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Abstract

To understand the mechanism for the role of arachidonic acid (AA) in steroidogenic acute regulatory (StAR) gene transcription, sections
of the—1/—966 StAR promoter were deleted to produce constructsladf426,—1/—211,—1/—151, and-1/—110 and inserted into the
PGL3 vector to drive luciferase expression. Results indicatedthat 151 StAR promoter contains the elements that are most responsive
to AA. Electrophoretic mobility shift assays using nuclear extracts from AA-treated MA-10 Leydig tumor cells showed that AA enhanced
specific binding of the nuclear extract to a 30 bis{/—96) sequence of the StAR promoter. Also, HPLC was used to identify AA metabolites
involved in StAR gene transcription. It was found that 1 mM N6,2-O-dibutyryladenosine 3:5-cyclic monophosphate (dbcAMP) significantly
increased the 5-lipoxygenase metabolites, 5-hydroperoxyeicosatetraenoic acid (5-HPETE) and 5-hydroxyeicosatetraenoic acid (5-HETE).
Moreover, in the presence of 0.2 mM dbcAMP addition ofu2@ 5-HPETE or 5-HETE significantly enhanced StAR protein expression
and progesterone productioR & 0.05). Similar results were obtained for StAR gene transcription with StAR mRNA levels and StAR
promoter activities being significantly increasetl€ 0.05) when 5-HPETE was added to MA-10 cell cultures. In summary, the present
studies demonstrated that cyclic AMP (cCAMP) stimulated the production of the AA metabolites, 5-HPETE and 5-HETE, and showed that
these metabolites enhanced StAR gene expression and steroid hormone production. The results further suggested that the AA-responsive
element resides in the67/—96 region of the StAR promoter.
© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction donic acid-related thioesterase involved in steroidogenesis
(ARTISY), was identified and cloned from rat adrenal cells.
It is well known that trophic hormones, such as luteinizing ARTISt was reported to have a role in steroidogenesis by
hormone (LH) and adrenocorticotrophic hormone (ACTH) regulating AA release from arachidonyl-CdA]. During
induce second messenger cyclic AMP (cCAMP) formation the last two decades, the regulatory effects of AA and
that in turn activates protein kinase A (PKA) and transduces its metabolites in steroid hormone biosynthesis have been
the signal from the trophic hormone-receptor complex to demonstrated in various steroidogenic cells from different
the nucleus to regulate steroidogenesis. However, trophicspecieg6-9]. However, the mechanism for the role of AA
hormones also stimulate the release of arachidonic acidremains unknown.
(AA) and inhibition of this release from phospholipids in- Several earlier studies reported that while inhibition of
hibits steroid hormone biosynthegik 2]. Previous studies  AA release with phospholipase,APLA>) inhibitors in-
indicated that trophic hormone-induced AA release in rat hibited steroidogenesis, these inhibitors failed to inhibit the
Leydig cells was dependent on hormone-receptor interac-conversion of 22-R(OH)cholesterol to sterojds,11], sug-
tion and was mediated throbiga G protein3,4]. Recently, gesting that AA and its metabolites act on the rate-limiting
an ACTH-induced 43kDa protein, termed the arachi- step of steroid biosynthesis, cholesterol transfer from the
outer to inner mitochondrial membrane. Steroidogenic acute
- regulatory (StAR) protein has been demonstrated to have
* Presented at the 11th International Congress on Hormonal Steroids andy critical role in this cholesterol transf¢t2—15] It was
ggér;ones and Cancer, ICHS & ICHC, Fukuoka, Japan, 21-25 October v\ ofore reasoned that StAR protein might be involved in
* Corresponding author. Tel:1-806-743-2505; fax:+-1-806-743-2000.  the role of AA in the regulation of steroidogenesis. This
E-mail address: xingjia.wang@ttmc.ttuhsc.edu (X.J. Wang). hypothesis was demonstrated to be correct. Inhibition of
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AA release inhibited StAR gene expression and concomi- 2.3. Seroid production
tant steroid production. Importantly, the inhibitory effects
were reversed by addition of exogenous AA to the cell MA-10 cells were cultured for 30min in serum-free
culture[16,17] Previous studies have further indicated that Waymouth’s medium containing AA, 5-HPETE or 5-HETE
the AA signaling pathway is different from the reported (as described in the legends of the figures) and then stimu-
cAMP-PKA-phosphorylation pathway. These two signal- lated with 0.2 mM dbcAMP for 6 h. The medium was col-
ing pathways are both required to co-regulate StAR genelected at the end of each experiment and stored&g°C.
expression and steroid production with neither one alone The cells were washed twice with cold PBS and stored at
being sufficient for trophic hormone-stimulated steroidoge- —80°C. Progesterone concentrations in the medium were
nesis[17,18] Moreover, the synergistic interaction between determined by RIA21].
AA and cAMP increases the sensitivity of steroidogenesis to
trophic hormone stimulatiofi9]. In the present study, inor-  2.4. Plasmid construction of SIAR promoter deletions
derto further understand the nature of the AA signaling path-
way, we investigated StAR promoter DNA sequences and The plasmid PGL2/-966StAR22] was used as a
found a region in the promoter that was responsive to treat-template for PCR to delete sections of thé®66 StAR
ment with AA. Also, cAMP-induced AA metabolites were promoter to produce promoter constructs -efl/—426,
separated and identified using HPLC analysis. The results in-—1/—211, —1/—151 and—1/-110 using the Bprimers 5-
dicated that 5-lipoxygenase metabolites of AA are involved TAGCTCGAGATCTACTTGCCTCTGCCAGGGAGAG-3
in trophic hormone-induced signaling and are stimulatory 5-TAGCTCGAGGCCCCATCTCCGTGACCCCTGCTT-
in StAR gene expression and steroid hormone biosynthesis.3, 5-TAGCTCGAGTCTGCTCCCTCCCACCTTGGCCA-
GC-3, 5-TAGCTCGAGCAATCATTCCATCCTTGACCC-
3, respectively. This resulted in the introduction oXlao |

