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2B HXERAFER BLARN, AREFSTRERLEEZ AL R FIRA
K (PD). 20035818 & He b T4 B K%, 20045 £20124 T X E F BN L A fo %
SERIERKFNEMLEHR, 025 BEMNEBEZEFTRERLEE AL
%%, fPl. TEHR T HAEEHE T HRAGERT, REXEREERTRE
H O AE Bl R AT R 18 UK R Mol Cell. Nat Commun~ PNAS- Development.
Hum Reprod E|[F R K. RALLERFE R E QLT XIFE K B AR
HeETH X H.

5 R T 4R A a5 1T EHE AU SR R
RIK IER RE
(R BRI B 25 TR e 900 %, T 211166)

HE  H/RT 49l (spermatogonial stem cells, SSCs)Z R R — R AF 5k 69 AT 2012, '€ 49 A & E
7 Ao AT R T A (YA G — A G T K A AR, RIS & AT 18 - RAZ AL 15 6 J
FAEE K, XFSSCstyif Al A, BHAeiriE A0 X 5T A RARKIB R T AT LA
W F R IAEe, ZREFABSSCSHF R AR K A L. T2 EAR, B EAIR A @ s 49 #3194, A
A LT AR, TaRARBE, A S FMRY . TR = FRTAE R RS
XHEA RE TN dris e BIEAEE J) RNAZ S E; B
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Abstract SSCs (spermatogonial stem cells) are the unique adult stem cells because the balance between
their self-renewal and differentiation determines lifelong spermatogenesis in the body, which also supports the
transmission of genetic information from generation to generation in species. Over the past half century, the de-
velopment of cell identification, culture, allogeneic transplantation and the study of fate regulation on SSCs have
greatly improved our understanding of their biological properties. This review introduces the history, milestones,
recent progress and unresolved issues still faced of SSC studies, and aims to summarize the current knowledge with
a view to providing reference for fertility preservation, stem cell genetic modification, endangered species conser-
vation, and livestock production.
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VP I E S AR R T RS AR 8, RS TR
"= (spermatogenesis) = A K5 ¥, e IR HLIEA(E R,
TRUEFP Z AL S 2 FE 1, TIE ALY, K7 EF
2z A AR A SR T4 i (spermatogonial stem cells,
SSCs)fIfmiz %, filhn: AHREH . Tk —F2
[B] PR P45 1o SSCs 58 AU NG /INVE JE AT, i
H R W R YE R A H Fa e v IR 22 5r %
AR T A, BE S N DRE 2, TR T
TESE R — MR AIAN , #5> SSCsor b Ja 8 — Pk
TR, T 55— SSCsid I 5 FFHH N~ —%
W KA AES

RIS SSCsimiz 4z I, B WK 7 K A2 1K
— ek AR R T 20 R A ) B A A, (RIS RHI R
BYEAT B3, UHEHH N B L e 8%
WA E SR B EAA R AR A, 81T SSCsH
TR AR T LUK S T8 AGTT S5 AR S 4 B 2R 1 S
AH /1M, B4 CRISPR/Cas9%5 I Kl gm B A 11
R, FERE T KR T4EM b, X B AR IR A
WEBPBEME S AT BENET . B, LA
W RSN AE B SSCstiff 7T, & B AR AR
A D) REVERS HE ARSI BE 75 R 48, XF SSCs H FK T
5 AN PR, 4 D FE A s A4 1 48 i ) i is
ESEMELR R . HLAh, SSCsIE 5Ttk AP fE 204
ZREMEORYT, TAMOEALAB MG L s R T i 5 L K]
NPT 5T S R DT R

1 SSCsHIENZF4FIE

SSCsi i T Jif 4 A= FE 4H Al (primordial germ cells,
PGCs), PGCSTEIE I 2, ANWrgTE , 2114 AE FH i
J& , AF LRI RFEFEOIRAS , ot R, A
Ja R AN AR B, BB AR RS R 4 R,

TR/ ER L, AR A SR A 045 As(Asingle)
Apr(Apaired) 1 Aal(Aaligned) 3MIEHES . FLAE19714F,
WFRENIRE TG AsKE R T-20 i R, A As
SR ET AN, EAE AR BE b2 R 5 7,
AT T — YR 247 AL A, — 7 T T LAY
AR, BN 2486 As, B S AT TR R B 5 2 244
SE4, B LA 40 M R M B R E — e, RO — X
Apr, XX Aprdk 2 A e 4 2L, T HiAal~4. Aal~8All
Aal~16, 3t — P15 4E H 1 (retinoic acid, RA)FE TR,
AalFEAby ATRURE JR A M, B HE N 200 YRS R 41 i
B E AR, 25 NAL. A2, A3, A4, In. B

RURS AN, JHAE R o — O 2203 280t P ARG BEA
i, PR PR IRIRE S 2 NG T AT, TN TR
AR TAE Asi 24 E, A T 05t 4
RS FR 3 2445 30, UNASE R — R 3, ATl —
AN As, SRELRFETARLRAS, RN 24572 A 1 55— A
YN A LB — IR e PR A Apre JLHAER,
T ARG N ARG A (1) T 25 2 VT R S H - R i s g
IBEE, PEH AL G AR — BRI AL sh P 2
SSCszl 115 1 FEMRE, I HAANIX P AsH Apr-Aal
PR AN AT S RE . (HAE20104F, YOSHIDAH]
IOA I 45 B R 1) /N BRZEAT 10 1% 2R 18 B RS2 R
BAYMTIIEE R, RIUXF AsH AR B, SSCsH
FEAs— R, A, Apr. Aal ]l il Wr 24 i
BANRE RGN, R T 40 M f TR RE L W A A B
“Wr R OB, E G I ASBEA AT T 47
EARFENZ, SREsimmtt, RKHE
SSCsZr NI, — K NMFEIFERIISSCs, AR AN
Apale, 55— K Adark, &4 T&# BRI SSCs, fE—
ESAME N AL N Apale. A, REESSCsilid A
22 3 47 HE IR SR i B 5 VR D BRS04
Mo EOR RACSEBN YR 15 2R 504 2 [a) )RS D 40
TSGR, (H ISR AN ) ) 2 2 A AL

2 SSCstRAIERI XM E
2.1 SSCsHIm&#IRH!

SSCs# & ¥ HH CLERMONT A BUSTOS-
OBREGONU"IIZE 196842 Hi , Al 138 ik X K B 52 4
ARG INE VBRI EE , VR IR T & Fp 2R A
R R AN AT RS, FFAR PR 4 M A FE 84 AR T
YHRA N TR AR 287, Hod AT RDRS [ 40 i L
BREM . & E R, SRR i A IX 5
2P AT . B S, X G AR R s
XIS, 7= ASRURS IR A0 . A28 F1 A3 AL 41 A
R RINE T, ML AR T SRR A A% 2 18] 1) 2 )
P o A3RURE A0 M 7 B H XTV 70 247 A A4ZU 2
KTAE AR R A 2 R ig 2 ar A2 Bl
AVESZHAE, Al AT A4S SR 40 M 28 7 R A i FE
TEER T4, BT 2 O i R 2R 5
A AR AV B AR T EE . hAb, ]
W E T — o RS TR A, %40 AR A0
R4 . X e g ml WLT B A R AR, & AZY
BE 21%, BA KB INMEA . BT X e
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WA 2250 B4R /0 UL AOKS R 41 o 2 52 SN 45T
Y, EATTIE AN S SR SR A R SR a4k, {HAT
DAAE K Jir 40 6 b A 83 i R 7oA S 2 P Y =

