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Effects of 3-dimensional Co-culture of Human Endometrial Cells Decidualized with
Progesterone and TGF-1 on the Development of Mouse 2-cell Embryos In Vitro

Wook-Hyun Kwon', Hwi-Gon Kim', Dong-Hyung Lee', Kyung-Rae Ko’, Kyu-Sup Lee™

'Department of Obstetrics and Gynecology, School of Medicine, Pusan National University, Busan, Korea,
’Infertility Clinic, Pusan National University Hospital, Busan, Korea

Objective: This study was carried out to investigate the effects of 3-dimensional co-culture of human endometrial cells decidualized
with progesterone and TGF-$1 on the development of 2-cell mouse embryos.

Methods: Stromal and epithelial cells isolated from human endometrial tissue were immunostained for cytokeratin and vimentin.
Expression of TGF-f1, its receptor-1,-2, integrin-f3 and prolactin in mono or co-culture according to three different hormone
conditions was investigated by RT-PCR. Differential staining was used to investigate the number of ICM and trophectoderm of
hatched mouse blastocysts in different three conditions.

Results: The immunohistochemical study was positive for cytokeratin or vimentin and confirmed that epithelial and stromal cells
were isolated from endometrial tissue successfully. In co-culture, TGF-B1, its receptor-1, integrin-B3 and prolactin except TGF-B1-12
were expressed in progesterone dominant condition. The hatching and attaching rate were higher in the co-culture with decidualized
cells (p<0.05). However, we observed that lots of the incomplete hatched blactocysts attached on non-decidualized cells. The ICM
number of hatched mouse blastocysts was higher in co-culture with decidualized and non decidualized cells than media only culture
(p<0.05). The trophectoderm number of hatched blastocyst was higher in the co-culture with decidualized cells than non-decidualized
cells or media only culture (p<0.05).

Conclusion: The administration of progesterone, estrogen and TGF- could induce decidualization of stromal and epithelial cells
isolated from human endometrial tissue using 3-dimensional co-culture, and the decidualization of human endometrial cells could
increase the hatching and attaching rate of 2-cell mouse embryos. [Korean. J. Reprod. Med. 2008; 35(1): 49-60.]
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2. RkSUe} 71ZM et AI|AzEe| 22|

1) 7IZMZ=

AHE AW =2 0.03 mg/ml penicillin-0.02 mg/
ml streptomycinS 3 7}3F Dulbecco's Modified Eagle
Medium/Nutrient Mixture-12 (DMEM/F-12; Invitrogen,
Carlsbad, CA, USA) #jFole]l Ho} A= f-xks}
glom Yls A A3F7] 9l5te] phosphate buffered
saline (PBS)2.2 33| ©]¢ A& 331tk DMEM/F-12
e 2~3 mis wFHAl FolE 5 AHE
g2 A8 24 iris curb scissor® ¢F 1 mm’9)
712 AAEg. EE 24S wbeE &7 &
DMEM/F-12= pippettingsto] A5H-& AAS=
Bues Ao sla 38 W AEsel,
AFg e 5 sjeer g
[DMEM/F-12 + 5% fetal bovine serum (FBS; Hyclone,
Logan, UT) + 2 mg/ml collagenase (Invitrogen, Carlsbad,
CA, USA)] 10 mlE H7Fe 5 20:vtt =g A
pipettinggFHA] 37°C incubatorol| 4] 2.5A] %t Bl Y3}k
Atk EaFE-S AAAZ7] A8 10% FBS7F 3

}ﬂ DMEM/F-12 vjF-S 55 H7}ske] pipetting
3l % 100 wire sieve (140 um; Falcon, USA)$} 400
wire sieve (37 pum; Falcon, USA)E *}d| 2 S A|A
1000 rpmol| 4] 10323+ FAlEgste] 7| HAELE &
gatitt. eld 71EAIEE DMEM/E-1290 10%-
FBS, 1% insulin-transferrin-selenium X supplements
(ITS-X; Invitrogen, Carlsbad, CA, USA), 52.6 pg/ml
linoleic acid (Sigma, St Louis, MO, USA), 0.03 mg/ml
penicillin, 0.02 mg/ml streptomycins %7} 60 mm
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3] PBS® 33] AlAetal mjkls wAgh & A3
o o]&3l7] fall 24~48A17F vl I3}

