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ABSTRACT

These studies were conducted to detennine the mechanisms by which prolactin (pRL)
exerts its luteotropic effects on the mink corpus luteum (CL). Three experimental models
were developed and utilized in these studies. In the fust model, the ovaries from pregnant
mink were coUected at regular intervals throughout gestatio~ haIf the animais were treated
with the dopamine agonist 2-bromo-a-ergocryptine (bromocryptine), to suppress their
endogenous PRL levels~ and half were exposed to their endogenous PRL levels. The
second model consisted of treating anestrous animaIs with exogenous gonadotropins to
induce follicular development and ovulation, haIf the animais were then treated with PRL
while the other half were left as untreated controls. In the third model, CL were coUected
from mink at several stages of mink gestation. The ceUs were enzymatically dispersed.,
placed in culture and incubated with different concentrations of PRL, luteinizing honnone
(LH), foilicle stimulating honnone (FSH) and (BU)2cAMP. Using these 3 models, the
effects of PRL on P4S0 side chain cleavage (P450scc), 3fl-hydroxysteroid dehydrogenase
(3J3-HSO), steroidogenic acute regulatory protein (StAR), luteinizing hormone receptor
(LHr) and prolactin receptor (pRLr) mRNA were determined. Messenger RNA levels for
P4S0scc did not vary significantly over the course of mink gestation and treatment of
animais with bromocryptine did not alter the abundance. In the anestrous modeI~ treatment
ofmink with PRL reduced P4S0scc rnRNA leveIs below that of the untreated control, while
treatment of cu1tured mink luteal ceUs with increasing concentrations of PRL had no effect
on the abundance of P450scc mRNA. The abundance of 3J}-HSO rnRNA varied over the
course of mink gestation. Levels were low during embryonic diapause, increased during CL
reactivation and peaked during post-implantation gestation. Treatment of mink with
bromocryptine prevented the pre-implantation rise in 3JJ-HSD rnRNA levels. In the
anestrous model, animaIs treated with PRL displayed a transient increase in 3JJ-HSD
mRNA, while treatment of mink luteal cells with PRL caused a dose dependent increase in
3J3-HSD rnRNA. StAR mRNA levels did not vary in mink ovaries during gestation and
treatment with bromocryptine did not alter its abundance. The anestrous model displayed
variant Ievels of StAR mRN~ however, treatment of cultured mink luteaI ceUs with PRL
caused a reduetion in the abundance of StAR mRNA. The abundance of mRNA for LHr
varied during gestation, a transient peak in LHr mRNA was observed at CL reaetivatio~

levels then remained constant. Treatment of animais with bromocryptine reduced LHr
mRNA below that of the pretreatment controls. In both the anestrous model and cultured
mink luteal cells, treatment with PRL resuited in an increase in the abundance of LHr
mRNA. PRLr mRNA levels were low during embryonic diapause but iocreased during CL
reaetivation. Changes in the abundance of PRLr rnRNA closely paralleled changes in serum
PRL levels and receptor binding. Treatment of animaIs with bromocryptine prevented the
pre-implantation rise in PRLr mRNA Ievels. In the anestrous model~ treatment with PRL
stimulated a 3-5 fold increase in PRLr mRNA levels relative to the pretreated control leve),
while treatment of cultured mink luteal cell with PRL had no effect. ln conclusio~ the
mechanism by which PRL exerts its )uteotropic effects in the mink is not due to alterations
in the abundance of rnRNA for the rate limiting steps of progesterone biosynthesis.
Prolactin may~ however~ play a role in altering the direction of steroidogenesis from the ~5

to L14 pathway. Important luteotropic effects of PRL include the regulation of LH and
PRLrmRNA.
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RÉSUMÉ

Ces études ont été menées afin de détenniner le mécanisme par lequel la prolactine
(PRL) exerce un effet lutéotrope sur le corps jaune (Cl) du vison. Trois modèles
expérimentaux ont été conçus et utilisés dans ces études. Dans le premier modèle, des
ovaires de visons gravides ont été récoltés à des intervalles réguliers durant la période de
gestation. La moitié des animaux avait été préalablement traitée avec un agoniste de la
dopanùne, le 2-bromo-a-ergocryptine (bromocriptine) afin de supprimer la prolactine
endogène, l'autre moitié, non (témoins). Le second modèle consistait à traiter des animaux
en anoestrus avec des gonadotropines exogènes pour induire le développement folliculaire et
l'ovulation. Une moitié des animaux a ensuite été traitée avec de la PRL, l'autre, non
(témoins). Dans le troisième modèle, les corps jaunes de vison ont été récoltés à différentes
étapes de la gestation. Les cellules ont été isolées par une méthode enzymatique, mises en
culture puis incubées avec différentes concentrations de PRL, d'honnone lutéinisante (LH),
d'honnone folliculostimulante (FSH) et de (Bu)2cAMP. Les effets de la PRL sur l'ARNm de
la P450 coupure de la chaîne latérale (P450scc), le 38-hydroxystéroïde, la déshydrogénase
(38-HSO), la protéine de régulation rapide de la stéroïdogénèse (StAR), le récepteur de
l'honnone lutéinisante (LHr) et le récepteur de la PRL (PRLr) ont été détenninés à l'aide de
ces trois modèles. Les niveaux d'ARN messager de la P450scc n'ont pas varié
significativement tout au long de la période de gestation du vison et n'ont pas été modifiés par
le traitement à la bromocriptine. Dans le modèle de l'anoestros, le traitement des visons avec
la PRL a amené les niveaux d'ARNm de P450scc en-deçà de niveaux observés chez les
témoins tandis que le traitement des cellules lutéales en culture avec des concentrations
croissantes de PRL n'a eu aucun effet sur la quantité d'ARNm de P450scc. La quantité
d'ARNm de la 38-HSO a varié au cours de la gestation du vison. Les niveaux étaient bas
durant la période de diapause embryonnaire, augmentaient durant la réactivation du Cl et
atteignaient un pic durant la période de postimplantation. Le traitement des visons avec la
bromocriptine a empêché l'augmentation des niveaux d'ARNm de 36-HSD pendant la
période de pré-implantation. Dans le modèle de l'anoestrlls, les animaux traités à la PRL ont
présenté une augmentation passagère de l'ARNm de 38-HSD. Les niveaux d'ARNm de
StAR n'ont pas varié dans les ovaires durant la gestation et n'ont pas été modifiés par le
traitement avec la bromocriptine. Pour leur part, les animaux du modèle de l'anoestrus ont
présenté des niveaux variables d'ARNm de la StAR. Toutefois, le traitement des cellules
lutéales de vison en culture avec de la PRL a causé une réduction de l'ARNm de la StAR. La
quantité d'ARNm de LHr a varié durant la période de gestation. Un pic éphémère d'ARNm
de LHr a été observé lors de la réactivation du Cl, mais les niveaux sont demeurés constants
par la suite. Le traitement des animaux avec la bromocriptine a provoqué la diminution de
l'ARNm de LHr en-deçà du niveau observé chez les témoins prétraités. Dans les deux
modèles (anoestrus, cellules lutéales de vison), un traitement à la prolactine a provoqué une
augmentation de l'ARNm de LHr. Les niveaux d'ARNm de PRLr étaient bas durant la
diapause embryonnaire, mais ont augmenté durant la réactivation du Cl. La fluctuation des
quantités d'ARNm de PRLr était étroitement associée aux différents niveaux de PRL dans le
sérum et au taux de liaison au récepteur. Le traitement des animaux à la bromocriptine a
empêché l'augmentation des niveaux d'ARNm de PRLr pendant la pré-implantation. Dans le
modèle de l'anoestrus, un traitement à la PRL a provoqué une augmentation des niveaux
d'ARNm de PRLr par un facteur de 3 à 5 par rapport aux témoins prétraités. Par contre. un
traitement des cellules lutéales de vison à la PRL n'a eu aucun effet. En conclusion, le
mécanisme par lequel la PRL exerce son effet lutéotrope chez le vison ne résulte pas des
fluctuations de l'ARNm des facteurs limitants de la biosynthèse de la progestérone. La
prolactine pourrait toutefois jouer un rôle dans le changement de direction de la
stéroïdogénèse de la voie L\5 à 64 . Un effet lutéotrope important de la PRL serait. entre
autres, la régulation le l'ARNm de LH et de PRLr.
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PREFACE

Candidates have the option of including, as part of the thesis, the text of a paper(s)

submitted or to be submitted for publication, or the c1early-duplicated text of a published
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collection of manuscripts~ in other words, results ofa series of papers must be integrated.

The thesis must still conform to aIl other requirements of the "Guidelines for Thesis

Preparation". The thesis must include: A Table of Contents, an abstraet in English and

French, an introduction which clearly states the rational and objectives of the study, a

comprehensive review of the literature., a final conclusion and summary, and a thorough

bibliography or reference list.

Additional material must be provided where appropriate (e.g. in appendices) and in

sufficient detail to allow a clear and precise judgment to be made of the importance and

originality of the research reported in the thesis.

In the case of manuscripts co-authored by the candidate and others, the candidate is

required to make an explicit statement in the thesis as to who contributed to such work and

to what extent. Supervisors must attest to the accuracy of such staternents at the doctoral

oral defense. Since the task of the examiners is made more difficult in these cases~ it is in

the candidate's interest to make perfectly clear the responsibilities of all the authors of the

co-authored papers. Under no circumstances can a co-author of any component of such a

thesis serve as an examiner for that thesis.
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1.0 GENERAL INTRODUCTION

The annual reproductive cycle of the mink includes of a long period of anestrous~

which lasts from shortly after parturition in May through December. In January~ after the

winter solstice, the mink enters proestrous, a poorly defined period during which the

transition from anestrous to breeding competence is made. The breeding season, defined as

the period of rime over which the female will allow mating, begins at the end of February

and continues for most of the month of March (Hansson, 1947~ Enders, 1952~ Pilbeam et

al.~ 1979). lndividuaJ mink: are not in estrus over the entire breeding season~ however, once

a female enters estrus she will remain so until the end of the breeding season. Copulation,

ovulation and pregnancy do not shorten the period of estrus, nor does lack of copulation

nor ovulation lengthen it (Enders, 1952~ Elofson et al., 1989).

The mink is an induced ovulator i.e. owIation does not occur in a cyclic fashion,

rather it oecurs in response to a rnating stimulus (Hansson, 1947~ Enders, 1952). In

indueed ovulators, the neuroendocrine events triggered by mating are channeled through the

hypothaIamie-preoptic-pituitary-ovarian control system which operates under two

conditions; 1). a steady state of basal (tonie) operation~ whieh is responsible for follieular

development~ and 2). a transient phase, which leads to owlation (Ramirez and Beyer,

1988). Variation exists between species in the pattern of mating behavior necessary to

induce an ovulatory surge of LH as well as the timing of the LH peak and ovulation.

Although no studies on mating induced secretion of LH have been carried out in the mink,

Murphy (1979) stimulated the release of LH trom the anterior pituitary of mink using 2 J.1g

of gonadotropin releasing hormone (GnRH). He found !hat in animais treated early in the

breeding season, elevations in LH levels could be detected as seon as 15 minutes after the

injection, with peak levels occurring at 45 minutes. AnimaIs treated later in the breeding

season displayed a slightly more prolonged response to the GnRH. Estimates of the time

intervaI between mating and owlation in the mink have been reported to vary from 36-37

hours (Hansson, 1947) to 42-52 hours (Enders, 1952), with variation existing within and

among animaIs (Venge, 1973).

One of the unique charaeteristics of the mink is that it will mate more than once

during the breeding season i. e. it will remate even though it is already pregnant (Hansson,

1947~ Enders~ 1952). Shackleford (1952) found that in mink, kits can be the result of any

of the matings which took place during the breeding season. The MOst common explanation

for the production of varying parentage of litters is a phenomenon known as

superfecundation, in which ova released from a single ovulation MaY be fertilized by any of

the matings which took place. The other explanation is superfetatio~ in which different
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matings fertilize ova produced at different owlations. Both of these phenomenon appear to

he common in the mink with the latter being the most predominant (Shacklefor~ 1952).

Fertilization in the mink takes place in the distal portion of the oviduct and typically

occurs 53 hours post coitum (Hansso~ 1947~ Enders, 1952). The mink embryo divides 6-7

rimes to form a blastocyst consisting of a hollow ball of 200 to 400 ceUs. The blastocysts

then migrate to the uterus by the 5th or 6th day post coiturn (Hansso~ 1947). Once the

blastocysts reach the uterus they enter a state of embryonic diapause or delayed

implantation (Hansson., 1947~ Enders., 1952)., during which time their development is

inhibited and their metabolism restricted to that necessary for the maintenance of life (Mead"]

1981 ). It is this interruption in development that accounts for the great variation in

gestation length reported in the mink (Bowness, 1942~ Hansso~ 1947~ Enders, 1952).

Development of the embryos resumes when the maternaI uterine environment allows

implantation. The morphological signs of the completion of diapause are the enJargement

of the embryo and its attachment to the endometrium (Sundqvist et al"] 1988). The exact

mechanism by which dormant embryos become reactivated is not understood., however~ it

has been correlated to daily changes in photoperiod (Murphy and James, 1974~ Travis and

Pilbeam., 1980~ Murphy"] 1984). Experimentallengthening of photoperiod during embryonic

diapause has been shown to abbreviate gestation (Pearson and Enders:o 1944) through the

precocious induction of implantation (Murphy and James, 1974). It is important to note,

however, that embryo implantation can still occur in animaIs devoid of photoreceptors

(Murphy and James~ 1974) and in animais kept in total darkness (Kirk 1962).

During embryonic diapause the corpus luteum (CL) of the mink: appears

histologically inactive (Hansso~ 1947) and secretes very low levels of progesterone

(Moller:- 1973~ Murphy, 1973~ Stouftlet el al., 1989). ft is ooly after the vernal equinox., as

serum prolactin levels are increasing (pilbeam et al"] 1979), that the CL become reaetivated

and begin to secrete large amounts of progesterone (Murphy et al., 1983). A direct role for

prolaetin in the reaetivation of the mink CL bas been suggested since exogenous prolactin

will advance the timing of implantation in the intact mink (papke el al., 1980~ Martinet el

al., 1981) and prolactin alone has been shown to induce implantation in hypophysectomized

mink (Murphy et al., 1981).

