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Roles of SOX Transcription Factors on Fate Decision of Germ Cells
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(The State Key Laboratory of Cell Biology, Shanghai Key Laboratory of Molecular Andrology, Chinese Academy of Sciences Center
for Excellence in Molecular Cell Science, Institute of Biochemistry and Cell Biology, Chinese Academy of Sciences, University of
Chinese Academy of Sciences, Shanghai 200031, China)

Abstract SOX (SRY-related HMG-box) transcriptional factors have a feature of the HMG box DNA bind-
ing domain in protein sequences. So far 20 members of Sox genes were found since the find of the first gene of sex
determination, SRY. SOX transcriptional factors not only play widespread roles during embryo development, tissue
homeostat, neural tissue development, retinal development and bone formation, but also play important roles in
germ cell specification, differentiation and maturation. The find of SOX17 as a key regulator of embryo stem cells
differentiate into germ cells in vitro made the resolution of male infertility become possible. The study progress of
sox genes in germ cell development in the recent years will be introduced in this review.
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RIEFEISRY, B2 SOXHe 31 ik g o I o

| SOXERETRIEN S8 55 %

SOXHe 3% [H 7 X RSB 14 1 B3 AN /S OX L, T A2
SRYP,SRY J&sex determination region of Y chromo-
someJE AR o SRYFT4ufish )8 H %A 1 HMG box
DNAZE £ 45 #) 18, HMG(high-mobility group) boxF
HUBF# 3% F 7 W FRAEY . £ ANF/N R A, BFFEAN
ORI T — R BV EE AL BE D], 3 (A4 2 3
 AHMG box, Lovell-Badge%5 0 X &6 3 [K] 4y 44
NSRY(SRY-box)ZE K. 2 H §i A1k, KL T 21204
SOXZR I i) R 2%, 3l 3y F1 AL 40 7, 4 1% 24
Ry BA~HIEOAN AP, W1, BlE FATR B, SOX
R I D RE AL P 1, FEMIR K B #h
LTCRG BCE T R LL LM T A5 7 TH A R
W TRE.

2 SOXEFRREFHELEEMMGIZREF
HI{EH

2.1 SOXA: SRY

Sry e fe - R I H ME— € T EY Gt Ak | 1) Sox
BT, MM . RAE19594F Rl 2
FON e AR 7 N AT 20 b 0, Y S fk |
T7AE RERE Y s PR FO L A, 304F J5 IX NS R A 9l &
B, ST 104E 4 $k B Syt B 32 1 45 #E 3 K Sox 9.
A A TSy o FHLET R L 1B e 2 J5 [R] 2
SrydEHMGIX 31 J77 51 3% A B 2 14 Th e 45 1 35, )
Bl Z TGRSR, 17 HLAS RO Sry A K A% 5 S 0
B SEAME, 382 2 AEDNALE /) [ T AE . SRYZEDNA

g A R A AR R, AN TAERZE, B s Z 0 5 A
5 1) 2 M 2R R XSy )RR S PR PUAR, XS AF R
FAE TR K18 A4 4K 2 e 1 S 3L K00, Syt o]
RIFINREIVE? B Jo B3 7R Sry K AE D) BE IR [H) £
FIFH 55 G A Sry 1L FE R /N BRAR Y, R I AE R
511.00~11.25K Z [8] 15 ‘3 £ 1k Sry, T EHAEXX/) R
T B AL I R AE 1.5 K5 St ik, R
2> F PR Sox 9 ik /K F, H 2 AN B AEXX/I B A
P S8 L, UL AR I T Sy R TR (R I 0] 55 X
AN 1] AR J, 0 B M 1) vk 5 B2 B LR+ 20 K 1
MV 2. IR, SRY 5 28 [ B A A K (SF1) P [A]
PG Sox 91 3R 15, SOX9F i3t — L iGAmh. Pigds.
Chind )31k, 5l #ESertolidl HU 1434k, HH 404k ) Ser-
toliZH i 7 b — LG PR {2 52 AL () T B, SRY & i
1| B-cateinin I ZRIA K HNHI GU LK H » AT IX LE
WFFLEE G R TR RN S A, e anSry I RiAs 5%
ES [ / a R RV E e