2.2 SSCstARMBIER AR LZBAFIL R

EIRE 20120 SOFEA LK, YF2 g 7%, B
TR, et BARGE R M IE B bR il
B FH T 223 0R 51 SSCs, (HEE ARG AEw . H
FI19944F, ML 5K $E R H AR TF 1 # —— BRIN-
STER #5256 5 U105 B Ay 845 B R Ji5 20 s B3 1
REEEZIBEBEAR, X SSCs 5 H A4k fE
BT BEINRE N, B UGER T 2P AR T,
RIURS IR T A0 AR IAFTE o AI7 2590 113 2 Re % T B/
B PN A B AT I, A AT DA 9 e b B e /) R R A
PR M K DR 5 AR T B2 RS TR A I WL/ R
RN, K BEAR T /N R 0 5B ALY I BN
SEAR /N RESE RV RS NE Y, A AR BE A I o O 52 AL
SCREAN A (Sertoli cells) ) B % %82, IE B H @ MR
K bz B R AL | R 524470 BRS2 AL Y AR RS TR B
BHATRE TR AE, BHEBAA G, ASRIER D Re 1 R
PG THI, FESTRSER, S0 F2RERE
g = A AR N (1) v B R (B IDFTEILE) . 1%
MBI RGIT R, WIIfE L SSCsH T IR E X,
I Fof 5. A1 S S Cs FH 3 5T (1 FE R 78 T B 1 BT 42

UEAN, N T RS A A RS A AR R B A 4
T, VAR /N BRAE S 52 MRS A 52 AR IR AT AT 1
19964F , BRINSTER SE 46 = MR iE | & T/ R 2R
FEA 5T, KR SSCsREMS K I B 3 i A/ 1k,
I BB AE /N RS2 R P AR R BRI 7, SR T
FoAh B m RN, a0 N AL R KK, eAm
SSCsRE/E /MR B NP KIIFEHER D 6AMH, HA
REREAT 704k, 37N/ RS2 LA B A 2 DA 5E A SCHF
W B ISSCs K B,

b OB AR R, R R A A A B T
BIFEEI/NR, 3R B AR S KRBt 7, 6K
B R K I A R R R B AT, X LT
FORRKAHME T AT A YR AR IR E . B, OAT-
LEY I BA USRI T Nanos2 3 N iR 8 A B X &
B (G I2E), AU SRR A 2 A4, X b
RUR RS SR T 40 B A R AE S HE e, JERESE LR T
KA. 20214F, SHETTY S MRIE, 1F 458 AL BT
A AT TR ) AL, B AE TR S TR 1)
SSCs, AWK KE T KA, Fe A= AE M Th REVERE T

2.3 SSCsiFIMETIRRRIESL

SSCsA M Tk F 2 BT 71 52 LN SSCstiriz i
BERIEZT &, B 19944 2 A4 T AN MRS A BOR (1)
I, SSCsH DRI HES) 1 1S 5E - R GLIRIE K
RIS T FEMEPERER . 19984F , NAGANOZE i
AL -2 FURE T I 10 7 2 DR /) SR FY 52 AL A B e i A
17 STO[sandos inbred mice (SIM) embryo-derived
thioguanine- and ouabain-resistant, SIM /)™ 5 I G A5
{14 I AT Tt £ M A e T LR e 12 1) SR 40 L (feeder
cells) I, fE& A 10%[64F 75 (fetal bovine serum,
FBS)th e s FR i th 55 95 440 I 5, A 1597 SSCs
PR B AR/ RS AL N, WRORRENG P E AR RS T b, R
B SSCsH] AfEAR ARG TR i 2/ 44 H o AR %
TRURIE 2 3 5% () SSC ik = WY B 1) 40 MU G B ALE , JF
HAFE R WARFAL, AREME A ) SSCsth bt 5
TR L. HFI20034, SHINOHARA B 1 ik
T8 AE W KRR E MR A0 1E IR 8 4% 15 5t 09 ICR (institute
of cancer research)&{ BDF1(C57BL/6xDBA/2 F1, i}
CS57BL/615 5t/ 5 DBA/2H 5t/ RS 3R 13 10 F1
FRUN BB 2/ B SSCs 2 52 DAL FE 22 521
B 77 NE RN R RN, 2R ERAEET
/N BRI R B AT 4E 41 MY (mouse embryonic fibroblasts,
MEF)E A FR 40, #5547 95 #h 78 ) Stempro-34
ReFR S AT RE 7R, RIS B85 R0 ION T 4 8 s o
YN AR fh &8 FEIK T (glial cell line-derived neuro-
trophic factor, GDNF). it plt £F 4 41 ff A= K [ 5
2(fibroblast growth factor 2, FGF2). [ IfiLJp5 $11 il] [A]
¥ (leukemia inhibitory factor, LIF)A13 i 4 K K1
(epidermal growth factor, EGF)%5/E K KT, 7E1ZE;
TR AR, IR SR A K S REAS E M B, TR
% R S B, [FIR SSCsARGPTIRBH M . i
FEAEFORUESE 15557 B 400 5o Fe BT SSCs H F BT
MIMALRETT, I HAEW K Z S RA T /NRIAEF 7,
fEH R AR RTMHERE 7R RGN RasE
S EATHHIE , JEIAT R 77 CSTBL/6EE 129/Svilt
1 T /N SSCs, I HAZEE 77 RG R IR
T, FEEEIRBEARD A . 20045, —
T G L 37 35 77 (1) SSCsHR #hK: 77 R 4i i BRINSTER
S PO R . IS THY U4 i o % SR A5 R
SRS R A AR RE 7E STOZM AR |, B85 77BN AN 1L
15 I MEMa(minimum essential medium o) fitti 55 7%
B, AR FEE AR LS A& E (bovine serum
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albumin, BSA). S &, FERED. . EZ. 2-
I, W NEWIRE . N-2-¥% 2 LIRS -N-2-2,
Fifififg (HEPES)F¥tAE 25, M A GDNF. GFRal#fl
FGF24H K+ R A R FFC57BL/6+ 129/SvCPAH
SJL(Swiss Jim Lambert) ¥ 5t /)N i SSCsH il i 2 53 IR
(S AP, JFRee e I (B 1A). L MLiER IR
ARG, BT, GRS 2% T 5 SSCsiR 4 F 3R
T 5 A I ANEVE R T, S SSCs Al A= 1) 24
FBEE T HEA, HE SSCsHEKE A T A . JE I
Z L6 = PUR BUE L FRRIZ R 75 Re P A IR E
RERS G AP =y SSCsIMIGFE TG M , JF e — btk
/INERSSCsIRAMNE TR R