Although prolactin has been shown to be essential for the reaetivation of the mink

CL the exact mechanisms by which it exerts its luteotropic effects are unclear. One

hypothesis is that prolactin acts directly on the progesterone biosynthetic pathway. This

hypothesis is supported by the faet that prolactin alone can stimulate progesterone

production and induce implantation in hypophysectomized mink (Murphy et al., 1981). In

addition., prolactin treatment of cultured mink luteal cells, collected from post-implantation

mi~ has been shown to stimulate small but significant increases in media progesterone
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levels (Murphy et al., 1993). Therefore, one of the objectives of tbis study was to

determine the effect of prolaetin on severa! elements of the progesterone biosynthetic

pathway, including the steroidogenie enzymes P450scc and 3p-HSD, as weil as the

cholesterol transport prot~ StAR. 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

(Reviewed by Miller, 1988; Hinshelwood et al., 1993). Subsequently the oxidation and

isomeration of ~5-3(3-hydroxysteroid pregnenolone ioto i14-ketosteroid progesterone is

carried out by 3J3-HSD (Reviewed by Miller, 1988~ Hinshelwood et al., 1993). The

quantity ofprogesterone produced by the CL is dependent not only on the activities of these

two enzymes, but aise upon the provision of cholesterol as substrate. Mobilization of

cholesterol from lipid stores ta the vicinity of P450scc on the inner mitochondrial membrane

is essential for progesterone biosynthesis (Waterm~ 1995). The mitochondrial protein

StAR, which has recently been purified and cloned by Clark et al. (1994), has been reported

to he important for the transport ofcholesterol across the mitochondrial membrane.

Both LH and prolaetin elicit their biological effects by binding to specifie cell surface

receptors and aetivating a variety of intracellular signal transduction systems. In addition to

detennining the effects of prolaetin on the progesterone biosynthetic pathway, we aIso

wanted to determine its role in the regulation of luteotropic hormone receptors~

Specifieally, we wanted to determine the raie of prolaetin in the regulation of its own

receptor as weil as the receptor for LH. PRLr is a member of the growth hormone/

prolaetin/cytokine receptor family (Kelly et al., 1991). The gene encoding this receptor has

been cloned and sequenced in a number of species including the rat (Boutin el al., 1988),

mouse (Davis and Linzer, 1989), human (Boutin el al., 1989), rabbit (Edery el al., 1989)

and cow (Scott et al., 1992). Multiple fonns of the receptor have been identified in

mammalian species whieh differ in the length of their cytoplasmic domain (Davis and

Linzer, 1989; Shirota et al., 1990). The deduced amino acid (aa) sequence for the rat

prolactin receptor revealed a single polypeptide chain which eonsists of a large extra

cellular domain of approximately 210 aa, a single transmembrane spanning region of 24 aa

and a short (57 aa) or long (262 aa) cytoplasmic domain, depending on the receptor type

(Kelly et af., 1991). Recent evidence suggests that there are multiple mechanisms for

prolactin signal transduction (Campbell et al., 1994; Clevenger and Medagli~ 1994~

Clevenger et al., 1994; Rui et al., 1994; Sidis and Horseman, 1994~ BeUanga et al., 1995).

LHr is a member of the G protein-coupled hormone receptor family. The gene sequence for

LHr bas been published for a number of species including the rat (McFarland, 1989), pig

(Loosfelt et al., 1989), human (Frazier et af., 1990; Minegishi et al., 1990) and mouse

(Gudermann et al., 1992). The deduced aa sequence indicates it is a single polypeptide
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chain, a large portion of which is located extra-cellularly, hydropathy plots have revealed a

transmembrane domain that weaves through the cell membrane seven times and a short

cytoplasmic domain (reviewed by Segaloff and Ascoli, 1993).

In summary, the mink displays a unique combination of reproductive charaeteristics

one of which is an obligatory delay in implantation. During this delay phase the corpus

luteum produces little progesterone and it is ooly after the vernal equinox, as serum

prolactin levels are increasing, that the CL become reactivated and begin to produce large

amounts of progesterone. The mechanism(s) by which prolactin exerts its luteotropic

effects is unknown~ therefore, the objectives of this study were 1). to determine the effects

of prolactin on the progesterone biosynthetic pathway by monitoring changes in the

abundance of rnRNA for P450scc, 3f3-HSD and StAR, over the course of mink gestation

and 2). to detennine the effects ofprolactin on luteotropic hormone receptors~ namely PRLr

and LHr. In addition, the possible role of LH in CL reaetivation, regulation and

maintenance was examined.



•

1

22

2.0 LITERATURE REVIEW

2.1 PROLACTIN AS A LUTEOTROPIN

Astwood (1941) demonstrated the presence of a substance purified from the ovine

pitWtary gland that maintained the corpus luteum of the hypophysectomized rat. This

hormone proved to have neither FSH activity, since it could not induce follieular

development in the hypophysectomized rat, nor LH activity, as assessed by its inability to

induce ovulation in the rabbit. This hormone became known as prolaetin. Prolactin has

been shown to regulate a wide spectrum of activities, which include effects on 1).

reproduction and lactation, 2). water and salt balance, 3). growth and morphogenesis, 4).

metabolism., 5). behavior, 6). immunoregulation and 7). the ectodenn and skin (Nicoll and

Bern). ln spite of the generality of prolaetin's functio~ the mechanism by which it exerted

its actions at a cellular level remained unknown for many years. Recently, however,

numerous intra-cellular signal transduction systems have been identified for prolaetin

(Campbell et al., 1994~ Clevenger and Medaglia, 1994~ Clevenger et al., 1994~ Rui el al.,

1994~ Sidis and Horsernan, 1994~ Bellanga et al., 1995).

Prolactin aets as a luteotropin in a wide variety of species, which include exarnples

from every mammalian order. Prolactin is luteotropic in carnivores including the dog

(Concannon, 1981), ferret (Murphy, 1979) and mink (papke et al., 1980~ Murphy et al.,

1981) as weil as sorne artiodactyls, especially the pig (du Mesnil du Buisson and Denamur,

1969). A luteotropic role for prolaetin in ruminant artiodaetyls is controversial. The ovine

CL regresses following hypophysectomy (Kaltenbach et al., 1968) and the ovine pituitary

isolated from the hypothalamus secretes primarily prolaetin and little or no LH and can

maintain the CL (Denamur et al. .. 1966). However, treatment of ewes with bromocryptine,

which reduces hypophyseal prolactin secretion, bas been shown to have no eireet on luteaJ

function during the ovine estrous cycle (Niswender, 1974). Treatment of cattle with

bromocryptine in combination with passive immunization against prolactin produces no

changes in circulating progesterone during the estrous cycle (Hoffinann et al., 1974) leading

to the suggestion that prolactin has finIe or no role in luteal maintenance in the cow.

Evidence for the involvement of prolaetin in primate luteal tissues cornes from

studies of human luteal function in which the characteristic pattern of peripheraJ

progesterone during the menstrual cycle was disrupted by treatrnent with bromocryptine

(Del Pozp et al., 1972~ Besser et al., 1972). Administration ofbromocryptine to estrogen

treated monkeys resulted in luteolysis, further suggesting that the primate CL requires

prolaetin (Castracane and Shaikh., 1980).

The luteotropic effects of prolactin bas best been studied in the rat. The rat corpus

luteum is under the control of both LH and prolactin, with the result that in the absence of

either hormone, CL function is lost. ln addition, the requirements of the rat CL for LH and
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prolaetin change over the functional lifespan of the CL (Morishige and Rothchild" 1974).

For example, in animals hypophysectomized before day 7" prolactin treatment combined

with either estrooe (Greenwald and Johnso~ 1968), FSH (Greenwald and Johnso~ 1968),

LH (Yang et al., 1973), or FSH plus LH (Ahmad et al., 1969), bas been found to be

necessary to maintain pregnancy. LH alooe, however, was sufficient to maintain pregnancy

in rats hypophysectomized 00 day 8 or 9 (Ahmad et al., 1969).

The cellular mechanism by which prolaetin exerts its effects remains unclear. The

principal luteotropic effect of prolactin has beeo described as a prolongation rather than

elevation of the rate of progesterone biosynthesis by the CL (Rothchild, 1981). Prolactin

has therefore, been branded as a permissive luteotropin" meaning prolactin permits the CL

to secrete progesterone at an intrinsic rate or at a rate determined by other luteotropic

factors, such as LH (Rothchild, 1981). Another permissive effect of prolactin is its ability

to proteet the CL against uterine and other forces that are bent on its dissolution (Ueda et

al., 1985; A1barracin and Œbon, 1991). More direct stimulatory etfects of prolaetin on

progesterone bioSYDthesis such as its role in the reguJation of 20a.-hydroxysteroid

dehydrogenase, cholesterol esterase aetivity, lipoprotein utilization and the induction and

maintenance of LH receptors have aIso been described and will be reviewed in greater detail

below.

2.2 EFFECT Of PROLACTIN ON 20a.-HYDROXYSTEROID OEHYDROGENASE

The enzyme 20a-hydroxysteroid dehydrogenase (20a-HSO) plays a key role in the

conversion of progesterone to 20a-hydroxyprogesterone, a reduced steroid with weak to

nonexistent progestational aetivity (Talwalker et al." 1966~ Rennie and Davis, 1964~ Wiest

and Forbes~ 1964). The CL is a unique steroidogenic gland in that it secretes progesterone,

which helps sustain pregnancy, but is aIso potentially capable of expressing, when required,

the enzyme 20a-HSD, which can reduce progesterone to an inactive steroid. Thus, it is

crucial for the CL to repress 20a-HSD throughout pregnancy when progesterone is

essential for fetaI survival and to express this enzyme when pregnancy is to be terminated.

A long known effeet of prolactin is to suprress the enzymatic degradation of

progesterone to 20a-hydroxyprogesterone (Weist et al., 1968~ Jones et al., 1983;

Albarracin et al, 1994). Studies in the rat by AIbarracin et al. (1994) demonstrated that

20a-HSO protein and mRNA levels were coordinately regulated, and that there was a

profound inhibitory effect of prolaetin on 20a-HSD aetivity which was apparently due to

the inhibition of 20a-HSD gene expression, leading to the disappearance of the protein

from the CL. Its imporatant to note, however, that the large scale conversion of

progesterone to 20a.-hydroxyprogesterone seen in the luteal tissue of the rat (Van Straalan

et al., 1981 ~ Kim and Greenwald, 1984) is not univer~ since the conversion of large
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amounts of progesterone to 20a-hydroxyprogesterone does not appear to occur in the

hamster (Harris and Murphy, 1981)~ mink (Murphy and Moger~ 1977) or in a number of

other species (Yoshinaga., 1973).

2.3 EFFECT Of PROLACTIN ON CHOLESTEROL ESTER HYDROLASE

Cholesterol esters are present in large concentrations within steroidogenic tissues

(Behrman et a/.~ 1971; Hoffinan and Fajer, 1973~ Trzeciak and Boyd, 1973). Hydolysis of

cholesterol ester stores produce cholesterol, which serves as a precursor for steroidogenesis

(Annstrong, 1968~ Barke et al., 1973 ~ Behrman et al., 1970; Trzeciak and Boyd, 1973), as

well as long chain fatty acids, which may provide a major source of energy for cellular

metabolism (Flint and Denton, 1970). The enzyme responsible for catalyzing hydrolysis of

cholesterol esters into free cholesterol and long chain fatty acids is cholesterol ester

hydrolase (CEH).

A number of studies conceming the effects of prolaetin on CEH activity have been

condueted. EMly studies using hypophysectomized, immature, artificially superovuJated

rats indicated that prolaetin increased CEH activity (Behrman el al., 1970b; Behrman et al.,

1971). Subsequent studies using mature, pseudopregnant rats confirmed this observation

(Klemcke and Brinkley, 1980~ Klemcke and Brinkley~ 1980b). ln addition, treatrnent of

mature pseudopregnant rats with bromocryptine, to block the endogenous noetumal

prolactin surge, caused significant reductions in both luteaJ CEH activity as weIl as

progesterone levels (Klemcke and Brinldey, 1980b). Cholesterol ester hydrolase activity in

the rat ovary appears to be regulated at both the transcriptional and translationaJ level (Aten

el al., 1995). Removal of prolactin trom the circulation by either hypophysectomy or

bromocryptine treatment is sufficient to significantly reduce CEH mRNA, protein and

aetivity, whereas treatment with prolactin following hypophysectomy and bromocryptine

treatment blocked the reduction of CEH mRN~ protein and activity (Aten el al., 1995).

Changes in CEH mRNA with luteinization and funetionaJ luteal regression are aIso

consistant with a major role for prolactin in the regulation of CEH (Aten etaI., 1995).

The mechanism of regulation of CEH aetivity by prolaetin is not known. Prolaetin

may directly influence CEH transcription rates, although there are no indication that the

CEH gene contains a prolaetin response element (Smal) et al., 1991). Alternatively,

prolaetin may increase CEH mRNA stability or may stimulate protein synthesis by

increasing elongation factor 2 activity (Gibori,1993).
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2.4 EFFECT OF PROLACTIN ON LIPOPROTEINS

The major source of cholesterol for luteal progesterone synthesis in the rat bas been

shown to he circulating lipoprotein cholesterol (reviewed by: Strauss et al.~ 1981 and

Gwynne and Strauss, 1982). Exogenous lipoproteins supplied to luteal cells in vitro have

been shown to augment progesterone secretion in cens derived from the CL of the rat

(Schuler el al., 1981), cow (pate and Condon, (982), woman (Carr et al.., (981), pig

(Grinwich et al., 1983), mink (Murphy et al., 1984) and ferret (McKibbin et al., 1984).

There are two foons of lipoproteins which are preferentially utilized in luteal progesterone

biosynthesis, high density lipoproteins (HDL) and low density lipoproteins (LDL). Both

HDL and LDL can contnoute cholesterol to the rat CL (Bruot et al., 1982~ Azhar and

Meno~ 1981)~ however, HDL appears to be the more significant source of substrate

(Schuler el al.., 1981). In most other species studied., LDL bas been shown to be more

effective at supporting progesterone biosynthesis (GWYIU1e and Strauss, 1982).

Evidence for prolaetin's involvement in lipoprotein utilization has been demonstrated

by interactions between prolactin and lipoprotien in production of progesterone by luteal

ceUs in vitro. Prolactin enhances both HDL- and LDL-induced progesterone accumulation

by luteal cells from the pregnant pig (Rajkumar et al., 1984~ Chedrese et al.., 1988), mink

(Murphy et al.., 1984) and ferret (McKibbin et al., 1984). Furthennore, an increase or

reduction in circulating prolaetin in the ferret bas been shown to bring about an increase or

reduetion in the capacity of the subsequent luteal ceUs to utilize lipoproteins (Rajkumar et

al., 1987). The mechanisrn of this interaction is not c1ear~ however., it has been shown that

prolactin increases both the binding and degradation of LDL (reviewed by Murphy and

Silivan, 1989).

