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Microdrop Culture of Rat Spermatogonial Stem Cells

Huo Long', Luo Fenhua?, Zhang Yan'?, Quan Qiwei', Wu Yingji'**
(‘College of Life Sciences, Inner Mongolia University, Hohhot 010021, China;*Key Laboratory of China Education Ministry for the
Research of Mammal Reproductive Biology and Biotechnology, Inner Mongolia University, Hohhot 010021, China;
3School of Basic Medical Sciences, Inner Mongolia Medical University, Hohhot 010010, China)

Abstract Spermatogonial stem cells (SSCs) not only possess the capacity for self-renewal and
differentiation, but also can pass on genetic information to offspring. It has great significance to verify proliferation
and differentiation of SSCs for further application. Research on microdrop culture of mouse SSCs showed that it
had unique advantages compared to conventional culture methods. However, feasibility of the microdrop culture in
other species remains to be confirmed. The purpose of this study was to establish rat SSCs culture system in vitro by
the microdrop culture method. We transfered 5, 8, 10, 20, 40 rat SSCs into microdrops containing 20 pL medium,
respectively, in which STO cells treated with mitomycin were used as the feeder layer. The proliferation status of the
rat SSCs were observed and recorded using microscopy. After cultured for one month, immunofluorescence double-

label staining and induction of differentiation in vitro were performed for analysis of the cultured SSCs. The results

ek H 1: 2013-09-29 $252 H: 2014-01-24

IRl SRR AR QT S DRI G 52 1010126 10)F i 2527 A 2 B A L I0URMIFRE 4 B 528730 H (5 20101501110001) 5 B 1) VR

HIHAE# . Tel: 0471-4992443, E-mail: wuyj1211@163.com

Received: September 29, 2013 Accepted: January 24, 2014

This work was supported by the National University Student Innovation Test Plan (Grant No.101012610) and the Specialized Research Fund for the Doctoral
Program of Higher Education of China (Grant No.20101501110001)

*Corresponding author. Tel: +86-471-4992443, E-mail: wuyj1211@163.com

W 2% R 7] 2014-04-29 15:27 URL: http://www.cnki.net/kcms/doi/10.11844/cjcb.2014.05.0318.html



672

ARGk -

showed that inoculating at least five SSCs in a microdrop was able to achieve the SSC proliferation. After cultured
in microdrop for one month, the rat SSCs still expressed the marker molecules such as CDH1, OCT4, PLZF, Thyl

and Gfral. And they also possessed the ability to differentiate into spermatocytes in vitro. The microdrop culture

technique for proliferation of rat SSCs had been established. It offers reference for cultivation of SSCs in other

species, and provides a technology platform for related research field in regenerative medicine and life science.
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Photos were captured at day 1 (A), 4 (B), 7 (C), 13 (D), 16 (E), 22 (F), 25 (G), 28 (H) and 31 (I), respectively. And the microdrop the original number of
SSCs (white arrow pointed cells in A, D and G) is 10. The SSCs and the feeder cells (yellow arrow pointed cells in A, D and G) had been marked.
E1 Rl EEFRR AR SSCs(200%)
Fig.1 Rat SSCs cultured by microdrop technique (200%)
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A~E: Jitk4145 A CDHI-PLZF; F~J: HifA414 HCDHI-Gfral; K~O: $i{AZ1 & HCDHI1-OCT4; P~T: itk HCDHI-Thyl. L, CDH UK 4 A
PR 0 986(C Hy My R), PLZF. Gfral, OCT4. Thy U4l R 44 izt (5.5 Ho(B~ G~ Ly Q)o BN G IR Ja, WS P R4 G (4 19 4 i 7 5 (B G
O. T). SSCs(A. F. K. P (A& kg~ A0 M) # e bric 70 7Y, M IRIZ A MB(A Fy Ko PR HT 3R m a8 b 11k . 41 Mk
#iHoechst33342 44 il i (D 1. N+ S).

A~E: stained with CDH1 and PLZF; F~I: stained with CDH1 and Gfral; K~O: stained with CDH1 and OCT4; P~T: among them, CDH1 positive cells
were labeled as red colour (C, H, M, R); PLZF, Gfral, OCT4 and Thy! positive cells were stained as green colour, respectively (B, G, L, Q). After
merged, red colour and green colour were overlaped (E, G, O, T). SSCs (white arrow pointed cells in A, F, K, and P) were stained with fluorescence,
and the feeder layer cells (yellow arrow pointed cells in A, F, K, and P) were negetive. Cells were stained with Hoechst33342 to detect nuclear DNA (blue
colourin D, I, N, S).

