BIOLOGY OF REPRODUCTION 65, 1114-1119 (2001)

Luteal Expression of Cytochrome P450 Side-Chain Cleavage, Steroidogenic Acute
Regulatory Protein, 3B-Hydroxysteroid Dehydrogenase, and 20a-Hydroxysteroid
Dehydrogenase Genes in Late Pregnant Rats: Effect of Luteinizing Hormone

and RU486"

Carlos O. Stocco,** Jorge Chedrese,® and Ricardo P. Deis*?

Laboratorio de Reproduccién y Lactancia,* CONICET, 5500 Mendoza, Argentina
Department of Obstetrics, Gynecology & Reproductive Sciences,” University of Saskatchewan,

Saskatoon, Canada SN OW8

ABSTRACT

A decrease in serum progesterone at the end of pregnancy is
essential for the induction of parturition in rats. We have pre-
viously demonstrated that LH participates in this process
through: 1) inhibiting 3B-hydroxysteroid dehydrogenase (38-
HSD) activity and 2) stimulating progesterone catabolism by in-
ducing 20a-hydroxysteroid dehydrogenase (20a-HSD) activity.
The objective of this investigation was to determine the effect
of LH and progesterone on the luteal expression of the steroido-
genic acute regulatory protein (StAR), cytochrome P450 side-
chain cleavage (P450,.), 3p-HSD, and 20a-HSD genes. Gene
expression was analyzed by Northern blot analysis 24 and 48 h
after administration of LH or vehicle on Day 19 of pregnancy.
StAR and 3B-HSD mRNA levels were lower in LH-treated rats
than in rats administered with vehicle at both time points stud-
ied. P450,.. mRNA levels were unaffected by LH. The 20a-HSD
mRNA levels were not different between LH and control rats 24
h after treatment; however, greater expression of 20a-HSD, with
respect to controls, was observed in LH-treated rats 48 h after
treatment. Luteal progesterone content dropped in LH-treated
rats at both time points studied, whereas serum progesterone
decreased after 48 h only. In a second set of experiments, the
anti-progesterone RU486 was injected intrabursally on Day 20
of pregnancy. RU486 had no effect on 3p-HSD or P450, . ex-
pression but increased 20a-HSD mRNA levels after 8 h treat-
ment. In conclusion, the luteolytic effect of LH is mediated by
a drop in StAR and 3B-HSD expression without effect on P450,,
expression. We also provide the first in vivo evidence indicating
that a decrease in luteal progesterone content may be an essen-
tial step toward the induction of 20a-HSD expression at the end
of pregnancy in rats.

corpus luteum, luteinizing hormone, mechanisms of hormone ac-
tion, ovary, pregnancy
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INTRODUCTION

In al mammalian species, progesterone plays an essen-
tial role in the establishment and maintenance of pregnancy.
The precise timing of both the synthesis and degradation &
of progesterone is crucia for reproductive success. There- 3
fore, the expression of enzymes implicated in progesterone 5
synthesis and catabolism need to be regulated tightly ©
throughout pregnancy. Noteworthy, in rodents, afall in pro- 8
gesterone secretion is absolutely essential for the induction g
of parturition [1, 2]. A biphasic decrease in serum proges- &
terone levels has been described in rats at the end of preg- 3
nancy [3]. This biphasic pattern includes an initial, sluggish 8
decrease followed by a sharp fall in the serum level of £
progesterone. Concomitant with the major drop in proges- &
terone, an increase in the serum level of 20a-OH-proges- g
terone, an inactive metabolite of progesterone, has been ob- &
served during both physiological and prostaglandin F,, =
(PGF,,)-induced luteolysis [3-5]. This rapid switch in lu-
teal steroid secretion, from progesterone to 20a-OH-pro-
gesterone, is due to an increase in 20a-hydroxysteroid de- ¢
hydrogenase (20c-HSD) activity [6]. It has been shown that % 2
the increase in progesterone catabolism is due to an in-g
crease in 20a-HSD gene expression rather than to trandla- c
tion of existing messages or activation of existing enzymes ¢
[5, 7]. However, the mechanism responsible for the initial §
slow decrease in progesterone synthesis remains unknown. ©

