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Advances in isolation, identification and culture

of spermatogonial stem cells and their applications

XU Yuan-Fei', HOU Bin'?, ZHOU Ji-Chang'*
(1 Shenzhen Center for Chronic Disease Control, Shenzhen 518020 , China;
2 Shanghai Research Institute of Sports Science, Shanghai 200030, China)

Abstract: The continuous spermatogenesis in testis is essential to maintain the reproductive ability of male
mammals, while the spermatogonial stem cells (SSCs) are fundamental for this process as “permanent” sources to
form sperm clone. The SSCs can not only renew themselves to maintain the number of stem cells, but also can
proliferate into different stages of reproductive cells from spermatogenic cells to mature sperms. By summarizing
the current advances in the technology of isolation, identification and culture of SSCs and their applications, the two
step enzyme digestion, differential attachment, and magnetic bead sorting were found to be the commonly used
methods for the separation and purification of SSCs in vitro. The study of specific surface markers has been
improving the purification and identification of SSCs, which will continue to be one of the hot topics in the SSCs-
related techniques. Culture medium, serum, growth factor and feeders were important factors in SSCs culture, but in
the long-term culture, the SSCs differentiation caused by serum was a problem to be solved. For the applications in
the basic and clinic medicine, the systematic SSCs methods paved new ways for the study of spermatogenesis,
genetics, assisted male reproduction, and regeneration therapy.
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1 SSCsHIn k54

R KB SSCs KE5r 7 AL B Fl In B 3 2K,
M/ RARN A RS IRAMA 780, B AL A Ags
A Ay A FIAMS JLeb, AR AN M A Ol 2
Wi “EIEM” SSCs, J& T Rk A kS 5 4
M, Ak, A, AUHTESE L A TR Hh 4Tk
BRI P, A AT R RS A, A,
A, A — 2 ZTE R H 4 > 84N 16 M8k 32
AN 0 B AH R BER Ao Ay TR SR 4 it FE 0 24T
BCA, BURE RN, JEE S ESE 6 IR LIE
B A, BORS AR . A, BORE JF A Bl — 0B 9 o1k
A A BURE R, A A, RS IR A AR P AT
()72 5 ARG b R AN R0 (Al v B, DAY K Fh
B, T A ~A, K A 2 5 AR b R R I R 22 1
FE R A M vo % . B ZRN In BROKS JE 40 kb 7E 58 X _F (1K)
ARG B, RIEAIEWI AR A . R
ARG U 2R S SSCs 75Kk 77 X B BT
Gy, (R A [ A R T A A N BRROK B 52
FAME—RESE BRI R R, 5ERK
KA FERKZ, BFEAENHORKEEYT
SSCs 48 N Agus Apue F1 B AL 3 Fh, Ay F1 A,
NARDICHIRG IR o Aganc BURT R AL 96 4% 24 T
ML, A, BURE A MO BT T 400, A4
SEEFERRE Y, SIERKmMLELL, RE%E
SSCs /> A~A, Al In %Y SSCs 7 4Lid F4.

2 SSCSHINB5LE

SR MEEBCR A AE A MY B b R AR
HAH L BFEANE/INE (seminiferous tubule, SRR il
Fa/NE” ) FISEALIA ST, HT % 32 2 e A RS 4B (sper-
matogenic cell) F1 37 £F 41l iy (sertoli cells, SCs) #J &
(B D RS0 A2 A TR 40 il ] SR 1 41 A
IRRG BRI . K 40 B ARS 7 1 20K, X LA
MR NI 1) 48 i 7 I B AT IR N s iy i
FEFR MRS T R4 (spermatogenesis). 7F A Ji 41 g o
WH—E RN R T4, BRI SSCs, Bk
FRATSFERR AW . A B 40 i 2 al . 52
FrRAf oA TAE RS A 2 (0], HAEH AR, &
FRARE AN, R ARG ARG o ARG /NE T
() 52 R TR) 5T Hh 3l A — b o3 W T T 2R 1 [1) JoT 48 i
(Leydig 419 ).