2) AI|MNIZE

100 wire sieve (140 pm)2} 400 wire sieve (37 pm)°ll
Azl AIEZE ZH7F 50 ml®] DMEM/F-12 8 &}
o7 AHE 2 sieves F1F ] DMEM/F-12 W%
NS Fo] Ay AXE E2 F 1000 rpmol| A
087 AEE skl HSAES Felsc o)
H FIAHEE 10%FBS, 1%ITS-X supplements, 52.6
pg/ml linoleic acid, 0.03 mg/ml penicillin-0.02 mg/ml
streptomycin®] % 7}8 DMEM/F-12 wlj&Fel o2 60
mm B FF Aol A] 24~48A17F mfFato] Aol o]

g3tk

3. X3uUet 7|1=AMIZELl MulM|=2| AMXIE HY
QF ZFH|

Z1AAEZE i FE i F A A a RS A
3l & PBSE A& 3}l 0.05% trysin/0.05 mM EDTA
|0 5 mE 5ELF A2sto] v Al viEel A Al
¥ 2Eskal 5 mle] wiekelS Hrkske 1000 mpm
oA 10%3F YAlEE]ste] 3~5X10°ml FEE
33t 4TColA B AT matrigel (BD Bio-
science, Bedford, MA, USA)¥} H]H 7| AAELE
1112 Z3Falo] welld 400 pl® 6 well B FE A<
inserts®l] F ATk ©]F 37°CelA 1AIZF v st
matrigel®] 3 AHA gel HEjE WSk} 7]HA]
X7} embedded= Al F3TE 71AAE7}F embedded
9 filter inserts”} £ 0= welloll 1x10%ml “g3] Al
X7F AgE g S 1 mlw JolFo] Abu] Al
7} overlaying® == 8 3 48A|7F wkaEle] Abat
A wFe FrEksit

A

Aol AMESE JE 2] 55 progesterone

WHE7] $13A41 100 nM  progesterone
(Sigma, St Louis, MO, USA)¥} 1 nM estrogen (Sigma,
St Louis, MO, USA)S 3 7}8}31 2.1, estrogen $-A]
375 vH=7] 913814 100 nM estrogen?} 1 nM pro-
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5. RIZ2LHate| 0404 Kl 5|510d A

A A A QAT cytokeratin@} 7] Z M| X 3
Z]Q12F] vimentin®l] T3l ™S F 25}k Ao njf
FHAINA GRS A ASEAL PBS®E 33] AH g
F Al

PBSOl 4% 3]293} paraformaldehydeES 2=l
A 1083E A3 F W¥E EaE 100% methanol
T} acetone®ll ZHZ} 102 55 A glste] AEE

2G5t AlEERs AstA7]7] 91EH 0.4% Triton
X-100/PBS= 1023t A Egh - v 5o f&
=] 317] 913l 4% BSA (bovine serum albumin; Sigma,
St Louis, MO, USA)7} &7} PBSOll 2% goat serum
7} 2% horse serums 4 7Fske] 37 T4 1A1XF A
elshoint

1) 7IZMZ=

4% BSA7} #7Fe PBSOl goat serum¥} horse
serums 717} 2% H7FeE & UxFEFA|Q] Vimentin
(mouse anti-human monoclonal antibody; DAKO, Car-
pinteria, CA, USA)S 1:1002.2 3]X &} nljYe 7]
Aol Yol & 37TolA 1A3F A3tk

XA S A3k 71 HAEE PBSE 33] AlH
Sk 5 4% BSA7} %71 PBSOl| goat serum¥} horse
serums ZH2}F 2% F 71k &oflol] o]xFakA|Ql FITC
conjugated anti-mouse IgG (Zymed Lab. San Francisco,
CA, USA)E 1:100°o.2 3|A sl Ax}akA]| 71 *g]
B 7)AAZ ol 37°ColA 4583t AEletsla
o= PBS®E T}A] 33] Al2]3lal GVA mounting®!
(glycerol vinyl aqueous alcohol solution) 2 = sample
S B3 & 337 (DM IRB, Leica, Wezlar,
Germany)2.% 32515t}

