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Prolactin delays gonadotrophin-induced ovulation and
down-regulates expression of plasminogen-activator

system in ovary

Yi-Xun Liu'?, Xiao-Rong Peng?, Yi-Jun Chen',
Whitney Carrico?, and Tor Ny?

'State Key Labaralory of Reproductive Biology, Insutate of
Zoology. Chinese Academy of Sciences, Beijing 100080. China and
*Department of Medical Biochemistry and Biophysics. Umed
University, S-901 87 Urnel, Swedent

*To whom correspondence should be addressed

This study was conducted to determine whether prolactin
(PRL) suppresses gonadotrophin-induced ovulation and
distarbs the co-ordinated gene expression of tissue type
plasminogen activator (tPA) and plasminogen activator
inhibitor type-1 (PAI-1) in rat ovary. Immature female
rats were injected with 10 TU pregnant mare’s serum
gonadotrophin to stimuiate follicle growth, and 48 h
received different doses of prolactin followed by 7 IU
human chorionic gonadotrophin (HCG). The oviducts were
examined for the presence of ova, and the amounts of (PA
and PAL-1 mRNA present in the ovary were measured at
various times after the hormone treatment. PRL had no
significant effect on ovarian weight but caused a dose-
dependent decrease in ovulation number. In the control
animals receiving HCG alone, 133 * 1.3 (mean = SEM)
ova/eviduct were found; while in animals receiving HCG
plus 50, 100 or 200 pg PRL, the ovulation number was
dose-dependently suppressed by 53.6,66.9 and 76% respect-
ively at 18 h after treatment. PRL suppression of HCG-
induced ovulation was time-dependent. By 24 h after
treatment, the number of ova in the oviducis in HCG-
and HCG plus PRL-treated groups was not significantly
different. PRL also suppressed HCG-induced tPA gene
expression in a dose- and time-dependent manaer. At ali
time points examined, tPA mRNA content of whole ovaries
and granulosa cells (GC) in PRL-treated groups was lower
than in the HCG-treated controks. The activities of PAL-1
in ovarian extracelluiar fluid (OEF) and PAT-1 mRNA in
the theca-interstitial cells (TT) in the PRL-treated groups
were higher than in the HCG-treated controls. The highest
stimulation by PRL of PAI-1 activity in OEF and of PAI-
1 mRNA in TI was abserved at 9 h and 6 h afier HCG
. The i of tPA and PAI-1
antigens in the ovaries was consistent with changes in the
mRNA and activity levels. These data suggest that PRL
temporarily delays, but does not compietely inhibit, HCG-
induced ovulation, which may be caused by a suppression
of PA-mediated proteolysis.
Key words: ovulatian/plasminogen activator inhibitor type-1/
pralactin/tissue type piasminogen activator

Introduction

Hyperprolactinzemua, or elevation of prolactuin (PRL) secreticn
dunng lactation, is associated with anovulation (McNeilly
ot ai., 1982). Clincal studies have indicated that PRL ac:s
ditectly on developing human follicles to wnbibit ovarin
steroidogenesis, follicular maturation and ovulation (McNaty
er al., 1974 McNarry, 1979: Jacobs et al.. 1976 McNeith
1987} Specific PRL receptors have been found in the wvan
of several mammalian species (Saite and Saxena. 1973 PRL
treatment in vitro has been shown to cause a decrease m
ovarian aromatase activity (Tsai-Mortis er al., 198%: Hu and
Liu, 1995). Using an in-vitro perfused rabbit ovaran system.
PRL was found to nhibit human chononic gonadotrophin
(HCG)-induced ovulation (Hamada er a/. 1980, indicauny
that PRL acts directly on the ovary by interfering with the
mechanisms causing rupture of the follicle. Results from miccy
studies indicate that the plasminogen sctvator sysiem
mstrumental for the taduction of ovuianon: 111 there v 1
wransient increase in tissue type plasminogen actvator (P
activity 1o the rat ovary just pnor to vulation (Lia er i,
19875 (2) plasminogen is present in follicular flud. anc
piasmin has been shown to weaken the follicle wail :n - en
(Beers. 1975); (3) intrabursal injection of protease mhibitor,
and antibodies against tPA partally blocks gonadotrophin-
induced ovulation o rats (Rewch er al.. 1985, Tsafnn e
1989: Guerre et af. 19917 (4) not only PAs, out alw
the specific PA inhibitor PAI-1. are regulated dunng tn:
periovulatory period (Liu, 1988: Liu ef al. 19911 155 -
localization >tudies revealed that tPA and PAL-{ are expresses
n a cell specific and time-co-ordinated fashion 1Chun et u.

