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Abstract: The objective of the present study was to provide a reference for in vitro culture of
spermatogonial stem cells (SSCs) for other strain mice and megafauna by exploring the SSCs sta-
ble culture from ICR strain mice. Testes were harvested from 6-8 days old postpartum ICR male

pups and digested using a two-step enzymatic (collagenase and trypsin) digestion protocol, then
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SSCs were purified by differential adherent method. The growth of SSCs in vitro culture was de-
tected by using different feeder layers (mouse embryonic fibroblasts as feeder layer or laminin
combined with polylysine), different media (StemPro-34 medium or DMEM medium) and differ-
ent growth factors(recombinant rat glial-cell-line-derived neurotrophic factor (GDNF), recombi-
nant mouse leukemia inhibitory factor (LIF), epidermal growth factor (EGF), recombinant hu-
man basic fibroblast growth factor (bFGF), insulin-like growth factors-1 (IGF1)). Proliferation
of SSCs in the F6 was evaluated by immunostaining and molecular detection. Finally, stable pro-
liferative SSCs in vitro were transplanted into recipient testes for functional identification. The
results showed that SSC cells with purity higher than 79% could be achieved by two-step enzy-
matic digestion and differential adherent method; Using mouse embryonic fibroblasts as feeder
layer, StemPro-34 as base medium, and adding GDNF, LIF, EGF, bFGF, IGF1 composite
growth factors, the proli-feration and long-term culture of SSCs in wvitro were observed. SSC
colonies showed positive signals by alkaline phosphatase (AKP) immunostaining, and promyelocyte
leukemia zinc-finger factor (PLZF) and ubiquitin C-terminal hydrolase L1 (UCHL1) immunoflu-
orescence detection. Moreover, the high expression of pluripotent and self-renewal genes in colo-
nies indicated the stable proliferation of SSCs by reverse transcription-polymerase chain reaction
(RT-PCR) and quantitative real-time PCR (qRT-PCR) testing. After transplanting SSCs (with
the enhanced green fluorescent protein (EGFP) reporter gene) into recipient testes, the heads of
sperm in the epididymides emitted green light, indicating the sperm originated from the donor-
SSCs. The results illustrated that the culture system obtained in this study was suitable for SSCs
in vitro culture of ICR strain mice, and cells cultured in witro had normal biological function.
This study provided a reference for in witro culture of spermatogonial stem cells of other strain
mice and megafauna.
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Pro34 48) . #S & & A9 A= K [N 5 (41 GDNF, LIF,
bFGF . IGF1.EGF 4§) , B Jif 4= 1L LA B il 5% )25 20
faCan STO (SIM mouse embryo-derived thioguanine
and ouabain resistant) B{ mEF) {il F & £
Lo AR Z R A1 B 3R AT B R GE 2 AR T AR R R
FLER I 4 SSCs B #R e GDNF Z R Z 4F o1
(GDNF family receptor alpha-1, GFRAL) .7z & #&
L 5K U K % -1 Cubiquitin C-terminal hydrolase
L1, UCHLD) . 5 &4 48 B 11 i s B 48 25 1 (pro-
myelocyte leukemia zinc-finger factor, PLZF) ., 3%
1A 1% 22, B8 1% [ (receptor tyrosine kinase, RET).B
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tegration sitel , BMI1) &= BMFRIC AN v-kit 4
itL [ ¥ (cellular homolog of v-kit, C-KIT) 4t {& {&
75 M 4k 35 6 (structural maintenance of chromo-
somes 6, SMC6) .DEAD & £ ik 4(DEAD box pol-
ypeptide 4, DDX4, also known VASA) %02 | 5%
SO 3 (HRA B T X 43 SSCs {H B 15 7 3 (10 2 L b
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i BETE R FE A 20 M VL K 02 1A Ah B IR IS A
B EE Y, R B L~ 2% R
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AR B 538 5 X 85 5% A5 A RUR R AT IR AR TE IR
AR ICR /N SSCs 1 83 28 Bx 7%, I 38 3 78 4 5
Uk SSCs 0y A4E W) 2= T B 3X ] il B9 a & /D B
SSCs ARG SRR TS % . Ji4b . ok BN [E P Fh
SSCs HYHRFE & AR - R B0 TS 2 ARG I+ 40
18 35 37 28 30 1S o DA Wk 145 28 3 ) 11 55 % o £ R
AR AT R KB e N2 SSCs (1 4441 85 5 $2 41t
R