Spermatid

Spermatid
Pachytene
spermatocyte

Preleptotene
spermatocyte

Spermatogonium

MR E EARCON: F 41 (spermatogonium). #) 2% (FiT404%

1)K BE4H ML (preteptotene spermatocyte). /2% (2% 1)k £F

2l il (pachytene spermatocyte) FlAE -(Hi #4) 2 /it (spermatid) .
Bl 24,44 A & HARE RO R AR AL

2.1 SSCSHIN S

FR53 5 SSCs sl — NG ) LIRS
PAHT. /NEHZE S 4~6 d T2 5 3RIUC R 1) SSCs™™ 5
FEE, 4 REE# 5S~7 AR M, R4 AR,
W1 AR ™, T 9 d s MR 1 d R
HEAT S5, 1981 4F, Meistrich 55 " 2 tH B2 F B 2R
il 2. 4 DNase I X /) i, SSCs — 2D yE#E 4T 40 .
b5 5 BRI TE AN B Sk, B 22 R P AP i AL
¥, B 1 mg/mL iR 0.25% Fi 8 A B A2t
B R s AT Y EHIE B AN,
AR FU AT R S o, WA TR AL
AN Bl B (JEH 2 SRR A ) 0 R ok R
U PSR U S b ik AT T i, JF
XPR B SSCs AT/ 8BS, BT T RAFMIZUER ; 2016
4, Akbarinejad %5 PV HE— Bk, 5K
1 mg/mL K J& B 1 mg/mL i% B i B2 B, 1 mg/mL
JEEE 1 /% 0.5 pg/mL DNase J& %] DMEM V43T
WAk, EPE A 1 mg/mL KEEE. 1 mg/mL % W
JF R M2 0.5 pg/mL DNase Ji ) DMEM & AT 7H
o NZEH SSCs 4t fu 1 73 55 1 [F) A% R X T B 4%
MUBR2: B9 s 20 iy 1 ik B2 F Bk oy vk 4l
UG, TR LR 7775 B3R SSCs.
2.1.1  ZERNEEEL

TN M AR B 4 2 A T 2 IR EUE 2
% £ [ (laminin) &b 23 B85 7R 28 LA, R H SCs
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£j SSCs i Bt o 2 1 22 37, WA JEL 40 B 3k 47 40 9
TR SIS 2 AR L T B, R A TR,
B PV B SSCs B Alif . %7 vE T EAEAR
RREFR AR, o A T R PO SR A R
P, HEEERR  AHA IR ST EEK
) SCs Frszm, HABEMHEA G 5~6 d KN 5 55
SSCs, 1fi 7d JaAi&EE

2.1.2  Percoll 2 i & 55 0oy

TZVEAE B O AR RO N FE 346 93 1) Percoll
WRESAH PR B, PRI AR o S BRI T & B2
JEE 0, I E 4 8510 H 1. 1zadyar 2 ® @ik
XTARFE Ry 25.5% @4 A BURE S5 24 i 1Y) 52 R 240 P B
HEAT Percoll % FEM BE B0, SRAFI A Z0KG [ 41
133 7 AEEEIR 51% (1) A BURS IR 240 P o e dls A
FAASEESE ) Percoll 2 JE R FEIE X&) SSCs 4T T
alifk B, gbAb, RO T B YN
] SSCs 43 B . Herri %5 B % 22 5 Ik BE 3. Percoll
ANV BB FE R B Oy T AT B 43 56 V2 R0 B 3 T Bk
GRIEVERAT T RO, RN ZE R R T 4 A L 5.3
T, WAERCR LLHAD 3 Ml , (HEZ LRI 1)
R MR . 127V T /N RN B 2 AT
B, AR AR L S = A SR A A LA
17, (A5 ZATEM . BAEME. Ok, &5
I SSCs B R4k, H IR 7 Vet 2 1 i R 11
— N P,

2.1.3 OGO 40 7 ik 2 (fluorescence acti-vated
cell sorting, FACS)

FACS & F) FH it =4 M A3 AT 19— Fof B4 i o
HOIEFIR, TH SSCs HIH AR R AR E,
P 7 2 S AT o 1k B BH 1 A 6 ko Liw 25
PL OCT4 AL M Hi )5, HH FACS i1k A () SSCs

