W 2%& Chinese Journal of Zoology 2015, 50(2): 176 ~ 184

Z BetEFe XA OCT4 1 SOX2
FERINRE /DR 2-91 ik i
rIRIES e

MEAL TRl xER TEE TiER

WEL RS LBV B2 R P BR B A A SRR FEAIERR 010070

WE: MR Z BT OCT4 Al SOX2 7ERMI/MR (Mus musculus) 2-41 B NiG & & idfE b 5
2- 2 0 JVRJHER BELS S A RAR D, ANBIF S, FH S5 R 20 16 5 B PCR ARSI T /N B O REAR i S 7E M16 5 5%
WP RS IR IOAN R B W B SR SZ RS IR Octd R Sox2 FERI 1L, FHAI I SEi9¢ 65 i PCR ML 96
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Abstract: The key scientific problem: the pluripotency transcription factors OCT4 and SOX2 are related to
2-cell block, which usually occurs in mouse (Mus musculus) embryos cultured in vitro. The main research
methods: the expression of Oct4 and Sox2 was detected by real-time quantitative PCR in oocytes and
embryos which were cultured in M16 medium. Meanwhile, the expression and localization of OCT4 and
SOX2 were compared among 2-cell stage embryos, 2-cell arrested embryos and 4-cell stage embryos by
real-time quantitative PCR and immunofluorescence analysis. Statistical analyses of real-time quantitative
PCR results were conducted using an analysis of variance (ANOVA), and a difference of P < 0.05 was
considered significant. The research results: 24.8% of 2-cell embryos reached the 4-cell stage, and 75.2% of
2-cell embryos were blocked (Fig. 1). Oct4 and Sox2 were expressed throughout MII oocytes, pronuclear
zygotes, 2-cell embryos, 4-cell embryos, morulae and blastocysts (Fig. 2a, b). Oct4 was expressed higher in
4-cell embryos than in 2-cell embryos and 2-cell arrested embryos (Fig. 2¢) (P < 0.05). Sox2 was expressed
higher in 2-cell embryos than in 4-cell embryos and 2-cell arrested embryos (P < 0.05), but there was no
significant difference between 4-cell embryos and 2-cell arrested embryos (Fig. 2d) (P < 0.05). OCT4 was
co-localized with chromatin in 2-cell and 4-cell nuclei, while diffused in cytoplasm instead of in nuclei in
2-cell arrested embryos (Fig. 3a). SOX2 was co-localized with chromatin in all groups (Fig. 3b). The research
conclusion: the expression and localization of OCT4 and SOX2 is related to 2-cell block in mouse embryos.
The stable expression of maternal SOX2 plays an important role during zygotic genome activation (ZGA).
The abnormal localization of maternal OCT4 may affect the activation of ZGA-related genes; moreover, the
expression of zygotic Oct4 may impact embryo development after ZGA.

Key words: Mouse embryo; Zygotic genome activation (ZGA); 2-cell block; Octamer-binding transcription
factor 4 (OCT4); Sex determining region Y box protein 2 (SOX2)
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W L AN 2K Jo 6 1R 3 R B 3 EEAOR
T ONBEAH i i s B vh 6 A7 K BEJEYE mRNA
R A0, BiEREETE mRNA F1EE (0 FE
SRR, IRk K B I AERFHOST& 1 L X
213G (zygotic genome activation, ZGA) J&
(R4, B 58 1 BRI Y 48 1) 5 1 B R 48
[f)%4% (Evsikov et al. 2009, Shin et al. 2010),
WG 40 M 3R A5 K & 14 RetE .

A TINABE (ZGA) XTI I IE W &
BRKEZE, EAFEMENWIAY, ZGA K
ERETE A FTASE, /N (Mus musculus) &
THREIAAE 1-4IMRIG I S/G2 e i) th I
SRR, 11T A 53 (1) 2 Ve R AR A 2-440 RV Ji 1)
G2 1, 4 (Oryctolagus cuniculus) ) ZGA &
475 8 ~ 16-Z0fH, #% (Sus domesticus) [1)
ZGA MIKAT 4-40 i B, 1fi“f: (Bos taurus)
) ZGA RELE 8 ~ 16-4IMIETBE (Li et al.

