Reprod Dev Biol 33(4) : 203-209 (2009) 203

Relationship between Plasminogen Activity and Plasminogen Inhibitor during
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ABSTRACT

The present study was performed to identify changes of plasminogen activator (PA) and plasminogen activator
inhibitor (PAI) in porcine oviduct epithelial cells (POECs) during the estrous cycle. POECs obtained from ovary
in pre-ovulatory (Pre-Ov), early to mid-luteal stage (Early-mid L) and post-ovulatory stage (Post-Ov). For the
examine of PA activity, 1x10° fresh cells of POECs were cultured in DMEM/Ham F-12 containing 10% FBS and
0.2% amphotericin under humidified atmosphere of 5% CO, in air and 38C. The urokinase-type PA (uPA) was
observed at 7 days of POECs culture. PA activity was measured with culture prolonged of 0, 3, 6, 12 and 24 h
after culture of 7 days. The PA activity were high significantly (p<0.05) at 12 h of culture, but PA activity were
decreased with culture periods increased. The PA activity in POECs of Post-Ov stage were higher significantly
(p<0.05) than that of Early-mid L and Pre-Ov stage. When PAI-1 and PAI-2 were added during the POECs culture,
the PA were observed significant low activity (p<0.05). The PA activity and protein expression were decreased by
PA inhibitor. This results suggest that PAI-1 and PAI-2 have a suppressive action on change of PA activity during
the estrous cycle of pigs. Specifically, this study using PA inhibitor was effect the PA activity and PAI expression

in oviduct epithelial cells in pigs.
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INTRODUCTION

Plasminogen activator (PA) are specific serine pro-
teolytic enzymes that convert the inactive proenzyme
plasminogen to plasmin. The plasmin formed is a non-
specific potent protease that cleaves blood fibrin clots
and several other extracellular protein (Dano et al., 1985).
Also, cell surface associated plasmin catalyzes the br-
eakdown of the extracellular matrix and basement mem-
brane molecules, such as fibronectin, laminin (Liotta ef
al., 1981), vitronectin (Chain et al., 1991), proteoglycans
(Mochan and Keler, 1984), fibrin (Dudek et al, 1970)
and collagen (Liotta et al., 1981; Vassalli et al., 1991),
(Mochan and Keler, 1984). Plasminogen activator/plas-
min can exert directly and indirectly extracellular ma-
trix degradation (Smokovitis et al., 1989). Several ob-
servations suggest that the PA/plasmin system might
also have a role in mammalian oocyte fertilization, spe-
rm motility and the acrosome reaction (Taitzoglou et
al., 2003, 2004). Although these PAs are believed to be
important in extracellular tissue remodeling in many

