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Abstract This minireview summarized our recent studies on the role of plasminogen activator (PA) and inhibitor type-1 
(PAI-1) in luteolysis. We have demonstrated that (1) both tissue type and urokinase type plasminogen activators (tPA and 
uPA) and a plasminogen activator inhibitor type-1 (PAI-1) were present in the corpus luteum of rat and rhesus monkey; (2) 
decrease in progesterone production in corpus luteum was well correlated with a sharp increase in tPA (but not uPA) and 
PAI-1 secretion; (3) exogenous tPA decreased luteal progesterone synthesis while monoclonal antibodies increased proges- 
terone production; (4 )  interferon y inhibited luteal progesterone synthesis and stimulated tPA production while LH plus pro- 

lactin increased progesterone production and decreased tPA (hut not uPA) activity in cultured luteal cells; ( 5 )  increase in 
proteolysis in the corpus luteum was also correlated with decrease in progesterone production in mouse. These data suggest 

that local degradation of extracellular matrix controlled by plasminogen activator and inhibitor is involved in the processes of 
luteolysis. 
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PROTEOLYSIS activity generated by plasminogen activator (PA) system is associated with many 
physiological and pathological processes, such as ovulation, embryogenesis, embryo implanta- 
tion, mammary gland involution, fibrinolysis, angiogenesis, inflammation and tumor metasta- 
sisC1]. The PA system is a versatile, temporally controlled enzymatic system in which plas- 
minogen is activated to the proteolytic enzyme plasmin, by either of two physiological PAS, 
tissue type PA (tPA) and urokinase type PA (uPA) . In addition, two specific PA inhibitors, 
PA inhibitor type-l (PAI-1) and PA inhibitor type-2 (PAI-2) , are important for regulation of 
the PA system['. 21.  It  has been well documented that time-coordinated expression of tPA 
(produced mainly by granulosa cells) and PAI-1 (produced mainly by theca-interstitial cells) 
in the ovaries leads to o~ulation'~ '  4 1 .  After ovulation, granulosa cells and theca-interstitial 
cells change into corpus luteum, a temporary endocrine organ, which mainly secretes proges- 
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terone for maintenance of pregnancy by priming the uterus to support the implantation and 
early development of the c ~ n c e ~ t u s [ ~ ]  . Corpus luteum formation involves dramatic morphologi- 
cal and biochemical changes, such as invasion of the capillary network from the theca tissue in- 
to the granulosa layers. During the luteolytic period, corpus luteum first loses its ability to 
produce progesterone (the functional luteolysis) , followed by structural regression (the struc- 
tural l u t e ~ l ~ s i s ) [ ~ ~ .  Both corpus luteum formation and luteolysis involve proteolytic processes 
such as antiogenesis, tissue remodeling and tissue regression. Little is known, however, about 
the roles of PA system during different developmental stages of corpus luteum under physiolog- 
ical conditions. In the study reported here, we summarized our recent findings on the role of 
tPA and its inhibitor type-1 in luteolysis. 

1 Identification of tPA, uPA and PAI-1 activity in corpus luteum 

Two types of PA-tPA and uPA, and PAI-1 have been identified in ovarian granulosa 
cells and theca-interstitial cells of both ratL4' and monkey[71. Since after ovulation both ovarian 
cell types transform into luteal cells, it is, therefore, interesting to examine whether luteal 
cells are also capable of expressing the PAS and PAI-1. 

The monkey corpus luteum was extracted, and the extracts were incubated with protein 
A-sepharose 413 beads precoated with normal rabbit serum (NRS) or antibodies against tPA or 
uPA. After immunoprecipitation, supernatants were analyzed for PA a~tivities'~]. Monkey 
corpus luteum contained two types of PA activities in the NRS group. After precipitation with 
tPA antibodies only uPA activity could be observed in the supernatant, whereas after incuba- 
tion with uPA antibodies, the supernatant showed only tPA activityLg1, indicating that mon- 
key corpus luteum produces tissue type and urokinase type of PA. The molecular weight of the 
two PAS was corresponding to human tPA and uPA respectively. We also identified the PAI-1 
activity in the same samples[g1, tPA, uPA and PAI-1 were also identified in the corpus luteum 
of pregnant[1" and pseudopregnant['ll rats. 

