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ABSTRACT

The aim of this study was to establish a three dimensional (3D) culture system of endometrial cells and to examine
the plasminogen activators (PAs) activity in porcine uterine. The 3D culture system in porcine endometrial cells was
composed to mixture 3D gel, stromal cells and epithelial cells. The 3D culture system was used to identify normal
structure search as uterine tissue and PAs expression in this study. In results, porcine endometrium epithelial cells
forming a top monolayer and endometrium stromal cells developed as fibroblast-like within 3D matrix scaffold.
Expression of urokinase-type PA (uPA) and tissue-type PA (tPA) were observed during the 3D culture using immu-
nofluorescence. PA activity in 3D-cultured endometrial cells was no significant difference between the tissue type, but
2D culture system were significantly lower than in 3D-cultured endometrial cells (P<0.05). Therefore, basic system
and functional aspect of 3D culture could be established with similar system of endometrium tissue. We suggest that
this study was assumed applicable as baseline data to investigate mechanism between porcine uterus cells in vitro.

(Keywords: pigs, endometrium epithelial cell, endometrium stromal cell, three-dimensional culture, plasminogen

activators)
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Fig. 1. Diagrammatic scheme for construction of the 3D culture(Hai =, 2012).
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Fig. 3. The morphology of epithelial cells (A) and stromal cells
(B) during 2D culture in porcine endometrium.
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Fig. 5. 3D co-cultures with endometrium stromal cells (A) and endo-
metrial epithelial cells (B).
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Fig. 7. Comparison of porcine uterus tissue and 3D endometrial cells culture by immuno-fluorescense staining for uPA expresstion. (A)~(C)
. tissue, (D)~(E) : 3D culture, Green color : uPA expressed Alexa 488, Red color : nuclear PI.

llagen gel el $115}e] of e} WHoE Wl H s AL
sl shein.

Fig. 73 8ol A& S A Agu 2t 22 3} 32h4 vl ol A $
o] AL WY PP o] §3le] uPAS tPAY] BE PIE
Yebf it Fig. 7A, Fig. 7B 2 Fig. 7CE A $1A ZZU

w Z3& Yel e, Fig. 7D, Fig. 7E ¥ Fig. 7F= 339
v F Fo] TS FFEv S ol &3t vElth I A
Flg 7A°ﬂ}"] /\];(ﬂ Z]—%—LH‘:”' ZX] © uPAo] 1:"—6:] )\O ] )Hxﬂ
Ao g WAHOH, 11 FolA FE FIAE FollA 2

=4 FES vl E A2 gRlskla, 3xk v K(Fig. 7D)
oAM= AAH S E uPAS] HAFFo] FA TAH e AS &
18ttt Fig 894 AAl A-gli = =2 (Fig. 8A)2 tPAS] =
A_]-]?S:‘JJ—O] z%xﬂz-loi m—zﬂg]gi;qu} uPA-/] aé] 1??_

A= oFgk Zlo] BAEAN, 3A4 vl gFe] T (Fig. 8D) 3
AAACE PA7E 43S He Ae Flsilth ol
HA Aghete] AxE 2tz 2 v et Az 9
AAE et A A gl 22434 FAEE 715
= Ued F e S At & Sk

Fig. 8. Comparison of porcine uterus tissue and 3D endometrial cells culture by immuno-fluorescense staining for tPA expression. (A)~(C)
. tissue, (D)~(E) : 3D culture, Green color : tPA expressed Alexa 488, Red color : nuclear Pl (White arrow : stromal cell).



278 a4, 0|48,

Fig. 92 A AWl 23] A= E}—E— Hﬂmsoﬂ ol &t
PA B4 EE gQ1% Aot 0|59 PA &4
el Al FXE 5A Mt m g
Ak I A, A A 2F 60 A 7}%} =2 PA
Ao, Al =243 3ak wjg P
oAl Aol7t gle AL R ek
£ ol &g wi gk

El

L
=

T
o
;d

b
W
)

=1
o
32 X

o

A

T

22+ vk WH = insert chamber
w ol A Al et 213 33bed wl kel

2o pA BALEE U QITHP<0.05). o] d
oA HYF 3 WF LD G
A 243 fARE S AAY

ol
o

Mol u
My
|o
fitl

>

121

Mo KU mY do o L oox )
i

M‘i

"o
e ol iz

S

s
32

&

gt

Z}ii}% Al o] SN Al Al E
T AgTdHo R AEZe =23 7
A Z}%‘H ot Az o) 32 oF A1)
32k A EZu f‘l’\%ﬂg H g Al