AFEIE 86.7%. %7 1L B AN R 40 R B v, H
T TR ERRACEE BN R LRSI B, AN IE & RIS
WA

2.1.4  RBERLER 7y %X (magnetic beads assisted cell
sorting, MACS)

MACS &4 i Bk B s A AR R fiiAk b, 38
R PR R, 8 S A B R 48 A
B, EETREL. BRI I oy B RAERR H R
Mo 4> 55 k. 5 i Brinster #1 Avarbock™ & H {5
S ER ik, LA o 85 % (a6-integrin, ITGA6
B¢ CD491) 1F 93 I Bt 5 %0 45 B 40 M gk AT 40 85, 4%
AP RIS T 84 5. AL CDY 1
R HPUE B RIERH CD90.2 f s fif Bk 43 B 4hifb /Iy
BRLIK SSCsPe 1% 5 14k 1 4 5 25 3R B LR Bt Ak 5 A
IR /NATAT R F 2 T e S ) B e Ae A . HAN TR T
FACS /3 8, AJ %}/ & SSCs #EAT /047, i fe T
FACS B, 4% 1 5 Ab 2R v 22K 10 0 1 2614
REER A TE R, o ide JE AR gl s T B i
ok, A FHIZOT AR AL R 2

N TAE R BT SSCs b E W HIF R N &
HERE - NMEREE, B1PH THAENEN
A 145 BN IIT 78 Hh 6 S ) SSCs An &)

i@ 2 18] () SSCs 2K [ #5 E ) 1) #1515 LA
SEaME, HMRA—FEYEhr G M T
ANBRZsh b B, ER AN NS P bR
WA R AH LA 7238 R . AR AR 2 AN sE A
RHIRE,  H AT SSCs LTI A 2 N 280y
PEAREY), HXF SSCs R AR ic () FF S0 78 1R AE 5%
FIfFRIX — I
2.2 SSCsHEEDH

H AT K 2 8 SSCs %58 T ik # e 5 T HRe A7

F1 AFRERT @RS

LYpH R IR T 20 f b &4 ik
CD133. CHEK2. MEAGA4. UTFI. SSEA4. CD90 [36-37]
A DAZL [21]
VASA [23,38]
B KIT. NANOS2., CDHI. ID4, NANOS3., NGN3. PIWII2. STRAS8 [36,39]
VASA., CD44 [24]
PCNA. ZBTB16 [40]
TH2B [17]
NFIER GPR125. UCHLI. THYI. CD9. LIN28. NANOG. RET. SOX3. GFRal. [34,36]
ITGAG6 (06-INTEGRIN, CD49f). ITGBI (1B-INTEGRIN, CD29). SSEAI [17,36]
OCT4, PLZF [17,35-36]
SALL4 [29]
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WREYTIT R . AR Oct4. Piwil2 F11 Ngn3
(neurogenin3) X 7 ¥ 7= 4 il b2k, T GFRal 7
SSCs b K2Rk, ik B 40 i v [ 32 22 /& H SSCs
AR ", HASIE SSCs SRR S bR 254 i i B b
AHTZES, TR0 50170 8 bR 247 A s K
B AR 2 —
2.2.1 G E EPCR (QPCR)KE

qPCR W] B 42 K ) SSCs i [H #4 =4y, &5
I A B B R R IB BTk, BETES F/K T
R R W U 2 IR R . A Bractin AN S
IR, ik#E SCs K R FE K GATA4 F1 SSCs ik
£ OCT4 f1 GFRal VE AT EE R . A 50
qPCR 73 H7 45 B & 7%, MACS 4lift, SSCs [ 2% & Ny
5.9~6.5 &5 P, HH sl NS K GAPDH. B-actin
A2 A bR 5 L K] OCT4 25 55 B i) gPCR 2 M,
Hf i 3R SSCs!'™ . 7R Sk #L % SSCs (1t
Ft %558 5 TR %7
2.2.2 P aH AL A I

T SSCs fhrEF A CD9, it 4 ff 2t 4y 41
558, CD9 il 5 A 2615 5 (1) CD9 Hifk 2
ArEA R, BB S T LA EEAT A AT 4
e o SR % U e 4G DI 40 L Y GFRal. VASA.
CD44 [ik, WHEFRI SSCs #1745 Y. ITGAG6.
PLZF!™ Zbr 045 1 Al T2 5 2

