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I.A 2
E71A 2 AZIEA] THERET oY FUAEZE AT F Ae $HE A 7HA
I Ye ASFE T z:f_l:}(Momson Z,1997). 2B, Z/AXdE 2o oue 753
Egdn & & g olF HYE/IAEE 55 5AS /A2 doh. Jurstd A<
AN MEELE B3t BY glol AT dSAdie Adste FLF S7IHAE of7

gl Zoljtt. FBAESIIAEE HALAMAQ ZAsH YA A A E(Pimordial germ cells,
PGCs)3} 3l 3 o] & prosperamtogonialz}t F-ET}(McLaren and Durcov Hills, 2001). A H
Hel ZAsE Az A NF Qe A2 ARE o Aok THRY A=A
o 54 BAa] Ao 094 AidA BT A28 AT B8 @77 5a
5 Qi chUakubowiak 5, 1990). JAE W Fe VT HF FAH AT W] TR
A2ED AXE 23 AP = AH(Risley, 1990). ¥ T3 A Eo] FHz o] AF
7 Basgon FAESIIAE i vk A7 4530 v & ol em HAFAHQA
A2 A W7l U &S Eo Foh(Nagano 5, 1998; Rassoulzadegen 5, 1993). Z o=
AR Aol (stem cell factor)E H7} Hl Gl HEZulglo] 2B o] &3 JF3 A
speramtogonia A £ 2 X-E] speramtocyte®} spermatid®] A4S B 13 v Ucri(Feng 5,
2002; Cooker =, 1993). AL E714 £ o]2] & &AA] Brinster?} Zimmermanol] 2j&] Al =&
ol AW & At &3tm UTH(1994). ERtH o7, FHO] JAAXE spermatogonia A E 2| A
Z3 22d AA 71433 Y Aoz wdEHAm g o]lFd & LIF, Oncostatin M
(OSM), vitamin A, 18] i epidermal growth factor(EGF)&°] F£Z o] &= 1 ¢t} (De Miguel
=, 1996; De Miguel 5, 1997; Haneji 5, 1986; De Rooij 5, 1998). 182z B °":r"°ﬂ/~1
= HLE7IAES A &4 oIy NEsln 1 5L AEsn FFHE FAA
Aold E7IMEE B3t FAE AFHUAA Aistnz FPstAct.

- B -



2 Agd Al&d vt$2& B6, 129-TgR(ROSA26-transgenic) and B6/1292 w]to] &
o
]

Hoz Ry FUA AW F AR AUT. 53] ROSA26 vh$2E lacZz #AAE F2A
A o222 B2 AFAQNE FAH E7AF LS 9 A2HA T ROSA26 v}
F2E #4970 Xgal 942 Fotd @40l Sbsstel BeelA Tl shes AT B
52 A% ARE BUY 5 Ut e 2e AdA ASHRON AHTA BAL At
2.

ME 22

FelA vheaE 4~6%F B9AE olgae] FAE AAT F OBrien WH(1993)T
Fot EaYoz EestHth(Nagano 5, 1998). 193], 345 23 ¥ HBSS &
g2 ¥ tunica® HAWAC tunicaZ} BWAA HAE collagenase type IV, 0.25 mg/ml

trypsin, 0.05 mg/ml DNase7} ¥ 3@ HBSSE¥ £7 3 1587 shaking water bathol A] Hl
FATH2E:33TC). i} & Al dEYo S22 A3} b A=AL A ASG}
(Mclean %, 2002). Z2ln AMZ F2N-L HArteg T 1587 13 o wjgsidch Az
& 500g@t o2 YdAEE ¥ EKRB &9 &2 ¥ o2 By AF& AYPsiHoh

_{

A HASIIMEL|Y

HAZEYH Fed £ A XS 24well platet} 6well plateE o] &3te] Z7] vl FS A A
SRt WA AL 10% FBS7} ¥£3® DMEM ui%oo]| 12ng/ml mLIF, 20ng/ml
FGF, 0.04 ng/ml hIL-11, 10ng/m] human stem cell factor, ImM sodium pyruvate, 2mM
L-glutamine, 5.5x 10-5 M 2-mercaptoethanol, 100 ul/ml streptomycin, 100units/ml penicillin,
oncostatin M (OSM), Ing/ml platelet derived growth factor (PDGF), 15ng/ml hIGF-1<& #7}
to] Z7] widE AASATH Hg vt 32TAAM E7AEN} 22UE FAY gt
A AYFAHT~ 128 F =) 27| FAA A€ 7IAHNEZE mytomycin CE 2 3
STO A X2 ol%-a}ﬁu} AHEE STO AMEE AME FHE FAAT AdFe 7~14Y
AR HAASHT. ZE AL 3E Agsigon, 22 Alelz2E NIH Image 1.62
2238 ol gato MeE Ree FAIAE 2R AR

