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Abstract SSCs (spermatogonial stem cells) are the most primitive spermatogonial cells located on the

basement membrane of the seminiferous tubules in the testis, which can self-renew and differentiate continuously

to produce sperm. SSCs are the only replicable diploid cells which can transfer genetic information into offspring

naturally in male body throughout life. They play an important role in the complex spermatogenesis process. As an

undifferentiated cell population, SSCs have the role of gene transfer necessary for the generation of male gametes

and species evolution. Based on our previous research, the biological characteristics, isolation and enrichment, fac-

tors affecting in vitro culture and transplantation technology of SSCs are systematically reviewed, which has theo-

retical significance for the research and application of male assisted reproduction, cell regeneration therapy as well

as animal husbandry production.
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1 SSCsHIEMIF4F 4%
JE B R B AT T R B S LI AR A5 T, 7E

S VR R R R A A T 20 R e 0 AR R BEA
Jie, 217 A NSSCso SSCs- 5 HoAth A AR T4 g —#F,
H T 5 ae 1 4E e f A A7 B R ) $2
PR TR B S B . SEALSCRFA L,
JULAE: 200 i A0 8] J5i3 241 Pt % SSCs it LA A= A7 1 1l 24 553 ik
B 7 EBEMYERER . R, SCRREE L WA 2 B
LR, AL PR 2 R 0T A MR 2 7R R (glial
Bk
AT 4 4 i A K [ ¥ (fibroblast growth factor, FGF).
4t W IR 55 5 SSCs i) F 3R B8 5 40 A 15 B U1 5%
Fo fE/ANE A, K E G0 M — o NARY. BA K Ak
TS ER R, BEEREN, E2H
R SR 20 P M A R e AR T3 SRR, TR L4
T N AGnges Apsired N Atignea 5 WHE . (H 555 RKBIW)
i Do 240 PR AR AR A T S TN D5 R R G 493 A g B
Apar M o T8 A T 2 PR R AR, B 124
ANFU G B R (A2 A, A% IR AT, BROR
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TR 3 ZRTONGS Ji7 40 o P BT 288 S I - 2 L ) | R
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Fig.1 Gonocyte enrichment and culture from cryopreserved neonatal bull testis (modified from reference [4])
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Table 1 Molecular markers of the undifferentiated spermatogonia in mammals

WAL KB IR R

S FhRid Mammals species
Molecular markers A bra INER 2 2 b 7+

Human Pig Mouse Goat Sheep Monkey Cattle
GFRal +l +7 +8 ND ND + +4
PLZF/ZBTB16 +10 +1 +12 ND +131 ND +4
UCHLI1(PGP9.5) ND +7 +4 +13] +16l ND +17)
ITGAG6 +18] ND +0 ND ND +1 +191
THY 1(CD90) ND ND +20 +21 ND ND ND
LIN28 ND ND +022 ND ND +2 ND
GPR125 -+ ND +231 ND ND ND ND

+1 AR AN R I ND: R E -

+: expression of the protein in undifferentiated spermatogonia; ND: not determined.