Uk Ak, FE W 5T 0 H ITRAQ Ji 1 v & 3R
GFRal. CD49f, CD29 % CLntr EM7E SSCs 1)
BAEH 5 DT SCER— S0 A IR 10 Ffay 4
HBE—BHFFI SSCs ARty B,

3 SSCsHyFIMEF

3.1 AFEMEMAEE

ARV R IE4E I B RE 77 I 400 (feeder layer cell)
X} SSCs 3G 7R HA A RIS R . R AR B
I A B 2T 4 41 it (mouse embryonic fibroblasts, MEFs).
/N BRSAF 4E 4 B (SIM mouse embroy-derived thiogua-
nine and ouabian resistant, STO). /J> iR 52 FL17] Jii 41 ity
(mouse testicular stromal, MTS). SCs 254 fiig FH 22 %4
B IEEAEIRZH T SSCs Hii 7% At
F STO. MEFs. 4] SCs 12 %1% & HiX 4 Fi AN
] (11 27 2 X6 2 1) SSCs #EAT 85 7%, K IN STO e
#E SSCs B R AP A K IR B ™. 75 N SSCs 4l fiu (¥
£ 7% o Fl MEFs™ F1 SCs™ b & w] 17 1. 5 1 %
CS57BL/6 /N W FEIN A MTS AEfC % MEFs, {HH#
MR — S48 SR AS R LA BT B 45 MY A

(1)) 5% J2 e AN TR SRR ) SSCs 4 Mg /2 5 M 4k 41 455 7%
SSCs HEREH G M EE N % ™, Kk, 7%
56 v AR S [ R Y5 1) SSCs 3k # 43& 1 1 7% /2
2

3.2 SSCsHyMiEIEFRE

2005 4, Kanatsu-Shinohara 2 "VEF5t R, &
WP LI AT LA 3k SSCs By AR, {H A I )3 1
W3R R SCs A K. FEF 1) SSCs S 1, 1% 1)
L 375 H 2% FE Bb v I BE I3 5 R T 40 i 4 p 1
Aoshima %5 ' Fj IfiL 7% # {84 KSR (knockout serum
replacement) 5 IfiL Ji5 3k 47 SSCs 1] 5% 7= Bl 7. SSCs
FO L35 15 97 HE th & SSCs B IR 7T — N2 sk
3.3 SSCsHYZHREREF

Lee % ™ i 5 W1, SSCs ) H & 5 Hiid 72
2 AN T RO BAE R, (B B AL A
M 4. Hul, % DMEM/F12, DMEM, MEMa
ONFEEREETREE, (R INAR A S50 TR SR VS IAH R 1 4 M
B, WA BT LA
3.3.1  T4HMuK 1 (stem cell factor, SCF)

SCF XHrA c-kit BLfk, X SSCs MR 4hE5E B AT
—EME . IS TSR, AR IR
BN 40 g/L (¥ SCF 5 2 g/L 4= e 4k H % (all trans
retinoic acid, RA), PLfiEidk SSCs R &SN EFE .

3.3.2 BTN IR e 40 7R R T (glial cell line-
derived neurotrophic factor, GDNF)

GDNF 5 SSCs #fi il Ji I [ GFRal 25 & & &
GDNF-GFRal & 54, 454 JFifi1b RET, JFit—
HEE MAPK., SFK Al PI3BK-AKT {2 5%, m
i SSCs 11 I H A4 4L B Wang 45 52 5t
feth, £ SSCs #5771 5 () GDNF (20 ng/mL)
AR T AMAEE, AR (4 ngmL) AT )5 ]
FasEssgR, JEMIBET 20 ng/mL GDNF & 1000 U/mL
[ 1ML 955 #7041 K] -7 (leukemia inhibition factor, LIF) A
ek /N B SSCs HFEH AR T iIX —4hik .

3.3.3 AR 4EAH M A K K (basic fibroblast growth
factor, bFGF)

bFGF #£ SSCs 1A Fh 55 77 i th 2 i AN ATk o
Wu %5 PR 5 R B, 75 RS 7% 5L A N 25 ng/mL
bFGF 2 HAth X1 Re 8 1 /) R SSCs fEAR AN S G 51
it 120 d. Momeni-Moghaddam 25 ™' 5% F] 15 ng/mL
bFGF 45 1 RAFHIRCR .