2.2 SOXBI: SOX2#1S0X3

SOX21E Ny YamanakalX T~ 2 — 1 #F AN AT #4H,
R YT T 2 ISOXFE R . 15 NFIZINER 1, SOX2
Y135 ek, Hil 2 mSOXem o F e A
9NN, SOX2 R S5 EM145 & A4 Re R IEH I Th
. SOX2/E MG T4 R #0425 L P T 40
MR, EmRAE. HR. NEHERE. BRAE LSS
Y1 g F2H 2 R HE T RED 1,

AL T B A Sox 24F A5 FE 40 A HR AR S 7T
SOX21E N 531 4= 5 40 B A0 J5 A7 98 (52 AL 2F 5 41 M vk
T IR R AR A RIE, EKCFRAR, AN 5w A e
H 7T & &1Sox2. Blimpl. Prdml4. OctdF1AP2-y%5

R1 SOXHEHRETRIE
Table 1 SOX transcription factor family

SOX 43 SER BT R
SOX classification Domain characteristics
SOXA: Containing HMG domain only at N terminus

SOXBI: sOX1,ox2][sox3]
SOXB2: SOX14, SOX21
soxc: foxa]soxi1, soxi2
SOXD: SOX6, SOX13
soxE: oxslsoxs]sox10]
SOXF:[sox7[sox17] sox18
SOXG: SOX15

SOXH: FOX30

Containing HMG and tyanscriptional activation domains

Containing HMG and tyanscriptional repression domains

Containing HMG and tyanscriptional activation domains

Containing HMG and oiled-coil domains

Containing HMG, tyanscriptional activation and dimerization domains
Containing HMG and tyanscriptional activation domains

Containing HMG domain only at intermediate region

Containing HMG and oiled-coil domains

JiHERRIC: AR b AR IE R AT DIRERI R 01, FE114.

Square marks: the 11 reported proteins which have functions in germ cells.



P e 45 SOXHE S R 1 SN AE AL JE AR I i iz VR E P T 24 963

AN BHTE ALAIPGC R A R IE T RE . 4= S Pk
FrSox24x ‘T B IEELH; 1 5% A 1 R FRrSox 243 §
/N BRUVR IG F 41 il (primordial germ cell, PGC) 45 4k,,
HAEPGCHIF = k>, [H I AN HIPGCI 5. 1F
VRS> 22 10 B 4 B R Rk Sox 2, AN 23 50 BT R
FOFRRA R &, Wt B Sox 2%t T 51 1 A & 1 K
BARD TN Sox25& Bt 45 Kit. Zfpl48FIRifl
RAEVE R, H A Ktk PGCH A7 3% A4 5 + 4 8 22,
Zfp 148X Wi iy BAA B 40 ML 1) 1E 5 K B BT b 75, Rifl
FEPGCZ REPEMAFER 713, AW 5 4faE!, Sox2
78 NV JIG 7 240 B [ 4 28 B A6 5 400 i 7 1) 3R AT 434k
R A BB EH . ARG T 40 i
MR PRDM I 230 A= FE AN L ()9 g, b A 8 L [
HRIEKTo MR, I RIEPRDMI S NG T-41
Ji B FIHPGCH 238 1% K7 ik . PRDM172 3 i 411
HISOX2M e Fok RYEThRE M, 76 AN MERG 40 i Hh ik
RIESOX245: T EIERE T 40 1/ 40 22 5 171 o34k, BRI
SOX21E L FEA M 2 A= Aok b B B B L el

Sox37E /IN B AR 43 A0 (4 4% J5 41 it o 20k, i
Sox3 )&, KB R INERT RAE IR, 2R
/N, Bt SR R D E ST, DRAE, B, Sox3
XPRG T TR B 0 75 1Y, IX R4 AT e 2 8 Ngn 3
K SIS, R R R e e ) Oy X, RIS Rk
Sox2fe Fh RrSox Im B /1N B T K A= B A I R 2, it
Bl Sox2 1 Sox3 E A AL Zh RN, b4k, Sox3 /& i&
S e 0 AR SR XX A P A F B BB A, A5/ B
B Sox3, WA I R R A, it FRIASox 30, 1E
PR G o AR S TR XXIR /N BRAR N T A 52 0L 40 2307,
TEVE L AR XX 55 M0 N, R ILSOX3 3L K]
XA I T E A, R SOX3 A8 A G Je Mk e (44
SRXXA M T AL 9 R 0T
2.3 SOXC: SOX4