(Kwon 5, 2008) 7]'1‘—1—.
3 28 712 Y]
A E Aol <]
ﬂ/‘g o=z ,1-“

[e]
= TS A

1= tH(Hearn 1986). *

SRR B £

3}od(Ashkenas 5, 1996; Boudreau
2003; Kalluri 2003; Hay 2005) 3291 &= 24 collagen
type 1S Aol o] &3] 3¢ vk /\V\EE]—J F3 scaffold
2 AREEHAT 28X Al AEE 2o 2 vl eFat

dA Az 2312 FASH] A F Az 2t

0
.,/
=

NAR oz

MHos

@
2 a
] ab a
@ < be
=2 <
=
=
2
i+
L
2
o
Tissue Epithelial cell Stromal cell Epi.+5tr. Insert dish 3D culture
B PA activity

Fig. 9. PA activity by different methods culture types in incubated
mediums(P<0.05).

3

El

e,

. ]
PRI, uEZ

3T = =]
= v

oY AFUlH FoAEst 7HEA 2] 3tof of
E‘r(Park =,1999). & A7 A8 L WA A A A vt
ol 22k vl = EEH 7L7L9] AxE FEsted Alx &
AA EZ e} A WSSk L, ]
2—4 sl ME e 55 WE7 Y8l A
E 4T HAA WA AT ol 7+é]
#e] FAMd & Eelatr] S8 SEE 3Ak4
A v 73S 53 Fig. 43 5ol A} 72o] S
, A 9] 7124 ALE-3F collagen gel3t
Pl EA 7L Eell HA Aot A
g el AA 7HAA"E Jge 2E &l

St
o

=
=

Z A

2 azs

=

24 collagen gel< 7+

2} 2 E X [e)

e

i

[e2

o

i)
o?;[’
H

il
mln
i

Al

Bl

R
Mag
X
i,

flo iy

>
e
2 e

01)11

o

3

o > -z

i
o
Y

)

o, 2 =
N

=)
==

o
lo i

it

[

-1>m&nsi'£§ér4m£:i~xz
o 01.?.,

T

o> -
ol
e

¥o o

o Az mwzz—;
R EERS

£ oo

=
2
SN

X0,
»
o
>,
fol
L)
oo net

ol
rir
o

T~ fr o
|o
u
)
ol
L |
2
£
x
AV
OWI
o,
e
1o

2

=
o

o

5!

oE'L‘, w N

=
EY

ko Hl

ot

s At o2 ol
of
tlo

,,
o
5,
N

2000) 2} Fig
oA MZE g8
i]’a‘}tﬁa}t 1 e
]::L_HH oF disholl A 7+
A Z7F
7F ol wEA VErs D} 1 FH ] A ES Al
A i gE o] S Ao AE S wl
2 Azte 4= 9 ti(Inaba 5, 1988). 3+ H&E
gato] AA AT 243 FHsHRl F2E
o, A 2z A vEbd o8 F9
32k ol Aol 27 AL JElE &Y

[SE]

o
o

oo 2
n, H oox
oX,
o

i 02 L2 QLo oo )y ol
o B &
frtl

=

fr H
il
=

X
ol
o

R
.

“10

o 23

H

X T ooR U

Z (Sandberg
LE2S, A3z FH
%\ﬁf’ﬂ PAE= X}%"LH““’“H s
%"—)AM] sl estrogen-»} progesterone
FCoH(Liu 1999). o1& st A5 2414
Abg Atolell @2 Ao °l°°] =4
o] &g A vw|g Heoltk whEt
Wi E A AES Fyste] 1 QhellA
PASte] #AE 2“{‘6}7] sl we ¥ o]-§-3ted A%
Wbl A o] uPASH tPAS] HE 91X E T TE & Aol
Al Al 283 34w PAS] Wdo] f+

jas)
==

& o
=
=
=

Y T

gl

EsL L

rr



Three Dimensional(3D) culture of Porcine Endometrial Cells 279

A RAA T o, Agle 25 MR
o PA BAESH 349 WPl A PA BHEE ¥
w) el @Ql zolv} gl Ao viehgeh, Lo
Wy wwse W 2h Ha) fol4
2 vErigiTh ol 339 Hl el A el 7%
O F FlshaA el ABE, ¥ AP A
1