Murphy et al. (1989) tested the effects ofLH and prolactin on the uptake oflahelled

Iipoproteins in vivo in immature rats treated with gonadotropins to induce ovulation and

luteinization. AnimaIs underwent hypophysectomy after the ovulatory stimulus and were

treated with 100 J..lg of LH or prolaetin for 5 days. The rats were then infused with labeUed

HDL and killed after 1 hour. The results revealed that peripheral progesterone was

maintained by prolactin but not LH treatment in hypophysectomized rats relative to the

sham controls. 80th LH and prolactin resulted in HDL uptake by luteal tissue. They

concluded that these results suggested that a component of luteal maintenance by

luteotropins consisted of support of one or more phases of the cholesterol imporation

system of luteal ceUs.
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2.5 EFFECT OF PROLACTIN ON LUTEINIZING HORMONE RECEPTOR

Luteinizing hormone is an important substance produced by the antenor pituitary

which is involved in the regulatio~ maintenance and funetion of the mammalian CL. This

hormone exerts its biological effects by binding to a cell surface receptor, which is a

member of the G protein-coupled hormone receptor family. One of the luteotropic

functions of prolaetin is its involvement in the regulation ofLHr.

Prostaglandin F2a. (PGF2a.> has a decisive role in the funetional regression of the

corpus luteum in most species including the rat (Olofsson and Leung, 1994). Previous

studies have shawn that one consequence ofa luteolytic dose ofPGF2a. is the disappearance

of LH binding capacity from the luteal membrane (rat: Grinwich et al.., 1976~ sheep:

Diekman et al., 1978). Grinwich et al. (1976) reported that LHr Joss induced by PGF2a

couId be reversed by pretreatment of rats with prolaetin. In addition., Bjuruif et al. (1994)

found that prolaetin could sustain CL function during the late luteal phase by stimulating

both progesterone production and the expression of LH receptors. Taken together these

data suggest that prolactin is involved in the maintenance ofLHr in this species (Grinwich et

al., 1976). The inhibition of prolactin secretion during the early luteal phase of the rat has

been shown to result in a decrease in LH binding capacity in luteal tissue (Grinwich et al.,

1976~ Holt et al., 1976), as weil as a reduetion in the expression of LHr mRNA (Gafvels et

al., 1992).

Other modes of action of prolaetin in the maintenance of LH receptors may be

related to the availability of existing receptors. Luteolysis induced by endogenous means or

exogenous PGF2a alters the physicaJ state of the luteal membranes (Buhr et al., 1979).

This aJteratio~ a phase change in the phospholipid bilayer of the œil membrane and an

increase in membrane viscosity, can be reversed by pretreatment with prolaetin (Buhr el al.,

1983). In other membrane systems, increases in membrane fluidity are associated with

increased prolaetin receptor binding (Bhattacharya and Vonderhaar, 1979). Milvae et al.

( 1983) demonstrated that methylation of phospholipids in luteaJ membranes, a treatment

that increases membrane fluidity in turkey erythrocytes (Rimon et al., 1978), increased LH

stimulated progesterone secretion in vitro. While other mechanisms of increased target

organ sensitivity to peptidergic hormones can be envoked by increased membrane fluidity

(Rimon et al.., 1978). Milvae et al. (1983) proposed that increased membrane fluidity may

unmask LH receptors. The prolaetin maintenance of LH receptor may then be partly

implemented by the reguJation ofmembrane viscosity.
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3.2 ABSTRACf

Prolactin (PRL) is the principal luteotropic hormone in the mink. The role of luteinizing

honnone (LH) in maintaining the mink corpus luteum (CL) bas not been clearly established.

The objectives ofthis study were to cIone cDNA probes for the mink luteotropic hormone

receptors and determine changes in the relative abundance of their mRNA over the course

of gestation, particularly at the time of CL reaetivation and the pre-implantation rise in

progesterone. A 675 base pair (bp) fragment iTom the extra-cellular and transmembrane

domain of the mink PRLr gene was amplified., cloned and sequenced. It displayed nucleic

acid sequence homology of 78, 79, 81, 84 and 86% with similar regions the rat.. murine,

human., bovine and rabbit PRLr gene respectively and 53-540/0 homology with the rat,

hurnan and rabbit growth hormone receptor (GHr) gene. A 1056 bp fragment from the

transmembrane and cytoplasmic regions of the mink LHr gene was amplified, cloned and

sequenced. It displayed nucleic acid sequence homology of 84, 85, 90 and 91 % with the

corresponding regions of the munne, rat, porcine and human LHr genes respectively and

64-65% homology with the human., porcine and bovine follicIe stimulating-hormone

receptor (FSHr) gene. To determine changes in the abundance of mRNA for these genes,

ovary and serum samples were colleeted from pregnant female mink every three days

beginning on March 19 through to March 3 1 and then every five days until April 15. One

group of animais was implanted with A1zet osmotic minipumps which released 2 mg of the

dopamine agonist 2-bromo-a-ergocryptine (bromocryptine) per day. The second group

acted as an untreated control. Northern analysis revealed that the PRLr probe hound to

three transcripts in the mink wruch were 3.4,4.4 and 10.5 kb in size. PRLr mRNA was low

in the ovary during the period associated with CL reaetivation but increased 3 fold as the

time of implantation approached. Circulating prolactin and prolactin binding followed a

sunilar pattern. Treatment of animals with bromocryptine, to suppress endogenous

prolactin levels, prevented the increase in PRLr mRNA. The abundance of ovarian LHr

mRNA peaked early between March 19 and March 23, declined to basallevels by March 25

and remained constant through mid gestation. Bromocryptine treatment prevented the pre

implantation peak in LHr mRNA and reduced its abundance to below pre-treatment

controls. lt is concluded that prolaetin up-regulates its own receptor and increases LHr in

the mink ovary. ln addition, changes in the pattern ofLHr rnRNA suggest that LH May be

involved in CL reaetivation and the tennination of embryonic diapause.
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3.3 INTRODUcnON

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

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

low levels of progesterone (Moller, 1973). It is ooly after the vernal equinox that the mink
CL is reaetivated and begins to secrete elevated progesterone (Allais and Martinet, 1978;

Pilbeam et al., 1979). Mustelids including the ferret (Murphy, 1979), spotted skunk (Mead,

1975), and the mink (Murphy and Moger, 1977~ Murphy et al., 1980) require an intact

hypophysis for nonnaliuteal function. In the mink, the pituitary is necessary, not ooly for

luteal reaetivation and implantation (Murphy and Moger, 1977), but also for luteal

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

determined that the pituitary hormone prolaetin is the principal luteotropic honnone in the

mink. It is essential for reaetivation of the CL, termination of embryonic diapause and for

normal CL funetion after implantation (papke et al., 1980; Martinet et al., 1981 ~ Murphy et

al., 1981). The mechanism(s) by which prolactin exerts ilS luteotropic effeets is unclear.

Previous studies have indicated that LH may not be essential for the reactivation of the CL

or the termination of embryonic diapause (Murphy et al., 1981), but may be involved in the

maintenance of the post-implantation CL (Murphy et al., 1993). To date, its role has not

been clearly defined.

Prolaetin and LH bind to hormone celI surface receptors and activate specifie second

messenger systems. Prolaetin receptor is a member of the GHlPRL/cytokine receptor

family (Kelly et al., 1991). The gene encoding this receptor has been cloned and sequenced

in a number of species including the rat (Boutin et al., 1988), mouse (Davis and Linzer,

1989), human (Boutin et al., 1989), rabbit (Edery et al., 1989) and cow (Scott et al., 1992).

Multiple foons of the receptor have been identified in mammalian species which differ in the

length of their cytoplasmic domain (Davis and Linzer, 1989~ Shïrota et al., 1990). The

deduced amino acid (aa) sequence for the rat prolaetin receptor revealed a single

polypeptide chain which consists of a large extra-cellular domain of approximately 210 aa, a

single transmembrane spanning region of 24 aa and a short (57 aa) or long (262 aa)

cytoplasmic domain, depending on the receptor type (Kelly et al., 1991). Recent evidence

suggests that there are multiple mechanisms for prolactin signal transduction (Campbell et

al., 1994; Clevenger and Medaglia, 1994; Clevenger et al., 1994; Rui et al., 1994; Sidis and

Horsem~ 1994; BeUanga et al., 1995).

Luteinizing hormone receptor is a member of the G protein-coupled hormone

receptor family. The gene sequence for LHr has been published for a number of species

including the rat (McFarlancL 1989), pig (Loosfelt et al., 1989), human (Frazier et al.,

1990~ Minegishi et al., 1990) and mouse (Gudermann et al., 1992). The deduced aa
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sequence indicates it is a single polypeptide ch~ a large portion of which is located extra

celluIarly and hydropathy plots have revealed a transmembrane domain that weaves through

the ceU membrane seven tirnes and is foUowed by a short cytoplasmic domain (reviewed by

Segaloff and Ascoli, 1993).

Since prolactin and LH are necessary for the maintenance and function of the mink

corpus luteu~ it was of interest to detennine changes in the abundance of PRLr and LHr

mRNA during CL reactivation and early post-implantation gestation and to detennine

whether alterations in endogenous prolaetin levels affect the abundance of rnRNA for either

PRLr or LHr.

3.4 MATERIALS AND METBODS

4.4.1 TOTAL RNA ISOLATION

Ovarian and testicular total RNA was extracted by CsCl {GibcoIBRL, Burlingto~

O~l gradient ultracentrifugation (Chîrgwin et al., 1979). Tissue samples were

homogenized with a PT 3000 polytron (Brinkmann, Rexdale, ON) in 4 M guanidinium

isothiocyanate (GITe: Gibco/BRL) plus 0.12 M 2 mercaptoethanol (Sigma, St Louis, MO).

The homogenate was then layered onto a 5.7 M CsCI 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 then 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 nucleic acid concentration for each sample was determined by

spectrophotometric measurement at 260 nm.

4.4.2 CLONING AND SEQUENCING OF PROBES FOR PRLr AND LHr

Oligonucleotide primers for the reverse transcription (RT) and polymerase chain

reaction (PCR) amplifications for the mink PRLr gene were based on homologous regions

of the rat (Boutin et al., 1988~ Shirota et al., 1990), mouse (Davis and Linzer, 1989), rabbit

(Edery et al., 1989) and bovine (Scott et al., 1992) PRLr genes (sense primer A:

AGGAAACATTCACCTGCTGGTG~ antisense primer 1: TGCATCCTCCCACCAGT

TCC). Primers for the mink LHr gene were based on homologous regions of the rat

(McFarland et al., 1989), porcine (Loosfelt et al., 1989) and human (Minegishi et al., 1990)

LHr genes (sense primer C: GGAGAATICATTTGCCTCCCCATGGATG

TGGAA, c: GGGAATTCCCTGTGAAGATATTATGGGCTATG~ antisense primer 1:

GGTGTCTAGATGCAGAAGCTTGCAAAGGAGAGATT, dT: GACTCGAGTCGA

CATCGA).
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Total ovarian or testicular RNA was reverse transcribed using the following reaetion

conditions. Five Jlg of RNA, 1 J.Ü of 25 llM antisense primer and enough DEPC-treated

water to bring the total volume to 16 JJ1 were combined. This mixture was incubated at 65

C for 5 min and then put on ice. To the primer:RNA mix 2 ~ of 10 x RT buffer (0.5 M

Tris, 0.7 M KCl, 0.1 M MgCh, 0.04 M OTT), 0.5 JJl RNAsin (pharmacia), 1 III nucleotide

mix (25 ~ each of dATP, dCTP, dGTP, dTTP), and 0.5 !-Ü mutine Moloney leukemia

virus reverse transcriptase (pharmacia) were added for a total volume of 20 J,ll. The

reaction mixture was incuhated for 30 minutes at 42 C, 30 minutes at 45 C and 30 minutes

at 47 C. Polymerase chain reaetion amplifications were performed using sense and

antisense primers for each gene. Reactions were made to a total volume of 100 ~ and

contained 10 J.LI of 10 x PCR buffer (0.5 M Tris pH 9, 15 mM MgCI2, 0.2 M NH2S04), 1

J.LI of each of the sense and antisense primers, 1 J.lI of 20 J,LM of each nucleotide (dNTP:

Phannacia), 0.5 III of cDNA pool and 0.5 J.LI TAQ polymerase (phannacia). The peR

reaetions were performed in a thermocycler for 40 cycles.

The peR produets were size fraetionated by electrophoresis on 1% agarose gels.

The gels were stained with ethidium bromide (Sigma) and the presence of cDNA bands was

determined by visualization under UV illumination. Amplified cDNA bands of the correct

predieted size were excised trom the agarose gels and purified using sephaglas bandprep

(pharmacia). The purified bands were ligated ioto pGEM-T (promega, Nepean, ON)

plasmid veetor using T4 DNA ligase (Promega). The ligation products were used to

transfonn E. coli (II OS), using the RbCl method (Sarnbrook et al., 1989). Positive clones

were identified by selection for ampicillin resistance and restriction enzyme digestion of

miniprep plasmid DNA preparations. Plasmids containing the proper inserts were

sequenced by the double stranded dideoxy chain termination method (Sambrook et al.,

1989) using T7 polymerase (T7 Sequencing Kit: Phannacia). To guard against potential

misincorporation of nucleotides by TAQ polymerase during PCR amplification, three

independent clones were sequenced for each gene fragment and the consensus sequence

taken.

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

until mating. Seven to DÎne days later the females were remated to different males.

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

pregnant females were randomly assigned to one of two treatment groups. The tirst group

were implanted on March 20 with Alzet osmotic minipumps (Alza Corp, Palo Alto, CA)



•

1

32

which reIeased 2 mg of bromocryptine (Sigma) per day over the experimental period. The

second group received pumps which contained saline and acted as controls. The ovaries

and a terminaI blood sample were collected every 3 days between March 19 and 31 and

every 5 days thereafter until April 15. One ovary from each animal was placed in GITC

buffer for total RNA isolation as described above. The other ovary was snap frozen and

stored at -70 C to detennine receptor binding. In addition, to the ovaries various tissue

sarnples including the uterus, brain, adrenaI., kidney and Iiver were also colleeted for total

~"'lA isolation.

3.4.4 NORTHERN ANALYSIS

For Northern bIot analysis, 15 Jlg of total RNA was size fraetionated on a 1%

agarose denaturing formaldehyde gel and stained with ethidium bromide (Sigma) as

described by Sambrook et al., 1989. The RNA was transferred by capillary action

ovemight using 20 x SSC (1 x SSC = 150 mM NaCL 15 mM trisodium citrate, pH 7.0) to a

nylon membrane (Hybond-N: Amersham, Oakville, ON) and then cross-linked to the

membrane using GS gene linker UV chamber (BioRad, Mississauga, ON).