B-Galactosidase Activity

MekzEel Z/MTE AAALGe Holde =Weln ZAPEE ZHstux AA 5
Feoew Z2Y9 5AL Bl Yste B-galactosidase activity =3 & A A3t}
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Alkaline Phosphatase Assay and Antibody 244

APZ71ME Z 2L alkaline phaphatase (AP) activity® Z337] f3dtd 66%
acetone/3% formaldehydeE o] &8l 14 23899 2™, naphthol/AS-MX-alkaline AP
substrate® o] &3] FAsHTt. FAEZ7HE2 EolAQ antibodyd! GCNAIL (germ cell
nuclear antigen 1)(Enders ¢ May, 1994)9} c-kit antibody & ©] &3 WA E S fstd =
7\ £ PBSo| &% 3% paraformaldehydef A2 1A A2 F antibodyE BHET
% avidin/biotin-conjugate systemS o] &3t TS TAE s3I}

HAZ7|MXE2 PKH26 labeling®} 22|

FAA e ENAEY 54 B35 skl PKH26 FFEA kit o] &3 F
AZVAEE lbel § F 54 S BAsgt. dus WEHez AWRd, F7AEs
T3E ALHAEL £80L enzyme M st GYAEE BFE F Iml9) diluent C &4
A7t 28 thg PKH26 &4 & Hrhstal 52271 labelinge Aot whgol ¢ o
& 39 FARAFL Az #FZLS 550mme] P FEHE 0] &5t laser confocal
microscope S ©] &3l T3} :

ZIJIMIZE Proliferation assay

L

FQEAATY s U S4%5de SHE PP BAUE ol 3t FH A
HA, Zo® Z7MEE 37CAA 1AEES BrdU £ wjdd F 1X PBSe] 29 <
Astdnt. 1 & 27189 4873 BrdU proliferation assay kit2] gl wtet 335}
9 th(Zymed Lab, USA). 28l x BrdUs} &3 ZF7|ME ZF2YE anti-BrdU monoclonal
antibody S ©] &3} peroxidase/DAB system& ©] £3t] 43 3} th(Zymed Lab, USA).

Hj2tEl E7|MIE transplantation

e, utA A7 FEA ohgre] BEEZ olfES AMG F F2E =FANVL HE A
B3 AZ9 efferent duct ¥ 5 A F vl ¥ T vAutsE ol &std VAR
g 93T FUARLE AF At ENAEE 239 trypan blueE Hly el
wal B F olAstd FEF o4 oF¥E WEHHT. F 107 celiml AEE "A b
52 olg3td FYaTh FYol Y Fat AdETE F FEds ol&dtd A
F 3 BAAT. AT ute2E 219 F FEH YA ©BF FAF A VAR
o 3t 2 AxsE FHA '

HASIIM=ES FHX ol X Y

Z7)| M Z FRAAES AolAF] 7] H3tA retroviral vectorE o] &3tk AtLE HE =
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PMSCV vectore] & A7 FHo| @A lacz FHARE F2Ystd AL} vlolg A
AAre WA ,@7]-6‘2‘]‘?-3% ]— stod 220V 950uF 2o 2 293T M ¥o) transfection A]3)

og dtoldag FFsd B 4Y A0 2A ALEAATA Aol F O A
o Alg3hsich.

Mgz 223 % Zx Y

871 MGd BLENMEE Ao o] &HE wolE/|AE 23 B EB ¥
Ft WYstel A e B 4, 9 WAAE F 2zuw
sl ARMEA 9k =WH DA Be WP 81 F Fe ABA A
suspension S E ALHFANAT. wdo] AYPHUA HE 227 EBS Qe o]
€ A WFdE AF F A A ZEe] N EF(Dr. griswold labol] A E‘;%?} A EF)
o & AFATE AL AEFE 50502 HolA NAMETE BE T o] Ro] SAMN A
SRt MFE AP F2U BuEd JIAYY s2E Z}Eﬂ?—éi RHEof
1FARE Mgl I FUT TAhe A% 1590 BEKAG 2F T2
3490 BB 7} WEIY XolA gAole BAZ WS 89 F FAYE AN
7 AEe AP

il
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oft
mkl

S

m &2z ¢ 1
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HUSIIHME i

i
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offf L ok oot

Mmoo s L

2o FAEVNAMEE v sy Ystd, 2 AR E 4~638 np¢
AHE-3k g tH(Nagano 5, 1998). o2 7bx] AUz A7 E )Y WAL A
MFE A=stslch. F 1:de] Ay, 2a0gd 22YrE Boly] AlFsihYy,
Ao wet 22U Arle FrlskdthFig. 1A). 2249 A7 ZrE 3329
(Fig. 1B) Wi ste FAdol = Frlste 22 %< SAHAch(Fig. 1D). wigd 2 2ys
Bl Aste] At FE A= ATHFig. 1E). Adu Fo] Aol x Feae A3}
ol 8ol Alujde] HFE & I Ach(Fig. 1F).

