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Spermatogonial stem cells (SSCs) continuously proliferate by self-renewal
division and produce sperm after injection into the seminifelous tubules of testes. This study aimed
at the development of new infertility treatment, and tried to develop a method to manipulate human
SSCs. CXCR4 was identified as a marker of human SSCs, through screening of cell surface antigens.
Factors which promote proliferation of spermatogonia were examined by screening of small molecule
chemical libraries and ARTN, NRTN, PSPN, the family molecules of GDNF, the self-renewal factor of
SSCs, as well as FGF family molecules, and BMP family molecules, which are considered to be involved

in survival of spermatogonia. Using culture conditions modified from the conventional culture
condition of mouse SSCs by adding ARTN, a ligand for GFRA3, human testes cells produced colonies in
vitro, which were maintained for > 2 months period.



B X C—19, F—19—1. Z—19 (@)

1. MBSO 5
WENATRFENEE L Z SIS X W/ NREMEEEEE O -9 HINAEFTEL Lo, L
M U RGO RIE D RIE & L CREEIC AR D 7 — ANE D, A ERE OSE 1Rl
I K VIR TE D, BRI E > TRV NEBREICITEHA TE 220, £ X
I IR — AT L, IRIRRINCKE TR DR C & 2 K5 s &2 B IR L. IR IR IS N~
BAE TS A A1 S8 5 AN THED STz, B R B N TR eD TR
WHEEE CIEAET DM TH 508 (=7 ZDE 0. 02-0. 03%) . Fifeiglc H RS ZT 52 L T
FE IS TR T2EAT D, NEEMEREEENORINTE BRIV ETH
B, FRCRBRE N TR TN 2 38R I 2 B oM A I Sz, £, R AT
ZEIZE VT IVENRERIZIRA LTV D ATREME D & 5 BEEVEIES L 2 PR ETE D LWV ) Rl
LR CE I,

F7, TFEO e MO TEIE T OBE T IRENTIEOERIZH, b ME TR TE~
DORLREE > T, FOBH & LT, Crispr-Cas9 HiF DB T% < 0#WfE Cafs iRk
NA[REL e o722, b I Z WD Z S BEOREN KE W &, &5
Crispr—-Cas9 #iffiZz A2 &L BLEFUEN TV A ZARBEIZ/R D Z EnE T b b, FBapiinix
% DOIEED SEIUT X A 72 DG FRE ~N— RADMEL | BV A 7 RO MBEZ BT X 5 & #5145
TV,

WP EE 513 2003 E10~ 7 A FE T O R WIE2 38 R 2 e L. Z Ol % Germline Stem
(CS) I L f 4t Lz, F D%, T v FRoNDAZ—T2 DO > T 6S MO T LTz,
Z T, BEHINEED e ME IR OBRMEREIT OB IZED AT,

2. e BM

b NI OB EREIN 2 MEST T D 72 DI21T, B2 RFRER D D, 7. B rEiiiaie b
FEEAMIZDOH T 0. 01%LL T &R THRENMEL , BB AT T D 72DICITBENT 5 Z &£
HThbD, LPLRMICAN R~ —0—0FNt MEFEMILCIIEHE ShTunian,

T, SO TR TH D 2 & AEENICHET 2 FIENRINL Tnd, w7 A
TIIREHENICBHE L, BT EREMES au=—ElELs b TR TR TH D Z L 2 HE
T&5, LNLIDOHEEZHWDLEE, KA M~ T AT TOT VXL % 5 L NIRRT
RERETDZZERMNELRY B MIBWTCHREROAEZIT) Z EIIARARETH D, -0
HNC T OB TH D DI S D ATREME N E VO, — 5 R X B FTRE T H
D, X—RF< T ADKRA MK LEBPEZG THD T v b AZ —72 O > AT B
WXV TOMMbEMES an=—FkEs 35, VX EOIET>HETITHE T~ bIT A
BNV EEFTBESND, b MEFRMINE X — R~ 7 ZFRA~BIE LT 5E. B+ ~D%
fbiIFifFEcE RV an=—EmkE b > TH FEHROIEEEZHEST S Z LITrETHDH, L
NLZEDGEMELRDON e METFERMEA~D K —~—T—DEATHD, & MEFTEM
f~ DI T EANIEOMESL S HERFRETH D,

