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ABSTRACT

This study investigated the changes of plasminogen activators (PAs) activity, expression and localization of tissue 
plasminogen activator (tPA) and urokinase plasminogen activator (uPA) during the estrous cycle in pigs. Estrous cycle 
was sorted into three group by pre-ovulation (Pre-Ov), post-ovulation (Post-Ov) and early to mid-luteal stages (Early 
to mid-L). Analysis for immunohistochemistry was confirmed by location of tPA and uPA. Porcine uterus tissue was 
cut into 1 × 1 cm squares, and were incubated in DMEM/F-12 medium for 1 h at 38℃, 5% CO2 for measurement 
of PA activity. Western blotting was implemented for measurement of PA quantity. In results, the blood vessels and 
secretory glands were increased in Post-Ov stage than Pre-Ov and Early to mid-L stages. The tPA and uPA was 
located mainly within lumen of blood vessels and secretory glands. The PA activity in Post-Ov (0.99±0.03) stage were 
significantly (p<0.01) higher than Pre-Ov stage (0.51±0.03) and Early to mid-L stage (0.21±0.04). Expression of PAs were 
significantly (p<0.05) higher in Early to mid-L stage than other stages. These results indicate that PAs activity and 
expression may change in uterus tissue during the estrous cycle in pigs.
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INTRODUCTION

The mammalian uterus have rapid tissue remodeling 
during the estrous cycle, menstruation, implantation and 
pregnancy. Tissue remodeling required a fine-tuned ba-
lance between levels of protease and their inhibitors. 
Plasminogen is an inactive protein abundant in blood 
plasma and in many other extracellular fluids, includ-
ing ovarian follicular fluid (Beers, 1975), seminal plas-
ma (Zaneveld et al., 1975) and uterine fluid (Finlay et 
al., 1983).

Plasminogen activator (PA) is a serine protease whi-
ch converts plasminogen to plasmin, thus promoting fi-
brinolysis. There are at least two types of plasminogen 
activators: tissue-type (tPA) and urokinase-type (uPA) 
(Rajput et al., 1985; Irigoyen et al., 1999). The plasmin 
is a non-specific potent protease that cleaves blood fi-
brin clots and several other extracellular protein (Dano 
et al., 1985).

Several observations suggest that the PA system mi-
ght also play a role in mammalian fertilization. Ovula-
ted eggs contain and secrete tPA (Huarte J et al., 1985) 
and ejaculated spermatozoa of various animal species 
contain tPA and uPA as well as their inhibitors (Smo-
kovitis A et al., 1987).

Plasmin is presumed to play a role in tissue remod-
eling via the proteolysis of extracellular matrix (ECM) 
components and activation of growth factors (Menshi-
kov et al., 2006). The PA system is associated with ma-
ny physiological processes, including ovulation, embr-
yogenesis, and embryo implantation in female repro-
ductive tissues (Saksela and Rifkin, 1988; Vassalli et al., 
1991). In hamster, PA activity observed in the oviductal 
fluid and in the membrane fraction of the oviductal tis-
sue (Jimenez Diaz et al., 2000). In human, the expre-
ssion and activity of tPA and uPA were detected in fe-
male reproductive tissues, including the endometrium 
(Casslen and Astedt, 1983).

In case of muciparous animal, uterine environment we-
re very important. Intrauterine environment was chan-
ge periodically when PA system was express. This stu-
dy was carried out to evaluate PAs activity, expression 
and localization of PA in uterine tissue during the es-
trous cylcle in pigs.

MATERIALS AND METHODS

Collection and Criterion of Uterus by Estrous Cycle
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Porcine uterus during estrous cycle were transported 
from a local slaughterhouse to laboratory and kept in 
Hank's balanced salt solution (HBSS) at 4℃. Estrous 
cycle was divided into three groups such as Pre-Ovula-
tory, Post-Ovulatory and Early to mid-Luteal stages. 
Uterine corpus used in the experiment were washed 3 
times in HBSS supplemented with 100 IU/ml penicilin 
G, 100 μg/ml streptomycin and 0.1% (W/V) BSA (Qbio-
gene, Cat. #BSASG100). Then endometrium were per-
fused twice with HBSS.

PA Activity Assay

PA activity assay was performed as previously de-
scribed (Hart and Rehemtulla, 1988) with some modi-
fications. Uterus used for PA activity assay was cut in-
to 1×1cm squares within 3 hours after collection. Then, 
tissue pieces were incubated at 38℃ for 1 hour in 
DMEM/F-12 containing antibiotic and 10% FBS (W/V), 
and the supernatant was centrifugated at 500×G for 5 
min at 4℃. The samples and standards were incubated 
with plasminogen working solution (Sigma, # P5661) in 
96-well micro plate at 38℃ for 60 min to extract plas-
min, Then, substrat buffer (Z-L-Lys-Sbzl hydrochloride; 
0.18 mM; Sigma; #C3647, 5,5'-dithio-bis (2-nitrobenxoic 
acid); 0.22 mM; Sigma; #D8130, 0.01% Triton-X100; Sig-
ma; #T8532) were added to chromogenic development, 
and the incubation was continued for 60 min at 38℃. 
PA activity was measured with absorbance of 405 nm 
from automated microplate reader.