E2 MiEAEFE— BB KRSSCs ez R A MERCRE

Fig.2 Double-label immunofluorescence stainning of rat SSCs cultured in the microdrops for one month

Z(Mm

A BRI TR AR SSCsBEAT I 3 /LI IR, 8 dJR LS8 2 ks BEAN I (U5 ) T e, 11 (A5 AR s 1L 52 AU SCRP AN B 0 TR S B0 2 A oK
TMASSCs, 11252 AR AL (57 3k)8 dJ IRAs AT
A: spermatocytes (yellow arrow pointed) were formed after the SSCs cultured in inducing differentiation condition for 8 days; B: there were no SSCs
in the control sample. The goat Sertoli cells (white arrow pointed) were possessed of normal morphology after cultured in inducing differentiation
condition for § days.
E3 KERSSCsHIAIMNES ML
Fig.3 Inducing differentiation of rat SSCs in vitro
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Hoechst33342

Visable | B

20 pm

—

20 pm

20 um
o

A: ] WDOE; B: Hoechst333429¢(%; C: Scp344ts; D: i =5k IF B SO HELRR R AT, F O il =82 SR ane.

A: visable; B: Hoechst33342 staining; C: Scp3 staining; D: merge of previous 3 pictures. The yellow arrow indicated spermatocyte, and the white arrow

indicated goat Sertoli cell.

E4 FSOUEF10 dENRE KRB BB

Fig.4 Spermatocyte formation was observed after cultured by inducing differentiation for 10 d

PRAR ) A BRI FLA I Y 2 a5 B S Bk T
WARZER .
2.4 RHUBARKRSSCsHIKRIN 1L

R T AN B IR VE DT AR AT K BRUSSCs A& 17
A AFEARANIEAT 234k, AR S0 B A4 0 2 g a4 1 L
2 52 0 SRR AN i R AR 1 R A K IR SS Cs gt
ATHEEETR, JEE AT SR LA . 7 52 AL S RF 40
5642 M BE J5 N K B SSCs, 78N ASSCsf#24 hiy
Nt IR i & i 1) B i i ik /D> . 59724 b,
R IR A M B AR, G BEREG2~3 dE e — K
Kigtil. Hi9R3~4 di), /DA FISSCs. K728 d
W52 B4 5 22 K BF A0 M At t IR (1E3) o H TR B
A PIAARRA R, AEAE R T 15 um, Hh 008 REAR i
2 K T20 pm, T DMRZE S #EA(EI3) . FIHH E I 2
YA B AR AT LIoGS Le R B, R BEA0 I A3 55 B 2 11 4
L5, A 20 LB s, e AT IR £ B30 I e e,
BHEAHDEME . XNMREELEHITHYE
52N AL B 7 R 2R 000 RS BEGH IOWL 52 45 S AH —
@5{[24-25]o

SCP3 49 K5 Ji 140 M g 73 24 (P bs il B o A
FHSCP3HAANS L4344 (1) 4M H JEAT F 88 ¢ e e £ 4
SE, UE TIOR3 IR0 I IR A5 I SSCs & i A 41T 5 43
1R % 4 A8 S K BE A L (F14) o

3 itie

TR R T R A R b, K70 A — N
FEE ST 1R 4 B o A R, 5 B2 A 52 AL P9 1) 4% Tl 4
PRSI % o IXAN B2 2% M I Rl T 4 T 52 AL R IR
JIEE 1 B — AR AR /D BISSCso E AE /N Bl 52 AL Y
43 AR A Al R, AN 0.03% 2 SSCsP, Atk Xt
SSCsHEAT 17 77 /& MAKASMiIF 7T SSCs K K 1k A i F2

