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1 BRERMER
2 AEmEEMEER
3 iPS MR DEBFER EZKSEREFE

§2 HmMEAH
1 B#®
2 EAXRAE
3 BRITRAGEDESH
4 EURUEE EAEDESH S

§3 EEBFERDEGHFHRE
1 BRERZRINFAOARMBZBHEIC KL 53
2 RHREZISHERE D ES #IRE (SCNT-ES)H > DEEFi8E A
3 BREHRAERME
4 ANIZHEEM (GPS) HAkE

§4 HEBAEEFOAdGME
1 HEEEEOEKE
2 E MEDOEREL
3 b FEREEFRFEV LEOMEBMEE
4 HBHEAETE
5 BREHRSE

§5 BEBFERICET HIAEDIIK
1 A5EE (invito) TITHITEHBFHE
2 RHMEE (invitro) TIZHITHIMFHE
3 ERE

§6 MIEDER. XITOWREM & RiE
1 HAEMEEADER
2 ZRESLUVUBRKREDHIEE CORERZRIITIERNES
3 WAEETOREENE
4 BEZXTLOEBELIEE
§7 E MAOERRBFEBEDHAERAEICEIATEHFOEY A
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L ®HIZ

HADOENZHEROFEE (1978 F) LK, @ 30 FREFRISNZEICET S EHEM,
EERRMTA RIS RGER Z R, EFEFHBIESRE assisted reproductive technology (ART)&
BHRSINSITEABEARRNIBILINDICE STz, COBRFEEFIRRICERL. BRER
mARZER (HERER) OFRAETIE. F 1B FICITEEFHRRILE 4 FEZE
A, 82 FAOEAZBREAHEL TS, COLSEEMLVERDIZIZIE ART
BEOBREIASGVTFEERENGFET S LELFLHEAIZLIEETHDH, CnoDE
FHIXPFORBFLEENMAFNDRAICEL Y SN AERERIEICER I SEEFR
DEATETH S,

fthh. SEEICH T2 MEEMEEs O—VEYWEOH L VERIL, EERFEEDETE
HEOSMEICETMEMNEZEE5L22H5, ChoDHMEEZFATASEMAR, S
HOOABHIEEERT 5LV S EMBERMTOBEOAEENRZTEl, hTH.
EFESHfE GE1) AoE MEBHBEBOERTZELEIATHNSL0O0 (ES B, XH
RPEER FRBEEE 1558, FR 19FEE 87 5). ZHAXFBLEEREAE
AL HIREE o DREFE LIzt F ATL8EME (induced pluripotent stem, iPS) #Hf@
GE 2 [F. EFEBFERICOWTEGHIELEGBFRTOEEL SBH THEL
DENGHERERBET HAEEENAKREL,

AiERaA 5 iPS MIREZEM L - EEMIEADSMEFERMORMEIZIE. B MEAN
DAHEFELRBEH DV EENULOR#EAFESIND, EmfMEMICL. ZBREZE
BELGULDLHSIND, ETHFARRBITBELEO LA H D, BAEEBRBEES
23, BEFEESTHEOXRERFOZRALVIAREZEBOBEIREO—D L LTHEIF:
FRTHAHDT., SHEMEFHME (GF 2) FOFMEISAEMEZFET S2RFRMD
FEICERBMICERECAREIGICH D, T TE FAI/MEMESEMEE (GPS/ES) A
BREMCATEMRZFET SREMREDEYFICTONT, ZFRELTOEHEEDD S
EEBBELT, AN ERERBF G 3) OREAROEY AICEHTIHEZER]
FHEXNICHREL., ARAROEYAICOVTORBZREI S LE LT,

¥ 1) ES #ARa : FEREDEAKEORNMAZEE inner cell mass (ICM) [CHET HHET., *xKXDEDFEFE
BoEHR (BE) ¥4, *BEETTA - - AEEOMBEICHET S, *xIIORIZHENT
X, DHEADBEIZCE>THFASAROEKICES L., £EHEZECE TCOMBEICS
LI BEVSHFEEFED,

E 2) ZEEMEERHMRE : pluripotent [IEBEM L L HEEM L BIREINDIA . AFESXTIELUSHIRDOH
RMXITLI-D>TEZREMERT . BLUETREEN - BREMEREN S totipotent [, ZHFIN
2 HEAKIKOLSIC. TOMBEBESN M EREREZFEDESICRELON, CORT
pluripotent & [ERXBI S5,

X 3) RSNVEREBLEF - ZEEMEEMIAE B REC(SF pluripotent stem cell-derived gametes (PSCDG)MDHB&EE
ELTHMBBXRERTF. AN ILEBF. ANERRBFLEENEFONLIN, KRET
FANEREBFE VD REICH—T 5,
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§1 EXE®D

1 BRRMER

ANZIREORAELKBE 30 FOMIC. ANZIFICEAT S EMEIFRAMIEIKELIE
HEXIT, £IEHEBER (ART) LBEINLITIITABEARARMNEIIEIN (B 1), K
HTIXBBEF 58 FEICHERNZREE 1 RARE LN, BERESDEREFICEINIE, F
FX 18 (2006) FDLERE 139, 467 AEABDAEIZEL Y 19, 587 1R (REt 174,456 A) A
HELTHY., RIEDOHBREAERS 1, 092, 674 AMTHLEIZ 179 % (56 A1 AD
ZE) ISELTWLS (BEREE. 2008),

AN ZREBYOLEIEHRKXZE MIRALEZZ0AGREERME. ChETELANZ
BARICTEKFELTOW TR ARICEMNGEEZ L5 L=, ART OXREEILLE
EKIE (FEENICRBOEMERICHLSFEXR) TR, FEEEEMD ART [£H
ERFaOEH (BERER - 2&. 1983 §F) TREDHLATULEL, —A, BEF
DB INOKEEREICER T BB FRENFIECH L TIXEBEFIRME LHAEETE
SNTLEVNLOD, COBEEITERBERD ART £G5DTLEAERFERDE
fHtTlEBHONGL, FEBEBEDEREGMERICK >TTLFEHRT HXRIFE. KIE
EE GE4) ZFLELTCTAVALGENETORBEEZZTIDEH/HEOKRIZHS (LY
HP % reproductive tourism) o

CDESBEEITHOE-OEEFBE IEEARZEESD LN [EIEHBERBRIM
[CRET 2EMEER]. HLT NEEHMERS] #HRIT TR Lz, ZLTZOH
REBFATCEEFHEAERE (BEFBHEERAYNE - RERERBTFRRER. 2003)
EEELENAELOBEICIIMShGHh 1=, 5. BERYS (HERFS - S&.
2003 ; HERFS - £&, 2004) BOVICHAZRBERFES (ZEFR) (ZE¥PS -
MEBEEESME. 2003) TERINITHRFSINHER, EWVCELSEREZAR LT,
NEENFNOREEHRDOIBOEEERLI-EDO T, BEEFBHEIXTHR, BER
PRIFHEET I FDIABEASHZERNE., TEEZRIEFOEMNZER LLRMBENZR
B

FEBEMEREFHMERDOEREEDERABIET. EFET—RERZDNRKELT,
EREPRIEFEFAELZHTT PEKRTIAEIEEEZNRE LT, KEBE7 V7 — A
BEFEBRL TS, TOREEZRFAT. BEEFTBHEAERETIIREBIZERIIZL, BF
ENFREBEFHMBALDELXFER LI (BEREEERS - £EHMERIEE. 2003),
— A, REFEABTEHEFEAREICLEARBFIRME. REBHEMNIIH L THKXIEIS
BELVRREZRL: (ZBEFEE -mERSR|ME. 2003), COREBEHREICEONT-A
BTCUMTHTELGLM -2 LIE, FORIE., HOBLY. HDWVIEHEREISERT
LA TIENEERD 6.6%IZEDONT-CETHD, CNOoDEZFIFINFREFZITS
BEARETH I, BEEFBHEAERE (BEEFBE - BFREFE. 2003) TIXELD
BIFRELAIAZEOHTVENDT, ERRBCEHEBEERLREH®EIBEAGL, BRETEES
[2DVWTHELUDZENWNZR D, T, FEAMFORFOIRENTELRTRDOLONTE
EATRIEDABRBRIZIZIERLH D, TOEAG. BODY / LEHETIFHEEL-L