2 Decrease in corpus luteum progesterone production is correlated with increase in corpus lu- 
teum tPA and PAI-1 secretion 

To examine the corpus luteum secretary capability of tPA, uPA and PAI-1 activities, as 
well as progesterone levels in the corpus luteum at various stages of development, corpus lu- 
teum tissue or dispersed luteal cells obtained from the ovaries of pregnant rat or pseudopreg- 
nant rat and rhesus monkey on various days were cultured at 37'C for 24 h in 0.5 mL 
McCoy's 5a medium. The medium tPA, uPA and PAI-1 activities as well as progesterone 
concentrations were determined. During the entire course of pregnancy from Day 1 to Day 22, 
the uPA activity measured in rat corpus luteum was low"O1. Similarly little tPA activity could 
be detected in corpus luteum before Day 12. A huge amount of tPA, however, was secreted 
abruptly by the corpus luteum from Day 14 to Day 22 when luteolysis took place. A marked 
increase in PAI-1 activity was also noted at the same time['''. The tPA activity in corpus lu- 
teum on Days 14, 17 and 22 increased 35-, 37- and 22-fold and the PAI-1 activity on the same 
days increased 15-, 19- and 15-fold above that on Day 1, respectivelyL101. The progesterone 
concentration in the conditioned medium of the corresponding cultures were high on the early 
days, reaching the maximum level on Day 12, and decreased sharply on Day 14 when the tPA 
activity reached the maximum level[10* "I . The same reverse changes of corpus luteum tPA 
and progesterone levels were also obtained from studies on pseudopregnant monkey and 

Chinese Science Bulletin Vol .42 No. 23 December 1997 1995 



rat[s. 9,  121 . cO rpus luteum of rhesus monkey at Day 5 and Day 10 secreted high levels of pro- 

gesterone, but very low tPA activity[91. On Day 13, when luteolysis might take place, a dra- 
matic increase in luteal tPA activity was observed, and was correlated with a remarkable de- 
crease in progesterone secretion. The reverse relationship between progesterone secretion and 
tPA activity in the corpus luteum at various days is shown in table 1. 

Table 1 Inverse relationship between progesterone production and tPA activity in monkey corpus luteum at various stages 

Progesterone production ~ ~ l ~ t i ~ ~  t p ~  
Days of pregnancy 

Prcgesterone production Relative tPA 
Days of pregnancy 

/ n ~ -  mT.-'. mean + SF. activity ( % ) /ng.mL-', meanfSE activity ( % )  

To study tPA and PAI-1 mRNA ex- 
pression during different stages of pseudo- 
pregnant rat corpus luteum, total RNA 
was extracted, and Northern blot analysis 
was performed. Corpus luteum stages 
were monitored by measuring serum pro- 
gesterone levels. In accordance with our 
previous studies on pregnant rat, the pseu- 
dopregnant rat model also showed the 
same reverse pictures of tPA/PAI changes 
and progesterone levels in the corpus lu- 
teum[l2]. As shown in fig. 1, on the early 
days of corpus luteum development (Day 3 
and Day 7 ), the expression of tPA and 
PAI-1 mRNA was rather low. As corpus 
luteum entered the luteolytic period, when 
progesterone dropped to the low levels, 
both tPA ( see the upper part of fig. 1 ) 
and PAI-1 (see the lower part of fig. 1 ) 
mRNAs increased. An increase in tPA 
mRNA expression was observed from Days 

Pseudopregnancy/d 13-19 ( a  2- to 3-fold increase compared 

Fi. 1 .  Northern blot analysis of P A  mRNA (upper part) and PAI-1 to Day 7). The increase in PAI-1 mRNA 

mRNA (lower part) expression in rat corpus lut- at different stages of expression on Day 10 occurred just before 
adult p d o p m g m c y .  * , P<O.OS; r ++ , P<O.OI. luteolysis and appeared earlier than the in- 

duction of tPA mRNA. This is consistent 
with the changes of tPA and PAI-1 activities measured in the corpus lu te~m"~] .  

3 Exogenous tPA decreases, while monoclonal tPA antibodies increase corpus luteum proges- 
terone production 

To examine whether tPA or tPA antibodies in vitro affect directly the luteal cells and 
change the ability of progesterone secretion, corpus luteum tissueC10p "I or dispersed luteal 

