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ABSTRACT    The aims of the present study were to confirm that regulation of the PA 
and environment via TGF-β regulation of sperm by Percoll-separated in porcine uterine 
epithelial cells. And, it was performed to identify the cytokines (TGF-β1, 2 and 3, TGF-β 
receptor1 and 2; interleukin, IL-6, IL-8) and PA-related genes (urokinase-PA, uPA; tissue-
PA, tPA; PA inhibitor, PAI; uPA-receptor, uPAR) by spermatozoa. The experiment used 
porcine uterus epithelial cells (pUECs) and uterine tissue epithelial cells, Boar sperm 
were separated by discontinuous Percoll density gradient (45/90%), and tissues were 
co-incubated with spermatozoa, followed by real-time PCR. PA activity was measured 
of sperm by discontinuous Percoll density gradient (45/90%) for 24 hours. To measure 
viability and acrosome damage of sperm double stained propidium iodide (PI) and SYBR-
14 or FITC-PNA were used. In results, binding ratio of Percoll-separated sperm was found 
no differences, but sperms isolated from 90% Percoll layer reduced PA activity (p < 0.05). 
when co-cultured sperm selected Percoll in porcine uterus tissues epithelial cells, 90% 
layer sperm increased TGF-β R1, contrastively tPA and PAI-1 in comparison with control 
(p < 0.05). 45% sperm was decreased the expression of uPA (p < 0.05). TGF-β decreased 
PA activity in the supernatant collected from pUECs (p < 0.05). Especially, The group 
including uPA, PAI-1 were induce sperm intact, while it was reduced in sperm damage 
when compared to control (p < 0.05). Also, there was no significant difference group 
of tPA and tPA+I in the dead sperm and acrosome damage compared to control. The 
expression of tPA and PAI showed a common response. Percoll-separated spermatozoa 
in 90% layer reduced tPA and IL-related gene mRNA expression. Thus, Percoll-sparated 
sperm in 90% layer show that it can suppress inflammation through increased 
expression of TGF-β and downregulation of PA and IL in epithelial cells compared to 45% 
layer Percoll.

Keywords: cytokine, interleukin, plasminogen activator, porcine uterus tissue epithelial 
cell, spermatozoa, transforming growth factor-beta (TGF-β)
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INTRODUCTION

In uterine of numerous mammalian species, be occurred 

alteration such as menstruation, implantation, embryo 

development, pregnancy and childbirth for the reproduc-

tion. As physiological changes such as menstruation and 

pregnancy occur generate protein breakdown, inflamma-

tory reactions and fibrinolysis occur. Also, Most physi-

ological changes occur after sperm reaches the uterus 

and is fertilized, and the uterus has been studied as a 

growth organ in which sperm moves through the passage 

connecting the cervix and the oviduct and the embryo is 

implanted (Kotilainen et al., 1994; Waberski et al., 2006; 

López-Úbeda et al., 2017). It has been reported that in 

the cervix or oviduct other than the uterus, it is possible 

to select sperm by forming a reservoir for sperm and 

forming a net (Marey et al., 2020). Though an immune re-

sponse to select sperm in the uterus occurs, Only the ma-

ternal immune response has been studied (Kotilaninen et 

al., 1994), and the research on the sperm’s own response 

is insignificant.

Porcine are multiparous animal with a short uterin body 

and a longus uterin horn. Until the sperm reach the fal-

lopian tube, the maternal immune response to the sperm 

and semen external substance occurs in the uterus (Marey 

et al., 2020). Also, pigs have a large amount of semen and 

are mainly breed a domestic animals in comparison with 

other mammals, so artificial insemination is done more 

than natural mating. Thus, the selection of the sperm 

easier than other animals, the semen and sperm extender 

except for sperm can affext the uterine immune response. 

Percoll concentration gradient method can divide sperm 

according to motility, and divided sperm can increase 

fertilization rate (Matás et al., 2003). The separate sperm 

has increased cleavage, blastocyst and pregnancy rates 

than sperm washed with bovine serum albumin (BSA) and 

unwashed (Matás et al., 2003). 