2. Materials and methods restriction site and a commorBrimer 3-CTAAAGCTTG-
_ GCGCAGATCAAGTGCGCTGCCT-3was used to intro-
2.1. Materials duce aHind Il site. The PCR fragments were digested

with restriction enzymesho I/Hind Il and inserted into
N6,2-O-dibutyryladenosine 3:5-cyclic monophosphate the PGL3 vector (Promega, Madison, WI) cut with the
(dbcAMP) and arachidonic acid were purchased from Sigma same enzymes to construct the plasmids PGL3/-426StAR,
(St. Louis, MO). 5-hydroperoxyeicosatetraenoic acid (5- PGL3/—-211StAR, PGL3/-151StAR and PGL3/-110StAR,
HPETE) and 5-hydroxyeicosatetraenoic acid (5-HETE) respectively. The construction of the various PGL3/StAR
were purchased from Cayman (Ann Arbor, MI). Waymouth’'s promoter deletions were confirmed by DNA sequencing
MB/752 medium, horse serum, trypsin-EDTA, antibiotics, and activity assays.
and PBS were purchased from Gibco-BRL Life Technolo-
gies (Gaithersburg, MD). Rabbit antisera generated against2.5. Transfections
StAR protein was a generous gift from Dr. W.L. Miller (De-
partment of Pediatrics, University of California, San Fran-  MA-10 cells (05 x 10° per well) were cultured in 6-well
cisco, CA). Donkey anti-rabbit 1IgG antibody conjugated plates overnight. The cells in each well were transfected
with horseradish peroxidase was purchased from Amershamwith 1.0g DNA of the PGL3/StAR expressing firefly lu-
(Arlington Heights, IL). North2South Biotin Random Primer  ciferase driven by the StAR promoter deletion constructs
DNA Labeling kits and Chemiluminescent Nucleic Acid described earlier. Transfections also included 12.5ng of
Hybridization and Detection kit were obtained from Pierce the pRL-SV40 vector DNA (a plasmid which constitutively
(Rockford, IL). The Dual-Luciferase Reporter Assay System expresses Renilla luciferase and acts as a control reporter
was purchased from Promega (Madison, WI). Other com- under the regulation of the SV40 promoter, Promega, Madi-
mon chemicals used in this study were obtained from either son, WI). Transfections were performed using FUGENE6
Sigma (St. Louis, MO) or Fisher Chemicals (Pittsburgh, PA). transfection reagent (Roche, Indianapolis, IN) following the
manufacturer’'s instructions. After 48 h in culture the cells
2.2. Cdl culture were utilized for experiments.

