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4.10 CONNECTOR

In Papers # 1 and 2, a pregnant whole animal model was used to determine changes

in the abundance of mRNA for luteotropic hormone receptors and a number of

steroidogenic elements during embryonic diapause, CL reaetivation and early post­

implantation gestation. The animais in these experiments were exposed to endogenous

prolaetin levels or had their prolaetin levels suppressed by treatment with the dopamine

agonist bromocryptine. The results of Paper #1 revealed that PRLr and LHr mRNA levels

varied during embryonic diapause, CL reactivation and early post-implantation gestation

and that these levels could be effeeted by the suppression of endogenous prolaetin levels.

The results of Paper #2 revealed that changes in the abundance of P450scc and StAR

mRNA do not appear to be important for the reaetivation of the mink CL since the

suppression of endogenous prolactin levels did not etfect their abundance. Further, the

results revealed that 3fl-HSD mRNA levels did vary during CL reaetivation and early post­

implantation gestation and that the pre-implantation rise in 3fl-HSD mRNA could he

prevented by treatment with bromocryptine.

The principal objective in Paper #3 was to further study the effects of prolactin on

the luteotropic hormone receptors and steroidogenic elements using an anestrous mink

model. In this model anestrous animais were treated with eCG and GnRH to induce

follicular development and ovulation. The animais were then treated 'NÏth prolaetin or left

as untreated controls. This model allowed us to study the effects of prolaetin alone on the

mink ovary~ while eliminating other factors from the pituitary or uterus which may also be

having effects on the mink ovary.
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5.2 ABSTRACT

Follicular development, ovulation and corpus luteum (CL) function were induced in

anestrous mink, five months prior to their normal breeding season. Nulliparous female mink:

were given a 100 lU injection of equine chorionic gonadotropin (eCG) to induce follicular

development (Day 0). Three days later they were given an owlatory dose of gonadotropin

releasing hormone (10 J,lg/anirnal, GnRH) plus anti-eCG antibodies (125 lU) to neutralize

the residuaI etfects of the original eCG injection (Day 3). The mink were then divided into

two treatment groups. The first group received 25 lU of ovine prolactinlday beginning on

Day 5 and continuing for up to 8 days (Day 12). The second group received no further

treatment and acted as a control. The ovaries and a terminal blood sample were collected

from three animais per group on each clay of the experiment. Total ribonucleic acid (RNA)

was purified from whole ovaries and used for Northern and slot blot analysis to determine

the abundance of mRNA for P4S0 side chain cleavage (P4S0scc):- 3~-hydroxysteroid

dehydrogenase (3 (3-HSD), steroidogenic acute regu1atory protein (StAR) and the

luteotropic hormone receptors for prolaetin (pRLr) and luteini.zing hormone (LHr). In

addition, serum progesterone levels were determined by double antibody radioimmunoassay

(RIA). The abundance of mRNA for P450scc did not vary in the non-prolaetin treated

group over the experimental period. However, P450scc levels declined in the prolaetin

treated group by 60-700"fa and were significantly (P<O.OS) lower than the non-prolactin

treated control. The abundance of 3J3-HSD mRNA increased after the eCG injection but

decreased after the ovulatory dose of GnRH. Treatment with prolactin caused a transient 3

fold increase in the abundance of 3J3-HSD mRNA levels over that of the non-treated

prolaetin controls. After two days of prolaetin treatment the abundance of LHr mRNA

increased 3 fold. The prolaetin treated group had significantly (P<O.OS) higher levels of

LHr mRNA than the non-prolaetin treated group. The levels of LHr mRNA did not change

in the control group. Although follicular development, ovulation and changes in corpus

luteum function occurred in response to exogenous hormone treatment, progesterone did

not vary over the course of the experimental period or in response to prolaetin treatment.

In conclusion, it was possible to induce follicular development and ovulation in anestrous

mink using the above protocol. Treatment of these mink with prolaetin increased ovarian

mRNA levels of 3~-HSD and LHr, had no effect on StAR mRNA and reduced the

abundance of P450scc. Although the enzymes necessary for progesterone production were

present in the avaries and presumably the induced CL, prolactin alone was unable to

stimulate progesterone production in these animais.
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5.3 INTRODUCTION

The mink is a semi-domesticated carnivore which retains a strict pattern of

reproductive seasonality. The breeding season begins at the end of February, in the

Northem hemisphere, and continues for most of the month of March (Hansson, 1947;

Enders, 1952~ Pilbeam et al., 1979). It is charaeterized by induced ovulatio~ superfetation

and a period of embryonic diapause also known as delayed implantation (Hansson, 1947~

Enders, 1952, ShackIeford, 1952). One of the unique characteristics of the mink is it can

mate and ovulate more than once during the breeding season (Hansson., 1947~ Enders,

1952). Ovulation occurs 36-48 hours after the mating stimulus (Hansson, 1947, Enders.,

1952). If fertilization occurs, the resulting blastocysts develop ta the 200-400 cell stage,

migrate to the uterus and enter diapause (Mead, 1981). Seven to ten days later the mink

can remate, ovulate again and produce a second set of viable embryos (Hansson, 1947).

During embryonic diapause the CL is inactive and produces little or no progesterone, it is

ooly after the vernal equinox that the CL is reactivated and begins to produce progesterone

(Mo11er, 1973). Several studies have shown that prolactin is the principal luteotropic

hormone in the mink and is responsible for the reactivation of the pre-implantation mink

CL. It is aIso necessary for its maintenance and function after implantation (papke et a/.,

1981~ Martinet et a/.., 1981~ Murphy et a/., 1980, Murphy et a/. , 1981).

In order to further studies on the molecular effeets of prolactin on the mink corpus

luteum., a reliable method for the induction of estrus and ovulation outside of the nonnal

breeding season was needed. Equine chorionic gonadotropin., also known as pregnant mare

serum gonadotropin (PMSG)., has been used as an agent for the stimulation of

folliculogenesis in a number of carnivores including the cat (Goodrowe et a/., 1987;

Donoghue et a/.., 1992), dog (Arnold et a/.., 1989), fox (Douglas et al.., 1993) and mink

(Murphy et al., 1987~ Wehrenberg et a/., 1989~ Stagg et a/., 1992). Equine chorionic

gonadotropin is a glycoprotein hormone that has the aetivity of both follicle-stimulating

hormone (FSH) and luteinizing hormone (LH) in species other than the horse (reviewed by

Murphy and Martinuk., 1991). Relative to other gonadotropins eCG persists in the blood

for relatively long periods, primarily due to the large sialic acid content of glycosylated tail

of the J}-chain subunit (Murphy and Martinuk., 1991~ Martinuk et a/., 1991). The

persistence of eCG provides the benefit of only having to use a single injection of the

hormone, although the long half life may result in the overstimulation and the subsequent

reduction in the ovulatory rates oftreated animais (Monniaux et al., 1984). In other species

the administration of mono- or polyclonal antibodies against eCG have been used to

neutralize the effeets of eCG and irnprove reproductive success (Dhondt et al., 1978~

Zeitoun et al.., 1991, Douglas et al.., 1993).
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The objectives of this study were to 1) develop a protocoI for the induction of

folliculogenesis and owlation in the mink outside of the normal breeding season and to 2)

detennine the effects of exogenous proIactin on the abundance of mRNA for the

steroidogenic enzymes P450scc and 3J3-HSD, the steroidogenic regulatory protein StAR

and cell surface receptors for the hormones LH and PRL.

S.4 MATERIALS AND METROnS

5.4.1 PRELIMINARY EXPERIMENT

AduIt anestrous mink were injected with 100 lU ofeCG (Stimukron: Sanofi, PQ) on

the first day of the experiment. Three days later the same animals received an ovulatory

dose ofGnRH (Faetrel: Ayerst). Eight days after ovulation, the animaIs were sacrificed and

the ovaries collected. The ovaries were placed in ice cold saline and the CL isolated and

counted under a dissecting microscope.

5.4.2 EXPERIMENTAL DESIGN

Adult female mink were maintained on a commercial mink ranch (Morrow

Fourrures; St Paul d'Abbotsford, PQ). They received a standard wet mink ration and water

ad libitum. In November, foIlicular development was induced in anestrous females by

treatment with 100 lU of eCG (Stimukron: Day 0). Three days Iater an ovulatory dose of

10 J.1~animal of GnRH (Faetrel) was given. In addition, 125 ru of anti-eCG antibodies

(Neutra-PMSG: Intervet) were given on Day 3 to neutralize the residual effects of the

original eCG injection. The animais were then divided into 2 groups. The tirst group

received no further treatment and acted as a control. Beginning on Day 5 until Day 12, the

second group of animais were given daily injections of 25 lU ovine prolactin (Sigma, St

Louis, MO). The ovaries and a tenninal blood sample were collected from 3 animais per

group on each day of the experiment. Macroscopic observation of the ovaries confirmed

the presence of ovulation sites and CL on the ovaries. The ovaries were then placed in 4 M

guanidinium isothiocyanate (GITC: GibcolBRL, Burlington, ON) plus 0.12 M 2­

mercaptoethanol (Sigma) and snap frozen in liquid nitrogen and stored at -70 C until RNA

purification.
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5.4.3 NORTIIERN AND SLOT BLOT ANALYSES

Total RNA was purified by cesium chloride (CsCI) gradient ultracentrifugation as

described by Chirgwin et al. (1979). Tissue samples were thawed and homogenized with a

PT 3000 polytron(B~ Rexdale, ON). The bomogenate was then Iayered onto a

5.7 M CsCI (Sigma) gradient and centrifuged at 32,000 rpm (174,000g) using a SW-41

rotor (Beckman, Mississauga, ON), for 20 hours at 22 C. The RNA pellet was dissolved

and precipitated twice in 0.1 volume of 3 M sodium acetate (pH 5.2) and two volumes of

absolute ethanol. After the final washing the pellet was dissolved in diethyl pyrocarbonate

(DEPC: Sigma)-treated distilled water and stored at -70 C. The RNA concentration for

each sample was determined by spectrophotometric measurement at an absorbance of 260

om.

For Northern anaIysis, 15 ~g of total RNA was size fraetionated on a 1% agarose

denaturing formaldehyde gel and stained with ethidium bromide (Sigma; Sambrook et al.,

1989). The RNA was transferred by capillary action ovemight using 20 x SSC (1 x SSC =
ISO mM NaCl, 15 mM trisodium citrate pH 7.0) onto a nylon membrane (Hybond-N:

Amers~ Oakville, ON). The RNA was cross-linked to the membrane using OS gene

linker UV chamber (BioRad, Mississaug~ ON).

Siot blot anaIysis used 6 ~g of total RNA per sample. The total sample volume was

made up to 50 J.l1 with DEPC-treated water. 150 ~ of denaturing solution (98 III deionized

formamide, 32 J.Ù 37% formaldehyde and 20 III of 10 x MOPS (0.2 M 3-(N-morpholino]

propanesulphonic acid, 0.5 M sodium acetate pH 7.0, 0.01 M sodium ethylenediaminetetra

acetic acid (EDTA» was added to the samples and heated at 65 C for 10 minutes. An equal

volume of ice-cold 20 x SCC was added to the samples, which were applied to a nylon

membrane (Hybond-N: Amersham) using a slot blot manifold (BioRad).

The hybridization procedure consisted of rinsing the membranes in 5 x SSPE (1 x

SSPE = 180 mM NaCI, 10 mM sodium phosphate, 1 mM EDTA, pH 7.4) then

prehybridizing for 30 minutes at 60-65 C in hybridizing solution (5 x SSPE, 5 x Denhardt's

solution: 0.5 % sodium dodecyl sulfate (SOS), 10% dextran sulfate). Denatured herring

sperm DNA (Sigma) at a concentration of 10 1lg/m1 was then added to the hybridizing

solution and the prehybridization period continued for a minimum of 3 more hours.

Complementary DNA probes (porcine P450scc: Mulheron el al., 1989; human: 3rl-HSD:

Luu-The et al., 1989~ mouse StAR: Clark et al., 1994; mink PRLr: Douglas et al., 1996b;

mink LHr: Douglas et al., 1996b) were labeled by random primer extension (Boeringer

Mannheim, Laval, PQ) with [32p]-dCTP (Dupont, Mississauga, ON). Once labeled, the

probes were denatured and added to the hybridization solution. The incubation was

continued overnight at 60-65 C. Membranes were washed twîce, 15 minutes per wash,

with 2 x SSPE plus 0.1% SDS at room temperature and twice at 60 C. The membranes
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were sealed in hybridizing bags with a srnall amount of 5 x SSPE and exposed cassettes to

Kodak XAR-S film (Rochester, NY) with intensifying screens. AlI membranes were

rehybridized with a ribosomal 28S probe (Gonzales et al., 1985). Autoradiographie images

were digitized (FotoDyne) and analyzed using Collage software. ResuIts are expressed as a

ratio between the cDNA probe of interest and ribosomal 28S. These arbitrary units were

then expressed as a percentage of a pool of RNA from unstimulated ovaries collected from

anestrous animais, which was present on all the slot blots.