A FLEVANE TFE YAMEE 3 Mitomycin M2 & STO M LS 7] A4
Ei st W Fe A=SATH AHY AR ES AXn YA v AHE A3
AP 4% A=Y ZAAoz RE ZaUJA AT B4 FEIHE
e BZE + AU (Fig. 1G 9 H). v go] DA Po) wrat AP G Zz=Ur}
FSAth (Fig. 2BollA] D, 34 T:AP G4 A S Jey) 9o, Ao =4 2 =
¥73L AP negative Al EZME el YA @t 1 Az ©Eo], AP positive =

-ga

o 1>

= X-gal g JAatA A€ S FAE ¢ AU} ol ZZ U} ROSA26 dAA
s fAY AELE FEse Aoolth 2P s Fo T E(Fig. 2F) Uwk A3
‘;‘ M E2EYHEFMSC-)= AP FAER F&e BdF:n ok Zze 2zYE9
AL 232 gdestA ool 44 9d AxE 2 4 At

2 AT E AP A" X EIAE t5AHS A28 Yot AT w R A
6 well platec] M wj<F 73 tol we} AP A& AA AT (Fig. 24014 F). &Y A Lo A
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A 22UES 29y st 2kt W E 3 Ficoll S ol &3t Z7] E7]A 27}
23E AEFL 2T 4 UYHChang =, 1992). Ficoll ¥ F AHEE= PKH26 =
labelst A 2 A EZ v ol &3t wigde]l AU wE AE= FEYs
confocal laser microscopeE ©] &3] BAE YT} (Fig. 3AdA F). E7NHMEE FHHE A
TE A7 AN Fodgoen EAROZ pseudopodst & FE A Ut} (Fig. 3A9 B)
(Kanatsu-Shinohara 5, 2003). @2 A FEo] STO AXE oA v 2¢d A Yettz doh
(Fig. 3C; 3}Ar3). o] N X EL PKH labeled & 9 A XA Fegg Y St (Fig.
3D A F).

Fig. 1. Mice spermatogonial stem cell culture. Appearance of 4-week-old mice (ROSA26) testes cells
cultured on the STO feeders. (A) 14-day culture. (B) 21-day culture. (C) Apperance of 1-passage
cultured cells after 2-week culture (1 month total culture time). (D) 2-month culture. (E) Culture
passaged 8 times, culture for 3 months total. (F) 3-month culture colony at higher magnification (400X).
(G) Alkaline phosphatase (AP) activity of 1-month culture. (H) higher magnification of G. (I} AP staining
of stem cell colonies passaged 3 times. Scale bar=50 um (D), 33 um (A, B, C, E, H, 1), 66um (F). The
experiments were repeated 3 times; each experiment comprised triplicate cultures.

Fig. 2. Detection of stem cell proliferation using alkaline phosphatase (AP) staining method. (A} Fresh
cell suspension from 4-week-old mouse testis. (B) 1-day culture. (C) 2-day culture. (D) 7-day culture.
(E) X-gal staining of cell colonies (after 12 days of culture); blue color indicates cells derived from the
testis of transgenic donor mice. (F) Nagatives control sertoli cell line, MSC-1. Arrows indicate cells with
AP activity. Arrowheads indicate cells without AP activity. Scale bar= 17 um (F), 33 um (A, B, C, D, E).
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Fig. 3. Identification of spermatogonial stem cell colonies derived from single cell.

(A) Stem cells enriched by Ficoll density centrigugation method after PKH26 labeling of 4-week-old
murine testis cells. (B) PKH26-stained cells viewed with fluorescent light (550nm). (C) Stem cell
proliferation viewed in white circle after 2-day culture period. (D) Cell colonies formed from C after 7-day
culture period. (E) Profiferation of cells after 12-day culture period. (F) 21-day culture period. Scale bar=
33 um. The experiments were repeated 3 times; each experiment comprised triplicate cultures. Arrow
indicate cells in proliferation.