Immunohistochemistry Method

Uterus tissue was cut into 1×1cm size pieces and im-
mersed in PBS with 10%, 20% and 30% sucrose and 
4% paraformaldehyde for 24 h at 4℃. The tissue was 
embeded in Frozen Section Compound (#3801480, Leica 
microsystem) for 1 hour at —196℃. Uterus tissue sec-
tions (10-μm-thick) were blocked in 3% H2O2 and 5% 
NGS, and incubated with tPA and uPA Goat antibody 
(1:100, Santa Cruz Biotechnology) in PBS for 12 hours. 
The secondary antibodys, secondary biotinylated con-
jugates and DAB (3-3'-diaminobezidine tetrachloride) we-
re used for visualization.

For double fluorescence staining, Donkey anti-goat 
IgG secondary antibody marked with green fluoroch-
rome Alexa 488 (Invitrogen) was used for the detection 
of tPA and uPA. For nuclear counter staining, red fluo-
rochrome PI staining was used.

Western Blot

Protein was extracted from frozen tissue sample with 
M-PER buffer (#78501, Thermo SCIENTIFIC). Briefly, ute-
rus tissue was treated with M-PER buffer and in-
cubated for 60 min at 4℃ and centrifuged at 12,000×G 
for 20 min at 4℃ and then the supernatant was co-
llected. In this experiment, SDS-PAGE consisting of 5% 

(W/V) acrylamide stacking gel and 10% resolving gel 
were used for separating different range of proteins. The 
membranes were blocked with 5% (W/V) skim milk 
(#1312011, DIFCO) in TBS containing 0.1% Tween-20 
(TBST). The primary antibodies were used with Goat an-
ti-tPA (Santa Cruz Biotechnology), goat anti-uPA (Santa 
Cruz Biotechnology) and mouse anti-β-actin (Santa Cruz 
Biotechnology) and subsequently incubated with a 1: 
1,000 dilution of each primary antibody against specific 
proteins in TBST for 4 hours at 4℃, and were washed 
with TBST for 30 min. Then, membraines were incu-
bated with a 1:10,000 dilution of horseradish peroxida-
se-conjugated secondary antibodies for 1 hour at room 
temperature, and then were washed again with TBST. 
The targeted proteins were visualized using an WEST 
SAVE UP kit (Lab Frontier inc).    

Statistical Analysis

PAs activity values and intensity values obtained fr-
om western blotwere subjected to ANOVA using the 
General Linear Models procedure of the Statistical Ana-
lysis System (SAS Institute Inc., Cary, NC). Data are 
presented as mean±standard error of the mean (S.E.M.). 
Differences were considered significant at p<0.05.

Image analysis were using the Multi gauge program 
(FUJI photo film Co., Ver. 3.0).

RESULTS

Organization of uterine tissue during the estrous cy-
cle in pig which were stained by hematoxylin, eosin 
and DAB (Fig. 1). The epithelium were packed closely 

Fig. 1. Organization of uterine tissue by immunohistochemical sta-

ining during the estrous cycle in pigs. A～C: cross-section, D~F: 

endometrium, G～I: DAB staining, a: epithelium, b: myometrium, 

red arrow: secretory gland, blue arrow: blood vessel, arrow head: 

PA.
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Fig. 2. Immunofluorescence staining for tPA in uterine tissue. Green 

color : tPA expressed Alexa 488, Red color : nuclear, A～C: Unterus 

cross-section, D～I: endometrium, J～L: blood vessel, M~O: 

secretory gland, P～R: epitherlium.

as herrings and thick in Post-Ov stage (Fig. 1B). Blood 
vessel and secretory gland were increased during the 
Post-Ov stage (Fig. 1E). On the other hand, it was de-
creased in Early to mid-L stage than other stages (Fig. 
1C, F). However, it was difficult to confirm PA dyed.

As shown in Fig. 2 and Fig. 3, location of PAs dur-
ing the estrous cycle were stained by PI and Alexa 
488. In the immunofluorescence of tPA, it was ob-
served that located mainly in lumen of blood vessels 
and secretory glands (Fig. 2J～O). Also, large amount 
of tPA was found on surface of epithelium (Fig. 2P～
R). The uPA was founded with same pattern as tPA in 
Fig. 2 (Fig. 3). In the epithelium, the uterine wall were 
crumbled in Early to mid-L stage contrast with other 
stages (Fig. 2R, 3R).

It was measured PA activity by absorbance using 
conditioned medium (Fig. 4). The PA activity was sig-
nificantly (p<0.01) higher in the Post-Ov stage than 
Pro-Ov and Early to mid-L stages. However, PA activ-
ity was significantly (p<0.01) lower in the Early to 
mid-L stage than Pre-Ov and Post-Ov stages.