Transforming growth factor-beta (TGF-β) was a cytokine 

that accounts for the largest proportion of semen (Bar-

ranco et al., 2019), it can suppress maternal immunity to-

gether with sperm. It is secreted by several cells and plays 

an important role in the immune system. TGF-β was of 

functions such as uterine development, follicular devel-

opment, and embryonic development in female reproduct 

system (Li, 2014). It was reported that TGF-β 1 regulates 

cell growth by inhibiting proliferation and inducing death 

in rabbit uterine epithelial cells (Rotello et al., 1991). In 

addition, other study confirmed that TGF-β ignificantly 

increased DNA fragmentation and apoptosis in the endo-

metrium epithelial cells (Rotello et al., 1991; Wada et al., 

1996).

The plasminogen/plasmin system (PLG-PLA system) 

functions as one of the most important extracellular pro-

tease systems in vivo, it participates in different processes 

related to the degradation of protein matrix, cell migra-

tion, tissue remodeling, angiogenesis, and inflammation 

(Castrllino and Ploplis, 2005; Aĭsina and Mukhametova, 

2014). The inactive plasminogen is converted into plas-

min through a complex process by specific activators, 

plasminogen activators (PAs). This includes the urokinase-

type plasminogen activator (uPA) or the tissue-type (tPA), 

and it is regulated by plasminogen activator inhibitors 

type 1 (PAI-1), type 2 (PAI-2), and type 3 (PAI-3), as well 

as the uPA-specific receptor (uPAR) (España et al., 1991; 

Castellino and Ploplis, 2005). In bovine and porcine, plas-

minogen and plasmin did not affect sperm, but there is 

also a study that when IVF of plasminogen was added, 

penetration, monospermy, sperm/oocyte and sperm at-

tached to zona pellucida all significantly decreased (Grul-

lón et al., 2013). The uPA, plasminogen activator, has 

been studied to increase fertility in horses (Wang et al., 

2006). Active uPA was reported to have a positive correla-

tion with semen volume, total sperm count, and sperm 

motility when ejaculated (Martinez-Soto et al., 2018).

The previous study confirmed that when sperm isolated 

with Percoll from epithelial cells was treated, sperm iso-

lated with 90% Percoll decreased TGF-β, thereby reducing 

PA activity. There is a limit to only uterine epithelial cells 

(pUECs), so the experiment was performed on uterine tis-

sue epithelial cells. In order to confirm the importance of 

selection of porcine sperm and the importance of sperm 

attached to epithelial cells, it was hypothesized that 

sperm could be involved in the secretion of TGF-β to pro-

tect itself by attaching to porcine uterine epithelial cells 

to regulate PA. Therefore, the purpose of this study was to 

confirm the effect of TGF-β on the change of PA in por-

cine uterine epithelial cells and endometrial tissue, and to 

confirm the change of TGF-β and PA by sperm.
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MATERIALS AND METHODS

Animal ethics
All l experimental procedures were approved by the 

institutional animal care and use committee (IACUC) of 

Kangwon National University (No: KIACUC-19-015) were 

approved by the Animal Experimental Ethics Committee 

of Kangwon National University.

Isolation and culture of pUECs and uterine tissue 

epithelial cell
A porcine uterus (n = 20) was collected from a local 

slaughterhouse and transported to the laboratory on ice 

within 2 h. The estrous cycle of the uterus was identified 

by measuring the diameters of the follicles (up to 6 mm 

in diameter for the antral follicles) and uterus at the pre-

ovulatory phase 4-5. The uterus was washed twice with 

Hank’s Balanced Salt Solution (HBSS) containing 0.1% (w/

v) BSA and the uterine horn was separated from the sur-

rounding tissues. After incising the longitudinal axis of 

the uterine horn and fixing it with a pin, cut only the en-

dometrium of the uterine horn with a scalpel, cut it into a 

uniform size of 1.5 × 1.5 cm, and put it in a 6-well plate. 

It was pre-incubated in serum-free DMEM/F-12 at 38.5℃ 

and 5% CO2 for 18 hours. Then, co-culture with sperm 

was performed.

The pUECs was used 4 uterus, and the scraped and col-

lected. in Dulbecco’s Modified Eagle’s Medium/Ham’s 

F-12 nutrient mixture (DMEM/F-12; Welgene, Daegu, Re-

public of Korea) containing 66 units/mL collagenase type 

Ⅳ with gentle shaking at 37℃ for 30 min. Blood cells were 

then removed using Tris-NH4 solution and the remaining 

pUECs were cultured in DMEM/F-12 supplemented with 

10% (v/v) FBS, 1% (v/v) penicillin-streptomycin solution 

(Hyclone, Logan, UT, USA) and 1 µg/mL amphotericin B 

(Sigma-Aldrich, St. Louis, MO, USA). Culture medium was 

replaced every 48 h and cells were cultured to a confluen-

cy of 80-90%. The pUECs were then passaged into 6-well 

and 12-well plates at 1×105 cells/mL and 0.5×105 cells/

mL, respectively. 

