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(A S KA FLBh Y A B D) 2 R B R R T T R S =, PRI 010021)

WE  FARIAEARR L RARIFRFANHE TR AES TS e E RSB FRET
K T H, R % IRGE AR ARk B WA IMK A B 2% 69 A AT B T Gk AR BAE R A 3 BOEF
RANEA e, L ERIE T —/MRIN RIS F A A T IO, FHRedFs: 7 AW T @ity L
i/ A TR IR IE AR A . AR A R 8 A e Ae A A a3 o b ankh AL R E A B3 A b
FERRIAEATA KB F o945 0L T IR T LA ZRAHH T @22 A . RT-PCRYT 2,
B mIeAE R KK cdhl. scp3. tp2; FIE R K FE &R R, CDHI. PLZF. SCP32A % SOX9
FEME Lm0 A, XL R HBIETRA PR AEWE BT @, Hamit., HFmit X Hmi,
6% 22000 LF e/ £ A ek b L AR 2 T A T A A FA 69 5 T ALH| Fe 22 S AR50

K5 in

K I T~ 41 it (spermatogonial stem cell, SSC){E 4
AT, EBEY AR PR ORAT . R B)
WIHIME. KT AN R AT IE EREEA
AARIIER . BEEXTSSCHIIER . H#5E . 4 fb LA
e E T AR AL BT AR A AR LR B A 5
MISSCHRAR. FAP BN K &, #10 U] 75 24
Bl — Pl 4T 10 7 1 TT ESSCAR A 895 55 43 AL iF 9T,
HARSSCI /3 a7 ik D /e — ekl L3k T
FIE, IE HSEEL T /S M SSCHAK i 1: 7=
S SSCHEAN b 1A D e (PRE +5). fH 2, SSCHIfA
e, TUHE KBYISSCIH RSN 2, — HIEZ 5
FrERbRE; O IR RSSCE Ehni& 2 AN SSC
B brak, R RE S LA UK IR IRk R bl
HAB RN RANEL. LAk, B SSCHK IS F7 K R
AR RARE MR . IXLEAG B0 PR T R R AR S 5
TR FRABELAA PN 1 0 BEAT R 1 R 2B HLER I ST IR G
B, A R T AR ARG AR R TR A B ORI 2
Vw3 PR

h T B GE TR R, BHr gkl sr 7 20
Y2390 M 3% 5% 5 v, LR L T 40 i A I T e (ex-
tracellular matrix gel)[¥)SGC 2-DV, 3-DI¥IE% F% /& &R
o I, IXEEAA R AN BRI MR A A 52 AL
20 S 7 (I A A3 T TIOR8 B 20 i TR ) 8 3 P AT
HAEH, 1 HaX ek 513 R 4E R RO IR 1 & .

KB SERUZETE AN N, SR A i/ 2B A O IR 7 AR ARG 1 R

TX L B AN 0 AR R 1) S R AT, R
AR KR 25 b B ARG 1L R (K 56 . BT LA,
AR ILEFERS 1 R AR AN R TR AR R AR LA
LI S R N TR N

1LV I, 200 =E 5 K R S8 LS e dl
Ji 5 A B A B TR R BRI I, Re K 4+
PRAMKE R A R L 2 7= AR K 40 M, I A) k4
IO T R AU AA ARG 1 AR R S 1
T MR, W, PR SN B AL IR AR AN 5
S, Ll R AN [ (7 A 5 40 B R AT T A W 2 A A
FRAT I REE IR, AT 23T 7K 0 2 90 A2 K 4
WA T AR L TR RIE AT 4 e

