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Abstract

Part I Analysis of autonomous regulation of proliferation and growth

arrest in mouse primordial germ cells.

Mouse primordial germ cells (PGCs) first appear in the extraembryonic mesoderm at
7.0 - 7.5 days post coitum (dpc) as a cluster of alkaline phosphatase (AP) positive cells.
They migrate into the hindgut (8.5 dpc) and genital ridges (11.5 dpc) while continuing to
proliferate. PGCs of migratory phase showed a temporary growth and growth arrest at a
time corresponding to 12.5 dpc in vivo. The proliferative behavior of PGCs in culture has
been shown to mimic such in vive growth pattern. In these culture studies, however, there
was always a large number of somatic cells isolated from embryos together with the
PGCs. It is unclear whether this behavior is regulated autonomously or by co-existing

somatic cells.

We performed mixed culture experiments using PGCs obtained from embryos at 8.5
(in growth phase) and 11.5 dpc (shortly before the growth arrest phase) and found no
interaction between the PGCs and somatic cells at the two stages. Next, we carried out
clonal culture of PGCs, and examined proliferation pattern and morphological changes of
individual clones. Such clonal culture did not reveal any subpopulation of PGCs with an
increased growth rate or less differentiated characteristics, which might have been
suggested by formation of the embryonic germ (EG) cell lines. Our results suggest that
there is an autonomous regulation of growth and cell shape change in PGCs, which occurs

as stochastical events but not strictly timed by the number of cell divisions.

Part 2 Analysis of neural determination and differentiation in CNS by
establishment of neuroepithelial cell lines.
Development of the central nerve system (CNS) in mouse embryos initiate with the
appearance of the neural plate at 7.5 dpc. The neuroepithelium at this stage probably
consists of stem cells that will first produce neurons and later glial cells during

development of the CNS. We have established a number of cell lines from the



neuroepithelium at the earliest stages and analyzed their differentiation potency in vitro and
also when transplanted into embryonic brains.

We dissected out neural plates from mouse embryos at 8.0 - 9.5 dpc, which were
transgenic for the temperature sensitive SV40 TAg gene driven by the mouse H-2!cfJ
promoter, and cultured under the TAg permissive condition. We isolated many cell lines
from such neuroepithelium cells. Among them, a large number of cloned lines showed
similar characteristics suggesting the very primitive neuroepithelial cell and was named as
NIS. Other cloned lines consisted of those at more advanced stages of development
because they were more easily induced to differentiate into neurons in vitre than the NIS
cells. We obtained only the NIS cell type from the neural plate at 8.0 - 8.5 dpc, but both
the NIS and more advanced types from the neuroepithelium at 9.0 - 9.5 dpc.

Under the TAg permissive condition, NIS cells expressed nestin and RC1 antigens,
which are markers of the neuronal stem or progenitor cells. Under the TAg impermissive
condition, NIS showed a morphological change and produced both bipolar and flattened
cells. However, we have failed to demonstrate expression of the differentiation markers
such as neurofilament protein (NF) or glial fibrillary acidic protein (GFAP). In contrast,
many cell lines derived from the neuroepithelium at 9.0 - 9.5 dpc showed transformation
into neuron-like cells with concomitant expression of NF under the TAg impermissive
condition. Therefore, we conclude that the early neuronal stem cells in the neuroepithelium
undergo an important step toward commitment for the neuronal differentiation at 8.5 - 9.0
dpc, and such cellular characteristics can be studied by using cell lines established from
these cells at the earliest stages of the CNS development. Also, there is a possibility that
the earliest stem cells such as NIS cells can be induced to produce many cell types of CNS
when transferred into embryonic brains, because the injected cells migrated out of the
deposited site and integrated into brain tissues with cell shapes similar to the immature

neurons or radial glia cells.
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HAMMREE S 2 SUEREERT 22ToMBOb L L2 2MlBTHL, FLTZD
AREMRL R T IR DI & 1% 12 5 S LA O REFEE 0 & {0 2 & 455 A RIS
(primordial germ cell; PGC) & L THIH L., Mo & 3 B2 2ME0REL /-3, PGC

Ld—EED L) RMETHDH, E0 LS 2R ERTEMMAIICHMET 2 0hicon
TITRERRE

v U APGCRIBATOH»LTISHEICBWTHSH T, o7 vh ) 742775 -8
AR & L TS IR EEpS 1B & B (Ginsburg etal,, 1990). # D 1L b O#NL
8.0H 2 58.5HIE TIHRBEAIIAAE L . WM &6t %2075 RN 2 BE) L@ ).
B & ) B RIE % 38 - T10.5H 20 5 11.5 H M CARl RSk (4 7l 5 26) 1 B3 4 2 (Fig.
1o BEEROPGCIAFMMEREMNICA D AKRCGERW), EMEEENTHIM LK. 1250
PHO1I3SHETHMEMSL L, ETRARICEDS I TOMRMEILTIC, B TRREGEN
2 A % (Nakatsuji, 1992; Wylie and Heasman, 1993), C O Z L5 5 4 125H2513.5H 1R
PGCOWMALIC O W THELEAFRI > T o L S h 2, FEZ ORI
HRBIRENPGCIEB T 2p D EHBIEZT ORAIZET 2 EFBICHRE S LT
v % (Coucouvanis and Jones, 1993)c L #* L % %% 5 PGCHIZE X L 4F ¥ TR EIHPGC D K; ik
B, TLBBHYPCCOMENTTHETH L I L2 LD THITLBWTETH o 72,
L% LDonovan = & o TSTOMMEF ML Z 7 4 —F —HMifa & LTHWAZ XI2L D105
HIEHIRPGCOREEN T FETH 5 Z & 2R W72 & h(Donovan, etal, 1986), Matsuib IZ & -
TEDOBBHPGCHORE LI & h(Matsui etal,, 1991, 1992), IRFEIE & ORERE % W»
TPGCE T 24 AR RO TV,

BETICBII5PGCOMMNSY — Y iXEAN KB 2 2h E B BIMERTZ &
A B AT & 1L TV S (Donovan et al., 1986; Matsui etal., 1991; Doldi etal., 1993)o 72 & 2 IE
8.5HIE L WHUY I L7-PGCIREFE T IC B W T4H MR £ 5T 545, 4HHIiC iz 4%
ILL, 20B%EBAEED S, —JF105HK L DELY i L 7-PGCII2H A% R L. 11.5
HELDEY HLA-PGCRIAZITHMERL, 125HK L LY i} L 7-PGCIZ WA % /R
S \V(Fig. 2)o BLED &) LERD L EORHOM X hHLY i L 72PGCH &% f54:12.5H



HHSTEOMMEFILT 5, KBRD LI ICAKAIRBWTH125HA»H13.5HKICB W
TPGCOMMB LD AONDZ L b, CORFEAKRATEZ o TWLHRE KL 7=
boEEZLNS,

¥ 7:PGCOAFFIT Steelfactor BSUIHTH 5 T L A%, LR A& H W12 %4 58RI
HERZ S 1T B b (Brannan etal, 1991; Flanagan et al., 1991; Godin etal., 1991; Keshet et al.,
1991; Williams et al., 1992), PGCHfEEEBT 7 1 — ¥ — M & L TH T\ % STOMIKL X =
D Steelfactor® FEAE L T % & & A% & huvr 2 (Ogawa et al.,1991; Yoshinaga etal., 1991),
& 52 Z OPGCRYIEEE # Hl v THMN O PGCOREHM & A 4F 1T I Steel factorh™ 48 T & 5 75,
SteelfactorfFAE T TH C D12.5H HEAH Y OB IEBRIEZ 2 2 L RESh T3
(Matsui et al., 1990)o

LA LIRS DRERBRRITTNTPGCEI Y it h i LAMBH cETh
ZHMRGZRICHFLTVIEERCBVTHONZ DO TH S, THERE LT
L72&Z%h, COPGCEWMHFT T L2HME LT Y SNz EA X, & LA 4R
DPIZEPBOPGCHEIFNT VL IAEE R WE LAV L 7=(table 1 )o & O HKER %
PGCL L THEICHWT WD o0, ThbFT 246MBOMEIC & - THGRN L4/
WG — Y HERELTRENTWATMRERENRZE L LN S,

A7 C OPGCIZA b b —ERIC A & 2 BIEE 1125, PGCH H 44T & 2 Ok T
B ZRHI T2 C LiCk o Th b 3 haodh, 8ET L2460, &2 WIiZPGCH®
MBMHAEEREOERCL - T—ERPCHf s h 2 0h, HERLACCHITL, 2
DEFHEFHIERIC OV TOEL2 2R 2B 5 HWTIT b,

L2 L2 O SEB ORRICBIAE IS Wiz B 3 TIRAGHLEE & ) BEIIPGCZ Fk: \C s+ 2 5
LR SN T, £ TARIFREII BV TIRPGCOBEIY 2 oA © 5 58.5 A I
REEIHEROPGC L, K31 H B I\CHAIAE LB % & 2 X % 11.5 H ARSI 36 (4 i
# | genital ridge) H3R 020 DR OPGCR U D E I kML %, IRAHERELFFI Z L ic
£ o TEDPGCOIEMIN Y — Y ~DEE &R~ 7=,

7z, COWKMOKALHY H L7ZPGC%, 1PGC% 1well i2F W\ THFELFFT WV
BERFEER). 1EOPGCHKRNPGCT O = — 20w THFIM, BRI, kol
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o105 H IR MRS £ 1158 5 13.5HIE D ARl 2 S PGCEELY H L THE
EHROMBERELBIET 2 £, WYL TE72E0OREREICHE > TPGCOMFTEIES
ReoTBY, BEYICE WHERD O EH ML W HMA~DBITIR O 02 o s
T\ % (Donovan etal., 1986). = DRt & DM ITPGCH KA THBEIRPGCH &
EAMBPGC~HMEL TWAZ L 2R L TV b, ARFRICBWTSSHIEL hELY L
7:PGCO HEERF R ER I BT, BEIHED O EHHRPGC~DHMBEILI R T I B W
TAGH FRORMEBTRO NS Z LR ENI, LT THEFIIBWT b 4K
A AR DB RIESE TPGCAME T L T B 2 b 7e,



2 MELE Ik
2—1 PGCOXFHEN:
2—1-1 74-F—#RIEOVT

PGCORIERX 7 4 — ¥ —HIROFIHIZ L YL % o720 PGCIX 7 4 — ¥ — MM DFFAE
K& ) ZDEEIBIG O, EFERD EXD I EATCIoHE S L Tyv 5 (Matsui et al.,
1991; Godin et al., 1991; Dolci et al., 1991)o IRAE—#H I IXARHMESFMIFLPESTO, SV/S14-m220
FVT7 4 —F Ml LTHYLR TS, Fia Tili<7: & 5 IZSTOMIN X Steel factor &
BEAE L T 5 2 EHBEICHRE S L THB D (Ogawa et al.,,1991; Yoshinaga etal., 1991), SI/SH-
m220##i 2 13 Steel factoriB{Z F/K fimutant = 7 2 & DAL L 7= MESF MR 1. IEEAS &Y
Steelfactork 6B 3 % IR F- 2 3H A L 2= M2k T & 5 (Matsui et al., 1991)o SI/S14-m2200 J5
HISTOIC A, & VPGCE %R CAHEFL., MM b 0T EFHLN TS, KT
IR EREERICE, BEC L2602 BE L & ) BRI T 5 22 0PGCHER iR DK
STOMIE & . HABERTFEIERITIE & ) PGCMEFFEE 2 FFOSYSI4-m220% £ hEh 7 1 — & — il
o LTHwW,

Zh b DOMIIZ10% D 7 > j5 R % &t Dulbecco's modified Eagle's medium (DMEM) %
B & L CHIWT, 37C 5% 0O THEFE R 4T o 720 £ D Sng/ml mitomycin CT2REI%E
# (mitomycin C ALEE) L, A0 MR % 1L%, & 1% trypsini& #4(0.05% trypsin,
0.02% EDTA, Ca2+tMg?™* free PBS)T37C, 3-54 [l D ALH (trypsinLFE) I & ) R L <o
M&bEELL, & O8I & D oypsin® R L 728, STOMIMLIX1 X 10° cells/well D i J ¢
Nunctl %4 well culture plate (TRAHFEEER)IT, SI/S14-m22042133 X 10 cells/well T
Corning#13¢ 96 well culture plate (WLMERFEEERA)ICE &, 18IFMEIC7 1 — & —HifL L L
THWz, TR1L5HBRAEMBEEREOKHIEE 7 4 — ¥ —MlLE L THW - EBR T,
1L5HAE & b ARRERCERRFEE) 2R/ L. 12 uypsiniS LIS & - T B < i
MEL CBBFMIETEE L. £ DfEmitomycin CILA %47V, & % B UrypsinfLBR I & ) 2k,
[ L T5x10* cells/well ® #F TNunctt 3 4 well culture plate |2 F % = A 75, = QBRI

(5x10* cells/well) D mitomycin CILHE L 7:STOMIMIZRAEL T X, chr 74 — & —Hifu &
LTHWz. CThbODOREFEICMHH LK 42 THEIHRTIC1% gelatin T3040 — 7 4 ~