MA-10 mouse Leydig tumor cells were a generous gift 2.6. Luciferase assay

from Dr. Mario Ascoli (Department of Pharmacology,

College of Medicine, University of lowa, lowa City, 1A) Following experiments, the cells were washed three times
and were cultured in 6-well culture plates in Waymouth’s with ice-cold PBS and lysed with Passive Lysis Buffer

MB/752 medium containing 15% horse serum as previously (Promega, Madison, WI). The supernatants were utilized
described20]. The cells were cultured in an incubator at for luciferase assays using a Dual Luciferase Reporter
37°C and 5% CQ. Before each experiment, the medium Assay System following the manufacturer’'s instructions
was replaced with serum-free Waymouth’s medium. (Promega, Madison, WI). The relative light units (RLU,
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expressed as the reading from the PGL3/StAR promoter Dual A Absorbance Detector (Waters, Milford, MA). The
divided by the reading from Renilla luciferase) were mea- column eluate was collected directly into scintillation vials
sured using a TD-20/20 luminometer (Turner Designers, and the radioactivities of the fractions were measured using

Sunnyvale, CA).

2.7. Electrophoretic mobility shift assay

a Beckman LS 6500 scintillation counter.

2.9. Northern blot analysis

The oligonucleotides for sense and antisense correspond- |y experiments designed to determine StAR expression

ing to StAR promoter DNA sequences-at/—48,—38/-76,
—67/-96, —66/110,—106/141 and-135/-165 were syn-
thesized, heated at 7& for 5 min and cooled at room tem-
perature for 2h to anneal in a buffer containing 100 mM
NaCl, 1mM EDTA, and 10mM Tris—HCI, pH 7.5. The
5 end GG overhangs in annealed DNA were labeled with
«32P-dCTP (Dupont NEN, Boston, MA) by fill-in reaction
using Klenow (Promega, Madison, WI). The nuclear extracts
were prepared from MA-10 cells treated with 0.25 mM db-
cAMP and/or 150 mM AA as describ¢®3]. Electrophoretic
mobility shift assays (EMSA) were performed with the la-
beled DNA following the protocol described previoufha].

2.8. HPLC analysis of arachidonic acid metabolites

The methods previously described were modified for ex-
traction and HPLC separation of AA metabolitgst,25]
MA-10 cells in 100 mm-culture plates were incubated in
5ml Waymouth’s medium containing 1.5% horse serum
and 4pCi/ml 3H-AA for 4h. The labeled cells were
washed twice with 5 ml Waymouth'’s containing 0.1% fatty
acid-free BSA. The cells were then incubated in 5ml of
Waymouth’'s medium and stimulated with 1 mM dbcAMP
for 6h. The stimulation was terminated by their trans-
fer to —80°C and the addition of 1.0ml cold methanol
containing Sul of 37% HCI, 15ug of cold AA and a mix-
ture of AA metabolites (fug each of. 5,6-EET; 8,9-EET;
11,12-EET; 14,15-EET; 5-HETE; 5-HpETE). The cells
were collected and centrifuged at 8080g for 20 min.

at the mRNA level, cells were washed three times with
cold PBS and used for total RNA purification using TRIzol
reagent following the manufacturer’s instructions (Gib-
coBRL, Grand Island, NY). The RNA was separated by
electrophoresis in an agarose/formaldehyde gel (1%/6%)
and blotted onto a Hybond-Nmembrane (Amersham, Al-
ington Heights, IL). StAR mRNA on the membrane was
probed with biotin-labeled mouse StAR cDNA and detected
using the North2South Chemiluminescent Nucleic Acid Hy-
bridization and Detection kit following the manufacturer’s
instructions (Pierce, Rockford, IL). The membrane was
stripped with a buffer containing 15mM NaCl, 15mM
sodium citrate and 1% SDS, pH 7.0 for 30 min at°&5
18S rRNA on the membrane was probed to adjust for the
RNA loading in each lane.