1 ##R5F=E
L1 e # R A7

ICRFLEIG AT ARAE BRI sh Y bt s /A B
5 L CET 4 4L (mEF) | P 5 A= 58 41 03 Rl i 52
A /N B4 A A R Al K 23 Rl 5 A 4 il T 2 AR A
e 2 4L s StemPro-34 TG ML Vi 35 3% 3 4 Invitro-

gen 23 A7 s AL F I 4 ) B - (LIE) Sy Mil-
lipore 7 i 5 5 20 K B J5 400 i U 4 b 22 %8 3% R 7
(GDNF) 4 RD = i 5 8 241 A6 PE 54T 4 40 i A K
K (bFGE) (RS ZFA K+ (IGFD) /NRFE K
AR EF (EGE) ¥ Novus 7 i s 12 3 R 52K 3 /K
fiffiti-1 C(UCHL1) 7)h BB 52 B 0 14 A Proteinech 7=
i SR 200 R IS B 4 TR (PLZE) /)N BB e P
P4~ Santa Cruz 2 5 7= i s Anti-Mouse IgG (Al-
exa Flour 488) 4 CST 7= & ; 12 45 7 UKL 41 fifg 2% e
(LPP-EGFP-Lv156-400) {57 & R 1 M 5 85 A= 4 4
ARAT B A=
1.2 MNREAMEEHSE

B 6~8 H & # 4 ICR 7B 22 4L, FH Wi 45 T
TH AR AT I AL S B 5 e S i TV CT AR WOV i oy
1 mg» mL ") Fl DNAse ICTAEWRH)E 20 U e mL ")
37 “CIHAk 10 min, fff fily 408G 45 20 80 #5H 0. 25 26 Jik
H AT DNAse 1(20 U » mL ') 4k4E 37 Cii 1k
5 min, fif ff 4105 4 70 40 T AL, S2 LB A OB .
40 pm FLAR (4 JE i 40 07 o0 8 SR A MR . DR
I BRI HOMR 498 11 52 AL 5040 3 T
1.3 /MR SSCs By gt

W IR AT B A 52 U AN R AT 5 YR 25 S I
B Kb B, RIKE 52 0 B0 B AN — 4 6 cm B4
L85 2% L rp, e 37 °CL 5% CO. B 37 4 h 15 5%,
FERE 1 bSO A N RE 1 A0 R R A — A
B 6 cm AYANIHE R 35 LA 4k 2 15 7% . b & 45
VB 2 i — U 22 UG RE 52, 4 W A 21 %) A% Ut B 448
BEAN—AB R 6 om 85 3% ML 4k 22 5 K5 9%, AR
2 K, WSCAE B A R UG RE Y A0 B B TR RD SR 44k S Y
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1.4 AFEHHE

F3 fR mEF 40 e 85 7% 5 95 %60 & 0, in2 ¢
HRE C WM AT Ab B, R 4 A E R,
DMEM/F12 iR h 2 48 25 C & 008 0.
10.,20,30 pg» mL™', £ 41F 37 C 455 =46 h
WEE 5 h g #EAT W, e O IE R By o8 4 B AR A
(DMEM/F12+ 10% FBS) 4k 2k 85 3%, 45 2 K
96 fLARVEATAEAC . BB T 3 AN A A5 U AE 40 A L 43
BURAEARE IR G 1.3.5 K ) MTT 2K 41 g
RGO 0 B AR AL BRR L PR e A B S 1)
mEF fE 25 SSCs 1A 3% 2. 53 4, H 2 B i & 1R
(polylysine, PLL) f1J2 %5 1% & 4 (laminin) Bt & 4
Mz (PLL-L) B F 4 SSCs 19 15 35 . Bl i £ 58 #6141
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FiEE 4 h AR TR MAZREE S TE
W ARSEE T 1 h J5 (8] 50005 U R A By SR AR
e
1.5 AXRERMEREKEFFNR SSCs 4HA

435 DMEM/F12 il StemPro-34 F Ryt 373,
PR FRIE TP I 206 1 s AR B27 #1100 10
AR WENK R SSCs, IFAERE IR A 24 h WLEE SSCs 1Yy
FEFEAR DL o L IR VE Al 0 A G 57 HE X SSCs AR AP 45 57
MIRCR . 1] StemPro-34 (ES i B27 F4s & 1 ) 15 -y
FEfil By F7 B WSO 6] B9 A K P 572 20 ng o mL
GDNF.,10 ng » mL™"' LIF, 10 ng « mL ' EGF,
10 ng » mL™! bFGF.10 ng » mL™ ' IGF1., % SSCs
AMEEFE 4 d J5 B MTT 32 46 00 46 e 34 58 Ok 37 Ak
A KT A ISR
1.6 /NER SSCs A 5h 18 3H i B2 % i 46 il