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 prehybridized for 30 minutes

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

sulfate (SDS)~ 10% dextran sulfate). Denatured herring spenn DNA (Sigma) at a

concentration of 10 mg/ml was added to the hybridizing solution and the prehybridization

period was continued for at least another three hours. The homologous mink PRLr and

LHr probes were labeled by random primer extension (Boehringer Mannheimy Laval, PQ)

with [32p]-dCTP (Dupont~ Mississaug~ON). Labeled probes were denatured and added to

the hybridizing solution. The incubation was continued overnight at 65 C. The following

day the membranes were washed twîce, 15 minutes per was~ with 2 x SSPE plus 0.10/0

SDS at room temperature and twice at 6S C. The membranes were sealed in hybridizing

bags with a small amount of S 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., 1985). Autoradiographie images were digitized and

analyzed using Collage software. Results 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 pooIed sample derived from ovaries of female mink coUected during anestrous. This

sample was present on aIl of the Northem blots and served as a control.
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3.4.5 PROLACTIN RECEPTOR BINDING ASSAY

Ovine prolaetin was radiolabeled with 1251 (Amersharn, Oakville. ON) by the

laetoperoxidase method (Thorell and Johansen, 1973). Ovarian samples were thawed and

kept on ice. Each sample was homogenized using a small glass tissue homogenizer in 250

J.Ù of phosphate buffered saline (PBS). The homogenizer was rinsed twice with 250 J,1l of

PBS and pooled with the tissue sample. The samples were centrifuged at 3000 rpm at 4C

for 20 minutes. The supematant was removed and discarded. The pellet was resuspended

in 500J.Ù of ice cold PBS. AlI binding determinations were performed in polypropylene

tubes which were coated with 10% bovine serum albumin (BSA: Sigma). The assay was

carried out in duplicate and each sample had its own nonspecific binding (NSB) tube.

Sample (150 J.L1)~ assay buffer and labeled prolactin (1 OO~OOO cpm) were incubated

overnight at room temperature. The next day the sampies were centrifuged and the pellet

was washed twice with PBS plus aSA and counted on a spectrometer. Protein

concentrations were detennined (Lowry et al.. 1951) and used to standardize the results.

3.4.6 HORMONE ASSAYS

Mink serum progesterone concentrations were determined by liquid-phase

radioimmunoassay (RIA) after extraction in 10 volumes of hexane (BDH, Darnstadt).

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

Ila-o- 13.20dione hemisuccinate bovine serum albumin, kindly provided by Dr. A Goff

(Lafrance and Gott: 1985). was used as the first antibody. Progesterone-lIa-glucuronide

[1251] iodotryramine (Amersham, Oakville, ON) was used as radioactive trace and goat

anti-rabbit IgG (prince Laboratories~ Toronto. ON) as the precipitating second antibody.

The sensitivity of the assay was 6 pg. The intra- and inter-assay coefficients of variation

were ]2.2 and 12.3%~ respectively.

Mink serum prolactin concentrations were determined by a double antibody

radioimmunoassay, previously validated for the mink (Murphy et al.~ 1990). The sensitivity

of the assay was 0.3 ng/ml .

3.4.7 STATISTICAL ANALYSIS

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

way analysis of variance was used to determine differences in serum prolactin and

progesterone levels, the abundance PRLr and LHr mRNA over the experimental period and

between the bromocryptine and control groups. One way anaIysis of variance was used to

determine differences in prolactin receptor binding over pre-implantation and early
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post-implantation gestation. In the presence of significant F values, individual differences

between means were detennined by the LSD method. A value of p< 0.05 was considered

significant.

4.5 RESULTS

3.5.1 CLONING OF THE MINI< PRLr AND LHr cDNA

.~ 675 bp fragment of the mink PRLr gene, corresponding to nucleotides 120 to 895

of the rat, hu~ murine, rabbit and bovine PRLr gene, was cloned and sequenced (Figure

1). The fragment included most of the putative extra-cellular and ail of the transmembrane

domains. It contained five cysteine residues that are conserved between aIl the species

sequenced to date. The fragment also included two potentiaI N-linked glycosylation sites.

The mink PRLr gene had sequence homologies of 78, 79, 81, 84 and 86% with the rat

(Boutin el al., 1988. Shirota el al., 1990), murine (Davis and Linzer, 1989), human (Boutin

et al.., 1989), bovine (Scott et al., 1992) and rabbit (Edery et al.., (989) PRLr gene

sequences (Table 1). It had 53-540/0 homology with the rat (Mathews el al., 1989), human

(Leung et al., 1987) and rabbit (Leung et al.., 1987) GRr gene. Northern analysis revealed

that the cloned mink PRLr probe hybridized with three principal transcripts, which were

3.4, 4.4 and 10.5 kb in size (Figure 3a). A tissue distribution blot showed that the mink

PRLr probe hybridized strongly with transcripts in the mink ovary, CL and testes (Figure 2)

and weakly with the uterus, adrenal., kidney and liver (data not shown).

A 1056 bp fragment of the mink LHr gene, corresponding to nucleotides 1065 to

2115 of the rat, porcine and human LHr genes, was cloned and sequenced (Figure 2). The

fragment included ail seven putative transmembrane spanning domains and aIl of the

CYt0plasmic portion of the gene. This portion of the mink LHr gene had sequence

homology of 84, 85, 90 and 91% with the murine (Gudermann et al., 1992), rat (McFarland

el al., 1989), porcine (Loosfelt et al.., 1989) and human (Frazier et al., 1990~ Minegishi et

al., 1990) LHr gene sequences respectively (Table 1) and 64-65% with the rat (Sprengel el

al., 1990), human (Minegishi et al., 1991), ovine (Yarney et al., 1993) and bovine (Houde

el al., 1994) FSHr gene. Northern blot analysis revealed that the mink LHr probe

hybridized with several transcripts, the principle one being 2.4 kb in size (Figure 3b).

Hybridization was restricted to ovarian and testicular tissue (Figure 3b).
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3.5.2 ABUNDANCE Of PRLr and LHr DURING MINI( GESTATION

Serum prolaetin Ievels in the pregnant mink increased gradually through gestation

from a low of 14. 15 + 3.9 ng/ml on March 19 during diapause to 54.08 + 7.6 ng/ml on

April 15 during early post-implantation gestation (Figure 4a). Treatrnent of pregnant

animais with 2 mg of bromocryptine per day, reduced prolactin levels below the pre

treatment controls (13.0 + 7.7 ng/ml on March 19 to 2.8 + 0.7 ng/ml on March 23). Sorne

animaIs, however, were able to breakout ofthe bromocryptine suppression of prolaetin after

March 3 1. This is retlected in a small but significant increase in serum prolaetin levels at

this time (4.9 + 1.7 ng/mI on March 29 to 14.4 + 5.0 ng/ml on April 5).

Serum progesterone levels increased gradually in the untreated pregnant mink

between March 19 (5.1 + 2.4 ng/ml) and April 15 (78.0 + 7.1 ng/ml) (Figure 4b) indicating

the reactivation of the mink CL. Treatment of pregnant animais with bromocryptine

prevented this reactivation. AnimaIs that escaped from bromocryptine suppression

displayed increases in serum progesterone Ievels indicating CL reactivation (3.3 + 3.3 ng/ml

on March 29 to 35.5 + 18.0 ng/ml on April 10). AnimaIs with increased levels ofprolaetin

and progesterone also had implanted embryos present on April 15.

The abundance of mink PRLr did not significantly differ (P<0.05) between March

19 and March 29, which corresponds to the period of CL reaetivation in the mink. The

PRLr mRNA levels increased 3 fold between March 29 and April 15 (Figure Sa). Prolactin

binding sites followed a similar pattern of expression as PRLr mRNA (Figure 6), with no

difference between March 19 and 29 then increasing between March 29 and April 15.

Suppression of endogenous prolactin levels with bromocryptine prevented the increase in

the abundance ofPRLr mRNA present in the untreated animais on March 29.

The abundance of mink LHr mRNA showed a different pattern of expression from

PRLr. There was a rapid increase in the abundance of LHr rnRNA between March 19 and

March 23 (Figure 7a). The Ievels then declined until March 25 and remained constant over

the rest of the experimental period. Bromocryptine treatment not only prevented the

transient increase in LHr mRNA present in the untreated controls, but also reduced the

abundance of LHr rnRNA below the pre-treated controls. The animaIs that escaped from

bromocryptine suppression had increased levels of LHr rnRNA (Figure 7).
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Figure 1. The nucleic acid and predieted amino acid sequence ofa 675bp fragment
of the mink PRLr gene. The fragment corresponds to nucleotides 120-895
of the rat~ mouse, human, bovine and rabbit PRLr gene. Them
transmembrane domain is enclosed in the box. Conserved cysteine residues
are marked with asterisks and potential N-linked glycosylation sites are
underlined.
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i 9 18 27 36 45 54

5 · MG GAA ACA TTC ACC TGC TGG TGG AM CCT GGG aM GAT GGA GGG CTT CCC ACT
--- --- --- --- ---

Lys Glu Thr Phe Thr Cys Trp Trp Lys Pro Gly Glu Asp Gly Gly Leu Pro Thr

63 72 81 90 99 108
AAA TAC ACG CTG ACG TAT CAC MG GAA GGA GAA ACA ACe ACA CAT GAA TGT CCA

--- --- --- --- --- --- --- ---

Lys Tyr Thr Leu Thr Tyr His Lys Glu Gly Glu Thr Thr Thr His Glu Cys Pro

117 126 135 144 153 162
GAC TAC ATA ACC AGT GGC CCC MT TCe TGT TAC TTC MC MG MG CAC ACC TCC

--- --- --- ---
Asp Tyr Ile Tm Ser Gly Pro Asn Ser Cys Tyr Phe Asn Lys Lys His Thr Ser

171 180 189 198 207 216
ATA TGG ACG ATG T.~C ATC ATC ACA ATA MT GeC ACA MC GAG ATG GGA AGC .';GT

--- --- --- --- --- ---

Ile Trp Thr Met Tyr Ile Ile Thr Ile Asn Ala Thr Asn Glu Met Gly Ser Ser

225 234 243 252 261 270
TCC TCG GAT CCA CGT TAT GTG ACG TTG ACT TAC AT!' GTT GAA CCA GAC CCT CCT

--- --- --- --- --- --- --- ---

Ser Ser Asp Pro Arg 'l'.Ir Val Thr Leu Thr Tyr Ile Val Glu Pro Asp Pro Pro

279 288 297 306 315 324
GTG ;'.AC CTA .;GT TTG GAA TTA AAA ('AG CCA GAA GAC MA AAA ACA TAC CTG TGG... --- --- --- ---

~ Val Asn Leu Ser Leu Glu Leu Lys GIn Pro Glu Asp Lys Lys ThrTyr.. Leu Trp

333 342 351 360 369 3ï8
.~TT AAA TGG T.;C CCA CCC ACC CTG GTT GAT GTT AGA TCT GGT TGG CTC ACA CTC

--- ---
Ile Lys Trp T'.lr Pro Pro Thr Leu Val Asp Val Arg Ser Gly Trp Leu Thr Leu

387 396 405 414 423 4"""..J.t:.

c.=-.G TAT GAA AIT CGG TTA A.;A CCC GAG AAA GCT ACT GAG TGG GAG ACT C.;T TTI
--- ---
GIn 'l''.Ir Glu Ile .;rg Leu Lys Pro Glu Lys Ala Thr Glu Trp Glu Thr His Phe

441 450 459 468 477 486
GCT GGA CTG CAG ACT CAG TTT MG ATT CTC AGe TTA TAC CCA GGA CAG AA.; TAC

--- ---
Ala Gly Leu GIn Thr GIn Phe Lys Ile Leu Ser Leu Tyr Pro Gly GIn Lys '!".Ir

495 504 513 522 531 540
CTT GTC CAG GTT CGC TGC MG CCA GAC CAT GGA 'M'C TGG AGT GAG TGG AGe CCA
--- --- --- --- --- --- --- --- --- --- ---
Leu Val GIn Val Arg Cys Lys Pro Asp His Gly Phe Trp Ser Glu Trp Ser Pro

549 558 567 576 585 594
MG AGG TCT ATC c.;G ATA CCT MT GAC ATe TCe ATG AAA GAT ACC ATT GTG TGG

--- --- --- --- --- ---
Lys .;rg Ser Ile GIn Ile Pro Asn Asp Ile Ser Met Lys Asp Tm Ile Val Trp

'!P., 603 612 621 630 639 648
• ATC TTT GTG GCC GTT CTC Tce GCA GTC ATe TGT CTG ATT ATG GTC GCA GCC GTG

--- --- --- --- --- --- --- ---
Ile Phe val Ala Val Leu Ser Ala Val Ile 0.15 Leu Ile Met Val Ala Ala Val



•(

657 666 675
GCT CTG AAA GGC CAT AGe ATG GTC Ace 3 1

Ala Leu Lys Gly His Ser Met Val Thr
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The nucleic acid and predicted amino acid sequence of a fragment of the
mink LHr gene. The fragment corresponds to nucleotides 1065-2115 of the
ra~ porcine and human LHr gene. The seven transmembrane domains are
numbered and enclosed in boxes. Conserved cysteine residues are marked
with asterisks and potentiaI phosphorylation sites by dark dots.