TUB %4To 1=,

2—1—2 PGCOK#

< 7 ARICRFEM % H 72, PGCIZ8.SHIEIC DWW TIRRBERELE. 11L.5AKICD W T4
MR Z R L. Ch % oypsiniHOLEE CHMM ML, S OMEREBERTHFRL
TERD7 14 — ¥ —filg L THEZIT o720 AL TI5HEDS12.5HEE TOPGC
EHLY L TSYSU-m220ifi % 7 4 — ¥ — & LCHEFERITV, FVHYV 73R 775 —+F
Beth (fR) 47 o TPGCEOEAL 2 FHI L 72(Fig.2)e & 61T & OMIFANRE i oMM i HE %
MEKEFHAREHCTRHAIL, ShEZAFAL FZSAREAGL, TVH) T+ AT 75 —F
Feth (b)) & 1T o TEEN TV BPGCH % 5H5E L 72 (Table 1)o H53EH IXDMEM 120.45%
glucose, 0.5% non-essential amino acid (Gibco), 1% nucleosideB A& % IN 2 7= ¥ HEESM) |2
10% 7 ¥ BB ME 2 @M L TH ., BEscsumi47 - 72

2 -2 HBHERGEEC X ZHMN S — VIR B £ TBRERL
2—-2-1 2R EGRIEERFigd, 5)
RARHEEBRICBWTEHSSHEAROMIBER R E T W 1HMMAK, BE4T 2115
B OB L FEMICA 720 72200 0ERICB TS SHEHE M
oW TR12M8445#2 X 10° M), 11.5H s OMIF IS 2 v Tk 124 AR R4 (1/418
5, 3X10° M) DML % Lunit: L7z, 725 64 Uw8.58 L U11.5HEHHEPGCR: %
1 unitfHl \» TSTOMIME % 7 4 — % — & L T %47 - 7= (Fig. 3)o
X7:STO 7 4 — ¥ —Mile o H oM %, 11.5H BRSO - 58], =
DRIl E 7 1 —F =ML L THW TSSHKEHIROPGCOMG/ 5 — » ~ DB L H~
2o 115 AR ESTOMMBD L% 2 7 4 — ¥ —HIBOERER 3 — 1 — 11
L7 2074 —%—#iffs £i28.58 EPGC 1 unitss % 3% O HETHRE LT - 720

2—2— 2 R R KR (Fig. 6, 7, 8)
B RERIC B CRBAFREZ AV TPGC% Ml L 72, Table 1£ 1 8.5 HEHIE



DR EE L unies3 1< 13 EES 12 E#9300, 11.5HIE TS50 OPGCHFEAET 5
EEZbND, £ TR LI EOPGCHI0%L T Dwellic E A b & 5 CHRE % A
L T96 well culture plate (= ¥ & & A 72, #5F & L THH0.5H Ti2#30% DO well iZ 1 DPGC
DIFEHHERE S 1172(96 well culture plate 14122 X #4130 well)e = D & 3 % F:TCPGCH H
BEL. 1MRHEREE R SNLPGCI U= —DREH{To 720 F 7-8.5HIEH ¥ OPGCH; 3
WKBWT, DLEofk: HEERERICB W Clwel KB N 2 2B % 51 L. BE3641
HWREZFTH L 72(Table 2) o

2=2-3T7Nh)7x A7 75— Eitn PG

BEBROMALIZPBS TIR o 7218, WXy /) —VTI0BIEZEL, 7VAY 7+ A7
7 ¥ — BT & LR AP Huft) 29T 5 72,

[ % % D culture plate % 10mM KCl1% % ¢ 0.1M sodium phosphate buffer C3[EIZEEE L, 0.1M
Tris buffer (pH 8.5)120.6 mg/ml fast red, 0.1 mg/ml nafthol AS-B (SIGMA) % & tr iEHL T15 - 30
I BiRTREREBNIC 25, +0%RB05%% 5 17z 50.1M sodium phosphate buffer CHefa
WEHE VT, THICL VPGCRFABOMIE L THRIBE S E,

ChOEBEVHEREBEL Y v 8 -2 VT EOEDFI %217 o 720 BEREICBVTIE,
Pl b 1Y Y IV TSERX L EOER L ) HatR 247 o TR D 7 5 7 24
Bl 7zo WSROV TIRMBDERETV TR RAEEREMAR S hi-220, oh
LOFEEERILTY T 7 #4EH L 7=,

2—2—4 PGCEREZILOEZEE(Fig. 9, 10)

HAERR R I APRAL 247 5 TPGCE BRI L. 2 OMIBEAEIC L N300 7 L — 72 bi,
TRENHIBRITIR T 5 PGCH A AT L 720 KBRS O3 %Ki Donovan b 12 & 3 b D % JH
W7z (Donovan etal., 1986). 3% bbHifan kRO Sy HEHORE S DUEL EH 2 b
7 & Afi &Rl (polarized type), HEAVEIX M EMFEHE VHTREFMER 2R S L v b 0 &
iRl (spread type), 1D~ T HH L TEAVEIME { BRI % & ) lamelipodium b %5 < RS



iz v D% B (round type) D 3 DI B 24TV, BEHZ{LE2 B> THFLFNIZET S
PGCE 2RHI L., FOHEALZFEL -,



3 AaH

3—1 BEREER
TTWEDIIBSHBE E115HE X YPGCEZHLY ! LEFHER 4T o 72(Fig. 3)o 8.5HKEH¥®
PGCIX3HH  THBLHICPGCEHOMME R L, ZOHAHHICIRBAZR L 720 1150
HRDOPGCHRIEEIOH DAL TR %R L, 2HHLUBRPGCHEIIBA L, 3HHICR
TDREAEDPGCHHE L1z THLDERITIX7 4 — ¥ —HMifL & L TSTO Ml % Al
Wizz%, 8.5HHIRDOPGCIESYSI4m220% 7 4 — ¥ —#lfs & LTHWBE L L T
PRPPICHMEEILEZER D, I hb ORFRELHTICHRE S W% T TOPGCH—
ERWIC R S N DR DE IS L —B L TV 72(Matsui et al., 1992; Kawase et al., 1994),
FHENATWE 74 —F—filliconTit, 20MEELLTH 2 OMAMEILHEHI R
b, TLEOUAPKEEINLIMBORERBIIC L TET 2 LREX VD, 7
4 —F — Ml ORI BB ICBS LTV b L ixEX#EV, Lo TUT
O 3IFHOREHEIZEZL SN D,
()11.5 - 12.5 H FEAH L o R i AMilla & 1 5000 2 W B PGCHIREIR T 25755 %,
(b)11.5 - 12.5 HIEA0 4 OB Al & » PGC~HIFEIL v 7 F Wz b,
(©)11.5 - 12.5 H IEAH S DB IS PGCH & pH A B IS5 1§ % o
CNHLVWTRPOBRIIOWTOMYPITIIPCGCE Wl L, K54 B b kMl & JLeaes
DHETHNEER LEDbNLN, BREEVLERET T, ThoBHN OPGCR Mk 1T H
METH5HERBELS A TRVWEREY, FZTUTOEREE2T- 20

3—1—1 2KMRANEER

PGCEIEARITB U 2BMAT R 7 F V2 L 2 HIB O iYL B2 HHTRAER%
To7o COREIELD@DMREBEIFAT IHE2EET S L, 1158 Ktk OR
hafE IR %0 2 % T OPGCHIEER 1285 H ISR D MIFL(PGC & Ml 2 3N+ 5 = & Iz
£ 0. 11L.5HEEHEDOPGCHES.5 H IRk 0L & i & h 5 PGCHRN T D % 52
VF, PGCHIREFFILREII O BIEATRE S 2 Z L S FAE N D, F 7-4RIC(b) DEE % b A HEAE
T5546. 8SHREOPGCHERICILSAEDMHMISE &L UPGCEEMNT 2o Lick by,



8.5 HIEHRPGCIZ11.5 H JE HiskAifia A & Bt & 12 84541k 3 &7+ v O £ 521 B
FIED R Y, PGCEOMMAER S 5, &5 VIIPGCHEIEIMAA S hi v LA
b,

DEDOFHOS EZ8SHMS L U 115HMED2M 123 H L TIRAHEER£21T- 12,
T F45121:1(8.5 dpc 1 unit : 11.5 dpc 1 unit) D R TIRAHEFE 2TV, 1 HEICEE LAPY:
HBE1T> TPGCE MR L. &£ TOPGCH %5l L 72(Fig. 4A), #PGCEIZIHH > 52HH
W2 TEA LIHEICHUEMEZ R L 72, 2H B ISR L 724#138.5 H FEPGC % Bl TR
L7ZBERT L) b LB ER R L7245, 3HHICHS.SHIRPGCHIREEDIBE & 12
IZEFEDHEERL 120

FRI0L) RREHEORKR, BERNOMBEE MR NOS 72 AT 5720,
C OMREED LAV S — 2 ITEBT AN EEML T, LIES L 1/2121BE1
D2VWTHLHPLOEDRM/INY — % B L 72(Fig. 4B)o &R E L TiE1:1, 121235122
HEHZEA LIHBIZHIMT 2 &£ v ) FEOBMITR SNz, & o THIRERE 0#IZPGC
BNy — IR B L wEEZ LN,

K 1Z1/4:3/4 (8.5 dpc 1/4 unit : 11.5 dpc 3/4 unit) D WH TR A EERER % 1T o 7= (Fig. 40).

T OFRPCCREUZIBEHA» S2HH 2 T#EE L, 38 Hic 3B/t &L 7=,
X OMEREN TN ORHHROPGCE B TIRAE PR LT L BA RSN D
ML & {—FK L7,

HREHIC LT, 314D L TRBOER LT - 7-(Fig. D). RSN Bffilk, chET
DREFEEROFER & Mk, ERXOPGCHORTAIZ, £ Eh Ol OPGCE ¥
THEELABGATRSNIZEOME X { —B L8042 R L 72, %2115 AR OPGCAHS
REALHRLTLEI3HHKE, REKELBROMIZ, 8.5H AR OPGCHI TR
EfT o1 BB RSN B3HE O LR IR —FK L 72,

FREDFETI10:1 . LYI0D R TORESHERER T 7225, WTFhofRizswn
ThH, RERERT TOPGCHOR T, TN EFN OB % YT L -PGCH D
& & ¥ TIE Vi % 7R L 72 (Fig. 4EF),

DLEDERDP O ED L) 2T 2 B oMl 2187 €T 5 11,58 A s iR



PGCII3HH ETICIF LAY HETL EEZ2 b, »28.5HIH¥PGCII3HH ¥ Tt
FERLI: t%i%ﬂéo

3—1-2 11s5HiEEMEEEMEE 74 — ¥ —Mla L L THWAER
LREDREGEBRTRIEERCHICHFLET L 74 — ¥ —HBOKE I L ) PGCORM AT
CHERF SN D720, 3 — 1 EHIEBUTR L KO OR 21150 RHE ML & OB
LY 7 FVHRE SN o 2RRENEZONL D, 714 — ¥ —HifsTH 5STOM
far & DB ERRL 725 2T, BREE o sk o4 Hifa A & OPGCHfE~ D B
DEFECOVWTRH T L -OUTOER®T- 720

7 4 =& — MO oML = MRS L 28 2 5 11.5 HEARMER o AR L 388,
C DHEMET THAM IS % 8.5 A EHNRPGCORF R £ 1T o 720 11.5 H R REHE 3 D&l
RAAEER IS R Z R DPGCHFFIET % 72 (table 1), £ D F TV Tix8.5 HHIKEDOPGCHBEH
ERINT B ERATRETH 2, £ T DARMEEREEMIERD» SPGCEBRET 5 7=
WIT, TN OHRIRLORAM 2 A B IEIE 242 2010, Bl Sh-Migicad L
Tmitomycin CALBE 24T o 7z ¥ & Hik3 — 1 — 1) PGC X & OMLEIC & 2 MRk 1o 4
U TRESHED IR 10w < . KR D mitomycin CH 5 2 TR~ 7 2 iIcxf L TiF) S LI &
D, BEHOPGCOREEHFER T 5 & &A% & LT\ 5 (Tam and Snow, 1981). B
11.5 H JEAE Rl RS H 38 O M B 4 112 4 L Tmitomycin CALER#E DPGCHEM % SR A 145 5., 2
HHEICIZETOPGCHTHE L 72 (Fig. 5)o D LI T LTS N1 5 A AR R
ez &7 1 — ¥ MO E I, 0L T5HEREDOPGCORER%IT - 72,
C OEERTIISTO 7 4 — & —MfaA%1/2 DMBLEITHA L7z BT, 1102 a5 s
BRIF (AT - - IRAEMIRR B3 X 10MB) D #91.7 £5(5 X 104 D RE AL 11 ] o (e Ak 28 3 1o
BAShBILELRD,

RERGHEIHE I THIMERZR L, £0%ES L. 3H HEAT I HERAE 11 288 v )
DI IR NG H o7 $7-STOMBROA 21287 4 — ¥ —MiFa V-84, #n
DE—ZB3HETH S EHRHZEDL o f2h%, ORI E% 3 0 STOM K 2 B v
2B A S HETICRBL LT —HAERMBRERRANED 7 4 — ¥ —HIH3 % 50



RIEROLG P NICHSG LABWIHEIERE/RLZ(Fig. 5)e TOZ ERL, 74—
& —fig & L TIAFT 5 11.5 H IRA Sl EE S H1 2k AR MI K (X B AT OPGCIHiRE{F 1 2 5| &
BITEERREST, CLAXOWMMAIRF L2 EELONS, L EORKRDY L HRFILE
Btk lah b MAMHPGC~MER L ) 28MEILY VY T VIITFEL EWEEZ LR D,

D Eo#RD 5, PGCIRIAET 2 HROMBBICERE S LT, HaOolkT 2
WHRFE L 78R8 7 — V2R T EDBHL DT R o7 SO &5 LPGCIILFET 5 [A R
WISk DAL AR S T I B IC M IE 24T o TV A TREASE W EE R b D,
FICTFRL 72(a) E 7213(b) DR AT PR > 7 F v o2 B4 (il S ke o
o 720 BB \THAF L TREHE \Cswitching & h 2 MBI HHRER 2 COFLELBEL
ZITNHIE, 3 —1HBE TR FRICH YT 2PGCH FAHAEMNICHME4FIEL T
W 5 I EEHEATR (R S s,