physiological process, including fibrinolysis, ovulation,
involution, implantation and pathological process in-
cluding cardiovascular diseases and tumor metastasis
(Schmitt et al., 1997). The unrestranined generation of
plasmin from plasminogen by the action of PA is po-
tentially hazardous to cells (Irigoyen et al., 1999). Plas-
minogen activators (PAs), which convert plasminogen
into the active form plasmin. Two types of PA have
been described the urokinase-type (uPA), and the ti-
ssue-type (tPA). Plasminogen activation is involved in
many cellular functions that require proteolytic degra-
dation of extracellular matrix (Andreasen et al., 2000).
The activity of PA is regulated by specific plasmino-
gen activator inhibitor (PAI-1 and PAI-2) (Lecander et
al., 1984; Loskutoff et al., 1989). Plasminogen activator
inhibitor-1 (PAI-1) is a 50 kDa protein belonging to a
family of serine protease inhibitors known as serine
PAI-1 is synthesized by a variety of cells and is indu-
ced by growth factors, cytokines, hormones, and other
stimuli, and high PAI-1 levels are present in plasma
from patients with acute or chronic inflammatory con-
ditions. PAI are member of the serine protease inhi-
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bitor and inhibitor include PAI-1 and PAI-2 is a single
chain 45~50 kDa glycoprotein secreted by many cell
types. The secreted form is quickly transformed into a
dormant conformation unable to interacting with PAI-1
can stabilize the active conformation and broaden the
substrate form complexes with PAs. The physiological
cofactors vitronectin and heparin, by specificity toward
a further serine protease thrombin. Besides the direct
PA-inactivating role, PAI-1 binding to the ECM also mo-
dulates pericellular proteolysis carried out by receptor
bound uPA. PAI-1 is also involved in the regulation
of cell adhesion and migration. PAI-2 is a single-chain
protein of 47 kDa, and it's inhibitory potency measu-
red as an association constant towards receptor bound
uPA is 15 times less than that of PAI-1 (Ellis et al.,
1990). The main function of PAI-1 in tissue is to in-
hibit the action of the urokinase type plasminogen ac-
tivator (uPA), a serine protease involved in tissue re-
modeling and cell migration. The regulatory proteases
participate in the extensive disruption of cell and extra
cellular matrix (ECM) contacts. PAI-1 is one of the
prototypic molecules for analyzing stimulatory effects
of POECs on PAI-1 protein expression. As a member
of the serine protease family PAI-1 regulates the plas-
minogen system by inhibiting two plasminogen acti-
vators (PA), urokinase PA (uPA) or tissue-type PA (tPA).
The interaction between uPA and PAI-1 and PAI-2 in
the porcine oviduct estrous cycle is not very well un-
derstood either. Theses molecules may play important
roles during PA formation, function, and regression in
the primate. The aim of the present study was carried
out to evaluate PA in the Pre-Ovulatory, Early to mid-
luteal and Post-Ovulatory stages of the porcine ovi-
ducts in different stages of the estrous cycle.

MATERIALS AND METHODS

Collection and Culture of Porcine Oviduct Epithelial
Cells (POECs)

Post-Ovulatory

Pre-Ovulatory
(Day 1~2)

(Day 17~20)

Early to midL
(Day 3~12)

Fig. 1. A photography of ovaries during the estrous cycle in pig.
The estrous cycles were distinguished by diameter of follicles and
corpora lutea of ovary. The POECs were isolated from oviduct of
ovary classified the by estrous cycles.

Porcine oviducts during the estrous cycle were co-
llected at a local slaughterhouse and kept in Hank's
balanced salt solution (HBSS) at 4C. The stage of the
estrous cycle was defined by careful examination of
the ovaries. The classification of the oviducts into th-
ree groups were the following (Fig. 1).

Cell populations were separated using a modifica-
tion of procedure previously described (Zhang et al.,
1999). The oviduct was washed 3 times with 30~50
ml of sterile Ca* and Mg” free Hank's balanced salt
solution (HBSS) supplemented with 100 IU/ml penicilin
G, 100 pg/ml streptomycin and 0.1% (w/v) BSA (Ro-
che Diagnosties GmbH, Mannheim, Germany). 30~45
ml of sterile HBSS containing 0.3% (w/v) trypcin (Sig-
ma Chemical Co., St. Louis, MO; #T4665) was then in-
fused into the uterine lumen through the catheter. The
filtrate was washed 3 times by centrifugation (1,500
rpm, 5 min) with Dulbecco's Modified Eagle's medium
(DMEV,; sigma; # D1152) and Phosphate buffer saline
(PBS) supplemented with antibiotics and 0.1% BSA.
After the washing the cells were counted with a
hematocytometer. The cell viability was higher than
85% as assessed by 0.5% (w/v) trypan blue dye exclu-
sion. The final pellet of both the epithelial cell were
separately resupended in culture medium (DMEM/
Ham's F-12; 1:1 (v/v): Sigma; #8900) supplemented wi-
th 10%. Dulbecco's Modified Eagle's Medium Nutrient
Mixture F-12 Ham supplemented with 10% FBS and
0.2% amphotericin B plated in 6 well culture dishes,
1x10° cell/ml were cultured at 5% CO, in air at 38C
for 7 days. The medium was changed every 2 days
until the cell was confluenced.