5.4.4 PROGESTERONE ASSAY

Mink serum progesterone concentrations were determined by liquid-phase

radioimmunoassay after extraction in 10 volumes of hexane (BDH, Darmstadt, WG).

Extraction recoveries ranged between 95-98%. An antiserum raised against 4-pregnen­

Ila-o-13 ,20dione hemisuccinate bovine serum albumi~ kindly provided by Dr. A Goff

(Lafrance and Goff: 1985) was used as the fust antibody. Progesterone-lla-glucuronide­

[1251] iodotryramine (Amersh~ Oakville, ON) was used as tracer and goat anti-rabbit IgG

(Prince Laboratories~ Toronto, ON) as second antibody. The sensitivity of the assay was

determined to be 6 pg. The intra- and inter-assay coefficients of variation were 12.2 and

12.3%, respectively.

5.5 RESULTS

Results of the preliminary experiment revealed that the hormone treatment regime

utilized in tbis study resulted in follicular development and ovulation in anestrous mink.

The number of CL isolated from mink avaries treated with eCG and GnRH varied among

and between the two ovaries. The number of CL isolated ranged between 0 and 21, with

the average being 11 CL/ovary.

Since the hormone regime used in the preliminary experiment resulted in follicular

development and ovulation in anestrous mink, it was used in subsequent studies to

determine the etfects of prolactin on the mink ovary. To limit the super stimulatory effects

of eeG , which has a half life in the order of days (Martinuk et al., 1991), on ovarian

function, an anti-eCG antibody was also given.

Initially tbis model was used to study the effects of prolactin on the abundance of

mRNA for a variety of steroidogenic elements, including P4S0scc, 3p-HSD and StAR. The

abundance of mRNA for P450scc did not vary in the non-prolactin treated group over the

experimental period. However, P450scc levels declined in the prolactin treated group by

60-70% and were significantly (P<O.05) lower than the non-prolactin treated control

(Figure 1). The abundance of 3Jl-HSD mRNA increased after the eCG injection but
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decreased after the owlatory dose ofGnRH. Treatment with prolaetin caused a transient 3

fold increase in the abundance of 3f3-HSD mRNA levels over that of the non-prolaetin

treated controls between Days 8 to 10 (Figure 2). There were no ditTerences in the

abundance of mRNA for the cholesterol transport protein StAR over the course of the

experimental period. In addition, there was no difference in the abundance of StAR mRNA

between the prolactin treated and control groups (Figure 3).

The experirnental model was also used to determine the effects of prolaetin on the

luteotropic hormone receptors for LH and prolactin. After two days of prolaetin treatment

the abundance of LHr mRNA increased 3 fold and remained high through out the

experimental perio~ while the level of LHr mRNA did not vary significantly in the control

group. In addition, it was shown that the prolactin treated group had significantly (P<O.OS)

higher levels of LHr mRNA than the non-prolactin treated group (Figure 4). Prolaetin

treatment aIse resulted in an increase in the abundance of PRLr rnRNA levels over that of

the pre-treated controls (Figure 5).

A1though follicular development~ ovulation and changes in corpus luteum funetion

occurred in response to exogenous honnone treatment, serum progesterone levels did not

vary over the course of the experimental period and did not change in response to prolactin

treatment.
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Figure 1.

110

Mean (+ SEM) ofP450scc mRNA abundance in ovarian tissue collected
from anestrous mink treated with 100 ru eCG (Day 1), 10 Ilg GnRH (Day
3) and 125 lU anti-eCG (Day 3). Open squares represent control anïmaJs.
Solid squares represent animais treated with 25 lU ofovine prolaetin
between Days 5 and 12.
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Figure 2.

112

Mean (+ SEM) of3JJ-HSD mRNA abundance in ovarian tissue collected
from anestrous mink treated with 100 lU eCG (Day 1), 10 Jlg GnRH (Day
3) and 125 lU anti-eCG (Day 3). Open squares represent control animals.
Solid squares represent animaIs treated with 2S lU of ovine prolactin
between Days 5 and 12.
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Figure 3.

114

Mean (+ SEM) of StAR mRNA abundance in ovarian tissue coUected from
anestrous mink treated with 100 lU eCG (Day 1), 10 Ilg GnRH (Day 3)
and 125 ru anti-eCG (Day 3). Open squares represent control animais.
Solid squares represent animais treated with 25 lU of ovine prolaetin
between Days 5 and 12.
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Figure 4. Mean (+ SEM) ofLHr mRNA abundance in ovarian tissue collected from
anestrous mink treated with 100 lU eCG (Day 1), 10 J.1g GnRH (Day 3)
and 125 lU anti-eCG (Day 3). Open squares represent control animaIs.
Solid squares represent animaIs treated with 25 lU of ovine prolactin
between days 5 and 12.
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Figure 5.
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Mean (+ SEM) ofPRLr mRN.~ abundance in ovarian tissue coUected from
anestrous mink treated with 100 lU eCG (day 1), 10 J,lg GnRH (day 3),
125 ru anti-eCG (day 3) and 25 ru ofovine prolaetin beginning on Day 5.
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S.6 DISCUSSION

The results of the current experiment revealed that follicular development and

ovulation could he induced in anestrous mink by treatment with exogenous gonadotropins.

Normally during the anestrous period, foUides in the mink do not develop beyond the 0.5

mm size range (Enders, 1952), which is half of the normal preovulatory follicle size

(Douglas el al., 1994). Development of follicles beyond 0.5 mm appears to be critical for

the development of preovulatory follicles, since linle atresia occurs in foUicies larger than

tbis size and the ability of follicles to respond to the mating stimulus occurs around tbis

stage (Douglas et al., 1994). Previous studies in the mink have used eCG to stimulate

follicular development in animais which have refused to mate during the normal breeding

season (Murphy et aJ., 1987~ Wehrenberg et al., 1989)~ however, in this report it was used

to develop a modeJ for studying the luteotropic effects of prolaeti~ without other

complicating factors from the uterus and pituitary. Response to eCG treatment in the

current experiment varied greatly between and within animais, with sorne animais owlating

up to 21 follicles, while others failed to respond at ail. This variability in the response of

animais to eCG treatrnent also has been reported for a number of other species.

Using the gonadotropin treated anestrous mink mode!., the effects of prolaetin on

various elements of the progesterone biosynthetic pathway were studied. The first element

studied was cytochrome P450scc, the enzyme which, along with its electron donors

adrenodoxin and adrenodoxin reductase, is responsible for the 20-hydroxylatio~ 22­

hydroxylation and cleavage of the C20-C22 bond of cholesterol to produce pregnenolone.,

the principal substrate for ail steroidogenesis (reviewed by Miller, 1987~ Miller, 1988). The

results of the current experiment revealed that prolactin treatment reduced the abundance of

mRNA for tbis enzyme by 60-70% below the non-prolactin treated control. This result is

incongruent to a previous report from our laboratory in which it was found that P450scc

rnRNA levels did not vary significantly during embryonic diapause., CL reaetivation and

early post-implantation gestation, which is a period of time during which serum prolaetin

levels rise dramatically in the mink (Douglas et al., 1996a). In addition., treatrnent of

pregnant mink with bromocryptine, a dopamine agonist which suppresses endogenous levels

of prolacti~ had no effect on P450scc mRNA levels (Douglas et al., 1996a). These

differences may retlect the presence of other luteotropic elements during gestation which

are not present in the ovaries of animais stirnulated to owlate outside the normal breeding

season. The results presented here do, however., support the finding that P450scc mRNA

levels fall during late post-implantation gestation which is a time associated with the

continuing rise in serum prolaetin levels in the mink (Douglas el al., 1996a).
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The second steroidogenic element studied was 3JJ-HSD, which is the enzyme

responsible for the oxidation and isomerization of ,â5-3~-hydroxysteroidpregnenolone into

the ,â4-3-ketosteroid progesterone (Luu-The et al., 1989~ Lorence et a/., 1990). Prolaetin

treatment of gonadotropin induced anestrous mi~ resulted in a transient 3 fold increase in

the abundance of 3J}-HSD mRNA. This finding is consistent with a previous report from

our laboratory in which it was found that 3p-HSD mRNA levels increased during CL

reaetivation and early post-implantation gestation in association with increasing levels of

serum prolactin levels (Douglas et al, 1996a). In addition, treatment of pregnant animals

with bromocryptine., which prevents the pre-implantation rise in prolaetin, also prevented

the pre-implantation rise in 3p-HSD mRNA.

The final element in the progesterone biosynthetic pathway, which was examined in

this study was the cholesterol transport protein StAR. StAR is believed to be the protein

responsible for the mobilization of cholesterol from lipid stores., across the mitochondrial

membrane to the site ofthe P450scc enzyme (reviewed by Wate~ 1995). The results of

the current experiment revealed that the abundance of StAR mRNA did not differ between

the prolaetin treated and untreated groups over the course to the experimental period. This

is consistent with observations from previous reports in which it was found that StAR

mRNA levels did not vary over the course of mink gestation and that treatment of pregnant

mink with bromocryptine had no effect on the abundance of StAR mRNA (Douglas et al,

1996a).

In addition to studying the effects of prolactin on elements of the progesterone

biosynthetic pathway, its effects on luteotropic hormone receptors were also examined.

Prolactin exerts its biological effects by binding to a cell surface receptor and aetivating a

number of intra-cellular signal transduction systems (Campbell et al., 1994~ Clevenger and

Medaglia., 1994; Clevenger et a/., 1994; Rui et a/., 1994; Sidis and Horsem~ 1994;

Bellanga et al., 1995). Previous reports have indicated that prolactin May be important for

the regulation of its own receptor in the mink, since serum prolaetin, PRLr mRNA and

receptor binding were closely correlated in the mink (Douglas et a/., 1996b). In addition., it

was found that treatment of pregnant mink with bromocryptine prevented the pre­

implantation rise in PRLr mRNA levels seen in the untreated controls. Results of the

current experirnent support the hypothesis that prolactin regulates its own receptor, since

treatment of anestrous animaIs in which follicular development and ovulation were induced

resulted in a 5 fold increase in the abundance of PRLr rnRNA over the pre-treated control.

The ability of prolaetin to regulate its own receptor bas previously been demonstrated in a

number of other species and tissues, including the rat lung (Amit et al, 1985), liver (Amit et

al., 1985~ Manni et a/., 1978~ Barash et al., 1988), and kidney (Barash et al., 1986) as weIl
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as in the liver of the SneU-dwarf mouse (Knazek et al.., 1977) and the testes of the golden

hamster (Klemcke el a/., 1984~ Klemcke el al.. 1986).

The effects of prolactin on mink LHr mRNA levels were also examined in the

eurrent experiment. The results revealed that prolaetin treatment of animais in which

follieular development and ovulation were induced with exogenous hormones., resulted in a

3-5 fold increase in the abundance of LHr mRNA over non-treated controls. The ability of

prolactin and placentallactogens to regulate LHr binding sites (Œbori and Richards, 1978~

Jammes et al., 1985) and LHr mRNA (Gafvels et al, 1992~ Bjurulf et al., 1994) bas been

reported in the CL of a number of species, including the mink (Douglas et al., 1996b).

Previously we have reported that there is a transient inCfease in the abundance of LHr

mRNA in the mink during the time associated with CL reaetivation and increasing serum

prolaetin levels. This transient peak eould be abolished and LHr mRNA levels reduced by

treatment of pregnant mink with bromocryptine (Douglas et a/., 1996b). The significance

of the finding that prolactin stimulates an increase in the abundance of LHr mRNA in the

mink is unclear, since the role of LH in the reactivation, maintenance and funetion of the

mink CL bas not been clearly defined. For example, there are severa! reports in the

literature which suggest that although LH may be required for the maintenance of the mink

CL post-implantation (Murphy et al., 1993), it is not required for the reactivation of the

mink CL (Murphy et af., 1980~ Murphy et al., 1981~ Murphy et a/.., 1993). However,

changes in the abundance of LHr mRNA during CL reactivation (Douglas et al., 1996b)

suggest that LH may indeed play a role in the tennination of embryonic diapause in the

mink.