Preparation and co-incubation of boar sperm
In order to separate boar sperm according to its func-

tional integrity, the discontinuous Percoll gradient meth-

od was used. The boar semen were purchased 5 times 

from Gumbo (Gumbo, Wonju, Republic of Korea), A total 

of 25 samples were used. The sperm were used according 

to the manufacturer’s method of Percoll (GE Healthcare 

bio-Sciences ABSE, Uppsala, Sweden). Namely, different 

concentrations of Percoll solution (45/90%) were prepared 

and 2 mL of 45% Percoll solution was carefully layered 

over 2 mL of 90% Percoll solution. Subsequently, 500 µL 

of the sperm sample was slowly dropped onto the 45% 

Percoll layer followed by centrifugation at 740 × g for 30 

min. Spermatozoa from the different Percoll layers were 

collected and washed twice using Modena B (30.0 g/L 

glucose, 2.50 g/L sodium citrate, 2.25 g/L EDTA, 5.00 g/

L tris, 1.00 g/L sodium bicarbonate, 2.50 g/L citric acid, 

0.30 g/L gentamicin sulfate and 0.05 g/L cysteine). Pre-

pared sperm were pre-incubated at 1 × 106 cells/mL with 

the pUECs in 12-well plates using serum-free DMEM/

F-12 containing 0.1% (w/v) BSA at 38.5℃ for 30 min. Af-

ter pre-incubation, unbound sperm were removed and 

the spermatozoa bound to pUECs were co-incubated for 

a further 24 h. To analyze only tissue epithelial cells, the 

epithelial cell surface was immersed in Trizol reagent 

(TaKaRa, Shiga, Kusatsu, Japan) to extract only the epi-

thelial cells, and then stored in a refrigerator at -80℃ for 

real-time PCR.

cDNA synthesis and real-time PCR
The total RNA (500 ng) from tissue epithelial cells was 

synthesized using the PrimeScriptTM 1st strand cDNA Syn-

thesis Kit (Takara, Shiga, Kusatsu, Japan) according to 

the manufacturer’s instructions for cDNA. In brief, 1 µg 

of total RNA was incubated with 5 µM Oligo dT primer 

and 1 mM dNTP mixture at 65℃ for 5 min, after which it 

was immediately cooled on ice. Following this, RNA was 

mixed with 1 units/µL RNase inhibitor and 10 unit/µL 

RTase, and this mixture was incubated for cDNA synthesis 

at 42℃ for 1 h. Synthesized cDNA was quantified using a 

NanoDrop 2000 (Thermo Scientific Nanodrop, Wilming-

ton, DE, USA) and was diluted to a concentration of 50 

ng/µL for downstream real time (RT)- PCR analysis. All 

the primers used in this study were designed using Primer 

BLAST (https://www.ncbi.nlm.nih.gov/tools/primer-blast/

index.cgi?LINK_LOC=BlastHome; Table 1). Thunderbird 

SYBR qPCR mix (Toyobo, Osaka, Japan) was used for RT-

PCR and cDNA amplification was performed following 

these three steps: denaturation at 95℃ for 15 s, anneal-

ing at 60℃ for 30 sec, and extension at 72℃ for 30 s, for 

40 cycles. Relative levels of mRNA expression were nor-
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malized to glyceraldehyde-3-phosphate dehydrogenase 

(GAPDH), and quantified using the 2-ΔΔCt method.

Measurement of PA activity
Collected culture medium (20 µL) was dispensed into a 

96-well microplate and mixed with 30 µL of a plasmino-

gen working solution (2.5 µg/well plasminogen; Sigma-

Aldrich, St. Louis, MO, USA). The solution was incubated 

at 37℃ for 1 h. After incubation, 200 µL of substrate buf-

fer [0.18 mM Z-L-Lys-SBzl hydrochloride, 0.22 mM 5,5′

-dithiobis-(2-nitrobenzoic acid), and 0.01% Triton X-100] 

was added to the sample and further incubated at 37℃ for 

30 min. PA activity was determined by the absorbance at 

the 405 nm using a microplate reader. There were tripli-

cates for each measure.