Interestingly, there is evidence indicating that the ex-
pression of the 20a-HSD gene may be inhibited by pro- =
gesterone [8-10], suggesting that a decrease in progester- &
one synthesis may be necessary for the normal expression £
of the 20a-HSD gene. In support of this hypothess, we &
have shown that after LH administration a reduction in 33- 2
hydroxysteroid dehydrogenase (3-HSD) activity occurs @
within 12 h and a decrease in serum progesterone levelsis g
observed by 36 h, whereas a rise in 20a-HSD activity oc- 3

curs 48 h after treatment [11]. Whether or not the change > >
in intraluteal progesterone causes the increase in the ex-&
pression or activity of 20a-HSD is presently unknown. To &
investigate this point in vivo, we administered a progester-
one receptor antagonist, RU486, in the ovarian bursato test ™
whether blocking progesterone action would affect the ex-
pression of 20a-HSD. We aso analyzed the effect of LH
on the mMRNA expression of cytochrome P450 side-chain
cleavage enzyme (P450g.), 3B-HSD, and steroidogenic
acute regulatory protein (StAR). It is believed that P4504.
and 3p-HSD are constitutively expressed in the corpus lu-
teum [12]. However, it has consistently been found that
either the application of steroidogenic stimuli or adminis-
tration of luteolytic compounds (i.e., PGF,,) for long pe-
riods of time can alter the gene expression of these ste-
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LH EFFECT ON PROGESTERONE SYNTHESIS AND CATABOLISM

roidogenic enzymes [13-16]. In contrast, an acute effect on
steroidogenesis could be achieved by affecting the synthesis
of the StAR protein [17-19].

MATERIALS AND METHODS

Animals

Three- to four-month-old, 200—220-g, virgin female Wistar rats were
kept in a controlled environment with lights-on 0600—2000 h, temperature
22-24°C, and continuous access to food and water. Under these conditions,
rats generaly give birth on Day 22. Vagina smears were taken dalily.
Females were caged individually with fertile males on the night of pro-
estrus. The presence of spermatozoa in the vaginal smear the following
morning was designated Day O of pregnancy. Anima maintenance and
handling were in accordance with the National Institutes of Health guide
for the care and use of Laboratory Animals.

Reagents

Ovine LH (NIDDK-oL H-26) was obtained from the National Hormone
and Pituitary Program, U.S. Department of Agriculture, Rockville, MD.
Mifepristone (RU486) was generously provided by Russel-Uclaft (France).
Bio-Max AR Film was purchased from Eastman-Kodak Co. (Rochester,
NY); [«32P]deoxycytidine triphosphate ([«32P]dCTP) was purchased from
Amersham Co. (Arlington Heights, IL). Methylcellulose (MC) and al oth-
er reagent-grade chemicals were purchased from Sigma Chemical Co. (St.
Louis, MO).

Experimental Procedures

To examine the effect of LH on the luteal expression of 20a-HSD, 33-
HSD type-l, cytochrome P450,., and StAR, pregnant rats received an s.c.
administration of 10 pg of oLH or saline solution (as control) at 0800,
0900, 1000, and 1100 h on Day 19 of pregnancy. The dose of LH was
determined by previous studies that demonstrated that LH induces inhi-
bition of luteal progesterone synthesis production when administered at
this time of pregnancy [8, 11]. The animals were killed 24 or 48 h after
the last dose of oLH. Four to six animals were used for each treatment or
the control group.

To examine the role of progesterone in the expression of 20«-HSD,
3B-HSD, and P4504. expression in vivo, Day-20 pregnant rats received
an intrabursal injection of 3 g per ovary of the anti-progesterone com-
pound RU486 in 4% MC solution, to minimize leakage from the ovarian
bursa. Briefly, under ether anesthesia, both ovaries were exposed through
the same dorsal incision. Each animal received a bilateral intrabursal in-
jection of 30 pl of MC (control groups) or MC plus RU486 using a
Hamilton microliter syringe (705-N). Our laboratory has previously dem-
onstrated a dual effect of RU486 throughout pregnancy on ovarian pro-
gesterone production using a similar dose and method of application [20].
The animals were killed 8 h after treatment. Four to six animals were used
for each treatment or the control group.