1996 Chinese Science Bulletin Vol .42 No. 23 December 1997 



BULLETIN 

cellsr9' were cultured with or without either purified tPA (100 ,uL/mL) or tPA monoclonal an- 
tibodies (10 pg/mL) in the presence of plasminogen (25 pg/mL), a substrate for PA activa- 
tion. Addition of tPA to the culture of rat corpus luteum of pregnancy[111 significantly de- 
creased progesterone production in the medium by 33 % at 12 h and 54 % at 24 h. In contrast, 
addition of tPA monoclonal antibodies to neutralize the endogenously produced tPA activity 
significantly increased the steroid production by 100 % at 12 h and 40 % at 24 h. The same ef- 
fect of tPA and tPA antibodies on the primate luteal cells in culture was also observed[8v 'I .  
Exogenous tPA inhibited the basal and LH-induced progesterone production. In contrast, in- 
clusion of tPA monoclonal antibodies to neutralize the endogenously produced tPA activity also 
significantly increased the medium progesterone concentration. Furthermore, an additive ef- 
fect of LH and tPA antibodies on the luteal cell progesterone production was observed[g1. Ad- 
dition of uPA, or uPA monoclonal antibodies to the culture had no such effect on the steroid 
production[8v . 

Interferon y( IFN-y ) has been reported to inhibit LH-stimulated progesterone production 
in cultured bovine luteal cells[13]. It is of interest to examine whether IFN-Y decreases corpus 
luteum progesterone production while increases tPA secretion. Pregnant rats on Day 4 received 
injections of various dosages of IFN-7, and 24 h later the animals were killed and blood sam- 
ples were collected. Serum progesterone concentration was considerably inhibited by the injec- 
tion of IFN-y. Inhibition of 69 % and 89 % of the steroid production was found with injection 
of 20 IU and 40 IU of IFN-Y, respectively. In cultured rat luteal cells in the presence or ab- 
sence of IFN-y (10 IU/mL) and hCG (100 ng/mL) alone or in combination, IFN-Y alone 
significantly decreased the basal level of progesterone production, while it markedly stimulated 
the basal tPA activity. Addition of hCG to the culture enhanced both progesterone and tPA 
production. The increased progesterone secretion by hCG was considerably inhibited when 
IFN-Y was also added. In contrast, a stimulatory effect of hCG plus IFN-Y on tPA activity 
was found in the culturer"]. 

Prolactin and LH have been reported to exert a synergistic luteotrophic effect in rat[14'. 
Using a monkey luteal cell culture model, we have demonstrated that LH alone seemed to in- 
hibit tPA activity and stimulate progesterone production dose-dependently, while prolactin had 
no such effect. The two pituitary hormones in combination, however, completely suppressed 
the tPA (but not uPA) activity and synergistically dramatically increased luteal progesterone 
secretionrg1. 

4 Proteolysis and luteolysis in mouse 

In our previous studies we have demonstrated that rat and monkey granulosa cells secrete 
mainly tPA (90% of total PA activity in the overy) and a little amount of UPA'~. and a PA 
inhibitor, PAI-lr3'. However, mouse granulosa cells secrete both uPA (about 70% ) and tPA 
(about 30 % )[I6] . Furthermore, no measurable amount of PAI-1 mRNA and activity could be 
detected in the granulosa cells, but an a2-antiplasmin, an inhibitor specific for plasmin, was 

measured in the cell-conditioned medium[171. These data suggest that species-specific differ- 
ences in the plasmin-generating system in the ovaries may be present. Therefore, in addition 
to the PA system, we also studied the other proteolytic system, matrix metalloproteinases 
(MMPs), in the corpus luteum of pseudopregnant mouse. The MMPs are a family of zinc- 
and calcium-dependent endopepidases. So far 11 different MMPs with different substrates 
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( f ~ h r i n ,  rollegen, lam~ns.. .)  products 

Fig. 2.  PA/I'AI- I and MMI'/TIMP systems. 

specificity have been discovered. The PA and 
MMPs systems are supposed to be interactive and 
closely related (fig. 2) . The two systems appear 

to form a lytic cascade which can completely de- 
nature interstitial molecules. We have demon- 
strated that uPA, tPA, membrane type MMP 
(MT-MMP), and a tissue inhibitor of metallo- 
proteinase type-1 ( TIMP-1) mRNA levels were 
considerably increased in pseudopregnant mouse 
corpus luteum when luteolysis took place (unpub- 
lished data). These data show that proteolysis in 
mouse corpus luteum generated by MMPs sys- 
tem, in addition to tPA and uPA, may play a role 
in luteolysis. 