2) HulM|=

4% BSA7} #7Fe PBSOl goat serum¥} horse
serume ZH2}F 2% F7FEE Gl AXFRFAQ] cyto-
keratin 8/18 (mouse anti-human monoclonal antibody;
Santa Cruz Bio tech., Santa Cruz, CA, USA)= 1:1002
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Table 1. PCR primers

S S0l 2-AIZI| MFBHore] ML OIXlE

[ezh=13
SS

L EREEER

Product Sequence Product size
Forward :5-CACGTGGAGCTGTACCAGAA-3'
TGF-p1 500 bp
Backward: 5-GTCCAGGCTCCAAATGTAGG-3'
Forward :5-ACGGCGTTACAGTGTTCTG-3'
TGF-B1-receptor 1 358 bp
Backward: 5'-GGTGTGGCAGATATAGACC-3'
Forward :5-AGCAACTGCAGCATCACCTC-3'
TGF-B1-receptor 2 688 bp
Backward: 5-TGATGTCTGAGAAGATGTCC-3'
) Forward :5-CGCTTCAGCTGATGTGTGTT-3'
Integrin-f33 224 bp
Backward: 5'-CATCTCCCACCCTAGTCCAA-3'
) Forward :5-GCCCCCTTGCCCATCTGTCC-3'
prolactin 386 bp
Backward: 5-AGAAGCCGTTTGGTTTGCTCC-3'
) Forward :5-CTCTTCCAGCCTTCCTTCCT-3'
B-actin 275bp
Backward: 5'-CTCGTCATACTCCTGCTTGCT-3'

2 3|Aate] wjkE AuMae] Yol $ 37T
oA 1A17F A2l koith PBSE 33] MlA e T 4%
BSA”7} #71¢ PBSol| goat serum} horse serum=
247} 2% F7EEE g-efjol] o] A=Al FITC conju-
gated anti-mouse IgGE 1:100°2.2 3|25l U3}t
A7t Aelel oAzl gof 37Tl 4537 A
23} a1, ©]E PBSZE 33] A% 3}l GVA mounting
MO samples THI F FFddoz dF
sh3ith
6. RT-PCR

e At 7|z dedudt o5
St Mo Qs 2ES AEste] o]F A
B gebrst A1k el dolry] 98
Park 5¢] W] we} TRIsol reagent (Invitrogen
life technologies, Groningen, Netherland)& ©]-8-5}
HjFet AEZHE EE RNASE F=313T
3 RNATE 260 nm&}t 280 nm IollA &34
=45t0] o) 2e) W7k 19 o4 7ol A
Stk cDNAQ] -2 M-MLV reverse transcriptase
kit (Bioneer corporation, Korea)& AFH8-3}31 o1 23
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o A8t BE primeri= primer designing software
primer 3 (available at steve@genome.wi.mit.edu)= %+
A= ko] A zFskaAt

A&lo] AF8-3F primere} PCRAHE ] A7+
=7 2t} (Table 1).

o}
5 PCR 42 Accupower
PCR premix kit (Bioneer, Korea)s ©]-&3}31 o,
PCRO| AF&-3F 523148 94 oA 38-7F 1 cycle,
94Coll A 30%7F 35 cycle, 72°CollA 183 1 cycle,
a3l 72Col A 583 1 cycles AldsSit) Zb
PCRE FUT 2719 7] Tk 371e] ARl
AaEen 33 BE FA% AR} dei 2
e AR QA

7. 71 MIZOIMC] TGF-p1 2

Al Agel A M 3ol A 0] 5= TGF-B1
o] 7|AAEZANA TEE] = TGF-B1 842 243
sto] 71 AAE] EdFuElE Fesh ==, A
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o] 10 ng/ml TGF-p1S H7Iste] =84 HdS & WS 3Q15}al, hCG FAF F 484170l 74531
o} 1 3kt}. How AFE JYNA FHs HE=3 F PBSE
33] AlF & s n]gstel A 2-43E7] AT ajot
= A58kt