1992: Peng er al.. 1993). These data suggest that proteoly i
activity provided by (PA an¢ modulated by PAI-| may ciuse
a directed proteolysis leading to rupture of the selected follicle
during ovulation.

Using in-vitro perfused viable rabbit ovasies. 1t has been
shown that PRL. causes a decrease in the PA acuviry of mature
follicles (Yoshimura et al.. 1990. 1992). The obgective of thiy
study was t0 examine the effect of PRL on ovulation, and the
expression of tPA and PAL1 in rat ovaries.

Materials and methods

‘Materials
McCoy s Sa medium {modified. without serum. pentciliin—trentorn
cin solutton, L-glutamune and fetal calf serum were purchased trom
Gibeo (Paisley. UK); pregnant mare's serum gonadoiraphin - PMSG
was obtained from Sigma Chemical Company 15t Lows. M1 LS4
acrylamide M.N-methylene-bis-acrvlamude, sodsum dode

diamine (TEMED). ammonium persulphar

© Europesn Socedy for Human Reproducsion ind Enbrrmos




sie brifuant blue were from Bio~Rad Laboraiories {Richmond. CA.
USAIL nylon filters were obtained from Amcrsham (UK): urokinase
1ype plasminogen acuvaior was obtained from Serone S.A. (Aubonne.
Switzerlaady: plasminogen was obeained fram BioPool (Umed,
Sweden): human fibrinogen was purchased from Kabi Vitrum (Stock-
holm. Sweden) and further punfied by ethanol precipiation ax
descnbed by Blombieh and Blombick (1956). T RNA polymerase
was obaitied from Promega (Madison, WL US} and [a2P] UTP
was from Amersham (UK). Restnenion engyfoes were purchased from
Boehringer Mannheim (Bromma, Sweden) and collagenase was
obtained from Worthingson Biechemical Corporanion (New Jersey.
USA} Ovine PRL (NIDDK-0PRL-15. 31 [Uimg) w25 obiaped from
Nationa) Insuate of Diabetes, Digestive and Kidney Discases: Human
chorionic ganadotrophin (HCG CR-127, 14 900 1U/mg) was obtamed
from National Institte of Chidd Healts and Human Development
{NICHHD. USA).

Animat ereatment

Immature female rats of the Sprague-Dawley stran (21-22 days oldi
were obtained from Alab Lbortorietjanst AB (Stockhoim, Swedent
or Tnstitute of Zoology. Cmmnese Academy of Sciences (Beifing
China). and were fed with chow and water ad fibiram A 14:10 &
lghi-dark cycle was mamntamed with the light cycle mitiatec at 0600
h The animals were injecied s.c. with  superovulating dose (10 1U)
of pregnant mate’s serum gonadairophin (PMSG) to stimulate follicle
growth, Fony-eight hours iater. 7 IU HCG was given to induce
ovulation. In the indicated groups 50-200 pg PRL w 100 ) of saline
was also given 15 min before HCG mjection. The animals were
Tolled a1 6, 9. 12. 16. 18 and 24 b afer inection of HCG or HCG
plus variau, doses of PRL. The oviduets were cxamined for the
preseace of ova, The avaries were 1solated. and the ovanan exiracellu-
lar fiuid (OEF). granulosa celis and theca-intersitial tssue wese
preparcd for tPA. PAL-] mRNA and activity measurement (Liu
o al 190,

Sodium dodecy! sulphase gel electrophoresis (SDS-PAGE)

PA and PAI-{ actvnics in the samples were fracuonated by SDS-
PAGE accarding %o Laemmli (1970). Before elecrophorcsis, the
samples wore adjusied to 2.5% SO (for PA-activity assay) and 2.5%
SDS and 12.5 mb PTT (for PAE-L sctivity assay). Electrophoresis
was performed at 50 V until the dye front reached the botiam of the
el (=16 1) Afier clestrophoresis, gels were incubaied 2X45 min in
2.5% tvv) Triton X-100 10 cemove SDS in the gel, rinsed with distitled
water and applied omio the surface of a fibrin-agar indicator gel