3—2 HENEER

REWEEROF R O PGCIR BEMITIEHMF L £1To TV B Z EMMIRBR S ht
MBEATIMT I L TR 2 BHAl T 2 i on TR {22 H h . F0 1 2cMiles 2
B AET 5 0B (EBETHRB), £ THEA DPGCHY ] D554 & £ THERAE I ICFE 5
DREMEENERL LS, ILAMEOREHEREERSED CHAEZ CLHESIL
PGCHYEERKS R 11K \CPGCEHDRHOMBMEA7- b DTH S5, Z OPGCHERIIHE
RERTHL2OD. H5CRBEMEEDORL ZEMAP VL OPFELTWEOL, /28
R IEIC BT 2PGCIT2WTETOPGCH —FICHEEIL LT 2 D, B 1
b BWM AT AEANFET L2 OoOVTHHAET TITHMRI 2 Vv, D EOBEED S B
S R 08.5 HEHEPGCH & UBAFIL M %38 2 511.5HEPGCIZ oW T, PGC%RH
MOPGCITHiME L THIFEET) HEBERERZITo /2. L LPGCEHifu% BT 2 =
ERERDBEYHED L ZARTETH S 120, 1SS TN EPGCHOTFAHED &R
FAEREEH T, RHREZREL - F IPGCEHM L THEEZToMHB & Hik2 —
2—2) HBINLOERIIBVWTIRSTOLEHBL T W AEFE2#ERT 2D OBW,



SISI4-m220fiffa % 7 « — ¥ —fife & L THAL 7=

3—2—1 B8.5HIEHKEPGCY: v 7- HlER e

BRI B 58 SHIEHIRPGCE IV T B R HER 21T o 720 TGO ICHIBERTET
DPGCIE DWW T, HEHEEITEDETOPGCH OGRS L UPGCOIFAET 54T Dwell
BEan -2 Tl 247 o 72(Fig. 6)c HEERFETIKBWTH T OHH/ ¥ —
i SISI-m220/lif % 7 4 — ¥ —flilfn & L THIVW - BHBEEORH T L AHEICE -
7Bz, EOPGCEOBINE b4 { M¥E TH - 7=(Kawase etal,, 1994), LA L & D Hij
REREEERIC B W TR AIE % JH 296 well culture plate THEHE % 4T o 725 5, W9 KeER§
EHABERARITIAE T 2 MR EEED2ICEA LT d(able3), fE> T TH ¥
R ERA DA E R LPGCORM /N — Y TR BB LA wEEx b, $7-F
DAV = —FIIHM L £ 2 5 h 253G 54H HM oM T oA EmER L,
4HHTIHHIKAL W22 0= —HD19.7%D BRI T 555, BRKOBLZRTIHA D
S4HHOMTH1HIZ89%D T 0 =~ A Thole LALEDLEMRIAH AP H5H
H O #5#4F 1IE B OPGCERAMICIIC D1HM DA T20.1% b DAL T 0= —HOR
LERRLI, SO EhLHMYIEEEEIDBICHFLET APGCH I =— 0 5 b REHE
80%)7*4HH & THEFF S % 2%, 4HH 2 55H H O M OBHIE 15 OPGCEIRAIF 12 1%
PRDVEL DIV —HFHEL TWB T LITRE T,

RiIZav=—4% A ZOKEMREI DV TEH 24T 2 720 PGCOFAET 54T Dwelllz 2
WT, £ DOwellADPGCHREFEFMGIF F 2N/ 1IPGCICHET 2 b D L E 2| welllFOPGC
B(an=—% A 2o TR BB R 24T o 72 (Fig. 7). ¥310 B il
DI ==L (13.8%)% L1, BEETIIB I N AL HOPGCHIEIL FOSE 44T -
TWwa EEZLN(Fig. TA). B2 H H 4l L sifa 2 0 = — 3%, 3H H i< 124400,
8MlfiE. 16Mifam oo =—2%, FAA40BICREICEE LM, 1681580 ¥ — & HesE s
h, CHOHMT 2PGCRARET THAREEVANTHHL TR b0 LEL LN
(Fig. 7B-D)o ¥ 721Mifa b % b2 au=——FicowTid, 4HEHICE/MEZ LY, £00=
—DW0%THo7e Lo TIERN DD IO =—i3 A%< L LI LGSR 2T -



leanz=—LtEzxbb, 722064 MRONS LA XD I = - IZOVTRSHED
BEMMLEL TEREL ZOFEESRA LN, S0 b QLRSI IZ4H B o BS5 %
LT, au=—44 Zik1pa> 538ME E CIRIL <L THBH., IPGCHED IO =
—HNTHo THEPTHMELILT D, H2VIEEHET Z2PGCHENTWE Z EHRE N
7zo ZTAFRHMORWERASOFESHER I Lo 7,

WA LR OPGCEB O EA § 2853 5H B I X APYER M O ML 0&R L Ebh 8
FHEZBBEIN, £ OPGCHMRIERRILTwEbnLtELI b, Wikn4an
=—HETR OERD» L (Fig. 6). OIS0 =— T LK T HPGCHTFET B L&
Rbhfzdt, aa=—4 A e U -EEmE i R w2 S W EFig 7E). MIEIC B W
THRHEDHMEFRF>MPBEFOFHEIR ot L2 L, 4HEDORAKDO=—
A4 XTHE3MBLU Lo =—H 4 L2/,R7H£FD, sSHERS au=—FLET 2
b, SHEZABX TOMRMMERT I 0= 2P BOHAELTWSE Z LWL

iz & - ;f::g

3—2-2 115HEHEDOPGCE b b\ /- BT R

Bl HH W CBE L 282 2 L £ 2 5h 5115 HAERMEREBEZOPGCIZDWT b
[l ik 7 512 T HABERE B EEBR 2 AT - 72 (Fig. 8)e R HAM T L OLPGCH OB i3 D4
HTFTITo R EEFORERE - L. 2HERKIBIZRA L, 20Hb 8P 2R, 4H
HICIZIZ L A LDOPGCHTHAE L 2o o u=—¥oBmizaMiaBoiims . —HL7-
BN ER L, $2a0=—4 A4 XRIBHICR S hizafifadbsik KT, £0HizH A
ADKEZIV=—RALNT, ETOPGCHYMEEIL L TWEZ LIRER, 2O
Rk L D EEOH A 5 1H DMIC62.9% OPGCHT[E % v L2 OMIFEHE 247, £ DH5
REFILELIEEZZONSE, COFERTI, Fifiid—2—2Fig NOERTRLN: &
7%, HMEIEOR IS GRERIT APGCRAL e h 5 12,

DEDERDP ORI BV TR EOREMOPCGCII MR T TOAFL, £FLT
WABPGCHOARSZHIZBILL EOFREEIT-> T L FME R, FO5REEEMAL TH
D, TLAD=-HATHHELZRBIRIL TV EWEEZ bW, SREHKE BTSSR &



OMICHMBEBERIBZRWE S WD oo T /-8R, A4 208 U U Icatio R
PGCHEM*®P, a0 =—H%4 JIIHFERULPGCHERE( AL L d o 72,

3—-3 MiREEEILOBME

Frim Tl £ ) ICPGCHR EDRAERBEIC L 7225 TEORET CoOMEEL &L S
5 EDBRIIHEINTVE, CORERBAEI0SHE»S135HOE L YPGCE L 72
LTHEETICE LEROPGCOEBE LB L 726 0T, £DHELILIZEAENDOPGCH
HROZEALZ ML T2 &£ 2 & 115 (Donovan etal., 1986)o < DI ITPGCHFEH: B b
KIG U TN TS pOSE 2 ET EETWAZ LEZRLTWB LEZI bND, A
KBV THERREREH VS Z LICL 5T, invittoD &M T I2 B8 T HPGCOMBLIE
DEALHHEITT 5 & E DRV S 7z (Fig. 9o

8.5 HIEHIRPGCUEREN, BEN) D HEBER R OPGCIZ 2\ T £ DJEHE £ Donovan 5 0
4338 (Donovan et al., 1986)\ZHEV3FEITT L . BERFEIL% 1B > THIRIIEEE O L 122 DIFAE
HE 27 L 22 (Fig. 10) U TICF05HEIC>WTHRNS,

i ER (polarized type) ; 7 4 — ¥ — Mg LIcHil R  IEU - THEA L, R moRE ¢
WMok oAEL EH 2 b0, BEHOREL Bbhs,
10.5 HIE ¥ TOBMEEH*EOPGCIZE { ARbh b,

LRl (spread type) ; 74 — ¥ MR LICHAT L. Lo R LD, MERDO LS T
BT, LEALABLY LoAh EEELTWD, BEIHIKRTH
OFEERDND, 105 - 11L.5HEAMERHROPGCIZE (A S
ns,

AR (round type) ; EEEMEAME ERAIZ L D lamelipodiumZF DRI E A LR LR
T\, EAH2.5 - 13 5HE)DEFEFIEABEDPGCIZE { Kb
nb,

3—3—1 HMMUIPGCOHOEET I B 5 IAELAL



BrEpM L V2HE  CIRBOFAELRRIT L A LELET, MERDHS0%%E &5,
AR EOPBTH o 72(Fig. 1000 LA L. 3HHUEZOLRIZL, ARDHAL
Y, 4HEICI325.7% 25O E—2 28X 72, $7:4HH» S BHGRRIASH AL, 48.6%
Bz, T nboMREEIR, BHEHHUBROERKIZOWT, 1 ao=—|238
FOMRLE IR L 720 =—5% { B 5 h(Fig. 9B-C). % D3EDTFAE LA 12 8K
DEORKEEDaa=— 20T, 2a0=—H%A ZIZHL FIZFA—FEEAEDOwel &5
LTHIZIZFE LR ER L, CORKRE2 T ) IPGCHED 2 0 = — I3 EDOPGCHS
HIAL T AT EERL TS, 72N GIHEBOPGCIX £ DIERED & BEN A & A5l
REENICESETLETOPGCOFMELAEL Twa EEX LN, BB ICEWHER D
by AMFEENICE VAB~OHEDSHERT CHRASIATVL EEZbNE, BIZZOE
BOBITHHCOVWTL, COBFRERT CRIBEDCHFALEIEERIDEA» SEILLLE
HEHEH, BSHREDPL ENZ L THEFELIBD-CORTE, B30 H RGN TEHT 5
PGCHAEMIERITEBAT AR CHLM5E115 HEICHYT 2 L2 6, AN OREH
Fol L FRRICHE T TORBRILEToTwa eEx LMD,

3—3-—2 HmMEILHUEOPGCELAL

B 8 X, PGCERA DR 6 N 23535 H H THRILRM AR b (7L 72,
LAL%ZHO ZDRBIZIIPGCOWED ELAIICET 2 TH Y, hidfbo2IED P
WHBPGCEA B L 77D FEX b D, T AEBITHMMY & 1dRE Y, #ERPGCD
HAENFREINLI0=—-FEH(Roh, ThbDa0=—BPGCHEEHFV IR -
Dan=—2EREL T/ (Fig. D), FiER0ATARO IO = - 2K TE LD
bABTHLMBR LN, FICSHEHICBWT4HHORAK I 0= — 41 L38Mifa % Bz C
FETS, ZBLBMETLTwLEEZLAZ IO -5 0= ) IC2VTi}k, £<
HIRAMPGCO IO = — D LR Eh T,



4 EH

4—1 PGCOBAMMHEEEICOWT

PGCORIET TORAEBRBEKFWHMELRRZ IOV TR INE TIIW L 22 O
% & #LC > 5 (Matsui et al., 1992; De Felici and McLaren, 1983; Kawase etal., 1994), L #* L %
2 ZDHRITOWT, T A48 CPGCH L oMM EZE RS b D». PGC
CHTEMIC IO 7S A SR TV THET B S AHBIC S HENICHMEIL 24T D
2, EOVTRARCOVTRRAEI TRE(HRA S h o . T OHB BRI H 5 (F
R ICHERI S & 2 )PGCZ #R: \CFRie L 8T 5 & L R, FHEDRAFEEFETPGCE 7 NNV
T5ZENENYCATERL22DTH Y, oFEIHE I L TED T (ES Hll
FEIT\V 72 BPGCD b ORISR T 5 £ # X 515 (Tam and Snow, 1981)c AFFZE Tt
PGCHZ D& 5 4% B E 2 T, IREAHEEIRL e L 2R iR A EBRL, Hics
ORYERFIA L 7oA REAMIRE 7 4 — ¥ —MIfa L L THWARERIC L 5T, PGCOH
FEAE I BIRAPGCH & @ HAEMGIMIC £ 2 gtk £ii < /R L 72,

RAREER BV CHMMPGCII M 1L o Mile B £ UPGCHE £ % 51 bk
FETEBVTH, HEORAEBRRIEKF L My — 2R L, BRI, DOER
BROhEhol, F-MME LM OPGCH MM OPGC L Ml % & &1 % B53EIR
BTTOINORPLOEEEZTBURMMMICRES, &5V IZBIRE L 2SEE T 5 R
MERON%ZD ol Lizdio TYFFVESIT 2PGCHIC £ D27 DRI AT
1LBERE (switching) SFFAE L 2 WER b . MR O A FFfE ¢ A PGCHRI R T2, YAt 11 1
WCHBRT MBI 7 F Ve LB BT OFERBES L,