BE A /N B SSCsIRSME TR R, K. &
Bl T EEBIYIN) SSCsRAMNT -1k R A4k & 5T,
I HUnT DL A SRS R ik — 20 B A AL AR 22

1 mm

(EIBFE1C). SRIMIX LRI MG 52, I
HIXLERE 7= R G085 2 M T O 0 MRV AR K R
GDNF R, 20094F, SADRI-ARDEK ANIZE P04
B R R Sh K B9 1 A1 SSCs 28, Jfif it — ik
SSCsic 5k BAl ks A0 S5 Fh #2477 153547 1 SSCs
Y55 , AH T B = B 1 N 2K SSCsHE AR Th RE PEA 77
i, P HA 8] SSCs TR ARAFAE S+ . 20174F,
ZHENGUR A P IRARIE T R AR 5L 3 PR Rl
SSCshet RSN R EY G I ae il A A T %
TR 58 7E GDNF S # f) SSCs Ak 185 97 2 4 (1) Atk
b AN R T Wnt3a i Kb 78 R DU i S R4
PR DA ] 57 4 2 4 6 S5 AR SSCs R M T3 11 G Bk
F 4l (10 A 2R BRRAE 351 5 R K Rl (B
JOREARML, R, W 60 SSCsk M 7% R G0 MR 1T
REZDFr (BHE NI SSCstk 45 F: 4k R LA K fiviz

1 mm
—

A~C: A KA GDNF I JE ML B 77 48 R, ARG 7R/ B(A) K BR(B)S SR T(O)FISSCs e, Forhi/INd . K Bl LASTOZM ML i 77 /= 41 i,
a1 LAC1662 il A 1 77 2 41 i>42Y; Dy E: B6.129S-Gt(ROSA) 26Sor/J/IN 25 7 P M 1 15 J55 1R B-F L Wi 17 9, 46 X-Gal e 4 2 o 4 i (7(D),
B6.129(Cg)-Gt(ROSA) 26Sor'™ (ACTB-lomato-EGER) Luoyy I\ it HAT V75 HCredi 15 A5 AL FE K, AT ATECreis S, HHACTB)E 3)F )3 sl AU A AL 6758
IR HRIA(E), BT % AN R BAK R PR/ B 43 3% 3K 45 10 SSCsRE M 511 129x CSTBL/6 1S 5t A FE AN A B 2% 1) 52 A4 B 52 AL P, 7 52 L
YIRS A P AT ) 5 R T A0 R SR I ) P A0 e

A-C: clump forming grape-shaped SSCs of mice (A), rat (B) and rabbit (C), with a GDNF-dependent serum-free culture system in vitro, and their
feeder cells are STO, STO, and C166 cells respectively®?); D,E: B6.129S-Gt(ROSA) 26Sor/J mice (D) carry a transgenic allele of the Escherichia coli
p-galactosidase gene, and cells/tissues were stained blue with X-Gal staining. Mice under B6.129(Cg)-Gt (ROSA) 26Sor™* (ACTB-dTomato EGIP) Luo/ b el
ground (E) have two-color fluorescent Cre-reporter allele. Prior to Cre recombination, the ACTB promoter allows much stronger and persistent expres-
sion of the red fluorescence proteins in cells/tissues. Transplanted spermatogonial stem cells derived from transgenic mice (D and E) could efficiently
repopulate in germ cell-depleted recipient mouse testes under 129xC57BL/6 background shown by the presence of blue (X-Gal positive, D) or red fluo-
rescencepositive (E) colonies®!.

Bl BRTEEREIMNEFSBE

Fig.1 In vitro proliferation and transplantation of spermatogonial stem cells
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Neonatal or pup testes
Germ cell

Somatic cell extracellular matrix
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Fig.2 Strategies for in vitro spermatogenesis

WFER 2 THLE SR TR & . SR ZRE 774k
A H AR A I R IR IR AL TAE, HAr
AT SSCs A 1K 5 1Y 5 i & IR 44 R ATAH %
W MR IR R TE 2 W
2.4 SSCs%iEBEMERIITIE

20044F, SHINOHARA [#1 B\ BOE 37 A4 7N B SSCs
JRAREE TR 4~T R, ABRSR RKINAE 1.5x10" M40 g
296 120 1 L A7) 8 6% 12 1 VR B - 400 FH R 1) &40
T B, X e T A 44N 22 0 R R AR T R T 40
(multipotent germline stem cells, mGS4Hfifl). %40l
RERG AR M S A Z PR GE Y, Qi mgn i,
ZAMEE, FENBR AR N TR SO G , thah, B0
T BB 5 B0 1E IR R R B B R A1, $eon
/INER SSCs B A5 Z iRt . SR, BT PGCs#F)SSCs
R B I RR A, RAAEH AR 135K EIHASE 3.5
K, BN BERAHRAWEPGCsIATRE, A
B, AN R S LT TAE R 2 TP . 2006
T, GUANSE BURGE | AR /IN BR 52 4L H 2 HH 1)
STRAR [¥] SSCs[A| I B A et M2 gett . wid#
T, AT B AR O 7 /N BB R T IE W IR TR
Ao TAEMERG T4 M5 IR0 F , 1040 i S mT LLE%
R Z R0, I AE I Ao 4 7R JE I
ITIEFEMIEBRE - I 5T AN BB AL
(1) SSCstH AT Z i Re 1, (HARREXS Z BT AN
RUFHEAT A BERAE , ANHERR A 52 o A A4 41 >R
JEIIE DL . 20094, KOS BRI F A4 7055 77 (1 B /s
B 52 AL SSCs vt P SIS ] BH 1T 20 ¥ A 1% - 40 i 1 R
PSIE) R, UESE T RO/ RS2 RULIK SSCsHfi s B 298
ReME. BRIk, 7ERRAE /N RIS, T2 RetE4n
MIREJITISRATAE , X 2 75 A8 M\ 52 FUTE A g ST
NKZ I ReET 20 e tH T rTRE, IX 40 fu RE 8 o
R SRR JG T 40 B A DG (A BRI G s 2 1, 45 &
RRT AT HA, AW ICRATT 2 gl i &

B AR TR PR B L2« 20084F , — IUH FifikiE
N SSCsth RS R SMF T L2 g 40 B, {HagtHR
2, XU TARRE S35 E, %2 sE T4 5 N et
AL M B AT FEABL ) R R R A A 2, 2 H R AT 4R 4T i
AR TR P,

2.5 IMETRE

Fi 1 KA F EAFE SSCsH B R EH 5046
i BE A FL DR o3 IR T AT = AN B Y. B,
AEREWNIERBRL 15% M F KA, HHERE
ST L) d50%09, Hodr, JERRETETCHS 1 E
SR BRSO AR S R A A VAT ) LR e A R
AT Bt 72 BB R EZ R . SR, 2R
B F R TCVE AR DI RE MRS 1, H ET I AH B AR i
FR M IGE XA AR E IR 2KE, kst
¥ (in vitro fertilization, IVF). UP 5T P BEKE TV ESS
(intracytoplasmic sperm injection, ICSI). [RIFEFE T1F
St (round spermatid injection, ROSI)%% . F| HSSCs#
SEASERARINGE - R A 5 TR AR R BERE S B AT S 1
RAERE T S 2 RPN, R AR iR b
A B SRR T AE SRS CT(1E2) .