70K B 52 L2 2R SR SGCH: 15 957 1k 211010y Jik
filh b, A URBUR H A [7] & & B B A R 4 B ik A
A PRI AR A 231 1 Js B, R F X % skRCR(RT-PCR) %
R 58 79 ' A0 i G €070 35 e A i 43 1 IR R S 3R I,
X IERE TR & b 40 B TT R — 2D WY, Rl B
JCRIE T K BUSSCAAR P 25 58 b i AR MK RS 7 44
RIWEH R BTSSR S 583 T RSN K ESGC
LR IR R, $EAE T AF L % b R ek SR AN i AN
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1 ##57%

1.1 ##)
1.1.1 FE%sHh4 Wistar-Imamichi A §i i N 2215

REFSLIGHY PO E R s RS et s
FLEE 15 FEGHAE 2 H e i 5 —R) KRR

112 3FHRAEBKHA DMEM/F12Jt) [ Gibco 24
w], B 25 My (fatal bovin serum, FBS)IE H K i v
AT, dEEFEAL A RC, i REERIN A
Sigma/A w), B-%i Jk £ % W H Amresco/y #], Penicil-
lin, Streptomycinl) 5 Wako H 2 F1 56 4l Mk Tk K 28
254k, S2 i (testosterone). T BP VL I & (FSH)W H 7
P TR, IR =BIW HBBIA A . H e
Yt B Sigma /A 7

1.2 7%

1.2.1  fmpessdc K B BT SOME VR AL SR I, PR
52 0, T 41 F AR BHE 47 25 g s 4 21
SRR BRI, SRR MRS o R it GRS

B1~2 mm4l i, 21 2L T 1240 AR P 737 °C,
5% CO,\ MIAIVRJE T 95, H592WN 5 10% FBS
[DMEM/F12, 43 5l Vs IR B 400 ot 28 269K &2 75 %%
#(100 U/mL). %% 2 (100 ng/mL). B-3iIk 2 B
(0.1 mmol/L), 4E/EEAQB UmL). 4k C(8 pug/mL).
#i4ZE02 pg/ml). FSH(0.1 U/mL), =201 pg/mL).
PitERE 2 B(0.125 pg/mL). B EHB3 K.

122 mjef SR 5T ARk ENEESSERES
R 40 M 565 58 B fE 4 SCRR[9- 11Tk AR 12~14 pm A
) B RE 15 2) 1) 54 T B 520 T2 () 40 1 2k RS st = 4 i,
TR K116 pm, 201015 £ B0 I e 1)
OREREGR M, A S, RS 40 E AR /N T 10 pum, A (1)
ARHMEE.

1.2.3 RT-PCR TR IERE IR R I AS [R] B 1) 551,
1.5,2, 2.5 F)SEE 40 M, $EEUARNASS, 28 )% 5%
il #4cDNA, 43 5] 3% W edhi1B', scp3t3, mp2!)
VERRG T 20 RS BEA0 L DL 3 T K 1 40 I ) b
PR, & i gapdh W E IR, Bt AN 5 | 9)
HEATPCRY MG % 5E o AF 25 H 8 (1) K B 52 ALcDNA
YERBHYEXT . PCR M. A R 410 pL(PCR5 |4 ¢
BJGRE WL PCRI=“YILE 1 %I B b e e vh vy
7K, 0.01%[17R4k ZBEGL 1, B BAG AN RLAG 3 1T

%1 RT-PCR3|¥RBIEE
Table 1 Primers and anneal temperature(Ta) for RT-PCR

R FIWFH(-37) K/IMbp) B FECC)
Gene Primer sequence(5°-3°) Size(bp) Ta(°C)
cdhl F: CTG GAC CGA GAG AGT TAC CCT AC 681 56
R: GCT GTT CTT CAC ATG CTC CG
sep3 F: GAA GAT GTG GGA GGT GAA GTA 332 54
R: GCT TTC ATT CTC TGG CTC TG
tnp2 F: CCACCC GCACAGCTCCTCT 253 58
R: CCT CCT GAC CGC CTTTCT C
gapdh F: TGC TGA GTA TGT CGT GGA GT 289 55