3.3.4  HAE 0] E5-(LIF)
LIF fg 88 40+ 40 g 44 b 73 46, Momeni-Mog-
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haddam 2& "' 5% [} 15 ng/mL LIF {3 4 [ 35 45 1 5
41 B R ZFEECS LIF. GDNF i REfd SSCs 1451 P4,
3.3.5 HAhRr

b BN 72 4, MR PR SLE0 5 SR T AL
P 4 R0 TR 2 2 DA R — e A ) S A, R
DFRRIERR . B- L LI O E A E YR
SSCs FIPRIMF G FIHE A EEZAEH .

4 SSCsHIRNF

41 TEEMEZFPHEA

TEE TN 29 SRS G S5 DR 2 v AR
FEAE FH 5 A, SSCs BT AE A R 47 1 4 4 g 2% At
FAEL. S2AEH R AR E B — P, 1
it 7l & F V (selenoprotien V) 754 1 & A2 i 72 B
A HAE I, SSCs & EEAHEAIAE. Livera
25 BT S UG s e A 3 A B B £ (M SR
YerE 3 AMIEIE AT R AR B MIEE 4R 2L H
Mo BEAESFEDGS I EE M. Fe—
HEMMEICR, EAEHMBIET. BT REK
JEFIRS Fizsh P E EEMIEM B SSCs B T
HRFEF sk, IEREAEIAE B R E s £ 01k
WRE PRI A REE P, BT IR, AN
5 SSCs F Ak 0o LA M P9 57 40 B I 3k &40 e
i & 2m it 1, BB N SSCs B Ak i 41 A
T2 2 AN i S 4t e
42 #HleKREZHHNA

K T SSCs 11 Ilf PR A 78 1% 7 14 2. 1994 4,
Brinster £ Avarbock P 45—k $ Hi SSCs B F A .
N T AREEZ T TR I R L, i ) g e PR R AR
W RN, g A Y S dh T
RENEA GG IS, 22 H SSCs B
Kk 2 HAFHE /1. SSCs #HE /& % & FliTAl SSCs
TR G SR dE 1, (R I RO R R ROR LBk
%, AR — P R SRR IR 1)K Xt
THEWEA AT IGST, LAABEs Y B R 3 554
AHEAEW BENE L. FRES Y RILFRKE
PEHORAERE T SSCs 34 5 A g, X 0] BE N FRAG
HELE I R _EVRIT AN ERESRAE 1 B KYE . Sm B-
HmBEER AN . I ZERKIA . 4EE R C. R R, Wkt
AT A 20 M A A TR SR A 8 RIS S 35 77 SSCs 42
N, SSCsfE—E W SR N RAMRER, A
A M T RE 20 TSR A T4 ), X TR
7R SSCs fE AR R % Hh B BRI R FH A 5%

5 NEE5RE

b5 SSCs Wt 7t Ak SR B AR I 92 (B »
Bk 2 1E R R BB W EA ERE A
Wil &I 5 SSCs MM 7L VIR . SSCs B
FCIBHT Ry 2 T i R U R B B ML L, SSCs
A AT REE T T A g R AE AR N A D HoA A e A
i, KW SSCs RARKRIERE S W 81k, AA
R G A I T 4 e K A 4 (1 BE 7. SSCs £
CEEE S TN K3 I N /B~ S e P e o
PERE . [RIINF SSCs Rl T 8 B S 4LZAmF, "I LA
U G BEHE TR SONL. BT BN B 1T SSCs £ 1K A fE
SERARELR, JFRIRIERE T, O HZIEoR A
fP iR S 8 5% W R R, AR AR
WA i, 412 IR T A, SSCs ALk
T A BTSN T IR S S8 150 R R, IR I R
W FURTR I 45 A2 B 22 U B A B A . SSCs
BETE > AL B DR R A B AN I8, TR TR
LW A5 5 e R LR AR IR AN AR 5
XL AT E D R AWETT, AT Bl ) o B
ToRE I VEA B RE Je NSRBI AL R B ) 2k R R T T
5 Fe R AH VAR AR

(& £ X #
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