EVWSBADHEKRICIMA T, HhAETIIMEFEHRDIERAH N =OIFELBER ART ~
DEMBEEDEHEN-HTHS, - T, MBEHEOEVNHE/NY Y—D=-HiRME
FERIIENGEMMBAZZ ST,

7 4) KIBIRES surrogacy/surrogate conception : XM FERE. FEHEMOHDIVEERINESRE
FISERT 2T T HIEEBERDOEHBHEBIER, EYE (KX < H—) gestational
surrogacy &RER (4 O4 A bTH—) genetic surrogacy EDH D, BIEIEFEICREANH S
FERER TSR T HABET, BEXIBOEBFEARAZHELTCTELREE=ZEDF
BICBELCEGHNEREFZBIAETHIOTHRAZBELEELEEDNS, BEBIZIRFICE
HDOHLSEREBFRENTIFICHT HEEET. RKEFEE=ZBOFEICAIRBLTFEZLE
ATESHEZETHHADTAIRBRELLE VDN, FEIEDS / LZHREALTULEL, EYRE
EVWSABIEE FTOVLWTHWSDIEEFBYITHD LDHIEMS, ZEZR - REZTER(E
KREHEELTLDS,

2 EmElEMER

BE 30 FOEREREEYFEDESITIERELL. TOEBLE--DITBMBEYE
EOO—VEYRIZEITA2EHFHMEENZ S, 1981 EINVALIZ&KBYIREE
8 (embryonic stem, ES) HIRED#RIELALTI (Evans and Kaufman, 1981). C DR %%
(+T 1998 £ 4 RAVYVKRED RLY U BIZKABE + ES #IBEOBILIEE FERHRE
EYE~DEZEHLV=(Thomson et al, 1998), £ + ES #fifaZHFm & L-&fE KM~
DHMEFERMORAHEIE. SOBAERZERI RS ETERNTHERAENEDLN
TW%, ZOHT, BEFAOMMEFEFRITO ART OEBENRIN THLHERBEFIRIME
MR L., £EMEOFKEREBICA > -BEBFERE VS AREEZRAFKTE 4
HEAEL, 51D, B~ ESHEOBIO 1 £5i. ZEEQRY UHAEFROIAILLY
o2& 0—2FER)—DHREDL F-EGREZOEHRNZERE TH o = (Wilmut et al,
1997), CNETOREEYZOERZET CORRIE. HEBYTEHINFAEAILEE
FEITDHILFUMTHIEETHD, KA. COEMEANVWSZ LI, yo0—EED
EHOTREE L HDH L. E FZHEENSE  ES OB EICIIZHEINOEEERFES
Zé. ERRFEAVWTHAMBZIBIEICK S 0O— U EHE ES MEOERICIZZHD
NFEHEELETHILEE, £MPPFLEMREBICRRINGO LU EL 0T 2 EIZHA

271=,

CDESIBFEEREAENLE, COEMHNGERERZOESZNEIZ L TEBEES
CEERDESBICHEAT H5MDHEMNENEERONTE-A. LR LOREMLIEE
FRonGMho1z, COKSLEHAERRKROG T, BHREMFELYT / LEMFEOFE%
BR{E L TR OMEEITBRER L F-#E 8. FR 18 &£ (2006) FIUFHRHIRSATD
AT, RWVTEF(IZIZE T, ALZHEMR (PSMIREOA|IHIZAII L f= (Takahashi and
Yamanaka, 2006; Takahashi et al, 2007) ,

3 iPS HilRHRDEEFEMR ZK S ERIFS

ES &% % LM iPS MilEEROEEFERICE L. T/ 20 (2008) £ 4 AEMRIIZZEH
THEE, &E - REFELGLE B HBEEAILE 2 A)oBREINEIEVIRA MY -
4’ JL— 7 (The Hinxton Group, An International Consortium on Stem Cells, Ethics and Law)



N, EES Ty OTEEENBMREZAVCEREBFE/EFET S LICEAL TES
MGEEBZTL. TOREREZENL T IFERMBBEREBFERORE. MELBER
iZREICES9 %3 FEFEBAI (Consensus Statement : Science, Ethics and Policy Challenges of
Pluripotent Stem Cell-derived Gametes, 2008) %R 20 (2008) £ 4 A 11 B THEX
L TLV% (The Hinxton Group, 2008) (Z&F&H 1),

ZTOARIE. TE FLEEMBHMRICHRKXT SEBFOMAEIL. HAOHEZMMEEL H
Y., BEBFEMZOERA DX LOBECHRKRMERBORRICOENDATEEEEH
2TWWE] EDNIBRDBEDEL EIC. ChETORELR/EMEENOEZSE, ELS
BEMEErMREA 5. E FIRFERBFEL2EMH S WIIHINICHENEET THEEET S
CEIETAREETHDELTLND, FOEHIZIE ERIN-EREFOEBEEEEDRE D D
ETHY . ZHRECYNHREREEZEDILEFHALATAEGS RN E LTS,

HEFINIHEMNERE LT, £ MEBHBIERICH LUGERBRZMZ 2%
LE=0FAREMAH D Z EDIFMIC, BBIBFARDOES IEENICHENEET SEH
[Zxt LT, BIZIEEEGHE. HIEOEBEMBREZSORBEL LI L TRHRAEED
FRXICBMNIMREEZLELTELTVS, CAODIRBHLHEMEEZTHETZ T,
7 ERICERBEFIRTLTHY., BHIEEINDDE. HREREZRHT H1ERE
L. TLTHZEIIRHSEENHDHELTNWDLETHS, LML, BEFRIESE
(X, M HSEENREICEL LTEREOREERIT I EOELLEANEOONE
WEBY ., MEPMIEEICTF ST E2LFIEZZRETHDIELTLS,

COFRF, HEMZERZREN. M OENHSOBERZEELLGN S, BFEH
REANRDBUITETT D ETERAHERAL TS,

§ 2 HMEAE

1 B#

APELDHRIBEICEH, YFESITE FZEEMEHMREND £ FEEME (BRIEF)

DIENEREDRAEARDEY AICOVWTHIREZENET S, CZTESEBREBF LI,
SEEFS 1T T SRR L B AR, 7/ LR FERRLEDOREFLERBOEY
EIEREE A - DEIRT,

2 EXAH
BEEAXAHZUTOELSIZERELT=,
O WMEHFEZEBHARICEEL. CNZEZHYWHARLEE FARICEST S,
Q@ HHEOEEINFEICHD ST, ERLEE FIIFIZH L TIXREOHBIENEE 2
P> TE#KS,
@ XHREITHERIPSHE., E - ESH#E. b FEBRMEED 3 EDE FEMERE
REIEDFIERMEE L TEREMIZERYES,
@ WMEEEZHYVAEEE FARICES L., FRAIE L TERBEMIZITS 2 & ET 50,
HRICETHHEHROEMEFBREEEICRBO DD, HEAMMDREMIZHED S,
® AHMEIX., BFEMNEEN. MENZYM., TUVICHESMNZEEZED2E VS EEA