W B R SR 2 LAY SSCs, I 4% 2 B IR
WA 72 Ja . 7 IRAKP 2 350 & Ul W1 45 ok E AT e

P 8, WGBTS W EE SSCs Al R . Rl AE . X £
B SRR GE IS B SSCs 43 B 47 3 17 1k b B
H M —FiF (PLZF 1 UCHL-1 $i k2 —Hif
BEW 1 ¢ 200 AT BE) . —HIWE H . Hochest33342
AN MIAZ S Y B SR AE DO W IUBE T U 5% A0 it 1 g
1M .
1.7 INER SSCs A 5 1 58 B9 4 F 4
MR A SSCs, #% I8 Eastep® Su-
per & RNA £ B0 ) & 156 91 45 46 Bt RNA, 2 f]
TaKaRa %t B 5 ¥E 47 cDNA B9 & . L& Y
cDNA N BT, L Bactin S, X5 77 1Y
SSCs 11 [ 3 T8 2 IR S A= 5 b il 2 X 45 i#E 47 RT-
PCR A6l 60 £& K S 5 190 e 9 WL 1. R DL
FEHTHY SSCs Ay %t B, 521 22 5 43 B7 55 97 J5 19 SSCs
& pe K SOX2 R H & W B & B CRET,
GFRA1 . UCHL1,BCL6B )ik K ¥, K5
SANH . MR RIKEA 27T ik IF R, oRT-
PCR 5I¥F5 L% 1.

#& 1 RT-PCR(qRT-PCR)35|#j
Table 1 The primer sequences for RT-PCR(qRT-PCR)

L FFAG 3" 7 b By /bp B R E/C
Gene Primer sequence Product size Annealing temperature
Bactin F. TGCTGTCCCTGTATGCCTCT 214 60(60)
R: ATGTCACGCACGATTTCC
BCL6B F. GGCGTGTCACCGTTTCAT 155 55(60)
R: ACTGCCTGGTGGAGCGACTG
CRET F:ACTGGAAAGAAGTGACCCCACATGA 103 60(60)
R.GCTTCTTCACCCTGTTCTG
ETV5 F. GCCTTGTTTTCCTTTTTCTTTCAGT 93 55(60)
R:GCTCTACCTGTGCGTGA
GFRA1 F. ATCCCTTTCCATTTTGCTGGCGTCC 193 55(60)
R:CATCCTGGGCTCCTTCCT
NANOG F:GAGGATGAGACAGAAGGACCAGGAG 165 55
R:GGACAAGCAAGCACCT
OCT4 F.:ACCACCATCTGTCGCTTCG 105 60
R:GTTCTCATTGTTGTCGGCTTCC
PLZF F.CTGTGGCAAGAAGTTCAGCCTCAAG 162 64. 3
R:CACTGGTATGGCGAGGC
SOX2 F:CCTACATGAACGGCTCGCCCACCTA 100 60(60)
R: GCCTCGGACTTGACCACAG
TAF4B F.GTTTGCGTGGAGTCTGTG 184 60
R:AGGGCTGCCGAGTTTAGG
UCHL1 F.CCTTCCCTGGGCAGGTGCGCGCGGC 86 55(60)
R:.GGCTGTAGAACGCAAGAA
VASA F: TTGGGACTTGTGTAAGAGCTGTGGT 155 60

R:CTTGACTTGTTTGAGGC
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1.8 /N SSCs MERE5EF

M4 SSCs o [ P 38 B 31 — 5 1) % JE o v B 1A
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i FECH B 20 MR A7 7 iR % SSCs A TURAF AL B
1.9 /NER SSCs 4 #15: Ih BE B 46

15 SSCs L AA 2= 55 6 fUmb. e S 7% 2 L Y
SSCs, JH 1% 9 75 YL i oAl A EGFP i 45 B[], &
Je BRI e A A . 7F 1 mL (AR 2k 2.5 X
10°) 40 M B P A 10 L 18 75 40 2% 4R 1A (1 X
10° TU « mL™Y), it kBRI S . 5 . KRS
W R 12 FLR — L FLEA EREER S
22 TS I 1) 3K A5 A B, T B 3 P SRR SSCs 1Y
WiBEA: K, BRI KBS IR 37 (CL 5% CO, K
FFEHWE 12 h, MELS KRG, ZFWF W
DPBS Pk i 4l i . 3 H A Sk 78 DPBS iz 2k 4T, B
BN 40 R IE . IR BT E) 15 mL B0 T,
300 g B0 5 min, B.OERES LG, HBSS i)
200 pl HEAEL AR A . B AH 40 A WK B ETVS BN
W S P V2 2 A T ) 22 AN R SR L. B
Ja 2 A H R B W52, W8RG 1 10 T Bl B K I RS T