AFE wfol= vkl Ant vkl wjFolit &
ks Fieshr] 918 6~85F 9] C57BL/ICBA  tix+"& oo, mg] Akl wjgow debasis
AEel ANAT 35 A AF A pregnant mare's =g B, EHHEE sk @2 HE
serum gonadotropin (PMSG; G—4877 Sigma USA) 51U ghukgto] A2l A Gl.1 (Vitrolife Inc., Gorthenburg,
S B FAFSEAL 48A1ZF - human chorionic Sweden)?} G2.2 (Vitrolife Inc., Gorthenburg, Sweden)
gonadotropin (hCG; CG-10, Sigma, USA) 5 [US =7+ o] A&ZMYNE o]&ate] 742 507049 2-AM3E
W AL 5 24 AT kst wElE e 7] AFujorel 72~120A13F Euf sl HA Zul 7]

stk thad 2 (vaginal plug)s 251 o] whg, Fols 9 FAES AN

8. 2-MIZ7| ‘“4F[ujo} Z=H[2} 27 XISLHIA
ZEofO] SHiY

Rl P

Figure 1. Immunohistochemical staining of endometrial epithelial and stromal cells isolated from human endometrial
tissue (X200). (A) Primary culture of epithelial cells presents whorled morphology. (B) Epithelial cells are cytokeratin-
positive. (C) Primary culture of stromal cells shows an individual stellate pattern. (D) Stromal cells are vimentin-
positive.
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B-actin = = =

Figure 2. Expression of TGF-B1, its receptor 1, 2,
integrin-f3 subunit and prolactin mRNA in the mono-
culture of endometrial epithelial and stromal cells and co-
culture according to three different hormone conditions.
No: no hormone condition E: estrogen dominant con-
dition P: progesterone dominant condition

9. M= ZH{7|H{O}S| SmboiAH

Zu)7)ufole] &g ML Thouas 5°9] differen-
tial stainingt]= W3 sto] WA EI] o} FLUAMEE
o 319l

1) GAHoH |

1 ml Ham's F-10 + 1% Triton X 100 (T-9254, Sigma,
USA) + 100 pg propidium iodide (PI, P-4170, Sigma,
USA)

2) HAHM |

1 ml EtOH (absolute ethanol, Duksan, Korea) + 25 pg
bisbenzimide (B-2883, Sigma, USA)

7} Aol A F-shE 50709 EujzlajolE ¢
Al [e[A] 102 oJURE w=E:3 SA] G 1=

A g 4ToA 1.5~24F WA]8to] dAS
3}"44 Aol ghagl WS glycerol 2 71
< A NS- AASFAL slide glassoll S T

b4

cover

glassE Gl FFEAn Aol A BEale] AtEE
WAIES o FFUAEFE 2 AR,
0. SAIAE
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AFEHotel MLl OIXls S O sy Al ool A|

$3}e] SPSS PC version 10 X 21315 ©]-8-5}¢]
paired t-testS Al 3 o™, p gkl 0.05 ©]Ek] A
T BAAH R fojstttal I sSITh

Ze|E dulMlZet 7]

A g thHAE 7 A HAERGS
L]-E}lﬂ o1, cytokeratin®ll EH?SH 95% o]’Joll Al &
Wl 718AIEe] g A5 FHE }
FrofAlE Bds ‘/‘rE]r‘ﬂ A1, vimentin®] TH
3l 95% ool FF-E Wato] AgHA 0w
wE) e A AAE AE AR Fens
= ¢ T AU (Figure 1).
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2. X3U Mu|Mz=Eel 7|1EAM S| Hf
A Hds=2 240 e TGF-p1, TGF-p1 =&
M type-1, type-2, integrin-p3 X prolacting|
mMRNA 25

Gl = A2 A<t BAgle] g
25} gl RE mRNAZE DA okt abak
SHjgel A TGF-B1 a2 2|t #Aglol
WS 0, TGF-pl 583 type-1-> progesterone
M7 T estrogen FAHIZF A A FHE QO
g
B1
A]

it

SEE TR A= B A kT TGF-
TEA type2= A EO] #Aglo]l LAY
2k O integrin-B3T progesterone -4 3H7d 3}

estrogen -$-A|2HF oA THE 31, prolactine pro-
gesterone -4 8- o A 1F W& F It} Progesterone
SASHE Y] 9 TGF-pl F8A type2S A3t
= gt B 1A mRNAVE kgl o,
estrogen A3 A= TGF-p1 T84 type-2<}
prolactin®] 'TA =] %] 4T (Figure 2).
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Figure 3. The expression of TGF-B1 receptor-1 (TGF-
B1-r1) and -2 (TGF-B1-r2) mRNA by TGF-B1 admini-
stration. No: no hormone condition E: strogen dominant
condition P: progesterone dominant condition

S FH7Vste] wist A3 estrogen:. T} progesterone
S-A| 2o TGF-B1 =84 type-13} -2 mRNA7}
et Ed = AS WSl (Figure 3).