R B e B, DR IX b BE R B L5 1
(R AR T RN SSCs A3 B 1) - 7

5 B 5 BISSCsil i 7 B B 4 #1 5 4 9%
S5 e AR AN Ak AVE . B AT, I TSSCsi)
aifb 7 vk £ B 2 5 W EEVL. Percoll % FE 1 i &9
vk I 34l i 4 % ¥ (fluorescence activated cell
sorting, FACS). %% fil Bk 41 1% 7% (magnetic activat-
ed cell sorting, MACS)%%. 7= 5 Ik BE L FE T ] ¥ 5
BAE AR BRI SA, B2 B T SSCs i 43 25
B %, GIASSETTIZES L T Fft (6] 4 F #5 ILITGA6
GFRal. CXCR4FMITHY WKL, fEA 23 &
AL B FE/ ML) 264, FIHIER CE 5 T 48
SSCs. Percoll s & 5 U 42 AR Hi& 41 B % 2 10 AN ) o
BISSCsH, XFSSCsliih 11 M 25 56 BB AT /1
HEIDARIZE | H AN 1% S Percol 4 B &5 0092 53 25 1L
2ESSCs, A 43 4T, 1E32%4 FE AL IR1F I AT I
9 i 44k R 1514 94.60% . FACSIE FIMACSTE: #f 2
Fe T4y PR G E 52077, TEN AL sl YR 5 4 i )
B Ak 7 TH R N R R i . KIMAERORR:
FACSE S8 T B ISSCso AR J5 s (1l &5 4 1
FOE T4 4 ik . Percollff & 55 40r 45 A'FACSTA g
S R M A 1 BT A AR RS 4E M. MARCELO
SEPVHIMACSH: & 19 3 1 HCXCRAFF 1T 1 1 5k
FAHT 2F K5 JE 40 ffL; KANATSU-SHINOHARA %5525
IMACS 7y #92:, K ILTE /IS B AE BE T 41 i (gemline
stem cells, GSCs)Z1k 1) _E 57 4 i 3 B 43 ¥ (epithelial
cell adhesion molecule, EPCAM) 1] # F T4 1.SSCs,
HEPCAM 5GSCsHf 53 —Fric 70 7CD9%: &, R

CD9""EPCAM"" ] 4 Jf #f 4 . 25 42 =1 1 SSCsff 4l
1R #(48.71%). LAk, R FHGSCsH K 1 73 + &
2 IR0 41 i B B 43 7 (melanin cell adhesion molecules,
MCAM)FRIC B FEKIT 3 AL BEARTE 4 1R T g M TR
g, mT 3R 32345 PA b E & JE ISSCs. 45 A ULk
JURR 4y F#rid, A fiCDOMEEPCAM™KIT -MCAM
ST FR 1 T R A T T 2 R 1 560,65, L
SSCsHIT 5 He il ik 17657

3 SSCsiishEF IR M E =

bt & X SSCs A= 2 5 1 I TR N HBIE 58, S [ Fol
RENVISSCsHIR AN K I 72 L N T R L&
T B IR R, S 92 B SSCstA M5 % 1) 2 vk 26 1F
KANATSU-SHINOHARAZ:C4F] F 3% iz A= K K -+
[ I35 $01 [Bl 7. FGF2. GDNFAIZ2 2455 2 ChbFE
(1) /I BRVR i S 2 24 4 A SR ) 3% 2 4 P, mT sk B
YR ARG B AMBIEA T M/ R e R
SO 2] H R AR B AT B, I DA 0 K A G 5 i 1 4
ANH . BeAh, BLERFFEIE R B, M7 I e P A i
UL I A BT 3% () B 5 Ak 2B B 4 B TT LA AR JE AR, 3R
FIT B 7% B A M LA — 78 1SS Csi 14, TR I3 6 441 ffy
WK NGSCso FEAHASRAT T, MHAt /N ER i 2Rt
AR FRIR1GSCs. WFAKIY, MR R Fi D
ST SSCsI AR 7 55 5 7= A AN R FEFE I RE o d T,
OATLEY %I 5% 1 4= A 73 AHS Ji 4 i 1) 35 75 2% A1,
AT B A WL 8% 2145 A0 T GSCs I 4 fR £E 74, HIIE B
Yikh, BEFREE. BE IR AR IR 2 1A )ik R DL
Fic X S LI SSCs I B R 7R A R 2 N HE 2L,
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H A, fEHEAEE A7 1, =i DMEMAIDMEM/
F127E 5K & SSCsHIR M5 75 th B 8472« PARK
ZECOIYE DL FEDMEM M S fith il 4 1 = 485 R L b g
RUYEdE T RESSCsIIGFERE /T . A4k, EFXF/NERSSCs
(I TE L35 B 74K R L 4 8 57 . RADEZEPIZESR N
10% I35 B A4 (1) 35 77 2k Afi3 H 8 /N B2 U2 2
HHISSCsIHA . 434k, F=AE 7RS40 M, {EHE G I
B FRAR R B T K K B SSCs i 8 7275 4k T AL By
B,