In conclusion, it is important to note that although foUicular development and

owlation were induced in the current experiment, the resulting CL failed to produce

significant levels of progesterone. In addition, treatment with prolaetin which induced

changes in the progesterone biosYnthetic elements and luteotropic hormone receptors

consistent with normal CL function in the mink, also failed to stimulate signifieant

progesterone production. This result suggests that another factor or factors in addition to

prolactin may he required for normal CL function in the mink.
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5.10 CONNEcrOR

Previously in Papers # l, 2 and 3 the effects of prolactin on luteotropic hormone

receptors and steroidogenic elements were reported. These experiments used whole animal

model systems. Changes in the abundance of mRNA for the various receptors and

steroidogenic elements were determined by Northem or slot blot analysis of total RNA

isolated from whole ovaries. To determine if the differences seen in these experiments were

due to changes in the abundance ofmRNA in the CL and not sorne other component of the

ovary, an in vitro luteal cell culture system was developed.
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6.2 ABSTRACT

Prolactin is the principalluteotropic hormone in the mink and is essential for corpus luteum

reactivatio~ maintenance and funetion. The mechanism by which it exerts its effects are

unclear. The objective of this study was to monitor the effects of prolactin on the

abundance of P450 side chain cleavage (P450scc), 3JJ-hydroxysteroid dehydrogenase (3f}­

HSD), steroidogenic acute regulatory protein (StAR) and luteotropic hormone receptor

mRNA in primary cultures of mink luteal cells and a mink ovarian tumor cell line. For

primary ceU cultures, corpora lutea were colleeted from mink during the delay phase (March

20), CL reaetivation (March 27) and the peri-implantation period of mink gestation (April

5). The luteal cells were dispersed byenzymatic digestion and placed in culture. The tumor

cell line was obtained by the enzymatic dispersion of an ovarian tumor collected from a

pregnant mink during embryonic diapause. In both cases, 48 hours after plating, the

medium was changed and the ceUs were incubated for a further 12 hours WÎth increasing

doses of ovine prolaetin (0, 20, 200 ng/ml). At the end of the incubation period, medium

was collected to determine progesterone levels and the cells were collected from the delay

period and the turnor cell line for RNA purification and slot blot analysis. Under the

conditions employed in this experiment, prolactin did not stimulate progesterone production

in the delay, reactivated or peri-implantation luteal cell cultures. In additio~ prolaetin had

no significant effeet on the abundance of either P450scc or PRLr rnRNA. Prolactin at 200

ng/ml stimulated a significant (P>O.05) increase in the abundance of 3p-HSD (2.5 fold) and

LHr rnRNA (2.5 fold). It also caused a 35-400,/c) decrease in the abundance of StAR

mRNA. Progesterone levels from the media of the tumor cell line were below the

sensitivity of the assay and treatment with prolactin had no significant effect. Low levels of

P450scc, 3f3-HSD and StAR rnRNA were detected however, prolaetin treatment had no

effect on their abundance. Messenger RNA for PRLr and LHr were also detected in the

ovarian cell line and prolactin treatment stimulated a significant (P>O.OS) increase in the

abundance of both PRLr and LHr mRNA. The results of the current experiments suggest

that the mechanism by which prolactin induces the reactivation of the mink CL and

stimulates progesterone production is not through a direct effect on steroidogenesis, since

prolactin alone was unable to stimulate progesterone production, nor to alter the abundance

of mRNA for the rate limiting steroidogenic enzyme P450scc and had a negative effect on

the mitochondrial cholesterol transport protein StAR. The current experiment does not rule

out the possibility that prolactin may work synergistically with other factors such as LH,

and/or FSH, to stimulate progesterone production. This hypothesis is supported by the faet

that prolaetin treatment increased LHr mRNA abundance.
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6.3 INTRODUcnON

Gestation in the min.k is charaeterized by an obligate period of embryonic diapause

(Hansson., 1947~ Enders, 1952), during which time the mink corpus luteum secretes only

low levels of progesterone (Moller, 1973). It is only after the vernal equinox on March 21

that the mink CL is reactivated and begins to produce progesterone (Allais and Martinet~

1978~ Pilbeam et al.~ 1979). The min.k, as with a number of other mustelids including the

ferret (Murphy, 1979) and the spotted skunk (Mead~ 1975), requires an intact hypophysis

for normal luteal function (Murphy and Moger, 1977~ Murphy et aJ.~ 1980). The pituitary

is necessary not only for luteal reactivation and implantation (Murphy and Moger, 1977) but

is also required for luteal maintenance after implantation (Murphy el a1., 1980). A number

of studies have determined that the pituitary hormone~ prolaetin, is the principal luteotropin

in the min.k and is essential for the reactivation of the CL, termination of embryonic

diapause and normal CL funetion post-implantation (Papke et aJ.~ 1980~ Martinet et al.,

1981 ~ Murphy et al., 1981). The mechanisms by which prolactin exerts its luteotropic

effects remain unknown.

The steroidogenic pathway by which progesterone is synthesized in mammals has

been weil documented. The principal enzymes involved in luteal progesterone production

are cytochrome P450scc and 3IJ-HSD (reviewed by Miller, 1988~ Hinshelwood et al.,

1993). Cytochrome P450scc, along with its electron donors adrenodoxin and adrenodoxin

reductase are responsible for the 20-hydroxylation~ 22-hydroxylation and cleavage of the

C20-C22 bond of cholesterol to produce pregnenolone and isocaproic acid. Subsequently

the oxidation and isomeration of the AS-3J}-hydroxysteroid pregnenolone into the ~4_3_

ketosteroid progesterone is carried out by 3J}-HSD (reviewed by Miller, 1988~ Hinshelwood

et a/., 1993).

The quantity of progesterone synthesized by the CL or ovary is dePendent not ooly

on the aetivities of specific steroidogenic enzymes~ but also upon the provision of substrate

for de nova cholesterol synthesis, cholesterol ester stores and low density lipoproteins

(LDL~ reviewed by Murphy and Silavin, 1989; Gore-Langton and Armstrong, 1988).

Mobilization of cholesterol from lipid stores to the vicinity of P4S0scc enzyme on the inner

mitochondrial membrane is essential in ligand reguJated steroid biosynthesis (Waterman,

1995). The mitochondrial protein StAR., which bas recently been purified and cloned by

Clark et al. (1994), has been proposed to he an important cholesterol transport protein.

The nucleic acid and deduced amino acid sequences for the genes encoding

P450scc, 3J3-HSD and StAR have been detennined for a number of different species

(p450scc~ bovine: Morohashi et al., 1984~ human: Chung et al., 1986~ rat: Oonk et al.,

1989; porcine: Mulheron et al., 1989), (3J3-HSD~ human placenta: Luu-The et al.~ 1989;
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bovine: Zhao et al., 1989~ rat: Zhao el af., 1990 and 1991~ macaque: Simard et al., 1991~

mouse: Bain et al., 1991), (StAR.; mouse: Clark et al., 1994~ human: Sugawara et al.,

1995). Thus, heterologous probes are available for the determination of the abundance of

mRNA for these genes in different tissues under various experimental conditions in mînk. In

additio~ our laboratory has developed homologous probes for the mink prolaetin and LH

receptors (Douglas et al., 1996b). The objectives of this study were 1). to determine if

prolactin bas a direct effect on progesterone biosynthesis by monitoring changes in the

response of mink luteal cells in culture to increasing doses of prolactin and 2). to determine

the suitability of the mink ovarian tumor cell line as a model for studying the luteotropic

effects ofprolaetin on the mink ovary.

6.4 MATERIALS AND METHODS

6.4.1 PRTh.fARY LUTEAL CELL CULTURE

Adult female mink were maintained on a commercial mink ranch (Morrow

Fourrures, St Paul d'Abbotsford, PQ). They received a standard wet mink ration and water

ad libidum. Beginning on March 3, female mink were exposed to males every two days

until mated. Seven to nine days later the females were remated to different males.

Successful matings were determined by the presence of motile sperm in vaginal smears.

In order to determine the effects of prolaetin on mink luteal cell cultures, ovaries

from pregnant mink were collected during embryonic diapause (March 22), CL reaetivation

(March 27) or during the peri-implantation period (April 2). The ovaries were washed

twice in ice cold phosphate buffered saline (pBS), placed in Minimal EssentiaI Medium

(MEM: GibcoIBRL, Burlingto~ ON) and kept on ice. Corpora lutea were disseeted free of

interstitial tissue, pooled, weighed and minced. The cells were dispersed by enzymatic

digestion with coUagenase Type II (Sigma, St Louis, MO) at a concentration of 32 mglg of

tissue then washed three times in MEM and resuspended in Opti-rvlEM reduced serum

medium (Gibco/BRL) containing 5% heat inactivated fetaI calf serum (FCS: Gibco/BRL),

2.5 mVI Fungizone (GibcoIBRL) and 5.0 ml/l penicillin-streptomycin (GibcoIBRL). The

cells were plated at a concentration of 1 x 105 cells pee mI, in Falcon 6 weIl culture plates (5

ml/weil, Becton Dickinson, Lincoln Par~ NI) and incubated in 95% humidified air with 5%

CO2 at 37 C. After 48 hours the medium was changed and the cells were treated with 0,

20, 200 ng/ml ovine prolactin (Sigma). In additio~ all cultured cells received 2S JlglmJ 25­

hydroxycholesterol (Sigma) so that they would not be substrate limited. The cultures were

terminated after 12 further hours of incubation. An aliquot of medium was colleeted to

detennine progesterone concentrations and the remaining medium was discarded. The cells

were lysed in 4 M guanidium isothiocyanate (GITC: Gibco/BRL) plus 0.12 M 2



•

1

134

mercaptoethanol (Sigma), collected and stored at -70 C untiJ RNA extraction. The cells

from two wells were collected at the end of the incubation period to determine total cell

protein concentrations (Lowry et al., 1951).

6.4.2 DVARIAN CELL LINE CULTURE

An ovarian turnor was removed from a two year oid pregnant female mink in the

deJay phase of gestation. The tumor was minced and the ceUs were dispersed by enzymatic

digestion as outlined above. The ceUs were passaged severa! times in Opti-MEM plus 5%

FCS before being used for experimental purposes. Experimental culture conditions were

identical to those of the primary cell cultures, except that in addition to prolactin treatment,

the ovarian cell line was also treated with increasing concentrations (0, 30, 300 J,J.M) of

dibutyryl adenosine 3', 5'-monophosphate (BuhcAMP: Sigma). At the end of the

experiment the medium was collected from each weil to determine progesterone levels and

the cens were coUected for RNA purification and siot blot anaIysis.

6.4.3 SLOT BLOT ANALYSIS

Tissue samples were homogenized with a PT 3000 polytron (Brinkmann. Rexdale,

ON). Totalluteal and ovarian cellline RNA was extracted by CsCI (GibcoIBRL) gradient

ultracentrifugation as described by Chirgwin et al. (1979). The homogenate was Iayered

onto a 5.7 M CsCI (GibcoIBRL) gradient and centrifuged at 32,000 rpm (174,000 g) using

a SW-41 rotor (Beckman, Mississauga, ON) for 20 hours at 22 C. The RNA pellet was

dissolved and precipitated twice in O. 1 volume of 3 M sodium acetate (pH 5.2) and two

volumes of absolute ethanol. After the final washing the Pe"et was dissolved in diethyl

pyrocarbonate (DEPC: Sigma)-treated distilled water and stored at -70 C. The RNA

concentration for each sample was determined by spectrophotometric measurement at an

absorbance of 260 om.

Slot blot analysis was utilized to determine changes in the abundance of mRNA in

the current experirnent. Previous studies in our laboratory demonstrated the presence of

single rnRNA transcripts for both P450scc and 3JJ-HSD (Douglas et al., 1996a), and

multiple transcripts for StAR (Douglas et al., 1996a), PRLr and LHr (Douglas el al.,

1996b). No indication of differentiai expression of rnRNA transcripts was detected in these

previous experiments. For slot blot analysis, 6 ~g of total RNA in 50 J,1l of DEPC-treated

water was heated to 65 C for 10 minutes with ISO J.Ù of denaturing solution (98 III de

ionized fonnamide, 32 III 37% formaIdehyde and 20 J.Ù of 10 x MOPS (0.2 M 3-(N­

morphoIino] propanesulphonic acid, 0.5 M sodium acetate pH 7.0, 0.01 M sodium EDTA».

An equaI volume ofice-cold 20 x sec (1 x SSC = ISO mM NaCl, IS mM trisodium citrate,

pH 7.0) was added to the samples, which were applied to a nylon membrane (Hybond-N:
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Amersham, OakviIle, ON) using a slot blot manifold (BioRad~ Mississaug~ ON). The RNA

was cross-linked to the membrane using GS gene linker UV chamber (BioRad).