To confirm of tPA and uPA protein expression in 

Fig. 3. Immunofluorescence staining for uPA in uterine tissue. 

Green color : uPA expressed Alexa 488, Red color : nuclear, A～C: 

Unterus cross-section, D～I: endometrium, J～L: blood vessel, M～

O: secretory gland, P～R: epitherlium.

Fig. 4. PAs activity in uterus tissue during the estrous cycle in pigs. 

Different letters indicate significant differences during estrous cycle 

(p<0.01).

porcine uterine tissue, this study were forcused on the 
porcine estrous cycle for change of PA. As shown in 
Fig. 5, the tPA was continuously increased from Pre- 
Ov stage to Early to mid-L stage. Whereas, uPA were 
significant (p<0.05) higher in Early to mid-L stage than 



Kim et al.466

(A)

(B)

Fig. 5. Expression of PAs in uterine tissue during the estrous cycle 

in pigs. (A) Expression of tPA, uPA and gapdh by Western blotting 

with antibodies. (B) The band intensities of tPA and uPA relative 

to gapdh were analyzed densitometrically. The results are shown as 

the mean±SEM of three independent experiments (p<0.05).

Pre-Ov and Post-Ov stages (Fig. 5B).

DISCUSSION

The many study was demonstrated the activity of 
plasminogen activeators in the mammals generative 
organs. The previous studies was reported to presence 
of components of the plasminogen activation system in 
hamster (Jimenez Diaz M ea al., 2000), bovine (Gabler 
et al., 2001) and porcine (Roldan-Olarte et al., 2005). 
The uterine environment for implantation was impor-
tant during the ovulation in ovary or fertilization in the 
oviduct. Nevertheless, PA-related research in the ute-
rine environment in pigs were not many.

In this study, we identified that activity and ex-
pression of PAs and structure of the uterine tissue was 
changed during the estrous cycle in pigs. In immu-
nohistochemical assay, we founded increasing of blood 
vessel and secretory grand (Fig. 1). The uterine wall 
was commonly known as thickened from ovulatory 
phase to lusteal phase in mammals with the uterus. 
Perhaps it were increased for implantation and preg-
nancy from Post-Ov stage to Early to mid-L stage. 

In fact, a lot of PAs were exist in endothelial cell 
and inner part of blood vessel and secretory gland 
than other cell and ECM (Fig. 2 and Fig. 3). This is 
due to the fact that the binding of plasminogen to 
blood cells may lead to generation of cell-associated pro-
teolytic activity which contributes to a variety of cel-
lular functions (Miles LA and Plow EF, 1987). The uPA 
is concerned with endothelial cell migration (Sandberg 
et al., 1998). 

As shown in Fig. 4, the PA activity was significantly 
(p<0.01) higher in Post-Ov stage than other stages. PA 
is generally known as proteolytic enzymes. Also, cell 
surface was associated with plasmin catalyzes during 
the breakdown of the extracellular matrix and base-
ment membrane molecules, such as fibronectin, laminin 
(Liotta et al., 1981), fibrin (Dudek et al., 1970) and colla-
gen (Liotta et al., 1981; Vassalli et al., 1991). However, 
One of the many fuction of PAs was angiogenesis. 
These authors demonstrated that PAs was concerned 
with angiogenesis (Mignatti and Rifkin, 1993) in endo-
metrium (Sandberg et al., 1998). In this study, we con-
firmed an increasing of blood vessels. These results 
suggest that blood veseels was increased in Post-Ov 
stage. The enzymatic activity of uPA is controlled by 
plasminogen activator inhibitor-1 (PAI-1), the levels of 
which are increase by progesterone in the luteal phase 
(Casslen B et al., 1995).

Fig. 5 was shown expression of PAs in uterus tissue 
during the estrous cycle. Expression of PAs were the hi-
ghest in Early to mid stage than other stage. Implanta-
tion occur during luteal phase. When embryo arrived 
at uterus, it is require PAs for normal hatching and im-
plantation (Strickland et al., 1976; Sappino et al., 1989; 
Teesalu et al., 1996; Ghosh and Sengupta, 1998).

Interestingly, PAs activity and PAs expression level 
were observed oppositely in results of Fig. 4 and Fig. 
5. However, we could not explain why these results 
shown in this study. PA system were associated with 
its congnate inhibitors (Vassalli et al., 1991; Ebisch et 
al., 2008; Chern et al., 2010) as well as its receptor (Flo-
ridon et al., 1999), Factors (Sandberg et al., 1998; Tonner 
et al., 2000) and hormone (O'connell et al., 1987). There-
fore, we need further studies including the inhibitors, 
factors and hormons.

In conclusion, we determined that expression and ac-
tivity of PAs were changed during the estrous cycle in 
pigs and were closely related with uterus environment. 
Moreover, we could confirm that uterine structure were 
associated with change of the PAs.
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