SOX4%E [ /7 %1 BIN-¥ii 4 HMG box, C-¥ij £
— NP G domain, A HISOX4EE R A T 65 4
Ak, /N Sox4FE R T 135 Y ik . Soxd) 25y
MAEDNRFEBEIE R, N ZANRERERETHY
Map 81, H 0 E A W T, Soxii Bk /N BRLE i
14.5 RIS FET0, e ah, SoxdfE /N EREEYE . BN A0
S2ALR K E R, 2017FE R R, 5
55 A= RUINBRUOM L, R RR SoxdJm, R AR 14.5 K 5 3 Y
SRR A ZHA — e RENR K, FHERR
(BREERHRAERNENEE WG 2. T

AT A RE W 1R R AR DR o 2, T e A T A
053 b marker (1) 22 K 6 3k 7K ¥ kAR T %, WNanos?2
F1Dnme31, [F W} 2 8 MEmarker & K] (1) 18 K F Fr
H v, tnCriptofl Nanog, iX 35 I Sox4 ] i i 4 K
A FE A L 2 REPOTR S TR B TR, A DR B AT] R 08 TR 40
o T 7 25 B IR B 7R SOX 4 1 45 45 B 13 52 ALk
14 587 4% o TESCOTT A KA ] 4 Jnll 1 7€ £ (K] Sox 9
(e 53¢, DR I Soxd A 1 ) e 2 2 s A | B

2.4 SOXD: SOXS5S

TEBE 5t HH SOXSREME 45 & Dmrt 1111 )3 31, 0
#ill Dmrt1(doublesex and mab-3-related transcription
factor 1)[J3K1%, SOXS5 0] Ggid it i 7T Dmrtl ()L K
S, 3 T 5 e R R ) e g P FE DN B SR AL
R SoxSFEE R 3R IK, Sox 31k 7K ¥ Bl % /) B
SRS T 3 NP, 75 T M (medaka) H, Dmrtl 3]
S, KA TE A B Y Gt dk b, XA D
FRAgdmrt1bY, &2 75 W v ) 2 2Vl g FE L 5
I Dldmrtlaf@ AL(E9 S Ge ik Lo Sox5RE AR
it dmre DY IE KV T 8 R BRSox5 T BPGC
B E >, BAERENE AR s, B IR0 S e A
B L dmrtIbY R IEAVE R . Sox5TE 4258 40 B & 2 %
PR 73 A e oy v AR O, (BN A
i AT AP
2.5 SOXE: SOX8. SOX9F1S0OX10

SOXEA ¥ 5 K 738 # 5 N KM — LK F IR
A5, WPERSFESE . SoxSTE 52 FL.Sertoligll g Hp i 57
PERIE, SoxSmil /N BRI A 2 2§20, 15 517
A5 A LD, B RIS, MEMEA B IR IR
IR o Sox8RLFR AR S 1RKS T KA, Ml Ja
THIRE 1R AR, BORS TREEE NI 52, (HK T123)
REJ1k S, SFEAFP. 2R IHEARMSox9
B PR, {HLE IR i 14.011 Sertolifl il 71, Sox9F1Sox8Tt]
AR RS2 AU R B o B, X MR R A
Al A2 SOX8i I 5 SF1— e 45 & B Ht B8 [IRE MR
(anti-Miillerian hormone, Amh)f] J& 2l ¥~ [X 35k, ¥ 7%
AmhZFIL S,

Sox 91 JySry#t K K 1) & B fe — /> B R
R, B WIBLK, BFFEN A — B AN FESry K 3%
Ty RE B AL, Sox9 ] B2 1 5] ok 78 A5 - 18 2% 1 X
Ao SRYHEH AL — B & Sox9; SOX9FIE Ja XL
VA 45 A JE DR (AnAmh) () 23k, A8 45 SertoliZH Al T