HAT, BHEEZADEIE T RAECEM T2
TRk, W R PR IR AV EI R, BARIX LY
BEFRAORIE AR BEIE B RS B B, B 2B T B
BRI RA . a4, i AR 055 57 52 FAH S B i)
A BRI R R I RIS 7 R AR TR R G,
C AT SIS B AR BRI o8 BEAR AR 7 kA, IR
Fo TR SR ERAT TR AR PSS, T e B R
FRAEMG A RN 7 K A BB R ECR R, Bl
FXPNRE AR T AHE R FR7 2, I C S
A A BRI ECR B, SR, 7 NI T R A
R, MNMIEZER TR 7 KA E ) E R
Z 5, BRI T 55 IR SR 885 3 07 UM AL A A7



SRSLRAE RS A TR i 8 PR RO T ek F 639
AL, B TAEM TSR KR, RS HE. MEHN, Maeggeddist, EoERH

BRI =GR IR S =T EIROR g B
RN T R AE R 2, X B % R R BOR T
LA A S LSS AT S SE LA S T R AR,

3 HEMERINRMELHREE T X SSCsHIEE
3.1 ERBHMFE

42 S 2H 4 T R ARG /N R R TR )R 2 4
ZEL AR, SSCsiE B Tk /N SE R L, 5 7 1L 15 7
(IR AR A EL AR, TR A SSCSIRI X, #iFk Ay
SSCs AR MR EE, LR Ay niche™™, Hrh, %
G AL T AR /INES TR R Ak, W17 A SSCR ik 45 )
4R DL SSCs & 7 ik i v (1 Ak 22 6 bl e 440 i R T
FIANEE R, 50 e S0 0 B 2 0 1 5 2 e o 22
e, Jy SSCsIRAE T — A i A A K R EE . Ja B i
N6 J57 2L E A A KR AN R AL R, R B .

L4t ff . 18] B 4B (Leydig cells)&%, ixX LL4H i [FI R e
g r= e Z AN IR T, BBk R R SSCsif B 3K
B S D.

3.2 SNRMELERRETF3ISSCs B FH EH AT
32.1 GDNF  GDNF@#AEKE T BRI+
B 2, I R I T i 2 B R s 4 T, X2
ELIZ e PR 22 0 A7 30 5 o AR S R B2 i 44 Dy ol
IR AN RORIR A E TR T B ZRIET
RN ZANHG, 52 A, SRy
W, 20004F (1) — TG A 7L R B, GDNF 2 /MR R
SRS [ A0 A I8 e R DB R 4R R 12, 7R
Forp, ik ik Gdnfl /N B RE TR A I 8 4 5, 170
GdnfERi a7/ N RS R B H £k, SRR
INEAAT R HES . LEX RS LR, A
BT RS 7 R A 2B S B E |, KW GDNF A 4%

*1 S5RBRTERG TN ERET

Table 1 Extrinsic cell factors in regulating the fate of spermatogonial stem cells

eSS T E WA ThRE VY S 30k
Cell factors The main secretory cells Regulation of functions References
GDNF Sertoli cells, Maintaining self-renewal of SSCs by binding to its receptor RET, MENG, et al. 2000
peritubular myoid cells, GFRal, and activates phosphorylation sites in the downstream PI3K-  CHEN, et al. 2016
endothelial cells AKT, ERK, and mTORCI1 signaling pathways WANG, et al. 2017
FGF2 Sertoli cells Synergizing with GDNF to regulate self-renewal of SSCs by activat-  ISHII, et al. 2012
ing the MAP2K1 pathway and up-regulating ETV5, BCL6B expres-
sion
FGF8 Spermatogonium Maintaining self-renewal of SSCs by activating the MEK/ERK HASEGAWA, et al. 2014
signaling pathway and inducing GFRal and RET expression
FGF5 Lymphatic endothelial Promoting proliferation of SSCs by activating ERK and AKT signal- ~ KITADATE, et al. 2019
cells ing pathways and upregulating PCNA, Cyclin A2 and Cyclin E1
FGF9 Leydig cells Maintaining self-renewal of SSCs by inducing p38 MAPK phos- YANG, et al. 2021
phorylation and upregulating ETVS, BCLB6
WNT3a Spermatogonium Promoting proliferation of SSCs by activating the Wnt/p-catenin GOLESTANEH, et al.
classical signaling pathway 2009
WNT6 Sertoli cells Promoting proliferation of SSCs by activating the Wnt/p-catenin TAKASE, et al. 2016
classical signaling pathway
WNT5a Sertoli cells Inhibiting apoptosis and maintaining self-renewal of SSCs by acti- YEH, et al. 2011
vating JNK signaling
CSF-1 Leydig cells, Promoting proliferation of SSCs by binding to CSFIR OATLEY, et al. 2009
peritubular myoid cells KOKKINAKI, et al.2009
CXCL12 Sertoli cells Promoting SSCs homing and maintaining self-renewal of SSCs by KANATSU-SHINOHA-
binding to CXCR4 RA, etal. 2012
YANG, et al. 2013
RA Sertoli cells Activating STRAS to initiate differentiation and induce meiosis ENDO, et al. 2015
BMP4 Spermatogonium Synergizing with retinoic acid to induce differentiation of SSCs YANG, et al. 2016
SCF Sertoli cells Promoting differentiation of SSCs by upregulating differentiation- NASIMI, et al. 2021

related genes including STRAS8 and c-KIT
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RS R 40 PR () S B AN k. Bl S, GDNFARHE )
SSCsk #5987 RGi # 37, GDNFX} T SSCsH iz i
545 3 BR8N

GDNF%% /4 3 %t GFRol FIRET4L K, 7EWFL3)
V=2 FuH, GFRoIFIRETYESSCsH L #43RiL, GFRal
ol Ret 5275 REME 4] SSCsi b, S # SSCsFE 2k 44,
GDNFifiid 5 HZ /A RET. GFRalZs&, BE FiEZ
JcIEEE, W1 PI3BK-AKT{E il #%. ERKfE Tl , LA
JmTORC1H A ) Raptor 11863 22 A R s R AL 5,
BEM A SSCs i B BT 5 010
322 FGF®#%  FGFxE, RURA4EA K15
W, AER 7 — RN AE R, 78 SSCstimiz 45
FIFE G R M. o, FGRAEKE 7, T%
SRR A, e g5 GDNF P FE T, 85 i
MAP2K il #% _EH ETVS. BCL6B#IA, itk SSCsfA
AhEFRTE T, O T SSCsRAME 1k 7 20451, AR
1M, VRN SRS R I, Fgf2id 3RIA /I B S8 AL IR A A 12
W hn SSCsIfHUE:, M, Fef2nmi %5 fe i 21 SSCs
HAGE , RVE R v A=W 4 fid BH IR fER (biodegradable
gelatin microsphere, BGM) & 4t 7£ /)™ il 52 L A R TIX
FGF24HI KT, RESd 1 SSCsHi i, HIX Ll ff ¥
KI5 GDNFY 1 (1) SSCsANF IR A, FF H FGF2
RENZINHIRAM U A GDNF I =4, $#27RFGF2{E niche
HH IR T BE T it B3E & T SSCs 4k 46471, Sy itk
FGF27E SSCs H 3B 5 70 b i ¥ i 72 1) D e
WIS, B T—P0 5, R ERH
SSCsAM2: DI RER) B AR 1