W DPGCH R & B3R I IAF T 2 B B A AIR T A L T v B B R A
BRiBWTSH, HAMMPGCORAMNE, MM ILBS L b IBEEEENT LR —OMR%
/R L 7z(table 2, Fig. 6)c 1o THIZEARHOIF MR ER L HA L TH, PGCOBEFI Y
—VIRRBEALEBLEVWEEZLND, ZORENS bAMRLEkOPGCHMEIN >
FIVIFELEWEEZ LN,

LIRiGodin 5 IC & o TTGF- 8 \CPGCOMAEAF ILTEVEDTFAE L SEBXI210.5 H IR Rl
\ZTGF- B 4L L 10.5 H A MR DRERE LI IC 2 DIEMAH 5 L 0L S h -



(Godin etal, 1991)c LA LA OLAMREICBVWTIRIO L) 2EHRIEN % d o,
ZDMRIIGodin 5 DERRICBWTHH I N R EHEFEO TRIBRE ELFZALNALI L
(EREREEE 108 % 1ml OBFFEHE TI6HF PRI L THR 7). HEM & W oW 3LTGF- g DPGCHEHM
WIS TED B 6 07z B BE (25 ng/ml BL E)ASTGF- g A% — 2 04 7% A BRI YE % /R 3-8 BE (100 pg/ml
A 6 5Sng/ml F2FE, Manning etal., 1991; Samuel etal, 1993; Denker et al., 1995) 4= < THH T
BN LB EIRATAILEZALN, L DTo L ERBIERNE ML TwD LIZE X
B, LA LTGF-B WA CIMERICIFEL, ARERICOFAETA I LIRRE LTV S,
L7zA%> THE & # 2 TAMERICERARALS - 12.5HE) B ICHM 2 113 5PGC
A LTy 2KECTGF- 8 252 DD 2B 2 g E 2 b h b,

LRSS, HEOEI AT, MBMERIEEC L o T2 ORAME LRSS
SRISNDEEEREL TH L. RAEEBRICE W TIXHEFN, Baiee L5 o
MIBAAAEAET B 12D, FD XD LRlD 5 WIZHPE LY 7 F Vi FET 2 KBS
5, B 7PV ERE L GE. 8SHIEHRPGCIREIAMIA DRI H H % T3
B> 7 N DZFESFE (DD VWIREEEL > TWwb), PGCIIIAM ZH) . KiE3H
Hic#DZEEIRHR L, MFIL > Z7F VdMEb o THMEHFILT 5 £ 2 b 15 (Fig.
11B), ¥ 7z¥iCPGCHIMAF £ ME L 723554, 11.5HIEHKPGCIAET MG & L H B ik
PGCHMA T OZBEUDHAEL, SOV TNV EZIT o THFET 255, 1HHMUEERZE
DREEIHEL THMY 7T VHFEL LT, B EEILT 5 EF 2 515 (Fig. 11A).
WY 7w, WLV F PV EBEL A, ELLDGFICLTERORTTTH
BPGCRID Y 7+ VZHFROBIER TOY X (switching) W UEE %2, fEoTLD
LDV 7T NOFEZAREL TH Z OHME LTS IIPGCHl 0@ IER < B 2 HEE
AEHBANNRTH D, ZDPGCOUELILIRICHEN TR ZVWOTHhET, HiIZF0E1L
CHFETLINEPODV T FINVERETLILENALELS, LEADZTOFH T T/,
SelARE L7 RS 7 F v, SRS I > 7 F OV E RIS ARSI OPGCI i L TR RS -
TR%EL%V, ZDLHKEFEZDLE, COMMEILELLHE T 5 72012, FHERED
WY TN T e S MBRET ZLEFE LD, FLAMEEZEDPGCIIBE VT IOk
LML LR T AR REIBALEE TIRBRE Sh Tk v, WIPGCR @ B HIE A



FETHE, Y7 HVEEFESTH2HEeREL 2B E b ERIAERTH S,

4—2 PGCRYDIIICLTHMEF>TWEO»

AW OFE R A & PGCII ML 2 PGCH - DMLz E L A & Fi0, BABRREICL
TedSo P HEREEF L 24T 9 S EAH SRR E iz, £ Z TPGCH BHM I # IER] 1< 354 %
BELTWBEEZLRED, MIRALD LS L THEE2E > TwERLIRDOVWTIK, 4
F T2 { 22 O DH % (ffrench-Constant, 1994; Price, 1994).

FOPTROMITOEATWS DL LTT y FfEEHEO 7Y 7 ilaaisidiz T d
% 02A M e 2w % & S CREA D AR T 2 BT b h %, Z OMILIEPDGFIC X
bR — e BB OMIBT R E T o 7otk FREBELA YV ITF Y Faf A F~5Ht
T2, COFRDEITAMIEIRY H L T X - EOSAEBEEIEIE L, RV ok
KD b DT EFRBEHE T L HTRE 7z (Temple and Raff, 1986), < DFFFED &ML AT
MOPOREBICE ) TROFEZHATBY, TAFGDIA IV FefEL TS LW
IRBIEL LN,

Lo L% d® o AN 0 MRS SR EBR RS R, WA 1) % CICIPGCHIRD I3 0 = — ¢
ED S BHMBEEB(Zu=—H% A4 XR5ERBEL, Fhau—F A ATE0ao=—Hic
DVTH, REINLBECHAKELZBLIELOEFR S N(Fig. 7)o C D RIIPGCIT
—EREDTRBC-FIGEEELERITHLIITIR%Z (., IPGCHEN IO =—DH(
WRLEP THMEEFIL T 5PGCH 5 VIZTHAE T APGCHIRIEL THATW/ S E2RL
TWd, L7zH o TZ OPGCOMRMIE LTS Ll 4 DPGCOHOF M B & DRI X857 1
HixWweFE2bhD, BT, BECWLOPOPGCHIR % iFHAL T 2 RERTF PR %
EHROWTORENH B, b OETIRHHMEYPGCOMITE L LA & & 5 Heigfies
IERFHIC 328 L % v (Godin et al.,1990; Matsui et al., 1992; De Felici et al., 1993; Dolci et al.,
1993; Kawase et al., 1994; Koshimizu etal., 1995), < Q& FE2 SR EOHRERFIC & - T4
ROFHHINL THPGCORMF LI R E S 2w EEZ S h, ISR EI% & s
LR R e W OFERP LR EN S,

T AR B TS SHEBEROPGCHFERT CHIMEBOE L #iTE €5 Z LAt



RENT, ThbOIFRAR EPGCORTHMBILE L v, BB, S EFWITrT T,
PGC i ERI(BENRD) A & JLIRA % 38 o THRUICGER R ICTREE L 24T - TV % L B
TEDHHR3 — 3Hi). FEEESSHIEHKOPGCIH AR IZBAT 21158 KICHYT S
HEIHEH PO T OMBEEBIT 202, BB » L5 Micd 51054 51250
DPGCEENETNIMY KL, BB LBIZEL4T) L. WY H LA S & gD
R D L) #HRV|E S LTV 5D (Donovan etal,, 1986), b DR L h Aife TR
b 7K T OPGCIREZEAL I AEARN TR - TWAPGCHMEE, TEREMIC b RFRMIC D
FBEL TWABRLEZ LD, TAMRORKRS HPGCH BHMNICH S OREE(LE
EATSETVBETFREND, FLERTRELE LTINS DOFELLIZIPGCHED
Iu=—REBWTHRBEMHIC—FICRIARTRLZL, F—aa=—HicswT b3EkE
BAEL B ORA T ORBEAL L EITT 2 L# 2 b1 3 (Fig. 9A-C)e & OFHE LR
B RERICL o TRS N, B ILMAMBIOR —ao=—HMizBwTd FiIES I
RBETVWAIHEL—FLTWwWS, $ao0=—H 4 X EIREOHFELRICLPEEBIES
Y, U LAIMBOFAELREERBICEKF LB ER L7z, 2% ) & OELL
BT HBEF IR REE E MRS h e h o 72,

CHhLDORRELY ., HERAELHMELOBRIE, M L - THH X h-BRHHFR
THLURHDFEL NS, 2F ) PGCORAMEFIL IR FAEBFKIC L 220t THIAT 5K
TPGCILH L S 2BRTH Y, C ORI HME LM O115H» 5125 CRA L
B0 R EHMEILEE %D, FMREROBITICOW T b M BRI DY
CAMB L TR IZ A 602 3% A% |, §#30 BUBRAR~OBIT ORI RA
Ko IR THDLEZLND, D L) HEREHRIMITS AR - 7-MksME
DBl Hk A L RRAOSEICBYWIRER TS ), BT TICMERK(Gusella etal., 1976; Gordon
and Blackett, 1994), 23K M2 (Bennet,1983), #H A B (Rheinwald and Beckett, 1980;
Levenson and Housman, 1981), MLEEAPHEEMINI(Rospars and Lansky, 1993)% K O #ENSH %,
PGCIZ BV HHMEIE PTBEALD D & S ZAGR IS - - BHE THIIE, HEEEER
TREN/z, I0=—H A IR YA IO I U= —HITRKELIEL DX R b3,
ZRELTIMHECHMMOE -2 202 5 LW FRLP, an=—H% 4 L2k bFicid



ZE LR CIHBOPGCH IPGCHK D 7 0 = —ICHFFE L, P2 MDA LELE(L %R
TEVI)FEREBESICHMRL) 5,

P EDEED» PGCRBEMIC B T, HAIELE Y AR 2R (L) i<
DVWTHLHP LOHEERUERTEN IO TwIZbDEEZLh, ZO#ETICIEH
OFEHIIEY O OFIEIFLEL L EER bR D, AENICBV TIEHPGCOATF I T
b5 EDBEY L P o T 5 Steelfactor >, ARBER AT T 5 TGF- g % £ D5
MRFOER E ERED &£ 2PGCRlIb S 71 s/ T AL HLAAED & o THMA{LAT ST
T % £# x 515 (Jessell and Melton, 1992),

4—3 PGCEHIBHHETHZN»

8.5 HIE IR DIAIPGCHO BB DR, T D a0 = —4 4 ZXRIL . FFICHIR
DRVIERIEA LN L 2 o 12(Fig. 7)o ¥IC115HEAMERBEOBMGE 2L~ 2 5
W OPGCIE K731 H H 13 # L F(64%) 8t % /R L 72 %%, 85382H H MR R £ TDPGC
DGR E TR L, A% B BRI A SN d o 72 (Fig. 8)e SHEDEERENL,
HAMIPGCIX £ OBFEREIC B W Tid A% ) DIEL DO & 2o 24EF T, §5 1 # OHghtiAE A
LW OPDERMICHET 2T EidEEL V. F WIS OMAEE R ETFiRIc DV
TRIRYELEFLEFZEL LN,

PGCEIFEDNRERGEMF T CHET B LICL ), —EDPGCH & EGHII(embryonic
germ cell) & I i 1 5 PGCHI sk D R # MRk 0 2 BEYE % F o AIEALMfa A5 4% © h 2 FHS PRI
WG & T b (Matsui et al., 1992; Resnick et al., 1992; Koshimizu etal., FIflH), oz &
PHPGCI A% ( L bEGHIML IC 2 V182 REN£Fob DL, &Y 2w DO
FFONLUEEHLVH D, L LEH6R5HIEHKPGCHE v 7z MR 2B » & 131
O B HAAE L R TPGCERIZ A b Nk h o 72, BRI B 2 MELILIC B
WTHFFICEGHIluR D MIlE TR % R TR HER Sz d o 72 LA L% 58.5HAEH
HKPGCORBERTRERIC B W T, HMAFIEMERORERESHH ICH 51 5PGCD % 2 I
K mifam AR L a2 o = —EERI o0 = <) 2 T 2 AR & L2 (Fig. 9D).
BAESHEB CRIGRAEEOPGCH L2220 —HE  ALNE L IR L, Zhb



OFHFER 30 = — LHIRMPGCICT &L o THER ST/, R ESHEHRE-TH T2
BHLTWS EEZLNAPGCIR=—P5EBREIN/A(3 —2—1), IhbiEdwy
hb COWRAMPGCH LR A FERER Iu=—TH o7z, COMLMBRBHERS 2V EE
AbhAHER 0= — (T LROEGHII D 7 0 =— |24 & h 5 558 T & % (Matsui et al.,
1992; Resnick et al., 1992; Koshimizu etal, FlBIH). LA L% 30 =— 2§ 5 #ik
TERE B & A CHERABIPGCAS KR & . EGHIROMIRERAR EEZE L b b)E kR
b, EBEZ OMLEEERTEMICHZ2PGCOREII T TV WD, ThboM
AT IREERTEPICOVTRAHETH L, 3522 OREZPGCIE11.5H AR
B HRPGCE V- BT EER TR E< AW d o /2 &, EGHIfEA 11.50E X
h b8 SHIEHEPGCH LML Shed e &, FEEM o= — L) EGHIl L7
BREHRSFT»0 b, HMHPPGCIKBAEALET 5N b Dy 4 7 OPGCIE AZERUKEE