2013). WSTRE, ZGA 2R EdE kRS
BEE B E SN, ZGA 2 I 0] 5 Ak 4R 52 K
JWR I & B BEL A (1 T[] 5 5 — 300K . H M6 5%
] LR IR LR AR IR AL RN R RGOS, R
GR T WASIET 2-g M, B AR “2-40
BHYE” (Goddard et al. 1983), /INEUEHG 2-41
BELE (A LB AT AT

WREI, & FREEARE (ZGA) g
ZARRJRR Y, b 25 ZGA R
%4 Mater, Padi6. Zarl. Npm2, Atgs.
Ago2, Zagl. Zarll. Oct4 Fll Sox2 %%, IXLEJt
DRI 9 A 2 11 U PR ik 2K 3 UV it i B RHLAFAE B9 24
B B, 3K 5 TRk R A ZGA AR 45 R —
1 (Lietal. 2013), 3K F OCT4 fil SOX2
TE VR JiE 2 i 5 DRI 42 1 28 vh R4 F iz
WEIT . Jear TSR, 755t 54 (Danio rerio)
F MG & B I RE 9, Nanog. Oct4 il SoxB1
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REM R A TR AL B R 4, XL REIA
THBEHER OS5 WG K E SRR &
ik, MR —BG IR A5k, Nanog. Oct4
Al SoxB1 HIHLKFE ZGA ZBLFIK & B
(Lee etal. 2013). OCT4 AJ LLLEA T-FE K41 #%
KRG BIPERI R A, HAb T ZGA
W P2 A O B, A 2 Be R AT ZGA
PSR L (Leichsenring et al. 2013).

e/ TTRIG K &R, OCT4 Hi
SOX2 MIVEHIEAARTE 2 o SEHT IR,
OCT4 7] LA™ 2-41 L S5 A 1) 221k (Foygel et
al. 2008), [FIIZHEMH T Oct4. Sall4 F1 Nanog
PSS e AN EA TS SIERRE WA
HIEIEH AT (Tan et al. 2013), Ff5 Sox2 —
A B o FE VR 15 2R (1) i B (Keramari et al. 2010,
Frum et al. 2013). Sox2 fEAZ K500, BRZ4ER. P
MMM, AT AT R, Sox2 o X AR
M IEEA R B AN ERe )1, fERKE 6.5d
JGHET (Avilion et al. 2003). 7E 2-Z1 i i
Sox2, I IEAS gt Z MR Bt (Keramari et al.
2010),

AW IS LA BN B AN 2 RS IR iR TR
M16 F5 IR T AR R B B Octd 1 Sox2 J: Al
RIS, LR LER /NG 2-gl e . 2-40 g BH
JEFN 4-41 SR OCT4 Al SOX2 IR IE 5 AT,
B EAR I 2 Be PR % R F- OCT4 Fl SOX2 X /)
BV IR K2 7 L 1 5

1 MRS5S

11 EREY

W R /INEMEYE 4 ~ 5 FWE . HEbE 8 S,
M 52t RS sy gt st O
I 14 h, 6:00 ~20:00 i £HF 10 h, 20:00 ~ 5
H 6:00 I8 4 M E TR, MR TR,
1.2 SERREA

FFAL A Sigma 7] 2% i D-PBS
(Hyclone); RNAiso Reagent (TaKaRa); Jx#%
SKAAFL (TaKaRa); SERE . PCR A&
(TaKaRa); M16 ¥:F#¥ (Sigma); 221G