R: AGT CTT CTG AGT GGC AGT GAT

124 @it RAERAFELT S HliEHCDHI,
PLZFU117 SCP3, SOX9USWE Ay ks i T-40 . K EF
0 i LA R SR A0 R R e bR B, e 3L R Ak
RAMBEAT e 9 Y tr 258 . AN AE4A% 2 3R
S [35] VR SR T T 72 30 min, 20 i S 2R R
% 14 H0.5% ) TritonX-1008 3% 5 min(SCP3F1SOX9
O 0 5. O 18] 2 1 41 M 10% {INGS (IE i 1L 2
P, 62 S5 T B PR 30 min, 48550

— P4 CHF R, W= PUEEBFE 1 h, 10 pg/mL
Hoechst33342(C1022, 32 K)= 5% &' 8 min; Nikon
TE2000-U% 't WA Be L - d e —Hi50 il h: E-
cadherin(CDH1, SC-8426, Santa Cruze) 1:200%% B T
PBS1; PLZF(SC-11146, Santa Cruze) 1:200% % T-PBS
1, SCP3(SC-33195, Santa Cruze) 1:100%7 % T-PBSi
t1; SOX-9(SC-20095, Santa Cruze) 1:300%7 B¢ T-PBS
e Lt FEdT Eey3 (1 A8, il
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B -

FITC(H A2 & #r) LA S 1l £ Hi RFITC(SC-2012, Santa
Cruze), ¥ }1:350% ¢ T-PBSH .

2 %R

2.1 R SMERLE

2.1.1 BB SCREAN ARG S i EE
A K, 4~6 hB[I AT LA ZR e ) R A 2 8 1) SRR A
BE R EEMEE G . 12 WG, SCRA b K, G
SO, MR IR =k, A&
A%, BAEIE 22 ME A, —
JE J A3 AR DA 2 28 0 B 0 2 1 S
0 M 00T, AR A B o S B AR )

B MR T4 (E1B). & R kA7 AE /D /N
JEURE 40 i (peritubular myoid cell), — & I 4 i 7
ZAR(EITARTELC).,

212 KRIFHRmIGH AL KSR EARAL
KNHBRBZ, VIR R & K720 pm, B2
40 1 5B 7 L BCR(KID), A 40 i B 4 . 4 i 50
AN G S 7RG B A AR NG IR 1 2008 N B e i B
M0 3 TR £ 40 i AR /N 1712 m, Hp S8 60, 40 T A%
(BID)EAMS e 5 b R AR I8 ), A AT HEE
(F1G)o I T 40 o Ay [ T2 A [ T, EAR A T K
BRI L IR RS T 41 8], B WAFAE T KR4 R B
J PR ARV B T SRR AN R R T (1D) . JLam ik,

FIR(A) HB). 23K(C)s 6JH(D) 8FH(E) LUK 12 (F) I 2 K541 /A= 5 4 Ml AR A L - A R &2 82 Fr & Sk g o MR 40 R G
WSk T AT MR IR T A0, H: AR TH AN S R A0 M T 1 SRR A M e B T S SRR MR, SR LN M R B AT M 5 5% A R T YR
AR ss: KGIRT-AUME; sc: SCHRFANML; ps: HIZORE BEANNL; sp: IR BEAN AL tp: [RJERS 140D, ep: ACTERE 7400, pm: /N RNIFEAN L. br =

100 pm(A~H); k5 R=400 pm(1).