Fibrin overiay and reverse fibrin awiography assey

The fibrin-agar indicator gel was prepared as previously described
(Granelli-Piperno ef al.. 1978). The fibrin-agar gel contained 50 g/
m) plasminogen, 24 mg/m! fibrinogen, and 0.5 Ui thrombin for
‘gencration of fibrin as the substrate for plasmin. Aficr elecurophoresis.
the gel was iaid onto the Gbrin-agar indicator ge) and incubated at
37°C in a bumid chamber umil the lysis zones became visible,
indicaung the presence of PAs. For detection of the PAI1 activity,
the sampics were analysed by a reverse fibrin awograph (Erickson
er al.. 1988) Tn addition 1o plasmmogen, fibrinogen and thromibin,
RFA ndicatos gel conained 0.00 Urm! urokinase to allow amolysis.
The development of an opague, lysis-resistant zone indicaied the
presence of PAI-T sctivity,

Synthesis of RNA and DNA probes
A rat PAL} cDNA was cloned imo the pBlusseript vecior (Zeheb

and Geehrter, 1988) and a 400 bp of EcoRl fragment from the rat
{PA cDNA cione lambda 15 (Ny er al. 1988) was sobcloned into

Prolactin delays ovulation und dewn-regulates ovariun P system

PGEM-1 vector Both vectors were Ineanzed o Himg 1l and usec
&5 templates for prabe syRLhests USNE 37 M-VILEG WAMSCAPUAT S ¥Aien;
(Promega, Madisor. Wi USA) A 400 bp tPA probe complementry
to the 5' tezion of rat tPA mRNA. and 2 376 bp PAl-! probe
complementary 1o *-untandated region of PAL1T mRRA were
obrained using TT and T3 promorer< respecunely The ““F-labellec
anusense RNA probus were tesied bor speahany by hybndizati e
to ovanan 1ol RNA fracuonated by formaldehyds
elestrophores and blated to nybon fliers (Thomas *U%: Munsats
o al , 19821, The probes wert fotad to be spevific b 1P4 und PAI
§ MRNA, smee they hybndized only to specific mRX A species with
the size corvespondimg 10 1PA (Ny e al. 1988, and P41 | mRAa
{Zehed and Geetirier. 1988y A 230 nucieonde long singie strancec
f+acun DNA probe win prepared by primer extensior o uescribec
(Ghissan ¢ al.. 19881

i

Preparation of toal RNA

Cutoplasmic RNA from granulosa cetls was prepaed nwng the
NP-40 method (Manians ¢ ai , 19823 Total RNA win prepared from
whole ovanes and trom theca—imterstial tssue vng C<C: gradsen
density separauon method (Peng ef al. 19931 For hbndizaton
analysis_ 0tal RNA was fractionated by agarcse gel clectrophoresie
1n the preseace o1 formabdenyde (Holmes e al.. 1986 ) and wransfered
10 nylon fitiers (Thomas. 1980) or immobilized drecths hy using a
slot blot filtrauon sppwatus (Schieicher & Schull, Dassa.. Ciermany,
Seriat difwuon of RNA from each sample wa~ spolied 10 mfon fite:
for hybriowzation with PAl-1. 1PA and B-acun probes v lon filere
were cross-hinked using a Swatalinker (Siratagene. Sweden:, anc
prehybridized in 50% formamide, SXsaline sodum ciirate 1SSC:

done_ 1.6 mg/ml BSA) 0.1% SDS. 10 mM EDTA.
PH 7.0. 250 ug/ml heat denatured hertmg sperm DRA. 250 pgm!
veast IRNA 3t 62°C for 2 b. The hybridization was camed out in the
sariie soluton contarning 2.5 109 c.p.m/m) of each probe for 16 k
a1 64 °C. The filters were washed in 2xSSC. 0.1% SDS twice tor
15 min at roomn temperature and followed by oo washes in41.1 XS§C
0.1% SDS for 40 min at 66 °C Hybridization using the f-acun protw:
was performed an 42°C as described (Ohlssan e al. 1988) After
hybrdization. the filiers were analysed by phosphonmage: ¢ Molecuiar
Dynamics, Sweden), er were exposed to anioradiographic fhims