10 19 28 37 46 55
TTC CM' AGG GTC 'M'G ATT TGG CTG ATT MT ATC T'I'G GeC ATC ATG GGA MT GTG

Phe Leu Arg Val Leu Ile Trp Leu Ile Asn Ile Leu Ala Ile Met Gly Asn Val

64 73 82 91 100 109
ACT GTT CTC TTT GTT crc CTG ACT AGT CGC TAT AAA ATG ACG GTG CCC CGT TTT

Thr Val Leu Phe Val Leu Leu Thr Ser Arg Tyr Lys Met Thr Val Pro Arg Phe

118 127 136 145 154 163
CTC ATG TGC MT CTA TeT '!'TT GCA GAT '!'TT TGC ATG GGG TTC TAT CTG CTG CTC

Leu Met Cys Asn Leu Ser Phe Ala Asp Phe Cys Met Gly Phe Tyr Leu Leu Leu

172 181 190 199 208 217
AIT GeC TCA GTT GAT Tee CM ACC AAA GGC CM TAT TAT MC CAT GeC ATA GAC

Ile Ala Ser Val Asp Ser GIn Thr Lys Gly GIn Tyr Tyr Asn His Ala Ile Asp

226 235 244 253 262 2ï1
TGG C;;G Ace GGG AGT GGG TGT AGT GCA GCT GGC TTT TTC ACT GTA TTT TCA AGT

Trp GIn Thr Gly Ser Gly Cys Ser Ala Ala Gly Phe Phe Thr Val Phe Ser Ser

280 289 298 307 316 325
GAG CTT TCT GTC T.:;C ACe CTC ACA GTT ATC ACA CTA GAA AGA TGG CAC Ace ATC

~ Glu Leu Ser Val Tyr Thr Leu Thr Val Ile Thr Leu Glu Arg Trp His Thr Ile
~

334 343 352 361 370 3ï9
Ace TAT GCT CTT CAG CTG GAC CM MG CTA CGT TTA AGA CAT GeC ATA CTG ATC

Thr ~/r A1a Leu GIn Leu Asp GIn Lys Leu Arg Leu Arg His Ala Ile Leu Ile

388 39ï 406 415 424 433
ATG eTT GGA GG;" TGG CTC TTT TCT ACT CTA ATT GeC ACA TTG CCC CTT GTG GG""'T

Met Leu Gly Gly Trp Leu Phe Ser Thr Leu Ile Ala Thr Leu Pro Leu Val Gly

442 451 460 469 478 487
GTC AGC ~:;T TAC ATG AAG GTC AGe ATT TGe CTC CCC ATG GAT GTG GAA ACC ACT

\~l Ser Asn Tyr Met Lys Val Ser Ile Cys Leu Pro Met Asp Val Glu Thr Tl~

496 505 514 523 532 541
CTC TCC CAA GTC TAC ATA TTA ACC ATT CTG ATA eTC MT GTG GTG GeC TTC ACC

Leu Ser GIn Val Tyr Ile Leu Thr Ile Leu Ile Leu Asn Val Val Ala Phe Thr

..
(

550 559 568 577 586 595
ATC ATC TGT GCT TGC TAC AIT AAA ATT TAT TTT GCA GTT CAA AA.T CCA GAG CTG

Ile Ile Cys Ala Cys Tyr Ile Lys Ile Tyr Phe Ala Val GIn Asn Pro Glu Leu

604 613 622 631 640 649
ATG GCT MC MC AAA GAT ACG MG ATT GCC MG AAA ATG GCA GTC eTC ATC TTC

Met Ala Asn Asn Lys Asp Thr Lys Ile Ala Lys Lys Met Ala Val Leu Ile Phe



658 667 676 685 694 703
ACT GAT TTC ACT TGC ATG GCA CCA ATC TCC TTT 'MT GCC ATC TCA GCT GCC TTC

--- --- --- ---

t Thr Asp Phe ThrCys Met Ala Pro Ile Ser Phe Phe Ala Ile Ser Ala Ala Phe

712 721 730 739 748 757
AAA GTG CCC CTT ATC ACA GTA ACC MC TCT AAA GTT TTA CTG GTT CTT TTT TAT

Lys Val Pro Leu Ile Thr Val Thr Asn Ser Lys Val Leu Leu Val Leu Phe Tyr

766 775 784 793 802 811
CCT GTC MT TCT TGT GeC AAT CCA TTT CTG TAT GCG ATT TTC ACAAAG GCA TTC

--- ---
Pro Val Asn Ser Cys Ala Asn Pro Phe Leu Tyr Ala Ile Phe Thr Lys Ala Phe

820 829 838 847 856 865
CM .~GG GAT TTC '!TI' CTG T'rG CTG AGC AAA TTT GGC TGC TGT AAA CGT CGG GTI'
--- ---
GIn Arg Asp Phe Phe Leu Leu Leu Ser Lys Phe Gly Cys Cys Lys Arg Arg Val

874 883 892 901 910 919
GAA CTA TAT AGA AGG MG GAT TTT GTGGCT TAT ACe TCC MC TGC AAA MT GGC

--- --- --- ---
Glu Leu Ty'r Arg Arg Lys Asp Phe Val Ala Tyr Thr Ser Asn Cys Lys Asn Gly

928 937 946 955 964 973
TIC ACT GGA TCA MT MG CCT TCT CAG TCC ACC CTG MG T'TG TCT CCA TTG CAG

Phe Thr Gly Ser Asn Lys Pro Ser GIn Ser Thr Leu Lys Leu Ser Pro Leu GIn

982 991 1000 1009 1018 1027- TGT C~J" 1'':;1' .;'CA ACT GTC CCA G.A.C MG ACT TGe TAA TA.~ .;0.::'. GTG TT.; .;CT GTT
~

~ --- ---
.06.

GIn Tyr Thr Thr Val Pro Asp Lys 'T'hr Cys -*- ~lal Leu Thr '.ta lCys --- Arg

1036 1045 1054
'T"T' .... TC.; GT.; ACe ACA .;.::._; .;AA A.;A .r:..AA AA 3'• ••""l.

Leu Ser Val Thr Thr Lys Lys Lys Lys
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Figure 3. (a). Northem blot showing the tissue distribution of mink PRLr mRNA
The homologous mink PRLr probe hybridized with 3 transcripts 3.4, 4.4
and 10.5 kb in size. (h). Northem blot showing the tissue distribution of
mink LHr mRNA. The homologous LHr probe hybridizes to severa!
transcripts, the principal one being 2.4 kb in size.
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Figure 4. (a). Mean (+ SEM) ofmink serum prolactin levels from embryonic

diapause to early post-implantation gestation. Serum prolactin levels were
determined by double antibody RIA. (b). Mean (+ SEM) of mink
progesterone levels from embryonic diapause to early post-implantation
gestation. Serum progesterone levels were determined by double antibody
RIA.
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Figure 5.

0$,7

(a). Mean (+ SEM) ofPRLr mRNA abundance in ovarian tissue coUected
trom pregnant mink every 3 days between March 19 and March 3 1 and
every 5 days there after untiI April 15. Solid boxes represent animais
treated with 2 mg/day ofbromocryptine. Open boxes represent control
animais. (b). Top panel- a representative control Northem blot hybridized
with the mink PRLr probe. Lower panel- the same control Northern
blot rehybridized with a ribosoma128S probe. (c). Top panel- a
representative bromocryptine Northem blot hybridized with the mink PRLr
probe. Lower panel- the same Northern blot rehybridized with a hurnan
ribosomaI 288 probe.
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Figure 6. Mean (+ SEM) of prolactin receptor binding in pregnant mink ovaries
collected between March 19 and April 15. Results are expressed as the
number ofcounts per mg of protein.
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Figure 7. (a). Mean (+ SEM) ofLHr mRNA abundance in ovarian tissue collected
from pregnant mink every 3 days between March 19 and March 3 1 and
every 5 days there after until April 15. Solid boxes represent animais
treated with 2 mg/day ofbromocryptine. Open boxes represent control
animais. (b). Top panel- a representative control Northern blot hybridized
with the mink LHr probe. Lower panel - the same representative
bromocryptine Northem blot hybridized with the mink LHr probe. Lower
panel - the same Northern blot rehybridized with a human ribosomal 28S
probe.
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1 Table 1. Nucleotide (nt) and amino acid (aa) sequence homology comparison for
mink PRLr and LHr genes with pubüshed information in other species.

S3

r..

PRLr LHr

(nt 0/0) (aa %) (nt %) (aa %)

BOVINE 84.0 77.8 89.8 92.5

HUMAN 81.4 73.3 90.5 92.8

MURINE 79.1 72.4 84.3 87.6

RABBIT 85.6 84.8 NA NA

PORCINE NA NA 89.5 91.6

RAT 78.4 72.4 84.7 89.4
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3.6 DISCUSSION

A significant portion of the extra-cellular and ail of the transmembrane domain of

the mink prolactin receptor gene was cloned and sequenced. It displayed high sequence

homology with the rat (Boutin et al, 1988, Shirota et aJ., 1990), murine (Davis and Linzer,

1989), human (Boutin et al., 1989), bovine (Scott et al., 1992) and rabbit (Edery et al.,

1989) PRLr genes. It also displayed 53-54% homology with the rat (Mathews et al.,

1989), human (Leung et af., 1987) and rabbit (Leung et al., 1987) and growth honnone

receptor gene which is part of the same GHIPRUcytokine receptor superfamily (Kelly et

al., 1991). In the portion of the extra-cellular domain cloned, there were 4 cysteine

residues present. Tbese residues have been conserved in aIl PRLr sequences cloned to date.

In addition, there was another conserved cysteine residue present in the transmembrane

domain. The prolactin receptor is believed to be a glycosylated protein (Kelly et al., 1991).

Two potential N-linked glycosylation sites were found in the extra-cellular domain of the

mink PRLr gene fragment. The current experiment did not determine whether the mink

fragment was of the long or short form of the PRLr, since differences in PRLr type are due

to alterations in the cytoplasnùc region of the gene (Davis and Linzer, 1989~ Shirota et al.,

1990), which was not amplified in the present study.

Northern blot analysis revealed that as with other species, the mink PRLr probe

hybridized with multiple transcripts. In the case of the mink these were approximately 3.4,

4.4 and 10.5 kb. The long fonn of the rat PRLr is encoded by three transcripts 2.5, 3.0 and

5.5 kb (Shirota et al., 1990) while the rabbit PRLr is encoded by 3 major transcripts which

migrated at 2.7, 3.4 and 10.5 kb and one minor transcript at 6.2 kb (Dusanter-Fourt et al.,

1991). The human PRLr is encoded by three transcripts which are 2.5, 3.0 and 7.3 kb in

size (Boutin et al., 1989).

In the present study tissue distribution analysis revealed a strong PRLr hybridization

signal with mink ovary, CL and testes. Longer exposure of the blot revealed weak signais

are present in the uterus, adrenaI, kidney and liver. The wide tissue distribution of PRLr

mRNA in the current experiment and reported by others (reviewed by Kelly et af., 1991) is

not unexpected since prolaetin bas a wide spectrum ofactivities which includes etfects on 1)

reproduction and lactation, 2) water and salt balance, 3) growth and morphogenesis, 4)

metabolism, 5) behavior, 6) immunoregulation and 7) the ectoderm and skin (Nicoll and

Bem,1972).

Prolaetin receptor in the mink ovary is of physiological importance because of the

role of prolactin as the principalluteotropic hormone in this species (Papke et al., 1980,

Martinet et al., 1981, Murphy et al., 1980 and 1981). The current experiment

demonstrated that the abundance of PRLr mRNA and receptor binding was low during the
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delay phase of gestation and did not increase significantly during the early stages of CL

reactivation. However, prolactin levels and PRLr expression were of sufficient magnitude

at that time to invoke the termination of embryonic diapause and reaetivation of the CL, as

indicated by the increase in progesterone secretion seen on March 25. Treatment of animais

with bromocryptine did not affect basal levels of PRLr mRN~ however, it prevented the

pre-implantation rise in serum prolactin and PRLr rnRNA and thus prevented the

reactivation of the mink CL and progesterone production. The abundance of PRLr mRNA

and the number of prolaetin binding sites increased dramatically after March 29 reacbing

their highest levels during implantation and early post-implantation gestation., the time when

progesterone production is at its highest. Treatment of animaIs with bromocryptine

completely abolished this increase in PRLr mRNA but did not decrease PRLr rnRNA levels

below pre-treatment values. Sïnce this study revealed that PRLr mRNA and receptor

binding were closely correJated to serum prolactin levels, it is reasonable to conclude that in

the mink prolactin regulates its own receptor, as bas been shown in a variety of tissues and

species. An inductive effect of prolactin was tirst postulated when it was observed that a

renal capsular pituitary implant in hypophysectomized rats augmented hepatic PRLr

approxirnately 48 hours after an increase in serum PRL (posner et al., 1975). PRL

secreting tumors were also found to he associated with elevated hepatic receptor levels

(posner, 1976). Prolactin induction of its own receptor bas aJso been demonstrated in rat

lung (Arnit et al., 1985), liver (Amit et ai., 1985~ Manni et af., 1978~ Barash et al., 1988),

and kidney (Barash et al., 1986) as well as in the liver of the Snell-dwarf mouse (Knazek et

af., 1977) and the testes of the golden hamster (Klemcke et al., 1984~ Klemcke et al.,

1986).

The putative transmembrane and cytoplasmic region of the mink LHr gene was

amplified and sequenced. It had high nucleic acid sequence homology with the rat

(McFarland et a/., 1989), porcine (Loosfelt et af., 1989), human (Frazier et af., 1990;

Minegishi et a/., 1990) and murine (Gudermann et al. .. 1992) LHr gene sequences. Of 22

potential phosphorylation sites (serine, threonine, tyrosine residues) in the intra-cellular

region of rat LHr (Segaloff and Ascoli.. 1993), 19 were conserved in the deduced amino

acid sequence of the mink LHr. The number and location of potentiaJ phosphorylation sites

in the first and second intracellular loops were the same in the mink and rat. However, in

the third mtra-cellular 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 LH/CG receptor were phosphate acceptors in response to human chorionic

gonadotropin (hCG) and phorbol 12-myristate-13-acetate (PMA). In the mink, however,

only two of these serine residues were conserved (639 and 652). In addition to the 19
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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 studied. Eleven of these

residues were present in the transmembrane and cytoplasmic regions of the receptor. AIl

cysteine residues were conserved in the deduced amino acid sequence of the mink LHr:J

including two cysteine residues at amino acid position 621 and 622 of the rat LHr:J which

are believed to he palmitoylated (Zhu et al., 1995).

Using the homologous mink LHr cDNA fragment as a probe, multiple LHr rnRNA

transcripts were identified. Multiple transcripts have been discerned in a number of other

species including the rat (Hu et a/., 1990; LaPolt et al., 1990, Wang et al., 1991):J mouse

(Wang et a/., 1991), human (Minegishi et a/., 1990):J pig (Loosfelt et a/., 1989) and sheep

(Bacich et al., 1994). The number, size and abundance of these transcripts vary among

species. In addition, these parameters vary among different tissue types (reviewed by

Segaloff and Ascoli, 1993). The principal transcript identified in the mink CL was 2.4 kb,

large enough to encode the entire LHr prote~ since it has an open reading frame of

approximately 2 kb (Segaloff and Asco~ 1993). In the current experiment, the mink LHr

probe hybridized ooly to transcripts in the ovary, CL and testes. No LHr message was

detected in the brain or the uterus in contrast to reports in other species (Lei et al., 1993;

Bonnamy et al., 1993).

The abundance of LHr mRNA varied significantly over the pre-implantation and

early post-implantation stages of mink gestation, in a manner which was strikingly different

from the pattern for PRLr. Levels ofLHr mRNA increased dramatically between March 19

and 23, but fell by March 25. This transient peak in LHr mRNA occurred during the critical

period of CL reactivation and directly preceded the pre-implantation increase in

progesterone production, providing indirect evidence for a role for LH in the reactivation of

the mink CL This contradiets previous studies in which it was suggested that LH bas little

involvement in the reactivation of the mink CL. In hypophysectomized mink, prolaetin

alone was able to induce CL reactivation as indicated by an increase in peripheral

progesterone concentrations (Murphy et al., 1981). However, this study also demonstrated

that prolactin treatrnent alane was unable to maintain progesterone production and that

another factor or factors may he necessary. A further study suggests that LH and follicle

stimulating hormone (FSH) were not required for luteal support during embryonic diapause

or for luteal reactivation, since passive immunization of animals with monoclonal antibodies

against gonadotropin releasing hormone (GnRH) had no effect on serum progesterone

levels during pre-implantatioo gestation (Murphy et al., 1993). However, it was oot

conclusively shown that LH and FSH levels were completely suppressed by this treatment in

these animais.
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In the current experiment~ treatment of animals with bromocryptine prevented the

transient LHr mRNA peak between March 19 and 25 and reduced LHr mRNA levels below

those of the pre-treatment controls. Thus the raie for prolactin in the reaetivation and

subsequent function of the mink CL may involve the regulation and maintenance of LH

receptors. This hypothesis is supponed by a number of studies which have shown that

prolactin and/or placenta! laetogens are involved in the regulation of LHr binding sites

(Œbori and Richards~ 1978~ Jammes et al., 1985) and LHr rnRNA (Gafvels et al., 1992~

Bjurulfet al. ~ 1994) in the CL ofother species.