Prior to hybridization the membranes were rinsed in 5 x SSPE (1 x SSPE = 180 mM

NaCl, 10 mM sodium phosphate, 1 mM EDTA, pH 7.4) then prehybridizied for 30 minutes

at 60-65 C in hybridizing solution (5 x SSPE, 5 x Denhardt's solution: 0.5 °tlo sodium

dodecyl sulfate (SOS), 10% dextran sulfate). Oenatured herring sperm ONA (Sigma) at a

concentration of 10 J.1g1ml was then added to the hybridizing solution and the pre­

hybridization period continued for 3 hours. Homologous ( PRLr: Douglas et al., 1996b~

LHr: Douglas et al, 1996b) and heterologous cDNA probes (porcine P450scc: Mulheron et

al., 1989~ human 3p-HSD: Luu-The et al., 1989~ mouse StAR: Clark et al., 1994) were

labeled by random primer extension (Boehringer Mannheim, LavaL PQ> with [32p]-dCTP

(Dupont, Mississaug~ ON). Once labeled~ probes were denatured and added to the

hybridizing solution. The incubation was continued ovemight at 60-65 C. Membranes

were washed twice, 15 minutes per was~ with 2 x SSPE plus 0.10/0 SDS at room

temperature and twice at 60 C. The membranes were sealed in hybridizing bags with a

smaIl amount of 5 x SSPE and exposed to Kodak XAR-S film (Rochester, NY) in cassettes

with intensifying screens. AIl membranes were rehybridized with a human ribosomal 28S

probe (Gonzales et al, 1985). Autoradiographie images were digitized and anaIyzed using

Collage software. Results are expressed as a ratio between the mRNA of interest and

ribosomal 28S. This ratio was then normalized to l, using untreated cultured cells as a

control. The results were then expressed as a percent of the nontreated control.

6.4.4 PROGESTERONE ASSAY

Progesterone concentrations in the medium were detennined by liquid-phase

radioimmunoassay (RIA). An antiserum raised against 4-pregnen-Ila-o-13,20dion

hemisuccinate bovine serum alb~ kindly provided by Dr. A Goff (Lafrance and Goa:
1985) was used as the fust antibody. Progesterone-Ila-gIucuronide-[I25I] iodotryamine

(Amersham, Oakville, ON) was used as radioactive tracer and goat anti-rabbit IgG (prince

Laboratories, Toronto, ON) as the precipitating second antibody. The sensitivity of the

assay was determined to be 6 pg. The intra- and inter-assay coefficients of variation "vere

12.2 and 12.3%~ respectively.



•

•

1

136

6.4.5 STATISnCAL ANALYSIS

Mean + SEM values were calcuIated for each of the parameters measured. One way

analysis of variance was used to deterrnine significant differences between the treatment

groups. In the presence of significant F values, individual differences were determined

using Student's t test. A value ofP<O.05 was considered significantly different.

6.5 RESULTS

6.5.1 PRIMARY LUTEAL CELL CULTURE

Treatment of cultured mink luteal ceUs collected during embryonic diapause, CL

reaetivation or the peri-implantation period with increasing levels of ovine prolaetin had no

effect on progesterone concentrations in cell medium (Figure 1). These ceUs were however,

responsive io hormone stimulation since treatmeot with (BuhcAMP increased progesterone

levels 2.5 fold (data not shown). Treatment of cuItured mink luteal cells with 20 or 200

ng/m1 of ovine prolactin for 12 hours had 00 effect on the abundance of P450scc mRNA

(Figure 2) but significantly (P<O.05) altered the abuodance ofboth 3f3-HSD (Figure 3) and

StAR (Figure 4) mRNA. The abundance of 3fl-HSO mRNA increased over nontreated

controls in a dose dependent manner, with a 2 fold increase at 20 og/m1 and a 2.5 fold

increase at 200 ng/ml (Figure 3). Prolactin significantly (P<O.05) decreased the abundance

of StAR rnRNA by 35-40010 (Figure 4) at both treatment levels. In addition, prolactin

treatment stimulated a dose dependent increase in the abundance of LHr mRNA (Figure 5)

but had no effect 00 the abundance ofrnRNA for its own receptor (Figure 6).

6.5.2 OVARIAN CELL LINE CULTURE

Dispersion and cuhure (5 passages) of the ovarian tumor resulted in the survival of 2

morphologically distinct œil types. The first was epitheloid in shape (Figure 7a), while the

second appeared more fibroblastic (Figure 7b). For the purposes of these preliminary

experiments the two ceU types were not separated. Progesterone levels in the media

collected from the culture of the ovarian ceU line were below the sensitivity (6 pglml) of the

assay employed here. Treatment of the cells with increasing concentrations of prolactin or

(Bu)2cAl\-fP did not result in the production of detectable amounts of progesterone. The

abundance of mRNA for the steroidogenic enzymes P450scc and 3JJ-HSn and the

cholesterol transport protein StAR were very low in the ovarian ceU line and prolaetin or

(BU)2cAMP treatment had no eirect on their abundance. Messenger RNA for prolaetin and

LH receptor were found in the ovarian cellline and both responded to prolaetin treatment.

Treatment of the ovarian eell line with 20 and 200 ng/m1 of ovine prolactin resulted in a 2

fold increase in the abundance of prolactin receptor rnRNA (Figure 8a). In addition,
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treatment of the cell line with 200 ng/ml of prolaetin resulted in a 2 fold increase in LHr

mRNA (Figure Sb).
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Figure 1.
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(a). Progesterone concentrations (mean + SEM) in media from mink luteal
cell cultures collected during embryonic diapause (March 22) and treated
with increasing concentrations ofovine prolaetin. Values are expressed as
a percentage of the untreated control. Progesterone concentrations were
determined by double antibody RIA. (b). Progesterone concentration
(mean + SEM) in media from mink luteal ceUs collected during CL
reactivatioD. (c). Progesterone concentration (mean + SEM) in media
from mink Iuteal ceUs coUected during the peri-implantation period.
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Figure 2.

1-W

(a). Abundance ofP450scc mRNA (mean + SEM) in mink luteal ceUs
coUected during embryonic diapause and treated with increasing
concentrations of ovine prolaetin. Values are expressed as a percentage of
the untreated control. (b). Autoradiograph of slot blot labeled with
P450scc. (c). Same autoradiograph re-labeled with human ribosomal28S.
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Figure 3.

1.J2

(a). Abundance of3f3-H8D mRNA (mean + SEM) in mink luteal cells
collected during embryonic cliapause and treated with increasing
concentrations ofovine prolactin. Values are expressed as a percentage of
the untreated control. (b). Autoradiograph ofsIot blot labeled with
3J3-HSD. (c). Same autoradiograph re-Iabeled with human ribosomaI 288.
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Figure 4.

144

(a). Abundance of StAR rnRNA (mean + SEM) in mink luteal cells
collected during embryonic diapause and treated with increasing
concentrations ofovine prolaetin. Values are expressed as a percentage of
the untreated control. (b). Autoradiograph of slot blot labeled with
StAR. (c). Same autoradiograph re-Iabeled with human ribosomal28S.



.-
l

A. 120

100

80
<{-J
zO
c::a::
E~ 60
0::0
<{U

ûi~ 40

20

0
a 20 200

PRL (ng/ml)

B.

•
~
."t•

StAR

c.
1 . dll

• 1

28S



•

1

Figure S.
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(a). Abundance ofLHe mRNA (mean + SEM) in mink luteal cens
coDected during embryonic diapause and treated with increasing
concentrations ofovine prolaetin. VaJues are expressed as a percentage of
the untreated control. (b). Autoradiograph ofslot blot labeled with
LHr. (c). Same autoradiograph re-labeIed with human ribosomal 28S.
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Figure 6.
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(a). Abundance ofPRLr mRNA (mean + SEM) in mink luteal cells
collected during embryonic diapause and treated with increasing
concentrations of ovine prolactin. Values are expressed as a percentage of
the untreated control. (b). Autoradiograph ofslot blot Iabeled with
PRLr. (c). Same autoradiograph re-Iabeled with human ribosomal28S.
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Figure 7. (a). Photomicrograph (x 100) of the epitheloid cell type from the mink

ovarian tumor isolated from a pregnant mink in the delay phase of
gestation. (h). Photomicrograph (x 100) ofthe fibroblastic cell type from
the mink ovarian tumor.
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Figure 8. (a). Abundance ofPRLr and (b). LHr mRNA (mean + SEM) in the mink
ovarian tumor ceU line treated with increasing concentrations ofovine
prolaetin. Values are expressed as a percentage of the untreated control.
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6.6 DISCUSSION

Prolaetin is the principal luteotropic hormone in the mink and is required not ooly

for the reaetivation of the delay CL but also for its maintenance and funetion post­

implantation (papke et a/., 1980~ Martinet et al., 1981 ~ Murphy et al., 1981). The role of

prolaetin in maintaining CL funetion in other species bas been attributed to indirect effects

through the induction and maintenance of LH receptors (Gafvelds et al., 1992~ Bjurulf et

al., 1994), the inhibition of progesterone degradation (Eckstein and N"trnrod, 1979~ Jones et

af., 1983; Albarracin et al., 1994) or through direct effects via a luteotropic influence on the

steroidogenic pathway (reviewed by Murphy and Rajkumar, (985). The mechanism(s) by

which prolaetin exerts its effects in the mink are unclear. The current experiment was

undertaken to determine the effects of prolaetin on both the progesterone biosynthetic

pathway and the abundance ofLHr mRNA in mink luteal cells.

Results of the current experiment revealed that prolaetin alone was unable to

stimulate progesterone production in cultured mink luteal cells collected at different times

during gestation. This is in agreement with an earlier report by Stoufflet et al. (1989) in

which ovine prolactin (500 ng/ml) had no effeet on progesterone production in cultured

mink luteal cells after 2 hours of incubation, regardless of the stage of pregnancy trom

which they were coUected. The ferret, a closely related species to the mink, which is a1so

dependent on prolactin for luteal functio~ also showed no effeet of prolactin on

progesterone production by cultured luteal cells during the peri-implantation stage of

gestation (McKibbin et al., 1984). However, the results of the current experiment are in

contrast to a study by Murphy et al. (1993) in which they reported a small «11%) but

significant increase in progesterone production by mink luteal cells in response to as little as

1 ng/ml of ovine prolact~ although the response was not dose dependent (1 to 1000

ng/ml).

Cytochrome P450scc is the mitochondrial enzyme which together with adrenodoxin

and adrenodoxin reduetase (Hanukoglu and Hanukoglu, 1986) is responsible for the

conversion of cholesterol to pregnenolone, which is a rate limiting step in progesterone

biosynthesis (reviewed by Miller, 1988~ Hinshelwood et al., 1993). Results from the

current experiment revealed that prolactin has no effeet on the abundance of P450scc

mRNA in cultured mink luteal cells collected during embryonic diapause. This contrasts

with a study by Oonk et al. (1990) in which it was reported that luteinized, but not

preovuIatory, rat granulosa cells respond to prolaetin both in vivo and in vitro by increases

in P450scc mRNA. However, the resuIts of the present study are in agreement with

previous investigations in our laboratory which revealed that the abundance of P450scc

mRNA was not influenced by endogenous prolaetin leveIs in vivo. In that study, P450scc
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mRNA levels did not vary significantIy over the course of mink gestation and were not

affected by treatment which suppressed endogenous prolactin levels (Douglas et al.,

1996a). In addition, exogenous prolactin had an inhibitory effect on the abundance of

P450scc mRNA of mink in which follicu1ar development, ovulation and CL function had

been induced in anestrous animais (Douglas et al., 1996c). Although prolactin had a

negative effect on the abundance of P4S0scc mRNA in the present experiments, these

findings do not mIe out the possibility that prolactin may exert effeets on P450scc at either

the protein or enzyme activity level. Goldring et al. (1987) found that, although the LH

surge in the rat caused a rapid increase in P450scc mRNA abundance, the protein content

for this enzyme remained largely unchanged unless animaIs were also treated with prolactin.

In the current experiment, prolactin clearly increased the abundance of 3p-HSD

mRNA, the enzyme responsible for the oxidation and isomerization of pregnenolone to

progesterone (reviewed by Miller, 1988; Hinshelwood et al., 1993). This result is

consistent with previous experiments in our laboratory. An experirnent conducted in vivo

showed that ovarian 3J3-HSD mRNA Ievels increased during the pre-implantation stage of

mink gestation (Douglas et al., 1996a). This increase could be abolished by treatment of

animaIs with bromocryptine, which suppresses endogenous prolaetin levels (Douglas et al,

1996a). In addition, prolactin treatment of mink bearing CL resulted in a transient 6 fold

increase in 3~-HSD mRNA levels (Douglas et al., 1996d). These three lines of evidence

indicate that prolactin can stimulate increases in the abundance of 3JJ-HSD mRNA.