All rats were killed by decapitation. Both ovaries were removed from
each rat, trimmed from surrounding fat, and the corpora lutea rapidly iso-
lated under a dissecting microscope in small amounts of ice-cold PBS,
using an ice-cold dissecting stand. Corpora lutea were stored at —70°C
until determination of mMRNA levels or luteal progesterone content. All
the corpora lutea from each animal were used for total RNA extraction or
progesterone determination. Thus, each animal represents n = 1 for sta-
tistical analysis.

RNA Isolation and Northern Blot Analysis

Total RNA from frozen rat corpora lutea were isolated by sequential
phenoal, phenol-chloroform, and chloroform extraction, followed by etha-
nol precipitation. The RNA was quantitated and monitored for purity by
evaluating the 260:280-nm absorption, whereas integrity was determined
by electrophoresis. Only samples with a 260:280-nm ratio of 1.8 or higher
were used. Total RNA (25 p.g) was size-fractionated by electrophoresisin
1% agarose gels and transferred to nylon membranes. The following rat
cDNA probes were used: 20a-HSD, type-l 33-HSD, cytochrome P450,
StAR, and glyceraldehyde-3-phosphate dehydrogenase (GAPDH). These
probes were generously provided by Dr. G. Gibori [21], Dr. C. Labrie
[22], Dr. J. Richards [23], Dr. D. Stocco [24], and Dr. R. Wu [25], re-
spectively. Probes were labeled by random primer extension with [a-
32P]dCTP (>3000 Ci/mmol; Amersham Co.) to a specific activity of 1.5—
30 X 10° dpm/ng. Membranes were hybridized and autoradiographed as
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TABLE 1. Luteal and serum progesterone concentrations 24 and 48 h
after treatment with either saline or LH on Day 19 of pregnancy.

Corpus luteum
(pg/mg of tissue),
hours after treatment

Serum (ng/ml),
hours after treatment

24 48 24 48
Saline 34.67 £35 2832 +22 12043 8.1 6520 * 7.6
LH 22.01 + 41* 1670 = 3.5* 11540 = 10 35.60 = 13*

* P < 0.01 versus saline.

ojumoq

previously described [26]. In Figure 3, a slot blot was used to quantify §
MRNA expression; in this case RNA was loaded in the amounts of 0.5- &
5 ng/slot to determine the linearity of the response. Northern blot or dot =
blot autoradiograms were quantified by digital densitometric scanning with o
a Kodak Electrophoresis Documentation and Analysis System 120 (East- i
man Kodak). Data were normalized relative to expression of the house- = =
keeping gene (GAPDH). Fold values were calculated by dividing all data @
by the mean of the saline-treated (control) group.

Radioimmunoassay of Progesterone

no olWapeoe//:

The progesterone content of corpora lutea was measured with prior
extraction according to the methodology described by Sanchez-Criado et G
al. [27] with slight modifications. The corporalutea were thawed, weighed, '0
and homogenized in 1 ml of 100% ethanol. The homogenate was centri-
fuged for 10 min at 2500 X g and the pellet extracted twice with 500 wl
acetone. The combined supernatants were evaporated to dryness and re-
dissolved in 1 ml PBS. Progesterone concentration in luteal extract or in
serum was measured by an RIA developed in our laboratory [3] with an §
antiserum raised against progesterone-11-bovine serum albumin conjugate & m
in rabbits. The sensitivity of the assay was less than 16 nmol/L and the 5
inter- and intra-assay coefficients of variation were less than 10%.
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against levels of GAPDH mRNA in each sample, and expressed as a [3
percentage of the control value. The significance of differences between &)
the mean values in the control groups and LH-treated groups was deter- —
mined by Student t-test using the Prism software package (Graph Pad~<
Software, Inc., San Diego, CA). Differences between groups were consid- &
ered statistically significant at P < 0.05.

RESULTS

Effects of LH on Progesterone Synthesis and Catabolism
at the End of Pregnancy

Administration of LH on Day 19 of pregnancy induced
a significant reduction (P < 0.01) in corpus luteum pro-
gesterone content 24 and 48 h after treatment when com-
pared to control animals, whereas serum progesterone lev-
els were only decreased after 48 h of treatment (P < 0.01)
(Table 1).