[SEETHELEOEETHEDET S,
® WEOEEICHU->TIEFDOERAUZERTIIDET S,

3 BITRANEDOES

AZEESDHMETOROHIZIE, BEOHRHFHEDBEEEZZELZITAIEAE S,
BET HHEL LTIE, 7 0—EMRBE (FRR125F) O35 (3FEH2). 45
EREH (FRI3E12A) OFE2FRUVUEIE (BEEH3). ESIES (FR19FES
BEET) OFE 455 (BBEH I BV EEAARRERREEMN (E/R205FE2A.
BEEH 5, 2EEH S ANH) EMNH S, Nature 5L (Cyranoski,2008), iPS M 5
Db FEBMREERICITEELGEENDHEL D Yamanaka REEZEY ANT., HEOME
ES M) T7LNICELEEBEZMDEVS BRBFOASHZHREL TS,

COHMRREBRBEMOLMN T, e MEBEFMBEOE N AT SaER (PS) M
BRAERBEIZOVTIE, BNEDIIEHEDOHRRELG>TELT. ChoDMEZERA
W=EdDiTa (ETEMEOERZEST) tEIEShTHWEWL] &LEET, TERES
MAEICINA TE MEBEMREKX U E b iPS Mifah o € ATEMEAER SN D AN H
5T EEHFA. BERN - FNBRER/EaRE - TEMRE. ChoFHELRED
MREE L CHEMEOERICET 2FAAITOVT, HEMRRUE ~ ES HIBEMREE
FIZER ESEMEZEAR) ITBVWTRAZEDSEDICEZRELE] ELTWS,

ZLTAZRERE, BIRRERBRBMOBEZHFTA LT, BROMAZEHT .
MMELT-&EFERSIME (B FREEF) (T FZRREZERLEBIMIEEDEHOTIZ.,
AGDHF-HE FRBEDERBZERLG S L3 GMRFIINZRBINETHIEEFX
%o 2T, MADEAMDHEREEKEBFICHT 2ERBELOREETILE
ERFHICERY Ant,

4 HRWEEHERARDEDHA

BRIDERICR > T, EXRAHICAIY., RYKZWEGEEERATDEDAERD & S ITEE
T D,

BMYFLWEREICDONTIE, ¥R, YILEOEY. FREICIELCTREICEIT LK
NERMBFDEREDRFIZEST S in vitro, in vivo DBAZE. RV E MZEL TIZL in vitro
[ZRRELF-HELET S,

MEDODEERMGTEDAIZDOWVNTIE., BIMIMIELE FHRARZX D L= LT, REMNICE
H5B, FIEETIEK, ¥vOX, HIILERUE b iPS Hiflam SEBFOERNEREZDRHFEE
BiEL 95, F2ERETIE. BWRUTE MRIVERBRFD in vitro HEEERTE (ZFEEE.
REXEFEE.) MTICEEMRE (REAK. TIEDIRTAVRE) ZBEELT D, &
3EEFEICELTIE, BN ARNERERTFEESTEHLUMEZERNIZEBIEL., in vivo TDE
FREE. BBINEFRE. RUEFICOVWTHRERLGRY H o HAELN L. TDIEEMHDIEEE
#BELTDH, COEBHDREICEWVNTIX, YILERAW-2HRICESEHAEICEK
HEEMDEREZELCENDET D, BHEEBRABRDK ST, £ MELUMEDOBABIEILERE
T5, HEL. ARLEEOEHBKRIZEY ZEBOBEEZRY LIFHZLELEET 5,



1) BPBR . v ORELUHIL

{AHERED 5 in vitro [2EH 1T 5 iPS MDD MEFEE

MEEEE L 1= iPS #fE & ES HifEH S A\ ERKECEF DR
ANERBIBFOIEDS IR T4V ARG EDEFMHICET S HEREREMN

A5 ERBLIRF D in vitro ZFE8EE & MARRE F TOMFKAERED AT
FAEL-MEBREOESICET SHEEMRT
EREEZINZTNOEOFEARNICHEL. FIEZBSLUVEFOEEHZRE
ERBEEFOLEERIMEE L TOEEGHZRET 51=H. Llad b 2H#HRKIC
H5EHRE

2) EFBAR - E ~iPSHARE. ESHIEEZRR ET HMEIZDLNTIEL, in vitro FAZEIZER
ETHEDET D,

MMEEFEZE L 1= iPS #iRE. ES MM 5 AN ERBEIBFOSEFE (GE5)
ANERBIBFOIEDS TR T4V ARG EDEFMICET S HEREREMN

AN EREBFD in viro ZREREIZCDOWT, £ FREIBIFEIXE FEFERLE
BRE

AN EREBFOMRBEE CORFKETIFFES in vitto TIRE
ANFEEL-RBEOEFMIZET SHEREREHT

GES) AU ZEHMHEHMERBOBMHZ L DR TFTHMEBEOZEEMAEFHMAIM (multipotent  germ
stem cell, mGS) R UMRREFEMIICHET SEMETEMAE (embryonic germ cell, EG) H
SDARNERREBFOFEL INIZEEND,

SICIGICIICIS)

O® OO

§3 EBRFERDEMEFHRE

AHERABEDOEBFERDAERTIE. BEALNICESATLSRY . nRAGEHE
primordial germ cell (PGC) MDEMMNE—EM LG HM, EXMIZTRT L 4 DDIL— FA
Hd (E2),

1 BRERZHEMVF~OEHERZBEICS SFHIE

Oocyte-induced haploidization of somatic cell nucleus

RFNFHILREZ L DEVSHEZFARALTEREBFZERLES ETEHHATH S,
REMOMBEEAIRICE >T GVEIRKE MIEBBELAH LN, BEEFTOHREEZH
HRYBANDEFHADRBIELRELLEBREICZ LY, AINICL A, HRZRHI L=
FADBETHAHDT, BiEMBOZEALN L NBROZEANAZRFASEILENH S,
L LAZBILENFOREEERZRINFICBRIET 52HEN. WFERY FEE L TRENAH
(T 5 ATREMEME LY,

2 (R BHEREEZED ES #il8 (somatic cell nuclear transfer — ES, SCNT-ES)H 5 M
BL{RFIE R

AR IRERZINCHBE L CTHEE LB 0—FZHT ES MilazEE. Zh

NoBET / LERYRAAERBFENMEFEETLIAETHS, F)—ZIFLHTIX,



DURE BREOEYMT) O—EERNELONTLDS., TORUDIEREILIBDH TEL.
FREEHIRCHBFEELSRICRET S EHBEINATLNS, —A, ERFEITHBVLTIE
ISR 5D ES MBFEDORIBIEFHT. MET AT YILIZEWTAH LIV ERSE
MEMTHD THERBENSD ES MEBINBRESNTVNIDHATHY (Byrne et al,
2007). E MZHITEEBHER, 5D ES MEBIZENGY ORENFEEIND,

3 BREBEABEHMMIE (bone marrow-derived germline stem cells)
HAERDOINBMEKIIEZ ZONEWVNSON 20 HEFFICHEISIN-PLHETH-
2o SNITREZANN—N—FREQOTIL—THN ERIZETEHT Y RIMEOR
VEBROEFHTICHBRFLEHER. £R20MHFLENES TS EERLLE
(Johnson et al, 2004), COHERII.AXBIC— Kt tEt—arEEZTEIL, %D
DDTI—TTEHASINZARAEDE ZABREIIHERSIATLEL, RTIL—TEE
BEDHRICHEERMIEDFEEZIFRET SHALTHE > TLISA (Johnson et al, 2005). I3
HERELDHRNERE S TUOGD, BEFILROAEFHEOFEZIEIRMTH S,

4 AIZEEMR (induced pluripotent stem, iPS) #ifd

IR {ERAREIZ 52k 2T 2006 £ X T (Takahashi and Yamanaka, 2006) . 2007 &
E T (Takahashi et al, 2007) BIFE SN 1f-ES##METHS, K —HEDFEHIEL
HAFIZHAEBEL TV EXRADREEYFEDORRETREVNT, WPHE ST 4 DDE
BRF(Oct3/4, Sox2, KIf4, c-Myc)DELRFEAIZKL > T, MREH. HEEERIIC ES R
FUT SHBOERICHII Lz, COREFIEHAMKEZTV,. BEEZMROHERET-
LEBEF N -LDFMZF/-, EMHEAEETIEX. COMREOBEEEZNICAZ K
STHLWEENT TIZHBE->TLVS, ES Hilah 5 DEBEBFFEICOLTIZIT TIZE
BHENEITLTLADT, iPS MlaZBCOFMAENSERT EE, BBY / LEH
BERAAEEBFOERIIERLERIREE 45,