In conclusio~ fragments of the mink PRLr and LHr genes were cloned and

sequenced and had high sequence homology with other species. The abundance ofmRNA

for both genes varied significantly over the course of CL reactivation and early post

implantation gestation. The pattern of expression for both of these genes was greatly

influenced by endogenous prolactin levels indicating a role for prolaetin in the regulation

and maintenance ofthese receptors in the mink ovary.
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3.10 CONNECTOR

In Paper # l, the objective was ta study changes in the abundance of PRLr and LHr

mRNA over the course of mink embryonic diapause, CL reactivation and early post

implantation gestatio~ and to determine prolaetins effects on these luteotropic honnone

receptors. In this model, pregnant animais were exosed to endogenous prolactin levels or

had their prolactin levels suppressed through the administration of the dopamine agonist

bromocryptine. In Paper #2, the same whole animal model was used to study changes in

the abundance of mRNA for the steroidogenic elements P450scc, 3Ji-HSO and S~ to

determine if prolactin exerts its luteotropic effects on progesterone production through any

of these clements.
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3(3-HYDROXYSTEROm DEHYDROGENASE (3t3-HSD) AND STEROIDOGENIC

ACUTE REGULATORY PROTEIN (StAR)

mRNA IN THE MINK (Mllste/a vison) OVARY

THROUGH GESTATION.
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4.2 ABSTRACT

During embryonic diapause the mink corpus luteum (CL) produces ]ow levels of

progesterone. After the vernal equinox the CL is reactivated and begins to produce

progesterone in response to prolaetin. The objective of this study was to monitor changes

in the abundance of mRNA for P450 side chain cleavage (p450scc), 3f3-hydroxysteroid

dehydrogenase (3Jl-HSD) and steroidogenic acute regulatory protein (StAR), through mink

gestation. Corpora lutea were coUected from three mink every five days, during the pre

implantation stage of mink gestation (March 21 to April 10) and every five days during the

post-implantation gestation (April 10 to April 25). To determine the effects of prolaetin on

these parameters, ovaries were collected every three days trom two groups of animais

between March 19 and April 15. The tirst group was exposed to endogenous levels of

prolactin, while the second had prolactin levels suppressed by continuous administration of

2-bromo-a-ergocryptine (bromocryptine). Northern blot analysis revealed that both a
porcine P450sce and a human 3J3-HSD probe hybridized to single mink mRNA transcripts

1.9 and 2.0 kb, respectively, while a mouse StAR probe hybridized to two transcripts 1.9

and 3.9 kb. In aIl cases, hybridization was specifie to steroidogenic tissue (ovary, testes and

adrenal). The abundance ofP450scc mRNA did not vary over the pre-implantation stage of

mink gestation but decreased by a mean value of 60% during post-implantation gestation.

Suppression of endogenous prolactin levels by bromoeryptine did not alter P450sce rnRNA

levels. The abundance of 3J3-HSD rnRNA increased (2.5 fold) during the pre-implantation

stage of gestation, however, during the post-implantation gestation, 3p-HSD mRNA levels

feU by half as parturition approaehed. Suppression of endogenous prolaetin prevented the

pre-implantation increase in 3J3-HSD mRNA abundance. The abundance of StAR rnRNA

did not vary significantIy over the experimental period and bromocryptine induced

alterations in serum prolaetin levels had no significant effect (P<O.05). In conclusion,

reaetivation of the mink corpus luteum and the subsequent increases in progesterone

secretion does not appear to involve alteration in the abundance of P450scc or StAR

mRNA. However, the abundance of 3P-HSD rnRNA was highly correlated with

progesterone production and the pre-implantation increase in 3~-HSD mRNA could he

prevented by suppressing prolaetin levels. Prolactin may induce CL reaetivation and

stimulate progesterone production in the mink by means of the regulation of transcription of

the 3JJ-HSD gene.
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4.3 INTRODUCTION

The annual reproductive cycle in the mink is characterized by an obligatory period

of ernbryonic diapause or a delay in implantation (Hansso~ 1947~ Enders~ 1952). The

length of the delay period is relatively short and persists only a few weeks~ compared to

several months as seen in other mustelids (Mead, 1981). In this species, ovulation is

induced within 48 hours by copulation (Hansson, 1947~ Enders, 1952). After foilicle

rupture the CL undergoes a short proliferative phase, during which time it goes from a

hollow bail to a solid mass of tissue (Hansson, 1947~ Douglas et a/.~ 1994). The CL then

becomes inactive and undergoes sorne degree of involution (Douglas et al., 1994). During

this time it produces low levels of progesterone (Moller, 1973) and it is only after the vernal

equinox on March 21, when prolactin levels are increasing, that the CL is reactivated and

begins to produce progesterone. Sorne progress bas been made in determining of the

hypophyseal mechanisms by which embryonic diapause is terminated in this species.

Prolactin acts directly to reactivate the CL since exogenous prolaetin will advance the

timing of implantation in the intact mink (papke et al., 1980~ Martinet et al. ~ 1981) and

prolaetin alone cao induce implantation in the hypophysectomized mink (Murphy et al.,

1981). It is presumed that prolactin exerts its effects directly on the CL.

The steroidogenic pathway by which progesterone is synthesized has been well

documented. The principal enzymes involved in luteal progesterone production are

cytochrome P450scc and 3J3-HSD. Cytochrome P450scc, along with its electron donors

adrenodoxin and adrenodoxin reduetase are responsible for the 20-hydroxylation, 22

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

and isocaproic acid (Miller, 1987, and 1988). Subsequently the oxidation and isomeration

of the &5-3J3-hydroxysteroid pregnenolone into the â 4-3-ketosteroid progesterone is

carried out by 3~-HSD (Luu-The et 01., 1989~ Lorence et al, 1990).

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

the aetivities of specific steroidogenic enzymes but also upon the provision of cholesterol as

substrate from de nova SYllthesis, cholesterol ester stores and low density lipoproteins

(LDL: reviewed by Murphy and Silavin, 1989). Waterman (1995) reviewed infonnation

which indicates that mobilization of cholesterol from lipid stores to the vicinity of P450scc

in the inner mitochondrial membrane is essential in ligand regulated steroid bioSYIlthesis.

The mitochondrial protein StAR, recently charaeterized by Clark et al. (1994), bas been

proposed to he the cholesterol transport protein.

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

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

(p450scc; bovine: Morohashi et al, 1984; human: Chung et al., 1986~ rat: Oonk et al,
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1989~ porcine: Mulheron et al., 1989), (3J3-HSD~ human placenta: Luu-The et al., 1989~

bovine: Zhao et al., 1989~ rat liver: Zhao et al., 1990~ rat : Zhao et al., 1991 ~ macaque:

Simard et al, 1991~ mouse: Bain et al., 1991), (S~ mouse: Clark et al., 1994~ human:

Sugawara et al., 1995; sheep; Juengel et al., (995). Thus, probes are available to determine

changes in the abundance of mRNA for these genes in different tissues under various

experimental conditions. The objective of this study was to determine the changes in levels

of mRNA for P450scc, 3f3-HSD and StAR over the course of mink gestation. Given the

unique dependence of the carnivore CL on prolactin, it was of interest to determine whether

the mRNA levels of these genes can be correlated with changes in serum prolaetin and

progesterone, as weU as with CL reactivation and embryo implantation.

4.4 MATERIALS AND METHOOS

4.4.1 EXPERIMENTAL DESIGN

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

Fourrures; St Paul dlAbbotsfor~ PQ). They received a standard wet mink ration and water

ad /ibidum. Beginning on March 3 aIl female mink were exposed to males every two days

until mating. Seven to nine days later, females were remated ta different males. Successful

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

In the fust trial avaries were collected from three pregnant mink at intervals of five

days between March 21 and April 5. AnimaIs were anesthetized using ketamine

hydrochloride (0.3 ml/animal, Rogar/STB, Montreal, PQ) and a terminal blood sample was

collected via cardiac puneture. The animais were then sacrificed using T61 (0.5-1.0

ml/animal, Hoechst, Regina, SK) and the ovaries plus various tissue samples (liver, kidney,

adrenal, uterus) were coUected. Corpora lutea were excised from the surrounding

interstitial tissue under a dissecting microscope. AIl samples were immediately placed in 4

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

mercaptoethanol (Sigma, St Louis, MO.), snap frozen in liquid nitrogen and stored at -70 C

until total RNA was extraeted. Corpora lutea collected during the post-implantation stage

of gestation followed a similar protocol except ovaries were collected at 5 day intervals

between April 10 and April 25.

In arder to determine the effects of prolactin on the abundance of P450scc, 3J3-HSD

and StAR mRNA a second experiment was condueted. Whole ovaries and a terminal blood

sample were collected from pregnant mink every three days beginning March 19 until

March 31 and every five days therea:fter until April 15. The animais were divided into two

treatment groups. AlI of the animais were implanted with AIzet osmotic minipumps (Alza

Corp., Palo Alto, CA) on March 20. The tirst group received pumps which released 2
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mglday of the dopamine agonist bromocryptine (Sigma}, wbi1e the second group received

pumps which contained saline and acted as controls.

4.4.2 NORTHERN AND SLOT BLOT ANALYSES

Total RNA was extraeted by CsCI (Gibco/BRL) gradient ultracentrifugation as

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

3000 polytron (Brinkmann, Rexdale, ON). The homogenate was then layered ooto a 5.7 M

CsCI 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 O.] volume of 3 M sodium acetate (pH 5.2) and two volumes of absolute ethanol.

The pellet was redissolved in diethyl pyrocarbonate (DEPC: Sigma)-treated distilled water

and stored at -70 C. NucIeic acid concentrations for each sample were determined by

spectrophotometric measurement at an absorbance of 260 nm.

For Northern analysis, 15 Ilg of total RNA was size fraetionated on a 1% agarose

deoaturing fonnaldehyde gel and stained with ethidium bromide (Sigma) as described by

Sambrook et al. (1989). The RNA was transferred by capillary action overnight using 20 x

SSC (1 x SSC = 150 mM NaCI, 15 mM trisodium citrate, pH 7.0) onto a nylon membrane

(Hybond-N: Amersham, Oakville, ON). The RNA was cross-linked to the membrane using

GS gene linker UV chamber (BioRad, Mississauga, ON).

For slot blot ana1ysis, 6 Ilg of total RNA in 50 JJ1 of DEPC-treated water was heated

to 65 C for 10 minutes with 150 J.Ù of denaturing solution (98 III de-ionized formamide, 32

1J,137% formaldehyde and 20 ~I of 10 x MOPS (0.2 M 3-[N-morpholino] propanesulphonic

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

20 x SCC was added to the sarnples, which were applied to a nylon membrane using a slot

blot manifold (BioRad).

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 prehybridized for 30

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

dodecyl sulfate (SOS), 10% dextran sulfate). Denatured herring spenn DNA (10 mg/ml:

Sigma) was added ta the hybridizing solution and the pre-hybridization period continued for

a minimum of 3 hours. Complementary DNA probes (porcine P450scc: Mulheron et al.,

1989; human 3J3-HSO: Luu-The et al., 1989; mouse StAR: Clark et a/., 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 C. The following day the

membranes were washed twice, 15 minutes per wash, with 2 x SSPE plus 0.1% SOS at

room temperature and twice at 60 C. The membranes were sealed in hybridizing bags with
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a small amount of 5 x SSPE and exposed to Kodak XAR-5 film (Rochester~ NY) in

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

ribosomaI 28S probe (Gonzales et al. ~ 1985). 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 units were then expressed as a percentage of

a control sample derived from a pool of ovaries from anestrous animais which was present

on aU of the Northem and slot blots.

4.4.3 HORMONE ASSAYS

Mink serum progesterone concentrations were detennined by liquid-phase

radioimmunoassay after extraction in 10 volumes of hexane (BDR, Darmstadt). Extraction

recoveries ranged between 95-980/0. An antiserum raised against 4-pregnen-Il«-0

13~20dione hemisuccinate bovine serum albumin, kindly provided by Dr. A Goff (Lafrance

and Got( 1985) was used as the tirst antibody. Progesterone-Ila-glucuronide-[125I]

iodotCYramine (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 6 pg.

Mink serum prolaetin concentrations were detennined by a double antibody

radioimmunoassay, previously validated for the mink (Murphy et al.., 1990). The sensitivity

of the assay was determined to be 0.3 ng.

4.4.4 STATISTICAL ANALYSIS

Mean (+ SEM) values were calculated for each parameter. One way anaJysis of

variance was employed to detennine significant differences over the experimental periods in

both the pre and post-implantation experiments. Two way analysis of variance was used to

determine differences between the bromocryptine and control groups over the experimental

period. In the presence of a significant F value, individual comparisons were made by the

LSD method. A value ofP<O.OS was considered significant.

4.5 RESULTS

Northem analysis of the tissue distribution blots revea1ed that the porcine P450scc

and human 3p-HSD probes bound to single mink transcripts of 1.9 and 2.0 kb in size,

respectively. Further., transcripts for P450scc (Figure la) and 3p-HSO (Figure lb) were

exclusively located in steroidogenic tissue (ovary, testes and adrenal). The StAR probe

(Figure 1c) hybridized to two transcripts 1.9 and 3.9 kb in size and was found exclusively in

steroidogenic tissue. Densitometric scanning revealed that although the larger transcript
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predominated the two transcripts did not appear to he differentially regulated (data not

shawn).

Analysis of the tirst trial revealed that during the pre-implantation stage of mink

gestation at the time of CL reactivation (March 21 to April 5) serum progesterone levels

increased significantly (P<O.OS) from a mean of 7.7 + 0.9 to 83.7 + 14.S ng/ml (Figure 2b).

Over the same period there was no change in the abundance of luteal P4S0scc mRNA

(Figure 3a). However~ the abundance ofmRNA for 3~-HSD (Figure 4a) increased 2.5 fold

and was found to he positively correlated with serum progesterone levels (P<O.05, r=O.SS).