4 M DK 7 X SSCs i 15 7%t 4 H 2L, CSF1.
WNT5A. WNT3A. WNT6. VEGFA. FGF2. FGF8.
GDNF& 85 1] 520 SSCs A 7 5 7208 . Hosh, GDNF
AE 49 S SSCs ) 14 #h 48 5 . GDNF H1 52 5 41 Jifa A 55
JE LA 40 B 230k, SSCs B 387 5 Hoor il f & A
HYIKFR . GDNFKV RGBS A M= 1)
/b, Foad ik N2 FEUAE R & EL, RIGDNF2F A
AR T R AR, KT &N 2 FECR R
Ji 20 P Ok A B, O 9 ) 9 2R (follicle stimulat-
ing hormone, FSH) & 5 GDNFll B H K 1 ¥ 2, 5200
SSCs H B IF R 4E £ FOR AL IRAS . OBt 7t
LW, FEARARE FR3 F I R BISSCsI, ¥ IIFSHI 3%
FrAk Z 0] DL 2F 40 i 5 35 5. FGF2/2GSCsH
YHFIR T, SR HA T GDNFERFGF2 2 7] /8 GSCs#E
RANRE IR Fh i 1, X 2R WIGDNF X T 4k f5SSCs i ¥
JE AR T4, {H 2, FIFGF2EGDNF R 77 [0 K
PMIETLAS . WRLIR SRS 5 2 AR R . A
R AE TE SR S 22 oy B DR R A B L
TEACIRS B0 R R DAAE 15 AN B, T e 35 0 5
o X4E7R, FGF21] R A A [A] T-GDNF (1) 15 5 18
R AESSCsAETE MG J . A B 7t # ¥4 FGF2/GDNF{&
THEESANNR AP, KIX2M R T RS
GFRol " 73 ARG [ 200 A ok B 8 0, R 240 a4 7% T
BAFES,  Fidgh RPN, FGF2IE EHil14 NSSCsiH)
BB 5 04077 A AN R T-GDNFIE A

4 SSCsFHEEA

DART B 9T 2 SR F e 388 S €4 R0 Jik 38 R A il
IR T 1ER S AISSCs, {HIGVE X il B OE 1) D e
SSCs. & JE M (Fr SSCs)F i 7 A I 2 37 J2 it HRL X
— M S ) SRR I R i o I T R A AR R AR
JR 20 4 BN B /N R SR AL, R 32 A 1 48
B R B A I R AORS 1, RIRIT IEEA B 1R

BET ARG . SSCsFE AR 1 IR 15 K #0245 A1k 47k 41 g 51
N B2 AR S8 HL YRR T8 A, R A 40 AV S AT T
. VA, g E AR R R TR A e
/N R R T T LR ISR, B R pE Rk 4 i 5|
NEE AU /INE S AR B DL R A, o
HNE A ROR T . T Rh 22 5, 8 KA
FLANY I N FEAS B AR At R 5N it 4
K, T2 AL AE N BT AR /INE I IR O X 3,
AR T AA R T 24t M s TS 81 it A A SR I 5
IR L AE 40 A R 55 ) e R B e )
I, 7ERFE 52 1A 52 FUIE 5 25 A IR R, i) 46 0 P
K A D 1 52 M4 2h ), X F-SSCsHe A 42 % H ZEHI,
X T WA UG B4, B K FH 1V 42 (busul fan) I8 i 3 5%
B 50 S LA S8 P R AR A R ke ) A
B 2 AKAb, 3 0] R FK/Kit™ N RAE A B A,
FEKItY/Kit" AN F N, He-KidE R, Kig, §
SR A T AN M A R B 52 B, TR RORS R 41 AR N
HTAE KKt 52 7R /0 B 52 kL Hh mT 3R e B8 A 80,
I % /N B2 FH A SSCsA% 1 1 52 A i 1),
T 18 J5 SSCs ) 72 B FH 52 4k 5 L+ 1) SRR 40 0
R FEMFLBNY R, SCHRPAH M AR B J5 A TR 3G 4,
HEEN I RSB AETRMEAERERIRE . KWk,
S A B 1 SR R DA S e AR SSCSTE 52 1k
P2 A A RS SRV BRI, R AR S R4
KB RS HERSSCsFE N2 s 52 A, BB F
SSCsHIIEHH, 1X 5K B SZ A5 4) B A 08 % SSCs ) 7 i
ARG T RAEH —E M. 5153 SSCsFEAE J7
AT R, R KRR A CEOR il 7
B0 A= E R, SCISSCsHEAE I — D Jei N &
J L I RESSCs KA AN I & G A EE . A
FE N2 HAL T, REDAE A B3R HISSCs
IR FEA 2 RS HE B2 AR 20 W) 2 A SRR T R
Ao DR, BEAARSSCSTE RS HE AT W6 AN i A A1 55 77 K
S AR A R T