§4 HEBLEEFOLaRE

AMEBEEEFRFIANGOREZRY B SBREFZOIHFTHAIER L, £ FEBFDOS
EHEFDRRACRNEREDREEMRBENET 5, EIREGHMARIX.ES M2, iPS
MR EMMKIEEESREIETH S, oD 55 ES MREOANE NEICHEXT HED
THY. TOERPIHAIBEGCRFDAIREL DTS, LML, BIEDLSIZ. &
e L-&RER5ME (£ FEBFEIEE FRBFIERHER) (FEFEOMFIZEbHLT.
E ~ZREIEICERY JLRERMIETHS EDMEMITOTIC, TELEEZ L > TRkD
NOBELAHD, COREHFAT, FFERE. AN EREBTFOERBEZUTO
FIITHRE LT,

1 AFEEROEHE

ABERIAGOREZRYFSERTHAEE L., ITICCOHICEZRT-EAA
~NDEFHLEXBEZTOICLZANETIBENDERLFIAENICELG D, —ROBR
EEN (A LEMETDH] EFETHAIDIIR L, £REEFS T£EmE4EHET EF
THHICELVERADHETHD. CO TEMEAAHT | EROEMRENLELYE

10



AL, HRMICEZX, TE FEFEDOEEL dignity of human reproduction] &LV Z &
2755 (F. 2003 ; K. 2008), £ FETFEDHEEE T TFAEFNE L. FHACDOHE
[CEZZITHELEBARDES ] LEETE. ANHDBERICRET SEMHE L TREFIT
LbNERELDTHD,

2 b FEOER
HITOMBIEHFTIIE FRRIEE TAL EFFEbATULVGL, Thbhb, B=AM
LIFEEINTULEL, LM LBRERZEMEE - ATREEZMAFESORSE Te MNEOR
HWNCET AEARNEZA L] BREHERNTRE - £EaMEEMBAER. 2004) T,
fEE TADEGDEHF] LTHIEAANRBRINTWNDS, TAl ZOHLDTIEEWLEL
THAHDEFHE VWS UHEOERNMEEDHFDO-O, BICEEINLIRETFETHD
EDEKRT TEGDEHEHF) EORBEZALTWLS, 7L TABOER hoEhnT-
RBE L TERZNMEICRHLBEYUITH S,

BHE. J7FhY - THATE—TEINEFTZROBRZLU>TE FEGDBFEY &
DEZIS, ZHRINEHEEMNIFERT I LITRMDIBEREL T A (FRE.
2005). iPS HFEDHIRIZDOWLTIE, WHECEHD L TUL S FEF. 2008),

3 b MREEBEFIREVEOMEMNER

EFERBFOERNERICET SHMEEZEZD LT, £ FNEEEFOMEBRETHREIZL
THEDENH D, E FEAATOBEFLHAEMTIATLSE L (REFRERTE
B AmmRBEMRESR, 2004). £ FEAFIEEHIE. TAGORIE] EABEMITS
NERETHHD, BBBFOLOENE - REEEMEKRICZIE2D2H5, 1 DEFERKRELE
LTOEKRT., BEFEIFLWNT/ LEROBEKREZEIHT 2EFDRFETH>T. i
KFYUE M/ LOZHEENIRIEESND, I 1 DERMELELOEKRT., BEIEFIIALE
DY) LEFITIEADEGORRENZ., ThIZTEY E M/ LOREN EBEENE
REhd, CO&ESHE@EMSTIIE, £ FEREBFIIBEMNICTEICERY kbhiith
(X725,

4 HiELEHE

AMEEE FHFEMICIEMEOARD—EBIZEEHR (BBEF) NTE. 2 D0DERE
FOEWRICE DT TELEEFHOHBERNERSINILETEETHD, BH. £EME
DMEEEDTED—ELERDNTEHEREELETEENBEEETHH> T, £L-E
Kt EDBEARDOE—THS,

HFEERR DAL D EEMIZBA S MV > TULVE WA, EFEHRE L L =B B F AR
TEHEEDHREEYEHNEERN. T/ LOBEARET / LOZHEOHEREIUEILETH
HEIEREWVGEVNTHAI, -T. BHEEE NS EIEHEEIIEEEIEICESITHE
MBI E—4SELERY., 2EARERORBEEILEVSTEDERICE >TEELLESE
BRXEEBADNS,

-OT.AMEBOIEVWFTHIRRBTFE. 7/ LOZHEDERE L UVELLDREI S
LHEDRTHAMBEBRAMICEL > TS, CICHAMDEBFICLIBHLEENEE
HEKLNHADT, FEMIZERBFERIZEITIEARICEVWTHLAREEDORENE
BEINBITNIEGZSHL,

11



5 MRERE

PEABARNTE I YRBZER L CHREZECOIHIIMORLEHKKIL. ERET
Hbd, CORETITEAREDHLEEENMEHL DTS I EMNAFEHRLMNISN, TE
CIRTAVREVSIFH LWERZNFIEEICHEINDEYT / LRIYVAH (2T
DTaVY) EVSBEENEREDERICTHE>THIILEZEZEZ SN TLS (EARAK,
2005), BIZFRBICHEDL D EGERE. BEIZ DNA 5=+ T4 <. DNA &40
SNEHOTNZRYE /AT F UBREEDOEMHO—HBLRERITEA NS,
ZOHIZHHT, 7/ LRIYAHFHHEDOEEITKEFEL-EGHRAXFZES LD LN D,
AMEREICKA2ZREMNTIE., MHREBFICHET S 2 DDEEFN—RELDH., M
ELELNRBFICHRT INI& > TREKADPELIBTEECTFIRET D (17
)Y FEEF). TODFEBII EED DNA BEHIIZEWTHES / LTEL -1
DNA(CpG)* FILLIEERi #Z(TH 2 LITIRTFEL. SDA 2T 2 MESRDTME &K UHE
RIFEBEHBREOHICR N D, ftEM4 2 T) o FOEGITIHEEROBFRRLUEIC
FRIL L. MEtEA 2T FMIERDINKBREICESSIND, — RIS, 1T RIS
KO THHURBFERDEGFOADNECIEE. TOHEEILBBREEOTOHFICERD
Y., MHEEFHRXOEGCFREEIECHBREOEERRICEN D E VWS HENENR S
N, SIS > THHE—ROT / LEF-LTVEAREFRAEEICLTVWSEEZ DN
%,

IEDIRT 49 RADEEIL Prader-Willi SEIEELGE EROMDIEEFHDREREL ST
WHZENBNTNNSDT, ARNEBELREANLRIEOMHEBZ LU > TERT SEEFIC
BWTIE, HBEEECREDKRERL ITTHEL, 12TV MR EOFHLETREICEHRDSTE
DIRTAVRADEERLRIESINGZITNIEHESEL,

§5 EBFERICEHTHIHMRDOIER

1 #HSMERE (invitro) FTITEITHFFHIE

1) ¥R ESHREDOARNEEIZEK > T, IBRERAFEMA primordial germ cell (PGC) H 55
R (+8) #R2 spermatogonia Z & TR FHEAD round spermatocyte ~DFMEAHE S
Z EMHIBAL TLVS (Geijsen et al, 2004; Kerkis et al, 2007). 1B LB FHE~D L
FHENMEBEORBRICL >TRESN-HLDT, BEMICIELLTRBIAD
STRIFRIE SN TG, £, EZH OB TOHRIIFNEETERONGLY,

2) 77 LRIYIAHICONTIE, EEHMEREFEICECSHEAXRI VTV FOBEE
FHERSINTLED, BFERICES#EA T D FOBERIZOVTOREIEE
LY (Geijsen et al, 2004) ,

3) fth 5. ¥ R ES fifah o fFF R E 2L FE L. T DIEMIZHE (intracytoplasmic sperm
injection, ICSI) IZK > TEFEBLEVSIHENH S (Nayernia et al, 2006) £ DD .
BRANGSSDEZAHERENEHODNA TS, LML, CTHITEVVEFRATEEIZKE
5LEZLND,

4) HENGIRE LTV REEHBDIGEE. AIMEEICL > TEFEBEINERSN
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TWAHHEFRHEE. EBESHEM ACEESN-ELDICESN S (Marh et al,
2003) .

