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M E AHEAAE K5 B F-9(Growth differentiation factor 9, GDF-9) 2 4£ 4 9p & — 97 & 4w i £ 44k (Cumulus-
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ey kA X AR (HAS 2. PTX 3.PTGS 2)# mRNA £k KF, &R EW .5 mm0 ,200,400,600 ng/mL GDF-9
# COCs R AR £F REZ(P>0.05), Smad 4 F=97 & A0 % A W (HAS 2. PTX 3.PTGS 2)# mRNA % ik
SrE GDF9 R EFZHZ EFAALE L P 600 ng/mL GDF-9 & #4145 Smad 4 7 PTX 3 mRNA 24 3 % 5.5
bt £ F 2 % (P<<0.05); 600 ng/mL GDF-9 42 2145 HAS 2. PTGS 2 mRNA %.i& %15 400 ng/mL GDF-
ORBMEFARREE(P>0.05), 55 8hmEF R H(P<0.05), IR LI, 4 F COCs Ko 32k P, 5K
IR E R EE GDF-9 sH4e 4 P B e M 0 g 27 R 2% ;GDF-9 X R FHARE 5@ T #2F Smad 4
B VAR IP ftm Ay AR £ R B (HAS 2, PTX 3.PTGS 2) % mRNA %% ,3L% 600 ng/mL GDF-9 #F4& 4 1k 9h 3% 5%
SRPIFET RAAER AR TS M E Smad FFERA X,
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Abstract The aim of this study was to investigate the effects of growth differentiation factor 9 (GDF-9)on culture and
the related gene mRNA expression of yak cumulus-oocyte complexes (COCs) in vitro. The healthy yak ovaries were

collected and COCs were isolated for maturation culture in vitro. GDF-9 with final concentrations of 0, 200, 400, and
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600 ng/mL was separately added to the maturation medium for yak COCs culture in vitro, and the oocyte maturation
rate was separately counted. The mRNA expression levels of Smad 4 and cumulus cell extension related genes (HAS 2.
PTX 3, PTGS 2) in COCs were detected by Real-time PCR. The results showed that there was no significant difference
in the maturation rates of COCs treated with 0, 200, 400 and 600 ng/mL GDF-9 (P>>0.05). The mRNA expression of
Smad 4 gene and extension related genes (HAS 2, PTX 3, PTGS 2) were increased with the increasing of GDF-9
concentration. The mRNA expression of Smad 4 and PTX 3 in group treated with 600 ng/mL GDF-9 was the highest, which
was significantly different from other treatments (P<C0.05). Compared with group treated with 400 ng/mL GDF-9, the mRNA
expression of HAS 2 and PTGS 2 in 600 ng/mL GDF-9 group had no significant difference ( P>>0.05), which was
significantly different from other experimental groups (P<C0.05). It was found that the maturation rates of yak COCs
treated with GDF-9 showed no significant differences, but GDF-9 significantly increased the expression of Smad 4which
was the downstream molecule gene of GDF-9 in the cell signaling pathway. GDF-9 also increased the mRNA expression
of cumulus cell extension genes (HAS 2, PTX 3, PTGS 2). These results suggested that GDF-9 might play an

important role in the extension of cumulus oocytes during culturing yak COCs in vitro, and the mechanism might be

related to the activation of Smad signaling pathway, but its mechanisms remained to be further studied.
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M REFEA S X 4, W 5¢ GDF-9 & 11 X4 4 B
BE 0B AR S0 K 7% o A b O R 20 B 2 1 5
PL K GDE-9 {5453 % T if 70 T Smad 4 FEH Al
COCs #" FE#H X JE B (HAS 2. PTX 3,PTGS 2)
mRNA FK W, 4 T GDF-9 X} 4E 4 58 &) 41
JHL AR S 15 2ot A v ) ) 4 ML SR AL B S S