2.10. Western blot analysis

StAR protein in MA-10 cells was detected by Western blot
analysis as described previou§hs]. Western blot analyses
experiments were performed at least three times and the
results of one representative experiment are shown.

2.11. Satistical analysis

Each experiment was repeated at least three times. Statis-
tical analysis of the data was performed with ANOVA using
the Stat View SE system (Abacus Concepts, Berkeley, CA).

The resulting supernatants were loaded onto 3 ml/500 mg The data are shown as mearstandard error.

Discovery DSC-18 SPE tubes (Supelco, Bellefonte, PA)
preconditioned with washes of 3 ml methanol followed by
3 ml water. The tubes were then eluted with 3 ml methanol,
followed by 3ml acetonitrile. The eluates from the tubes
were dried under nitrogen and resuspended in p356f

60% acetronitrile. The concentrated extracts were immedi-

ately analyzed by RP-HPLC with a Gradient Component
System with two 515 HPLC pumps (Waters, Milford,
MA) on a Discovery C18 column (8 mm x 25cm, Sum

particle size, Supelco) using a stepped gradient of sol-

vent A, containing water/acetonitrile/methanol/phosphoric
acid (75/12.5/12.5/0.01), and solvent B, containing wa-
ter/acetonitrile/methanol/phosphoric acid (5/63/32/0.01).

3. Results

3.1. Arachidonic acid-enhanced activities of SAR
promoter deletions

The constructed plasmids, PGL3/-426StAR, PGL3/-
211StAR, PGL3/-151StAR, PGL3/-110StAR and PGL3/
Basic, were transfected into MA-10 Mouse Leydig cells
to test their response to AA. In the present of 0.2mM db-
cAMP 150uM AA significantly enhanced the activities
of PGL3/-426StAR P < 0.05), PGL3/-211StAR R <

The gradient steps used are as follows: Omin, 100% 0.01) and PGL3/-151StARA < 0.01). The activities of

A, 1.0ml/min; 0-10min, 44%A+ 56%B, 0.98 ml/min;
10-89min, 40%A+ 60%B, 0.96 ml/min; 98-140min,

100%B, 0.96 ml/min. The sample was analyzed spectropho-

tometrically at 206 nm and 235nm using a Waters 2487

PGL3/-426StAR P < 0.05), PGL3/-211StARF < 0.01)
and PGL3/-151StAR were increased by 1.4-, 2.2- and
2.7-folds, respectively, over the paired group treated with
dbcAMP alone Fig. 1). However, removal of 41 bp of the
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Fig. 1. Arachidonic acid-enhanced activities of StAR promoter deletions. The StAR promoter segtfr@6 was used as the template for PCR to

delete the StAR promoter to produce promoter constructs bf-426, —1/—211, —1/—151 and—1/-110. The deletions were inserted into the PGL3

vector expressing the firefly luciferase reporter gene (Promega, Madison, WI) to construct plasmids PGL3/-426StAR, PGL3/-211StAR, PGL3/-151StAR
and PGL3/-110StAR, respectively. The constructed PGL3/StAR plasmids and pRL-SV40 vector DNA, a plasmid which constitutively expresses Renilla
luciferase, were transfected into MA-10 cells using FUGENESG transfection reagent (Roche, Indianapolis, IN). After 48 h in culture the cellstedere tre

for 6h with 0.2mM dbcAMP with or without 15AM AA. The cell lysate was used for the luciferase assay using a Dual Luciferase Reporter Assay
System (Promega, Madison, WI). StAR promoter activities were expressed as relative light units (RLU) over control (MA-10 cells transfected with the
same DNA, without dbcAMP or AA)*: significantly different from stimulation with dbcAMP alone « 0.05). **: highly significantly different from
stimulation with dbcAMP alone K < 0.01).