Although, 3J3-HSD is not a rate limiting step in the biosynthesis of steroids, the elevation in

this enzyme may retlect changes in the direction of steroidogenesis from the ~5 to the &4

pathway with the resultant production of progesterone. This finding is consistent with the

so called permissive effect of prolactin on progesterone production i. e. prolactin does not

directly stimulate progesterone rather it maintains the biosynthetic machinery which allows

other factors to induce progesterone production.

StAR is an acutely regulated mitochondrial protein involved in the transport of

cholesterol across the mitochondrial membrane to the site of P450scc enzyme activity

(Clark et af., 1994; Lin et af., 1995). Treatment of cuJtured mink luteaJ cells with either 20

or 200 ng/ml of ovine prolactin decreased the abundance of StAR mRNA. This is in

contrast to previous studies in vivo. in which alterations of endogenous prolaetin levels had

no effect on the abondance ofStAR rnRNA (Douglas et al., 1996a and 1996d). Analysis of

serum progesterone and prolaetin profiles in this species have demonstrated that during late

gestation the progesterone levels decline while prolactin levels continue to increase

(Martinet et al., 1982). In addition, long term treatment of intact mink with prolaetin bas

been shawn to reduce circulating progesterone levels (Murphy et al., 1990). The present
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study suggests that prolaetin down regulation of StAR mRNA may he a factor in the

prolactin induced reduction ofprogesterone in late pregnancy in tbis species.

Douglas et al. (1996b) reported that changes in serum prolaetin levels, PRLr mRNA

and PRLr binding were temporally correlated in the mink ovary throughout gestation.

Therefore, it was suggested that prolaetin may regulate its own receptor, especially since

increases in PRLr mRNA associated with CL reaetivation and implantation could be

abolished by treatment with the dopamine agonist bromocryptine. Studies in other species

including the rat Iiver (posner et a/., 1975~ Barash et al., 1988) have shown that prolaetin

induces its own receptor. In the current experiment, prolactin aIone had no etfect on the

abundance of PRLr mRNA in cultured mink luteal cells. However, this may reflect the

short duration oftreatment or the requirement ofother factors present in the intact ovary.

Prolactin stimulated increases in the abundance of LHr mRNA in the corrent

experiment. Previous experiments have shown that there was a transient increase in LHr

mRNA associated with the time of CL reactivation and that treatment of animais with

bromocryptine could prevent this peak (Douglas et al., 1996b). In addition, treatment of

animais in vivo with bromocryptine caused a reduction in the abundance of LHr mRNA

below pre-treated controls (Douglas et al., 1996d). It has aIso been shown that LH cao

stimuJate a dose dependent increase in progesterone production in mink luteal cells in vitro

(Murphy et al., 1993~ Douglas et al., 1996c). Therefore, it is possible that a further effect

of prolaetin on progesterone bioSYnthesis in the mink May be to increase the sensitivity of

the CL to circulating levels of LH by increasing the number of ifS receptors. A similar

function for prolaetin has been described in a number of species (Œbori and Richards, 1978~

Gafvelds et al., 1992~ Bjurulfet al., 1994~ Yuan et al., 1995).

The mink ovarian tumor cell line isolated in this experiment was investigated as a

possible model for studying the etfects of prolaetin on the mink ovary. The results of the

current experirnent revealed that under the cuhure conditions employed here the turnor cell

line did not produce deteetable amounts of progesterone. Neither treatment with prolaetin

nor cAMP, which has been shown to stimulate a 2.5 fold increase in progesterone levels in
cultured mink luteal cells (Douglas et al., 1996c), had any effect on progesterone

production in these cells. The low level of progesterone produced by these cells is probably

due to the low abundance of mRNA for the steroidogenic elements P450scc and StAR

since both of these elements are important rate limiting steps in progesterone biosynthesis.

In addition, these cells had an altered response to prolactin, since prolaetin had no effect on

the abundance of3J,3-HSD mRNA

A1thou~ the tumor cell line did not produce detectable levels of progesterone, it

did contain mRNA for both LHr and PRLr and responded to prolactin treatment by

increasing the abundance of rnRNA for these receptors. Therefore, this cell line may he
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usefuJ for determining the mechanism by which prolaetin is able to regulate luteotropic

hormone receptors in the mink. For many years the intra-eellular signal transduction system

by which prolactin exerted ilS biological effect was unknown. Recently, however,

numerous transduction systems have been shown to function with prolaetin (Campbell et

al., 1994; Clevenger and Medagli~ 1994; Clevenger et a/., 1994; Rui el a/.., 1994; Sidis and

Horseman, 1994; Bellanga et a/.., 1995).

In conclusio~ the resuhs of this experiment and others in our laboratory do not

support the hypothesis that prolactin bas a direct effect on the progesterone biosyothesis in

the mink (Douglas et al. 1996a and 1996d). Prolactin alone was incapable of a1tering

progesterone production in cultured mink lutea1 ceIls regardless of the stage of gestation

from which they were collected. In additio~ prolactin had no effect on the important rate

limiting enzyme P4S0scc and had a negative effeet on the message for the acutely regulated

protein, StAR. However., prolactin stimulated increases in the abundance of 3J3-HSD

mRNA and induced LHr mRNA. Together these observations suggest a supportive rather

than direct role for prolactin in the maintenance and funetion of the mink CL .
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6.10 CONNECTOR

Prolactin is the principal luteotropic hormone in the mink and is necessary for

normal CL funetion throughout gestation. Results trom Paper #1 revealed that in addition

to prolact~ the abundance of mRNA for another luteotropic hormone LH varied around

the time of CL reaetivation and could be altered by changing the endogenous levels of

prolaetin. In addition, Paper #3 showed that although follicular development and ovulation

could be induced in anestrous mink and prolactin treatment could stimulate changes in

luteotropic hormone receptors and steroidogenic elements, prolaetin alone was unable to

stimulate progesterone production. Therefore, the effects of other gonadotropic hormones

on luteal funetion in the mink were detennined using an in vitro model system.
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7.2 ABSTRACT

Prolactin is the principal luteotropic hormone in the mink. The role of luteinizi.ng hormone

(LH) and follicle stimulating honnone (FSH) in the reactivation, maintenance and funetion

of the mink corpus luteum (CL) is unclear. The objective of this study was to monitor

changes in abundance of the mRNA for several elements essential to progesterone

biosynthesis namely P450 side chain cleavage (P450scc), 3J3-hydroxysteroid dehydrogenase

(3~-HSD) and steroidogenic acute regulatory protein (StAR) in cuJtured rnink luteal cells.

Cells were treated with LH, FSH and dibutyryl adenosine 3', 5'-monophosphate

((BuhcAMP). Corpora lutea were collected from mink during embryonic diapause (March

20 to 22) or the peri-implantation period ofmink gestation. The luteal cells were dispersed

by enzymatic digestion and placed in culture. After 48 hours the media were changed and

the luteal cells were incubated for a further 12 hours with increasing doses of porcine LH

(0, 20, 200 ng/ml), porcine fSH (0, 20, 200 ng/ml) or (BuhcAMP (0, 30, 300 JlM). At the

end of the incubation period, an aIiquot of medium was collected to determine progesterone

levels and the cells were collected for RNA purification and slot blot analysis. Under the

culture conditions employed in this experiment, treatment of mink luteai cells with LH

stimulated significant (P<0.05) increases in progesterone production in cultures trom the

delay and peri-implantation ovaries while FSH treatment stimulated an increase only in the

delay culture. Luteinizing hormone had no effect on the abundance of 3~-HSD or StAR

mRNA but significantly (P<0.05) increased the abundance of P450scc mRNA (2.5 fold) at

the 200 nglmllevel. Follicle stimulating hormone had no effect on the abundance of either

P450scc or StAR mRNA but increased 3~-HSD rnRNA significantly (P<O.OS) at the 20

ng/ml dose. Treatment of mink luteal cells with (BuhcAMP stimulated the greatest

increase in progesterone production of all the hormone treatments (2.5 rold) in bath the

delay and peri-implantation cultures. In addition, it stimulated significant (P<O.OS)

increases in the abundance of P4S0scc (2 fold), 3JJ-HSD (2.5 fold) and StAR (3 fold)

mRNA. In conclusion, treatment of cultured mink luteal cells with LH, FSH and

(BuhcAMP stirnulated increases in progesterone production. In addition, these hormones

were able to stimulate changes in the abundance of mRNA for the important steroidogenic

enzymes P450scc and 3J3-HSD and a1so for the mitochondrial protein StAR. These results

indicate that LH and lor FSH may play a role in the reactivation, maintenance and function

of the mink CL through the stimulation of progesterone biosynthesis.
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7.3 INTRODUCTION

Gestation in the mink is charaeterized by an obligate period of embryonic diapause

(Hansson, 1947, Enders, 1952). During the delay phase the mink corpus luteum secretes

Iow levels of progesterone (Moller, 1973). It is ooly after the vernal equinox that the mink

CL is reactivated and begins to produce elevated quantities of progesterone (Allais and

Martinet, 1978; PiJbeam et al., 1979). Mustelids including the mink (Murphy and Moger,

1977~ Murphy et al., 1980), ferret (Murphy, 1979) and the spotted skunk (Mead, 1975),

require an intact hypophysis for normal luteal function. The pituitary is necessary not only

for luteal reactivation and implantation (Murphy and Moger, 1977) but is also required for

luteal maintenance after implantation (Murphy et al., 1980). A number of studies have

determined that the pituitary hormone prolactin is the principal Iuteotropin in the mink and

is essential for the reactivation of the CL, tennination ofembryonic diapause and normal CL

funetion post-implantation (papke et al., 1980; Martinet et al., 1981; Murphy et al., 1981).

The mechanism(s) by whieh prolaetin exerts its luteotropie effects are unknown.

Luteinizing hormone and FSH are other luteotropic honnones secreted by the pituitary. In

sorne rodent species, complexes of prolactin, LH and/or FSH are required for normal CL

funetion (rat: Morishige and Rothchild., 1974; hamster: Yuan and Greenwald., 1994a and

1994b). The role of LH and FSH in the function of the mink CL has not been clearly

defined. Previous studies suggest that they are not essential for CL reaetivation (Murphy et

al., 1981), but may play a role in the maintenance of the post-implantation CL (Murphy et

al., (993). However., recent studies from our laboratory suggest that one of the funetions

of prolaetin in the mink is to reguJate the abundance of LHr mRNA in the corpus luteum

during the period of CL reactivation (Douglas et al., 1996b and 1996c). This in tum

indicates that LH may play a role in the reactivation process.

The enzymes which bring about luteal progesterone production are cytochrome

P450sec and 3P-HSD (reviewed by Miller, 1988; Hinshelwood et al., 1993). Cytochrome

P450sce, along with its eleetron donors adrenodoxin and adrenodoxin reductase are

responsible for the 20-hydroxylation, 22-hydroxylation and cleavage of the C20-C22 bond

of cholesterol to produce pregnenolone and isoeaproic acid. Subsequently the oxidation

and isomeration of the ~5-3J3-hydroxysteroid pregnenolone into the a4-3-ketosteroid

progesterone is carried out by 3~-HSD (reviewed by Miller., 1988; Hinshelwood et al.,

1993).

The amount of progesterone produced by the CL or ovary is not only dependent on

the aetivities of specifie steroidogenic enzymes but aIso upon the provision of cholesterol as

substrate fram de novo synthesis., cholesterol ester stores and Iow density lipoproteins

(LDL~ reviewed by Gore-Langton and Armstrong, 1988~ Murphy and SiIa~ 1984).



•

•

•

169

Mobilization of cholesterol trom Iipid stores to the vicinity of P450scc enzyme on the inner

mitochondrial membrane is essential in ligand regulated steroid biosynthesis (Waterman,

1995). The mitochondriai proteinS~ recently purified and for whicb the gene sequence

bas been derived by Clark et al. (1994), bas been proposed to be important in the delivery

ofcholesterol across the mitocbondrial membrane.

The nucleic acid and deduced amino acid sequences for the genes encoding

P450scc, 3Ji-HSD and StAR have been determined for a number of species (P450scc~

bovine: Morohashi et al., 1984~ human: Chung et al., 1986~ rat: Oonk et al., 1989~ porcine:

Mu1heron et al., 1989), (3J3-HSD; human placenta: Luu-The et al., 1989~ bovine: Zhao et

af., 1989; rat: Zhao et al., 1990~ Zhao et al., 1991; macaque: Simard et al., 1991~ mouse:

Bain et al., 1991), (StAR mouse: Clark et al., 1994~ human: Sugawara et af., 1995~ ovine:

Juengel et al., 1995). Thus, heterologous cDNA probes are available to determine the

abundance of mRNA for these genes in different tissues under various experimental

conditions. The main objectives of this study were to determine ifLH, FSH or (BuhcAMP

had any effects on progesterone biosynthesis in cultured mink luteal cells in the absence of

prolactin stimulation and to determine ifthey may play a role in CL reaetivation in the mink.