1 #HE5RFIE

1.1 #RRIRF

FEA-ONELRAE TVU AIG XK Z T B 2,
T~8 % ¥% W 7 A BEAE 4. i 5] 8 Recombinant
GDF-9 Protein ( R&D, 739-G9-010 ),
TCM199 }% 3% Wi (Gibco, 11150059) . DPBS (Gibco,
C14190500) i 4= IfiL 3% (FBS, Hyclone, 040011A) |
{259 31 2 (FSH, SIGMA, F4021) | {i£ ¥ & /& iy 2
(LH, SIGMA, L9773). #ff — B¢ (E2, SIGMA,
E2257) .EGF(SIGMA ,E4127) ¢ W4 #2 (SIGAM,
C7352) ., N B 1% 4l (SIGMA, P4562) | #-4f 75 %
(Gibco, 12340030), JIF & # (SIGMA, H4784),
Trizol {54 F Invitrogen 2\ Al , ¥ {2 Bl Ui 77 W F
Bioteke 2N Al , mRNA Jz ¥ 512857 & W) T+ Zomanbio
23 H)SYBR & 8k | W F Takara 23 &), HAth JoFE
17 U RE Wi B i BES W i 8 i

Mouse

T2 30 TE VG AR A2 B v A Bl A R A
I X 1 W A S AT g B ] Ry 2017 A 9—
12 8.
1.2 HE4PEMRERIPEAEMEIN S HR AT

M 2 I A HE A= P L T 32~35 "CA Bk
KRR . 2~3 half [BISE g & . H A BRER K vp sk 2~
3 YJa - 1 20 mL 5 sl BCOP 548 1 3~10 mm 1Y
B3 7E A 0 AR B T Pk B BT 1 A0 SR BT A 3 R B
G 3JZLL B AR A 2 B 2% COCs(J& 1(a) il
(b)), SR J5 FI R BE 40 i 3k B9 W (TCM199 + 1% 7 —
BERFE 124 pg/mL NERBREN +25 pg/mL FF &R ) 7
U 2 W B O R 40 AR 2V (TCM199 + 10 %6 FBS
+10 pg/mlL FSH+10 pg/mlL LH+1 pg/ml E2+
10 ng/mL EGF+0. 1 mg/mL &R +24 pg/mL N
MR R 6D Ve 2 IR B AE 2 COCs 43 vt ij T
2l BUE 41, A AT IV 4, 2 ik A T E 7E CO, 85
TR HOTA 2~4 b DU FLAR S IR (500 L
BB 240 0 B L T 50 A AT IR BEAE D L [ B 4
ZH B B S5 W 4y 0 6 2 i A [\ e BE GDF-9
(0 ng/mL 2H. 200 ng/mL #H. 400 ng/ml 4.
600 ng/mL41) T 5% CO,.38.5 “C KM #8514
T AT R IR SR 24 h R GEi COCs iU,
BARBANE 3 NEE .

(a) AZLBBEAA L
(a) A grade yak COCs

(b) B L4
(b) B grade yak COCs

E1 1R EERHES COCs
Fig. 1 Different grades of yak COCs

1.3 SNEHMRFAERSIT

BE3: 24 h B9 COCs Bt A 0. 1% i W 5 2 i
v, R BN BT R AR AT RIS AR O0 . ZE IR AR T
R A B8 — B AR HE L 15 0 5 7 B0 B 40 2 5 R JF
e 1534 O BRI AR M IR A 3 IR
1.4 E RNAEIHERESR

B 4L COCs JH PBS 59 3 k. 42

B RNA £ 18 Trizol™ Reagent ik 5] & 10801 H 17,
Hem A 10 pL # 82 Bh Ui 5 (Bioteke, RT2001),
JH Thermo 22 ] ) NanoDrop 2000 # & 43 Y66
THAE W RNA ¥ BE F1 46 B (ODugo i/ ODsgg e =
1.8~2.0),—80 CLRAE,

MR AE 5 ¥ 5% i 7 & Reverse Transcriptase kit
(Zomanbio, ZR102) 3 B # 17 mRNA JZ # % 4 i
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cDNA, BAREAE QT « SO sk Ak 200 20 pL 729K |
A AEB ORI R RNA 2 uL RT Enzyme Mix
3 pL. RT Reaction Mix 7 pl. | RNase-Free ddH,O
8 pls N 251F K 45 °C 50 min,72 ‘C 15 min,cDNA
—20 CHRAFE .
1.5 Real-time PCR # il mRNA & i%x

M GenBank Hfs 4= FE 192 % 7505 & 1
Primer premier 5. 0 A& 3L K 519 (% 1, i i
FEE BN ARAGRA A G519 . ] SYBR & &7