U # (pregnant mare serum gonadotropin ,
PMSG). ANZE BB B 3 (human chorionic
gonadotropin, hCG) (T —IZ] ); SOX2
Jifk (Millipore); OCT4 Jifk (SanTa); FITC
Fric 9Pk 1gG (Invitrogen ).
1.3 /)R HEA K 5P REAH FRT R iR (R 3R 75
1.31 MITASN R AR ERAG e R s ok i
S) PMSG 48 h J&i, FHASS hCG, 714 hCG 14 ~
16 h Ji5, SMEMLFIALSE/ N, 377 I s B o
EIRHS, BT MEM-PVP AMEIER T, I
FHRABFECRE I R, B9 e O BEGH i 525 44
SEATH M . K90 B0 BRI A R E T
MEM-PVP Hik (132 W] TR i vh, - 38 i Y I
A, FEVEER, B MI6 BRI, 37°C.
5% CO, B - 30 min, R TYic4E.,
1.32 RAMZIEHRIGHIERAG  SUHE 4k st
MR, FHEFBRIOR 7, BT 3kaewt, 37C.
5% CO, Wi FRMIME 1.5~2.0he )5, FMEM
FAALBUREE B, F7 7 I s B B9 A R 3, IR
RSN B, K B9 09 BE4H i 525 44
TG, IO & L. 37°CL 5% CO,
BFAA SR 6 h 5 R LF Y M6
o BRI N IO S R A 1R
(pronuclear stage, PN 1) 4ififd. 2-4ififd. 4-
MR SEUEFIZENS, T4 RNA B
SRR
14 SEMNRIEEER PCR

A SERICAR /N RAS R AR i 44 100 A4
fit H RNA $2HUBL 7 & RNA isolation kit
(TaKaRa) Z [P RNA, Z 5%
F s i 5 ) &5 PrimeScript RT reagent Kit
(TaKaRa) #58 cDNA, 2RJ55r75EH Octd
M Sox2 HrFYET M HEAT SYBR® Premix Ex
TaqTM I (TaKaRa) %)% 5 PCR, LA Gapdh
HWSIER (R Do RSEEAEH PP IEE T
PCR, M MNid#ENh 95 CHiAETE 30 s; 95°CAR
PES sv 60°CIE-K 31 s, ¥4 40 NMEIF. A
FEA 3 ASPAT, WHBAREENN 1, THEH
I 03 DR 650 B AL P ik
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1.5 SRBERGERMER

JEIRZ PBS (£7 3% BSA) 5%k 3 5,
1EZ AN A 1% PFA F110.2% TritonX-100
[ PBS [RII [ 2 FZ2 &AL BE 1 h, FFE A PBS
(% 3% BSA)H 4 Cil s H PBS( 3% BSA)
VG 6 UK, BHK S min, B T H PBS(#% 3% BSA)
PR (9% OCT4 Fl SOX2 — 4, 4CiF & it
K HM PBS (% 0.3% BSA) WSUENRIE 6
K, BEK S min, #HTH PBS (7 0.3% BSA)
PRI 9¢ 6 — P i 1gG (H+ L) (1 © 1000,
Invitrogen) ', i ALHE 1 h; ] PBS (% 0.3%
BSA) JHUE 6 ¥k, HHK 5 min, ZJ5H DAPI
(2.5 pg/mb) F Y% 20 min; ekl A, B
FeHRAE W B WL AN, . [
I 26 —HUARE —PufE 0 .
1.6 ST

RSB b EE 3 IR, KH ANOVA
FI Student's t-test X} S5 FT 15 B B 3E4T 53 #7 S
P <0.05 0 B B ErER.