4. QUZt XISLHM[ZES| EEfalelr} 2-H|Z27|
dFujote| Mel&Eo| n|xl= I

O
R

2-AIE27] AFufelE vk, Eeekat 1
Higrehubty gujekaste] 2ufr| o] s A
3 At ZH7E 92%, 96%, 97%= WERN o] njwtd
Fo A= zfol7h gloy, Fsh&e detubatol
2% ik (58%)3 BlEEur (62%)H.th
ou Al HE& FeES YEIITH (p<0.05). Al
UubA sz ele] Fakg e geuliio] 82% =2 H|gE
T (58%)HIE ook Al e FERES KT8]
t} (p<0.05), (Table 2).
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sty zulj7]ulo}E differential staining™ &2 <344
ol AEFE 2ARE A3 A XIS E )
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Table 2. The effects of co-culture with human decidua-
lized endometrial cell on the development of 2-cell mouse
embryos

No. of developmental stage (%)

Treatment

el Blastocyst Hatched Attached
(%) (%) (%)
control 50 46(92°  29(58) -
non-d-co 50  48(96)  31(62)° 29 (58)°
d-co 50 49(97)°  46(92)F° 41 (82)

Different superscripts in the same column indicate
significant difference (p<0.05).

control: mouse 2-cells cultured in media only, non-d-co:
mouse 2-cells co-cultured with non decidualized endo-
metrial cells, d-co: mouse 2-cells co-cultured with deci-
dualized endometrial cells

Table 3. The number of innner cell mass and trophecto-
derm of the hatched mouse blastocysts co-cultured with
decidualized or non-decidualized human endometrial cells

Cell number (Mean *+ S.E)

Treatment

ICM TE Total
control 13.8340.51° 49.23+0.77° 63.06%1.05
non-d-co  17.93+0.4° 57.56+0.67° 74.83%0.77
d-co 17.940.52° 72.63£0.86° 89.87+0.6

Values are Mean * S.E. Different superscript indicates
significant difference in each

Column (p<0.05). control: mouse 2-cells cultured in
media only, non-d-co: mouse 2-cells co-cultured with
non decidualized human endometrial cells, d-co: mouse
2-cells co-cultured with decidualized human endometrial
cells ICM: inner cell mass, TE: trophectoderm

Gl HTE FolEtA Bekom™ (p<0.05), G dHA
Ee AT HE 24 49.2340.77, 57.56£0.67,
72.63+0.8671| 5 wjckoh 3} njerebulw T} gl
oA G FEA T frelsHAl BT (p<0.05),
(Table 3).
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Frofate] EHl7|e] 1 o] FTfste] AbguEt A
Aol Folsh= Bd2 deA k! B ekl
| M|t 7] E A 23k Sduj gt o
AN Tl A Hees A8 3
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7doﬂ J&ﬁl ] TGF- Bl mRNA Hld
o2 TAA Y i = A

oA AHSds 24D F OiX]EL
FTEES F7kskda Aol FAHA
A A E7Fe] AFS ERgo] o] Foj S oF
T}, TGF-Bl1 58 type-1 mRNAT progesterone®}
estrogen F-A| ¥ ol A= ‘f’EHﬂ 3R o1 TGF-
Bl 842 mRNAE Az 2 k7o) A glo]
A A k=t o= R ?ﬂ o] uj-g- 7] wj
=9 Aoz AZEAT Integrine AMAEL} 712 9]
ligand= A A UlahA| 32} wljolof| A - H x| Rk
A291Q) integrin-p3 ZHd71ell Apg el A at
o] Abaguete] detetksl gAQ1IAkR delA
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