Luteal levels of StAR mMRNA were significantly lower =
in LH-treated animals than in saline-treated animals. A dif- €
ference of 30% was observed 24 h after treatment (P < =
0.05), whereas an 80% difference was found after 48 h of
treatment (P < 0.001) (Fig. 1, top panel). P450y,. mMRNA N
levels in corpora lutea were not different between experi-
mental and control groups either 24 or 48 h after treatment
(Fig. 1, second panel from the top). However, luteal 33-
HSD mRNA levels were significantly different between ex-
perimental and control groups 24 (25%; P < 0.01) and 48
h (50%; P < 0.001) after treatment (Fig. 1, third panel from
the top). Messenger RNA levels for GAPDH were not af-
fected by LH.

The 20a-HSD mRNA levels were low and did not differ
between control and LH-treated animals 24 h (Day 20) after

9] Uo Jasn aonsn( Jo uswuedsq ‘SN

Bn



1116

. SAR
[ Saline 8.l 1
L H g |l |*

=
4,
- |
1 P450scc
Pisisco W8 wws e e S 1 ] L
%)
Moo
2
b=
S
A
3p-HSD
SLH S LH §,
20 21 & | |=
Day of Pregnancy & B
M s
>
k=
Q
m ]
" 2021
Day of Pregnancy

FIG. 1. Messenger RNA levels of StAR, P450,.., and 3B-HSD in rat cor-
pus luteum 24 and 48 h after treatment with either LH or saline (S) on
Day 19 of pregnancy. Total RNA was extracted from luteal tissue and
quantified by Northern blot analysis. The Northern blot is representative
of four experiments. The membranes were hybridized successively with
a 3?P-labeled cDNA probe for StAR (top), P450scc (second from the top),
3B-HSD (third from the top), or GAPDH cDNA probe (bottom). All au-
toradiographs were quantified by densitometric scanning. Data were nor-
malized for GAPDH mRNA levels in each sample and expressed relative
to the control value (saline). The relative amount of each mRNA in saline-
treated animals was taken as 100%. The values obtained from this study
as well as those from three other studies are represented (mean = SEM,
n = 4) in the bar graphs. Values with asterisks are statistically different
from the control (*P < 0.05; **P < 0.01; ***P < 0.001).

treatment (Fig. 2). In control animals, 20a-HSD mRNA
levels were higher on Day 21 than on Day 20 of pregnancy.
The 20a-HSD mRNA levels in LH-treated animals were
significantly higher 48 h (Day 21) after treatment (290%;
P < 0.001) as compared to saline-treated rats (Fig. 2).

Effect of RU486 on 20a-HSD Gene Expression

Because luteal progesterone synthesis and content de-
creased prior to stimulation of 20a-HSD expression, we
examined whether blocking the effects of progesterone with
the progesterone receptor antagonist RU486 could induce
an increase in 20a-HSD mRNA levels. Eight hours after
the administration of RU486 intrabursally in the morning
of Day 20 of pregnancy, the expression of 20a-HSD was
significantly (200%; P < 0.001) higher when compared to
vehicle-treated animals (Fig. 3). However, the expression of
3B-HSD and P450... were not different between RU486
and vehicle-treated groups, respectively (Fig. 3 and data not
shown).

DISCUSSION

The results presented herein reveal that the administra-
tion of LH to rats at the end of pregnancy has a profound

STOCCO ET AL.