5 Paracrine and autocrine factors in corpus luteum 

Corpus luteum is the most active steroidogenic organ, producing not only progesterone, 
but also androgens and estrogens. The endogenously produced testosterone and estrogen are 
capable of maintaining corpus luteurn progesterone production['81. In our previous studies, we 
have demonstrated that progesterone produced by granulosa cells is utilized by theca-interstitial 
cells to form androgens that are further aromatized into estrogens by granulosa cells. Thus 
synergistic interactions between granulosa cells and theca-interstitial cells are the prerequisites 
for estrogen b i o ~ ~ n t h e s i s [ ' ~ ~  . Therefore, luteal estrogen production may also be derived from 
the two transformed luteal cells. Two types of luteal cells have been reported: large luteal cells 
derived from granulosa cells, and small luteal cells derived from theca-interstitial cells[201. 
Granulosa cells are known to produce ovarian tPA activityL4' 61, whereas theca-interstitial cells 
secrete the majority of PAI-1 activity in the ovary[211. Both granulosa cells and theca-intersti- 
tial cells are capable of producing U P A [ ~ ~ ]  . SO they give rise to ~~ecula t ion that large luteal cells 
might be responsible for tPA production, while small luteal cells might be connected with the 
PAI-1 activity found in the corpus luteum. Coordinated expression of tPA and PAI-1 in the 
two cell types in the later phase of corpus luteum development may be closely related to the 
luteal regression. Much evidence accumulated in the past several decades clearly reveals that in 
addition to androgens and estrogens, corpus luteum is also capable of secreting various other 
peptides such as vasoactive intestinal peptide (VIP)[231, relaxin, inhibinlactivin, oxytocin 
and growth factors in significant amounts throughout pregnancy, acting as important paracrine 
luteotropic factors[51. It has also been reported recently that cytokines may act as local 
paracrine and autocrine luteotropic or luteolytic regulators of ovarian function[51. IFN-Y was 
capable of affecting luteal function by enhancing prostaglanding F2,(PGF2,) production and by 

inhibiting progesterone ~ ~ n t h e s i s ' ' ~ ~  241. Furthermore, IFN-Y and PGF2, were found to stimu- 

late the basal and hCG-stimulated tPA secretion in cultured rat luteal cells[''. 13]. However, 
the mechanism by which cytokines decrease corpus luteum progesterone but increase tPA se- 
cretion is not known. On the basis of the data provided here, we speculate that the endoge- 
nously produced tPA in corpus luteum in the control of hormone production and stimulation 
may regulate luteal regression through local autocrine or paracrine action. However, questions 
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remain concerning the identity of certain intraluteal factors linking tPA/PAI-1 expression and 
progesterone production. In addition to PA/PAI-1 system, cytokines, PGF2, and inhibin/ac- 
tivin may be the most important regulators in the mechanism of autocrine and paracrine regula- 
tion of luteal regression. 

(Received July 9,  1997) 

References 

Saksela, 0. , Rifkin, 1). K . ,  Cell-asmciated plasminogen activation: regulation and physiological functions, Annu. Rev.  
Cell Biol . , 1988, 4 : 93. 

Andreasen, P .  A . ,  Georg, K . ,  Lund, I-. R. et a l . ,  Plasminogen activator-inhibitor: hormonally regulated serpins, Mol. 
CpLl Enducrinol. , 1990, 68: 1 . 
Liu, Y. X. , Interaction and regulation of plasminogen activator and their inhibitor in rat follicles during periovulatory-periods, 
Scientia Sinica, Ser. H, 1988, 31: 47. 

Liu, Y.  X . ,  Peng, X .  R . ,  Ny, T. ,  Tissue-specific and time-coordinated regulation of plasminogen-activator type 1 and tis- 
sue type plasminogen activator in the rat ovary during gonadotropin-induced ovulation, Eur.  J .  Biochem . , 1990, 195: 549. 

Niswender, G .  D. , Nett, T. M.,  The corpus luteum and its control in infraprimate species, in The Physiologyof Reprodue- 
tton (eds. Knobil, E . ,  Neill, J .  ),  New York: Raven Press, 1995, 781. 
Ny, T. , Bjersing, L. , Hsueh, A. J .  W. , Cultured granulosa cells produced two plasrninogen activators and an antiactivator, 
each regulated differently by gonadotropins, Endocrinology, 1985, 116: 1666. 

Liu, Y. X., Feng, Q. ,  Zou, R. J . ,  Changes of ovarian plasminogen activator and inhibitor during gonadotropin-induced 
ovulation in rhesus monkey, Acta Physiologica Sinica, 1991, 43: 472. 

Liu, Y. X . ,  Feng, Q. , Liu, K .  et a1 . , Identification and possible function of tissue type and urokinase-type plasminogen ac- 
tivator and plasminogen activator inhibitor in corpus luteum of rhesus monkey, Chinese Science Bulletin, 1994, 39 ( 14)  : 
1332. 
Feng, Q. , Liu, K. , ZOU, K .  J .  et a1 . , The possible involvement of tissue type plasminogen activator in luteolysis of rhesus 
monkey, Human Reproduction, 1993, 8 :  1640. 