The SGC system co-cultured for 3 days (A), 1 week (B), 23 days (C), 6 weeks (D), 8 weeks (E) and 12 weeks (F) in vitro. F: arrow points to the at-
tached isogenous spermatic cells; G: arrow points to the elongating spermid; H: germ cells and somatic cells formed a bird’s nest-like colony; I: the

testicular-cell-cord-like formation formed in vitro. The cells in the testiscular-cell-cord-like formation including primary spermatocytes, secondary

spermatocytes, round spermatids and somatic cells. ss: spermatogonial stem cell; sc: sertoli cell; ps: primary spermatocyte; sp: second spermatocyte; rp:

round spermatid; ep: elongating spermatid; pm: peritubular myoid cell. Bar=100 um (A~H); bar=400 pm (I).
Bl XREEMBEIIMIEFIE TR E TN

Fig.1 Co-culture and spermatogenisis observation of rat testis germ cells in vitro
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CDHIMPLZF/E A SSCHS 1k 43 7 hac 1 1 K FSSCHIME E (A~H)o 43 MIAE2 S S 1A H 335 F7 6 & o il 8 23 CDH (L (4 98, B F)RY
MAFAE, A2 H IR IR0 R R B RIE PLZF (5 (0.5, BYRIAN ML 474, CDHIUMIPLZF R LA i ) A IE VIR R P A 2ESSCo 2N H i
FERE TR ZR PRI 2RI SCP3 (S (0, DA MAFLE, UE WA R hAFAEWIZORS BEAN L o 20 H AOFERE IR 1 2R T R 21 I8 SOX (AL (158, N)
AN MIAFAE, IEDMAR R P A RPN . AL 1o MOSWIREEF AR IS C. G K. OZHoechst33342 444 . #7X=40 pm.

The markers of undifferentiated germ stem cells, CDH1 (red) and PLZF (green), were used to assess status of SSC (A~H). SSC expressed CDH1 in two
weeks SGC system (B), one month co-culture (F) and PLZF in one month SGC system (E). Immunofluorescence of spermatocytes stained for SCP3

(green, J) along the two months culture (I~L). SOX9 expression in sertoli cells were detected by immunofluorescence (red, N) at two months of co-
culture (M~P). The bright fields of the SGC syetem were dispalyed (A, I, M). Cells from SGC system were stained for Hoechst33342 (blue, C, G, K, O)

to detect nuclear DNA. Bar=40 pum.

B2 Kik2.5M ARISGCIERRMRRIERBLEECDHL, PLZF, SCP3RSOXIHIRIAESR
Fig.2 The SGC system was evaluated during 2.5 months of culture, and the expression of the CDH1, PLZF, SCP3 and SOX9
was assessed using immunofluorescence

Testis 1M I.5M 2M 25M Water

AP R, 1.5, 2, 2.5 HHICE SRR R 41 il 5 RNA, RT-PCREE 5 K Jst T
AMRF T T ARG cdh ] HIGORS BEAN MRS S 4 231 Bsep3 M BTN 74
R AR Emp2If)RIE . B K I K gapdhft: 19 2 B M 25 K K L 52 L8
RNAE A BH 436, 280K A R 10 e M: H .

RT-PCR analysis was used to detect the SGC system mRNA expression of cdhl
gene (specific of spermatogonia stem cell), scp3 gene (specific of spermatocyte),
tnp2 gene (specific of round spermatid) and gapdh gene (housekeeping gene) in 1
to 2.5 months co-culture in vitro. 25 days rat testis mMRNA expression as the positive
control. Water as the negative control. M: month.

E3 RT-PCRY¥E X #HMM/ £ EMRLIEFR AR P S REEME
Fig.3 RT-PCR analysis was used to identify different cell types
present in vitro SGC system in comparison within rat testis
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T/ A0 M 2 L IR T, AT B, A0 s W
BN RIS, WR BRI E) .