2 R

2.1 /NRIERG 2-40 MR B PEA AL 22

1E M16 B2 724, B/ RIRHR
PRAINZRE BN 2-4H B IR A 22 4-40 B AR B L 30
THEMEEHMINS . G0N, AR
T 3] 2-41 VR 1 4-20 J VR (4 I 1] 43 51 A 5%
K5I 20 ~ 22 h F1 37 ~ 38 ho SZH& 24 h 4t
[ 2-41 B R LA 24.8%7E 48 h )5 K B 1k 4-41 i
B, 752%I1) 2-4N MRk A= T B AR, TERKT 2-
A BRI (B D

2.2 Oct4 1 Sox2 ZEFTEMEN AT & B HHRE

SCE I ML IO BEAR L. JsURz i, 2-40
MR 4-4H . MR, BIE% 100 M, K
FH52i 52 & PCR Kl Oct4 F1 Sox2 ) mRNA
{1215, Oct4 K] mRNA 7£ M II 3 5040 i .
JEAZ IR 2-gi ik AR e Rk, Hf Bk
ZE5E, TAE 4-40 IR Octd ) mRNA gk,
HHABHA R B E R, 2R ET
MBI B W2 N, 5 4-giAi b R 2
FVEZESE . Sox2 [ mRNA 7E R e ik B
BEET MO RGN )R8 &, 2-4i ik
PFRIAE R E AT R R IA &, M 4-41
MUE TG R IR S IR, 5 2-41 A R i
FHEC A W2, 5 ML IIOERE4 A L
BHZER (H2),
2.3 Oct4 F1 Sox2 ZEFTE 2-41fufik. 2-4 fake
Fi R 4-40 i R 2R 0A

ARSI AE SR 24 h O 2-41 B 100 44,
48 h J5 W AR 2- 4 i BELYAT JR R 4-40 25 100 A%
RS € it PCR AL Oct4 F1 Sox2mRNA (1)
FILTE WL 4- AR Octd FIA/KF- 53 T
2-4H Jfa R R 2- 40 i BH ¥ IR 1) R A8 7K SF . Octd
mRNA 7 2-41 ik o i 08 i 2 2 v 1 2- 40
BHME IR £k . Sox2 () mRNA 78 2-Zi il
J b Rk 1 S8 2 v T 240 i BELY SR 4-4
R (2 IA L T 2-40 i PR R R 4-40 B i
ZEaEEEER (K 2.

F®1 TRREER PCR 55

Table 1 The primer sequence of real-time PCR

HEK A AK JIFE s -3 PR (bp)
Gene name Primers sequence 5’ - 3’ Product length
Oct4 F CAGACCACCATCTGTCGCTTC

Oct4 R CTCACACGGTTCTCAATGCTAGTTC 15

Sox2 F GTCAGCGCCCTGCAGTACAA

Sox2 R GCGAGTAGGACATGCTGTAGGTG »
Gapdh F TGACGTGCCGCCTGGAGAAA

Gapdh R

119

AGTGTAGCCCAAGATGCCCTTCAG
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Fig.1 The number and morphology of mouse embryos cultured in M16 medium
a. M16 J R 2 RGO IR B Bl b RSN FE 24 bR 48 h JEIEIAIIEAS . AR R =100 pm.

a. The development of mouse embryos cultured in M16 medium; b. The morphology of mouse embryos cultured in vitro after 24 h and 48 h. Bar =

100 pm.

2.4 OCT4 1 SOX2 7E 2-Z1fafk . 2-41 ffaRE #
JRFN A-4H Ha i b 5 7 IR 8%

N 2-A iR, OCT4 S5#%3t e,
MAE 4-Z0 MR, OCT4 7 4 M A% 0 40 i ) o
AT, HKES> OCT4 Ehi T4k
75 2-ZH M BE AR, OCT4 NS ER, 1
SESREUAEAE T AN s, B efs 5485,
TE/NER 2-4NfRE T, SOX2 SEA T4l . 2-
R SOX2 T EAFLE T4 A%, 4-40 it
HSOX2 R 54l iusz e, H SOX2 [
JERREAR R . 7E 2-4IMUBH AR, SOX2 i
Sgster, i e S 4-40 AL

(K3,

3 g

SR REF, ANR 120 B ARG AE B4 T
PN RE R 2-20 MR B, e, BREE mRNA
JUT5E A BEMR, &7 ALNLE 1-40 I it i
SR 240 VG T BB O, 58 BRI
B AT IREERMERE (Minami et al.
2007), BRIk, 2-40 B BOZ /N BURIE R K

ARORBE . ek, Bl R 1)k AL
R EARTEF AN, RN CEEs
T BPEE (ZGA) R RGN T %
TRy 7L 2 ) 4 5 DR A 2 DR 3R i e 2-4M i
IR S ik I 3 38 1 5 TR 2 55 A% BB AR 1R 5 1l R 4.
2%, UISE R . RNA AR s 5
it FE (Zeng et al. 2004, 2005).