YA SIIM=E2 S0 njxls MK F3}

—_—

AZ g 2348 22

B A7AN Agstd A2 SAME NFAE o B3] 27
I vim AEe FARAT. Haan

A1 Sotel, M2FL B FBST Asbe WSt W 4
H 2 MEZE 749 mjFAS ol &3l 3327 -gal dAL AAsE T}
(Fig. 4. 29 9% 275 TIAL AFAAAE 478 o948 o850 Aadr
=635 on, 6FF 2ol ME 113G o] Ak wjgd L o] 23t "‘%‘01]*1—‘5
FHEAA 146709} 6FH A& S9METH (Fig. 3E). Z7| M ¥ wjotal e

o 22U =7 28 A9 NFale waa 2~47t O B B

g, 6% ml¢2dde ENAE WgdoAM 23 243 =S
2Y Fol YAME 2 2718 BT ZP B AFAAE £d | JAAR}
Aoz ZAAEY 93 Fasl BAdEAE FAts] Al AE NFL )
vl Foel Hrlste] 433kt (Fig. 5)(Ellwart 9 Dormer, 1985; Gonchoroff %5, 1986 1
LFukuda -5, 1990). Fig. SACA] K= ul9} 2ol Z7ME wjddo = BrdU o] ¢
@ AT B west AL gETd vetd 238 5 U 242 gARe] 9@
Hjler A3 31%9 positive cell°] mLIF wjckol X #Z Qo 44% positive DI}
PDGF wi oA #Z3¢ 3 oo wha) Uut DMEM o X = 5~7%qko] x|},

=
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HASI|MES] HAMHEAN 2

2 AN e FLEVNAT £ Z7AE B3o BHL antibodyE o] L3} =
AT Mgd 22UE BT B AFdA AL E antibodys GCNAI # c-kito
% GCNAIx= germ cell nuclear antigen® 2 FHYZ7|AE So] nAz Al&¥ 3 Yo
ckitz 3HE F7)AM Eo] W3 antiboy2 9 Al HTE B A7 A Fig. 6941 F
7 antibody7} EAHO LHEE ROoZ Holx A Feo ME/ 22UE 450
Aes & ¢ U '
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Fig. 4. Comparison of ROSA26 mice spermatogonial stem celisculture between stem cell culture medium
and normal DMEM medium. (A) and (B) modified stem cell culture medium. (C) and (D) normal DMEM
medium. (E) Effects of colony formation using the stem cell medium.
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Fig. 5. Proliferation assay using BrdU. (A) Before hematoxyline staining of cell colony. (B} A few cells in
the colony appear to be stained (normal medium). (C) All cell in the colony were deeply stained (total
stem cell medium). (D) Quter space cell in the colony were stained. (E) Effects of several growth factors.

Fig. 6. Antibody staining ofc-kit and GCNA1 within 4 week old mouse testis cell colonies of ROSA26.
(A) c-kit. (B) GCNAT.
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HLE HASIIMES 0|4

ROSA268 AW & vt 22 5E R FAS7IAZE 8 714 HHo=2 wigd +
F&A vhg2o ol HAT. o] F 2FFo utE A T ZUIAE AW A
3 TR, 228 T FAH wiF SVNAE FA8E FRE AAEIA A O
& AaE 2AM3Ath (Fig. 7, Table 1)(Shinohara 5,1999, 2000, 2002). 8l ¢E AU Z7) A4
Te oA 233 YN U3 FALE LTS X-gal AL B9 qFF o= o
AEo] FAHISTE U9 AATH EZ Table 194 H& vie} o] £& F9 F
A E71A2Y AAY 22Y A4ES #FE £ Utk 53], 1255t 9 Ao
Gl E7IM2Y EHLE €A €3 ¢ & FTEY AYEE B HAs E7AEY

25
H37 3N 39 3 oI},

tlo "
d|

:JJ_EL‘W

fir

Table 1. Spermatogenesis from cultured spermatogonial stem cells after transplantation to recipient testes

Cult St 0 DMEM Number of Number of
ulture €em ce N
Experiment . . . STO feeder mice/testes Testes colonized
period (week) medium medium .
injected Right Left
1 4 + - + 714 5 4
2 4 - + + 1/2 1 0
3 3 + - + 5/5 2 1
4 8 + - + 416 1 2
5 4 + - + 3/5 1 |
6 12 + - + 5/7 3 3

transplants fromcryogenically preserved spermatogonial stem cells
transplants from passage cultured spermatogonial stem cells(1 passage)

transplants from passage cultured spermatogonial stem cells(8 passage for 3 months)