5 455 75 I ) (1 B, ) A0 % 81 A R 4 i 23 A
PRI AR — 50 23 A R 4 i w8 5% 380 B 58 119 x5
e AN L, bR BEIR 40 B AR RS, SO P A
SRS RIS B (I TF); o — 0 AN 40 0 5 44
N Mo A ELVR Y, SN B AR AN M, T SR
(IR I8 702 40 M 5%, 40 M 5% B9 32 RO % 20 26K 4 M (1)
1H). — 640 i [ 4k 2 55 45 i 40 e, 55 )5 T2 ek
ABLSCRR[7] 7 4 38 1) 52 AL 41 B 2R 45 M (testicular cells
cord), £ P SZRFAN ML, S AL TN S AN i /N AL VL
AN A 1l S0 (0 SR, A3 40 i 2 2= 3L Rl (B D)
T3 SCHR TR, 1 45 74 5 52 40 A &0 S 7 440 i
AR N A RO,
22 BEMETFEE

L) FL 8% 75 1) 563 JE AR 3t 2 B 21~24 K 1) IR 4%,
P 22 2 g 2 TR A R 4 (B 1C), e R 43
O TR 40, 25 FRIEARFF & RN B I LU
FEIRS T R A AR, Ab, 1 2R i U 21 A RS 4
P 2> BN ) 7= 26 R A ARk, 12848 (8 75
ARG AR 2 H A TS (& 1A~ EI1C), A7EH4 5 556
JEV B 5 I A2 R 0 i 2 AN Wk /> (1 1D), 1528 25 8 A 4k
H BB n(ENE), XMILR A8 R 12 A IR &
SO LF) o 0E P U0 A RS 4 o e =X B ),
AR i D B AEAE(EIID). SR A /D TE2.54 A I
BEFRI IR, M R AR E R K WIRF LR 7 R 2. H
2, R RS T R AT, HUAT B Bk 1
M RE, HI— & KHEEI1G).
2.3 MpRRERALEE

T T Y (R W, S 41 A% IX 45k 3% IR HY
SOX9BHPE(EI2N), 2B HBr 774 &by s i i £ H
P A0 N SRR (B 2M~ 2P . 55 Bk fR] B, 7
2N IR 15 77 44 2 A RS I 31 T SCP3BH 1 41 it (<
2)), XPERSE A RMAEAE, IEWER R P AR AEA IR
Ko 2421~ E20)

oy M2 R (E2B) . 14 H (EI2EFI E2F) ¥ 7k &
rh s 52 51 T 48 1ACDHI1/PLZF[¥JSSC. CDHI1FIPLZF
Y K FSSCHR & 2 23 T i 78 1R 2 STk v 73 21
U #2671 o0 2 i ) e — A T I 04 i
52 FCDHI1/PLZF BH 1 40 i, #ED 7T B A2 52 4 41 i 44
H ik 2, SSCHI fi 4 4 25 76 SC R4 J2 2 ) AR HE
o EIR

2.4 RT-PCREFE

BRI FRL, 1.5, 2, 2.5 H LR IR AR R 41
U S RNA, RT-PCR% Ecdhl scp3 feinp2, RIMAEK
82,5 H 85 7 30 1) 25 B 1) Be 344 DL S R i 2
1, Vi WIAS A IR [8] B Ak &R T B 47SSCL ) ks BEA
J LA R 5 T K 5 4 B A7 AE (3, 2~40K38), i W] 44
FR A AE R )5 T 40 WA A2 A 3 A 2 B T2 RS 14l
B & /b2.5/ H. RT-PCR&S 5T AW %2 DL K 4l
J S B TG (A AW &, U] T AR &R A
e FHOK Bl 52 R i 4IRS AT A% K IR 26 5 40 R SRR
20 M vl K B4k FFSSCIHIATAE S 4k

3 itig

SLIG g5 R W OR, ARG KRG IR SSCH AR
XK FSSC % 5 b s 52 FHE | Y, 25 SEF B A HH 44
WK FRSSCHE i bk i I T RSP SSCH I 1 77 1) 45
AR, M HAA R0 S Be AR RS E R SSCIAE (L o

2 A 3 5% O Y (AR T-PCRE & 45 SAIE W, 7
Kak2.54 H IR0, R R R A7 {ESSC. ¥
REAM. [RUERG T A LA S SR . TS MEE
RIN, A ZR AR D BTG T () KB A 1 40
FLYERF SSCHEAE ARG T~ A= 1 B[] 388 ik S ik 18 1)
1~ A,