T 5. % SSCs R A TR LM FIAE 2
A [ 1) 2 55 D7 THATY SR AP AEVE 22 1) 8, TR IR 5K 35 52
ILSSCsBABATI G & — ATk I I 72, w75 30— 2B 4R
%o MIKKOLAZEW i [ (7 22 ok Ab 3 A 5% 52
A, REE Al R 75 A BRI D, AR A R0H b
FH N VRPESSCs. TEJE 2R A, AR ISSCsHAH
FERIEAFAE— 20 {1, B 5, BT SSCsTE 52 FLAH
BT 7 EE AR, 1T LR AR I RS R 40 B A
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FESSCs, LR ACRAL T 1M H, H s B&+
REAE A B T [X 4 SSCs A L 7 A0 K SR 40 il . 45t
H 2, WAL HISSCsE R AR IR i A% i BT 1 (14
R %I AE R R RS I 34k, K2
(ISSCshRiCHIFF A 58 A e S PR (1, A Lt n] LLAE
LAt AR K A 0 T A L A R AR R I P AR, T DA SR A
W AE o (4 S RE e i, (B KM JF A R H
KT RARIREST. DRI, SSCsi % e it 7 Btk — b
7 306 I A 4 R Rr S PR Al RO RESS &
SRR APRAl . BEANE B SR, AL E A
AR AR R BT A A SR L SRS RN AR B AR 1 T B
N, AP IR H R T, PR L O B Sh
(0% P BEA0 AL, B AT A2 RS 57 2R JE AR B R—-
VRO ) 5 1 S AL ARG TR BOR, RERR I 3R A
2y /)N SRl GRS RS TR AR, R T RS T AR R
T SRS RGN T 5T A RS S B N SR SRS T H e
AR AR GMRG T R A BOR AN 52 LA 217 P RS AR 3
AR E P L i AR R 5 J1 53

5 FHiEfRE

gi BRI, BATINN, SSCsH 3 B8 5 4 4k (7]
FR) S8 A N7 A G T A P 44 o A A 455 485 ) S 4
R F-E F (2t B . R HRL IR 75500 7% SSCs
WAV 2 AEE R, B2 FFAWISHR A H
AT AT 42 B 5 B XTSSCsiHb AT 40 3. B HEMLERA
FINLEIFN R W 7. H AT, B S EEh ISSCs
AR FR AR DA BT R, (B, F5%
K 5K & SSCs I HF & 55 7= F R A8 7 vE A b TR R By
Bo MR FRREAE RS R KR B ik S SSCs (1 A
B3, e AR GE 20 B i 2 ) HEZ A B, DAL bEORS
JR A s R A B AR . fERE TR R R
B> 5 (1) 40 2 B 36 IR 200 o RT3 388 R T
AT RIRGEAE L, RIS Mg B B e
52 ALH AT R, 1 FIE T R A, W ReE B
TR P SSCs M A1 5 77 15 3 1] 8, AT SE IR K &
SSCsHIHK IR 7

ST HOMUER I AR S REE, SSCsE A AR T A
W TERT 5e.  H AT, A R A 3IYISSCs 1 it 7t 76
TEA WY e ()[Rl B U T K& 0 AR, A3
FEA Ja I PR = 2 A0 8 O AR 7= 45 07 TR I B 2 1)
H 4. HEIESSCsIAEY) R, 8Om0 4 5
AR E 7, RS . KIMIRSME TR, 58

A PR BOR, Kext HARKR IR A FUA 5 A AT
EREM.
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