PA Activity Assays

Total PA activity levels in the medium were mea-
sured using the chromogenic assay as described origi-
nally by Hart and Rehemtulla (1988) with some mo-
difications. Briefly samples were incubated with or wi-
thout (nagative control) 2.5 mg of plasminogen (Sigma,
# P5661) 96-well microtiter plates at 37C for 60 min to
generate plasmin, Chromogenic substrated for plasmin,
Z-L-Lys-SBzl hydrochloride (0.18 mM; Sigma; #C3647)
and 5,5-dithio-bis (2-nitrobenzoic acid: 0.22 mM; Sig-
ma #C8130) were then added, and the incubation was
continued at 37C for another 60min. The absorbance
at 405 nm was determined using an automated micro-
plate reader. Standard curves were constructed using 0
~190ng/ml of human urokinase (ProSpec-Tany Techno
Gene; ENZ-264). No PA activity was detected in the
absorbance of plasminogen (negative control).

Westem Blot Analysis

The primary antibodies were used with goat anti-
uPA (Santa Cruz Biotechnology) and goat anti-PAI-1
(SantaCruz Biotechnology) for rabbit anti-PAI-2 (Santa
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Crua) and mouse anti-actin (Santa Cruz Biotechnology).

Secondary horseradish peroxidase-conjugated antibo-
dies were obtained from chemicon and stressgen res-
pectively. Sample containing 40 1 g protein were sepa-
rated by SDS-PAGE consisting of 5% (w/v) acrylamide
stacking gel and a 15% (w/v) separating gel containing
0.1% SDS. The running buffer was composed of 0.1%
SDS, 25 mM Tris and 250 mM glycine (pH 8.3). El-
ectrophoretic fractionation was carried out at a con-
stant current of 25 mA. Protein were then electroblo-
tted onto a nitrocellulose membrane. The filters were
blocked with 5% skim milk in PBS containing 0.1%
Tween 20 for incubation. at RT with the primary anti-
body specific to each protein (uPA, PAI-1, PAI-2 and
B-actin). After washing in TBST, the filter were in-
cubated 1 h at RT with the respective HRP-conjugated
anti-immunoglobulin (1:10,000). Following three washes
in TBST bands were visualized with enhanced chemi-
luminescence reagent and subsequent exposure to hy-
perfilm enhanced chemiluminescence.

Flow Cytometry and Attractor Analysis

Analyses were performed on modified FACS count
flow cytometers with a fiber COI%Bled 488 nm external
laser (Beckman coulter: cytomics FC 500). This inst-
rument collects single parameters of fluorescence and
on parameter of size data for each event. uPA and
PAI-1 secondary antibody used Alexa Fluor" 488 (A-
11034) and PAI-2 secondary antibody used Alexa Flu-
or" 546 (A11010). uPA and PAI-1 secondary antibody
approximate fluorescence emission (Em) 519 and exci-
tation (Ex) 495 emission wavelength and PAI-2 secon-
dary antibody approximate fluorescence emission (Em)
573 and excitation (Ex) was 556. All experiment was
progressed 4T, confluence cells were collect and fixed
in 70% ethanol for 30 min. After centrifuge at 1,500
rpm for 5 min and the cells washed in PBS, and were
suspended at 2x10° prior to acquisition. The cells add-
ed with uPA, PAI-1 and PAI-2 were preserved in sh-
aking in 70% ethanol for 1 h and washed with PBS.
Second fluorescence antibody was mixed by vortexing
for 5 sec and RT, and subjected to flow cytometric
analysis.

Immunofluorescent Staining and Confocal Micro-

scopy

Being stained, cells were fixed with PBS for 30 mi-
nutes on ice, washed, and absorbed to cover slips. For
the confocal microscopy, cells were fixed at the
confluence cell incubated directly with 0.5 ug/ml of
purified antibody that had been diluted in 1 ml of
PBS for 1 hour. Cells were then resuspended with 1
ml PBS solution that contained an uPA, PAI-1 and
PAI-2 (Santa Cruz). uPA and PAI-1 were followed by
incubation with Alexa Fluor 488 donkey anti-goat im-

munoglobulin G (H+L) antibody (Invitrogen) that was
diluted 1:10,000 in 1 ml PBS 1% for 60 minutes and
PAI-2 were Alexa Fluor 546 goat anti-rabbit immu-
noglobulin G (H+L) antibody (Invitrogen). Cells were
embedded in mounting medium and analyzed with
the confocal microscopy (Zeiss LSM 510, Jena Germa-

ny).