L S 56 56 UF SR AR M AR AR B A E A i B ]
AT F ER 2 40 . ELAS B =4 A B 40 i 1) 4 15 43
o FUABE T M AN U 6 e 1170 S 5 4N /A B 4 g
JLREFRAR R A SCREA 40 M i 8 B A0 434620 3 4
WFIE B, RAMEE 7 SSCI 1 5 4t 5 75 AR KN 7
4: GDNF. LIF. bFGFZ22; [A] i SSCHIA #1431k
W EBMP4, R AL S RS,

{EARAR R AE BRI b A 7 52 LA 2
RN B R A A A, BRE S N R A I A
WA WE, RN IAKE T, I 4ef kR4
SSCIFAAAE MR L A o 2EKS 1 K A2 o UEWIANT
PILT UL B . AN A K7 Il SGCHE %
FEAR R M RESCRESSCHIMARSMERF R 04k o S50 K,
37 °CEt32 °CHFI34 °CHE A AU 2570 5 e B L[] )
YeFFSSCHIMIE 15 504k, H T AT T S Hr 40 i 55441
LA BEE A X 45 R 5 SRR R 45 R 3

i 25 P BPORE VR SRR (ICST)P R I & Rl e 38y
R R FI SVEA T I RE T — 4 0mi&tt. A4
M HILRE IR R G, KRS ILEE IR 13 2 1 B TE RS 1 1
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PEATTICSTRI AT fiff e ph A o 252 LR A 4AOKS 1 4
H A B L 1R 55 PEAN T TR0 [RIAE A 1A 3 v oxt
AN REAT BE D R AE, S5ATCSTS IR IR 2 i A w] H
THIER L

AR, B A BIUET A SRS S S0 10 52 AL T
PG I T DA TR B AR /N AT 1 R AR
HI50%11) SCRFAH . 20%I% /N JE JULRE 4 i 10%
F1Ry 52 R ) J5T 0 i DA B 5% FR) 2 K 4 M 281 ok F) 3 2
S2 IR A AN A S e B /N BUBE T HOR N 7 R AOIR
2k, A Ja ARG T 18 h 400K A 45 # HLAE R 4
WS T4 F AR R T R AR TR A AR T X
ST AE R TR £ 40 S 00 AL A K /N, T4
NG FRARFR Hh 52 LR A S 7 AL PR N I
L THadley S R IE . TTAEASEIG R, o il 4008
T HH ORI AR 5 AN MR B T HOIR SR 52 AL
AR G5, UERT T SGCHA 2 1 345 41 i FH I At 44
A th BAT 2 5 R R R R BT e . XTASRSE
RS R IR B R 201 WL A AT S R AT B T3 AR A
PERENE A R I A8 B R AR A RS2 T
(IR, AT By T AR SN S P 55 2 B 23 BG4 A 2
SHAR GRS AT AT EAAE T 3005 40 i ) 3
PRAR R 25 SORPRS 1 R A2 AT IA S8 2 H R T 23
G4 251 .

LAk e S W, % 30 IR K R B R 3 AL A4k
SSC 4k +5 SCREW AL 1A HRSSC I I 734 b - 4 A=
FEANMLIK 25 AF o HOIRIISR S AL A0 MR 25 R IR TE iR
WA Z 0 A A 1 D0 (R RSEAUL 2 Sl e S0 1
fR AR 2 L [R] I SEBL T SSCHEH7 5 Fa g HIRE 1 K2k,
So I T LR SSCHE FH 4 5 A7 A ANREAE — MR
AR (R ME AL, A A5 A e R AR AUL AR A 52 AL 4L 23 1)
SR P A BAA 5, A B T BRATHE ARSI ST
HERE A 2% 0 A B B PR 71 LA