B 7 FGF2A KR 1 4h, HAlh FGF R 11
SSCsimiz izt A EE/EM, #ilun, FGF8iE T
HAZAAFGFR 1EMEK/ERKAE 5%, %5 GFRal
MIRETHIFRIE, 4EFE SSCsHI H R HEH ), X nFEix
I PRI B8 P 2 40 Pt 3 Y FGF S BE % {2 13 GFRaul
FEIE B SSCsHUIHE . 20214F, YANGEE SR 1A,
FGFOWAE (2 HESSCs A Py #MEH, “e 3= %L ph [ J5i 41 g
Sy, JBIL T FGFOALFERE 7% (1) SSCsHEAT RNAM T,
R I FGF91] i 5 p38 MAPK IR , FHios HAE
SSCsN MG SR N, S ETVSERIL B, @i
B INIBCL6BIRIE K-, it 4 F BSSCsH =1 b
323 WNTE#%  WNT{E Sl —fhm IR
(240 H (R E A5 ML, 2 T2 PR (B G SSCs) F 3 B i
VT 1 S BEE I . 49 AT WNT3a At 1% 38 1 Wnt/B-catenin
20 MLAE 5B R EE /N B C18-40% [ 141 it 25 i e

Ui 2 1 SR ARRS BR A B () 3 B, SRR A WA
WNT6AE N 55 43 WS = H 7 0% Wnt/B-cateninZs #
5T I B AT /N B SR AL SSCs G FE B, 7
A2 diom B R 4E T, WNTSail s INK/E 5 Refig 1)
JHT, SERFR MRS FRIFISSCs BB
324 Hpb B2 TGDNF. FGFEJE. WNTH KA,
At 248 i R~ 132 B AR T, 49 0 20094 U ARGE
EH 1) J5 24 L 60 A J LA 240 6 il ) 8 9 B IR 7
1(colony stimulating factor 1, CSF-1)REW 14 Py 4 AT
SSCsff FH F #7549 20134F, SHINOHARA [1BA
HESL T — > DLEE R4 A D 1R R 41 1Y SSCsiR A K
WIR: 7= 240, JER UL IR FRCR CXCL1245 & 1
24K CXCRARENS (L SSCsHIIT AL T, {HCXCL12
(FIRN 78 Je Cxer4 B 3 A B2 e B4 70 15 7% 1) SSCs
[RXEHE , 1 55— U 504 1E , CXCL12-CXCRA(E 5
T % TUE fi % 7 9 440 it A/ 5 T Sk 42 | SSCs 1 2 BT AN
TR, tHREME (LA fG 5, BT RAS 51 SSCs s
17,
3.3 SMRMELHREEF 3 SSCs 73 L RY IR

KT R AEUR T SSCs A 2243 24T B Aprks S5 41 i,
FESR 4> AR T BK B R, SSCsH 4R AE M1 434k, 1
T = SSCsHMIAprAss J5E 4H i BH A (1) 43 1 i, Al 1RIX
— ML — TR B AT 45 W, Horp | 4 R 32 2
FH 2 FF 20 0 25 20 -, 3l 3L S B4 1 RA-STRAS
HEES, SRS A B YA, 185 SSCsf it
FECS, RASRHEA RAMHIRARE=4), Bk dedE RA
FN RS, RO EMEILRE, #hFERAJG,
B IE R T RAED . &K K45 H 4(bone mor-
phogenetic protein 4, BMP4)J& T TGF-BX %, T E4E
A ERIE , BRI RIE H N, 5 RAGS
HAWFRVER, /R3ESSCs/a b, Britz 4h, IEH T
2N K- (stem cell factor, SCF)&E#MJE M4 X,
AT I 0 ) SRR R ) 1A 4%, (R ESSCs ) A ReN.

4 WIFEMEZRAE 5 F X SSCsHI R
4.1 FHRETFHERKFFE

H R 7 I A LR T2 5 7 SSCsI AT
Y, A T SSCsH i FE bR 3 K i T SSCs
g e RN &R, R ads 7 RERFRE T, X
BB L S (KT BE 05 AH LR T R E T I R R A, 78
SSCs H R H B 5 ik B b, 5T B 44 IR 5% ¢
W28 192(£2)
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Table 2 Transcription factors in regulating the fate of spermatogonial stem cells

LSS FEERIEI B RAR/N AR ThEE T 275 R
Transcription ~ The primary expression stage  Phenotypes of Regulation of functions References
factors mutant mice*
BCL6B Spermatogonia, Sub-fertile Regulated by GDNF to maintain self-renewal OATLEY, et al. 2006
round sperm (stage 7) of SSCs
ETVS Spermatogenic cells at all Infertile Regulated by GDNF to mediate the expression CHEN, et al. 2005
stages of multiple SSCs self-renewal related genes OATLEY, et al. 2007
WU, et al. 2011
LHX1 Spermatogonia, Lethal at embryo Regulated by GDNF to maintain self-renewal OATLEY, et al. 2007
round sperm (stage 7) of SSCs
POU3F1 Spermatogonia Lethal at birth Stimulating Pou3f1 expression through GDNF- ~ WU, et al. 2010
PIK3-AKT pathway to maintain self-renewal
of SSCs
T Spermatocyte, Lethal at embryo Regulated by the GDNF/ETVS5 pathway to WU, et al. 2011
spermatogonia promote proliferation of SSCs
ID 4 As Sub-fertile Regulated by GDNF to maintain self-renewal OATLEY, etal. 2011
of SSCs
EOMES As, Apr Lethal at embryo EOMES" SSCs are resistant to chemotherapeu- SHARMA, et al. 2019
tic drug damage to maintain SSC homeostasis
FOXC2 As, Apr Lethal at birth Regulated by GDNEF, it specifically binds the WEI, et al. 2018
promoter region of target genes and negatively WANG, et al. 2023
regulates cell cycle progression
SIRPA As, Apr, part of the Aal Normal Binding to PTPN11 and activating the MAP2K1 ~ MIYAZAKI, et al.
pathway to promote self-renewal of SSCs 2023
PLZF As, Apr, Aal Infertile Regulating numerous transcription factors and BUAAS, et al. 2004
RNA binding proteins to maintain self-renewal ~ COSTOYA, et al. 2004
of SSCs
TAF4B Gonocytes, spermatogonia, Infertile Maintaining self-renewal of SSCs FALENDER, et al.
sperm 2005
POUSF1 As, Apr, Aal (mainly in As) Lethal at embryo Maintaining self-renewal of SSCs DANN, et al. 2008
FOXOl1 Gonocytes, Infertile Regulated by the PI3K-AKT pathway to main- GOERTZ, et al. 2011
As, Apr, Aal tain self-renewal of SSCs
BMI1 As Infertile Maintaining self-renewal of SSCs ZHANG, et al. 2008
KOMAL, et al. 2014
PAX7 As Lethal at birth Maintaining self-renewal of SSCs ALOISIO, et al. 2014
SOX3 As, Apr, Aal Infertile Promoting spermatogonial differentiation RAVEROT, et al. 2005
LARONDA, et al.
2011
SOHLHI Spermatogonia Infertile After Sohlhl deletion, the differentiation of BALLOW, et al. 2006
spermatogonia into spermatocytes is blocked
SOHLH2 Spermatogonia Infertile Promoting differentiation of type A spermato- HAO, et al. 2008
gonia to type B spermatogonia
DMRT1 Spermatogonia (mainly in un-  Infertile Recognizing and binding to the Sohlhl promot- MATSON, et al. 2010
differentiated spermatogonia) er to promote spermatogonial differentiation,
inhibiting meiosis induced by RA
STAT3 Round spermatid, gonocytes, Lethal at embryo Promoting spermatogonial differentiation OATLEY, et al. 2010
spermatogonia
NGN3 As, Apr, Aal (mainly in Aal) Lethal at birth A key downstream regulator of Stat3, KAUCHER, et al.
promoting spermatogonial differentiation 2012
RADY9A Spermatogenic cells at all Infertile Promoting spermatogonial differentiation HUANG, et al. 2016