In-situ hybridization

‘The ovaries left for in-siu hybridization wese fixed in Bawn's g
and embedded tn paraffin prior o secuoning (3 M), sccording i
siandard procedures. The deparaffinized sections were wreated with
mg/ml proteinase K (E. Merck, Danmsiadt, Germany) for 10 min
and washed in PBS for § min. Sections wers then fxed in 4%
pasaformaldehyde in PBS for 5 min and washed in PBS for 10 min
Before hybndization. the sections were dehydraed shrough & graded
ethanol series and allowed 1o air-dry, The sections were prehybridized
with 50% formamide and 2 SSC for 2 h at room Lemperature, then
hybridized ovemighi with digiwxigenin (DIGKlabelied PA RNA
probe in hybridization buffer (10 mM Tns—HC), pH 7 S, 2xSSC
50% deionized formannde. X Denhardr's. 2.5 mM DTT. 5% dextran
suiphate, 250 yg/ml veast tRNA. and 0.5% SDS$) a1 48°C. After
hybndization, the sections were thoroughly washed in 2. 1x. and
0.1<88C, each for 215 min a1 40°C. The seclions were then nnsed
1 DIG buffer 1 (0.1 M maleic saad. 156 mM NaCl. pR 7.5} for &
min, and blocked with 1% blockang reagent in buffer 1. The seetions
weze incubated with alkaline phosphatase conjugated sn0-DIG (G
iluted 1:200 in buffer | contaming 1% blocking reagent for 2 b
washed in PBS for 3x3 min. The hound antibody was detected by 2
standar¢. fmmuno-alkaline photphatase reaction usmg 5-bromo-d-
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‘Table 1. Dose-dependent inbibiuon of HOG-induced

ovulation by prolactin in PMSG-primed immacure rats

ug PRL No. ammals  Ovarian wt No. ovulating rats  No, ovwavary % inhibition
o 13 W2 1T 3 3x13 0

%0 3 ¥21x26 [ 63210 414

100 10 406 =19 7 4.4 = 0. 669

200 7 345 223 8 31z08 %60

*P < .01 compared with control (0 PRL). Resuls are expressed as mean 3 SEM.
gonadonrophi

HCG = human chorionic.

in; PMSG = pregnam marc's serum gonadatrophin.

Tabde IL Time-dependent inhibivion of HCG-induced ovuiation by profactin in PMSG-peimed immature rats

Hours after HCG treatment No. rats No. ovulating rats  No.ovalovary % inhibitiae

injoction

2 HCG 10 2 80
HCG + PRL 10 1

% HCG 5 4 100
HCG + PRL 6 0

18 HCG 9 8 %
HCG + PRL 9 2

) HCG 7 H »
HCG + PRL b 3

24 HCG 14 3 7
HCG + PRL 14 i 29: 13

HCG =

8

5

8

£
)
§
:
%
L3

100
PRL (1g)
Figure 1. Dose- rolactin on ovaran Lssue

-dependent of
phﬂmm‘m activator (tPA) mRNA levels. Ovarian samples were
treatment with human chorionac

*P < 005, **£ < 0.01 compared with controh group (HCG alone).
bumaen chorionic gonadotrophin; PMSG = preghank mare's serum gonadoarophia

g

|zn-[
4

5

5

1PA MANA { % alteration by PRL }

w =
hours atter HCG

(HCG)ndu:nbedelwnllxmﬂmlhms The toal RNA was

ifferent letiers indicale significan
between points (P < 0.05).

chioro-3-indoly] phosphate (BCIP) and nitro-bie tstrazolium (NBT)
as subsrate. The DIG RNA labelling kit and all the reagents
used for DIG detection were from Boehringer Mannheim GmbH
Biochemica (Mennheim, Germany).