AR S L T RSN IE B IR AR R L HATE 2 H
ST, PR JEUT AR R R ERE S LRI AE 5
2y RE B K201 WL T SOC T Y RE B A2
S IR 73 5 HLRIIT ST OB L3kt 2 2 (5 LK
T LERG A0 M 28 A R LA B ) I AT T AE (1
W At — 2B AEAR ST Fe M A B (R BB K 1
WFCEEE T SR

S ECHR (References)

1 Yuan H, Yamashita YM. Germline stem cells: Stems of the next

10

11

12

13

14

15

16

17

18

generation. Curr Opin Cell Biol 2010; 22(6): 730-6.

Creemers LB, den Ouden K, van Pelt AM, de Rooij DG. Main-
tenance of adult mouse type A spermatogonia in vitro: Influence
of serum and growth factors and comparison with prepubertal
spermatogonial cell culture. Reproduction 2002; 124(6): 791-9.
Zhang Y, Su H, Luo F, Wu S, Liu L, Liu T, ef al. E-cadherin can
be expressed by a small population of rat undifferentiated sper-
matogonia in vivo and in vitro. In Vitro Cell Dev Biol Anim 2011;
47(8): 593-600.

Sadri-Ardekani H, Mizrak SC, van Daalen SK, Korver CM, Roe-
pers-Gajadien HL, Koruji M, et al. Propagation of human sper-
matogonial stem cells in vitro. JAMA 2009; 302(19): 2127-34.
Sato T, Katagiri K, Gohbara A, Inoue K, Ogonuki N, Ogura A, et
al. In vitro production of functional sperm in cultured neonatal
mouse testes. Nature 2011; 471(7339): 504-7.

Pineau C, Dupaix A, Jégou B. The co-culture of sertoli cells and
germ cells: Applications in toxicology. Toxicol In Vitro 1999;
13(4/5): 513-20.

Hadley MA, Byers SW, Suarez-Quian CA, Kleinman HK, Dym
M. Extracellular matrix regulates sertoli cell differentiation, stic-
ular cord formation, and germ cell development in vitro. J Cell
Biol 1985; 101(4): 1511-22.

Cukierman E, Pankov R,Stevens DR, Yamada KM. Taking
cell-matrix adhesions to the third dimension. Science 2001;
294(5547): 1708-12.

RN, Dwte, DS, B H T Gl g i A u A
KIPIEFRRURS T R A RO GE. A 58 R AR (A SR R
fi%) 2005; 36(4): 411-6.

sk, DA, RN K AR A SR AN I AR A IR 7R
KGR A PSS, w53 R 2%k 2007; 21(12): 7-10.
Reyes JG, Diaz A, Osses N, Opazo C, Benos DJ. On stage single
cell identification of rat spermatogenic cells. Biol Cell 1997;
89(1): 53-66.

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

Schalk JA, Dietrich AJ, Vink AC, Offenberg HH, van Aalderen
M, Heyting C. Localization of SCP2 and SCP3 protein molecules
within synaptonema complexes of the rat. Chromosoma 1998;
107(8): 540-8.

Ozaki Y, Saito K, Shinya M, Kawasaki T, Sakai N. Evaluation
of Sycp3, Plzf and Cyclin B3 expression and suitability as sper-
matogonia and spermatocyte markers in zebrafish. Gene Expr
Patterns 2011; 11(5/6): 309-15.

Ullas KS, Rao MR. Phosphorylation of rat spermatidal protein
TP2 by sperm-specific protein kinase A and modulation of its
transport into the haploid nucleus. J Biol Chem 2003; 278(52):
52673-80.

Costoya JA, Hobbs RM, Barna M, Cattoretti G, Manova K,
Sukhwani M, et al. Essential role of Plzf in maintenance of sper-
matogonial stem cells. Nat Genet 2004; 36(6): 653-9.