8.5 H iR PG C M BLEERT S B O R A% IE M D 55385 H H ISR AIPGCHER 0 i hn 7%
B 613 H5(Fig. 10), i ERIAD S ARI~DBITHIER S - -8R, MERPGCE L H
AL, FRABIPGCIE Z OREEN CRAEFMFIHBETHRL T EFLLN, Th
LORRE L TR ELHBEICALONL LI Tk o/cbbEZLNE, 1220
ARIPGCIT V> T PGC D AFFHERF ICLAIT & 5 SteelfactorD S HAR T B 5 c-kitD TS
BALTWwEZ ERbUNEKL, RER). PGCO BRI & o TokitDBHIMET
L. EORRE L TEMFMHREMET LTREFFHES K S, wihice LARIPGCI
SEL7:PGCIE Z 3 TOERSLHU T CRAEFERTIOA L WEEZ LR, Z ORI
DPGCOIME R T % 720 1T i3 F 7= B R EBRA DM A S b,
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Table 1 Number of PGCs and somatic cells in the tissues
dissected out from embryos at 8.5 and 11.5 dpc

tissue PGC number total cell number PGC %
8.5 d.p.c. ~30 ~2.0X10% 0.15
lunit (1/2 embryo)
11.5d.p.c. ~500 ~3.0X104 1.67

lunit(1/4 embryo)




Table 2 Density of somatic cells
in the clonal culture and usual mass culture

a
plated cell number/well

b
diameter of culture well

a/b
cell/mm?

mass culture
2X10* (1/2 embryo)

clonal culture
267 (limiting dilution)

16mm
Nunc 4 well plate

6.4mm
Corning 96 well plate

24.9

2.1
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Fig. 4 REREIERRIC X 5 PGCHDEE)
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1 FFiw

EOOTHMLEL & 2PRMEER O UBORMRELECHET 2, v 7 ARICBNT
RAG2ET.5H BICHIB S % 3 LB M i B85l L o DI REE L 247, 9.04510.0HET
FHREE LR T, POTCIOFRREL, #ECEl L UREBRT 2. ot
R s Mila s fiEife L 7)) 7RIl TH 5. BARFORIIME LM sAREZ RS,
Z D& Y ik % S5 FHRE (Ventricular zone; V2L HIFER ML 0B HMIRA AL L. & b 25k
Mg 7 ) 7THIRRICHE T 2Mlle & EEA I L 28R 2 6tid. MIZBEL Tw <
(Jacobson, 1991) (Fig. 1)o ¥ 7 A DFEARFORRIC B\ T2 10 H I Tl O 0 5+1b
BRLI, FORICS) THIBROSEAR S 1% (Jacobson, 1991; Easter et al., 1993; Wood
etal, 1992), T b OMERMBEOMBRE I OVWTRESEITCREL DRI L INTS
N, 7 FM6HKR(T v A15H A H) DF E KM HERVZ O Frfil i (2 BE WS BAR I £ 054k
Hag D3 T v 2 HHHEE & LT v 5 (Walsh and Cepko, 1992; Grove etal., 1993)s L#*L
LN REERBEORVT v F135H L 145HE(T Y 21252613 5HRMENB LU &
10.5 H IR O#pE LB 2 6153 6 hu oMz ix . fiEsia & 77 7 /il o i 5 o#ifle~055-1Lig
% fRFF L TV 7z(Cattaneo and McKay, 1990; Kilpatrick and Bartlett, 1993), < 415 OF L1
MERERL O SR AR RERE BT 7 Py ¥ — ¥R b bW HIERESD, & b
b AT % > Ty % (Ogawa et al., 1992; Sanes etal., 1989),

R~ DML DV TR S L (BTSN TV B DY 3 7 P 3 98T OHhFEEM
Kb T 5o B4 e thEMAOZE Rtk B v 7T 204 & diEilfe, 2770 7 Hla~ o4 bic
b2 EELBETHCOPREREN, Zhb OB » b SE I R bR 2
#ljfa %> & proneural stage. neurogenic stage & V> o 72\ { D D LEE R & £ TR b~iE
T4 5 & HRME & 11T > % (Antavanis-Tsakonas and Simpson, 1991; Jan and Jan, 1993, 1994;
Artavanis-Tsakonas et al., 1995). f#EMIlE DR A % 3l i 5 Z 0 & 5 72 BREE bk
EDETICOVTR Y a7V a3 v I0sZ LT, FFLBICE W T FEROBIEOFLED
F48 & 1. % (Nye and Kopan, 1995; Bally-Cuif and Wassef, 1995; Calof, 1995; Simpson, 1995).
BOEAEES M B b 2 HLHRSEE R T Neuro DO RASY T A, =7 ), ¥/ A TH
HI3N, RROVFHDH TS Y 3 vV 3 v N\ TREBHLBAEER Fr oMb ic B



WTEELGH 2R L AURM & fL(lee, 1995; Anderson, 1995). i la D F4:431b
EBWTHE L OILBELAITEL A THFET 2 TH A ) FPR S,

L2 L%2s MRS <A b h b 4piE B L sl bic oW TR v X 24 %
HAE v, BIENFTCOVWT O REHYTH 2 13 KPR RORFIBEEICED) T
Wi, v AEREO WSS B HETY (< < T4 % v»(Johnson and Snider, 1995,
Strachan and Read, 1994; Silos-Santiago etal, 1995)c T 7-ffifE- /Ml (X AD{URTEARE L v &
R, BERAWEHRICB Y TRES W 2MEAD 2 wEd b, e e £
b8, FTFEYFNTFECHTET 2 ETHAIEL W, T TARMIRTRT Y ZARENT
D & 5 % PR E O i b W & B b n B B ofhEE BRI & Mtk & £ it
ML TERL OMBES LD b g LR O EERBEICOVWTHRITL, SH6ICChbo
AN BB O MR D IE~ O BRI EER oL A B & L THlRHBI L 217 -
gt

PR RMIBAR IC DWW TIRGETICB I YR, 7y FEEOHTWL 20 DS
#%% % (Cepco, 1989; Lendahl and McKay, 1990; Ryder et al., 1990; Renfranz etal., 1991; Eves et
al., 1992; Frisa et al., 1994; Nakafuku and Nakamura, 1995), LA L Zh b #ESh TS
AR 4 THEERE R S E D BEC AT L T B BRI 7 A 11.5 HIELLER) O shAR RS AL %
AT bEhTwa, BCHEDH 2ktkoN, HBRHZEEFHOR L YHLE L
MBS IXMcKay 5 12 £ o TT v M6HEHE & h #7  h -HiBSHIlR TH 225, < DM
R iR 2R T TR SRR O £ RFF L, HEHMile~ -~ —TH 29
74527 bARAF Y ORBLB & 17z (Renfranz etal., 1991) < OHiB5SHiatk % 7
v MESKRSHE OKBR RSB ZITo THMERBEREF L2 25, ThboMilziak
BB BRI OB E R L7z 2482007 v FMANRWNICBM 2475 L/
Bk A Ak 33 & UFBergmann gliaMiffk DL /R L7ze T 6 D & LHiBSHIfa ik
IR BECBUE L T b3 % & & 2578 & L7z (Renfranz etal., 1991)c ¥ 72Cepko 5
DT N—THFEFTAMIE VB S -MREFEFCBML, Zo1biEt o
&AL TWA(Evan etal, 1992)0 IABOEPROICE o TT v F12HK(T 7 A11L5HKE
ML) D#h#E EE(VZ) & 1) BEET TEOHMERE & R T MR bR A 32 & 17z (Nakafuku and



Nakamura, 1995)c LA LI b6 ORFRIRWTR I LT X - R0 R4 B A5BE IS fhAE
MR ORRSEER O N 2RHUETH L 26, MEBREED?D 2REETL TV
R TH S LEZ NS, HEREZHELMBE»S 22 EBEbN M LERIZ9.0 -
10.5 HE DKL T BV THI0 THIBLR I LRE D RS A b b & & A b (Miyata and
Ogawa, 1994), < ORIDFEE LT LD &9 BBEETREOZ(L & M OZ LI
ETVAEPICOVTIRAKERESTF NS,

AFFFE LT LD & b TR, ROSHEED & PR~ OSL D %E
HOoNTEROMELEBWTED XS Lo {biEDETIE SN TV D PIT2 W T
THHMT, Ihb o LM E AR 2T 22 ol 4 OMIfIC BEEL |
B —Hifa % OMIRaH b & Atz £ ORRZBOMBIROBLICEII L Zh & DLk
22w TGRS IE. RT-PCRIES * Vv THIT.1T o 720 -2 bMilatk0 A4k
PICBT 2MEREEFT 3 2 HIO T, Wb S A CEETWBI45BKED < Y
AR Z 0o OMIBE B L T2 0GLaE DT 24T o 720



2 MEEHE

2—1 R BB HsRM bR OB L & KA

M2k O 3712 13 Immorto Mouse (Charles River Laboratories) % fl V3 7z (Jat etal., 1991)o &
DT 7 AT IR RRISVAQ large TI#{EF(1sA58) % ¥ 7 AMHC class 1 H2K® 71 € —
& —Z27% &, CBA/CaXCSTBL/6DZFIIMICBIZTEAL TRONAL P T VAT 2=y
YA THY, BIZMNNY 2 7577 FRCOIIBLIGKEZ b iR shTwd, TD<
A & DELY H L 7808 % interferon- y fF7E F THiET 2 & & 12 & h THURBE T ORBLN
FES N HoBCTTHEETI C LI L N RALTREER K ATEE 2 F o AR,
WICHS R L D interferon-y 2BRE L, 39CTHEELATH < L IC & W THUEBREZET 0B
ETL., BET 2 THEEABRIAEEL S 12 THEAEERE). COL53%<T 2
EHWTEEOMREB L 72,

8.0 - 8.5 H E DAFARBUR K 1°9.0 - 9.SHEDHE Fre KSR ZLIN 2L, ThbH %
dispaseLERIT & o THFE LR L MIFEREICoMEL 7o DBEL 2R LR 7 Y /AT Vb
BV T100-200 mMA @ > — bARICE) b 4007, Ml s U CHBEEZfT W, £20%
trypsinfLEE 24T o THEHEL . /%R MICF 216 L 7o fhEsa o FArh#E kMg b
culture plate |2 %43 2 A MEAHRMEF ML % L IR THV, £ T ORFEFIH L TH
FRERANRL % B U7z BARMICIZAFHE L 7- M} % culture dish (Falcon) % IV TR £ 17\,
BRI B RO ML § 5. IRAE T 2 BMESF IS o JEMEER MR 13 BRE B Cculture
dish\ZFEAEF T 2 4%, MFERMALIE E 723 L TWAIKEBICH 5 0, Bl UER{ETRIA®
RTLEIRFEOHEAELP LT Lo TRNL R8P S BAFET 5. CORYIL
PR A 7z Coulure dish i F X2 BT, Z OFMEL3MT - TIMRERMZBREL
7oo BHIL ML BRI\ 09 — 4" o0 — FESEEIL % /- 12 Primaria culture dish (Falcon) TH;
HEIToTco WRSEMTHAELIT WV, M1y ARUIRE G 2. Th b oMilat AR
L THKERE (200-300 cells/100mm culture dish)i2 ¥ 2 2 B L, HicfFEsfifao=—%J¢
REE, 30=—%20—= 7% hAe v TRSEL TuypsinfLE 247V % B L
HRE2AT o7z, FRROBRMELGERYEL THEL 2MMERAE 70— E LT L 72



BT I T3y A2 EL, CORMTHMEN T CER MO R L W5 Mk
AicowT, MBAHRLICERTIL 72 LM L. SRERAF 21T o 720 HEEEMLA & DMK E L
4 TCrypsinfLE T & o T o 72 (B 1. & i),

KW Bl 4 C 1 interferon- y 400U/ml, 10%FCS % 75 £ DMEM (Dulbecco's modified
Eagle's medium), THUSASTEILEFIZ133% FCS% S DMEM % il W THIE 24T 720 BIL4)
WEERCB L TAhOHMRT I O)ICREICRVRESRHICT 2 2ODMEMDO 2 ) IS
20% FCS & S ESM(BE—#. B L AV, ¥ - HMAEMFRICII33T 5% C02 T
B 24T o 720 THUEATEILRF 1 12 B3 HACIR e —H39C 5% CO2 CURFTE L T o /2
%, 37C 5% CO2THE 24T o 720 & NidinterferonfR L EKE 1 H H ¥ TRTHEEA B A
BAELTWAYS, 2HEDBERIZEALHET S L) #iREFig 3) &, I9CORESRNHT
TRAGMREFOEFREPE AL VIR EZRL T2 b DTH B, TATHEA
TEALBE (AP 4BV L 7=, lysin - laminin coat glass (Becton Dickenson) % 52264 &
LTHWw,

2—2 YxA¥vIUvT4UIE

THUE & B’ OFFAERZAE % 33T interferonfF /£ F (BAlS: T) & | interferon i %39 C(T
PEAEALEG T A B ROBMERIC LA o Ty 2 A8 70y 74 v 7iEEHn
THRz. 85 ni-MFaek % H v T33Cinterferonfr/E F O, interferonbiZ: L39°C TH:
1, 2. 5. 0HEOMIME., 2> Fo—LoCcoS74lla. STOMIN % # 1L #FH1.SDS sample
buffer (125mM Tris-HCI pH6.8, 3% SDS, 10% glycerol, 2% 3 -ME, 10 x g/ml BPB)TH[¥#E{L L T
KENVHY >~ 7k Lizo &b #10% acrylamide SDS-PAGE: Tik#Eh #47v>, B L 7%
HEZ T4 A7V VIR LT DA Y7L #PBS1043 0¥ 2 — 3 HilA
FEWZ2% A % A 3 V2 %41 PBS T3040 blocking & 17V, $HLSV40 large T antigen monoclonal
antibody (Ab-1, Ab-2; Oncogene Science) % H \» THIAHAL # 4T o 720 2K PidkiZant mouse
IgG biotin conjugate (DAKO), 3K $i44id Vectastain kit % i \» THRPIEEIZ & o TRBEAT o 720