stages

*: AR /N R AR BUE K U5 T Jackson S5 %, ik https://www.informatics jax.org/.
*: the data of mutant mouse phenotype came from Jackson’s lab, website: https://www.informatics.jax.org/.
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4.1.1 GDNF#R#H4FE T  GDNF{ENSSCsH
PR SR ARG IR T, N T D
& GDNF R 448, OATLEY % 1% 4 SSCs¥% 77 1
# GDNF 18 hJri, F-#E47 GDNF4M 78, 45 & ks 51 5
Mro7id, KI Bel6b. Etvs. Lhx123L[K 5% GDNFif
2, IX L LR 7E GDNF L BRI R I8 Bk, MiE+h 72
GDNF/aRIE &N, Hr, Bel6bst—A&H 845
SERIP IR AN SR R, BEREIESE ALTHY 1 SSCsH &
4, IFZGDNFZH R A T 1#%, (2 ESSCs¥5H . Bel6b
R RN RSB AN, 41 24% B HE IR, HBL
PR RE R, SHARDNRSR A EFER,
B 5 RAFEE I B kb . 30 siRNAF,
AR GG TR 1 SSCsHEAT Bel6bs /KT, 7R
J& , SSCs o & K/ S A= B B BRI, R B 5 2
H 88%MHISSCs K AEFE K. ETVSZEETSKIRA—4
AT, % GDNFAI FGF23: [ 1% . 20054E (1) —
TR 95 R I, ErvSaiia /N B(ENS HEYEARE, S0
BN FEARIRE, EnST/NR B AR NE 5B AR
AL, 5 2 B, R — R T RAEMIE
WL, (A1E 6N, KINVEZ EtvS Ak /INE Al
Y MIZ T 0, T0JEIN, K 2 H0/NE A AT T AR FE 2
Jio, FEEHE | N AT IEH ISR, RIS
FRAIMIZE A RS (EAEIZ I AL, ETVS 325
FRANA R IA , AT A8 IE I A3 B % SSCs H B
BdERE, BAANLHIE T — 0. BEJS 0t
FRM, ETVSHAE RS 3RIA , (HHFRIAIKP
T SCRPAm M, XA AP EE 77 1) SSCsHEAT EnvSii 4 )5
A PR R AL 1) o B BB R Lk T 62% 0%, HoAth %
ST, fFSLHX1. POU3F1. BRACHYURY (T)%:,
o AF 4K 3E 1o A4 A i P AT SSCsH R R %52, ¥
% GDNF 45 ()T 4E R A S SR, e (i SSCs
(1) B R B e,

ID4)& T DNAZE G-I 8 A MR L, T BAE 58
FLABUKE Rt A5 . 20114F, OATLEY [1BA U5
FH 4 5 1 IDAPLAA PA S ID4-GFP% e hric /M BRAESE,
ID4 ¥ EAEAsth FRIL, ZSSCsHIbRCE .. fETHY 1"
SSCsHt, ID45Z AN A ML K 1 GDNF AT, mibs o
(1) SSCs AR AR A M FE 1 41 i ZOe A 5 AR 4k, (HZ8 4k
W RS HE J5 A2 K v B B0 D , B0 L4 i B 5l
T SSCsIEIRFEHGE ). HAL, 14l /NREI N
WA BIRES, FF HBEAE TR, /N RS2 AU s X
LA, AT AT M R, B SR RS T

A S 93/, T U0 B A P SSCs I 4 i ™ B 52487
20194F, SHARMAZE (1%} luxoid 7845 /N FR 3T
Gdnfid ik, BRIIGR T A MM LK. fATR
I EOMES [A -1 1K BH 14 (1) SSCs R HLHi 1k I7 24
Vs, 4EFE SSCshass. Bhabh, SRS TRk
B FOXC2EEAE As. Aprifi&ik, J£52 GDNF
5, RE SRS G R R S B T XA, ) R A
HL I HRIERR , 4EFFE SSCsH AR V07, (55 /7T
1 a(signal regulatory protein alpha, SIRPA)& —Ff
TE KBRS B 347 R PR <F 1 SSCshnic ¥, 1 GDNF
IVE R B ACEE I, it 5 PTPN LSS &, B0
MAP2K LiE#, 2 #ESSCsi) 5 3 5 H7
4.1.2 GDNFIRR#ite4: Z A T PLZF X Fx
ZFP1455 ZBTBI16, & —FE il N7, B
Kruppel28 B4 45 /)48 . 20044E BUAAS%: PHIEH]
Gl PlzfIE R (170 L RAL 2 3 B lu(luxoid) AR A VE
NRABEERER, 1%/ RE RN, AN
BATHEE R, ihdREE &M% 0 Lt . A4, COS-
TOYASE VIR F L RIFT#EHE AR =4 T Plzfrsi bR /N,
[FRE I u R AP N R B R 8. PLZFEZERIA
T TR A R 23 A ZROKS S B, X P Lz Bk PR R SR
Y AT e A AT 7R, PLZFRERS 15 2 B %
K7 FRNAZ & &M, 7RETESSCsHilid 5% . ¥
S Ja AN K SSCs i 3 5T -

TAF4B/& RNA R & i 115 5% K T TFIIDE &%)
BEEANASY, ©FREEE RN R R A0 A
AR T4 RIE, BRI T R AT LTI, B
/N RA B LB, 7E SSCsYERF H F T e
FEAREHEE/EM. 20054, FALENDERZ: PR iH ,
Taf b SR EEVE /N R 7T F , (HBE 5 R0 5
ARG 2B FE B AT VE 0K, P8 Tafdb i Sl 1
NERAE .

OCT4 X FXPOUSF18,OCT3, fghs 4 Ik i T
YU 2 REME . B R AR I SR AN B AN R AR R
Y (32 As)H i, 20084F, DANNZ: U617 3y
RAE 'S SSCstAMr b R 55, KILOCTA4FRIEK -
PR, Oct4rst 1411 SSCs Ak P R i 254 v 54
X RELEL IR 1/6, Vi OCT47E SSCs4E#iid #2h A Ay
HEMEH, AE Lt SSCsH I Hro M1E 20104FH)
BIE T8 R IW Oct4 11 b 13 Wl 3% PEAIRSSCs ik W A A8
Je (ARG SO B, X AT R 55 A ORI 9 A8 P ) 2 R
B0, MRAMRE IR 41 i 95 R G A KD R A
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FOXO1/2 Foxhead®# sk K ¥ F R iz —, £
FLENE I A0 AT R 73 ARG SR At vh 33k, fEVE SR 4
JfL 1) A AR A TR At 4% Ak F2 H , FOXO18 [ IE4H
3 AV A IS5 [ A P 7%, A A P 1 D 4 i
FR A B 20 S SR Rad 4 7, Aefg it (4
RET/E N IR HRE 78 5 s DR 1 U 4% 1 455 SSCs ) H 3k
FH 504k, 20114E, GOERTZ% " ] Vasa-Cre T
BN G Foxol™ ™/ B A2 Be 3R 15 A 58 240 s 5= 1
Foxo IR/, 127N 22 MAR/IN | B SRR A2 FE 40
MREAT I 5%, SSCs B FRTE W I 4EFF /™ B 240 . 18
/N SR LA R R S A R B, FOXO1RE
4 Bl R R 2 A g R R gk SSCs H R T BT I i
ST, B35 LHX R c-RET2: , #27r FOXO1 1] g &
SSCsH— N AKH T GDNFZH A PR 5~ 18475 1) 7 =%
W 8% (1) S 2 IR 1