5) LIRTICHRMRED o B FHRICESEETORMEIZOVTOHREFTH L. EF
BEZRTIT—2EF4<, BRELBEEREIN TS (Hofmann et al, 1994:
Rassoulzadegan et al, 1993) ,

6) YORAFEFEME GEo6) I2TOU0WTH., ShZAVANEEICL IR FHRESE
DB EIZLZVDONIRKTH 5,

E6) BFHMAE: PMTAIIZIE spermatogonium stem cell & LD REMEHN., FHRFFME L
LIREND, BERROFHEREERICHEL TFEL. BCERARMNERZIE
SHERMREEHET 5, FHWE TIEIHRKREFD glia-derived neurotrophic factor (GDNF) #F
ETTEAMIZESET 52 AN TE (Kanatsu-Shinohara et al, 2003). Z DIEEHMAIX
germ stem (GS) HREEMEEN D,

2 {KHEE (invitro) TIZHITHIF51E

1) YVRXESHIBOEMNMEEIZK > T, IRRETEMD ZE CINRBEICEEN IR
fEAANDZENFE S Z EAFIEAL TLYS (Hubner et al, 2003; Lacham-Kaplan et al,
2006), EL. ZDOHMEIFIIEBEDHEMNEFE. HENMEREORBRH S LT
HAREDHRICL>THRESNZLDT, SREZHEORANOBKIZONTD
HEREE 7 < REATH B,

2) ¥R ESHIEMNSHENBEEICL > THEONFIIBHEIZDOVTIE., BEISRDHE
HMTHLIHEREBARESICEAT 2EENER SN TS (Novak et al, 2006) ,

3) F£f-. ChOLDWNFOZFHERE, RV O—URREZRAVE-BEZOVEILEDE
BICOVWTOHEBREILEL,

4) EFEMISIRE L-INEHES L EINBHREOZE. ThxaCRIBINROKSNE
BIZEH>T2RNBHBETOMEE ZTDARNKBDOZENTTETHY .. ZDES
BEICK > TEFEREZHEDINFOERMNHRE SN TLVS (Eppig and O’brien,
1996). —7A, BHFHHECEREOHMIEEROMFHMETIE. WFhtIliEKE
EEMERRICKDFMIE DI LDT, HEDEZIREE L =3 E (LY (Johnson
et al, 2005; Dyce et al, 2006) ,

5) MOERAZEICARA SN IBE—ZIBROERBMZICA L. YHKEOE|EkZ —EBF
B L TR TIEE . ES MiRlB 2831 9 5 AEH < 2 X (Chung et al, 2006; Wakayama et
al, 2007) & E + (Klimanskaya et al, 2006) TR IhTWL5, f==L. £ +TH#l
ML SNtz ES HIBBDHMESITIE+A TIELE L., BEFEROKRELHRXERTH D,

1) Z7H45 )L (Thomsonetal, 1995)., ¥Y—FE+t v ;+ (Thomson et al, 1996) [ZH:L T,
KB THLTHTHILERLIDAESILDH=Y 4 FILT ES HEOERIZHEIIL
f= (Suemori et al. 2001), ¥~ X ES #ifa &Ltk 3 & . in vitro, in vivo TZ 5 1LHEE
FHEITHELIIRLETHSH., WREEZ, HiaREY—H—. KRMMEHBFFBELGEN
BH-oTWLW3,

2) h=- AL ES, iPS HIfE#INEZIEZ. Dk + ES Hila & DELUELAEL . EF
ES HifaDn - EEZOERMRICERLSEFBREREMRT S, OYJL ES #fz
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MNoMMEEE LM OMEEETMIEX. RERICHMELzE FARRDETILERYSES,
@kt kTIXATTEER in vivo DAL ATEETH B,

3) HJL ES MREIZDOWZTIE, A EEICK > THEMBREDOMENAMMET S N
HZEEN TS (Teramura et al, 2007)

4) HAFKERE ES MEN L DEBFEROBELH D, FZRBIHPHMFEZESR
WBTFHZEICKYVEBREFEZ LI EEAREREZ/ERL., COEBEKD ES #
EZEBNLT SHENHRESINTULVS (Cibelli et al, 2002) ,

5) SAEITIXE FEEEREA S ES HIlEA~NDMEFEIZEEICHIIL TLVS (Thomson et al,
1998), A TILE b ES 58t (XHPBFEHERE 1555, FH1345) ICAI- T,
RMKRERBEEMEMBEMODPEEXRBIROIZCEYER 15F 5 AICRE2—KLT
LIE, R 20 £ 12 A 5 BIRE 5 %ROBILEN TS A, BIEEEIZ ES HilaE3E
Bt T BICIERBEREREERRT 51=H12 100~200 HEENDETHD & .,
ZD=HDESHRNVIBREELH S,

6) RITIXESFEEICE>TE F ESHEMNSAEIEMEDERIFEZEIEINTULNSA, E
b ES Hifah S EIMEBIC K > TEEMBRE~ADMENR DI Z EAHBAL TS
(Clark et al, 2004), {EL., ZO@BHFDIFLEAEIXTDRES HBICEL-0Ff

BREDRELANILTHY . HEEETOREAETEL,

§6 BIROER. RITOWHEME LRE

1 FARHREHEOESR

E b ZETHEBYORBFARNEREDHAEMER., AR, S EERBADIE.
2. BEEGEREDRELE - £TEBEON FHRIBEHRITCEOBIFOETILERET
B EITED, o T, HIRDERIFMMICLEERMICEBOHTRENEZZOND,

AMELEDOHEREL D ZORADEMNAENMMBDEVHESFICHELTEATY
HEHICEFEOAFIToNDA, ERFEAICEIFMETEIRONAGVNEBIRESED
S, BEEFEMA - RIE - BREE - BR - BARFT LS 2 —EOBEEMNERMOHI
BOTHFAFTIVIICEST=S, EBRHUEBBREBICHIAADFMERELERT. 2FE
NEARITHIRB LG =OEEZZ0ND, UT. FHEBROBEMN oHERIZDONT

A3,
D RS

REFANEFEOREMEIL. RETOCROBEREEMICA > THIEE. RDLS
BEMHUERZLDEBZEA DN D,

@ EBFOMAE - HAIBRE : £ FEECHATYICE T HEBFREDS FHAE -
MREDHERICIBFEY ., BSOS, DNA 7/ LRIYRA#H, TESIRT4Y
A ERBAT R ERMDH D WIERABRDFMARENILFEL TS, &5
2. REBEFRERBECELLSEEARTHE G 7). EGFEEORERE. &£
SERFMBICHENLBIED I RT AV RAGIHOEEZL -0 THFEDHEHAD H
FEnsd,
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Q@ ZFEBEE EREBFOZREORTEEEL-ZRINOEEDOEEN - Z24%
BHRLTEIEITNIELZSLEL, ZOLET, ZHBEOS FHEEBORENT. LBK
T, ECTFEEORAHKE. SHRESTORERFOBALGEOEEHBADL
OZFEYHELAIREMHLHIFTE D,