Serum progesterone levels (Figure Sb) peaked at a Mean value of 87.7 + 14.S ng/ml and

approximately to the time ofembryo implantation. The levels then decreased gradually to a

Mean value of 28.7 + 6.4 ng/ml shortly before parturition. During post-implantation

gestatio~ the abundance of P4S0scc mRNA (Figure 6) decreased by 60% (P<O.OS). The

abundance of3J3-HSD mRNA (Figure 7) also decreased over this same rime period (44.00iO,

P<O.OS).

Treatment of pregnant mink with bromocryptine prevented the increase in serum

prolaetin levels normally associated with the vernal equinox in tbis species (Figure 8a). As a

result of prolactin suppression, serum progesterone levels were also suppressed (Figure Sb).

However, several animais near the end of the experiment (April 5) appeared to have

escaped the inhibitory etfects of bromocryptine since they showed increases in both serum

prolactin and progesterone levels.

Neither the abundance of P4S0scc nor StAR rnRNA varied significantly between

March 19 and April 15 and neither was affected by suppression of endogenous prolactin

(Figure 9a and 9b). As in the fust experiment~ the abundance of 3~-HSD rnRNA increased

(3.S fold) during pre-implantation gestation peaking on April 15. Suppression of prolactin

with bromocryptine prevented this increase (Figure 9c).
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(a). Northern blot showing the tissue distribution ofP450scc mRNA in the
mink. The heterologous porcine P450scc (Mulheron et al., 1989) probe
hybridized with a single mink transcript 1.9 kb in size. (b). Northem blot
showing the tissue distribution of3p-HSD mRNA in the mink. The
heterologous human 3~-HSD probe (Luu-The et al., 1989) hybridized with
a single mink transeript 2.0 kb in size. (c). Northem blot showing the
tissue distribution of StAR mRNA in the mink. The heterologous mouse
StAR probe (Clark el al., 1994) hybridized with two transeripts 1.9 and 3.8
kb in size.
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Figure 2. Mean (+ SEM) of serum (a). prolactin, and (b). progesterone
concentrations in pregnant mink during the pre-implantation stage (March
21 to April 5) ofgestation. Prolactin and progesterone levels were
determined by double antibody RIA
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(a). Abundance ofP450scc mRNA (mean + SEM) in pregnant mink
CL during the pre-implantation stage (March 21 to April 5) ofgestation.
Abundance of mRNA for P4S0scc was determined by slot blot analysis
using 28S as a constitutive control. P450scc mRNA levels are expressed in
arbitrary densitometric unÎts. (b). Autoradiograph ofP450scc labeled slot
blot. (c). Autoradiograph of human ribosomaJ 285 labeled slot blot.
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Figure 4. (a). Abundance of 3(3-HSO mRNA (mean + SEM) in pregnant mink
CL during the pre-implantation stage (March 21 to April 5) ofgestation.
Abundance ofrnRNA for 3p-HSO was determined by slot blot anaIysis
using 288 as a constitutive control. 3p-HSO mRNA levels are expressed
in arbitrary densitometric units. (h). Autoradiograph of3J3-HSD labeied
slat blot. (c). Autoradiograph ofhuman ribosomal28S labeled slat blot.
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Figure s. Mean (+ SEM) of serum (a). prolactin, and (h). progesterone
concentrations in pregnant mink during the post-implantation stage (April
lOto April 15) ofgestation. Prolaetin and progesterone levels were
determined by double antibody RIA.
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Figure 6.
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(a). Abundance ofP450scc mRNA (mean + SEM) in pregnant mink
CL during the post-implantation stage (April 10 to April 25) ofgestation.
Abundance of mRNA for P450scc was determined by slot blot analysis
using 285 as a constitutive control. P4S0scc mRNA levels are expressed in
arbitrary densitometric units. (b). Autoradiograph of P4S0scc labeled 5101

blot. (c). Autoradiograph ofhuman ribosomal 28S labeled slot blot.
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Figure 7. (a). Abundance of3JJ-HSD mRNA (mean + SEM) in pregnant mink
CL during the post-implantation stage (April lOto April 25) ofgestation.
Abundance ofmRNA for 3(3-HSO was determined by slot blot analysis
using 28S as a constitutive control. 3P-HSD mRNA leveis are expressed
in arbitrary densitometric units. (b). Autoradiograph of 3p-HSO labeled
slot blot. (c). Autoradiograph ofhuman ribosomal28S labeled slot blot.
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Figure 8.

89

Mean (+ SEM) serum (a). prolactin and (b). progesterone concentrations in
pregnant mink during embryonic diapause, CL reaetivation and early post
implantation gestatio~ determined by RIA. Solid boxes represent animais
implanted with Alzet osmotic minipumps which released 2 mg/day
bromocryptine. Empty boxes represent control animais implanted with
minipumps containing saline.
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Figure 9.
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Abundance of ovarian (a). P450scc mRN~ (b). 3~-HSD mRN~

(c). StAR mRNA (mean + SEM) in pregnant mink during embryonic
diapause and CL reactivation. Abundance of mRNA for P450scc, 3JJ-HSn
and StAR were detennined by slot blot or Northem anaIysis using 288 as a
constitutive control. Messenger RNA levels are expressed as a percentage
ofa control derived from a pool ofovaries taken from anestrous animais.
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4.6 DISCUSSION

We originally hypothesized that failure of the delay mink CL to produce

progesterone was due to a lack of the enzyme P450scc for the conversion of cholesterol to

pregnenolone, an important rate limiting step in steroidogenesis. However, in spite of

dramatic changes in progesterone levels over the course of mink gestation, there were no

changes in the abundance of luteai mRNA for P450scc during the stage of mink gestation

associated with CL reactivation. Thus the results from this study support the view that

mRNA for P450scc is constituitively expressed in the mink corpus luteum during embryonic

diapause, CL reaetivation and early post-implantation gestation. This agrees with

observations in a number ofspecies, including the rat (Goldring et aJ., 1987~ Richards el al.,

1987~ Hickey et a1., 1988) and the macaque (Basset et al., 1991), in which the rise and fall

in progesterone production as a result of growth and regression of the CL was not reflected

in remarkable changes in the amount of hybridizable transcript for P450scc. However, the

constitutive expression of P450scc is not universaI, since changes in the abundance of

P450scc through the lifespan of the CL have been reported in the cow (Rodgers et al.,

1986) and sheep (Belfiore et a1., 1994~ Juengel et a/., 1994).

We further hypothesized that the luteotropic effects of prolaetin may include

alterations in the abundance of P450scc gene produets. Again, the current study reveals

that neither the increase in endogenous prolaetin associated with the vernal equinox nor the

suppression of prolactin by bromocryptine treatment altered P450scc mRNA levels from

those seen in delay CL. It remains possible that there could have been translational

differences or changes in enzyme aetivity in the absence of variation in P450scc mRNA.

However, Hinshelwood et al. (1993) reported that the major control of the production of

P450scc is largely transcriptional, as changes in amounts of hybridizable transcript mirror

the shifts in the quantity ofP450scc protein and activity throughout the ovarian cycle.

In contrast to P450scc, the abundance of 3J3-HSD mRNA changed dramatically

over the course of mink gestation and was positively correlated with progesterone levels.

Levels increased 2.5 fold in association with luteal reactivation and as circulating

progesterone levels fell during late gestation, 3J}-HSD rnRNA declined concurrently. There

have been reports that the expression of 3P-HSD rnRNA in the ovary is constitutive

(Readhead et a/., 1983~ Gore-Langton et a/.~ 1988). However, Couet et al. (1990 and

1991) demonstrated that in the bovine ovary~ 3J3-HSD is strongly moduJated during the

estrous cycle and that progesterone production by the CL appears to be reguJated to a large

extent by changes in 3p-HSD gene transcription and/or 3J}-HSD mRNA stability. In

addition, 3J3-HSD mRNA levels per CL have also been shown to be positively correlated to

serum concentrations of progesterone in the sheep (Juengel et al., 1994).
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In the~ prolaetin is essential for the termination of embryonic diapause, for the

reactivation of the corpus luteum and for the maintenance of CL funetion throughout

gestation (Murphy et al., 1980 and 1981). The results from the current experiment suggest

that the abundance of 3p-HSD mRNA in the mink is under the influence of serum prolaetin

levels. During CL reactivatio~ the 2 foid increase in prolaetin levels coincided with the

increase in 3p-HSD mRNA Ieveis. More importantly, suppression of endogenous prolaetin

by bromocryptine, completely prevented the normal pre-implantation rise in 3p-HSD

mRNA levels. The failure of ovaries in bromocryptine treated animaIs to produce 3p-HSD

mRNA does not appear to he due to the involution or the demise of the CL, since no

concomitant effects on either P4S0scc or StAR mRNA levels were seen. Henee, among the

steroidogenic elements evaluated, the luteotropic effects of prolactin appeared to he specific

to 3P-HSD mRNA in this species.

An incongruity arises during Jale post-implantation gestation (after April 15), at

which time prolaetin levels continue to rise while 3J3-HSD mRNA levels fall. This indicates

that the etfects of prolactin on 31}-HSD may vary not only between the species and tissue

studied, but aIso with respect to the dose employed. This hypothesis is in agreement with

findings in hurnan granulosa cells by Tremblay et al. (1991). Tremblay et al. (1991)

reported that prolaetin induced a dose dependent decrease in both progesterone and 3p
HSO mRNA. Oombrowicz et al. (1992) found a prolaetin regulated dose-dependent

increase in the number of immunopositive cells for 3J3-HSO in the hypophysectomized rat

testes. Treatment of hypophysectomized female rats with 1 mg of ovine prolaetin twice

daily exerted a potent inhibitory effect on ovarian 3J3-HSD mRNA levels (Martel et al.,

1990~ Labrie et al., 1991 and 1992). Co-treatment of these animais with human chorionic

gonadotropin (hCG) resulted in a partial reversai of these inhibitory etfects (Martel et al.,

1990; Lahrie et al., 1991 and 1992). The potent inhibitory effeets ofprolaetin on 313-HSD

mRNA in the rat ovary are surprising since prolactin is essentiai to the control and

maintenance of the rat CL during the tirst 6 days of pregnancy (Morishige and Rothchild,

1974). This discrepancy, however, may be due to the large dose of prolactin used in the

hypophysectomized rat experiments (1 mg of prolaetin 2 x daiJy).

Although the present study was not designed to determine the effeets of variant

leveIs of prolaetin on ovarian funetion, it is interesting to speculate that low doses may be

stimulatory to the mink CL, while high leveis may be inhibitory. Intact mink implanted with

minipumps which continually released ovine prolactin, displayed early reaetivation of the

mink CL as indicated by the precocious increases in progesterone secretion (Murphy et al.,

1990). However, continued prolactin treatment induced a premature decline in

progesterone leve1s relative to untreated controis. Results from the current experiment

showed that not only did luteal 313-HSO mRNA levels decline during the later part of



•

1

95

gestation in association with elevated levels of prolaetin but P450scc mRNA levels fell as

weil. If high levels of prolaetin are in faet responsible for the decline in 3p-HSD and

P450scc rnRNA seen here during Iate post-implantation gestation, their change may retlect

the overall demise of the CL rather than a specific change in the regulation of these genes.

The final objective of tbis study was ta monitor changes in the abundance of StAR

mRNA in the mink ovary during CL reaetivation and early post-implantation gestation.

StAR is an acutely regulated, cycloheximide-sensitive, mitochondrial protein which is

believed ta be involved in the transport of cholesterol across the mitochondrial membranes

ta the site of P450scc enzyme aetivity (Clark et al., 1994~ Clark et al., 1995~ Lin et al.,

(995). Since StAR is a regulated protein necessary for the provision of substrate in the

P450scc enzyme system we hypothesized tbat alterations in its abundance may play a role in

CL reaetivation in the mink. However, the results of the current experiment showed that

the abundance of StAR mRNA did not change over the course of CL reaetivation or early

post-implantation gestation. In additio~ alterations of endogenous prolaetin levels had no

effect on the abundance of StAR rnRNA. It appears that StAR is regulated by mechanisms

other than prolaetin in the mink ovary and does not vary in association with CL

reactivation.

In conclusio~ the termination of embryonic diapause, CL reaetivation and the pre

implantation stimulation of progesterone secretion in the mink ovary do not involve

transcriptional changes and/or changes in RNA stability of either P450scc or StAR mRNA.

In additio~ alterations of endogenous prolaetin levels have no effect on the abundance of

rnRNA for either ofthese genes. In contrast't 3~-HSD appears to be tightly regulated in the

mink ovary and is positively correlated to ovarian progesterone production. Alterations in

endogenous prolactin levels had significant effects on 3f}-HSD mRNA abundance either

through an increase in gene transcription and/or changes in rnRNA stability. We concluded

that one possible etrect of prolactin on the mink CL is to stimulate progesterone production

by increasing the amount of 3p-HSO enzyme available for conversion of pregnenolone to

progesterone.
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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.

118

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.



•
..~

650

600

SSO

500
~..J
ZO 4S0
~'k:

E~ 400Z
LO... ..JU 350

~ ~

• a.H 300

250

200

lS0

100

50

0
0 2 6 8 10 12 14

DAY



•

•

1

120

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).



•

•

J

121

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
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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.
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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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(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.
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(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.
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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.

148

(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



•

•

1

157

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 .

6.7 ACKNOWLEDGMENTS

We would like to thank Drs. T. Wise., F. Labrie and D. Stocco for the generous provision of

cONA probes for porcine P450scc, human 3~-HSD and mouse StAR. We would also like

to thank Mr. M. Morrow for the care of the animais used in this experiment. Technical

assistance was generously provided by Mrs. M. Dobias Goff Funding was provided by a

NSERC and rvm.C grants awarded to BOM.



•

•

1

158

6.8 REFERENCES

Albarracin cr, Parmer TG, Duan WH, Nelson SE and Gibori G (1994). Identification
of a major prolaetin-reguIated protein as 20a-hydroxysteroid hydrogenase: Coordinate
regulation of its aetivity, protein content, and messenger ribonucleie acid expression.
Endocrinology. 134:2453-2460.

Anais C and Martinet L (1978). Relationship between daylight ratio, plasma progesterone
levels and the timing of nidation in mink (Muste/a vison). l Reprod Fenil. Suppl 54: 133
136.

Bain PA, Y00 M, aarke T, Hammond SR aod Payne AB (1991). Multiple fonns of
mouse 3J3-hydroxysteroid dehydrogenaselLi5-Li4 isomerase and differential expression in
gonads, adrenal glands, liver and kidneys in both sexes. Proc Nat! Acad Sei, USA. 88:8870
8874.

Barasb l, Cromlish W and Posner BI (1988). Prolaetin (PRL) receptor induction in
cultured rat hepat0CYtes: Dual reguIation by PRL and growth hormone. Endocrinology.
122: 1151-1 158.