7.4 MATERIALS AND METHOOS

7.4.1 LUTEAL CELL CULTURE

Aduit female mink were maintained on a commercial mink ranch (Morrow

fourrures, St Paul d'Abbotsford, PQ). They received a standard Wet mink ration and water

ad lihitum. Mating followed standard farm procedure. Beginning on March 3, the femaie

mink were exposed to males every two days until mated. Seven to nine days later the

females were remated to different males. SuccessfuI matings were determined by the

presence ofmotile sperm in vaginal smears.

In order to determine the effects of gonadotropic honnones on mink luteal cell

cultures~ ovaries from pregnant mink were collected during embryonic diapause (March 20

and March 22) or during the peri-implantation period (April 2 and April 5). The ovaries

were washed twice in ice cold phosphate buffered saline (PBS), placed in Minimal Essential

Medium (MEM: GibcolBRL, Burlington, ON) and kept on ice. Corpora lutea were

dissected free of interstitiai tissue, pooled, weighed and minced. The ceIls were dispersed

by enzymatic digestion with collagenase Type II (Si~ St Louis, MO) at a concentration

of32 mg per g of tissue. The cells were washed 3 times in MEM and resuspended in Opti­

l\ŒM reduced serum medium (Gibco/BRL) containing 5% heat inaetivated fetaI calfsemm

(FCS: Gibco/BRL), 2.5 ml/l Fungizone (GibcoIBRL) and 5.0 mlIl penicillin-streptomycin

(GibcoIBRL). The ceIls were plated at a concentration of IxIOs cens per ml, in Falcon 6
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weU culture plates (5 mJJweU, Becton Dickinson, Lincoln Par~ NI) and incubated in 95%

hurnidified air with 5% CO2 at 37 C. After 48 hours the medium was changed and the cells

were treated with either 0, 20, 200 ng/ml porcine LH (NIH USDA-pLH-B-I, Beltsville,

MD), 0, 20 or 200 ng/ml of porcine FSH (Sigma) or 0, 30, 300 J.1M (BuhcAMP (3

replicatesltreatment). In additio~ ail cultured cells received 25 Jlglml 25­

hydroxycholesterol (Sigma) so that they wouId not he substrate ümited. The cultures were

terminated after 12 hours of incubation. An a1iquot of medium was collected to determine

progesterone concentrations, the remaining medium was discarded. The cells were lysed in

4 M guanidium isothiocyanate (GITC: Gibco/BRL) plus O. 12 M 2 mercaptoethanol

(Sigma), collected and stored at -70 C until RNA extraction. The ceUs tram two

representative wells were collected at the end of the incubation period to determine total

cell protein concentrations (Lowry et al., 1951).

7.4.2 RNA PURIFICATION AND SLOT BLOT ANALYSIS

Total luteal cell RNA was extracted by CsCI (GibcoIBRL) gradient

ultracentrifugation as described by Chirgwin et al. (1979). Tissue samples were

homogenized with a PT 3000 polytron (BrinkméllUl, RexdaJe, ON). The homogenate was

layered onto a 5.7 M CsC) (Gibco/BRL) gradient and centrifuged at 32,000 rpm (174,000

g) using a SW-41 rotor (Beckman, Mississauga, ON) for 20 hours at 22 C. The RNA pellet

was dissolved and precipitated twice in 0.1 volume of 3 M sodium acetate (pH 5.2) and two

volumes of absolute ethanol. After the final washing the pellet was dissolved in diethyl

pyrocarbonate (DEPC: Sigma)-treated distilled water and stored at -70 C. The RNA

concentration for each sample was determined by speetrophotometric measurement at an

absorbance of 260 om.

Siot blot analysis was utilized to determine changes in the abundance of m.RNA in

the current experiment. Previous studies in our laboratory demonstrated the presence of

single mRNA transcripts for P450scc and 3J3-HSD and multiple transcripts for StAR

(Douglas et al., 1996a). There was no indication of differential regulation of the StAR

transcripts in the previous experiments (Douglas et al., 1996a and 1996c). For slot blot

anaIysis, 6 ~g of total RNA in 50 J.L1 of DEPC-treated water was heated to 65 C for 10

minutes with 150 J.Ù of denaturing solution (98 J.Ü deionized forrnamide, 32 JlI 37%

formaldehyde and 20 J.Ù of 10 x MOPS (0.2 M 3-(N-morpholino] propanesulphonic aeid,

0.5 M sodium acetate pH 7.0., 0.01 M sodium EDTA». An equal volume ofice-cold 20 x

sec (1 x SSC = 150 mM NaCI., 15 mM trisodium citrate, pH 7.0) was added to the

samples, which were applied to a nylon membrane (Hybond-N: Amersh~ Oakville., ON)

using a slot blot manifold (BioRad, Mississauga, ON). The RNA was cross-linked ta the

membrane using GS gene linker UV chamber (BioRad).
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Prior to hybridization the membranes were rinsed in 5 x SSPE (1 x SSPE = 180 mM

NaCI, 10 mM sodium phosphate~ 1 mM EDTA, pH 7.4) then prehybridizied for 30 minutes

at 60-65 C in hybridizing solution (5 x SSPE, 5 x Denhardt's solution: 0.5 % sodium

dodecyl sulfate (SnS}, 10010 dextran sulfate). DenatuTed herring sperm DNA (Sigma) at a

concentration of 10 Ilglml was then added to the hybridizing solution and the pre­

hybridization period continued for at least another 3 hours. Heterologous cDNA probes

(porcine P450scc: Mulheron et af., 1989~ human 3t3-HSD: Luu-The et al., 1989~ mouse

StAR: Clark et al., 1994) were labeled by random primer extension (Boehringer Mannheim,

Laval, PQ) with [32p]-dCTP (Dupont~ Mississauga, ON). Labeled probes were denatured

and added to the hybridizing solution. The incubation was continued overnight at 60-65 C.

Membranes were washed twice, 1S minutes per wash, with 2 x SSPE plus O. 1% SDS at

room temperature and twice at 60 C. The membranes were sealed in hybridizing bags with

a smaIl amount of 5 x SSPE and exposed to Kodak XAR-S film (Rochester, NY) in

cassettes with intensifying screens. AlI membranes were rehybridized with a human

ribosomal 28S probe (Gonzales et al., (985). Autoradiographie images were digitized and

analyzed using Collage software. Results are expressed as a ratio between the cDNA probe

ofinterest and ribosomal 28S. These arbitrary uoits were then expressed as a percent of the

nontreated control.

7.4.3 PROGESTERONE ASSAY

Medium progesterone concentrations were determined by liquid-phase

radioimmunoassay (RIA). An antiserurn raised against 4-pregnen-lla.-o-13,20-dion­

hemisuccinate bovine serum albUDlin, kindly provided by Dr. A Goff (Lafrance and Goff:
1985) was used as the first antibody. Progesterone-Il a-glucuronide-[1251] iodotryamine

(Amersham., oakville, ON) was used as radioactive tracer and goat anti-rabbit 180 (prince

Laboratories, Toronto, ON) as the precipitating second antibody. The sensitivity of the

assay was determined to be 6 pglml. The intra- and inter-assay coefficients of variation

were 12.2 and 12.30/0, respectively.

7.4.4 STATISTICAL ANALYSIS

Mean + SEM values were calculated for each of the parameters measured. One way

analysis of variance was used to determine significant differences between the treatment

groups. In the presence of significant F values, individual differences were determined

using Student's t test. A value ofP<O.OS was chosen to discriminate significance.
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7.5 RESULTS

The low dose (20 ng/ml) of porcine LH stimulated a small but significant (P<O.05)

increase in progesterone concentrations in both the delay and peri-implantation cultures

(61% and 2901o~ Figure la and lb). The high dose (200 ng/ml) of porcine FSH aIso

stimulated an increase (45%) in progesterone production in delay cultures (Figure 2a)

a1though it had no effect on ceUs taken during the peri-implantation period (Figure 2b).

Treatment of mink luteal cens with 300 ).lM of (Bu)2cAMP stimulated the most dramatic

increases in progesterone production of ail the hormone treatments. Treatment of delay

cells with (BuhcAMP caused a 2.5 fald increase in progesterone levels after 12 hours of

stimulation (Figure 3a), while in the peri-implantation period it caused a 71 % increase

(Figure 3b).

Porcine LH at either the 20 or 200 ng/mI dose had no effect on either 3p-HSD

(Figure Sa) or StAR (Figure 6a) mRNA abundance but caused a dose dependent increase in

P450scc mRNA (Figure 4a). Porcine FSH had no significant effect on the abundance of

eïther P450scc (Figure 4b) or StAR (Figure 6b) mRNA but significantly (P<O.OS) increased

3f3-HSD mRNA at 20 ng/ml (Figure Sa). Treatment of cultured mink luteal cells with

(BuhcAMP had significant (P<0.05) effects on the abundance of P450scc, 3f3-HSD and

StAR rnRNA. At 300 IJ,M, (Bu)2cAMP stimulated a 2 fold increase in P450scc mRNA

(Figure 4c). It stirnulated an increase in 3f3-HSD mRNA in a dose dependent manner, with

a 2.5 fold increase at the 300 mM concentration (Figure Sc). Finally, (BuhcAMP

stimulated a 3 fold increase in StAR mRNA at the 300 J,JM concentration but had no

significant effect at 30 J.LM (Figure 6c).
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Figure 1. (a). Progesterone concentrations (mean + SEM) in medium from mink
luteal ceU cultures coUected during embryonic diapause and treated with
increasing concentrations of porcine LH. VaIues are expressed as a
percentage of the untreated control. Progesterone concentrations were
determined by double antibody RIA. (b). Progesterone concentration
(mean + SEM) in medium from mink luteal cells coUected during the peri­
implantation period and treated with increasing concentrations of porcine
LH.
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Figure 2. (a). Progesterone concentrations (mean + SEM) in medium trom mink
Iuteal cell cultures collected during embryonic diapause and treated with
increasing concentrations of porcine FSH. Values are expressed as a
percentage of the untreated control. Progesterone concentrations were
determined by double antibody RIA. (b). Progesterone concentration
(mean + SEM) in medium tram mink luteal cells collected during the peri­
implantation period and treated with increasing concentrations of porcine
FSH.
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Figure 3. (a). Progesterone concentrations (mean + SEM) in medium trom mink
luteal cell cultures collected during embryonic diapause and treated with
increasing concentrations of (Bu)2cAMP. Values are expressed as a
percentage of the untreated control. Progesterone concentrations were
determined by double antibody RIA. (b). Progesterone concentration
(mean + SEM) in medium from mink luteal cells coUected during the peri­
implantation period and treated with increasing concentrations of
(Bu)2cAMP.
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Figure 4.

179

Abundance ofP450scc mRNA (mean + SEM) in mink luteal cens
conected during embryonic diapause and treated with increasing
concentrations of (a). porcine LH~ (b). porcine F8H and (c). (BuhcAMP.
Values were normalized using ribosomal 288 and are expressed as a
percentage of the untreated control .
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Figure S.

181

Abundance of 3p-HSO mRNA (mean + SEM) in mink luteal cells
collected during embryonic diapause and treated with increasing
concentrations of (a). porcine La (h). porcine FSH and (c). (BuhcAMP.
VaIues were normalized using ribosomal 28S and are expressed as a
percentage of the untreated control.
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Figure 6.

183

Abundance of StAR mRNA (mean + SEM) in mink luteal ceUs
collected during embryonic diapause and treated with increasing
concentrations of (a). porcine L~ (b). porcine FSH and (c). (BuhcAMP.
Values were normalized using ribosomal 28S and are expressed as a
percentage of the untreated control.
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7.6 DISCUSSION

The actions of the gonadotropins LH and FSH are primarily mediated by the

intracellular transducer cAMP. Treatment of cultured mink lutea! cells~ collected from

ovaries in the delay phase of gestatio~with the cMdP anaiog (BuhcAMP resulted in a 2.5

fold increase in progesterone production. In cells collected later in gestatio~ around the

time ofirnplantation, (BuhcAMP was still able to stirnulate progesterone production above

that ofcontrol values, althou~ the degree of stimulation was less then that observed in the

delay cells. These resuIts indicate that a functional cAMP signal transduction system is

present in the mink during embryonic diapause and its absence is therefore not the reason

why the delayed CL is unable to produce significant levels of progesterone.