L10 NREAHANHBAEFALEMERALR

LEhb1E

SRAEANTR] JE % 1) TCR /)N BB fif 52 0L, % i 7
WA Y RS e J5 #4775 KR R A4 (hematoxylin-
eosin, H. E. )% {4 fl 4 58 2H 21 {k 2% (immunohisto-
chemistry, THC) &b BE , ¥ 3 05 U1 F 4K vk o 47 1 I
IR VIR TR YL e g e K B A d AR R HL
E. Qe Y] fr, B 5 605 B A s R AR L 8 A i B0 7 AR
AT I 2K B B A2 BH W P TR R AR A
i | I3 B — P E (PLZE) . i & .DAB &
o A A B 98 R R 2 L VR L THC Y1 R &5 1
U A T
111 ZitZEaH

AN T D& 3 AN EYSEE . a5
Pa LAY B AR 1R (mean+ S, E. M) 73R E IR,
K H] SPSS Statistics 22 84 X5 £ 46 #F 17 48 11 7% 4

Mo PHALECE e BCR A SZFEAS ¢ K 8. P<<0. 05
FREFBE Y » Rm) . P<0.01 FKoR 27T
FH U * o a9 o 3 4R LL b B9RUE L BCR TR
R 2200 - P<<0. 01 7R 22 50 28 A [R] 7B
A.B.C.D.E £/r).

2 & B
2.1 MNREFEMBHWES

B L AT DA /N B 1 TR I A 5 A0
SSCs) HeA 2 v 78 HL ML, A I P L&A R E W
YA 53 FE S B A I TP A MBS 225 5 i B A A
FELAN LI 22 8 I T T B ARSI L5 8 ] i I A
fEh e aH REE T . USRI EE e
B 20 B i SSCs ¥ (17 ERAR 20 o i 76 2L BB B (1 A
WA 22 A7) o 52 L AR B 40 M R B — B8 BT SSCs
il
2.2 MEREBETHBRNSBS 4K

FH A 25 i T8 A 2k SRS 52 0L 50 20 A2 (B 2A)
Geit YIS J1 ok (99. 27420, 70) % . 52 L A 41 i B
T 22 U R K B A L X6 BRSO 1) R I BE A A R AT
JEDOC Y, PLZE 8 bR 10 0 40 i 8 7R hy 20, 9
4iitoh SSCs 41 (& 2B) . FEHLIEEH 6 4~ FLEF . 43
MGt PLZF 2 M fric A9 40 i 50 1 Hochest33342
A% 40 i S8 BT E 5 E & W I 1 SSCs 1
i, geoit #0250 BE J5 SSCs 1 2 B R
(79.30+1.56) %,
2.3 MERBETHBEMEFAFTENMRL

4 HRFREE R 22 4| R CIF WA F3 AR
) mEF 41 fff5 . MTT 3 46 0 4 i 384 78 1 & (1A
3A) . LI ab 2] TSNS S5 1 d Al i 5k
XTHRZH . S5 R WK TC2 A B4 AR ELSE 1 R0 4
3G B L 55 SR BN G 3 K I 200 M 3 5 ARk BB 3 K
F(P<<0. 0 s AHHE XS BRZH . 10 pg « mL ' Ab B4 ¥E
55 1 K 20 M 50 A B 2 e (P <20, 01) L 28 3 K
I A0 M A 1 22 L 5 5 R I AR AR KOS R Ar L 40
Bam AW A4 20 pg - mL VAR 3 d I HEEK
I B AR, B 5 KB4 4 i AR KR s A,
Y 4h B AE TS 530 pg » mL "AE BRI FESE 1 K
o 200 K Al IR . 2 e D (P<C0. 0D, Z 5 —
HIEAW A, i 10 pg « mL "4 Ok fe 40 BV
JE LA S 1) mEF 40 A SSCs (#1737 2
(K 3B), %4k %t T mEF %3 )2 PLL-L ik
X SSCs A A1 45 35 1) 2R - 45 - R 78 mEF fa] 3%
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H. E. Hematoxylin-eosin dyeing; ITHC. Immunohistochemistry; red arrows indicate spermatogonial stem cells
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Fig. 1 The growth of mouse germ cells and position of SSCs at each week of age
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A. Tsolation of testicular cells; B. Purification of spermatogonial stem cells
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Fig. 2 Isolation of testicular cells and purification of mouse SSCs
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7 d )5 FokE A — 2 4 K (& 3C), 7E PLL-L Mt
Wigk 2 d J5 Wt B T SSCs /N /N5 AT, B 2 15 35
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mEF /£ R 3% 28 T PLL-L, J5 &5 A& mEF
£k SSCs Wy 1R 32 )2 .
2.4 IMREBETHBEMEFEROMLK
lb# T DMEM/F12 5 3% 3£ fl StemPro-34 1%
FRIEXF SSCs A A1 14 78 Y 5% M (L AA) L 45 1 o,
£ DMEM/F12 £ 3£ p B35 24 h J5 . SSC 40 g JL
T AFAET (B 4A) L i #E StemPro-34 #5353 p 1
7 24 h J5 i SSC 20 ML A7 15 B ok, H B/ I v
A (E AA) . 8 T AR A K R 7% SSCs {4 4h 38
B B B2 (& AB) , L StemPro-34 JE b1 75 2 CR