BeUanga JJ, Vara JAF, Martin-Perez, Garcia-Ruiz JP (1995). Prolaetin receptor is
associated with c-scr kinase in rat liver. Mol Endocrinol. 9: 1461-1467.

Bjurulf E, Selstram Gand Olofsson JI (1994). Increased LH receptor mRNA and
extended corpus luteum funetion by prolactin and indomethacin treatment in vivo in
hysterectomized pseudopregnant rats. J Reprod FertiJ. 102:139-145.

CampbeU GS, Argenuinger LS, Ihle JN, Kelly PA, Killema JA and Carter-Su C
(1994). Activation of JAK2 tyrosine kinase by prolactin receptors in Nb2 cells and mouse
mammary gland explants. Proc Nad Acad Sei, USA. 91 :5232-5236.

Chirgwin JM, Przybia AE, MacDooald KJ and Utter WJ (1979). Isolation of
biologically active ribonucleic acid from sources enriehed in ribonuclease. Bioehemistry.
18:5559-5565.

Chung B-C~ Matteson KJ, Voutilainen R, Mohandas TK and MiUer WL (1986).
Human cholesterol side-chain cleavage enzyme, P450scc: eDNA cloning, assignment of the
gene to chromosome 15, and expression in the placenta. Proc Nad Acad Sei, USA.
83:8962-8966.

Clark BJ, Wells J, King SR and Stocco DM (1994). The purification, cloning, and
expression of a novel luteinizing hormone-indueed mitochondrial protein in MA-I0 mouse
Leydig tumor cells. Characterization of the steroidogenie acute reguIatory protein (StAR). J
Biol Chem. 269:28314-28322.



•

•

•

159

Qeveoger CV and Medaglia MV (1994). The protein tyrosine kinase p59D'n is associated
with prolactin (PRL) receptor and is aetivated by PRL stimulation of T-lymphocytes. Mol
Endocrinol. 8:674-691.

Oevenger CV, Torigoe T and Reed Je (1994). Prolaetin induces rapid phosphorylation
and activation of prolaetin receptor-associated RAF-l kinase in a T-cellline. J Biol Chem.
269:5559-5565.

Douglas DA, SoDg J-8, Concannon PW, and Murphy BD (1996a). P450 side chain
cleavage (P450scc), 3J}-hydroxysteroid dehydrogenase (313-HSD) and steroidogenic acute
regulatory protein (StAR) mRNA in the mink (Muste/a vison) ovary during embryonic
diapause and early post-implantation gestation. (in preparation).

Douglas DA, Song J-8, Boude A and Murpby BD (1996b). Variation in luteotropic
hormone receptors in the ovary of the mink (Muste/a vison) during embryonic diapause and
early post-implantation gestation. (in preparation).

Douglas DA~ Song J-H, Moreau GM and Murphy BD (1996c). Effects of gonadotropic
hormones on P450 side chain cleavage (P450scc), 313-hydroxysteroid dehydrogenase (3J3
HSD) and steroidogenie acute reguJatory protein (StAR) rnRNA in cultured mink (Mustela
vison) luteai cells. (in preparation).

Douglas DA, Song J-8 and Murpby BD (1996d). Induction of follicular development,
ovulation and corpus luteum funetion in the anestrous mink (Mustela vison). (in
preparation).

Eckstein Band Nimrod A (1979). Effect of hurnan chorionic gonadotropin and prolaetin
on 20a-hydroxysteroid dehydrogenase aetivity in granulosa cells of immature rat ovary.
Endocrinology. 104:711-714.

Enders RI( (1952). Reproduction in the mink (Muste/a vison). Proe Am Phil Soc. 96:691
755.

Gafvelds M, Bjurulf E and Selstam G (1992). Prolaetin stimulates the expression of
luteinizing hormonelchorionic gonadotropin receptor messenger ribonucleic acid in the rat
corpus luteum and rescues early pregnancy from bromocryptine-induced abortion. Biol
Reprod. 47:534-540.

Gibori Gand Ricbards JS (1978). Dissociation of two distinct luteotropic effects of
prolactin: Regulation of luteinizing hormone-receptor content and progesterone secretion
during pregnancy. Endocrinology. 102:767-774.

Goldring NB, Durlca JM, Lifka J, Hedin L, Ratoosb S~ Miller WL, Orly J and
Richards JS (1987). Cholesterol side chain cleavage P450 (p450sce) rnRNA: Evidence for
hormonal reguIation in rat ovarian follicles and constitutive expression in corpora lutea.
Endocrinology. 120: 1942-1950.



•

•

1

160

Goozales ~ Gonki JI, Campen TJ, Doroey OJ, EricksoD JM, Sylvester JE and
Schmickel RD (1985). Variation among human 28S ribosomal RNA genes. Proc Nad Acad
Sci, USA. 82:7666-7670.

Gore-LangtOD RE and Armstrong DT (1988). Follicular steroidogenesis and its control.
Knobil E and Neill J (eds). In: The Physiology of Reproduction. Raven Press Ltd., New
York. pp 331-385.

Bansson A (1947). The physiology of reproduction in mink (Mustela vison Schreb.) with
special reference to delayed implantation. Acta Zool. 28: 1-136.

Banukoglu 1 and Hanukoglu Z (1986). Stoichiometry of mitochondrial Cytochromes
P450, adrenodoxin and adrenodoxin reduetase in adrenaI cortex and corpus luteum.
Implications for membrane organization and gene regulation. EUT J Biochem. 157:27-31.

Hinshelwood MM, Demeter-Arlotto M, Means GD and Simpson ER (1993). Molecular
biology of genes encoding steroidogenic enzymes in the ovary. In: The Ovary. Adashi EY
and Leung PCK (eds). Raven Press Ltd., New York. pp 165-183.

Lafraoce M and Goff AK (1985). Effect of pregnancy on oxytocin-induced release of
prostaglandin F2a in heifers. Biol Reprod. 33: 1113-1 119.

Lin D, Sugawara T, Strauss fi JF, Clark BJ, Stocco DM, Saenger P, Rogoi A and
Miller WL (1995). Role of steroidogenic acute regulatory protein in adrenal and gonadal
steroidogenesis. Science. 267: 1828-1831.

Lowry OH, Roseobrough NJ, Farr AL and RandaU RJ (1951). Protein measurement
with the folin phenol reagent. J Biol CheIn. 193:265-275.

Luu-The V, Lachaoce Y, Labrie C, Leblanc G, Thomas JL, Strickler Re and Labrie
F (1989). Full length cDNA structure and deduced amino acid sequence of human 313
hydroxy-5-ene steroid dehydrogenase. Mol Endocrinol. 3: 1310-1319.

Martinet L, AUais C and Allain 0 (1981). The role of prolactin and LH in luteal function
and blastocyst growth in mink (Mustela vison). J Reprod Fenil. Suppl 29: 119-130.

Martinet L9 Ravault JP and Meunier M (1982). Seasonal variation in mink (Mustela
vison) plasma prolaetin measured by heterologous radioimmunoassay. Gen Comp
Endocrino!. 48:71-75.

McKibbio PE, Rajkumar K and Murpby BD (1984). Role oflipoproteins and prolactin
in luteal funetion in the ferret. Biol Reprod. 30: 1160-1166.

Mead RA (1975). Effects of hypophysectomy on blastocyst survival, progesterone
secretion and nidation in the spotted skunk. Biol Reprod. 15:526-532.



•

•

1

161

Miller WL (1988). Molecular biology ofsteroid hormone biosynthesis. Endocr Rev. 9:295
318.

MoDer 0 (1973). The progesterone concentrations in the peripheral plasma of the mink
(Mustela vison) during pregnancy. J Endocrinol. 56: 121-132.

Morisbige WK and Rothebild 1 (1974). Temporal aspects of the regulation of corpus
luteum function by luteinizing hormone, prolactin and placental luteotropin during the first
halfofpregnancy in the rat. Endocrinology. 95:260-274.

Mulheron GW, Stooe RT, Miller WL and Wise T (1989). Nucleotide sequence of
cytochrome P-450 cholesterol side-chain cleavage cDNA isolated from porcine testes.
Nucleic Acid Res. 17: 1773.

Murphy BD (1979). The raie of prolactin in implantation and luteaI maintenance in the
ferret. Biol Reprod. 21:517-521.

Murphy BD, Coneaonon PW, Travis HF, and Hanset W (1981). Prolaetin: The
hypophyseal factor that tenninates embryonic diapause in mink. Biol Reprod. 25:487-491.

Murphy BD, DiGregario GR, Douglas DA and Gonzalez-Reyua A (1990). Interactions
between melatonin and prolaetin during gestation in mink (Mustela vison). J Reprod Fertil.
89:423-429.

Murpby BD, Humphrey WD and Shepstone SL (1980). LuteaJ funetion in mink: The
etfeet of hypophyseetomy after the preimplantation rise in progesterone. Anim Reprod Sci.
3:225-232.

Murpby BD and Moger WH (1977). Progestins ID mink gestation: The effects of
hypophyseetomy. Endocr Res Commun. 4:45-60.

Murpby BD and Rajkumar K (1985). Prolaetin as a luteotropin. Can J Physiol
Pharmacol. 63 :257-264.

Murphy BD, Rajkumar K, Goozalez-Reyna A and Silversides DW (1993). Control of
luteal funetion in the mink (Mustela vison). J Reprod Fertil. Suppl 47: 181-188.

Murphy BD and Silavin SL (1989). Luteotropic agents and steroid substrate utilization.
Oxford Reviews ofReproductive Biology. Il: 179-223.

Oonk RB, Krasnow JS, Buttie WG and Riebards JS (1989). Cyclic AMP-dependent
and -independent regulation of cholesterol side chain cleavage cytochrome P-450 (P
450scc) in rat ovarian granulosa cells and corpora lutea: cDNA and deduced amino acid
sequence of rat P-450scc. J Biol Chem. 264:21934-21942.



•

1

162

Oook RB, Parker KL, Gibson JL and Richards JS (1990). Rat cholesterol side-chain
cIeavage P-450 (p-450scc) gene: Structure and reguJation by cAMP in vitro. J Biol Chem.
265:22392-22401.

Papb RL, Concannon PW, Travis FR and Hansel W (1980). Control ofluteaJ function
and implantation in the mink by prolaetin. J Anim Sei. 50: 1102-1107.

Pilbeam TE, Concannon PW, and Travis HF (1979). The annual reproductive cycle of
the mink (Muste/a vison). J Anim Sei. 48:578-584.

Posoer BI, Kelly PA and Friesen HG (1975). Prolaetin receptors in rat liver: Possible
induction by prolaetin. Science. 188:57-59.

Rui K, Lebrun J-J, Kirken RA, KeUy PA and Farrar WL (1994). JAK2 activation and
cell proliferation induced by antibody-mediated prolaetin receptor dimerization.
Endocrinology. 135:1299-1306.

Sambrook J, Fritsch E and Maniatis T (1989). Molecular Clooing: A Laboratory
Manual. 2nd ed. Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York.

Sidis y and Horseman ND (1994). Prolactin induces rapid p95/p70 tyrosine
phosphorylation and protein binding to GAS-like sites in anx Icp35 and c-fos genes.
Endocrinology. 134: 1979-1985.

Simard J, Melner MD, Breton N, Low KG, Zbao HF, Periman LM and Labrie F
(1991). Characterization of macaque 3~-hydroxy-5-ene steroid dehydrogenase/L\5-Ll4
isomerase: structure and expression in steroidogenic and peripheral tissues in primates. Mol
Cell Endocrinol. 75:101-110.

Stoumet 1, Mondain...Mouval M, Simon P and Martinet L (1989). Patterns of plasma
progesterone~ androgen and oestrogen concentrations and in vitro ovarian steroidogenesis
during embryonic diapause and implantation in the mink (Mustela vison). J Reprod Fertil.
87:209-211.

Sugawara T, Holt JA, DriscoU D, Strauss JF ID, Lin D, Miller WL, Pattenoo D,
Clancy KP, Hart lM, Clark BJ and Stocco DM (1995). Human steroidogenic acute
regulatory protein: Functional activity in COS-I cells, tissue-specifie expression, and
mapping of the structural gene to Spi 1.2 and a psuedogene to chromosome 13. Proe Nad
Acad Sei, USA. 92:4778-4782.

Watermao MR (1995). A rising StAR~ An essential role in cholesterol transport. Science.
267: 1780-1781.

Yuan W and GreeDwaid GS (1994). Luteotropic effects of follicle-stimulating hormone
(FSH): I. FSH has in vitro luteotropic and synergistic effects with luteinizing hormone and
prolaetin on progesterone production by hamster luteal cens during pregnancy. Biol
Reprod. 51:43-49.



•

•

1

163

Yuan W, Wang X-N and Greenwald G (1995). Follicle-stimulating hormone, human
chorionic gonadotropin, and prolaetin receptors in hamster corpora lutea or dispersed luteal
cells during pregnancy. Biol Reprod. 52:313-319.

Zhao H-F, Simard J, Labrie C, Breton N, Rheaume E, Luu-The V and Labrie F
(1989). Molecular cloning, cDNA structure and predieted amino acid sequence of bovine
3P-hydroxy-5-ene steroid dehydrogenase /A5-L14 isomerase. FEBS Lett. 259: 153-157.

Zhao HF, Labrie C, Simard J, de Launoit Y, Trudel C, Martel C, Rheaume E,
Dupont T, Luu-The V, Pelletier Gand Labrie F (1991). Charaeterization of 3f3
hydroxysteroid dehydrogenase ~5-~4 isomerase cDNA and differential tissue-specifie
expression of the corresponding mRNAs in steroidogenic and peripheral tissues. J Biol
Chem. 266:583-593.

Zhao HF, Rbeaume E, Trudel C, Couet J, Labrie F and Simard J (1990). Structure
and sexual dimorphic expression of a liver-specific rat 3rl-hydroxysteroid dehydrogenasel
isomerase. EndocrinoIogy. 127:3237-3239.



•

1

1

6.9 STATEMENT OF PARTICIPATION

Experimental Design - Deborah Douglas., Bruce Murphy

AnimaI Handling - Deborah Douglas., Jianhua Song, G Moreau

Sample Collection - Deborah Douglas., Jianhua Song., G Moreau

Tissue Culture - Deborah Douglas

Siot Blot Analyses - Deborah Douglas

Progesterone Assay - G Moreau

Statistical AnaIysis - Deborah Douglas

Interpretation of Results - Deborah Douglas., Bruce Murphy

Paper - Deborah Douglas

164



•

1

1

165

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.



•

1

166

EFFECTS OF GONADOTROPIC HORMONES ON
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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).
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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



•

1

170

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
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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



•

•

1

198

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



•

•

•

201

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.
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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
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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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