7 (CTAKARA , A2280R) K6 i 38 X e ik . 2 i A4
%4 20.0 pL:SYBR Premix Ex Taq 11 10.0 pL, [ {if
AR U519 (10 pmol/L) 4% 0. 8 pL,cDNAL. 0 pL,
ddH,O 7.4 pL. §H5A4F:95 CHAENE 30 5,95 C
S s iR KIRE 30 5,72 CHEA 5 s, 3k 40 M
W i i th Ze SR B2 55~95°C, &4 cDNA #
rn B A2 3 U O 3l o v i th Ze 43 B 0 2 RT-PCR
YRR, U RER Bactin AN S, AR
2700 mRNA Rk,

% 1 Real-time PCR 3| &

Information of primers used in Real-time PCR

Table 1
HH F51 (5—3")
Gene Sequence (5—3")

Bk /C

Temperature

PCR 4 /bp 2% 75

Product length  NCBI reference sequence

Pactin F:CCAACTGGGACGACATGGA
R:GTCTCGAACATGATCTGGGTCAT

Smad 4 F: TACCAGAACAAAGGAGTATCGTT
R: CGGTAAGATATTAGCTGGAGTGAC

HAS 2 F. ACACAGACAGGCTGAGGACAACTT
R: AAGCAGCTGTGATTCCAAGGAGGA

PTGS 2 F: AAGCCTAGCACTTTCGGTGGAGAA
R: TCCAGAGTGGGAAGAGCTTGCATT

PTX 3 F. CCTCAGCTATCGGTCCATAA
R: ATTGAAGCCTGTGAGGTCTGC

60 148 NM_173979. 3
60 209 NM_001076209. 1
60 133 NM_174079. 2
60 168 NM_174445.2
58 296 NM_001076259. 2

1.6 HBBHHF

K H SPSS 19. 0 #4434  One-way ANOVA
X B R I I mRNA ik b 1745 Ab Hi 4 [|] 24 5%
A, W ME R S P<T0. 05 B P<<0. 01,1k
55 45 1 BOPE ¥ R F ¥ + FR fE 22 (Mean £ SD)
TR .

2 HRESH

2.1 GDF-9 Xt 4% 4 UP £ 40 B fa 50 RS 24 0 %2 M

DA 3% W R 3 Bl 85 3% T, 43 S 0,200,
400,600 ng/mL GDF-9 ¥ 24 h J5 . H42 B = 40 i
PO EE (L 2Ca)) TS — B AR HE % B0 (T 2(b)) s
GEiTOnREAN M R S IR LK 2, ST R RS
X B2 AR HO S IAS [R) 4R B ) GDF-9 25 532 AN I 3% (P>
0.05),

2.2 Smad 4 EE mRNA BIRIESH

1 GDF-9 {5 5 18 % 1 » Smads & F & #1755 1%
FRMMAZRNFE A B Z R Smad H H
(Recepter Activated Smad, R-Smad) # ## i1 8% 32 14K #5
M2 Ak SR 55 Smadd 45 G I8 WU IR E R & 1k i
A AAZ AT 45 A SE B 2k I Smad 4
1E GDF-9 {5 5% Sl #E vl 2 X MR HT . DRI )
JH Real-time PCR # M A [6) 4¢ J&F GDF-9 43 COCs Ji5
Smad 4 mRNA FKikKF-. 3 ATHL Smad 4 A
mRNA 75 COCs i) 2 3k & i 45 78 iU 72 W
AT e B2 GDF-9 5 F Th i 3, Hoopoi 50 IV 24 /Y
Smad 4 FEPR ik 25 T HAL KR4 (P<<0. 05) 5
RIS ML Smad 4 FEP mRNA Fik & B 2% & Tk
B TIEH A B2 (P <<0.05) 5 3% 56 [T 4 A X 18 2 1y
Smad 4 FH mRNA £ikEERALEFH(P>0.05),
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(b) HEHEE—AR AR COCs (a: S — AR

(a) Cumulus cell proliferation situation  (b) The first polar body discharge situation(a,the first polar body)

(a) BN =3 HLAYCOCs

B2 OREH EME—REHEHNES COCs
Fig. 2 First polar body discharge and cumulus diffusion of yak COCs

F 2 BUAAE IR RN GDF-9 X 4E A P £ 40 A AY B ER MO 5 T

Table 2 Effects of GDF-9 in mature culture medium on the maturation rate of yak COCs

25 53] #e E / (ng/ml) B L) 2 i % LKL B/ %

Group Concentration No. of oocytes No. of maturations Maturation rate
1 0 108 86 79.62+2.14 a
I 200 102 82 80.39+1.72 a
I 400 109 88 80.73+1.86 a
v 600 114 93 81.57+1.54 a

T« N [ B 2 7 2 [A) A 25 57 1B 35 (P<C0. 05) , A 7] 5 B 3 7 4 ) i 22 7 AN .35 (P>>0..05) . F ).,
Note: Different letters mean significant differences among the groups (P <C0. 05); Same letters mean no

differences among the groups (P>>0.05). The same below.