200-HSD *

%
=]
=

w
%]
o

Kk

w
[=]
o

N
w0
o

-
w0
o

Relative Expression
§ 8 8

wu
(=]

o

S LH S IH

20 21
Day of Pregnancy

FIG. 2. Expression of 20a-HSD in rat corpus luteum 24 or 48 h after
treatment with either LH or saline (S) on Day 19 of pregnancy. Total RNA
was extracted from luteal tissue and quantified by Northern blot analysis.
On top, a picture of a representative membrane hybridized with a 2P-
labeled 20a-HSD cDNA probe is shown. Next, the membrane was
stripped and rehybridized with a *2P-labeled GAPDH cDNA probe to O
control for loading. All autoradiographs were quantified by densitometric £
scanning. Data were normalized for GAPDH mRNA levels in each sample 2
and expressed relative to the control value (saline). The relative amount 8
of each mRNA in saline-treated animals was taken as 100%. The values 5
obtained from this study as well as those from three other studies are
represented (mean = SEM, n = 4) in the bar graphs, ***P < 0.001.
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effect on the expression of genes involved in the synthesis =
and catabolism of progesterone. In addition, our results€D
show that a reduction in luteal progesterone wnthess and &
content may be an essential step toward the induction of = =
20a-HSD expression in vivo. One remarkable finding in};
this study is the inhibitory effect of LH on StAR expres- 5
sion. Previous studies have clearly demonstrated the stim- N
ulatory effect of LH and hCG on StAR [28]. To the best & &
of our knowledge there is no previous evidence of StAR ;
mRNA levels decreasing in response to LH. These con- =

flicting results regarding the regulation of mMRNA expres- (/)
sion for StAR may be explained by the dual effect of LH o
on rat corpus luteum function. It has been demonstrated©
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FIG. 3. Expression of 3B-HSD and 20a-HSD mRNAs in rat corpus lu-

teum 8 h after intraovarian adminstration of RU486 or vehicle (V) on Day
20 of pregnancy. Total RNA was extracted from luteal tissue and quanti-
fied by dot-blot analysis. Membrane was stripped and then rehybridized
with a 2?P-labeled GAPDH cDNA probe. All autoradiographs were quan-
tified by densitometric scanning. The relative amount of each mRNA in
vehicle-treated animals was taken as 100%. Data were normalized for
GAPDH mRNA levels in each sample and expressed relative to the con-
trol value (vehicle). The values obtained from this study as well as those
from two other studies are represented (mean = SEM, n = 3), ***pP <
0.001.
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as early as the 1960s that LH may have different effects
when administered at different times during pregnancy in
rats. Thus, while the luteotrophic effect of LH during the
first part of pregnancy [12] is well established, treatment
with anti-LH serum from Days 14 to 18 does not affect
pregnancy [29]. There is aso evidence suggesting that LH
may promote luteolysis in rats at the end of pregnancy
[30], during the estrous cycle [31] or during lactation [32]
as well as in hypophysectomized rats [33, 34]. Moreover,
hypophysectomy after Day 12 of pregnancy seemsto slow
down the rate of fall in serum progesterone level after Day
18 [35, 36]. Sandhoff and McLean [28] have clearly dem-
onstrated that StAR mMRNA expression increases in ova
ries of superovulated rats after hCG administration. Be-
cause it is clear that LH has different effects in the corpus
luteum throughout pregnancy, it appears reasonable that it
may have different effects on the expression of the StAR
gene depending on when it is administered during preg-
nancy. Our results show that the switch from a luteotro-
phic to a luteolytic action of LH may be carried out not
only through changes in its effect on the expression or
activity of 3p-HSD as we have previously shown [11] but
also through changes in its action on StAR gene expres-
sion (present results). It has been demonstrated that StAR
mRNA and protein are absent in regressed corpora lutea
[37] and are apparently down-regulated by PGF,, [38, 39],
suggesting that a decrease in StAR gene expression can
also be used as a functional marker of luteolysis. Our pre-
sent results demonstrate that during LH-induced luteoly-
sis, both 38-HSD and StAR mRNA levels are down-reg-
ulated and that this correlates with an early decline in in-
traluteal progesterone levels.

The conversion of cholesterol to pregnenolone by the
cytochrome P450g.. system is critical for steroid hormone
synthesis and is considered the rate-limiting step for ste-
roid hormone synthesis in adrenals and gonads. Indeed,
long-term application of steroidogenic stimuli consistently
alters levels of P450,.,. MRNA and protein [12]. Our re-
sults reveal that the LH-induced decrease in progesterone
synthesis is not due to an effect on the expression of the
P4504.. gene.