OCT4 1 SOX2 7/ i 141 i i K PRl ik
PR EEEEEA, W AR Y Octd
Sox2 K AH I s DR - 1R DR i) DL 3 A4 4 i
T BE T 41 0 (Chen et al. 2008, Yamanaka
2009), OCT4 Fl SOX2 %5 GEH T AMUAE IR G
T4 A5 5 2 Re 1 T 40 e b B B AE
o AR HT G & B IR I 4 A2 AN ] Bl
HfK) (Vassena et al. 2011) . 7EHESAHLE L,
REE R )& R A2 5755 2 fe k40
JHL PR 40 i TR 2 FR A AV 2 AH L2 b (Giraldez
2010).Oct4 FlI Sox2 2 55 4 iy F WL 15t A% T i P
TR i e S e 0 IR0 16 1 5 st A& B iR
AR A AR B 1] —2) (Jiang et al. 2013, Potok et
al. 2013), A, SUPIRRNG & 7 F BT 1 RE
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Fig. 2 The expression of Oct4 and Sox2 gene at different developmental stages

a. Oct4 JELKITE G BEAN B ATIE NG 42 7 4% I IR 3% 5 b. Sox2 JEKI7E BN REAHMUFIIR AR A 77 % IR A s ¢. Octd JEIAITE 2-40 M . 2-4f i fH
AT 4-Z BRI d. Sox2 FEIAFE 2-AHMIR . 240 BN 4-A0 IR b R L s AR REROR B EEE R (P<0.05).

a. The expression of Oct4 in M1l oocytes and all stages of embryo development; b. The expression of Sox2 in MII oocytes and all stages of
embryo development; c. The expression of Oct4 in 2-cell stage embryos, 2-cell arrested embryos and 4-cell stage embryos; d. The expression of
Sox2 in 2-cell stage embryos, 2-cell arrested embryos and 4-cell stage embryos. Treatments with different letters were significantly different (P <
0.05).
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Fig. 3 The expression and localization of OCT4 and SOX2 in 2-cell stage embryos, 2-cell arrested

embryos and 4-cell stage embryos
a. WOLIIRA BAEBT 0T OCTA 76 2-4 e 2-40 I BELA R 4-4i IR v (04 5 58 A7 b WO IR A BABE 4 BT SOX2 7 2-41 i Jik
2-4 PRI AR AN 4-4 IR (R ZRIE 55 . SRR IR OCT4 I SOX2, R /RI % DNA. F5 =50 um.

a. The expression and localization of OCT4 in 2-cell stage embryos, 2-cell arrested embryos and 4-cell stage embryos was analyzed by confocal

microscopy; b. The expression and localization of SOX2 in 2-cell stage embryos, 2-cell arrested embryos and 4-cell stage embryos was analyzed

by confocal microscopy. Green, OCT4, SOX2; Blue, DNA; Merged, overlapping of green and blue. Bar = 50 pm.