Table 1. Sequences and condition of primer sequence used to real-time PCR

Gene Primer sequence (5’ → 3’) Product size (bp) Accession number

Transforming growth factor-beta 1 (TGF-β1) F: ACCTGCAAGACCATCGACA

R: GCTCCGGTTCGACACTTTCC

196 NM_214015.2

Transforming growth factor-beta 2 (TGF-β2) F: GCGCTACATCGACAGCAAAG

R: TGCAGCAGGGACAGTGTAAG

143 XM_021064293.1

Transforming growth factor-beta 3 (TGF-β3) F: CTGTGCGTGAATGGCTCTTG

R: CTTAAGTCGCCCCAGGTCTC

185 NM_214198.1

Transforming growth factor-beta receptor 1 (TGF-βR1) F: AAGCCACCATCTGGCCTTG

R: TGGCACTCGATGGTGAATGA

132 NM_001038639.1

Transforming growth factor-beta receptor 1 (TGF-βR2) F: TGGCTGTCTGGAGGAAGAATG

R: ATCCGTGGTAGGCGATCTTG

78 XM_021071493.1

Urokinase-type plasminogen activator (uPA) F: TGCATCGAACTGTGGCTGTC

R: GACCGTTCCCCTCAAAGCAG

146 NM_213945

Tissue-type plasminogen activator (tPA) F: CAGCCGCTGCACTTCAAAAC

R: GTGTACACACCCGGAACGTC

222 NM_214054

Urokinase-type plasminogen activator receptor (uPAR) F: GCACACATGGGAAGGAGGTG

R: CGAGGCACAGGAAGCACATT

214 XM_003127198

Plasminogen activators inhibitor type-1 (PAI-1) F: CACCGCCTCTTCCACAAGTC

R: ATGCTCAGAGTGTTGCCGTG

149 NM_213910

Interleukin-6 (IL-6) F: ACAAAGCCACCACCCCTAAC

R: CGTGGACGGCATCAATCTCA

185 NM_214399.1

Interleukin-8 (IL-8) F: AGTGCAGAACTTCGATGCCA

R: TGGGGTCCACTCTCAATCAC

95 NM_213867.1

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) F: CATGGTTCACGCCCATCACA

R: TCCCGCCAACATCAAATGGG

170 NM-001206359

Fig. 1. (A) Binding of boar spermatozoa separated by discontinuous Percoll density gradient (45/90%) to porcine uterine epithelial cells. 
Sperm bound to epithelial cells are indicated by black arrows. Scale bar : 50 µm. (B) Change of binding of divided sperm from Percoll in 
porcine uterine epithelial cells (pUECs).
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Flow cytometry (FACs) method of sperm
To confirmation sperm damage by PAs, FACs analysis 

was performed on sperm into uPA, tPA, uPA+I, tPA+I, and 

I groups. Sperm were collected in the 90% layer by the 

Percoll concentration gradient, and 5 × 106 sperm were 

used for each treatment group. Also, All PAs were treated 

at a concentration of 100 pg/mL. Flow cytometric analysis 

of sperm was performed by double staining using 2 uM 

of Propidium iodide (PI) and 6 nM of SYBR-14 or 3 uM 

Arachis hypogaea (FITC-PNA) lectin for each treatment 

group. Data analysis was performed using the Flowing 

software 2 program using the dot plat method.

Statistical analysis
All data were analyzed using the Statistical Analysis Sys-

tem software (SAS, version 9.4). Data are represented as 

the means ± standard error of the mean (SEM). Student 

t-test preceded by GLM for results of PCR was used to 

compare differences between treatment group. PA activity 

data were analyzed using Duncan’s multiple range test. A 

value of p < 0.05 was considered statistically significant.

RESULTS

Sperm treatment in porcine uterine epithelial cells
Fig. 1 was confirmed that sperm divided by Percoll was 
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co-cultured on hog pUECs for 30 minutes, and after re-

moving sperm that could not adhere through washing, 

the sperm adhesion rate was confirmed. There was no 

significant difference in adhesion rates between sperm 

in 45% Percoll layer and sperm divided in 90% layer (Fig. 