AT A R F) 55 9% B9 41 i 4 X6 B8 2 (Control) , 14 41 8%
Fr 4 d JE it A 0 ARG A S . 45 OR B,
StemPro-34 3% 3% 5 H 4l M 04 7 25 1% (18] 4B) . fE N
T GDNF A K FZ 5 20 M3 55 sk (& 4B, P<
0.01), FJn T LIF.bFGF #l IGF1 Z J5 . 40} 3 58
Py As 15k (8] 4B, P<<0. 01), i EGF ¥ &
Xof 24 1 44 A RO B i (8] 4B, P=>0. 05)
2.5 NERAER T4 R A S 1 5E O AT

ANEESE 2 T 14 d J5 . 43 5 AKP 3t (0 46 i
SSCs R TG L » 4 5, R 1 55 €0 10 240 M Bl DA Ry J2 BH P
SSCs, HFE W1, SSC 4l g 2 /N /I ) L [ 5 19 L K57
. 55 5% 14 d 538 00 1 e B AR VR B AL A K o R
HE A ML L v B AR T D SRR RS R M RO,
DL — b ok iy 2 B0 KR R BT AE I SR 2 B (EISAD
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A = c
S 4-
% % ] A A =m0 pg-mL-!
Q
§ 5 £ 3. 2310 pg-mL™! ﬁWI‘l 3;2(1 oMEFT d
ugqu § =20 pg-mL! g 50 (Y e e
‘éﬁg% Lc) 2 o 30 pg-mL-!
@ E§&5 -
a2 mEF [
% 381 R
B HE 3
® g 0
R
B
T PLL-L
g2 L-]
: it

. R EZHER CXF mEF 41H £ KM W (n=3) , R[E 58 (AB.C.D.E) £ /R 2 F 4K B % (P<C0.01), T [H;B.
SSCS JERNET )R 2 2 400 5 C. mEF Al PLL-L 43 5I4E A 45 37 2 4 SSCs R 48 58 1452 W 1 Sk 16 75 6 J5 T 40 5w e
A. Effect of mitomycin C with different concentrations on growth of mEF cells(n=3), different letters (A, B, C, D, E)
represent extremely significant difference(P<C0.01), the same as below; B. Feeder layer cells for SSCs culture; C. The
effect of two feeding layers (mEF and PLIL-1.) on SSCs proliferation in vitro, arrows indicate clone formation of spermatogonial
stem cells
B 3 mEF @5 E/H &AM EFRE (mEF 1 PLL-L) X/ R SSCs 3 78 i % il
Fig.3 Preparation of mEF feeder layer and the effects of two feeder layers (mEF and PLL-L) on the proliferation of

mouse SSCs
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A. Effects of different media on SSCs proliferation in vitro ., arrows indicate clone formation of spermatogonial stem cells; B
Effects of different growth factors on SSCs proliferation in vitro (n=3), control represents StemPro-34 medium
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Fig. 4 Effects of different culture systems on SSCs proliferation
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A. Detection of SSCs proliferation using alkaline phosphatase after 2 and 14 days in vitro culture; B. Detection of SSCs pro-

liferation by immunofluorescence of PLZF and UCHLI1 proteins, red arrows indicate clone formation of spermatogonial stem
cells; C, D. Detection of reproductive-related genes in SSCs for 14 days in vitro culture by RT-PCR and qRT-PCR (n=3)
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Fig.5 Detection of mouse SSCs proliferation in vitro
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A. Transplantation of SSCs with EGFP reporter gene; B. Detection of sperm origin, no sperm was detected in control

group (no transplantation) , and the head of sperm originated in experimental group glowed green, but not in WT group;

Red arrows indicate sperms
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Fig. 6 Functional identification of mouse SSCs culture in vitro
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