R0,

Brinster” T 19634F FH ¥ A4 A7 i 78 55 1 15 97
LB IR AU G HUAS T o A S0 Al 1 Ak
WREFRIE, ST B0 B H 1K R SSCs 4,
JU AL H i /> 22 5/ 40 M ) A0 P [ R LS K
FUSSCsH™ 1 o 31X A2 % U BH 10 15 7% 48 20 T K W
SSCsIHMAR AN FEIE RTAT 1, 14D E R A H 1K R
SSCsTEH MG F5 J 2 HIME LS 39 o IXFhAE
B B P A E AR AR Bl T S B2 A0 M 1 2 B
¥ 2 A SSCsfy it — W UL B 1B AR S, IRl
ok HAL Y R SSCIR FER BT 1k ¢

E-cadherin(CDH1)!'®), OCT4!"*, PLZF!",
Thy 1%, Gfral®E K K FLSSCshr idi 7 7 TR 1A,
A S04 FH CDH1AE 29 K BRLSSCs 14 5 P 4G 3 Bt
A, FCAE RN RSN S T R S e A, il
5 JE UF 52, CDHI(E %% #% /EE-cadherin) 2 /) fSSCs
fR R S 2 T bR A0 KL AT, CDHIE — /M S A b
B 21 28 e 260k (1 i VOB B 1, B UE SEAE G T B
T sk 40 0 R) 3 2 A W T A 2R 5 e R A A B
PEH AR IS, A S 4L K e SO o K S
5 e BHCDH 1 AT LAE A K ERSSCsi #rid 73+, H1 T
KELSSCsi %58 o ABFITH X L8h5id 4> 0 55 5%
Keik—> H ISSCsHEAT AUAR G338 9 Ve Yot %5 58, 1M
X HESSCHF b 1 B 1175 105 57 )24 40 i P E045 B A
SFIE . S5 AU I, RO B IR AR K R SSCs A% id
I FRISFFEA S R, 159831 dJa, KR
SSCsAI 4 FELR TG 540 bR 43 1

A T AIE SO B R BT AR SR SSCs A = 4%
TR, KR AR 43 B8 Sl Ak A 1 2 52 R S R A0 R R AR
T FRIEIRAF K R SSCs AT HL 5 9% . TTUA M 5L
3~4 dK FRSSCsHEU R IR IR P X5 2 | [RAF 5T &5



C AN S i SRR IRrS

677

FARZAL, FTREAS B T4 M8 T S BUW ™, 53 Ak
XTG B0FR) J5 Bl U T RE A A SSCsitE N 7L BL At
S A 2 1 PR N R IR, S OO S e
TR LR A, I F R R A RE Pt
e N ORIRE 1 1T s (K FLAR S RO S5, Jir A
A UK AR i B A N T RS Kb o AE
BEFR10 dJa 3o 730 0 BEAR KK B SSCs ) e D 4
CAUEN] TR RE TR T 3R A KISSCs {15 HAT A ¥ 43
A BE, REfS U RS EEANML . ERS BRI HESCP3 4L
L, SCP3f R IE A I ILAE AH I % v, 5 FeAb )
Fofrd L = RSBGPS DL IXHT fEAZ
T-SCP3FE W it M 5 B, 3 A K e da B 40 i %
B AT R AR LA A AN IR AR, SCP3%%iz E
AR MR A7 AE LSRRG, W A — 2P TS

M S AL, R B RIE X K B SSCs ) AR A1
BRI RSBl 7o IR, (1 BT 7 SSCs R A 1
T A RO T B R IR Ao SR L B IR LS 57
RGEE AT SSCsHEAT R AME: 22 B i B 77, (A2
T EME A 2 SSCs MM AL I e AR, Bl
WEFCRRN, M ER 2] S SSCsIX PR E KL e
FEF 0 TAE RS [RI, PR 15 7712 m] B
R 4G S50 T 40 A A G R - S5 S 0 FE A, ANV
AL KR S B A, i L AT L2 g AR AT
KRR 2

FESERAI T I R P A T 2 2, TR IR 1R R
FAT— @ WU A 28 i 104 0 o AN A0 JE S 46 1 e
A TR R, k2] T RUEpHIAE T o BF
FUAW], Bt iih J2 34 vl LR 0T 854 et 1 45
JHEO [, A Ak 5K 28 T R RIE 5T n 4 58 45 1
FERISSCsTAAMRRTR AT, WUKP 2 W pH
PEHlS AR HERR S — AR A IR, R B TR
AT LAA SSCs A=K B3t B4 4511

