breakdown products in
the CHO model. It seems more likely that CHO cells are
simply deficient in the signaling pathway that is sensitive to
8-iso-PGF2�, which, in turn, is associated with the up-regu-
lation of TXA2 biosynthesis, consistent with data presented
here (Fig. 5). As discussed above, this deficiency could occur
at multiple levels ranging from differences in the expression
of primary receptors as well as the effectors and autocrine
loops associated with these receptors.

In summary, we have shown that 8-iso-PGE2 increases
AP-1–luciferase activity in CHO TP-P and TP-E cells in a
TP-dependent and -independent manner, suggesting that
multiple targets for 8-iso-PGE2 may be coupled to AP-1. In
contrast, 8-iso-PGF2� does not seem to be a TP agonist,
consistent with work from an independent laboratory
(Pratico et al., 1996). Because the increase of AP-1 activity by
8-iso-PGE2 was not sensitive to cyclooxygenase inhibitors,
our data suggest that 8-iso-PGE2 is a TP agonist in the CHO
model. This suggestion is further supported by studies dem-
onstrating that 8-iso-PGE2 enhances rather than antago-
nizes the AP-1 response to a TP agonist (U46619). Because
the apparent TP-dependent and -independent regulation of
AP-1 by 8-iso-PGE2 was potent (nanomolar concentrations),
our data suggest that these pathways may play active roles
in biological processes.
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