Rl
o

z
=
)
RO oo © XN E N orlo o B

il‘

) Y

ro Io
Noorg
o, mlo >{¥

2 Ay e alo
)

=W

52
>0

N

3

o2
= i
o
M,
)
LY
o
-
>
2
i)
2
o
rob
do
o
rlo
o
il
9
N

o
i
N
&

32 |o
N
& N
Hr
2 4

=g
;;j>
o
%ﬂl
o,.?.T_‘;“
L
Ny
B
i
1o Ho

1o
S
g o
bone

[
)
o)

S g

3
WA @yo] lo] PAS] &A0] 3
o] A= 9] 7129 715S AT
o]

B AP FYE 3G HF ALY
& o123, AZ 9 1AM AAH B}
WEE Zlo] #lxo} 3349l wjake] /]
A9l Wol A 213 {4 AT FY

3
L
it

z ok volrh SR A W AlE Aol o] &
7125 in viro’gl A FRE F e 71E ARE &80
T AoZ JiYEh

N oo it (o

2 B

2 AFE A AFHE A2 G ES 2HEA

to Febdl# 3 34w grleS B3y, 7l
< 3<lsl A} Plasminogen Activators®] A4S

ok 1 A3 3k v el X Skl A EAEE

3

A

-9,
oo
Olt

A9 714 W 713ke] Ao A5 A £ A7)0}

it

=
jincs
i—”,
2
W o
e
b
o2
1o
b
oy
o
&
v
ol
|o
it
i
o
5T
|o

=
X
5=l
fr
ue)

i; 01}14
o 1°
o M
i ﬁ
>
(")
» H
O m
B
N' =
B
e

s
= =
ol Lo
B S
w _>C4

o
S

oﬁ‘lﬁﬁm}i

[o 2 fo ox N, o 3@ O
T
==
o

~Nororle
fe rE
_E filo
ro, u)
ol B
g‘ﬂ
?; 2
il ﬁ
@ 1o
e
o e}
oM
o, M
rir %
z&; 5!
o i%
N ol
3R

1o
B £y
kX

2o

iy 5
N
)
oX.

LA 1)
N,
v
ol
ol
I
i)
T A
-z
M

N
|o
fiu
o
A
2
el
N
)

ngt
gﬂ
rir
LI <A
2
o
o
3
fd

ot
o)
o
b
oy
9
-z
S

n&l'm

2l
(o,
=
o2
o

g
ofth
o |o

Ao = o

_Org

e

(o flo
E
L »
Ir

off 2 mN
o x 4
o M w2t
E
o
k3
o ¥ ri
o
[
N
A T
N

1o,
L]
o
oX,

ol
ol
ol
ol

Ir e o

S
T
i)
)
rir
dqr X
o

T-E317] ojE 9t 3, PA EXHEE B
HiFoll A PA EAEE A A F994
w23+ v kel A o] PA BAEE Z3F 3 33}
S22 A YEIHTHP<0.05). WERA 3
A 2} 71529 He] A 223

3

Lo
[N
Mo
W
) r
e
O

N
kS
L
5
32
o

[e)

p
=2
z
o
£
o,
2
—_

o
=
==
o2

o [}

NI

2w

==

O

o 7

re
2

¢

AR AAZ gyE Aoz A7, ¥ yobr HA Ay
W Al AR e] 217122 in vitro A B E 5 Sl 7

E ARE BEo| ¥ A0E FEEh

dAe =2
2 A+E FP3t=dl QA plasminogen activator®] &4
T EA40 dxa F Aoty FEALFEATL 7

Ashkenas J, Muschler J and Bissell MJ. 1996. The extracellular
matrix in epithelial biology: shared molecules and common
themes in distant phyla. Dev. Biol. 180: 433-444.

Birgitta O, Eija K, Michael SP, Stefano JM, Karin A. Vijay K,
Yuji G, Michael M, Jeltsch MS, Kari A and Ulf E. 1998.
Vascular endothelial growth factor B (VEGF-B) binds to
VEGEF receptor-1 and regulates plasminogen activator activity
in endothelial cells Proc. Natl. Acad. Sci. USA. 95: 11709-
11714.

Boudreau NJ. 2003. Organized living: from cell surfaces to
basement membranes. Sci. STKE. 196: 34.

Casslen B, Nordengren J, Gustavsson B, Nilbert M and Lund
LR. 1995. Progesterone stimulates degradation of urokinase
plasminogen activator (u-PA) in endometrial stromal cells
by increasing its inhibitor (PAIl) and surface expression of
the u-PA receptor. J. Clin. Endocrinol. Metab. 80: 2776-
2784.