LR EPTIR, A S8 A e 55 7 TR
SSCsII RN IR AR ZR o A5 N 12 i /D B0 1Y)
SSCs(A S5 e /NI HCh S)y Wl EUSEELY 1, I
1144 JE SSCs 15 77 Je 4 M g1 738 (1 ik 4%, DA
Ja SSCsHFE (KIS S AR AN A 1 450 XF
SSCs i J5 ¢ I XUbR He (0 A B By 15 3 A b 23 A s
B, UEW]Z VA AN SR SSCs I AR IE 7 1 R iE
Redk, W DASRAS BAT AT RE K LSS Cso X — 45
T JT R R N ANE D FLAB P RESSCs [ 8 FR 2 it T
25, DTERAHHISSCs R o AL B~ R ZE ) A 5K

PRI TSN THART &

10

11

12

13

14

15

16

S HR (References)
FIAR, WA, T IR 5T 40 I A A S A A
IRl 50 4 W F 9% A 5. Bl 2% 08 i (Wu Yingji, Luo Fenhua, Bou
Shorgan. Prospect of the establishment of transgenic animals
by primitive spermatogonium transplantation. Chinese Science
Bulletin) 2005; 50(19): 2061-8.
Brinster RL, Avarbock MR. Germline transmission of donor
haplotype following spermatogonial transplantation. Proc Natl
Acad Sci USA 1994; 91(24): 11303-7.
Brinster RL, Zimmermann JW. Spermatogenesis following male
germ-cell transplantation. Proc Natl Acad Sci USA 1994; 91(24):
11298-302.
Kanatsu-shinohara M, Muneto T, Lee JY, Takenaka M, Chuma S,
Nakatsuji N, et al. Long-term culture of male germline stem cells
from hamster testes. Biol Reprod 2008; 78(2): 611-7.
Kanatsu-shinohara M, Ogonuki N, Iwano T, Lee JY, Kazuki Y,
Inoue K, et al. Genetic and epigenetic properties of mouse male
germline stem cells during long term culture. Development 2005;
132(18): 4155-63.
w5k A, RNEL SRR SR EORAET NN AR
i (Huo Long, Zhang Yan, Wu Yingji. The new applications of
micro-drop culture technique. Biotechnology Bulletin) 2011;
2011(9): 59-62.
Brinster RL. A Method for in vitro cultivation of mouse ova from
two-cell to blastocyst. Exp Cell Res 1963; 32(1): 205-8.
Paria BC, Dey SK. Preimplantation embryo development in vitro.
Cooperative interactions among embryos and role of growth
factors. Proc Natl Acad Sci USA 1990; 87(12): 4756-60.
Araki Y, Sato T, Katagiri K, Kubota Y, Araki Y, Ogawa T, et al.
Proliferation of mouse spermatogonial stem cells in microdrop
culture. Biol Reprod 2010; 83(6): 951-7.
Hamra FK, Chapman KM, Nguyen DM, Williams-Stephens AA,
Hamme RE, Gargers DL. Self-renew expansion and transfection
of rat spermatogonial stem cells in culture. Proc Natl Acad Sci
USA 2005; 102(48): 17430-5.
Hamra FK, Gatlin J, Chapmna MK, Grellhes] DM, Garcia JV,
Hammer RE, et al. Production of transgenic rats by lentiviral
transduction of male germ-line stem cells. Proc Natl Acad Sci
USA 2002; 99(23): 14931-6.
Owig KE, Avarbock MR, Brinster RL. Retrovirus-mediated
modification of male germline stem cells in rats. Biol Reprod
2002; 67(3): 874-9.
gk, B, R, BEAIRL, T, RN K RURT IR
40 1 e 2k A3 B R Al gy ik, v A AR A0 4 2 AR (Zhang
Yan, Luo Fenhua, Liu Linhong, Wu Sachula, Yu Boyang, Wu
Yingji. Efficient separation and purification of rat spermatogonial
stem cells. Chinese Journal of Cell Biology) 2011; 33(5): 543-7.
Zhang Y, Su HM, Luo FH, Wu SC, Liu LH, Liu TD, et al.
E-cadherin can be expressed by a small population of rat
undifferentiated spermatogonia in vivo and in vitro. In Vitro Cell
Dev Biol Anim 2011; 47(8): 593-600.
Kubota H, Brinster RL. Culture of rodent spermatogonial stem
cells, male germline stem cell sof the postnatal animal. Methods
Cell Biol 2008; 86: 59-84.
Wu ZR, Falciatori I, Molyneux LA, Richardson TE, Chapman