@ ZR/EODHERLEBE  EHEBFEZETCHLUEORERELEEHERIIL THLC
CENHTDREMDHERD-HICIERELETH S, HIT. BFHXEKY/ L
DNA DBEEIHIRR A FILIE., DRFHEXY / s DNA DOZEMER A FILIEG E, B
BRFEFTCOREBREICEITIRBFEMLBIED = 27 14 7 RGlEHBEEDERERENT
(At 5, 2005 ; Reik et al, 2001) (. BIEEMNDARARIRTH S,

2) BREKMES

BEFANEREDRAFEMREIL. UTORKMEREZHFEODEHFIND,

@ HEMBROBEAFAEICERT 2 FI1ED A H =X LDOfEH
ATEHEENDERERE > -EFEN O HFAMRENS iPS MlgZEER L. ChZ i
LRIVDEEBRETIVET S ET. BBBFEBAREICES TS EEATHELER
FEERICERT 5FE - ERFEORERFOREBICOENLIMENFELO NS
HhH 5,

Q ZHEEZTOHMIRMEEREEL EDBEEDRRE
BEHRERDEREBFOREBFELIUZEBEEORERZEBET S LIZKY.,
AEICEDLGAFERROCEMNREL EDTEEEMAEIN D,

Q@ MREEFEDRELREMFDOEH
BBARICEoNLHFEERGTELEBRZ. HRAZEEAIHMOTLICERT HEE
ZONDERDEBAEE (BZLDR)YVI—%8L) NELDHI N, BRE
BEEOERMEZEODKRELEREL>TWS, BEETICEBOSREBRIT L L
[2&2T. ENLDERCHEFOFEBENAIGELE LD, -, ML LBAREEE
EIZHEE N H D o b, NERAICELOIMBERERET S LITK>THT:
BRI ABROREICODEMND,

@ ERIBFRI/EREFRIED EDERBFEMESFRITDAE
BEEFERDREE CNFETCOREICEINIE. BEFDKMELS iPS ML EE
BHLEEBRFOMEFELNE—DEMEELE LTHEFTE S,

® HBE#HEICRITRERF (LEYWESE) OFEMRE
EREBFOMMEERERSLIVERBEFICEIBUKOERBELZRALNT., &8
NIRERF (LEPYESE) OE=EMHN DOBEMLGEERENAIRELE TS,

F7) BBFERICEEOREATHE . BFLVWSBBFEREICE. ThThOBHEN
1L OB/ L DNA WNB#HE—. FZoREZBCEHRBFICZFOAINS, COBEBETIE, N
D 20% (ZDS DI BN EBADTIBNRR L G L5LEBAREHM). BHFOH 10%
(2EABEELSSUVEHNE) C2EAEENAOLN, 3 BETEHHN S0%I2LBHEE
NRESNTWS, BIAOSHILICHEVERBARDBOHEEILI LTI 5, F-BARETIE.
16 FEREAAKLNJYI— XEBEE/VI—. 3 BEREZUHE LEBRALGEBEREEDN 70%
ICRHEINhTWS, BEMICHERTIE, 2EBEATHYEIL 04%FBE L% 5 (Gardner and
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Sutherland, 2004)
2 ZRESSIUVERADYREF CORERERIITIERNES

1) WEBICEOWTHENSINZMFETFEBLIHROFE2HMIDIZE EFY ., BHEIROR
HRERRIEZREICHBEINSG, ChEIRNZRELUVEBRBRICEVLVTLRZETH
%, TDHk., ZRHRINNTIIMMERTZEBFHEOBMEFNZNAER I NIzE, BED
mE. S BEEFRARINS (1#EH), COBETHEFHEDS / L DNA
[CIXBEZ IR A FILEEFEL, —ADIFHES / L DNA DOIEA FILEIL 2 #iE
FALIRFICEE PRI BD O, BEDIE D R T a4 v I HIEICIZIEENLFET S,

2) XORTIIES F(zygote)7 / LD b DEEFRIRIL 2 MBEALIREICEHAIREINS,
DEEFHILICIXINFHREDEGFEY. BICTED T RT14 v I HlEICEHDE
HORFOEBELNEEINDS,

3) EfERalE. R 18 5 RBAEE L IRAT R 18 5 RS MR, SER I S,
s, BBEERIZITEERNNZEBRT 22 DOMBRE~DIELEL, FhFE
NOMEIC L EMEEEZF OBGRFREOHEMMAR OGNS, £, ZHRMNEAORE
H L IXZBENA) SIEBIEADFNEBERICKE L THEBEBREICE—EOEEK
PERIN, COBREICRESNIFEMNESIUVOBENEEX. TOROELEEE
LHEET 5,

4) BIEICEERLI-LIIC. BRFEEDEELRERIIZEAERICRE oS, B
BLANWICK2$BEAH, GE, $MGZERBIFBETORE., MRz, HEIC
BEETIEEERILZITAELRS AV, ZORKRBIIZTHEEICEHETREEL D,
BICBFROZBARORILIEZBEDOE 1 INEIHICERAIEEE SNnD, EL. 2D
BICDOWTIEERINF IWLREZ—KE) AOZFEZLO>THRATSHZELELARET
Hb.

5) —A. HEEEBEICIIEMBELANLTIIRIITEAVI/ O0BLRALOZEEKE
ENRILHIENMON, CNEREEBEODREZLRRA LG D, TDHEEEIZIE DNA
LRILDHELS, TEDIRTA VI HEBIINETHD, KYEEEDH IR
HEREZBDICIEEHEBFY/ L BEL-KEEEE LETNICHEKT H185E
HWBAZAWSZENROOEND,

COEIGRAFEE, BT LLERUBROEFEEEZRIET 570 FETIHEOD,
REFOEEMEZRILESRHL L TRERDITERESABGTAEGZ LGN, —A, EF
RICEWTEREDREEZIT O ICIEHER - RTHUBRRAHLIDILEETHY . TDORAR
[CREFE=HARRAEICEVTHHRNEREBFOFANIRDOOND, CDELSIC. EFH
BRICIFAVWGEWEWVWSEEATH>TH, £ MISVERERFZ AV -ZRINERIE. B
RAARDEHREICEDBREEFSHFOHE. ELIUZENCERT TORLVEREESF
RIMDRAEICET 2BERZH2EEFZA BN D,

3 BHRFRITOREENE
D CHNFETICHBBELEHARESKENSTNE, TOX, HILRVE MIRIZE T
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% . ES Mg RDEBFEZAVEEFELE. BEFRITEVTIE, BERMIZER
AIREATERBE(CE > TULVRLY (BFi#E. 2008) ,

2) TOEEZRRTHICIE. BF - WFEXEHICHBLT, FHEEICBEVTEE
BRBNAREZZXIEBDIILIZHD, BIROEBERELLEH>TULVD in viro BEOHRD
EETEARBEROEEMREEZA VS ARMNMEEZDZEEICLHEET S5, LHAL.ES #
MAEDBEICIE. VEL ELEBGRFRELANILTOERBFAOMEAREH SN S,

3) iPS #AREIL. ES #RELIEIZZHMEFED, LA L. EBEMIZIX ES #lE L RZEDH
AN H D10, iPS MM L DEBFNMEITAEEL HBISNh S, EE. vOX
[ZHLTIL.iPS HIfZD in vitro £JEHESIENABEEFLARNIILTRESN TS (§
5. 2008),

4) in vitro £JEHADEARXHNADR LBIEIZ L > THEFEAMNE SN S Z & (Toyooka et
al, 2003) . F£71- . AL ETIIFNEETICHRBAN DB FERETES Z & (Kurita
et al, 2004) 5, HEBICEVWTHIBEEZFHORBRN LERBEORRZL-0T
LEZOND, TOERITIBRMUERICKSAIREELEHDIN. K< EH 10 ELURA
EFHEND,

4 BIEZXITLEOERBELER

1) ARBHD-HDIEFEINFOBEFDIRME :
E kiPS 5HWLEE ~ ES filah o AN EBFERENATEEE Lo =HE. Vi<
ELZRMALEKRAIOMERE COMKEERMBICHSNT, BEETHATEIHLHWP
BAHEREHREL TCTOBRELCEEMERIIT I ENKRHOEND . ZDT=HIZIE.
EENFOBEFORENRELL S,

HH. BERERTIE, - BEZFZEC—EXHOTIZ. E FREEFLZ
FNEMEEMICFERT 2 EABTRINTNS (HERFESEE., B 60 £ 3
B/IER 1451 ARE. 2E8H 6), L. ma0OFFHREIZEINIE, HAEBEM
DIEERK L. BERFEEADEZRAXICENDEEARANELEETIT 5 ENEERE
hTwd GES).