1). When PA activity was measured in the culture medium 

after treatment of sperm according to the characteristics, 

the PA activity was decreased in the 90% layer separated 

by Percoll compared to the control group (p < 0.05). On 

the other hand, there was no significant difference in the 

sperm group affected by the 45% layer (Fig. 2).

The role of sperm in porcine uterine tissue epithelial cells
When the expression of TGF-β by sperm was also con-

firmed in porcine uterine tissue epithelial cells, sperm 

isolated at 90% Percoll significantly increased TGF-β 2 

and TGF-β R1. Similarly, sperm in the 45% layer increased 

TGF-β R1 (p < 0.05, Fig. 3). In addition, when the expres-

sion of PAs was confirmed after co-culture of sperm for 

30 minutes by the Percoll concentration gradient, sperm 

filtered in 45% layer inhibited uPA and PAI-1, and sperm 

isolated in 90% decreased the expression of tPA and PAI-

1 (p < 0.05, Fig. 4). the expression of interleukin in Fig. 

5 was porcine uterine tissue epithelial cells treated with 

sperm with different characteristics. However, although 

there was a tendency to decrease by sperm in the tissues, 

no significant difference was found (Fig. 5).

Effect of PA on sperm survival rate and acrosome
When 100 pg/mL of PAs (uPA, tPA, and PAI) was added 

to sperm to investigate the effect of PAs in sperm divided 

by 90% layer of Percoll, the survival rate and acrosome 

damage rate that affect fertilization were confirmed with 

FACs. The groups superinduced uPA and/or I (PAI) were 

the increased survival rate of sperm and diminished dam-

age (Fig. 6A; p < 0.05). However, there was no significant 
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difference in survival rate and sperm damage both tPA 

and tPA+I groups. The acrosome damage rate was con-

firmed in live sperm among all sperm, but no significant 

difference was confirmed by PAs (Fig. 6B).

DISCUSSION

In this study, we demonstrated that uPA and PAI im-

prove sperm survival rate, sperm of 45% Percoll layer de-

crease uPA, and PAI and TGF-β R 1 are change by sperm. 

Beforetime, When external sperm by paternal pass the 

uterine, It has been reported that it arouse an immune re-

sponse in the uterine environment and causes a decrease 

in sperm viability (Kotilainen et al., 1994; Waberski et 

al., 2006; López-Úbeda et al., 2017). The previous study 

identify that sperm divided by Percoll confirmed changes 

in cytokines and PA-related genes, and it was confirmed 

that sperm decreased uPA and tPA, and TGF-β decline 

expression in pUECs. In addition, it was confirmed that 

TGF-β decreased PA activity in a volume-dependent man-

ner using SMAD and JNA signaling pathway. Our study 

identified TGF-β and PA-related factors that change when 
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sperm with different characteristics due to Percoll ad-

hered to the epithelial cells of porcine uterine tissues and 

confirmed the effect of PAs on sperm.

The sperm separated by Percoll showed no difference 

in the adhesion rate, but the sperm with good mobility 

decreased PA activity. It has been reported that sperm 

adhesion in oviduct epithelial cells is associated with 

sperm hyperactivity, and adhesion with cells occurs as 

the sperm increasing movement of flagella (Ardon et al., 

2016). The uterine is an organ which sperm passes, and 

sperm attached to uterine epithelial cells has higher levels 

of DNA fragments than other sperm. In addition, it has 

been reported that when fertilization proceeds by causing 

DNA damage in bull sperm with gamma rays and x-rays, 

it causes cell death in fertilized eggs or in the early 2-3 

cell phase, thereby inhibiting the formation of blastocysts 

(Fatehi et al., 2006). Single culture of plasminogen, tPA, 

and uPA alone did not induce PMN, but it was confirmed 

that PMN chemotaxis when co-treated with plasmin con-

verted to PA activity (Ryan et al., 1992). It is shown that 

the production of plasmin during activation of fibrinolysis 

may play a role in pro-inflammatory mediating PMN ag-

gregation. Therefore, it is decided that it is important to 

select sperm to reduce PA activity of only sperm sorted in 

90% layer.