StAR promoter DNA from positions-110 to —151 dra-
matically reduced the activity of PGL3/-151StAR to a level
as low as that of PGL3/Basic.

3.2. Arachidonic acid-enhanced binding of 100 x cold -96/-67 +
nuclear extracts to the —67/—96 segment of the dbcAMP, 0.25 mM + + +
AR promoter AA, 150 uM + + o+

EMSA was performed to determine if AA increases
binding of nuclear proteins to StAR promoter sequences
within —1/—151. As shown in theFig. 2, 150uM AA
or 0.25mM dbcAMP alone slightly increased binding of
nuclear extract to the oligonucleotide corresponding to
StAR promoter sequences frorb7 to—96. Co-incubation
of AA with dbcAMP remarkably increased the binding
to this region. The AA-enhanced binding was elimi-
nated by addition of 100-fold of the cold oligonucleotide
corresponding to the-67/-96 sequence of the StAR
promoter.

3.3. dbcAMP-induction of 5-lipoxygenase
AA metabolites

HPLC was used to separate CAMP-induced AA metabo- Fig. 2. Arachidonic acid-enhanced binding of MA-10 nuclear extract to
lites in ,MA_lO Leydlg cells. SFImUIanon Wlth_lmM db- the —67/-96 StAR promoter sequence. MA-10 cells were cultured in
CAMP increased the production of the 5-lipoxygenase waymouth's MB/752 medium with or without 150M AA for 30 min and
metabolites, 5-HPETE and 5-HETE which is demonstrated then stimulated with 0.25 mM dbcAMP for 6 h. The cells were collected
by an increase in these compounds as illustrateeign3A. for the preparation of nuclear extracts. Five microgram of nuclear extract
The averages of the total radioactivities for the samples in proteins were incubated wiffP-labeled oligonucleotides representing the
h der th ks from individual experiments indi- StAR promoter—67/—96 sequence. Unlabeled identical oligonucleotides
the areas under the peaks _0 o u_a experiments in 100-fold molar excess were used as binding competitors. The resulting
cated that 1 mM dbcAMP significantly increased 5-HETE  samples were used for electrophoresis in a 4% non-denaturing polyacry-
and 5-HPETE by 2.02- and 2.87-fold over controls respec- lamide gel. The gel was dried and the DNA—protein complexes were
tively (Fig. 3B). visualized by autoradiography.
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Fig. 3. HPLC analysis of dbcAMP-induced 5-HPETE and 5-HETE in MA-10 mouse Leydig cells. MA-10 cells pre-loadetHwith were stimulated

with 1mM dbcAMP for 6 h. Stimulation was terminated by addition of 1 ml methanol containing a mixture of cold AA metabolites and freezing at
—80°C. AA metabolites were then extracted with a Discovery DSC-18 SPE cartridge (Supelco, Bellefonte, PA). The extracted samples were dried under
nitrogen and resuspended in 350of 60% acetronitrile. The AA metabolites in the resuspended solution were separated by HPLC using a Gradient
Component System with two 515 HPLC pumps (Waters, Milford, MA) on a Discovery C18 colurBm@ x 25cm, 5um particle size, Supelco)

and a stepped gradient. The separated peaks were analyzed spectrophotometrically at 206 nm and 235nm using a Watersa2AB8gothzaice