We have demonstrated that the administration of LH on
Day 19 of pregnancy results in increased 20a-HSD activ-
ity, whereas the activity of 38-HSD is decreased [8, 11,
40]. The present results indicate that LH also induces
changes in the MRNA levels of these enzymes. It isim-
portant to note that the LH-induced increase in 20a-HSD
MRNA levels occurs after the reduction in intraluteal pro-
gesterone content. We have shown that LH-induced in-
crease in 20a-HSD activity can be abolished by intrabur-
sal administration of progesterone [8]. In addition, pro-
gesterone prevents PGF, -induced 20a-HSD activity in
the rat corpus luteum [9] and down-regulates 20a-HSD
gene expression in cultured luteal cells [10]. Taken to-
gether these findings and our present results suggest that
the drop in progesterone synthesis caused by LH, either
by decreasing cholesterol availability to the P450g.. sys-
tem or by impairing the conversion of pregnenolone to
progesterone, may trigger the increase in 20a-HSD gene
expression.

The progesterone receptor is not expressed in the rat
corpus luteum and is only transiently expressed in the fol-
licle just prior to ovulation [41]. Therefore, the mechanism
by which progesterone affects luteal function in the rat re-
mains unknown. Recently, a putative mechanism whereby
progesterone could regulate luteal function in the rat was
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proposed [10]. In arat luteal cell line that neither expressed
progesterone receptor nor produced progesterone, the pres-
ence of progesterone in the incubation media was able to
down-regulate the expression of 20a-HSD mRNA in the
luteal cells [10]. The authors suggested that in this case
progesterone most probably was acting through a gluco-
corticoid receptor-mediated mechanism [10]. This mecha-
nism is also probable in vivo because of the relatively high
affinity of progesterone [42] for the glucocorticoid receptor
and the high concentration reached by the steroid within o
the corpora lutea. The ability of RU486 to inhibit proges- 2 S
terone action in the corpus luteum could be due to its po- 2
tential to inhibit glucocorticoid receptors at high concentra- & 8
tions [43]. However, additional experiments are required to &
determine whether the glucocorticoid receptor is involved &
in rat luteal cell function. Alternatively, recent e'\/ldence3
suggests that progesterone may act vianonclassical receptor &
target sites located in the plasma membrane [44]. TheﬁeQ
authors presented evidence that progesterone could mediate § 8
its anti-mitotic and anti-apoptotic effects in rat granulosaa
cells through a progesterone-binding protein that is local- 3
ized within the surface membrane of the cells and has gam- §
ma aminobutyric acidy (GABA,) receptor-like properties. 5
The possibility that progesterone acts on luteal cells8
through such a receptor cannot be ruled out.

An indirect effect of progesterone on glucocorticoid ca- &
tabolism may be also considered as a nonreceptor- depen—
dent mechanism of progesterone action in the corpus lu-
teum. It is known that progesterone inhibits the enzyme o
11B3-hydroxysteroid dehydrogenase type 2 (113-HSD2) o
[45]. 11B-HSD2 regulates glucocorticoid access to its re- 5 @
ceptors by converting cortisol to its inactive metabolite cor- £
tisone [46]. It has been reported that the local inactivation =
of endogenous glucocorticoids within the corpus luteum =
(by a marked induction of 113-HSD2 mRNA expression
late in rat pregnancy) plays an important facilitatory rolew
in the process of luteolysis [47]. Therefore it is reasonable &
to speculate that high levels of luteal progesterone may re- o
duce glucocorticoid catabolism by inhibition of 113- HSD2 ¢
activity affecting the luteolytic process. o

In conclusion, our data suggest that the luteolytic effect §
of LH at the end of pregnancy is mediated by a reduction 8
in cholesterol transport to the mitochondrion and a decrease 5 3
in the conversion of pregnenolone to progesterone, without S
effect on P450g. gene expression. These early effects of S,
LH result in a decrease in luteal progesterone that allows &
20a-HSD expression, thus triggering the rapid decline in = 5
serum progesterone observed at the end of pregnancy. o
These experiments provide the first in vivo evidence indi-
cating that a decrease in luteal progesterone content may o
be an essential step toward the induction of 20a-HSD ex- -
pression at the end of pregnancy in rats.
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