Statistical Analysis

The data were analyzed by the General Linear Mo-
dels (GLM) procedure of the Statistical Analysis Sys-
tem (SAS Institute Inc, Car, NC). PA activity and ex-
pression in each treatment were compared for differ-
ences through use of Duncan's modified multiple ran-
ge test. Data from each experiment are presented as
the means + S.EM. and p<0.05 were considered to be
statistically significant.

RESULTS

The first experiments were examined effects of the
during the estrous cycle on plasminogen activator acti-
vity in porcine oviduct epithelial cells. As a results,
PA activity significantly higher (p<0.05) in Post-Ov sta-
ge during the estrous cycle. When PA activity were
measured at 0, 3, 6, 12 and 24 h after more culture of
confluenced cells, PA activity was higher in Post-Ov
than Early to mid-luteal stage and Pre-Ov stages at
12h of POECs culture (Fig. 2).

To confirm of uPA, PAI-1 and PAI-2 protein expre-
ssion in cultured porcine oviduct epithelial cells, this
study were focused on the porcine estrous cycle for
determination of PA activity. As shown in Fig. 3 and
4(A). the uPA protein expression were significantly
(p<0.05) higher in Post-Ov and Early to mid-L stages
than that of the Pre-Ov stage. However, PAI-1 protein
expression (B in Fig. 4) were significantly (p<0.05) high-
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Fig. 2. Effects of estrous cycle on plasminogen activator activity
in porcine oviduct epithelial cells. Plasminogen activator activity
expressed in PA of tissue in the three segments of the porcine
oviduct during the estrous cycle. Value are means and standard
deviations of optical density from triplicate independent experi-
ment, ° ° Different superscripts are significantly different (p<0.05).
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Fig. 3. Regulation of uPA, PAI-1 and PAI-2 induced PA protein expression in porcine oviduct epithelial cells. Expression regulated by
different pharmacological agents. Value are means and standard deviations of optical density from triplicate independent experiment. *~ Di-
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Fig. 4. Flowcytometric histogram showing fluorescence signals, generated by porcine oviduct epithelial cells with A) uPA, B) PAI1 and
C) PAI-2 for protein expression (p<0.05).

Fig. 5. Fluorescent imaging by confocal laser scanning microscope in porcine oviduct epithelial cells. POECs: A, B, C; Pre-Ov stage, D,
E, F; Post-Ov stage, G, H, I; Early to mid-L Image: A, D, G; by bright microscope, B, E, H; by general microscope, G, H, I, by overlay.

er Pre-Ov stage than Early to mid-L and Post-Ov sta- On the other hand, PAI-2 protein expression (C in
ges. Fig. 4) was significantly (p<0.05) higher Pre-Ov stage



Plasminogen Activity in Porcine Oviduct Epithelial Cells 207

than Post-Ov and Early to mid-L stages.

Fig. 5 showed confocal image by FITC after uPA,
PAI-1 and PAI-2 protein expression in POCEs. Fluo-
rescence showed strongly Post-Ov and Early to mid-L
stages than Pre-Ov stage, these results demonstrated
uPA protein expression in Fig. 3 and 4. On the other
hand, Fluorescence of Pre-Ov stage showed strongly
than Post-Ov and Early to mid-L stages on PAI-1 pro-
tein expression of POECs. However, fluorescence in-
tensity of POECs expressed with PAI-2 protein was
not difference among the estrous cycle.