678

ARGk

20

21

22

23

KM, Hamra FK, et al. Spermatogonial culture medium:
An effective and efficient nutrient mixture for culturing rat
spermatogonial stem cells. Biol Reprod 2009; 81(1): 77-86.
MEEE, 9K, TR, SRR AR T AN L R )2 A
SAFHILA. BUARAE ) s 2% 3 JiE(Liu Haichao, Zhang yan, Yu
Boyang, Wu Yingji. Optimization of preparing feeder layer cells
of spermatogonial stem cells. Progress in Modern Biomedicine)
2012; 12(4): 626-30.

Pesce M, Wang X, Wolgemuth DJ, Scholer H. Differential
expression of the Oct-4 transcription factor during mouse germ
cell differentiation. Mech 1998; 71(1): 89-98.

Costoya JA, Hobbs RM, Barna M, Cattoretti G, Manova K,
Sukhwani M, et al. Essential role of Plzf in maintenance of
spermatogonial stem cells. Nat Genet 2004; 36(6): 653-9.
PR, TR, BIRLL, TR, Fhh 3L sk Bh. AR ST
Jds AR B R L R k. e S RE2E 24 (Li Yanfeng, Guo
Yinglu, Li Xiaohong, Jin Fengshuo, Sun Zhongyi, Zhang Keqin.
Preliminary screening of specific surface markers of human
spermatogonial stem cells. National Journal of Andrology) 2005;
11(7): 486-9.

Brinster RL. Germline stem cell transplantation and transgenesis.
Science 2002; 296(5576): 2174-6.

Su HM, Luo FH, Bao JJ, Wu SC, Zhang XM, Zhang Y, et al.
Long-term culture and analysis of cashmere goat sertoli cells. /n
vitro Cell Dev Biol Anim 2014; in press.

Feng LX, Chen Y, Dettin L, Pera RA, Herr JC, Goldberg E, et al.
Generation and in vitro differentiation of a spermatogonial cell
line. Science 2002; 297(5580): 392-5.

24

25

26

27

28

29

30

sk Dar e, SN K B RS A SR AN N R AR R IR
HURE 7 e Az ok B2 WL 22, v [ Y3 B 2% 2% 75 (Zhang Yan, Luo
Fenhua, Wu Yingji. Co-culture and spermatogenisis observation
of germ cells from rat seminiferous tubules. Chinese Journal of
Andrology) 2007; 21(12): 7-10.

SR, By te, BEREOL, JOH T GRS IR A5 A0
BB TR AR 7 R A R LB, A 5 R R (H R
El % BO)(Wu Yingji, Luo Fenhua, Xue Xiaoxian, Bou Shorgan.
Long-term culture and spermatogenisis observation of germ cells
from sminiferous tubules of cashmere goat. Acta Scientiarum
Naturalium Universitatis NeiMongol) 2005; 36(4): 411-6.
Brinster RL. Germline stem cell transplantation and transgenesis.
Science 2002; 296(5576): 2174-6.

Tokuda M, Kadokawa Y, Kurahashi H, Marunouchi T. CDH1 is
a specific marker for undifferentiated spermatogonia in mouse
testes. Biol Reprod 2007; 76(1): 130-41.

Lee JO, Kwun HJ, Jung JK, Chio KH, Min DS, Jang KL.
Hepatitis B virus X protein represses E-cadherin expression via
activation of DNA methyltransferase 1. Oncogene 2005; 24(44):
6617-25.

Stukenborg JB, Wistuba J, Luetjens CM, Elhija MA, Huleihel
M, Lunenfeld E, et al. Coculture of spermatogonia with somatic
cells in a novel three-dimensional soft-ager-culture-system. J
Androl 2008; 29(3): 312-29.

Miller KF, Goldberg JM, Collins RL. Covering embryo cultures
with mineral oil alters embryo growth by acting as a sink for an
embryotoxic substance. Assist Reprod Genet 1994; 11(7): 342-5.