Data analysis

All experiments measuring PA and PAI-] activity were repeased at
least thres times. A photographic record using dark-field illumination

of one representative experiment is shown.
The eelati £ of speci

Figure 2. Time-dependent effect of prolactin (PRL) on ovarian
tissue plasminogen activator (tPA) mRNA comters. Ovarian samples
were obtained following wearment with human chorionic

gonadotrephin (HCG) and PRL for different time periods as
described in Msserinls and methods. The sotal RNA was analysed
for 1PA and {-actin mRNA. The relative amount of (PA mRNA was
estimated by phosphorimager and against the
comesponding relative amount of B-acun MRNA. Results are
expressed a5 mean = SEM. *P < 0.0S, **P < 0.01 compared with
corresponding conrol groups (Student’s i-test).

tion by densitometric scasning of autoradiographic flms, and was
normalized against the comesponding relative amount of B-actia in
the samples. The data are expressed as fold increase relative o the
control group or as mean = SEM of at least three separate experimests.
memm‘lysedbymw;yamy:uaivm Differcnces

detocted by Tukey's Multiple Comparison test

determined by quansita- (Snlu.l and Roulf, 1981). Paired comparisons, when required, were
-3-
s e =TT (LT IOy =T T -
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tPA MRNA { % afteration by PRL )

HCG HCG HCG HCG  HCG HCG
+ + «
PRL PRL PRL

Figure 3. Prolactin inhibition of human chorionic phin
(HCG)-induced tissue activator (tPA) mRNA (A) and
activity (B) in granulosa cells. Immature female rats (21-22 days
old) were injected s.c. with 10 TU PMSG and 48 b later with 7 IU

comesponding relative smoun of -aci i the sampis, Te data
are expressed as % of inhibition to the control (100%). *P < 0.05,
**P < 0.01 compared with corresponding control groups (-PRL)
(smms t-test). (B) tPA was exuracied from 0.5%10° grapmloss
cells, separated by SDS—PAGE, and analysed by fibrin overlay
rechnique.

Student's e, Di idered signif
‘when P < 0.05.

Results

Dose- and fime-dependent inkibition of HCG-induced ovila-
tior by prolactin in PMSG-primed immature rats

To study the effect of PRL on ovalation, immature rats were
injected s.c. with 10 FU PMSG in saline, and sebscquently
with 7.0 TU HCG alone or HCG plus the indicated doses of
PRL. Eigltieen hours afier the hormone weatment the ovariss
were removed and weighed and the oviducts were examined
for prescace of ova. As shown in Table I, PRL at all doses
used had no significant effect on ovarian weight, but dose-

Prolactin detays ovulation aod down-regulates ovarian PA system

dependently decreased the mumber of ova present i the
oviducis, by 47.4, 66.9 and 76%. at doses of S0, 100 and 200
mg PRL respectively.

To study whether the PRL inhibition of ovulation was nme-
dependent, ovulation was 1nduced with £0 JU PMSG. followed
by HCG in the presence and absence of PRL (200 ). At the
indicated times, the animals were killed and the oviducts were
examined for the presence of ova. As shown mn Table 11,
PRL inhibition of ovulation was time-dependent. The average
number of ova in the PRL-weated group was significantly
decreased at 12, 16, 18 and 20 h afier hormone weatment. but
by 24 h the difference was not significant. This indicates that
PRL did not completely inhibit. but temporarily delayed, HCG-
induced ovulation.

Prolactin inhibition of HCG-induced tPA mRNA comtens and
activity in the ovary

To examine whether PRL inhibited the synthesis of tPA in the
ovary, ovarian samples were analysed for (PA mRNA and
eetivity. As shown in Figure 1, the ovarian tPA mRNA conient
induced by injection of HCG at 18 h was sigmficandy decreascd
in a dose-dependent manner by treatmem with PRL. At all
time points during ovulation, the tPA mRNA ievels were lower
in the groups treated wish PRL (200 pg) as shown in Fagure
2. The PRL inhibition of HCG-induced tPA mRNA production
in the ovary was most prosounced a1 16 h afier HCG
and PRL injection and thercafter the suppression gradually
decreased. The profile of (PA activity in the ovary was
consistent with the changes in (PA mRNA during the hormane
treatment (data mot shown).