Borjigin U, Davey R, Hutton K, Herrid M. Expression of promy-
elocytic leukaemia zinc-finger in ovine testis and its application
in evaluating the enrichment efficiency of differential plating.
Reprod Fertil Dev 2010; 22(5): 733-42.

Frojdman K, Harley VR, Pelliniemi LJ. Sox9 protein in rat Ser-
toli cells is age and stage dependent. Histochem Cell Biol 2000;



460 IR -

113(1): 31-6. 23 Marh J, Tres LL, Yamazaki Y, Yanagimachi R, Kierszenbaum
19 TERIE, &R, BEAR. KRS AR LR R RSN E AL. Mouse round spermatids developed in vitro from preexisting

AL R R 2 R (B 24 R) 2010; 39(4): 478-82. spermatocytes can produce normal offspring by nuclear injection
20 Izadyar F, den Ouden K, Creemers LB, Posthuma G, Parvinen into in vivo-developed mature oocytes. Biol Reprod 2003; 69(1):

M, de Rooij DG. Proliferation and differentiation of bovine type 169-76.

A spermatogonia during long-term culture. Biol Reprod 2003; 24 Kita K, Watanabe T, Ohsaka K, Hayashi H, Kubota Y, Nagashima

68(1): 272-81. Y, et al. Production of functional spermatids from mouse germ
21 Ebata KT, Yeh JR, Zhang X, Nagano MC. Soluble growth factors line stem cells in ectopically reconstituted seminiferous tubules.

stimulate spermatogonial stem cell divisions that maintain a stem Biol Reprod 2007; 76(2): 211-7.

cell pool and produce progenitors in vitro. Exp Cell Res 2011; 25 Honaramooz A, Megee SO, Rathi R, Dobrinski I. Building a

317(10): 1319-29. testis: Formation of functional testist issue after transplantation
22 Kee K, Gonsalves JM, Clark AT, Pera RA. Bone Mmorphoge- of isolated porcine (Sus scrofa) testis cells. Biol Reprod 2007;

netic proteins induce germ cell differentiation from human em- 76(1): 43-7.

bryonic stem cells. Stem Cells Dev 2006; 15(6): 831-7.

Long-term Culture and Spermatogenesis Analysis of Sertoli Cell/Germ Cell
Co-culture System from Seminiferous Tubules of Rat Testis

Liu Linhong, Shi Xiaofang, Luo Fenhua, Yu Boyang, Zhang Yan, Liu Yan, Wu Yingji*

(Key Laboratory of China Education Ministry for the Research of Mammal Reproductive Biology and Biotechnology,
Inner Mongolia University, Hohhot 010021, China)

Abstract The development of in vitro models of testicular reproductive system may provide important
tools for investigating specific mechanisms of spermatogenesis and toxicity in the testis. Although various systems
have been reported, their application in reproductive studies has been limited by the poor ability to replicate the
complex biochemical, molecular, and functional interactions observed in the testis. In the present study, we evalu-
ated a significantly improved sertoli cell/germ cell co-culture (SGC) system that the proliferation and differentiation
of testicle germ cells of the rat could be maintained for long-term in vitro, and spermatids produced ceaselessly.
The germ cells and sertoli cells came from pieces of the testis seminiferous tubules of the rat. The co-cultured cells
survived in vitro for over two months without extra growthfactor. Furthermore, RT-PCR analysed cells stabilization
of cdhl. scp3. tnp2 expression confirmed the integrity of this co-culture system. Immunocytochemistry displayed
the CDH1. PLZF. SCP3. SOXO9 positive cells were existed in system. All the results proved that the SGC sys-
tem included the spermatogonial stem cell, spermatocyte, round spermatid and sertoli cell. We concluded that this
system would provide investigators with a simple and efficient alternative for the assessment of molecular mecha-
nisms associated with both male reproduction development and reproductive toxicity.

Key words rat; testicle germ cell; sertoli cell/germ cell co-culture (SGC); spermatogenesis in vitro
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