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ABSTRACT

Matrix metalloproteinases (MMP) play important roles in extracellular matrix (ECM) remodeling during ovarian
follicular development, oocytes development and ovulation. In an attempt to investigate the effect of MMP activa-
tion in development cumulus-oocytes complexes, we examined the localization and expression of MMP, and moni-
tored MMP expression profile. Cumulus-oocytes complexes were collected and matured in vitro for 24 hr, 36 hr
and 48 hr. A mRNA expression of MMP-2, MMP-9, TIMP-2 and TIMP-3 was detected in all culture medium
regardless of CC, OC and COCs. Activity of MMP-2 in the OC progressively was increased from 24 hr to 48 hr.
But MMP-9 was not detected in all culture medium. The localization of MMP-2 was also measured by immuno-
histochemistry analysis. The MMP-2 and TIMP-2 was detected in cumulus cell and oocyte zone pellucida. Expre-
ssion of MMP-2 protein in the COCs was progressively increased from 24 hr to 48 hr. However, MMP-9 protein
was progressively decreased from 24 hr to 48 hr. And TIMP-2 protein was most highly expressed in the COCs
36 hr. Expression of TIMP-3 protein in the COCs was progressively increased from 24 hr to 48 hr. In conclusion,
these results suggest that MMP-2 plays a role in maintaining normal maturation and development by controlling
the ECM inhibitor concentration on cumulus cell and oocytes.

(Key words : MMP2, MMP9, TIMP2, TIMP3, Cumulus-oocytes complexes)

M B
el A AAEATE vi%a) A g
A U 28 F#2 st olrk ged 3

SR AT Ba) 4550 e dAe 3l
5, BATES A4 2 8d0e 58l o271 0y
e 4 okl gloid A3 GEo= A I
(Alm 5, 2005; Nicholas -5, 2005; Anguita &, 2007). <=4
S o] 7] A% WATE NI QY WS AESHE
W FA9 WE o) AEAL BRI 2 (Foner

:l:’4

A

e
e
O}f

&

5, 2003) Ak A7), DA R FA Z5% W AlEd
o] 743 B BCB G4 979k =4 & 04 FE 128t
Ak Ao] bl Ha“é}‘f’ﬂ 293 98-S 3= AHo
7} ITHA §, 2009). FARS] A9 GL A 349
Ho 2 2R J3s BEdt Bad L2A PSS o|F
7“ E’E‘r(LOOS s, 1992). SHA| Rk “} Abe] A<t —’FX4 AZ1ell

dao] "Fr”ﬂdx] A4 2 proteinase5ol 23 7%
1—'1 W slol] thek A mH & *JEHOH Atk Aol A d=}
o] A& ié%ﬂ sl wheh dao] g mREh,
@] Aeg FEsHA 9oiR F, 1999). ol G
< H“’OM WA ZA Y A7l s B a4E0] 2

lm

{

rlr
o fT

YA EE 871/ AN - 109188-03-1-SB010)2] Aol 23] o]Foa 74,

Corresponding author : Phone: +82-31-670-5094, E-mail: jtyoon@hknu.ac.kr



£ 31 dEd, 25 B¥EGA LAHE matrix metallo-
proteinase (MMP)E gelatin 712 #83te] dal &S
L&A FPshed =S F YokImai, 5 2003). ¢
Fof o] EitstA o]FofX e HANA FEE colla-
gen, laminin, fibronectin 2= M X$] ©]) E8 X (Extrace-
llular matrix, ECM)$] &3 729 W3S w4 5
H, 28407 A AH&HE 7IHLA Heu(Green-
wald$} Roy, 1994; Monnijaux %, 1992), o218 25 =)
A5t XA AA G SRtz AFA 77 95k
717 2te] 482 type IV collagen 9] 238 3
FFES o5& A8 TN 3, RSN AF A
A FFE FE 4L 3 Y Ro|tKVisse, 5 2003 ;
Imai, & 2003). 53] ol2|& AT BAAst] F23F 9T
= 33 Y Aoz LA Qe YEAHI MMP 54
MMP-2¢} MMP-9& & < 3t} 92 KDagl ¥4134) co-
llagenase©. 2 4 A U= MMP-9L& A X8 7|3t £
33}, collagen type IV, V, VI, X, casein, gelatin®] &4
S TLAEtER JYIAE AT - 838 g2 3}
3L $l oW (Keiichiro, ‘5 2008), MMP-2= A|¥¢] 7] A4
£¥3}1, collagen type IV, V, elastin, fibronectin, lamin-
in, gelating £33}, T4l MMP-9¢] 2452 £33
THAshida 5, 199). ©|#3Hs MMPst= dR1e] A% 2 4=
Al FadA 2834 =9, estrogen®llt progeste-
rone ¥ FSHY| 93X 225 E Roz deiA YrMar-
baix 5, 1992). Wb £ A7E HX] dzbe] A AdEA)
MMPS} HE712HE da 2 dE oA e Zhgo] ol Uzjel
STAE ZAA 9] e 2E A5 BAste] Ui
Aol PlAe FYE WAL, 2487 362178, 48417 B
el MMP-2, MMP-99] 214 7124 TFslax} A i,