Both LH and FSH stimulated modest increases in progesterone production in

cultured mink lutea1 ceUs. Previous reports on the ability of LH to stimulate progesterone

production in mink luteal cells are contradietory. Stoufllet et al. (1989) stated that LH had

no significant effect on progesterone production regardless of the stage of gestation from

which the luteal cells were collected. While Murphy et al. (1993) reported that, over a 2

hour incubation period, LH induced increases in progesterone production in cells collected

from mink during the post-implantation period of pregnancy. The divergent responses of

mink. luteal ceUs to LH treatment in these experiments may he due to differences in

treatment doses and the length of the incubation period. In the study by Stouffiet et al.

(1989), luteal ceUs were treated with 500 ng/ml of ovine LH~ however~ in the current

experiment only the low dose (20 ng/ml) and not the high dose (200 ng/mI) of LH

stimulated progesterone production. Changes in the response of mink luteal cells to varying

doses of LH were aIso reflected in the study by Murphy et al. (1993) in which they showed

a dose dependent effect at lower doses of LH (1.0 and lOng/mI) but not at higher doses.

The effect of fSH on the accumulation of progesterone in the media was modest

(45%
) but significant in cultured mink lutea! cells collected from animais during embryonic

diapause~ however~ the effect of FSH on progesterone production in the peri-implantation

luteal cells was not different (P<0.05) from controis. In other species, FSH bas been found

to stimulate progesterone production in granulosa (Armstrong and Dorringto~ 1976~

Adashi et al., 1981 ~ Gorospe and Spangelo, 1993~ Moon et al., 1978) and luteal cell

(Gregoraszczuk, 1989~ Yuan and Greenwald, 1994a and 1994b) cultures. However, the

results of the current experiment are in contrast to an earlier report in the mink by Stouftlet

et al. (1989) in which they found that 250 ng/ml of ovine FSH had no effect on

progesterone production in cultured mink luteal cells regardless of the stage of gestation

from which they were collected. These differences may retlect differences in culture

conditions
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The results of the current experiment reveal a common charaeteristic in the pattern

of progesterone stimulated by LH, FSH, and (Bu}zcAMP in cultured mink luteal cens,

namely these hormones were able to stimulatc larger increases in progesterone production

in delay cens versus ceUs collected during the peri-implantation stage of mink gestation. It

is important to note that basal levels of progesterone were higher in the peri-implantation

ceUs verses delay ceUs (data not presented). In the case of LH the reduetion in its ability to

stirnulate progesterone production in the peri-implantation cells may be explained by

differences in LHr mRNA levels as reported by Douglas et al. (1996b). Differences in LHr

mRNA probably reflected differences in LH receptor numbers which in tum effects the

honnones ability to stimulate progesterone production. Although reduetion in the number

of receptors for LH and FSH may account for the reduction in their ability to stimulate

progesterone production in peri-implantation lutea1 cells, it does not aceount for differences

observed in (Bu}zcAMP treated ceUs. Therefore, it is possible that mink luteal cells may

lose their ability to respond to gonadotropin stimulation as gestation progresses. This

observation, however, is not in agreement with an earlier report by Murphy et al. (1993) in

which they found that treatment of mink with GnRH antibodies to reduce endogenous LH

and/or FSH levels had no effeet on luteal progesterone production prior to implantation but

reduced progesterone levels after implantation.

Sïnce both LH and FSH stimulated progesterone production in mink luteal cells, we

detennined if these effects were due to alterations in the abundance of mRNA for the

enzymes involved. P450scc is responsible for the conversion of cholesterol into

pregnenolone, the main substrate used in all steroidogenesis. Results of the current

experiment revealed that LH and (BuhcAMP stîmuJated dose dependent increases in the

abundance of P450scc mRNA, while treatment of cells with fSH had no significant effect

on its abundance. Numerous studies in the rat have shown that cAl\fP and LH mediate the

induction of P450scc mRNA in granulosa cells in vivo (Richards et al., 1979~ Richards and

Bogovich, 1982~ Bogo\oich et al., 1981) and in vitro (Richards et al., 1986~ Voutilainen et

al., 1986~ Funkenstein et aI., 1984~ Trzeciak et al., 1986; Waterman and Simpson, 1985).

However, P4S0scc mRNA expression in the rat is believed ta be regulated in a sequential

manner, being cAMP-dependent in granulosa cens and cAMP-independent in luteal cells

(Oonk et al., 1989). In primary cultures of bovine luteal cells, treatment with LH or

forsko~ which elevates cAMP, resulted in elevated mRNA levels for P450scc (Simpson

and Waterm~ 1988~ Boggaram et af., 1989; Lauber et al., 1991). Similarly, levels of

mRNA for P4S0scc increased in human granulosa-Iutein cells treated with forskolin

(McAllister et aI., 1990). The constitutive expression of P4S0scc mRNA in the corpus

luteum which bas been suggested in a number of species (rat: Goldring et al., 1987;

Richards et al., 1987; Hickey et al., 1988; macaque: Simard et al., 1991) appears not to be



•

•

•

187

universal (bovine: Roger-s et al., 1986~ sheep: Belfiore et al., 1994~ Juengel et al., 1994).

Douglas et al. (1996a) reported that P450scc mRNA levels did not vary significantly over

the course of mink gestation, suggesting its constitutive expression; therefore, the

significance of the increase in P450scc mRNA observed in LH and (Bu)2cAMP treated

mink luteaI cells is unclear.

Results of the current experiment revealed that the abundance of 3J3-HSD, the

enzyme responsible for the conversion of pregnenolone into progesterone, mRNA was

stimulated by treatment of cultured mink luteal cells with FSH and (Bu)2cAMP but not LH.

Previous reports from our laboratory have shown that the abundance of 31}-HSD mRNA

varies significantly over the course of mink gestation and bas been correlated to

progesterone production (Douglas et al., 1996a). However, our findings argue for

prolactin as the principal hormone in the regulation of the expression of this enzyme

(Douglas et al., 1996a; 1996c~ and 1996d).

The enzyme P450scc is located on the inner mitochondrial membrane. The delivery

of cholesterol from cellular stores and the outer mitochondrial membrane to the inner

mitochondrial membrane is a regulated and rate ümiting step in steroidogenesis (Crivel1o

and Jefcoate, 1980~ Jefcoate et al., 1987). Several studies have proposed that the

mitochondrial protein, StAR, may be involved in this cholesterol transport process (Clark et

al., 1994; Waterman, 1995; Lin et al., 1995; Clark et al., 1995~ Sugawara et al., 1995). In

mouse MA-I0 Leydig tumor cel1s and human granulosa cells, StAR mRNA was shown to

be acutely regulated by tropic hormones and cAMP analogs (Clark et al., 1995~ Sugawara

et al., 1995). In the current experiment treatment of cultured mink luteal ceUs for 12 hours

with 300 llM of (BuhcAMP but oot LH and FSH stimulated a 3 foId increase in the

abundance of StAR mRNA. This respoose is comparable to the response of human

granulosa cells which showed a 3-7 fold increase in StAR mRNA after treatment for 24

hours with 1.5 mM of 8-Br-cAMP (Sugawara et al., 1995). It is aIso comparable ta the

response of MA-IO cells which showed that they were acutely responsive to (BuhcAMP

stimulatio~ since (Bu)2cAMP increased StAR m.RNA levels within 2 hours (Clarke et al.,

1995). Previous work in our Iaboratory has shown the StAR rnRNA is present in the mink

ovary during embryonic diapause, CL activation and early post-implantation but its levels

do not vary significantly over the course ofmink gestation.

ln conclusion, treatment of cultured mink luteal ceUs with (BuhcAMP, LH and

fSH, stimulated progesterone production and mRNA for the steroidogenic enzymes

P450scc and 3f3-HSD. These results add further evidence that there is a Iuteotropic

complex in tbis species and LH and/or FSH in addition to pro[aetin are needed for the

normal function of the mink CL through gestation.
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8.0 GENERAL DISCUSSION

Prolactin is an essential honnone in the reaetivation of the mink CL and is important

for its regulation and function throughout gestation. The results of the experiments

presented herein indicate that one mechanism by which prolactin exerts its luteotropic

effects is through the regulation of luteotropic hormone receptors, namely the PRLr and

LHr. In order to study the effects of prolactin on its own receptor, we cloned and

sequenced a portion of the mink PRLr gene and monitored changes in the abundance of

PRLr mRNA over the course of mink gestation. The mink PRLr displayed high nucleic and

amino acid sequence homology with the PRLr sequences of a number of other species

(Boutin et al., 1989; Shirota et al., 1990; Davis and Linzer, 1989; Boutin et al., 1989; Scott

et al., 1992; Edery et al., 1989). Four cysteine residues in the extra-cellular domain and

two in the transmembrane region were conserved among ail the species studied. In

addition, two potential N-linked glycosylation sites were alse conserved. This provides

indirect evidence that these residues may be important for hormone binding, receptor

structure and/or function.

Prolactin receptor mRNA and protein were present in the mink ovary throughout

gestation. Levels were low during diapause but increased during CL reactivation and were

highest during the early stages of post-implantation gestation. Prolactin receptor mRNA

and protein levels closely paralleled changes in serum prolaetin levels. Treatment of mink

with the dopamine agonist bromocryptine, which prevents the pre-implantation rise in

prolactin, also abolished the pre-implantation rise in prolactin receptor mRNA. In addition,

prolactin treatrnent of anestrous~ in which follicular development and ovulation were

induced with exogenous honnones~ stimulated a five fold increase in the abundance of PRLr

over that of non-prolactin treated controls. Taken together, these data indicate that

prolactin is involved in the regulation of its own receptor in the mink ovary. The ability of

proIaetin to up-regulate its own receptor has been demonstrated in a number of tissues and

species. An inductive effect of prolactin was tirst postulated when it was observed that a

renaI capsular pituitary implant in hypophysectomized rats augmented hepatic PRLr

approximately 48 hours after the increase in serum PRL (posner et al., 1975). In addition,

proJaetin secreting tumors were aIso found to be associated with elevated hepatic PRL

receptor levels (posner, 1976). ProJactin induction of its own receptor bas also been

demonstrated in rat lung (Amit et al., 1985), Iiver (Amit et al., 1985; Manni et al., 1978;

Barash et al., 1988), and kidney (Barash et al., 1986) as weIl as in the Iiver of the SneU­

dwarf mouse (Knazek et al, 1977) and the testes of the golden hamster (Klemcke et al.,

1984; Klemcke et al.. 1986). However, the resuJts of the current experiments also revealed

that in vitro treatment of cultured mink luteal cells with prolactin had no effect on the
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abundance of PRLr mRNA. These discrepancies may indicate that extra-luteal factors in

addition to prolactin may be involved in prolactin regulation of its receptors. Another

possibility is that the culture conditions were not conduetive to the up-reguJation of

prolactin receptor.

Luteinizing hormone is an important luteotropic hormone in most species, however,

its raie in the regulation of the mink CL is unclear. The results of the experiments presented

here indicate that LH may play an important role in the reactivation and regulation of the

mink CL. In order to determine the part LH playes in the reaetivation of the mink CL, the

transmembrane and CYt0plasmic regions of the mink LHr gene was amplified by RT-PCR

and sequenced. The amplified fragment was then used as a probe to determine changes in

the abundance of LHr mRNA over the course of mink gestation. The mink LHr sequence

had high nucleic and amino acid homology with the LHr of other species ( McFarland et al.,

1989; Loosfelt et al., 1989~ Frazier et al., 1990; Minegishi et al., 1990; Gudennann et al.,

1992). Of 22 potential phosphorylation sites present in the intracelluJar region of the rat

LHe (Segaloffand Ascoli, 1993), 19 were conserved in the mink sequence. The number and

location of potential phosphorylation sites in the first and second intraceUular loops were

the same in the mink and rat. However, in the third intracellular loop one of the three

potential phosphorylation sites in the rat was shifted from a threonine to a methionine in the

mink. Hipkin et al. (1995) provided evidence which indicated that serine residues at amino

acid positions 635, 639, 649 and 652 of the LHr were phosphate acceptors in response to

hCG and PMA. In the mink, however, ooly two of these serine residues were conserved

(639 and 652). In addition to the 19 potential phosphorylation sites conserved between the

rat and mink, a further six sites were present in the cytoplasmic tail of the mink LHr.

Segaloff and Ascoli (1993) reported that 20 cysteine residues were conserved among the

four species they studied. Eleven of these were present in the transmembrane and

cytoplasmic regions of the receptor. AlI cysteine residues were conserved in the deduced

amino acid sequence of the mink LHr, including two cysteine residues at amino acid

position 621 and 622 of the rat LHr~ which are believed to be palmitoylated (Zhu et al.,

1995).