Fig. 7. Transplantation of ROSA26 spermatogonial stem cells. (A) 4 week cultured ROSA26 testis cell
transplantation using stem cell culture medium (X-Gal staining after 2weeks). (B) 1 month cultured cells.
(C) 2 month cultured ROSA26 spermatogonial stem cells. (D) 2 month cultured (3 times subculture)
ROSA26 spermatogonial stem cells. B, C and D were stained by X-Gal staining after 2 months.
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HZ sjt7|tioMel REX =0l X Wat

2 AT E 44 #8490 AANAN FAF FAZNAZ £ F FLH

_'Qr
AT ¢ U 2P0 A2 EOE A7 BadN AFD

Q.
A Aol AAE AVFES FAY &
qel U473 FEe] $H5S FAG Yo R AckFeng 5, 2002). 2HH B AT
ANE AA Fashe]l G443 2AL AGR YN 248 F WI7) delN FA A4

4 7bsddl dst 48& FPsiAct. WA ROSA26 b2 felel FAE7|AES of
d gk vheze FLESVIMES WFE F 2 A7l A& pMSCVB-gal vpol 2~
WE S ol & o}.o:] AAE vlo]lH AE ZEA7l ¥ X-gal @S F3le FHA Aol oF

ﬂl ol,

ok

A Fet A th(Fig. 8A|A I). Fig. 8A= 35 Hl < iibl HJHE Bo F3 3lod,
o] & ddA T2 Fgd e éﬂr( W F)—g Ho Fa glon, X-gal &4 F ZA3
= Figure D, E, G, H, I HoF3 o] 2 R0 SFHAI ALY
ZI/HNEZWE EJHATE BAFa ‘E} o] alr% EUZ 3l E dFoMe E=2
e AME e 71258 A4z £t Patridish (W FE 91 ZHE oW AHert & 8
dish)oll %71 % Suspansion culture® 4 A3} tH(Polejaeva 5, 1997). ¥l ¥l E< L F
= AP activityE &R 84 th(Fig. 9). Fig. 9914 E & utel o] ujgo] g ulzt
embryoid body (EB)9} 413 ez wjdko] AYYS & 4 Agon, Sojxoz AP
activity 7} AR ZAsts AL BRAE 4 JQTHFig. 9 BAAD). Ad 27l A T}
Foj7le Ao Z AT trypan blueZ AP oy ol g THE £ UG 157
e 01"‘ ey 3 oAl AR HA 20T FAE e MEEE AEF, leydig
cell 28] 2 9 ALY AA AT 28T AEF W2 27 F uigS ALsad.

e g -{oi-

:d
ol
9‘15
Iy

1Moz Fa G40 BJse 528 A2aka WEd A Fig 100149 Lo I
F2Udd £E4E AT A AE BAL + Adch B A% 2% Bl
BAAA A 0 FAGE GAAA g AR BRI EBLE AAIE P
A4FE AL BAF + QT 29 BAZ 28 U Z/NALE P o5
85 Aadolde 484 BEES 239 A% fA% AP @%Eml 7 A
Aoz BHHE AL FAT 4 UATHTable 2).

Table 2. Retroviral mediated lacZ gene transduced spermatogonial stem cell colonization of recipient mouse
testes.

No. of testes with

Months after No. of testes .
Procedure o X-Cal stained
transplantation analyzed .
seminiferous tubules
1 2 4 1
2 2 10 3
3 2 8 1
Contol 2 8 0
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Fig. 8. Identification of spermatogonial cells after retrovirus transduction. (A) 3 week cultured cell colonies.

(B) Dispersion of cell colony (Single germ cells were derived from cell colonies during long term culture).
(C) Primary single cell suspension from mouse testis cells (4 week old male) by the ficoll density
gradient centrifugation method. (D) Alkaline phophatase expression of single cell suspension (fig. B).

(E) X-galactosidase expression of retrovirus transduced single germ cells. (F) Alkaline phophatase
expression of retrovirus transduced single germ cells.(G) X-galactosidase expression of Iohg—term cultured
cell colony (100X). (H} Fig. G magnification (200X). (I} Fig. G magnification (400X).

c D

Fig. 9. Alkaline phashatase activity was decreased during culture period. (A) Before AP treatment.(B) AP
stained EB after 3 days culture. (C) After 7 days. (D) After 14 days culture.

Fig. 10. Genetic modified sperm production on the culture flask using special differentiation techniques.
(A) Sertoli cell line feeder culture appearance after differentiation using EB formation method. (B)
appearance sperm movement (white arrow head) and sperm head (black arrow). (C) premature sperm

head formation (black arrow).
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