-

Smad 4 mRNAFTAHE
Smad 4 mRNA expression level
o

S © © ©

(=]

8]

c
b
2t a
a
9t
.6
I I I v

2H 51 Group

I %I 2H 5 11 :200 ng/mL; Il :400 ng/mL; [V :600 ng/mlL.,
TR,
I: Control;1[:200 ng/mL;[ll:400 ng/mL;[V:600 ng/ml. The
same below.
3 A EKE GDF-9 43IE T4 4 COCs H
Smad 4 EERIEE
Fig. 3 Expression of Smad 4 mRNA in yak COCs

treated with different concentrations of GDF-9

2.3 PIX 3.PTGS 2 #1 HAS 2 EE mRNA B)RE S

HAS 2% [ PTX 39l PTGS 25" 4 Jy
ey AR IC L B B e B AR OF B 9 R T hg
BAEEEM, B A A Real-time PCR £ I A 7]
W ¥ GDF-9 4b¥ COCs J5 9" B3 (HAS 2. PTX
3.PTGS 2)FKiE K- 4.8 5 FE 6), i 4 0]
RIS VA HAS 2 3£ mRNA Rk & B & &
Flue MAH MM IR (P<<0. 05, 5l M 4H 2 5
AN (P>0.05) ;30585 I 21 X 58 11 41 At il 41 4%
M) HAS 2 3£ mRNA ik 25 78 3 (P>
0.05), MK 5 A, 5w VA PTGS 2 3 KA
mRNA K5 & fom, B35 & T HA K H (P<
0.05) ;3K 56 [l 41 30 5 11 4 Fn X BE 41 4% 4 8] 9
PTGS 2 2 mRNA £k g 25 K5 F (P>
0.05, & 6 af A, X5 VA PTX 3 M
mRNA Rk it & & Tl g 11 40 fx B dl (P <<
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0.0, 5B MAHAER AR E(P>0.05) ;5% [
AR5 I H X WA Hm A PTX 3 KW
mRNA FrEEZFAEE (P>0.05),

b
L ab
. a I I l
1 Il I v

2H 51| Group

HAS 2mRNAZIA
HAS2 mRNA expression level
o =3 —_ —
o o v

e
w

]

B 4 T [ERE GDF-9 &I T4 4 COCs
HAS 2 E[H mRNA Rix £
Fig.4 Expression of HAS 2 mRNA in yak COCs

treated with different concentrations of GDF-9

1l

QH 5| Group

PTX 3 mRNAZ&kHE
= . =]
\O N )]

PTX 3 mRNA expression level
=)
>

e
W

I
=}

5 ARERE GDF-9 & E T4 4 COCs H
PTX 3 B F mRNA Rz &
Fig.5 Expression of PTX 3 mRNA in yak COCs

treated with different concentrations of GDF-9

b
a a i l
I I I I\

2H 31| Group

— —
N W
T 1

=]
Nl

PTGS 2 mRNA#5K4E
=)
(98]

PTGS2 mRNA expression level
=)
>

I
o

B 6 AERE GDF-9 48 T4 4 COCs H
PTGS 2 EFH mRNA Rik £
Fig. 6 Expression of PTGS 2 mRNA in yak COCs

treated with different concentrations of GDF-9

3 4t it
3.1 GDF-9 X 4% 4 5P £ 40 B 4 5b B B4 A 2 T

ALK N FEM AL S o0 B 4 i R B i R A
AEEAYEERS Y HEAR AT EA R
WE A s % . GDF-9 J& TGF-B # % % i
RZ— WA Yk T A CEERY,
GDF-9 5[ mRNA 71 F1 50 9 51 5 (%) 59 £k 28 g o
FEIRI X I A O R A A A K b B
PFEAE . GDE-9 X 0y 2 K o f A ] 3R
TR RTURE 240 B L B J6L 58 4 L A2 B B B BE 20 B Y AR
AN MR b & B GDF-9 7E 45 2 L 1L 2 5
MWEBMEA GBI AH FRE . BF5E LB GDF-9
P mRNA e 25 B9 -RE 20 i L 30Kz 40 LB ST
BV R HTEI R i R A R . AR
W5 S B0 BE A0 AR B X ORI & B R A SR A
HEAEH L GDE-9 J& 5 2 1 5 &) 41 i 05 M 28 K T