2) BIEEHMOIRERDE
MANZEMRED Te FMEORKWZET H2ERNGEZ AL (FR 16 £ 7 A)
DIEHTE, THRMBELTERT A HICHICRRB/ICEIY E MEZERLE
Wl &l EVWSRAATTEH SN TINNS, SHEMFlaNrcERSNEBEFES
CREOERFIIDZEZAICEMTLIOT, £ FZREHREEDRAOHINRE (B
AHPEMEE. TH16F7H) [2HD2 2OEH RFHNESEELHSHTY
1) Z@mEL TV EFTZNL. HRABMNODEERZHETT ILENEL D,

3) AERINELTOREMEDHER -
E b iPS #ifE°E b ES HIREICHET SEBFEENTEDERBEMICALDIZIE,
ENDFEEDFRICEVNT, BBBFERICERIBEICSERLE-EENESHULVR
EABEAFGHEG S, LML, TOROHDHRIERKEERE) R I NKECIEAEBNT
Hbd. CNZEREET H-HFE FEREEZAVERRICEY, 2L 2HALL
LFIIEAHRLEFRABT —RICE DV EREHEEZTINETH S,
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X 8) HEHEICENIE, XHHEFLELEEFHEADEREMZERITFRK 20 £ 12 A 26 H.
HEHDEREMEOBEMN THNIERBRIUNTELZRNEREZEND L EHE o1z, B
LI FORFEIRTABRLETCREBEINEZLEDICBY., RS UTA7HhoDIREERD
B, MEEINLODANBRERYAALZREE LR EHERMKRBICE =05, 158
EEETHENDS GAEHE, TR 20 £ 12 A 28 B), BERFSIXER 60 (1985) £
3ATEMEF-NF - SHMERMYBESHARICETLIRE] OLET (BEEHE 6).
RE|IOKRIBEZHREIN, PF. BFEEXFAVEREXBHHEFIOTIZCER SN TLSAH,
MEDOFHMEDERLEROBEEZRS1-6H. ARFAEEZEHICRELTEEEXZITH
FRIELBESHEVEVNSBEHFNEBEASINDZLIZHS, FHLWRFENESTLIE, BB
FOZBNERRETIARILIAERZENCEOEETICEMBD I LIZH D,

§7 E MENERBFERZORAERRICEHLIRFDOEYH

1 BREHH ORI

REFRESTIZICHT HEREBESIVCHENALDERDEFTH DS, BEETF
ERICESEICERBREFORFICH- T, £ FSEEME (PS/ES) MiEs SEEFD
HMEFEICEATOIARLRAFRICELVERGFICBSINDSIZERDETHD. RFTE
AESnf-iPSHIEZERE LT, HERMMICHEIRZEZFZET S LS KT, Kl
DHEEEERLTENEENFERSNLERFEMEDORREICHTNIL, EELEd
MZEE BOTREVEMELG D, ChOoDEREZTIRHLE-LET, AIRMZEPHIC
MRFEGHEBEZDIDENDH D,

2 b FZEEMER GPS/ES) $IlaZEERm L LI-&£EHMEOSEFEEICEET 2R 484
E ~iPS/ES fil@ZE S & L-EBFOERICE L TIE, F/ 20 £ 2 A 21 BfFH®
XEHEZEARIREBRLDEMN (BBEH 5. SFEH S Mk, F20E 2 A)
DMEFHEFEAFHLWRFIZHRELBTNELZS AL, ZOHE. $IZE ~iPS #iE
[CRHDEERMBRIOREAE L TUTORIEBNEZ DN D,

1) aiErIAEA
E FEMEMEEASE ~ iPS MIREA L DEBFERMEDHEMREIZIE. £ FEZR
KFTBHIEITHESERBEBLOMBET AL, LML, BEBFESEOREEHEN
HBOBETHAMND., B~ ES #AE. £~ iPS #HARUE AL AETE
HEADHELEEZEDEVWS ATHELTWS, £2 T, BEREOMAEZHHTE
BHICIRZ DG, CNETOEERFFEZRET, £L-WEICKE CEREF
DEFHNEDEAHEER S,

2) E MERBEBFOEE .
E FERBFEREORELSIAREMNTHS L L. ERSIN-E FERIBFITAEB
MICERALTEGLEL, COROMERTROE MEREBFYE FIEITHE
HEEXTENDEETIZEMINS,

3) MEDOEAEDRE -
MEDBHAEEREFT 50, BRICHRTEEZAREEANGERTRERICHEL
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FTOBEBELARDBEZITS, EHEXEEIIAELHZZEHBL. HERNGEZRES,
HDROIZKH L. HAWIEREEEEFDOHEICL > T, EEHDULIIEREFIC, B
ERREHRE LB FNIEES AL,

4) HENREZERDFRE LKE
LTI RERERS - HERNICKESN-REZTERICHEIN, BEEZ
(FTHRFNIEESEN, GEBEZEEKIIHRFEIN-AERNRICOVNT., ZOREME
EHiE, HENZ4E., FLAHEREREOTSA N —DORE. Z0MM. EOED
R EDEEMHIZOVWTEEREL-L, BEMROESEHET H1DET S,

5) BRLLBE (iPS/ES HMIRBHREBFZSOEEZRK) OERY KL :

Invitro REICK > TEOLNIBRUUEETARTHEKICZLETIEDEMEDIT,
AR HEITEEEORIRVRFIICE L TEZIEET S,

6) WAL T RN
MERRE LTHELONIE FERKRERBFOINEZETHELEICONTIE., £
NEE, ARETEOUELZEDRZREZERL. HENGEZESNOLELLGE
EABNILRTT D EDET S,

7) BEMEBEMEDKREE :

E MRS EREBFICONT., HEDOMEZT OHEEMEITIE in vito DA IZRET
5. BRBIIZIX, ICSI / IVFEZRW-2FHEEEDRTE. RUERINT-ZFREIID
ANEEICLIEBEPETOREEDREIL. BUHLBEEZFHEDOTICCNER
L9 B5, COE. EEOBBFZAVSIKRE. £ FRUEEBLEERE~DBHEIX
Bit95, L. EBEBOAERERETH-O. ERBMERV-EBERE
USNNDIBIERTEIIBINE T B,

8) MMEBMICHELE FIIFPE FEFDIRE ;

MEEMICHEL E FEBINFORFORBIIEET, hO+oEA 2 T+—L4
F-averbE5Zzo0n-ET. BEGEABRBRREOTIZAGOALZITAE
B,

9) EMEHKBEDEETE :
EHEEEIRFINT-MEARERITITSICEDIRS LA, REN. BiTAIEE
HZERBBLTVWALEDEBMGHEEZRLETINEGELHL, KRERICET 5%
BEZMNSDBENHNIE., KREENBEFHYTHELELEET S,

10) & FRIEDES -

HREMZEBNEE - £amESEMHAE: KREHERNEE - £aMEEMR
£, E165FE 7 A) TlX, AXRBMNTE FMEZEELLGWZ EESIATINVS
DT, RAEELSHPPRYRORRET AN ERBEBFEESOAEBMIEOERIX
HEINBEWI EIZHS, HENEER LS ZYEORINEGEERL T,
LIEDIER ZTREL T HFENMBE LD,