BHEIZ X 2 IO EIIEREM CTH Y BEETH DL, A7 V—=2 723 S 720, %
WL D FHEE LT A TITHEFSBMIAD in vitro 7T v A RSN TWDS, ZDOHE
L N UM L CER LT 7 4 — % — O RO T2 5B+ % & 7 0 — % —Hila
DT~ AH, A EOan=—%2FRT5L0THY . TOHEENBHEICL > THEEND
ERRTEME EAHRE 2 Z LISV D TH D, BHET v A 1 ElE U CREEE DMV, fES7
TENXE FORTFRMEO~— I — 5 FORBOBEFMFORFHZBNTRAZ Y —= 7D
FEE LT, NG TE S, ~ 7 A TEMIEIT GDNF 38 L UOVFGF2 258 3 A5 HIlC TR
HARFRBRE N CHINE 92 2 L N TE D0 > i OKE T/l CITEE L < . Ko A
RGNV E R RNON T ZRETHZ ENLETH D,

ARFFETIL, BB b GS RSB ROMN T 52 2 HIE LT, Lo X ) ifEs
RT5ZEaHIE L,

3. WFgED Sk
AR TIE e MEFERI~—T—D A7 J—=227 b MEFHH~OEE T EATEDR
¥, b METHHIIO in vitro 7 v BA RO, S5t ME RO 2123 N1 0
MR EATIR > T2,

4. WFZERR
(1) b METE#MlE~—F— DK%
b METFHRHRORFETR~Y — I — DRI ) —= 0 T2 4T o7, @EMROBEEEIC AV S



TWD N TPy 3 S ORAEMIREMEST 5720, BRAEEH 20 HE (cell
dissociation buffer 72 &) X°dispase 72 EMODEEEZ H W D5M2HET LTz, F DR, Cell
dissociation buffer OA CTHINRZFEEST 5 Z L 13#E L <. Collagenase #LF & fH G o8 7- 77
ERENTHDLZ LR gholc, 22T MEROMIER OWHEY > 7V 2 fifm U, ik 2 bk
L., ToWBESCEREHOREAFBRMETRE L TWAZ AL TWAEAMHE (GFRAL,
Integrin, EPCAM, CDCR4, SSEA-4, FGFR3, CD9 72 &) ZHiMz7vu—H A "A MY —IZ TR
V==V T 5To 7203, FEEMIACHRELT 5 Z & 2R TR RGO e o T,

—J. & MEROMBEN ORIl TREMRICEE T A~v— I —%2 A7V —=2 7
L7z & A, B CXCR4 LRI TR FE O —E B3 S d Z E R oho Tz,

(2) b MEFEBMIND in vitro 7 v A ROBAF

~ U AT Y b T A fE TS &L R U MO LD A
AR == 2T 5, ZOEEEZFH L TR F#HMIEO in vitro 7 v EA N A[RETH
Do EZTYURENLNUMREZ &G UORFER L TER L7z 7 — & — /a0, B ML o ks
BN DEkAx e A b e —<fildfko it MEREMIAZEREL TRRREL, Bakae =
—ZIT DB, FORER, W< OO A e — < RIS THA Lae =—0)F
BAERD Sz, b MEEMOAE gelatin b L<IE laminin (I Ca—T 47 LizF L
— MR L7256 TH SEIMERO SRR Bk O MR AL OHEFRIC X 0 Bk S 1 5 Ml o
U= FOTFICHEHA Ean =—n—@rEIc B S,

(3) & b GS HifatssE % OB

b RSB GR A ISR AL R T R 2B L SRBRE NS 21T o 72, P S O GS MG
RRHEERII D FCEER SN AIED, T I = ~DOEEEREG WD T 4 —X—7 ) —TDE
BB B ARETH D, GDNF & FGF2 O — oD A " hA »EEHTDH 1%RE ORI IEE 2 T
BRI TE DI, BEERIRIT(EL T 9 5 28 Knockout serum replacement %z /- jELES T
LEMEENTRETH D, b METHRMEZ X — R~ 0 ZRRICBIET 5 L300 Hicb=0 4
T 5720, HISMEN T > & W ATREVE DN BV & B 2 GDNF, FGF2 & A B 2 ~_— 2 (2
AR 12 N U CHEGE 2 ek 3 D R 4 2 et LT,