Granvlosa cells produce the most tPA activity in the ovan.
the tPA being sccretod imto the extracellular companment
(OEF). We: therefore examined the changes in both tPA mRNA
and tPA activity levels in granulosa cells and OEF at times
preceding ovulation, 6, 9, and 12 h afier hormone treament.
As shown in Figure 3A, the tPA mRNA content of granulosa
censinmx,umedpwpsmsﬁ 58 and 80% of those of

HCG control groups at 6. 9. and 12 h. The
PRL-mduud decreass in tPA mRNA in granuiosa cells was
well correlated with the decrease in the cellular content of tPA
activity (Figure 3B), and the WPA activity in OEF (data
not shown).

In-situ localication of HCG-induced tPA mRNA in the ovary

To stwdy the effect of PRL on HCG-induoed (PA mRNA
o in the ovary, ive in-sim

was performed. As snown in Figure 4, tPA mRNA levels in

granulosa cells induced by injection of HCG afier 6 (A). §

(C), and 12 h (E) were considerably inhibited by the co-

injection af PRL after 6 (8), 9 (D). and 12 h (F)

Effect of prolactin on PAI-1 expression in the ovary

PAL-] s & rapidly secresed protein, barely detectabls in the
cell lysates. To estimate the PAl-1 activity in the exwraceliular
environment, OEF was prepared from ovaries a1 6, 9, and 12
b after HCG treatment, and the samples were analysed for
PAI-1 sctivity by SDS-PAGE. As shown in Figure 5, a1 6, 9,
and 12 h after the hormone injection, PAL-1 activity in the

-4-
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Figure 4. sty localization of s plminogen acvaier (PA) mRNA in ovarian cells. immature femaie rats (21-22 days old) were
onadotrophi

injected s.c. with 10 IU mn.nm mare’
weatment with HCG plus PRL.

OEF collected from the PRL-treated group was considerably
higher than that in the HOG-treated group. The absolute PAL1
activity in both groups was remarkably decreased by 12 h
after thé hormone treatment, perhaps due to a pre-ovulatory
burst of IPA activity at this time point. The presence of multiple
molecular weight forms is analogous to that found for PAI-1
secreted by rat HTC hepatoma cells (Zeheb er al, 1987), and
is mainly due to differences in glycosylation (Zeheb er al.,
1987; Liu et al., 1991).

Theca-interstitial cells have been shown 1o secrete the most

in (PMSG) and 48 b later with 7 IU human chorionic gonadotraphin (HCG). or

PAI-1 activity in the ovary. To estimate the effect of PRL on
PAL1 gene expression in theca tissue. ovaries were punctured.
granulosa cells were removed, and the Tesidue tissue was
examined for PAL-1 mRNA levels, As shown in Fagure 6. the
levels of PAI-1 mRNA were significantly higher in the groups
receiving teatment with both HCG and PRL than 1n HCG-
treated groups. The PAl-} mRNA contemts of the tissues of
PRL-treated groups were 154, 120, and 135% of that in the
carresponding HCG groups at 6, 9. and 12 h respectively afier
the hormone treatment.




HCa MCG HCG HCG
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Flgure 5. Prolactin stimulation of PAI-1 activity in ovarian extra-

cellular fluid. Extracellular fuid (OEF) was obrained from the

ovanes and by SDS-PAGE. PAI-1 activity ia the gel
was analysed by reverse Gbrin aucography as described in Materiais

and methods.
PR
+PRI

HCG HCG
-
PRL

g
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PAI-T MRNA (% alteralion by PRL }
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hours after HCQ

Figure 6. Prolretin stimulation of PAI-1 mRNA in lheﬂ-lmmunl
nssue. Theca~interstitial tissue was obtained from

following treatment with human choriomic. Muwm (HCG)
and prolactin (PRL) for various ime petiods, and after removal of
graulosa cells, the tissues were analysed for PAL-1 mRNA. Results
are cxpressed as mean + SEM. *P < 0.05, **P < 0.01 compared
with conresponding control group (—PRL) (Sudent's r-tes).
Discussion