— o FE/NEAIE BB ST R B, B AR GDE-9
A G R AR RN R SR AR A COCs R Ak
B et B doin AN GDF-9 % 11, & B in GDF-9
1) B9 B 41 AR 2GR % A 38 B 48 = AR (P>>0. 05),
e WA GDF-9 W] BB AN i B3 AE 1 748 4 09 Bk 40
i B9 BT 2 38 3k GDF-9 {3 538 8% 4 J1 T 51 /=41
i 7= A O
3.2 GDF-9 34 4 COCs 1 Smad 4 £ F mRNA
) R 3E %M

1€ TGF-B {5 53 %+, Smads & H IR W15 5 1%
SEMMEZANFEA. 5T LI Fizls)
Y Smads K [, f4 55 R-Smad. #ill ffi] £ Smad &
F27 Ll A TR Smad 2 Y, Hd Smad4 J2
AR5 P Smads 8 1. G 5SS R D, R
Smad F SEHEEE 0 Z AR RR AL, SR 5 5 Smad4 45
G S PR B A A A%, DT 9 Y I
My FE ", GDF9 {55 A TGFRfF %
T8 B Y M RVERAE T, Smad 4 AE GDF-9 {5 516 %
o AR R E A AR . AR B SR R B Smad 4
mRNA 357K FZE 400 ng/mL 445 % GDF-9
e T 5 BT # Hd 600 ng/mL GDF-9 4b 3
HH Smad 4 mRNA Fika s, v GDF-9 & 3%
P4 COCs W Smad 4 #:PH mRNA 36 35 7K, #fE )
HJFE R Ry GDF-9 38 22 25 & A6 N 32 1 1 300 {5 5 8
% S E COCs H1 Smad 4 1A mRNA FEik K
T
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3.3 GDFYXWMEH COCs IR EHXER
mRNA KR ik %M
GDF-9 &0 ey R HE N 7, £ FSH H W T
B IEl 46 % #5850 B b ) T A, Peng Al Gui
SN COCs & BLAM IR GDF-9 BB A2 ik b1
P RAMEILHF (HAS 2. PTX 3.PTGS 2)mRNA
3K 17 H. Sugiura 21 58 % B GDF-9 fig 5 M4
AL PME AR AR E /N BB 40 M A B, LIN 260
1E4% COCs & B4R B9 GDF-9 #] ¢ ¥k HAS 2,
PTX 3,PTGS 2 % bp 9" & AH 5 £ Il mRNA £
1% . Varnosfaderani 21 £ 2 COCs W & BLAMNE 1Y
GDF-9 AJ {2 #k 5} Fe 4 e A G KL PTX 3 fl PTGS
2 mRNA %35, AR5 LM 10 pg/mL FSH
T,COCs H1 B8 Fe 4" e AH I (HAS 2. PTX 3,
PTGS 2) mRNA FKikK ¥ i#E GDF-9 ¥k BT+ 5
2 BT B, Kb 600 ng/ml GDF-9 4k B 4H 1y
PTX 3 mRNA 33k & £ ;600 ng/mL GDF-9 4k
PR HAS 2. PTGS 2 mRNA ik EHE., %51
Ui GDF-9 §E i 2 52 ma B) b4 J 4 OC B [ (HAS
2.PTX 3, PTGS 2)mRNA ik, I 5 7 B M1

U I

FEFEAR O Fr O B 40 M 44 S5 55 5% o 2 e s o
200,400,600 ng/mlL f GDF-9 X4 4= 5 £ 41 Jid %,
BREA W AR S RO SR, GDE-9 A] I 35 48
HAF 58 I T F Smad 4 B DL KO0 08"
JEAH I (HAS 2. PTX 3.PTGS 2)mRNA 3
ik, JF 5 B0 S AR R A B2 28 GDE-9 X 48 4 44 b
B # b N ey A 1R L AR A AL AT AR S
I Smad {7538 A ¢ A 1F T#E— L5
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