ME W

HE2O HF Y gsHY

EF7NA AHE HA dag 358t 37T A
Ads §ho] o] APz gukste) H7o] 3~6 mm
o) BEZ7E 18 gauge®] FALAE 0] &3 aspiration
st gy as FYste A@3}aL, 0.3% Bovine albumin
serum(BSA, Sigma, USAY7} H71E TCM-190.2 A¥F
H AL dYet AEFo] #EE ATS Ayt
A3 THEbner &, 2003). ‘dAbe] A<ujokS 98 TCM-
199°] 10 ng/ml EGF, 0.5 mM cysteine, 0.91 mM Na
pyruvate, 75 ug/ml penicillin, 50 pg/ml streptomycin
0.5 1g/ml FSH, 10% porcine follicular fluid(pFF)7} 37}
¥ pFFTCM-199 H % 1 mlE 4well-dishol] Qo] A &)
& 3AIZE Hol| 5% CO, 39T 22271 sl FHA| F A
sl A GTAEE RAE Q= FAE vabs}
0.2% hyaluronidase A2 & 3t GFHEZ A AF dal,
223 IFAELS BEEke] 7 welld 200709 dAtE
FA8H] 24413, 36A17Y, 48A17F Bek i gslal HSARA
SHFig. 1). AR TE0S 8738 24 37 Astd § 893
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Fig. 1. Collected of cumulus-oocyte complexes (COCs), oocytes
(OO and cumulus cell (CC) were the cultured for 24 hr, 36 hr,
48 hr. A : Cumulus-oocyte complexes, B : Qocytes, C : Cunmulus cell.

Table 1. The number of oocyte per group

Condition of oocytes, and cumulus cell (ea)

Cumulus-oocyte

Quality O;CC};tﬁesn?f complexes of Cug;uulus
excellent
No. 200 200 10x10°
Total No. 400 ea

3l RNAqueous kit(Invitrogen)®] A%yl e} #2d
A BN total RNAZ #2]¢ F SmatSpec™3000 (Bio-
red, USA)2. 2 total RNAS] S8 SA3HL, A260/A280
°] 1.8 FE HE &4 RNAE o439 52 27 59
DNAFAE 2399t DNAE 493171 9130 Super-
Script First-Strand Synthesis System for RT-PCR kit
(Invitrogen Co., US.A)E AH&-3l2] RNA 5 pngel oligo
dT (05 ng/ul) 1 ulgh 10 mM dNTP mix 1 plE &33}
Ao} 65 ColA 5E7F wjkatar 4ColA 38 A3 5,
10x RT PCR bufferMgCl, 31 2 1, 5 mM dNTP 4 ],
0.1 M DTT 2 pl, RNase inhibiter 1 11(TOYOBO, Japan)
S E33te] olE B 42Tl 287 Wit ol F
SuperScript I RT 1 pl(50 units)Z H7}s 5 42TollA
507 70 Coll A 15% B¢t vhg %, 4Tl A 387 AAA|
Rt} Fol 3= RNAZ AA3E7] 91519 Rnase A1 nlE
W3 37T A 2587 W3 § 4Tl A 3237 AAAA
o). 4 ¥ DNAE RT-PCRE AANE w714 —20Te) =
it

¢DNA & =4

cDNAE Pig-GAPDHEZ A#3}7] 18] ¢DNA 1 nlol
10xPCR bufferMgClz) 2 pl, 2.5 mM each dNTP Mix-
ture(G&P, Kor) 2.5 11, Taq polymerase 500 units/100 pl
(G&P, Kor) 0.3 ), Pig-GAPDH Fw primer, Rv primer®
Z4zk 1 p1® Arlkste A 59 25 7t HEF
PCRE AA] F 1% agaroseoA] 100 v 3083t 471454
ArletaL, UV el Al #2381 100 bp Laddere] band%
B I e 2