Chen, Y. X .  , Chen, Y. F.  , Liu, Y.  X .  , The role of tissue-type plasminogen activator in rat corpus luteum, Den. Reprod. 
Biol . ,  1993, 2: 28. 

Liu, Y. X. , Chen, Y. X., Shi, F. W. , Studies on the role of plasminogen activators and plasminogen activator inhibitor 
type-1 in rat corpus luteum of pregnancy, Biol. Reprod. ,  1995, 53: 1131. 
Iiu, K. , Brandstrom, A. , Liu, Y. X. , Coordinated expression of tissue-type plasminogen activator and plasminogen activa- 

tor inhibitor type-1 during corpus luteum formation and luteolysis in the adult pseudopregnant rat, Endocrinology, 1996, 
137: 2126. 

Tairchild, D. L. , Pate, J . I-. , Modulation of bovine luteal cell synthesis capacity by interferon garna, Biol . Reprod. , 
1991, 44: 357. 

Richards, J .  S.  , Williams, J .  1,. , Luteal cell receptor content for prolactin (PRL) and luteinizing hormone (LH) : Regula- 
tion by LH and PRL, Endocrinology, 1976, 99: 1571. 

Liu, Y. X .  , Cajander, S.  H . ,  Ny, T . ,  Gonadotropin regulation of tissue and urokinase types of plasminogen activator in rat 
granulosa and theca-interstitial cells during periovulatory periods, Mol . Cell Endocrinol . , 1987, 54: 221. 
Iiu, Y. X .  , Feng, Q. , Liu, J .  C. , Plasminogen activator activity in mouse ovaries during periovulatory period, Acta Physi- 

0 1 .  Sinica, 1989, 41: 284. 

Liu, Y. X . ,  Feng, Q.. Hu, Z. Y.,  Plasminogen activator and plasminogen activator inhibitor in mouse ovaries during peri- 
ovulatory period, Dev . Reprod. Biol . , 1992, l : 1 

Liu, Y.  X. , Hsueh, A. J . W. , Effect of androgens on progesterone production by long term cultured luteal cells, Chinese 
J .  Physiol. S c i . ,  1986, 1: 10. 
Liu, Y.  X .  , Hsueh, A. J . W. , Synergism between granulosa and theca-interstitial cells in estrogen biosynthesis by go- 

nadotropin-treated rat ovaries: studies on the two-cell, two-gonadotropin hypothesis using steroid antisera, Biol . Reprod. , 
1986, 35: 27. 
Smith, C. J .  , Greer, T. H. , Banks, T. W . ,  The response of large and small luteal cells from pregnant rat to substrates and 

secretagogues, Biol. Reprod., 1989, 41: 1123. 
Liu, Y. X .  , Feng, Q. ,  Peng, X .  R .  , Secretion of plasminogen activator inhibitor type-1 by cultured ovarian cells obtained 

from gonadotropin-treated immature rats, Science in China, Ser. B, 1994, 37: 940. 
Liu, Y. X .  , Cajander, S. B. , Gonadotropin regulation of t isue and urokinase types of plasrninogen activator in rat gmnulosa 

and theca-interstitial cells during periovulatory periods, Science in China, Ser. B, 1988, 31: 807. 

Chinese Science Bulletin Vol .42 No. 23 December 1997 1999 



23 Liu, Y. X . ,  Liu, Y .  , Stimulatory effect of vasoactive interstitial peptide on steroidogenesis in cultured rat luteal cells, Chi- 
nese J .  Physiol. Sci., 1987, 3 :  115. 

24 Collart, M. A. , Gamma interferon enhances macrophages transcription of the tumor necrosis factor/cathectin, interleukin-1, 
and urokinase genes, which are controlled by short-lived receptors, J.  Exp. Med. ,  1986, 164: 2113. 

Acknowledgement The authors wish to thank Dr. Philip F. Smith for the NIDDK hormones. This work was supported by WHO 
(Grant No. 90124), the National Natural Science Foundation of China (Grant No. 39270288), the State Commission of Science 
and Technology (Grant No. 859180502) and the Chinese Academy of Science (Grant No. S852020). 

- 

* To whom correspondence should be addressed. 

Chinese Science Bulletin Vol .42 No. 23 December 1997 


	97231994-2.tif
	97231995.TIF
	97231996.TIF
	97231997.TIF
	97231998.TIF
	97231999.TIF
	97232000-1.tif