G Ak, (EE AR TE R 1 RV AR A ST IR K B, Y
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BRZE L, p T DL, Sox 9T I AR B 40 L 1) i
WReE 4oy BN, G R R, B AOFEIKIERE
PRAESox 9] i 5515k &Sox9H B g, Eid B
gy b 7 SR — DR R IA KO B2k AT
pgd2(prostaglandin D2)5% 73 WA I& 2 IS, 3K IERE
F2 I i fgfOiE A WY, IX 3 ML A PR Sox 9 Sz B
WOE, PLAHERR R IE K R B[]

Sox 1 OFF M1 FUHENE I AR FE B 3948 3Rk, IR
A1LSRITAE R IXY A FA R e e Rk, 1IX 55 A
R B 8] 25 Y4 . Sox10 R #E Sertolidf g 1%
ik, KW Sox 1052 18 1t 175 T SertoliZfHl g 73 kK 12 i3k
AR B M. AL, SOXI0REME FISFI T — it i
1AM RIE, R HAmh M Sox 108 B2 R0 1.
MSRY 45 £ | Sox 93k K] L i [X 3 TES(testis-specific
enhancer, =2 FL 4 57 14 34 58 ) BF, B0E Sox 9 K IA,
KILMSOXOM R 45 & BITES |, #— {2 ¢ Sox9
(2235 BT R ILSOX10tH AT LLEE 4 BITES I, {2
Sox9M1#5 3%, WG AF F LkSOX9%59, {H LhSRY 3. 14
R B AL NI — R AR B R, A XY
MR BT SRYES R R 948 36 R I, T XX 55 1 1) Ji
RE AN 28, 0T 78 R BLAEXX/N B it R 18 Sox 103
IRl 4= T 50052 FLITE RR, T8 A LG 3] 5 308 711) i v (IR A
I, Vi Sox 1 0] 8 A2 1 X o g 1) Jir R34
2.6 SOXF: SOX741S0X17

SOX7HISOX17#R 7€ fir T N85 Bt fhk, ‘EAI
% B () 2R AN-Jiit /8 HMG domain, C-3f A& — AN %
domain. SOXFZH 2 1 C AT REELHE JH 2 A IR JZE 1
RE, FELEMKREARE R ET. SOX7LER T

Y 2R R [ R TR e, TR e R I R AA IR TR
I, i — BB 50 B s A5 N i 48 i o R i Sox 7
il 0 o) e R 200 L ) T B, 3R BHSOX7 52 — i E L 1) 1T
S5 T A ) R F-0%, Sox 17— B BLIR BN M2 9 IR
JE AL BT 75 1 S R RS, Sox ] 7ig B /N BV iR
RE W ERE B K E w IR,

bR TEEMBERE . MR ZIEER, 544
5CHT I 50 K BLSox 7EPGCHI TE Ji 1 B A5 & 2
LI Rg, Sox 7t JTUUE A2 B8 Jot 1 5E A0 & F e s BT
PGCEL H e fr 2 b 1. MR B B E IR, &
TR A PR TE PGC, PGCTTF4f %4 5%, PGC
T B R AR B e 5E 1Y), AT i 3R I8 Sox 746 23
oSO A G R CE 2 B b Y A o A, A =
PGCHLH W38 . At 4 A — A 5 R e B A ik
A AR ? HatEE W AERE. B2,
SOXT7:& TNEPGCK B it b 75 B % s Al -2 — %1,

SOX172& APGCia W% M K 1, X —K
RSS2 558 — IRAE AR 1K W i T 48 B 15 3 ik
NPGC, XA RENIEIT B A B R E R W), A
A AR B AR A G R N O, I RCR
RFAE20154E [ Cell % & EPY. NSOXT 73 K & A
TG Jetafk, HAINH A, Wmida144 2 5L 1R,
SOX177& NPGCH¢ - fmarkerdE [K, ‘& B R Ui 2L K] &
BLIMPI. {EESHH M i BrSOX17, T BINANOS3-
TFAP2C+ DNDI. UTFI. KLF4. OCT4. NANOG
MIBLIMPI) 3215 K 1 F i, [ B 5 80 ik 2 5
marker#t [N\ PDGFRA+ KDRFIHOXA13i% /K Fif.
FEESAN it 2 IASOXT 705, A= 41 it marker 5]