Choi BK. 2011. Thermal gelling polyalanine-poloxamine-pol-
yalanine aqueous solution for chondrocytes 3D culture: Initial
concentration effect. Soft Matter 7: 456-462.

Choi CW, Cho WM, Yeon SH, Hwang HS and Song MG.
2012. Comparison between single and co-culture of adipo-
cyte and muscle cell lines in cell morphology and cytosolic
substances. Annals of Animal Resource Sciences 54: 103-
109.

Gething MJ, Adler B, Boose JA, Gerard RD, Madison EL,
McGookey D, Meidell RS, Roman LM and Sambrook J.
1988. Variants of human tissue-type plasminogen activator
that lack specific structural domains of the heavy chain.
The EMBO. 7: 2731-2740.

Hai W, Federica P, Sandra A, Sebastian ME, Isabel H, Juan
MMM, Sirisha M, Silvina B, Sergio O, and José¢ AH. 2012.

A novel model of human implantation: 3D endometrium-like



280 28] 71, o173,
culture system to study attachment of human trophoblast
(Jar) cell spheroids. Mol. Hum. Reprod. 18: 33-43.

Hart DA and Rehemtulla A. 1988. Plasminogen activators and
their inhibitors: regulators of extracellular proteolysis and
cell function. Comparative Biochem. and Physiol. B 90:
691-708.

Hay ED. 2005. The mesenchymal cell, its role in the embryo,
and the remarkable signaling mechanisms that create it. Dev.
Dyn. 233: 706-720.

Hearn JP. 1986. The embryo-maternal dialogue during early
pregnancy in primates. J. Reprod. Fertil. 76: 809-19.
Hilde V, Paul S and Henri L. 2000. Immunohistochemical
detection of the estrogen receptora and progesterone receptor
in the canine pregnant uterus and placental labyrinth. The

Anatomical Record. 260: 42-50.

Inaba T, Wiest WG, Strickler RC and Mori J. 1988. Augmen-
tation of the response of mouse uterine epithelial cells to
estradiol by uterine stroma. Endocrinology 123: 1253-1258.

Kalluri R. 2003. Basement membranes: structure, assembly and
role in tumour angiogenesis. Nat. Rev. Cancer 3: 422-433.

Kim KH, Lee YS, Gu HN, Yang BK, Cheong HT and Park
CK. 2011. Changes in plasminogen activity in uterus tissue
during the estrous cycle in the pigs. Reprod. Dev. Biol. 35:
463-468.

Kwon HC, Yang HW, Kim HK, Kim SK and Cho DJ. 2001.
Establishment of three dimensional in vitro culture system
with human endometrial cells: induction of molecular biologic

differentiation & characterization by sex steroid hormone.

Korean J. Obstet. Gynecol. 44: 65-73.

Liu Y. 1999. Role of plasminogen activators and inhibitors in
reproduction. Chinese Science Bulletin 44: 673-685.

Martin O and Arias F. 1982. Plasminogen activator production
by trophoblast cells in vitro. Effect of steroid hormones and
protein synthesis inhibitors. J. Obstetrics and Gynecology
142: 402-409.

Park DW, Yang HW, Kwon HC, Jang KH, Kim SG, Cho DJ
and Oh GS. 1999. 3-Dimensional culture system of endome-
trial cells for studying the human implantation mechanism.
Korean J. Reprod. Med. 26: 1-4.

Sandberg T, Casslen B, Gustavsson B and Benraad TJ. 1998.
Human endothelial cell migration is stimulated by urokinase
plasminogen activator: plasminogen activator inhibitor 1
complex released from endometrial stromal cells stimulated
with transforming growth factor [B1; possible mechanism
for paracrine stimulation of endometrial angiogenesis. Biol.
Reprod. 59: 759-767.

Jean DV, Daniel B and Dominique B. 1985. A cellular binding
site for the Mr 55,000 form of the human plasminogen acti-
vator, urokinase. J. Cell Biol. 100: 86-92.

Victoria S, Svetlana M, Eleonore K, Thérese JR, Paul E and
Vsevolod AT. 1999. Urokinase plasminogen activator induces
human smooth muscle cell migration and proliferation via
distinct receptor-dependent and proteolysis dependent me-
chanisms. Mol. Cell Biochem. 195: 199-206.

(34 2013. 08. 19/ AAE: 2013. 08. 20/ & 2013. 09. 03)