B2 5 5 M4 Moloney /) B [ 1L 973 25 8 45 1
53 1(B cell-specific Moloney murine leukaemia virus
integration site 1, BMI1), J&T- PcG(polycomb group)
FR, f& SSCs H TR FE (1) S5 % K118, 20144,
KOMAIZE MR8, Bmi ] A58 T4 1) b1 2
[Kl, 7£ SSCsAaASYERF A 5 40 g F A= 1 R b A
EAEA. [F4E, ALOISIO®E: BRI, 5% K ¥ PAXT
/N RASIRE R R IEY), REB8(EESSCs H IR T T,
TE AR RE T R A UL R RE V69T Ja 2B 8 Ik S f v
HAAEHEEEM.
4.1.3 RAd=SSCsotutgstx BT IR, (2t
SSCs 73 1% 53 IRl 7t 1 i e 4ol , o rp— 38093 77
RESZM SSCsHFUAE M AL I v ia Y, 1 53— 43
AT BETEAG R AL 40 B oAb o A2 B R4 /E F 52 6l
i SOX3HEME B SSCsHI Ngn33E R R IA, | 5 K
T O HE R Oct4 335, Sox34= B w4 AN A= i 40 A
SAEERER /N R ZE R 14K, AL R LR R 41
Jf S H BB, A2 BB, Sohlh 1K Sohlh 2555 /)N
BRS2 FLN PLZF R 00 RS [ At i SR A0, R BE4H /b
PEIRAFAENS 5 20 L 73 AL Bl %9, DMRT1EEfg
WAIEEE & Sohlh 1 JA 51, R 3ESohlh 1 B F A 1T
{2 HEAE [t M 248, S Re i RAVS 3 B8 7 22,
T VR RS 5 A B A 22 53 2R 5 DR B o R B 5 Y AE
THY 1R R4 BB 7% 7, Ngn35K, Star35 % 1) SSCs %
N, (BTG RIS R, 0k NI AR v b
FAEZIH, RAAs. Apr. Aal R MUK F 40 iR, %

B SSCs 7l 1 15 32 R ¥ Rad9a’EFE 40 2%
AP o ) S P /N SR P TR TR A L 20 5 4 32
PHT S BAF™,

42 RNAZLEERNEREKFEE

e R, EEAHEHTR RNAR) AT A2 8T 42 |
{5 RNA(MRNA) I AIIE I R 45 2 AN 2R 5 1 R 2
T8, R AR A o R B AR L, R AE
TR HES VI RE HESH ) h ) RGEVEDT AU R, Bk
JERE R IR B BB, X Rl RNA
254 8 H (RNA binding proteins, RBPs)>K & 4 X 4]
HfL Ty B ) R 5 000

RBPsA7/E T 4% N BT A, JE RN ARG PP
5 XU B EERNAZL &, SRIMITRNAM firis . Hor,
RBPsHf mRNAFJRAE R EE , 25 mRNAHTAR
SORIRINME, W& THETH. Wi, 32 IR
FEmME, JERest— a5 RNA% A E ARy 20
BT HEAT B E, P RNA R B A5 0. AR KA
FoRIN, RBPsS 3 4% 55 5 142 £E SSCs iz t 7€
HA#HEAEHEK3).

NANOS2/& — il bR ~F 1B 45 4514 RBP,
24K T GDNF#R TS, I HAEBAE /D 550K IR
YA (BLFE As. Apr)HRiA. Nanos2 5 AF1ERR /N
B AT AR SSCsfift 5, i #3E Nanos2 7] L5 3 SSCs
ik R R, DRk, NANOS2/2& SSCs H & 5 [ 5%
B0 A A R T Y, 20154F, ZHOUSE P9 Kk
L NANOS2RE 1 55 HAth 40 A5 A% B % £ 11 (mes-
senger ribonucleoprotein, mRNP)ZH 73—, %I & i#k
A JER 200 1 53 A PR A DG 225 8] 1E AT T 36 4 55 A0 B 16410
], [FI B 75 A 5% 22 2 A% 1 (mechanistic target of
rapamycin complex 1, mTORC1){5 5 il %, #fif£SSCs
JRURIRES -

DND /& 5 HES P O/ 55 RIRBP, 235 11 SR 41
BB RS AN B, Dnd 1R /N BUBEYEAS
B. {E/NERSSCsH, DNDI145 A mRNA 3 JERIPE X
(3’ untranslated region, 3'UTR)H 1] UU(A/U) =% H
f2 751, JiEd B 5 CCRA-NOT L IR R E &
W), FEARFE A mRNA RS E 1, #1 SSCsif T2,

RNAZE 4 8 1 LIN28 A S 4H i iy iz FHH B 1 5%
BPUERR, I CHAEUILE N B RS2 LR 7 )
Kl R A R e RO ) R Lin28a b Rl i i

~E2M SSCsHIFEAERE 77, {H Lin28a - FE AN 251
R SR /N RSB AL AN, AEE I FRAR, X Lin28aiiy
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Table 3 RBPs in regulating the fate of spermatogonial stem cells
RNAZ & EH  BERILNE RAG /N AL * ThBe T 53R
RBPs The primary expression Phenotypes of mu- Regulation of functions References
stage tant mice*

NANOS2 As, Apr Infertile Recruiting differentiation-related genes for transla- SADA, et al. 2009
tional repression and inhibiting the mTORCI signal-  ZHOU, et al. 2015
ing pathway to maintain self-renewal of SSCs

DND1 Gonocytes and spermato- Infertile Recruiting the CCR4-NOT de-adenylase complex YAMAII, et al.

gonia and decreasing target mRNA stability to maintain 2017
self-renewal of SSCs

LIN28A As, Apr, Aal Sub-fertile Binding to CDS or 3'UTR region sites enriched for WANG, et al.
GGAG (A) sequences to suppresses meiosis-related 2020
gene expression

TRIM71 As, Apr, Aal Infertile Interacting with the EWS RNA-binding protein 1 DU, et al. 2020
(EWSR1) to promote spermatogonial differentiation

DDX5 Spermatogenic cells at all  Infertile Regulating variable splicing of spermatogenesis- LEGRAND, et al.

stages critical genes, cell cycle protein mRNA output and 2019
stability, and interacting with PLZF to maintain self-
renewal of SSCs

UHRF1 As, Apr, Aal Infertile Regulating variable splicing of targeted precursor ZHOU, et al. 2022
mRNASs to maintain self-renewal and differentiation
of SSCs

SRSF10 Spermatogenic cells at all Infertile Interfering with selective splicing of genes associated — LIU, et al. 2022

stages

with germ cell development, cell cycle and chromo-
some segregation to regulate SSCs homeostasis

*: GEAR /N BRI B YR T TacksonSE 46 5, (A IE: https://www.informatics.jax.org/o
*: the data of mutant mouse phenotype came from Jackson’s lab, website: https://www.informatics.jax.org/.