Detector (Waters, Milford, MA). The column eluate was collected directly into scintillation vials and the radioactivities of the fractions warnednea

using a Beckman LS 6500 scintillation counter. (A4-5-HPETE and®H-5-HETE peaks separated by HPLC analysis; (B): the averages of the total
radioactivities for the samples in the peak areas of 5-HPETE and 5-HETE from five individual experifnesiggificantly different from the paired

group without dbcAMP P < 0.05).
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Fig. 4. Effects of 5-HPETE and 5-HETE on cAMP-stimulated StAR protein expression and steroid hormone production in MA-10 mouse Leydig cells.
MA-10 cells were cultured for 30 min in serum-free Waymouth’s MB/752 medium with or withowt\N2®f 5-HPETE or 5-HETE and then stimulated

for 6 h with 0.2mM dbcAMP as indicated in the figure. (A): cells were collected andg?6f cell lysate protein was used to analyze StAR protein by
Western blot; (B): progesterone production in the medium was analyzed by RIA and expressed as a percentage of the highest frs@yrificantly

different from controls P < 0.05); **: highly significantly different from controlsK < 0.01).
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Fig. 5. Effects of 5-HPETE and 5-HETE on cAMP-stimulated StAR mRNA levels and StAR promoter activity in MA-10 cells. (A): MA-10 cells were
cultured for 30 min in serum-free Waymouth’s MB/752 medium with or withoui.BD of the 5-HPETE or 5-HETE and then stimulated for 6 h with
0.2mM dbcAMP as indicated in the figure. Cells were collected for purification of total RNA. StAR mRNA expression was analyzed by Northern
blot; (B): MA-10 cells were transfected with a PGL3/-151StAR plasmid and pRL-SV40 vector DNA, a plasmid that constitutively expresses Renilla
luciferase. After 48 h in culture, the cells were treated as described earlier. The cell lysate was used for the luciferase assay using a Dl Luciferas
Reporter Assay System as described in Seztion 2 StAR promoter activities were expressed as relative light units (REU¥ignificantly different

from controls P < 0.05); **: highly significantly different from controlsK < 0.01).

3.4. 5-HPETE and 5-HETE-enhancement of AR protein the absence of dbcAMP, 5-HPETE did not increase the lev-
expression and steroid production els of StAR mRNA. Similar results were obtained in pro-

moter activity assays with activity of the PGL3/-151StAR

StAR protein levels in MA-10 cells cultured in medium promoter being significantly increase# (< 0.01) by the
containing 5-HETE or 5-HPETE were analyzed by Western addition of 20uM 5-HPETE into MA-10 cell culture con-
blot analyses to determine if 5-HETE and 5-HPETE were taining 0.2 mM dbcAMP Fig. 5B).
involved in cAMP-induced StAR protein expression. While
0.2mM dbcAMP slightly increased StAR protein, addition
of 20uM of 5-HETE or 5-HPETE dramatically enhanced _ )

StAR protein expression to much higher levelgg( 4A). 4. Discussion
With the increases in StAR protein, concomitant increases
of steroid production in 5-HETE or 5-HPETE-treated cells  Signal transduction through cAMP-PKA-phosphorylation
were detected, with progesterone production being increaseds Well known and is important for StAR gene expression and
by 1.84- and 2.11-fold, respectively, over that in the cells Steroid hormone biosynthesf&7]. However, a high level
treated with dbcAMP alonem{g. 4B). In the absence of db-  Of PKA activity in the absence of AA release is not suf-
cAMP, 5-HETE or 5-HPETE increased neither StAR pro- ficient to accomplish the physiological function of trophic
tein nor steroidogenesis. There was no significant differ- hormone stimulation of steroidogenic cells, namely steroid
ence in steroid production among the groups receiving no Piosynthesig17]. Studies in recent years have demonstrated
dbcAMP. that a separate signaling pathway mediated by AA and its
metabolites is also critical for trophic hormone-stimulated
StAR gene expression and steroidogengs8j. However,
3.5. 5-HPETE-enhanced SIAR gene transcription the manner in which AA regulates StAR gene expression
remains unknown.

Northern blot analysis was performed to determine the The previous studies have demonstrated that AA reg-
levels of StAR mRNA in 5-HPETE-treated MA-10 cells. As ulates StAR gene expression at the level of transcription.
shown inFig. 5A, while 0.2 mM dbcAMP slightly increased  In the presence of 0.2 mM cAMP analog, AA significantly
StAR mRNA, these transcripts were increased to higher lev- increased the activity of the 1 to —966 bp segment of the
els by co-incubation of the cells with 2M 5-HPETE. In wild type StAR promoter suggesting that this region contains
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the element(s) responsive to AA9]. In the present study,

165

the StAR promoter DNA and how it enhances StAR gene

results from promoter activity assays further indicated that transcription.