We have demonstrated that treatment of PMSG-primed imma-
ture rats with PRL significantly inhibits and delays HCG-
induced ovulation in a dose- and time-dependent manner.
Further studies have suggested that PRL inhibition and delay
of ovulation may be dus 10 temporal suppression of gonadotro-
phin-induced (PA gene expression in granulosa cells on one
hand, and stimulation of PAI-1 production on the other. These
studies provide further evidence to show that PRL acts on the
ovarian PA-PAI-1 sysiem to interfere with mechanisms leading
to ovulation. These findings are comsistent with previous
reports in mouse (Hu and Liu, 1993, 1995) and rabbit (Hamada
et al., 1980). Using a well designed in-vitro perfused rabbit
ovary preparation, Hamada et al. (1980) demonstrated that
addition of PRL to the perfusate significantly decreased HCG-
induced ovulation. Yoshimura er al. (1992) further demon-
strated that PA activity indeced by HCG in the perfused rabbit
avary was significantly inhibited by the high doses of PRL in

Prolactia delays evulstion and dewn-reguletes ovarisn FA systom

the perfusate. That PRL, a comipound that is known 10 inhibit
ovulation, decreases both mRNA and activity levels of PA
activity in the ovary, further highlights the importance of the
PA system in the ovary. These vesults strongly support the
hypothesis that the PA system is the primary proteolytic
enzyme responsible for follicle rupture (Beers, 1975; Strickland
and Beers, 1976; Canipari and Strickland. 1985 Reich ef al..
1985: Liu ez al. 1987, Hsueh ef al.. 1988). However, the
precise mechanism by which PRL affects (PA mRNA and tPA
activity is unknown.

Differences between the mouse and rat have beea demon-
strated. Mouse ovary mainly expresses uPA (Canipari er al..
1985: Lin er al, 1992; Leonardsson ef al., 19953, a lesser
amount of tPA (Liu s al, 1992; Leonardsson er al., 1995)
and various types of marrix metalloproteinases (K. Liu ef al.,
unpublished data). No PAL-1, but cz,-antiplasmin was detected
in mouse granulosa cells (Liu et af.. 1992). Both uPA and tPA
in the mouse ovary were stimulated by the injection of PMSG/
HCG and reached maximum levels just prior io ovulation (Lin
et al., 1992), implying that both tPA and uPA may play a role
in the processes of follicular mpture in the mouse. Recent
studies on autologous plasminogen activator gene replacernent
in mice have shown that in mice with a deficiency of tPA.
uPA or PAI-1, the liner sizes and the Tife-span were normal
(Carmeliet ef al, 1994). However, in mice with combined
deficiencies of tPA and uPA, fertlization was significantly
reduced (Carmeliet ef al., 1994; Leonardsson et al., 1995). In-
vivo and in-vitro studies aiso showed that in gonsdotrophin-
weated mice, PRL inhibited both tPA and uPA, and aiso
ovulation (Hu et al. 1993, 1995). These data suggest that
othier proteases may provide proteolytic activity sufficient for
follicular rupoure in the absence of PA in the mouse. A
functionally redundant mechanisen for plasmin formation may
operate in mouss avary during gonadotrophin-induced ovula-
tion. The PA, together with other proiesses. gemerale the
protcolytic activity required for follicular wall degradation.

PRL is the primary pituitary hormone known o be involved
in stimulating milk production. Marshall e af. (1986) observed
high levels of tPA activity presont in the colostrum and
transitional milk, which was inversely related to the duration
of lactation. However, it is mast likely that the (PA activity
found in the railk is synthesized in the breast tissue and is not
derived from other sources. Both normal and malignant breast
tissue have been shown to carry various steroid receptors
(Isotalo er al., 1983; Reiner et af., 1984), and the increased
contisol. oestrogen and progesterone secretion during early
lactation may be responsible for the increase in 1PA. production
(Isotmo et aL, 1983; Bulter er al., 1983; Huft and Lippman.
1984; Reiner et al., 1994). No evidence has been found that
prolactin is cesponsible for the increase in (PA activity in the
breast tissue.

There is abundant evidence to show that the ovary is also
one of the primary target tissue for PRL. Specific receptors
for PRL have been found in granutosa cells and other compart-
ments of the ovary (Saito et al., 1975). There have been
seversl feports that increased levels of PRL in plasma are
associated with veduced folticular maturation and steroid pro-
duction (Jacobs et al., 1976; McNeilly et al., 1982). However.