In this study, the 45% sperm had a similar pattern to the 

90% sperm, but there was no significant difference except 

uPA and TGF-β2. These differences are thought to be af-

fected by traits including sperm motility. TGF-β which is 

majority contained in pig’s seminal plasma regulates the 

MAPK or JAK/STAT pathway, which has been reported 

to be similar to sperm motility signaling (Barranco et al., 

2019), and TGF-β is associated with sperm motility. In 

in vitro experiments on the human cervix, male-derived 

TGF-β 3 can be seen as the cause of the inflammatory 

chain reaction after mating by increasing the expression 

of several genes related to the inflammatory response, 

these TGF-βs are immunosuppressive cytokines that in-

duce immune tolerance in the cervical mucosa and ex-

hibit immunosuppressive properties in semen (Sharkey et 

al., 2012). Inactive TGF-β derived from such semen fluid 

is changed to an active state by plasmin, pH, thrombos-

pondin-1, ανβ6 and ανβ8 (Barranco et al., 2019). In this 

experiment, the increased expression of TGF-β in sperm 

shows that sperm can induce immune resistance by itself. 

In fact, it was not possible to classify all of the charac-

teristics by the Percoll concentration gradient method, It 

was confirmed that sperm separated in 45% layer is non-

motile, but sperm separated in 90% is found to have the 

majority of sperm (Parrish et al., 1995). In addition, it was 

reported that Percoll has higher sperm movement and 

sperm recovery rate than the swim-up method of classify-

ing sperm (Parrish et al., 1995). Therefore, sperm in this 

experiment were selected using the Percoll concentration 

gradient method. Furthermore, Sperm can reduce PA ac-

tivity by suppressing the expression of tPA in uterine epi-

thelial cells, This PA activity can induce immune actions 

such as recruitment and induction of neutrophils (Ryan et 

al., 1992), so it can be expected that it can cause sperm 

self-protection mechanisms. In addition, in the tissue 

epithelial cells of this study, interleukin was not affected 

by sperm. In this experiment, tissue epithelial cells were 

used to identify the epithelial cells connected to the ma-

trix, but there is a possibility that other effects other than 

the epithelial cells are attached to the matrix.

In various mammalian species, PAs, including uPA and 

tPA, are contained in ejaculated sperm and seminal fluid 

(Smokovitis et al., 1987). The important functions of PAs 

can also be identified in the uterus. It has been reported 

that the addition of plasmin to IVF media from bovine 

sperm increases sperm acrosome integrity and decreases 

sperm death, and that pigs’ mono-spermy can increase 

when 150 µg/mL of plasmin is treated during fertilization 

in pigs (Grullón et al., 2013). In addition, there are stud-

ies showing that the acrosome response of sperm was 

increased in a dose and time-dependent manner of plas-

min during fertilization of pig sperm (Sa et al., 2006). As a 

result of this study, sperm increased the viability of sperm 

in the group contained uPA or/and PAI, and no signifi-

cant difference was found in acrosome damage. Never-

theless, It has been studied that PAI-1 increases acrosome 

integrity after freezing at 70 and 140 µg (Branco et al., 

2017). Also, PAI-1 for sperm acrosomes promotes sperm 

death (Grullón et al., 2013). Therefore, this experiment 

was different from those in other studies using the PAI-1 

of 100 pg/mL a small volume to render a minimal effect 

on sperm. 100 pg/mL is a very small dose and can be af-

fected by several factors in the actual uterus. The vascular 

endothelial growth factor (VEGF) typically expressed in 

the uterus induces uPA, tPA, PAR and PAI-1, and it has 

been reported that it can increase sperm viability and 

motility (Ebisch et al., 2008). sperm can be affected di-



Kim et al. Regulation of the plasminogen activator activity via TGF-β regulation of sperm in porcine uterine

305

rectly or indirectly through the regulation of PAs by sev-

eral factors in the uterus.

This study was performed on porcine uterine tissue 

epithelial cells in order to indirectly confirm the change 

when sperm enters from the uterus. According to the 

characteristics of sperm was confirmed both the cytokine 

and PA activity in porcine epithelial cells. Thus, Percoll-

sparated sperm in 90% layer show that it can suppress 

inflammation through increased expression of TGF-β and 

downregulation of PA and IL in epithelial cells compared 

to 45% layer Percoll. 

CONCLUSION

Thus, the influence of TGF-β on the regulation of the 

PA system in the uterus was investigated after ejacula-

tion and the expression mechanism of the PA system was 

established in pig breeding. it is expected to contribute 

to improving pig productivity by emphasizing the impor-

tance of sperm selection.
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