Real-time PCR

Real time PCRL One Step SYBR RT-PCR Kit(TaKaRa,
Japan)®] A% Wl wel A=) oju <] total RNA
€ 2:9) QA 712k 2k A7 2ol Eels) 1 mge Ak
8-3}31T}. Real time PCR ¥H5-2 3 AR 2 42Tl A 158,
95Tl A 28 &<t 13] AAsta, T HUAZ 95Tl 40%,
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Table 2. Primers used for Real Time PCR

Primer Sequence
MMP-2 Forward 5"-GGCAGCCCTCAGTTCTGTAA-3"
Reverse 5"-TACTTGAGCACAGGGCAGAG-3"
MMP-9 Forward 5"-CTTGCCTTCTCATGCTGGGACT-3"
Reverse 5"-GTGAGGATAGCACTTGGTCTGGCT-3"
TIMP-2 Forward 5"-GGGTCTCGCTGGACATTG-3"
Reverse 5"-AGCTGATCAGGATCCCCC-3"
TIMP-3 Forward 5"-CCCTTCCCACTGAGCTTCCCTT-3"
Reverse 5"-CTATCTGCTGGCTGCCCTTGAC-3"

58°Cell 15%, 18] 60T A 3228 403 wHE3algic) n}
Ao R 72T A 5% T 18] AAETh 1A S
o] AL geometric 4123 ¢] semi-logamplification plot]l
7123 cycle threshold(Ctygkell ko] AlMbatsiv)

Semiquantitative RT-PCR

RT-PCRE +33}7] 5t & 715 (DNAZS norma-
lize 33T FU ] DNAS} target primerS A}-&3}o]
PCR%F 5 agarose gel 7|9 % 02 PCR AHE-S 91814
o Z4zte] AHEe] tig band9) intensity S densitometer
(Vilber Lourmat, France.)S o|&3to] A=slu 2489
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Gelatin Zymography

HTAEE AT LH FrAE g 2 GFAE
7 #ddA £38 7o) A% wld o] Foz lodding
buffer(0.06% bromo phenol, 10% SDS, 2% glycerol)S 4
o] dHollA 587 AX g T 100 mg/ml2] gelatin B, A
7b 24 12% SDS-PAGEE AHE-3te] 150 VollA] 14]7t
30% B¢t W75k 1719 %E T F geld renatura-
tion buffer (25% Triton X-100)Z 2087} 23] A|H gt =
DWE 20%3F §E-&-A17] ¥ zymography reaction buffer2
2o} 37ColA 18A17F WhgAlZ Th ukgo] Fd gel 0.5%
Coomassie blue R250 (Bio-rad, USA) staining solution.®.
2 1AZF 5 @43 ¥ Destain solutiion(Bio-rad, USA)
o= galstel MMP-28F MMP-99] $1X1E &lste g4
%, P2 AL BHYES DA,

Immunohistochemistry (IHC)

4% paraformaldehyde(with the 1XD-PBS)2.2 FAHE
34 % antibody T3S £017] 98t 0.2% Triton-X
10022 3037 2] 8431, 0.3% HO0,& 33+ A2 5t
t}. ©]% 5% horse serum© = blocking3}], mouse mo-
noclonal antibody MMP-29} mouse-goat 1gG secondary
antibody & 37°Coll A 2A13F F3F X233 21, rabbit po-
lyclonal antibody TIMP-29} rabbit-goat IgG scondary
antibodyE 37°CelA 2A1%F E<F Meste] A, B, C de-
tection buffer(vector, USA)Z ©A|3F T DABCO R A4
71 &d AAE BAS5IT