Selleck chemical (476 f#). calbiochem (65 {#). Prestwick £ (1120 f#) 13k D/ NyH{bEW
T4 T TN = EE AW TEEMBO S AL EMERBE L OSSR E 21T 1=, £71-.
GDNF 7 7 2 U —41T& 5 ARTN, NRIN, PSPN 72 &2, FGF 7 7 2 U —4 1. KGRI AAFIC
BHi> % & &35 Bone morphogenetic protein (BMP) 7 7 XV —SF7R EDOYA "hA DAY
V—=V T 5 FoT-, FOREREH LT, GFRA3S O U H > RCTh D ARIN Z 2 7= B HZ CThEa%
Lzl 2 A, ABENTG Mo an=—L P Lz an =—lI RO b, T > HEFEGS
M & Hel LHETEDS R W O R DR KM OSLE N MLE TH DM, 2 » H UL B ki
DI ENAREL 20T,

BER AR DWW TR TR OB BERTEE OB AR5 72 DI21E, X— R~ U ADEEA~K
W A2VERSHDLH, T TEETFEAILLI—F U V2R LT, (ToWmETIIL T UA LR
WCE VIR ESBLBEFEANTZDD., RUHELAZ e MERMICGR L & 2 A9 EET0
BEUIEON 2o Tz, ZORIZHOWTIL, SBFTHOBLRTFENELZHBETHZ LBMETH
Do



9 9 2 0

Mori Y, Ogonuki N, Hasegawa A, Kanatsu-Shinohara M., Ogura A, Wang Y, McCarrey JR, Shinohara T. 104(3)

0GG1 protects mouse spermatogonial stem cells from reactive oxgen species in culture. 2021

Biol Reprod. 706-716
DOl

10.1093/biolre/i0aa216.

Morimoto H, Yamamoto T, Miyazaki T, Ogonuki N, Ogura A, Tanaka T, Kanatsu-Shinohara M., Yabe- 35(3-4)

Nishimura C, Zhang H, Pommier Y, Trumpp A, Shinohara T.

An interplay of NOX1-derived ROS and oxgen determines the spermatogonial stem cell self-renewal 2021

efficiency under hypoxia.

Genes Dev. 250-260
DOl

10.1101/gad.339903.120.

Kanatsu-Shinohara M., Ogonuki N., Matoba S., Ogura A., Shinohara T. 11719

Autologous transplantation of spermatogonial stem cells restores fertility in congenitally 2020

infertile mice.

Proc Natl Acad Sci U S A. 7837-7844
DOl

10.1073/pnas.1914963117.

Kanatsu-Shinohara M, Chen G, Morimoto H, Shinohara T. 66(4)

CD2 is a surface marker for mouse and rat spermatogonial stem cells. 2020

J Reprod Dev. 341-349

DOl
10.1262/jrd.2020-019.




Shinohara T, Kanatsu-Shinohara M. 143

Transgenesis and genome editing of mouse spermatogonial stel cells by lentivirus pseudotyped 2020

with Sendai virus F protein.

Stem Cell Reports 447-461
DOl

10.1016/j .stemcr.2020.02.001.

Morimoto H., Kanatsu-Shinohara M., Orwig K.E., Shinohara T. 102(1)

Expression and functional analyses of ephrin type-A receptor 2 in mouse spermatogonial stem 2020

cells.

Biol. Reprod. 220-232
DOl

10.1093/biolre/i0z156.

Kanatsu-Shinohara M., Yamamoto T., Toh H., Kazuki Y., Imoto J., lkeo K., Oshima M., Shirahige 116(33)

K., lwama A., Nabeshima Y., Sasaki H., Shinohara T.

Aging of spermatogonial stem cells by Jnk-mediated glycolysis activation. 2019

Proc. Natl. Acad. Sci. USA

16404-16409

DOl
10.1073/pnas.1904980116.

Watanabe S., Kanatsu-Shinohara, M., Shinohara T. 1002
Sendai virus-mediated transduction of mammalian spermatogonial stem cells. 2019
Biol. Reprod. 523-534

DOl
10.1093/biolre/ioy192.




Kanatsu-Shinohara M., Morimoto H., Watanabe S., Shinohara T. 64(6)

Reversible inhibition of the blood-testis barrier protein improves stem cell homing in mouse 2018

testes.

J. Reprod. Dev. 511-522
DOl

10.1262/jrd.2018-093.

2020

2020

23

2018




2018

2018

2018