StAR promoter DNA sequences frofll to —151 contained

Previously, we have described a synergistic interaction

the most important elements responsible for the regulatory between AA and cAMP which significantly enhanced

effect of AA on StAR gene transcription since thd/—151
StAR promoter construct resulted in maximal activity in
response to AA. Expression of the deletion construdt to
—110, reduced the promoter activity to basal levels, similar
to results reported previous[22], and illustrated the im-
portance of this region. Also, EMSA results with oligonu-

StAR gene transcription and steroid hormone production in
MA-10 mouse Leydig cell$19]. Taking into consideration
the results in the present and previous studies, it can readily
be seen that: (1) AA-enhanced binding of nuclear extract to
the StAR promoter; (2) AA or 5-HPETE-increased StAR
promoter activity; (3) StAR mRNA expression; (4) StAR

cleotides corresponding to these 151 bp of StAR promoter protein expression; and (5) steroid hormone production are
sequences showed that AA synergistically increased thedependent on a scenario in which both AA and cAMP are

specific binding of nuclear extracts to the StAR promoter
DNA sequences located betwee®7 and—96, suggesting
the location of AA-responsive elements in this region. This
region of the StAR promoter was reported to contain the
binding sites for the transcription factors AP-1, C/EBP
SF-1 and also for transcription factors from the CREB fam-
ily [28-30] It is clear that this segment of the promoter
is important for StAR gene transcription since mutations
within the region significantly reduced dbcAMP-stimulated
StAR promoter activity in MA-10 cells transfected with
PGL3/-151StAR[30]. Whether the AA-enhanced binding
of nuclear protein to this region is related to any of these
transcription factors and which AA metabolites are involved
in StAR gene transcription are currently unknown.

To further understand the mechanism for the role of AA
in this process, we attempted to identify AA metabolites
involved in trophic hormone-stimulated StAR gene tran-
scription. As clearly shown by the presence of two peaks
separated and identified following HPLC analysis, cCAMP
analog significantly increased 5-HPETE, and 5-HETE,
two AA metabolites produced through the 5-lipoxygenase
pathway. It was previously reported that trophic hormones
induced AA release through G proteidg and also through
cAMP-dependent mechanisrifik9]. It is therefore possible
that the cAMP-induced 5-HPETE and 5-HETE might be
involved in trophic hormone-induced signal transduction in

required for maximal response. The co-regulation by these
two signaling pathways remarkably increased the sensitivity
of steroidogenesis to trophic hormone stimulation. These
studies provide important information for understanding
the roles of these two pathways. It is possible that maxi-
mal binding of as yet unidentified nuclear protein(s) to this
30bp region £67/—96) of the StAR promoter sequences
requires both PKA-phosphorylation activity and the ac-
tion of AA metabolite(s). AA or its metabolites might be
involved in the induction or activation of transcription fac-
tor(s) or co-factor(s) that binds to this region of the StAR
promoter and enhances StAR gene transcription.

In summary, the present study identified two cAMP-
induced AA metabolites, 5-HPETE and 5-HETE, and
demonstrated their stimulatory effects on StAR gene ex-
pression and steroid hormone production. Our results also
demonstrated that AA enhanced the binding of nuclear pro-
tein(s) to the—67/—96 region of the StAR promoter DNA
suggesting that the AA-responsive element is located within
this DNA sequence.
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strated that 5-HPETE enhanced StAR gene expression at

the level of transcription with StAR mRNA levels and StAR

promoter activity being increased as 5-HPETE was added

to the cell cultures. It will be most interesting to deter-
mine the manner in which this 5-lipoxygenase metabolite
of AA interacts with the 30bp sequence-§7/—96) of
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