/NG SSCstRSME R K I, WEIMETR6R )G, Lin28a
() o 2 A1) T SSCsI RSN 1Y . itk — b i
HT LIN28AYE SSCsHJ i #E ML, WANGEE IF i %2
0GB 9% LU BT B8 /) B 52 AL RN AEAT v 1 &
T (highthroughput sequencing of RNAs isolated by
crosslinking, HITS-CLIP), & ¥ LIN28A5 mRNA -
B4 GGAG (A)F¥I ) CDSEL 3'UTR X I A7 454,
) DA BAH D R DR B Rk, 1A TR FL B ok
I3 K T 20 PR P i ds A /N BRI A B RE T

NT SR RBPSTE A RS R Al B (0
FESSCs) i AV 2= DhReE M = AE H, 20204F, DU
£ PO I mRNAAH LA A SREARAEAR GBS TR (1) /)N
R SSCsH i Fi 4 :URNALE S H, @i 5EA
Bm ELLRE, s i PR S E LKL GOS
Wi FIhie. 4URdlsr AV Thae ST 104E,
WG A MM L R RIS R, VI G315
ANESSCs ;BRI I RBPs, HHTRIM71 .
ESRP1. MEX3AX 3N H & LAE R4kl , @
b /N BR 52 FLY) G 8 A A R AR 5 ol G B B0 IE 4 3

AR ELEAR RS SR 20 AR 38 SR, R I w2
PHI 5 37 (1) SSCs I TE 5 A7 - I8 M & Trim71
AT A R BRI R, HEMENRARE, AR
ULAL, AR BE A S50 B SSCsEL I i, I
KB TRIM71 ] il 5 EWS RNAZS &8 1(EWS
RNA binding protein 1, EWSR 1) H.1F H 4% SSCs
FI Ak 72 , {5 TRIM713#% SSCs 7 AL i #2 1 2 A%
HUBIAT 5 3 — B AT o Esrp ] 22 58 40 M 5 A7 1k R B
ANER, HEPE/N R SEALE I B, A F IR, A
ESRP1/# &2 FHI /N R ON BEGH BRI K &, T Bl
AT,

Fr_EIRRBPs#, #Kilk 2 RBPs# i 1 /£ SSCsiy
IR IVER . Bilhn, DDXSRERSAE A /LA JF 40
J H R R AR SRR DR (W RT AR B L A i
H E mRNA R AR e MRS A, (22 SSCs g i
MAEE 4ERY, UHRF15 snRNAK HAEH, I
T ) BT AR mRIN A T AR BB 4E KR /N R SSCs i3
A, UhrfI BRI G BN /N B SSCsIZ#T 5%, Bk
SEA T ML A MEFRAE P Srsf1001 82 B
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TP AETHANM R 0 SR G ek oy 25 AH 5K
(10 35 IR f e B BT 4, PR 45005 R 0 AL RS R 4 B 1)
I A0
4.3 FTMIREZFHEES FEIBIE

FML I A% 27 0] DL 3R S A B0 DNAJT B
A AE MO, SRMBAE AR A RE 8 52 e B R R IA, A
M5 5040 M A 2 KPR IR B . TEIRT FLBN 40 i
W, RMEAE E N : DNABRFE LM B, 4
H AR R B Eg IS RNA(NcRNA), 1X 2R
WAL S K A0y R R R 2 5 SSCsf i
iz ifto,
43.1 DNAY AL 8% G 1545 DNMT3A &
— M DNAH L FEEE, Aets) iz AL R 4.
DURAZEME I Dnmi3aiii 53/ B BE & AE R 15 0,
R ARG INEE IR/, SSCs AR, /A PR «
Dnmt3aiiJ5 , DNA AL 32 24M], T-40 i 5 A
W T S SRR, (e HE SSCs H I, M k.
DOTIL & —Fri A b O 55 i 20 8 11 H3K 79 F Jk &%
Pty , RES A ] SAM(S- i1 F i 2 R )1 Dy HY it
P, HEACH3K 795 H A . — B AR R = AR 0030,
Dot IR /N B 52 FU7E 2B J5 40 KRG /)N, A= 5A 40
Ml E K, BB E ML A4, ## DOTIL
AJ FEAK SSCsik N 18 J5 1 148 v 1t . MLl |,
DOTILIZIE S B H3K 79 H AL [ 584k £ 2% | 3k
PIHIEE S K T Hox C IRk, ™ & [ SSCslf H
e
432 LncRNA  K#EIEZwHS RNA(IncRNAs)H
LT 240 B R R AT R o H ) A R AL, I R R
H RNAR GG 5%, KR T 2000418, A6kl
PERUEH. MESEENFERIKE, KER
IncRNAsH; K& I 22 Fp AP FEAH O, A04E SSCs i)
H 3B S Lt R A, S T RS IncRNAs
B2 5SSCsHILF B, LI!S T-20164 %) f4
AMEEFRI /N B SSCsHEHU RNABEAT 7 e il & 7
RILT 55 92441 SSCsH1 52 GDNFAE KA1 145 1)
IncRNAs. A T AT H A& [ 04, LIS 00 T
7E GDNF R 26 A S I 30t 5 35 I8 Ak 1) e 5%
A, %5 1 7805 IncRNAs, &I T IncRNA 033862
FEAE/PNR SSCsH ik, I35 GDNF/{E 5l B 152
Wi, ‘&2 GDNF 524K GFRol [ ) 3L sAS, il 5
GFRol J i A HAEH, A7 GFRal [3RIE K, it
MM A4 SSCsH 3 H . LncRNA 033862 [

PR AT T AR AR R IR /N B SSCs 1 B BT B BA L
NG AR FRAEMRE . A, IncRNA
AKO15322 B #{UE B 7E SSCsHH R iA , Bl #5471
miR-19b-3p, ¥ 55 H P I8P S5 SR 7 ETVS (1401
YEH, 21 SSCs) H B H . LncRNA Mrhlifi i
ZE4 SOXSHE I T, 7 m % WNT{S 5l i, 12t
i E M 2346107, LncRNA 10650487538 i1 4 1] 1%
OV SR R T PLZF R A6 RS i 4 M 1 0%

433 microRNA  microRNAE & 1925 % F
PR (1) /N AEGRAD RNA, @It 5 H bR 1) 3/ 3R 81 3
[X BT A% 2 1324 (open reading frame, ORF)25 &, 75
B Ja AR R R R IE , 5B mRNARF 7 5
PO, BRI 22 R UEHE K B, microRNATE SSCs
HEREH S biAEL R B A e EEEH. 4
U1, miR-21%2 ¥ 5K T ETV5 A%, 437 SSCsH
BEHT, M6 miR-21RE 05 E AL T, S2me 141
W PE IO Y A miR-202 42 let-7 K G — 51, B
2 STRA8FI DMRT 655 5 H i 2 Al 1 1 ik, #l il
SSCsHMUE T EL 4 2k 46, 7£ miR-202E [A] 5 B /s
B, AR RS TR AR Bt /D, I 1 Bl o A 4K
PR A B REST R RN,

5 SSCsHEIMRMERSTE

bt SSCsHIAmE I I Tk, BHEFA TR
H T K ESSCsHIFHIFRCEE A, F TR BI A5 2
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Bmil. Pax7. Eomes. [Foxc2%/08:60.71.73-7479-8086, 92,112-113]
SR, BT SSCsAEMZE MG A4, A /ALK I 40 i
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REAE 2 NG IR i B b 2k, )RAEId4. Bmil. Pax7
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