R2 HETELAAEEIEIRE D RIFINRERISox E H

Table 2 Sox gene playing a role in germ cell fate determination

S 44 7 AL YA Wil SHH
Name Tissue type Target gene Knockout phenotype Reference
Sry Gonad Sox9 Sex conversion from male to female, sterile [10]

Sox2 PGC Kit, Zfp148 and Rif] The decrease of PGC number [13]

Sox3 Testis Ngn3 Male infertility [15]

Sox4 Gonad Sox9 Abnoemal gonad development [21]

Sox5 PGC DmrtlbY Sex conversion from female to male [24]

Sox8 Testis Amh Male infertility [25]

Sox9 Gonad Sox9, Amh, Pgds Sex conversion from female to male [29-30]
Sox10 Gonad — Sex conversion from female to male, infertile [32]

Sox7 PGC — The increase of PGC number [36]
Sox17 PGC Blimp1 — [37]
Sox30 Testis — Male infertility and impaired spermatogenesis [30]
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BLIMPI. TFAP2C. OCT4. NANOG. KITHITNAP/
CD3SHEHi I iR IE. WAREFRBLIMPISE K, i %
IESOXT 7 ANGE 75 S ESHN M % b s A= 40 i, K] ik
Sox17XIPGCHi iz I % 72 8 I BLIMP 1 ) ¥5AE H
/NERSox 1725 R AL T 175 e i Ak, 8P 8278 74,
i M107~354 N S LR SF AN A s A P 51 HAE
/INERH, Sox 7 FHABLR T RERY.
2.7 SOX30

Jefa MINER NP T FESox30, 2 Ja MILARA
Fheh HEAT T 50 . Sox307E /N R E LA S et
&, NEAL TS5 Getiih. SOX30fE 4 45 A ACAAT
AR, I H.Sox307E 52 AL W Ry S MR Rk, T AE A2 BE 4
LS % (1) 58 R R 0, 3R BH e P AR BE 41 A
() o A AR L 0 AL 23 AT S, Sox307E /N B
SEOAL PR SRR 2H 23 AR F R AOIR S, T HLAE B
HoOOME. R, RS ORI IRE,
Ut B Sox307F 31X £ 2H 23 vh ) KA 2 SZ DNA FE ALK
AT, AR A0 2 R i A Y, Sox307E i
P2 200 T O A R R b O 4 E BT g, AR R IR
FrSox30%F ORI T8 B A S2 M, IR E 7 R A
S, T AE T 1T B FE o L, iR Sox30
JE kG RUT IR S 3B RS TP B, B 5 KA
T, M= E AR . SOX30i@ 1T 45 & 3
H &1 a8 F, ¥ 8 5 3Rk, [R50 Ced54.
Spatal 9% 2 A~ F R ) R aEH4, H A, A& R
SOX30/partner.

BESRE

MBI AL BIRIG R E . BB M
P FE 2 s 0 D 2 2 45 7 T, SOXCFe =3¢ [ ok
W I DI RE R L. £ 2R B 40 K & T T, SOXX
JU R T4 A 7 TR RS G A e 4 B A Y I 4%
TEM . SOX7r T AU R AR A T B i K B 1 A,
T HLAAE 5 AR i R A 52 (1 I P /R A, SOX#;
SRR T R A AN R Bofi R 45 36 T RE, Bk T
PIERRS AR A A TR RE 2 Ak, BATH
fEEHARR B, thin+ > EERE S R, —2ibf
SOXHex N v 2 5. B S0 IN Fr BoR 1K &,
N LB /AN BT AL TR AN R i B e s 21 73 A )
Joa QA TER, AR KILE 2 AR T L FE
ﬁ?ﬁﬁJ%E‘JSOX%%¥O iﬁ*ﬁﬁ‘]ﬁﬂ?ﬁﬁrﬁ]%ﬁ\“
IBEIDNCSE N g el 22 RiGIT L, AN TiiH

FEFR R SOXHL S (K 1 KA DI REME 5 1
o
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