DISCUSSION

This present study was undertaken to identity ch-
anges of the PAs activity by culture period depen-
dent of oviduct epithelial cells during the estrous
cycle in pig. The mammalian oviduct secretes into the
oviductal lumen that influence gamete interaction, fer-
tilization process and early cleavage stages of embryo-
nic development the action of these proteins differ
with oviductal region as well as with stages of estrous
cycle. It is possible that PA may be involved in these
processes in a specific and finely regulated proteolytic
cascade. It has been reported that PA release into the
porcine oviduct epithelial cells may contain the PA
receptor to bind uPA to the cell surface. It has been
found that plasminogen dependent protease in POECs
conditioned medium of different stage of the estrous
cycle. In this study, PA activity was observed during
the culture of POECs in estrous cycle. Specially, PA
activity was significantly higher in the POECs condi-
tioned medium of Post-Ov stage (Fig. 2). The partici-
pation of uPA, PAI-1 and PAI-2 in the mechanism of
fertilization or early embryo development has not
been studied yet, it is possible that uPA, PAI-1 and
PAI-2 maybe involved in these processes in a specific
and finely regulated proteolytic cascade. Hart and
Rehemtulla (1988) reported that uPA is secreted as an
inactive single chain molecule of 31~54 kDa. In this
study uPA, PAI-1 and PAI-2 activity was detected,
PAI-2 protein expression was higher than that of
PAI-1 in all stage of estrous cycle. The present study
demonstrated that uPA was activated in the porcine
oviduct through uPA activity in POECs conditioned
medium. In this study, uPA, PAI-1 and PAI-2 protein
expression were confirmed in POECs of Post-Ov, Early
to mid-L and Pre-Ov stage. This variation appeared to
be constant regardless stages of the estrous cycle. The
uPA activity was significantly (p<0.05) different during
the culture of POECs of estrous cycle. Maybe porcine

oviduct epithelial cells contain the uPA receptor to
bind uPA to the cell surface in porcine oviduct epi-
thelial cells. Extracellular proteolysis linked with plas-
minogen activator (PA)/plasmin system activity, is be-
lieved to be involved in physiological processes such
as cumulus cell expansion and dispersion (Canipari et
al, 1995), fertilization (Rekkas et al, 1993), zona reac-
tion (Lee and Wei, 1994) and embryo implantation (Br-
ay et al, 1975). In this study, the highest plasminogen
activator activity was measured in the Post-Ov stage,
and decreased during the Pre-Ov stage. This discre-
pancy is probably due to the overwhelming presence
of PA inhibitor in the Pre-Ov. It is well known that
PAI-1 and PAI-2 the main inhibitor or plasminogen
activator/plasmin system is present in the porcine ovi-
ductal fluid as well as in the apical region of the
epithelial cells, greater amount of PAI-1, PAI-2 protein
expression was detected in the Pre-Ov regardless of
the estrous cycle. Oviductal epithelium, protein compo-
sition of oviductal fluids and oviductal fluid volume
vary according to the hormonal status of the female
and appear to be controlled by ovarian estrous and
progesterone (Lippes and Wagh, 1993; Mastroianni and
Go, 1979; Verhage and Jaffe, 1986). Also, the synthesis
and release of plasminogen activator and plasminogen
activator inhibitor are modulated in several cell types
by hormone (Kokolis, 1990; Schatz and Tsantarliotou,
1997). Reports on PAI-1 and PAI-2 regulation in endo-
metrial stromal and decidual cell cultures suggest that
this protein is up regulated by progesterone, while
estrogen antagonizes this effect (Kokolis, 1990). The
oviduct along with the uterus, is a major target for
ovarian steroids. It's suggest the changes of PAs acti-
vity by steroid hormone that the present work de-
monstrate that the changes of activity of plasminogen
acitivators at the different stages of the estrous cycle
in porcine oviduct epithelial cells. This study supports
the concept that urokinase-type plasminogen activator
a component of extracellular matrix, is produced and
secreted by the porcine oviduct in stable manner dur-
ing the estrous cycle. The PA activity in the oviductal
lumen is variable due to inhibitory control and the
mechanism probably under influence of ovarian stero-
ids. This study observed that expression of uPA, PAI-
1 and PAI-2 during the estrous cycle. It is postulated
that PAI plays a role in the modulation of activity
function, including the enhancement of PA activity.
Therefore, this study demonstrate that the changes of
actvitiy of plasminogen activators at the different sta-
ges of the estrous cycle in porcine oviduct epithelial
cells, and it's suggest that may be play various contral
role of PAs according to the estrous cycle in oviduct

of pig.
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