The abundance of LHe mRNA varied significantly over the pre-implantation and

early post-implantation stages of mink gestation, in a manner which was strikingly different

from that of the PRLr. LHr mRNA levels showed a transient increase at the time associated

with CL reaetivation. The levels then decreased but remained deteetable through the rest of

early post-implantation gestation. When the animais were treated with bromocryptine, the

transient peak in LHr was abolished and LHr mRNA levels were reduced below that of the

pre-treatment control. The abolition of the LHr mRNA peak by treatment with

bromocryptine suggested that prolaetin may play a significant role in the regulation of LHr
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mRNA in this species. Resuhs from the other experiments presented here support this

conclusion. Prolactin treatment of animaiS., in which follicular development and ovulation

were induced with exogenous hormones, showed an increase in the abundance of LHr

mRNA over the non-prolaetin treated controls. In additio~ treatment of cultured mink

luteal cells with prolaetin resulted in a dose dependent increase in LHr mRNA. A role for

prolactin in the regulation ofLHr binding sites (Œbori and Richards., 1978; Jammes el a/..,

1985) and/or rnRNA (Gafvels et al.., 1992; Bjurulf et al.., 1994) has been suggested in a

number ofother species.

Changes in the abundance of LHr mRNA at the time of CL reactivation and the

presence of LHr mRNA throughout the early post-implantation stages of gestation suggest

a role for LH in the reguIation ofCL function in the mink. Further support for a raie of LH

in mink luteal function was demonstrated by the ability of LH and cAMP but not prolaetin

to stimulate increases in progesterone production in cultured mink luteal cells collected at

various stages of mink gestation. These results are supported by a study by Murphy et al.

(1993) in which they reported that over a 2 hour incubatio~ LH treatment induced

increases in the production of progesterone by cultured mink luteal ceIls coUected from

mink during the post-implantation period of pregnancy. However., they are contradictory to

a report by Stoufllet et al. (1989) in which they stated that LH had no significant effeet on

progesterone production regardless of the stage of gestation from which they were

collected. The discrepancy in the response of luteal cells in these experiments may be due

to differences in the doses ofLH used and/or the culture conditions.

Although the results from the experiments presented here indicate a role for LH in

the reactivation and maintenance of the nùnk CL, the mechanism by which LH exerts its

luteotropic etfects is unclear. Results trom the mink luteal cell culture studies reported here

showed that LH and cAMP were able to stimulate increases in the abundance of both

P450scc and StAR mRNA. Therefore, itls possible that LH exerts its effects through one or

both of these steroidogenic elements, especially since they are rate limiting steps in

progesterone biosynthesis. It seems unlikely, however, since a reduction of LHr mRNA by

treatment of pregnant mink with bromocryptine, and thus a reduetion in the ability of LH to

stimulate progesterone production, had no effect on the abundance of either P450scc or

StAR mRNA in whole animal studies.

It is important to note that, although the results of the current experiments support a

role for LH in the reaetivation and maintenance of the mink CL, data from previous studies

do not always support this view. For exarnple, in a report by Murphy et al. (1981) it was

shown that treatment of hypophysectomized mink with prolaetin alone was able to

reactivate the mink CL., stimulate progesterone production and induce implantation in some

of the animaIs, while treatment of mink with LH had no effect on progesterone production.
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A possible explanation for this observation is that the prolaetin preparation used may have

been contaminated with smaU amounts of LH, which alIowed for the transient reactivation

of the mink CL. In the case of the animais which were treated with LH alone, the animals

may have been unable to respond to LH treatment because a prior exposure to prolactin is

necessary to induce LH receptors. It is important to note, however, that in the same study

it was found that treatment of hypophysectomized mink with prolactin and LH did not

increase or extend progesterone secretion beyond that ofprolaetin treatment aloDe.

Taking aIl of the above information ioto consideration the following model was

developed to explain the interactions of prolaetin with Iuteotropic hormone receptors in the

mink CL. Corpora lutea during embryonic diapause have very Iow levels of LHr but do

contain significant levels of PRLr. Low levels of LHr are necessary 50 that the CL do not

to respond to LH stimulation during the normal breeding season and become reactivated at

an inappropriate tÏme. This is important since diapausing CL are exposed to dramatic

changes in LH levels as a result of continuing waves of follicular development, as weU as

mating induced LH surges. After the vernal equinox, as serum prolaetin levels increase a

concurrent increase in PRLr levels also occurs. This in turn increases the CL

respoDsiveness to prolaetin. Prolactin working through its œil surface receptor then

iDduces an increase in LHr allowing the CL to becorne sensitive to the luteotropic effects of

LH.

In addition to determining the effects of prolaetin on luteotropic hormone receptors,

its role in the regulation of progesterone biosynthesis was aIso examined. Specifically, the

effects ofprolaetin on the abundance ofP4S0scc, 3p-HSD and StAR mRNA were studied.

There are two key rate limiting steps in progesterone biosynthesis. The first is the transport

of cholesterol, the principal substrate for ail steroidogenesis, across the mitochondrial

membrane and the second is the conversion of cholesterol ioto pregnenolone. StAR has

been proposed as the mitochondrial protein responsible for the movement of cholesterol

across the mitochondrial membrane (Clark et al., 1994), while P450scc is the enzyme

responsible for the conversion of cholesterol to pregnenolone (reviewed by Miller, 1988~

Hinshelwood et al., 1993). Sïnce prolaetin is essential for the reaetivation of the mink CL

and progesterone production, it was hypothesized that it may exert its luteotropic effects at

the level of these proteins. The results of the cuneot experiments, however, indicated that

the abundance of mRNA for these proteins did not change significantly during CL

reaetivation and early post-implantation gestation. In addition, prolactin was not found to

have a significant effect on the abundance of mRNA for either of these proteins. In fact

prolactin treatment of cultured mink luteal ceUs resuJted in a decrease in the amount of

StAR mRNA and treatment of anestrous mink in which follicular development and
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ovulation were induced, with proIactin resulted in a decrease in the abundance of P450scc

rnRNA below that present in the non-prolaetin treated controls.

The most profound effects of prolactin on progesterone biosynthesis were found in

regards to its regulation of 3J3-HSD mRNA in the mink CL. This enzyme is a key step in

progesterone biosynthesis since it is responsible for the oxidation and isomeration of

pregnenoIone to progesterone (reviewed by Miller, 1988; Hinshelwood el al., (993). In the

mink CL, changes in the abundance of 3f}-HSD mRNA were found to be closely correlated

to serum progesterone leveIs, since it was found that 3J}-HSD mRNA levels were low

during embryonic diapause but increased during CL reactivation and peaked during early

post-implantation gestation. Treatment of animaIs with bromocryptine, to suppress their

endogenous proIaetin levels, prevented the pre-implantation rise in 3fJ-HSD mRNA levels.

ln anestrous animaIs, in which follicular development and owIation were induced with

exogenous hormones, subsequent treatment with prolactin was found to stimuJate a

transient increase in the abundance of 3f3-HSD mRNA levels. In addition, treatment of

cultured mink luteal cells also resulted in an increase in the abundance of 3fJ-HSD mRNA.

A1though these results indicate a key role for prolaetin in the regulation of 3p-HSD mRNA

in the mink CL, the significance of these findings is not c1ear, since 3f3-HSD is not a rate

limiting step in steroid biosynthesis. ft is, however, possible that changes in the abundance

of mRNA for this enzyme may reflect changes in the direction of steroidogenesis from the

L\5 to the L14 pathway with the resultant production of progesterone. This finding is

consistent with the so caJled Permissive role ofprolactin on progesterone production ie. that

prolactin does not directly stimuIate progesterone but rather it maintains the biosynthetic

machinery which allows other factors to induce progesterone production.

A permissive role for prolactin on progesterone biosynthesis is also supported by the

fact that, in the experiments reported here, prolactin aJone was unable to stimulate

progesterone biosynthesis using two different models. In anestrous animais in which

foUicuJar development and ovulation were induced, prolactin treatment a10ne stimuJated

changes in mRNA levels similar to those seen during CL reactivation ie. there were

increases in 3f3-HSD, LHr and PRLr rnRNA. However, in spite of these changes serum

levels of progesterone remained below the sensitivity of the assay. In addition, treatment

of cultured mink luteal cells with increasing concentrations of prolaetin had no effect on the

leveIs of progesterone in the culture media, while both cAMP and LH were able to

stimulate modest increases. The inability of prolaetin to stimulate cultured mink luteal ceUs

to produce progesterone bas been reported previously by Stouftlet et al. (1989). However

in a report by Murphy et al. (1993) it was found that as little as 1 ng/ml of prolactin was

able to stimulate a small « 11%) but significant increase in progesterone production.



•

•

1

202

In addition to the elements of the progesterone biosynthetic pathway which were

discussed here, there are a number ofother possible sites at which prolaetin may be exerting

its luteotropic effects. One important site may be at the availability of cholesterol as

substrate for steroidogenesis. Cholesterol cornes from three sources, de novo synthesis,

intracellu1ar cholesterol ester stores or through LDL (reviewed by Murphy and Silavin,

1989~ Gore-Langton and Armstrong, 1988). Prolaetin bas been found ta have significant

effects on several elements involved in the regulation of intracelluJar cholesterol in other

species. Numerous studies have shown that prolaetin is able to stimulate ovarian CEH

levels in the rat (Behrman et al., 1970b~ Behnnen et al., 1971~ Klemcke and Brinkley,

1980a~ Klemcke and Brinkley, 198Ob; Klemcke and Brinldey, 1980c). This is important

since cholesterol released by the hydrolytic activity of CEH has been shown to subsequently

serve as a major precursor for progesterone biosynthesis (Armstrong, 1968~ Behrman el al.,

1970a; Behnnan et al., 1970b). Prolaetin bas aIso been shown to he involved in lipoprotein

utilization. Prolaetin enhances both HDL and LDL-induced progesterone accumulation by

luteal cells from the pregnant pig (Raikumar et al., 1984), ferret (McKibbin el al., 1984)

and mink (Murphy et al., 1984). If prolactin is indeed involved in the regulation of

cholesterol availability in the mink CL its effects may have been masked in the current mink

luteal cell culture experiments. This is due to the fact that 2S-hydroxycholesterol was

provided as substrate in these experiments. This fonn of cholesterol is able to pass directly

through the ceUular membrane and was used to eliminate the possibility that progesterone

production by the cultured cells would be restrieted by substrate available.

Another possible site for the luteotropic effects of prolactin in the mink is on the

enzymatic degradation of progesterone. Several studies have shown that prolaetin

suppresses the enzyme 20a-hydroxysteroid dehydrogenase (20a.HSD: Lamprecht et al.,

1969~ Albarracin and Gibori, 1991 ~ Albarracin et al., 1994) in the rat CL. This enzyme is

responsible for the conversion of progesterone to 20a.-hydroxyprogesterone, a reduced

steroid with weak to nonexistent progestational aetivity (Rennie and Davies, 1964 ~ Wiest

and Forbes, 1964~ Talwalker et al., 1966). However, it seems unlikely that alterations in

the abundance of 20a.-HSO constitutes a major effeet of prolaetin in the mink since the ratio

of progesterone and 20a-hydroxyprogesterone appears to he relatively constant in the mink

throughout gestation and 20a-hydroxyprogesterone concentrations make up less than 10%

ofthe total progesterone in the mink (Murphy and Moger, 1977).

In conclusion, the results of the experiments presented here indicate that prolaetin is

an important regulator of luteotropic hormone receptors in the mink CL. The results

reveaIed that prolactin was able to stimuIate changes in the abundance of rnRNA for both it

own receptor and that of LfL using three different experimental models. Although, the

results indicate that prolactin was necessary for the expression of mRNA for both these



•

•

•

203

receptors, their pattern of expression during embryonic diapause, CL reaetivation and early

post-implantation gestation were very different. In addition to its role in the regulation of

luteotropic hormone receptors, the role of prolactin in the regulation of key steroidogenic

elements was also examined. The results indicated that prolactin probably does not exert its

luteotropic effeets by altering the abundance of mRNA for either P4S0scc or S~ which

are two important rate limiting steps in progesterone biosynthesis. Prolaetin does, however,

appear to he important for the regulation of 3f3-HSD, since prolaetin was able to stimulate

increases in the abundance of mRNA for this enzyme using three different experimental

models. Inspite of the ability of prolaetin to alter 313-HSD rnRNA abundance, the

importance of this finding is not clear since 313-HSO is not a rate limiting step in

progesterone biosynthesis. It may, however, indicate a permissive role for prolaetin in

progesterone biosynthesis through a shift in the direction of steroidogenesis from the ~ 5 to

the â 4 pathway. Finally, changes in the abundance ofLH receptor mRNA during the pre­

implantation gestation, as weU as the ability of LH and cAMP but not prolactin to stimulate

progesterone production in cultured mink lutea1 cells, indicate that LH as weil as prolaetin

may he necessary for normal CL function in the mink.
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