2—3 Hutkymik

RE R OMIBLIX, 4% formaldehyde PBS(-), LRKPifkIC & » T =% 2 — Vv T4C 155
PEEE®TT o720 & DHEPBSTIFIMPEH 4T o 1o, 2% A ¥ A I V7 ZELPBST20
43 blocking LB % 4T - 72 Formaldehyde[E € D #5412 & & A L $0.2% Triton X-100% &t
PBS T547 [ilpermeabilization % 17 v», Z 4 & #E#F, blocking % 4T = 7z BlockingLEL D1
Kbidk % & IE 8-S T PBS TEIRT45-900 UG S €72, £ DHEPBST3533 [0 ¥k # 24T o 7214,
HOGEERR2 R 2 LRIUE & MRS 21T 5 72, LI ORI 2RFUKIZ biotinks & D
O & H v, SO #avidin ¥ 72 (XHRPEE #avidin T > 7 F VAR 247 o 72,

Hwi=bfEz LLFIoRT,
WAAF = FFRY 70— F VHEGRER RS, KHBAEL L V5
PIRC-17 7 A€ / 7 — 0 — FIVHAREGIE A, IIAEES L X ) #Y)
Pi=a2—07 454 FoHFREY 70—+ )UK (Transformation Research, Inc.)
PUIMAPs 7 H ¥R 1) 7 0 — F VHi{k(BioMakor)

*MAPs 7 7 3 ') — ] CMAP-2 L O BAIMHEFEITH V.
2RPUEZHLY  FRET 0T ) v, i ARIE S 07 L ILITDAKOH DRk &
Hwiz,

2—4 RT-PCRi

NES 8. NES 9#fffe 1= 2 v» T33 CinterferonfF £ T & 39 CinterferonIEFFAE T T10H M3 %
To72% DIZDWT, RT-PCRILZ W THIHEER KRBT 2 ET 122w T £ 0z
FRAZH< I, Hnl7o54<=—%2UTFIERd,
Mashl; 5-TAAGAATTCAACGAGCGCGAGCGCAACCG-3'

and 5-GCAGGATCCGCGGATGTATTCGACCGC-3' (Johnson etal, 1990)
Neuro D; 5-AAGCT(G/CY(A/C)G(A/G)(A/CYG(A/G)ATGAAGGC(A/T/C)AACGC(A/T/CYA/C)G-
3' and 5'-ATCT(A/G)G/CHA/T)G/C)AG(A/T/GYGCCCA(A/G)AT(A/G)TAGTTCTT-3' (Lee, et
al., 1995)
Otx1, 2; 5-CACCCC(G/C)CGGAA(A/G)CAGCGA(A/C)GGGAG-3'



and 5'-GGCGGCACTT(A/G)GC(G/T)C(G/T)(G/T)CG(A/G)TTCTT-3' (Simeone et al, 1993;
Ang et al., 1994)
HES-1; 5“GGCGAATTCATGCCAGCTGATATAATGGAG-3'

and 5'-GCGGGATCCACGCTCGGGTCTGTGCTGAGAGC-3' (Ishibashi et al., 1994)
Notch1; 5-TTGGATGAGTACAACCTGGTG-3' and 5'-CAGGAACTGGGTAGTGGTCAT-3'
(del Amo etal., 1993)

ZFZNEFNOMEL £ Y Quick Prep mRNA purification kit (Pharmacia Biotech) % /i V> TmRNA %
fhitt L, AMV RT-PCR kit (TAKARA) % fl \» TRT-PCR 21T - 72,

2—5 HFtkoMAIBREEER

BoENTHBED D bW 2hDHDICDWT, AN TOSMLiEZ R T2 HHTF
EA14.5HE O KB SFIR MR B KR 1T - 72,

¥ FIAO SR T OB ERHII % rypsinflBRIC & o CHERE. BILL., C 0MBEHIC
HOEARMEAZEPKH26 22 X 10 MIC % 5 £ H A . SR L THIKLO 7 XV 2197 - 7.
FOHER TG, ELET > THBOBELZRE, & Cpipettingl & - THINL % &
WL, ChEeBiY IV E L,

BHEEAEA)CRICRRHEDOIEE V7, BERHZEZ0.50 & LT, #ik14.5H D4tk
TYOREF VT —VEAVTERBETY, BEL, FE2IIEL, FEROBFOX
JRSARICHI e T AFERZH VT, AT ANV LML SIS 72 0 #5100 %
BEAL BABRTERENICEL, SBAS 7 ¥ 72 HTRE L. € DHRITR % #
S, EWNSRICEVFOoNIHAEMFL D, REEELD ) L4% formaldehyde C & - T
ERNAAEEA 7 A X 2R B LHOCHME L v TS WMo RS X RE L Bl%E
L 72a



3 Ak

3—1 FRIPARARER A & Dbk OB L

8.0 - 8.5 HIE DA D xhie £ RIS L 1U59.0 - 9.5 H IR T KSR IR 0 F#E |- Fz 4 13
BRAEUT TR ST, AEOOREECTALhAHME T2 C0HRER O
T SBOMBHEB LT 2T LT, MAMAEIET T8.0 - 8.5 H R KMk 3
22T oMM EOSE L AROMEE /R L, EESN I MO ZHME Y
LRbhIz, ZOMBERDS I6bkE HBEL 72, 9.0 - 9.5HEHIEMIabRIc O W Tt |
Behk O MESF MRk £ THA LIIBOMBSFEL TE ), ThohH1208kZ HEEL
1ro E7-HEHEOIMBRHEOR—HRNICEZHEEOMBEE2RT O bE L Abnl,

¥ W I T oMK D W T, THEAREILSEN T THEE LD 5 v 3SR
JIRRDTEBE R T b DEB/RL 720 PRMAERMEKEENE T H2D, ThEERS %
WIEZEE % & 2 MIBARGEEF M) I oW TIR S 2 THAL 720 8.0 - 8.5 H IE da el bk
IKowTik, BALZ-MFTERE BbhsilRN TS TRELZEELR L, MMEFTT
AR LM OB R L ). THEARHCRE T cisMeFIE L, RE2MlRs &
UM E L 7-MfadEHint, b0 L) KETRILEEEZRLA2H, ST T80-
8.5 H IR HSKAMMEBRIC D W TIZ6bR72 1T 2 38R L 720 9.0 - 9.5 HEHSEMIRAR I D v Tid st
ML 7-MIBER D 5 bo0RIC OV TTRBEIE 1T - 0 £ 25, HHHOMBITZERNICE
8.0 - 8.5 H IEHRMIfERR I < B & n-Mlfle & 8RS T, THEAELRAT & b icH
BOMBEELR L. 22 TI05 4 7OMBMIRHKZ &R, LB LREL L
% Mg % BT 18#k:EHR L 72 (table 1).

RITER & hA-MIBR IS D W THIRIER AT THu A X F Y Hiudk & H » THk S 247 v,
FAFVEARERBT 2RI L7z & AF VRS E X ORSLEHE
AR T 2HMET7 A AV M TH), IEICLI WV ESCTORBALRETES
(Lendahl et al., 1990; Sejersen and Lendahl, 1993; Tohyama et al., 1993; Zimmerman et al., 1994;
Dahlistrand etal., 1995). 8.0 - 8.5HME & W43, L Z-MIfetkiZ6bkE T AR F YT H -
oo TOZEPLIYH L TEZfERBSROMBSSIRB IS N LEZLNS,
%729.0 - 9.5 HIEHKRARIAR IS DO W T L 18BRIITRRD A A F Y Bl TH o 72, o T h



5 1788 % HE L 72 (table 1),

KizZ h b OfiffadRIc oW T, THEAELEN T TSHMSELTV., T ORER
ZOWTHIEEY 5 L RIS, MM Lo~ — — TH ZMAP2ORBIC 2> W TH
et ik & v TIRAT L 72 (Binder etal., 1986). 8.0 - 8.5 H JEHIR DM 2\ TIXTHUER
AEbEGcoORB Mgk ) L3 —Td oz, Zh b oMBRTIEAE LS
WCZEHE A H TR 2 4F I L BEEBIAHE 3 H T3 ICRFE 2 MIRR I RE 25152 & L7z (Fig. 2B).
0 F TR A B B LR MO BB oM R L -5 S < Bih 7:(Fig. 20).
9.0 - 9.5 H BE KMk IC D W TR R T RB IS4 B TEIFEL . Thbi b
BEIPICIODIA FICoB Lk R uble 2R L 72, BLFIC#F D34 4 7 %K1 (Fig. 6)o

typel 8.0 -8.5HIEHIRMIARIZE ( R 6 e,

RV eMifao LBt ofilaslRo iz b o,
type IT SHEMF T TrypeI £ ) A HOTHWMR L 2EL/R L, THIEAEL
ST CRARF M LR L 2R o h/z b D,

type Il fiHabk DB R L ZMIfab Ao hizb D,
% 7-HIMAPsHUER T & 2 Hudkea o5 R, 8.0 - 8.5 HIEHIRMIRabk 13 & TRMT & o 7245,
9.0 - 9.5 H I HI skl B bk 1 D W TEITEBRP14BRDSEEPE T & - 72 (table2)s & 1 30k D EEME DM
Baid <X Teype ITIR L Tz,

Il oMED 7 ) THIRAOSLEERE T 5 7:0, FERRICTHEATELSENT
TSHMEEELT W, 7)) THESFRMOICRBEOR LN T IBET 1 5 2 GFAP(Chen
and Liem, 1994) DFEER 2D v THARSALTE & IV CTHIIT L 720 % D#5 8.0 - 8.5 H IRk
MBaAR I oW TIHER R TEMIIBIX R S hole 2o 720 9.0 - 9.5 HRHISEMIBaR I DWW T
1R BR O A B tE SRR & T,

PLEokC L TR b n7MfbkD ) B, 8.0 - 8.5 H I ikl f#k % NES 8 (neuroepitherial
early stem)#ifd & A1) 720 9.0 - 9.5HIEHIRMALAR D ) HNES 8 & 1258 7% Stype II, type III
Mtk v TIXNES 9 &£ 511 72,



3—2 HFETITHIFSHNES SHILORE & MERBIcon T

NES 84121z D v T i [FIBF (248 37 & W 7-681 B3R (No.1-6) I D W T Z N5 8 L TR
RiTo 7285, Wb I22E UHE 2R L2, MEREIC O W TIRMMEN T Tt
BREDOHEE & 0, THEAG LR CEERIH CHM 2L L, BEMGR3IHETE
VAR % MBS T RE S RREE S 7z (Fig. 2A, B)o £ F THIE A HiT 2 LIRT LMD 112
B OME L MRS B (Fig 20).  HMAMFT CTERFEE CHEEET- T3
o=—%/Eb 7% Cinterferon® [ E37CTHE#ER4TH £, IHH Tz 4L L. MR
B DBEE L ¥ 4 F17 A P OY¥ 4 M- HELRTHEY»E ( R b7 (Fig 2D).

ot OMBKRRTHENEIESE T LBV TR, REEZEHHE L THEALTY
2 THERETF A AREMHAL T 5 20, & O&4TIAARER L RO LA B S
naZ eI NnG, ERTHREOEAEFEROE(E Y2 A5 70y 74 ¥ 7K
TR A, MBERHTCREVWEHAVRE LW, FRLMLEERIDB TR
Ronz220 BUBRBE S hitd o7z (Fig 3 HEAHFLERIBECERFEAK I
R ohn2%, NES SMBa R TIEAECEM I ERERIATHMEE LT 2 L0, RfE
M RTHUE R E T (sASS) 2 L T 2 - 0THEEA T R 22 A E b s h T
Wb E#EZ bhbJaetal, 1991)

&5 ICHAR R IT > THRHEY — 7 —BIET ORBE L W 2(Fig 4). BMENFT CE
HWELEY—H—THDFAFORAFRON, F-HELEMBCERDORLND
RC1HU4(Culician etal.,, 1990 & 2 RBE O TH o 22 I -HWEMAL, 277V 7HIREE ST
ORI I B AR & LB A2B5Hi{A(Eisenbarth et al., 1979) b Btk TH - 720

— A THUBEATFELSA T8 L T108 B ONES 8HIF2IC oW THIBIHT 29T o 720 TH
FEATEERM TR MG 3 H TERRELMREEI IS, T IHELHIT S
EREFES -6H B IR F MR O LI iUEEoME L 7-#ifa27%8 %  Hh % H(Fig. 2). R
KHEEILL 2R TOFAF Y RBRME L, N oMR KRB VERYR 6t
(Fig. 4)o FRCLIZDWVTiX, EHLOMALIC S TORBVA O Nz, F 72, HEMLD
MPHE~< —H — THIEMAP2, HBMBOT—H—TH5=2—0T74F AV IOV
Tik, Ebb bRt S hidhot, 27 THEOMET — 4 —TH AHGFAPIZDOWVT



b, BPER I RIS ko T,

¥ 7-BE T TICHE O B 2RI EF B R F ONES 82 i3 § 2R RSOV THR
#f L T 7z bFGF (Murphy et al., 1990; Kengaku and Okamoto, 1993). NGF (winter et al.,
1988; Cattaneo and McKay, 1990), PDGF (Richardson etal., 1988), CNTF (Hugfes etal., 1988;
Saadat et al., 1989). retinoic acid (Maden and Holder, 1992) % # 85 8R Il L 7225, *h
TOLIAHFMEERRRON L o7z TR ) L% B W THRMAEAFT TR H MEE
P OHIBG AL R S €, e @R OREIICE X %8 L TTHERE LS T8
2o TS, AR LIRER S Wk d o7z,

BT £ THUEATEIL S T ONES 8MIASIC 2\ TRT-PCRE B Z % o T, HHFEH#E
RERBEORLNE VL DA DBET IOV T EFORBEF2(Fig. 5)0 Ya v V3w
73 X Dproneural il {Z F-AS-C (achaete-scute complex) DY 7 AR ER—Z L LT 0—=¥
N, U A5 A O R, B, TR & SR O PRAMESR TRWRID
5 & 1. 5 MASH1:B{Z F(Johnson etal, 1990), ¥ / /%X Tl F R EarAif 2 Figle i st
&2 % $HYH & 15 Neuro Dill{E T-(Lee etal., 1995)i% & ¥ \CNES 843 C i I ho LT
b SN h oz —HSOBEMEMD bRIAES N, P& 1 T o th R
BICRBEORS h 208 {5 T(Angetal., 1994), BL U ¥ 3 vV a vz {LEER
FhairyD I Y AFKET—Z L LTZ 0—= 7 Sy AFEEAVZO RS LAbERA
faTHRHE DK 5 1 5 HES-1:#{% F (Ishibashi et al., 1994)1Z 2 v Tk RIS, THEAEL
S zoRAIBE S hz, FY a3y Y a v 8T HESE O #H E F-Notchilt
{EF D= 7 A % O — & Notch1:#1{Z% T-(Artavanis-Tsakonas et al., 1995) i3l F D A5
B/HER G, THEAELRAF T TREEL 2.