HAFAHME E6t MMP-2, MMP-9, TIMP-2, TIMP-
39| W ¥4 By

r

24178, 36A17F 48417 F3F Wi E s A A A de
MMP-2, 97} inhibitor?] TIMP-2, 38| ©¥d dAJstE &
A7) flste], drAIErE 2o Sl AddAE 4
1004704 argatel BEAESITh 1L 4% paraform-
aldehyde(with the 1XD-PBS) 2.2 dA-& 143} slidedl]
F-ZA1Z] F antibody FHAEE Fol7] At 02% Tri-
ton-X 10022 30%-7F A 2]3}% 1, 5% normal horse, 1%
normal goat serum© 2 A -2o]A] 2A)17F &<k blockinga}
o 77} mouse monoclonal antibody MMP-2, rabbit po-
lyclonal antibody MMP-9, goat polyclonal antibody TI-
MP-2, TIMP-3& 4T 20A17F &<t BAskglaL, o F
Alaxa-488 goat anti-mouse IgG, Alaxa-488 goat anti-ra-
bbit IgG, Alaxa 594 anti-goat IgGE Z+2t o)l A] 24|17t
< A staich. DNAE 943H7] $13k] 2 1g/ml®] Hoe-
chst33258% 1 &<t B3} counter stainings 3hl,
H-1000(Vector, USA)E &3t & cover slip® & 533t
of, B AelA wEsSIt
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e S golg 4= Aok MMP-22] 7 9- 36A17F2] WA
Follq Z&o] Vel o, 1] ule} inhibitor?] TIMP-2
T =) A dRbe] A gl 48417k MMP-29)
BEo) g wol Yebtow, WA Zo A w1
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ZmorgraphyS E5 MMP-2 ¥ MMP-99| 84T FA

2 g dgr A 2ol E7d 5 = MMP-29F MMP-9&
A7) Slsted Ak vl el A zymorgraphy S w41
g AFig. 3) MMP-29] E4d3k= B4l 4 Qe
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Fig. 2. Expression of MMP-2, MMP-9, TIMP-2 and TIMP-3 mRNA in collection sample of the camulus cell (CC) and oocytes (OC). All
samples for mRNA expression were cultured for 24 hr, 36 hr and 48 hr.
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Fig. 3. Gelatinase activity in the bovine vaginal mucus during
estrus and pregnancy. A representative zymography gel shows the
highest activity of the latent forms in the culture medium on 36 hr
of the oocytes and cumulus cell. The latent form MMP-2 is about
72 KDa in size and the MMP-9 is about 92 kDa. Sample list : culture
medium of the oocytes(CMOC), culture medium of the cumulus
cell(CMCC), culture medium of the cumulus-oocyte complexes(CM-
COCs). Line 1) CMOC24, 2) CMOC36, 3) CMOC48, 4) CMCC24, 5)
CMCC36, 6) CMCC48, 7) CMCOCs24, 8) CMCOCs36, 9) CMCO-
Cs48.
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Fig. 4. Localization and expression analysis of MMP-2, TIMP-2
protein detection in the oocytes and cumulus-oocyte complexes.
A, A1) Oocytes at 36 hr. B, B1) Cumulus-oocyte complexes at 36 hr.
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Fig. 5. Expression and localization of MMP-2 and TIMP-2 protein
detection in porcine cumulus-oocyte complexes at 24, 36 hr and 48
hr in culture. MMP-2(green), TIMP-2(red) and DNA(blue) were
visualized using fluorescence microscope. A, D) Cumulus-oocyte
complexes at 24 hr in culture. B, E) Cumulus-cocyte complexes at
36 hr in culture. C, ¥) Cumulus-oocyte complexes at 48 hr in
culture. A~F) DNA(blue). A1~C1) MMP-2(green). D1~F1) TIMP-2
(red). A2~F2) Merged imaged. Scale bar indicates 50 pm.
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Fig. 6. Expression and localization of MMP-9 and TIMP-3 protein
detection in porcine cumulus-oocyte complexes at 24, 36 hr and 48
hr in culture. MMP-9(green), TIMP-3(red) and DNA(blue) were
visualized using fluorescence microscope. A, D) Cumulus-oocyte
complexes at 24 hr in culture. B, E) Cumulus-oocyte complexes at
36 hr in culture. C, F) Cumulus-oocyte complexes at 48 hr in cul-
ture. A~F) DNA(blue). A1~C1) MMP-2(green). D1~F1) TIMP-2
(red). A2~F2) Merged imaged. Scale bar indicates 50 um.

MMP-29] 7= FE3] o]FojA 1 it a2zt B 4
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A ] S E #EEY 2} o)A ARE S
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Tl AR & Aeldt £ F AT MMPE o8] A
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TIMPsoll 23 1:1 43 2H8-2 B3l AAE = 285 714
A EH(Woessner 5, 2002). o]¥ d&H &4 2 1)
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