3 E b iPS #IREH XD &I &R EBF D in vitro $#EE ST
E k~iPS #IREEXDE FAIERBFEREDREREICH > TRONIHEAHET =0,
—EDEHFZRITTXHEZEARESERBMEZREEBNICHETTSZ ENRHEND
(BEBEH 1.8 3),
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E b iPS HBEOERKZWICEL. BREBMTIEHE NEZRET D EIZHES £amfb
HEFOBEILGZODT, ES MilBEHZERT ILE>GVWELENALD, £FER
FILSA D b FEBEMEAOE iPS MES S DO EEMBEOERIZ(FIEE AR
HE LD S, ETEMEOSZEIZL PS filaL £ ~ ES #ifa & RO EZLA
ZHEDHMNEEIATVNS, BFCOESIBEARANIBEFEOTIZ.HEERUVE +
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SEZER 1

Consensus Statement: Science, Ethics and Policy Challenges of Pluripotent Stem

Cell-Derived Gametes
April 11, 2008

For centuries, scientists have investigated how eggs and sperm (gametes) develop in mammals.  Most of
this work has been in non-human animals, particularly the mouse. The capacity to grow human
pluripotent stem cells (PSCs) in vitro® will facilitate research on human egg and sperm development. As a
result, the day is now foreseen when it will be possible to derive eggs and sperm from PSCs in the
laboratory. ~ This line of research raises social and ethical issues that may be viewed differently in different
cultures.  The goal of this document is to inform public discussion about the state of the science and its
potential social implications and to make recommendations about policy and practice.

State of the Science
1) PSC-derived gamete research has considerable scientific value and potential both for understanding

basic mechanisms of gamete biology and overcoming clinical problems.

a) Human PSCs have proven to give rise in vitro to cells with characteristics of the earliest
stages of germ cells (progenitors of eggs and sperm).

b) These cells are being used to explore important scientific questions such as the role of
specific genes in early germ cell development.

c) No method has yet been described that produces human gametes capable of fertilization in
vitro from a PSC.

d) Some steps along the developmental pathway of PSC-derived gametes have been achieved
in other species in vitro.

e) Some steps along the developmental pathway of human germ cells that originated in vivo
have been achieved in vitro.

f) These steps are being used to explore important scientific questions including the interaction
between germ cells and supporting somatic cells.

2) Based on published data and theoretical considerations, it is probable that human eggs and sperm
will be derived partly or entirely in vitro from PSCs. The pace of scientific progress is difficult to
predict. Unanticipated findings can either accelerate or slow the pace of progress. With this caveat,
the derivation of human eggs and sperm in vitro from PSCs, in whole or at least in part, is anticipated
within 5 to 15 years.

" Human pluripotent stem cells (PSCs) are cells that have the capacity to develop into all the different cells in the
human body. These cells have been isolated from several different sources, including early human embryos and
human adult cells that have been induced in the laboratory to revert to pluripotent stem cells. In vitro is a biological
term meaning outside a living organism, and is used in contrast to in vivo, meaning within a living organism.
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However, it should be noted that:
a) It is likely to be very difficult to derive eggs that could be used for reproduction from XY

(chromosomally male) cells.

b) There are biological and technical reasons that will make it even more difficult, or even
impossible, to derive sperm that could be used for reproduction from XX (chromosomally
female) cells.

3)  Tests exist to measure some aspects of the viability and functionality of gametes. These tests
can be applied to cells derived from PSCs. In order to determine whether a method for derivation is
producing functional gametes, however, it is necessary to establish the capacity of these cells for
fertilization and early embryogenesis™.

4)  Similar research involving other mammalian species, including those important to agriculture, is
also being conducted.  The results from all lines of research will inform one another.

Potential Social Implications

1)  PSC-derived gamete research could lead to the development of additional options for assisted
human reproduction.

2)  Advances in PSC-derived gamete research are likely to result in applications directed towards
ends for which there will be substantial societal agreement. For example, PSC-derived gamete
research will generate knowledge that should facilitate the development of new ways to prevent
and treat infertility, genetic disease, and some cancers, including germ cell cancers.

3)  Until the validity and reliability of techniques for deriving gametes from PSCs have been
established, the capacity for fertilization will need to be tested, and resulting embryos grown to at
least the blastocyst stage (made up of about 100 cells), which is the earliest at which reasonable
estimates about functionality can be determined. This work will involve the deliberate generation of
embryos in vitro solely for research purposes.

4)  Currently, the availability of eggs and embryos for research and assisted reproduction requires
eggs from women, with attendant burdens and risks for women from whom eggs are obtained.
Once PSC-derived gamete research produces gametes capable of fertilization, the need to obtain
eggs from women could be reduced. Additionally, greater numbers of embryos may be produced
for research and potentially for human reproduction.

5)  Advances in PSC-derived gamete research may facilitate applications directed towards ends that
will be socially controversial, such as germ line genetic modification for the correction of disease
mutations, introduction of disease resistance, other forms of biological enhancement, increased

** Throughout this document, all references to research on human embryos assume compliance with existing
guidelines, for example, the prohibition on growing human embryos in vitro beyond 14 days.
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possibilities for embryo selection or the birth of genetic offspring of same-sex parents (but, see
State of the Science, 2a and 2b).

Many of the scientific advances anticipated from PSC-derived gametes will be gained not by
research on embryos, but by research solely on gametes developing in vitro; for example, the role
of specific genes in germ cell development, the origins of chromosome abnormalities, and the
development of fertility treatment for people with gonadal injury or disease.

Recommendations

1)

PSC-derived gamete research must conform to ethical principles and norms of practice and comply
with existing oversight mechanisms. As this research progresses, researchers, research
institutions and funders must consider whether these mechanisms remain sufficiently robust to
ensure the highest standards for ethical integrity. Specific attention should be paid to protecting the
rights and interests of the human sources of cells from which gametes are obtained, including a
requirement to obtain specific consent before any PSC-derived gametes are used for reproduction.

Journal editors should also support and promote high standards for ethical integrity in PSC-derived
gamete research. For example, on request from editors, authors should provide assurance of
adherence to local policy, including appropriate approval by ethics review committees.

Oversight structures must be in place prior to any attempts to use PSC-derived gametes in human
reproduction. Oversight should include the development of appropriate standards for preclinical
data. Initial attempts should be conducted only in the context of research. In addition, the health
and well-being of women participants, their developing fetuses, and pregnancy outcomes should
be monitored carefully. The health and well-being of children born should also be monitored in
long-term follow-up studies.

In considering policies governing the regulation of applications, a distinction should be made
between objections that are based on technical or safety concerns and objections that reflect other
moral considerations.  Technical and safety concerns have the potential to be resolved over time
by additional scientific research and advances, while other moral considerations may continue to
be the focus of public debate.

Public policies carry great power to facilitate or restrict scientific exploration in the area of PSC-
derived gamete research. Policy makers should be circumspect when regulating science. When
enacted, policies governing science nationally and internationally ought to be flexible, so as to
accommodate the rapidity of scientific advance as well as changes of social values.

Societies have the authority to regulate science, and scientists have a responsibility to obey the
law. However, policy makers should refrain from interfering with scientific inquiry unless there is
substantial justification for doing so that reaches beyond disagreements based solely on divergent
moral convictions. Any interference with scientific inquiry should be derived from reasonable
concerns about demonstrable risks of harm to persons, societal institutions, or society as a whole.
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In the case of PSC-derived gametes, as with all science, it is important to target policy specifically
to those dimensions of the research or its applications that have proved to be unacceptable, and
that these policies be proportionate to the magnitude of what is morally at stake.

7)  We encourage informed public debate amongst scientists, policy makers and the public to ensure
that scientific data and societal values are adequately and accurately represented in the
development of policies for controversial applications of PSC-derived gametes.
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