Ll Eo#E R 6. NES Kl X thiE Lz oLt RMz 0 < — 4 —BIZT- O 5B
Ronnh, HMMileo~—4 —0RBEIE—OR S ¥, ROMLARERMBL oMK T D
BEeFRENTz, Lo L, THERFELRAET TRS 12 UEEOMALE, BB
FEIZL, 2AF 7, RCIBHTH o2 oI F4 7A7) THIRBICHIEL TWBTT
[ 2P AR (AN



3—3 9.0-9.5HEHMaRDOER L LREIC DWW T

MIRIRE S L A X F Y IRMOBIRIC L Y, 17 OMBEKIFON LELIRLD
MRBRERIZE > TBETLIHNTIZAL TIGHE N, ¥4 THOEBRELL Tw
72(Table 2)o %¥|Ztype MIDTHFEAEILSA T T10H M5 2 17 - THIREMI AR DI IE &
EBLDIDWT, HiMAPsHifESu i3 2 TR TH - 72(Fig. ). T 7ot ICEH D
Rohd=—a—u074 52y  iREHVTEARLER. MAP2B M2 T =2
—O0 745 A7 PEOVWTHEHTH o 2Fig. ) LA L, ZYTHIREOT—H—ThH
% GFAPHUAK I 2 W TREPEMII (L 1IBE(NES 9-53) TH o 720 % 72 Z D IMIAL i typelllIZ 340
EN, Pima—u74 5 * Y MARCOWTH EEOMIRFEL 72,

CND=a2—874 72 EEYEMIREHRIARIKIC O W TRT-PCRILIC & 2 T, NeuroD,
HES-1. Notchl ®FEH < 2V TH<72(Fig. 8)o W I Fkk b Er LM B D 5 F'Neuro
D. HES-LEfEFA#FH L THB H. NochlLf{ETF b 1R % v TETICEBRS BRI S,
P Eo#EAH 59.0 - 9.5 HIEHISEALARNES 912 2w T EFE T THiFEMBE~ 0 a1bAt
H b, 8.0-8.5HRHIRMIHR L LB L T & h S LPE AT L 73R8 12 B 2 sk T
HhtEZLND,

3—4 HEANICBT sMREOTEREICDOWT

HOGEEE L 7-NES 8Hif2 = 7= NI KM IC B 247\, HEWN T OLEE & T L 72,
145HERARICBWTEPACHBSR LMD o TE Y, & ZITNES sHllfat
HTAZEICEoT, MADTERFOEHTHET CIRA L iz willgsa ke s 57
REFEDE X b5, NES 8Mif2i38.0 - 8.5HMHETH 275, 8.0 - 8.5HIEA#E L~
ML THERBERET5Z EEE LS, v 7 AD8.0-8SHMICBIZAT) IC3FE
EOBEFENYITLENS), TOFIRAZEWICETSELILEATIETH 5,
4SHETHNWETFER2URAT L 2 B VL8R L T, TORBEBEKICHT 7
A ERHVWTHEAT A EDTRETH 5, £ THIRIASH Y 7 A CHBEEEIT VW, FET
WMLoTTFEZRHIET, FENORFRBMICHBEAZIT- 2. £DOBRTE ZHBE
PNIZRL T, EFRELZETIECARTRICE VFEF Y X215



fBon-Biiw Y A L) RBZHY ML, SO E H W T 21T - 72(Fig.9 )o
HEER & LT 7 AR kSTOMIB & Wik 0 Hik v TBHi 24T o 7225, Th
5 OMIKBIIEAET A S BB TICE T - Ty 2 O A S L7 (Fig. 9BC)o —/7NES 8
MIBLIZIEABRT > SN 2L BB L T A4 2HIBERER & % b O E S 172 (Fig9 ).
R OVZEBER L =M S IE CIRAZBEIT5 2 & 5% 5 1 TB Y (Lois and Alvarez-
Buylla, 1994), NES 8HIJZ 44K D it Rl AR ML ICHU D AT h7- L Z 2 5
Nbd, FLTAEFRSCENALE S CRBE L MRS, 220 % BEIE L35 e i fask
DEEZ LB LODE (HEINT, TLVZHICAVAGHBOES (Aboh, £
subventricular zone 7* & F i (pia) /j M~ e U THil e > 2852 % JEIL §radial gliabk D EEE % 7R
THIKL b % BB S R (Fig. 9 S b OMIFLIEESD & NES SHII 1 ik P THEERINL H 5
Wik 7 ) 7RI B L T B T REREATRIE & vz,

9.0 - 9.5 H R HISKAIBZARNES 9122 T b FAR I BRI 247 o 7oo A S h7oHiIfa
NES 8#flifa D3pA Ak, BPICIA < L. BP0 12228 T £ OFFAEDHER S L7z,
S L 7oAl i I B o MLER ol L 2T TR R ) TS TERB R AR L 7e £
I DHIFBIRVZIC b EE (AR IR, MIREEZHETLAENRBVTED

B PISEREINES S L ZEb W RA Lk 2o F20



4 Z %%

4—1 AR L oM be
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Autonomous Regulation of Proliferation and Growth Arrest in Mouse
Primordial Germ Cells Studied by Mixed and Clonal Cultures
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*Mammalian Development Laboratory, National Institute of Genetics, and tDepartment of Genetics,
The Graduate University for Advanced Studies, 1111 Yata, Miskima 411, Japan

In culture, mouse primordial germ cells (PGCs) pro-
liferate and undergo growth arrest with a time course
similar to that in vive. It is unclear whether this behav-
ior is regulated autonomously or by coexisting somatic
cells, We performed mixed culture experiments using
PGCs from 8.5- and 11.5-d.p.c. embryos and found no
interaction between the PGCs and somatic cells at the
two stages. Next, we carried out clonal culture of PGCs
and examined the proliferation of and morphological
change in individual clones. Such clonal culture did
not reveal any subpopulation of PGCs with an in-
creased growth rate or less differentiated characteris-
tics, which might have been suggested by formation of
the embryonic germ cell lines. Our results suggest that
there is an autonomous regulation of growth and cell
shape change in PGCs which occur as stochastical
events but are not strictly timed by the number of cell
divisions. © 1996 Academic Press, Inc.

INTRODUCTION

Mouse primordial germ cells (PGCs) first appear in
the extraembryonic mesoderm at 7.0—7.5 days post coi-
tum (d.p.c.) as a cluster of alkaline phosphatase (AP)
positive cells [1]. They migrate into the hindgut (8.5
d.p.c.) and genital ridges (11.5 d.p.c.) while continuing
to proliferate. In the developing gonad, PGCs cease mi-
totic cell division at 13.5 d.p.c. and enter into either
mitotic arrest in the fetal testis or meiosis in the ovary
[2, 3]. Therefore, the period between 12.5 and 13.5
d.p.c. is very eritical for regulation of their proliferation
and differentiation. For example, it is known that the
expression of several protooncogenes in PGCs changes
at these stages [4].

The proliferative behavior of PGCs in culture has
been shown to mimic the growth pattern in vive [5, 6].
For example, PGCs obtained from embryos at 8.5 d.p.c.
proliferated for 4 days before ceasing growth, while

'To whom correspondence and reprint requests should be ad-
dressed at Mammalian Development Laboratory, National Institute
of Genetics, 1111 Yata, Mishima 411, Japan, Fax: 81-559-81-6828,
E-mail: nnakatsu@ddhj.nig.ac.jp.
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PGCs at 10.5 d.p.c. proliferated for 2 days and those
at 11.5 d.p.c. proliferated only for 1 day. There was
no proliferation of PGCs obtained at 12.5 d.p.c. These
results suggest that PGCs at various developmental
stages stop their proliferation at the time correspond-
ing to 12.5 d.p.c. In these culture studies, however,
there was always a large number of somatic cells iso-
lated from embryos together with the PGCs. Therefore,
the observed proliferation pattern may be influenced
by such somatic cells.

Recently, we showed that tumeor necrosis factor-a in-
creased the proliferation of PGCs at earlier migration
stages, but it did not change timing of the growth arrest
[7]. Forskolin has been shown to increase the prolifera-
tion of PGCs [8, 9] and also to prolong the growth period
for several days (Kawase et al., submitted for publica-
tion). Furthermore, continuation of cell proliferation by
a small population of PGCs in certain culture condi-
tions has lead to the transformation of PGCs into pluri-
potent stem cells, named “EG cells” [10, 11, Koshimizu
ef al., submitted for publication].

In this study, we examined the timing of growth ar-
rest in PGCs and the mechanisms that mediate it.
There have been several examples of systems in which
growth is regulated by cell—cell interaction or by auton-
omous events timed by cell division [12, 13]. PGCs are
surrounded by somatic cells in vivo, and the presence
of a large number of somatic cells in culture should be
taken into consideration for analysis of the regulative
mechanism of the cell proliferation and growth arrest.
To circumvent such a problem, we carried out mixed
culture of PGCs and somatic cells at different stages,
as well as clonal culture to analyze proliferative behav-
ior of individual PGCs.

Qur results indicate that proliferation, growth ar-
rest, and morphological changes of PGCs in culture are
autonomously programmed and related to the germ cell
differentiation in embryos. They also suggest that such
programmed changes occur stochastically, but are not
strictly measured by the age or number of cell division.

MATERIALS AND METHODS

Feeder cells.  For mixed culture experiments, we used STO fibro-
blasts as feeder cells, because they have been used in many studies

0014-4827/96 $12.00
Copyright © 1996 by Academic Press, [nc.
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FIG. 1. (A) Changes in PGC number in the mixed culture experiment. O, culture of 1 unit of the 8.5-d.p.e. PGCs; A, 1 unit of the 11.5-
d.p.c. FGCs; U, the mixed culture of 1 unit each of the 8.5- and 11.5-d.p.c. PGCs; ¢, calculated sums of the two separate cultures of thes.5-
and 11.5-d.p.c. PGCs. (B) No effect was observed when cell density was reduced by mixing § unit of the 85- and 11.5-d.p.c. PGCs (O).
(C~F) The mixed culture similar ta A, bot the ratio of mixture was changed to | unit of the 8.5-d.p.c. PGCs and ? unit of the 11.5-d.p.c.

PGCs (C), § and § unit (D), & and 1 unit (E), or 1 and & unit (F).

of the PGC proliferation in vitro [5, 14—16). For the elonal culture
experiments, we used SU/SI*-m220 cells. They stably express the
membrane-bound form of murine steel factor [10], support PGC
growth more effectively than STO cells, and thus, are more adequate
for culturing single PGCs. Another reason to use the SUSI*-m220
feeder cells is that the steel factor iz the only growth factor so far
shown to play a role for PGCs in vive [17-20]. It iz not known
whether other factors having effects on PGCs in culture have signifi-
cant roles in vivo.

Both types of cells were maintained in Dulbeceo’s modified Eagle's
medium (DMEM) supplemented with 10% fetal calf serum (FCS).
They were treated with 5 ng/ml mitomycin C for 2 h and plated at
a density of 1 x 10° cells per well of Nune four-well plates (STO cells
for the mixed culture) or 3 x 10° cells per well of 96-well plates (SI/
§1%-m220 cells for the elonal culture). They were cultured for at least
L8 h before use as feeder cells. Culture wells had been pretreated
with 1% gelatin for 30 min before plating the feeder cells. For the

experiment using a feeder layer enriched with somatic cells, genital
ridges dissected from embryos at 11.5 d.p.c. were dissociated into
single cells and cultured for 8 h without feeder cells. They were
treated with 5 ng/ml mitomycin C for 2 h and replated at a density
of 5 % 10° eells per well of Nune 4-well plates together with the same
number of 5TO cells.

Culture of PGCs. Tissue fragments around the base of allantois
(8.5 d.p.c.) or genital ridges (11.5 d.p.c.) were dissected out from
embryos of random-bred Sle:ICR mice. Thev were dissociated into
single cells by incubation with 0.05% trypsin, 0.02% EDTA in Ca®*-
and Mg™*-free PBS for 5 min at 37°C with gentle pipetting. This
suspension of PCGs and somatic cells was diluted with the culture
medium (ESM as deseribed later) and plated on the feeder layer. In
the mixed culture experiments, another cell suspension obtained
from embryos at a different stage was plated over the initial cells
within 1 h. Aliquots of cell suspension deseribed as one unit in the
mixed culture experiments corresponded ta half of a fragment of the
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allantois region of 8.5-d.p.c. embryos (ea, 2 x 10° cells) or half of a
genital ridge of 11.5-d.p.c. embryos (ca. 3 x 10* cells). In the clonal
culture experiments, the cell suspension was processed through lim-
iting dilution so that a single PGC would be plated in 30% of wells
of 96-well culture plates. The ESM culture medium used in this
study consisted of DMEM supplemented with 10% FCS, nonessential
amino acids, and nucleosides [7]. The culture medium was replaced
everyday with fresh ESM.