NERUBHREW S RAG — M LR, 1
AWFFEH, Octd Fl Sox2 78 /) B UNEF 41 o A ik
kB W& NI BAA KL, SEE R
(Henderson et al. 2014). ‘> (Kurosaka et al.
2004). ¥ (Xing et al. 2009) FLHAJRIA BT
—3, ULHIREEYE Oct4 1 Sox2 X 4 HL IR
NATIED R IE, FEr AR 2T I 2 et s
HAEZEH,

Wi B SR BRAE 75 2 Octd N2, fik
Oct4 J5 738 ZGA R BB, [FlH) Oct4
VB Ay TV Ji 256 R A sy 1 42 0 8% PR A o TR 8 TR
WAL 2-20 TG I B I BER RIE - (Foygel
etal. 2008). AL, A+ Octd mRNA 7t
4-40 I T AR IK, Octd 1635 /KFA4E ZGA
Ja I, 2 JEREE KB P T, Octd Kik
KR, 52 i) Octd ik K TR IR
SER—F (Yeom et al. 1996). FEASZIGF, 52
K 48 h G AR 4-41 Ui Octd mRNA 7K

T AH R TR 1) 2-400 PR B 4 S TR K-, 2-
PR &1 Octd mRNA #4538 %A ik
W, 1 4-A0 R F 57 Octd mRNA Fosg i
i, DMERF G AR AT . Bk, Octd (3£
AT ZGA Z R IR E &AW, 1E 2-
MRS OCT4 @i T4l iut%, 4-40 Mk
OCT4 {E4H B A% Fn 4l i it = #8546 2 7, Palmieri
55 (1994) X OCT4 7/ U F I IG & B i 72
Hh L R IR AR AT TS, AR IR
EANRIERGT, OCT4 1748 T R 8 & BB
Mz, AR S R HARE — 3. i
T 2-4H MuBHAE R, OCT4 WREEAE T4l M J5i
HAS&ILEa, R B HG T
OCT4 HEEIER 454, I T ZGA, %
FIATIT N 53 FH 285 4 b B0 i A HG BELYRF A2 2-40 i
BB, KL OCT4 AS#ILEls, R T
AT (Chu et al. 2013). ABFFTHN, £F
U5 OCT4 A% e A U0 T ZGA 2Bk, H
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TERIc A Tt — 2.

X SOX2 Kk, AWFFTRIT Sox2 mRNA
(ZIRBEALSZRG G TF ARG N, A5 2-40 i Ik 2]
WA, Z ARG KRBT Sox2 KIAKTTF
B, TEFEIRIT B Sox2 FIA /KT B /Mg BE 1 |
T, Sox2 RIEKPAEMIG K E Ak f v 31
R T A 1 Pan 55 (2011) #F0E
7N, SOX2 mRNA 7EFENEBY B A tH B K~ &
ko GRA—ZW RV REE BT RNA BT
i IRt Hdl b AR R G R I,
Kk, Sox2 7Efifi K Bk B ) mRNA ik
KIS FERAN o BeAh, PRIMSEIGURSE, Koy
ARG T 20 S AR i i e b4 Sox2 &
18, HRIEACPBEAN R 461 i (Yuan et al.
1995).

FEARSZ F, SZ2H5 5 24 h AR 2-40 ik
Sox2 mRNA 7KV 152K 48 h JG M 2-41
¥t BEL s JV AT 40 VS b PR K TS P T
B ES, BN 2-41 R IRRE A K i T
BEJE Sox2 mRNA — HAEME, AT Sox2
mRNA [ 5% 27t /N T REJE Sox2 mRNA )
FiLF . 1F 2-AAIEA 4-A0 ik, SOX2 &
frT 4%, 5 Avilion 25 (2003) % SOX2
7E/ RIS e B e v A 308 e v X
IBFIT— 5 Jemrrarse &), &Ik Sox2
SEURIG K BT 2- i, il RiA
Oct4. c-Myc Fll KIf4 %F 2-41 it & & 2] 4-41 1)
BE ) AT M o 1L 20k Sox2 fili 4 Fk R 21 #E5 /K
SRR T 20 15% , [r) it S 25440 T 2-40 i ik
GBI IE (Pan et al. 2011). T4 Sox2
R IR R A 2-41 B (Keramari et al.
2010) MIAFTASEE: K, BRER SOX2 %%
¥ 3ehn, mHA m gL R . K
I, BEJE SOX2 MR IEF A n] fE Xt T ik
G ZGA WA BA R EEE .

Z % X W
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