AP staining and cell counting. Cultured samples were fixed with
cold ethanol for 10 min and stained with histochemistry for AP activ-
ity as described previously [7]. The AP-positive cells were counted
manually by using an inverted microscope and counters. Growth
curves were obtained by calculating the means and standard devia-
tion from results of at least eight wells in three or four separate
experiments in the mixed culture, or six wells in two separate experi-
ments using the somatic cell enriched feeder. In the case of clonal
culture, we repeated the experiment three times. Each one included
six 96-well plates, and we examined all the wells and counted PGCs
in each well. We found PGCs in ca. 30% of wells as expected. We
also classified and counted eells according to morphological eriteria
(polarized, spread, and round) described in previous studies [5]. The
results of the three separate clonal culture experiments gave the
same tendency, and we used them together for ealeulation and pre-
sentation in Figs. 3—-6.
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RESULTS

Mixed Culture Experiments

As a preliminary experiment to confirm the pre-
viously reported growth pattern, PGCs and coexisting
somatic cells obtained from 8.5- or 11.5-d.p.c. embryos
were cultured on the STO feeder layer (Fig. 1A). The
8.5-d.p.c. PGCs increased in number for 3 days. The
11.5-d.p.c. PGCs showed a drastic decrease between
Day 1 and Day 2, and they almost disappeared on Day
3. When examined more closely, the 11.5-d.p.c. PGCs
showed a small increase for 1 day after plating (data
not shown). These data are consistent with the growth
pattern in vitro reported previously [7, 10]. Thus, PGCs
in vitro seemed to mimic the pattern of proliferation
and growth arrest in vive.

Then, we examined whether coexisting somatie cells
have regulative effects on the growth pattern of PGCs
in culture. We carried out the mixed culture of 1 unit
of the 8.5-d.p.c. cells and 1 unit of the 11.5-d.p.c. cells
(1:1). Such mixed culture (1:1) showed a decrease of
PGCs between Days 1 and 2, but an increase on Day
3 (Fig. 1A). Sums of numbers in simultaneous culture
without mixing would give an expected value if there
is no interaction between cells at two different stages.
The number of PGCs in the mixed culture came very
close to such expected values (Fig. 1A). We confirmed
that there was no influence on the growth pattern of
the cell density in culture wells (Fig. 1B).

In addition, PGCs and somatic cells at 8.5 d.p.c. were
mixed with the cells at 11.5 d.p.c. at various ratios to
detect the possible effect of the somatic cells at 11.5
d.p.c. on PGCs at 8.5 d.p.c. or vice versa. There was no
such effect in all experiments (Figs. 1C—1F). Even after
changing the ratio, the total PGC number in these
mixed cultures was similar to the expected number. In
particular, the final number of PGCs on Day 3 came
very close to the expected number in all experiments.

We carried out another experiment aiming at in-
creasing possible influence from the somatic cells by
replacing half the STO feeder cells with somatic cells
from genital ridges. To remove PGCs from dissociated
cells of genital ridges at 11.5 d.p.c., we treated them
with mitomyein C as described under Materials and
Methods, because it causes more damage on PGCs than
other cells in embryo [21]. In fact, all PGCs disappeared
by 2 days in culture after the treatment. Therefore, all
PGCs detected after Day 2 in the mixed culture using
such prepared feeder layer (Fig. 2) should have origi-
nated from 8.5-d.p.c. embryos. The number of PGCs
increased until Day 3 in such experiments, and we did
not detect any growth-arresting effects from the genital
ridge somatic cells at 11.5 d.p.c.

Thus, our results indicated that PGCs in the mixed
culture followed an autonomous pattern of prolifera-
tion until 12.5 d.p.c. and growth arrest on 12.5-13.5
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FIG.2. Changesin PGC number on a feeder laver enriched with
samatic cells at 11.5 d.p.c. O, PGCs from 8.5-d.p.c. embryos cultured
an the somatic and STO cells; A, on a usual STO feeder; [, on a half
number of STO cells; %, samatic cell feeder without plating PGCs
from B.5-d.p.c. embryos.

d.p.c.,, and that they were not affected by coexisting
somatic cells at a different stage.

Clonal Culture of PGCs at 8.5 d.p.c.

To obtain more detailed information about the prolif-
eration pattern of PGCs, single PGCs from 8.5-d.p.c.
embryos were cultured separately in wells of 96-well
culture plates (Figs. 3A-3E). The SI/SI*-m220 cells
were used as feeder cells for such clonal cultures to
improve the survival and to allow proliferation. Counts
of the AP-positive cells in each well and histograms
showing distribution of colony sizes indicated presence
of weak peaks at 4 and 8 cells per well on Day 2 and
4, 8, and 16 cells on Day 3. Such distribution of the cell
numbers suggested high viability and weakly synchro-
nized cell division of PGCs for 4 days. There were many
small colonies (colony size of 2—4) throughaout the cul-
ture period.

On Day 5, however, we observed debris of AP-positive
cells on feeders, indicating cell death of PGCs (data not
shown). The histogram of Day 5 showed a decrease in
the coleny number irrespective of size. There was no
indication that any particular group was death-prane.
There were a few calonies that continued proliferation
vntil Day 5 and which consisted of more than 38 cells
(Fig. 3E). In such experiments, the number of wells
containing more than one PGC did not decrease sig-
nificantly for 4 days (less than 7% per day), but it de-
creased by ca. 20% on Day 5 (Fig. 4), again indicating
high viability until Day 4 and the beginning of cell
death on Day 5.

Clonal Culture of PGCs at 11.5 d.p.c.

The pattern of growth arrest of PGCs was examined
by clonal culture of PGCs at 11.5 d.p.c. (Fig. 5). PGCs
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FIG.3. Histograms showing distribution of the colony size in the
clonal culture of the 8.5-d.p.c. PGCs. Vertical axis indicates number
of colonies (wells), and horizontal axis indicates colony size (cell num-
ber). (A-E) Day 1 to Day 5, respectively.
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FIG. 4. Changes of the total colony number (bars) and total cell
number (&) in the clonal culture of the 8.6-d.p.c. PGCs.

isolated from the gonads at 11.5 d.p.c. were cultured
separately in 96-well plates. Counting of the PGC num-
ber in each well indicated that 60% of PGCs divided
once during the first day, and all PGCs stopped their
proliferation by Day 1. Then, 80% of PGC colonies and
86% of PGCs disappeared between Day 1 and Day 2.
All colonies having two or four PGCs disappeared by
Day 3.

Morphological Changes of PGCs

We noticed that the morphology of PGCs in culture
changed with age and duration of culture period.
Therefore, we classified the PGCs into three categories
and enumerated each category in the clonal culture of
the 8.5-d.p.c. PGCs (Figs. 6, TA—7C). The first polarized
type is well spread on the subsirate and shows polar-
ization with the length of the long axis being at least
twice that of the short axis. Thus, they probably have
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FIG. 5. Changes of the colony number and colony size (bars), and

the total cell number ( ¢ ) in the clonal culture of the 11.5-d.p.c. PGCs.
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FIG. 6. Changing ratios of the three types of PGCs in the clonal
culture of the 8.5-d.p.c. PGCs.

characteristics of motile cells during the migrating
phase. The second or “spread” type is well spread but
shows no polarization. The last or “round” type is
rounded up, lacks lamellipodia, and is not adherent to
the feeder cells.

During the first 2 days, relative ratios of the three
types did not change. From Day 3, however, the spread
and round types increased at the expense of the polar-
ized type (Fig. 6). The change of ratios probably indi-
cates transformation from the polarized to the spread
or round types. It is very unlikely that the change was
caused by death of the polarized cells because the whole
population of the PGCs in our culture system showed
no sign of cell death until Day 4 (Fig. 4). We also ob-
served that almost all the wells contained a mixed col-
ony in which two or three types of PGCs were present
in a single well on Days 3 and 4 (Figs. TA-7C). On
Day §, the spread type increased, but the round type
decreased. PGCs of the spread type seemed to survive
better than the round type so that the apparent ratio
of the spread type increased on Day 5. In fact, there
were many less mixed colonies on Day 5 than on Days
3 or 4 (Fig. 6), and we noticed AP-positive cell debris
on Day 5.

DISCUSSION

Autonomous Regulation of the PGC Proliferation

PGCs in culture are characterized by age-dependent
proliferation and growth arrest (7, 10, 22] suggestive
of either autonomous regulation or regulation by coex-
isting somatic cells. Because it is difficult to obtain pu-
rified PGCs without somatic cells or to label PGCs with
some reagents during the migrating phase, we carried
out the mixed culture experiments at various ratios to
detect any influence from the somatic cells between
different developmental stages. In all the mixed cul-
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Fl3. 7. Marphology of PGCs fram embreyos ab BG5S dopae, inolonal
eulture, (A) PGCs of the polarized type on Day 108 aod ©) Mixeed
colomies eonsisting of the three types of POCs on Days 8 and 4,
reapoetively, All photographs are al the some magnification of H000

tures, including those which used the feeder layer en-
riched with somatic cells, there was no detectable effect
of somalic cells on the growth pattern of PGCs. Instead,
the PGCs showed an age-dependent proliferation pat-
tern, For example, there was neither a growth ar-
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resting effect of 11.5-dhp.c. somatic colls on POCs at
8.5 d.p.c. nor a growth-promoting effoct of 8.5-d.p.e.
somatic cells on PGCs at 11.5 d p.e. The prolileration-
arresting activity, such as that of TGF-3 [23], was nol
detected in the genital ridge cells al 11.5 d.p.e. in our
experiments. Our results indicate that there is an auton-
omous regulation mechanism in PGCs which causes
spontancous transition frem cell proliferation to growth
arrest at an age corresponding to 12.5-13.6 d.p.c,

How Do PGCs Measure Thetr Thne?

Since the PGCs can regulate their proliferation and
growth arvrest withoul any inatruction from somatie
cells, they must measure their time autonomously,
There are several mechanisms so far known for the
measurement of timing in cell differentiation. For ex-
ample, differentiation of the glial progenitor O2A cells
is timed by the number of cell division [12, 13, 24|
Results of our clonal eulture, however, indicated a large
variation of colony size al the Ltime of growlh arrest,
Therefore, the number of cell division is nol divectly
connected to growth arrest in PGCs. Moreover, the data
go far reported indicate that the increased proliferation
of PGCs in the presence of several growth lactors
does not significantly alter timing of growth arvest |7,
10, 141,

I'-"GC& from 8.5-d.p.c. embryos showed movphological
changos fn vitro, The ratios of the three types of PGCs
started to change on Day 3. The polarized type de-
ercased, while the apread and round types increased,
This transformation of the PGCs in our culture geems
to follow the dilferentiation process of PGCUs in vive,
bhocause examination of PGCs freshly obtained [rom
embryos at various stages showed the similar differ-
ences in cell shapes |5]. Our present results indicate
that PGCa at 8.5 d.p.e. have an autonomous eapacity
Lo transtorm from the polarized to round type via the
gpread type, Such change simulates the developmental
progress in pvivo when PGCs arvive at the genital ridge
alter migration and differentiate into nonmotile gonia
cells. IL is important to note that the three types of
PPGOs appeared not as separate colonies bul in single
PGC ealonies very fregquently on Days 8 and 4, thus
making mixed colonies.

These results on the proliferation and morphological
changes in the clomal calture of PGCs are most consis-
tent with the hypothesis that they are stochastically
repulated events, So far, several stochastic models have
been reported in differentiation of the erythroid cells
(26, 26], pigment cells |27], kevatinoeytes |28, 29), and
ollactory neurons [30]. These models prediet that the
proliferation arvest and moerphological transition of
PGCs would oceur as a stochastic event with its proba-
bility inereasing with development until 12.5-13.5
d.p.e. During the earlier phase, almost all PGCs con-
tinue proliferation without morphological change.
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Then the probability increases gradually, leading to a
higher frequency of growth arrest and morphological
transition. Such a stochastic model is in excellent
agreement with our results on the wide distribution of
colony sizes on Days 4 and 5, when the proliferation
is arresting, and also on the appearance of the mixed
colonies consisting of the morphologically different
types of PGCs in each colony.

No Subpopulation of PGCs?

Our results did not suggest the presence of any sub-
population of PGCs with higher proliferation ability or
less differentiated status. Appearance of the EG cell
lines from PGCs under certain culture conditions [10,
11] might have suggested the presence of a subpopula-
tion having less differentiated characteristics similar
to the stem cells. In our clonal culture, however, indi-
vidual PGCs proliferated to give distribution of the col-
ony size without clear indication of two or more subpop-
ulations. It may be possible that the small colonies (col-
ony size 1—-4) represent a subpopulation of PGC with
limited proliferation capacity. However, they may well
include PGCs damaged in isolation and culture proce-
dures. The cell death and disappearance of PGCs in
the clonal culture also seemed to occur randomly. In
addition, pattern of the morphological transition of
PGCs indicated absence of any subpopulation related
to the three types of PGCs. Although PGCs of the
spread type increased their number on Day 5 in the
culture, it was probably an outcome of the cell death
and disappearance of the round-type PGCs which are
not sufficiently supported under the present culture
condition.
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