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IRE, EEE MARAEMER (Human corneal endo-
thelial cell, HCEC) # AW -BEERERNHRH K4 7
BMETVERAVTRETENTULS, ABXTIE, Zh
F CHESINI-EEE HCEC AW -BEAEOHR 4
WERRET T2 & & b1, F4 D HCEC BEDAENE
BRIZDOWTIBN T 5.

B E I BEBREIIEX—F Ty bOKEMAEE
ETIVEERL, EEAEKICL VIEEZE HCEC 8L UA
BEAREZRMARENBE A 7-. 5B L &
HCEC #a5—4 > L THEEL, HCEC>— DR >
T EE D 51 T H B Potential Difference (PD) &
Short Circuit Current(SCC)#BlELz. X—FF v
Py L<IE, ABKED Descemet fEAFRE L 721412,
EEHCECZAUVWTEBELL-AEREH D WII, &
HCEC >— M #RBtEL 1z, &7, BERROKEMA
BEETIICRLT, A7z 7—FICLVESILI-E b
AENRERRERZTERNICIRE L T, ARAEEIC
BEL 7.

# R:HCEC>—PDPDESCCIZE PABKMD
80~95%, 76~82% THh-1z. WITNDEBRETIVIC
BUWLWTH, EHEHCEC & L < 13, B mRsBEL
EEICBITMBRAREIIHEBL Y FRINEL, A
[ERES L URELFIIROH LA o1, #HiE 4 BORE
BEIZVWTNADETIVIZE W T H 2,500 cells/ mm2LA
ETHo1z. FEVThOBEETNICEWLTHABS
BYICERES A L-—EN HCEC ANREICES L T
WBNDHEREI Nz,

#E5R - 3538 HCEC ICEE AR L R ISR THEEN
HDZEeHEEAE Nz, BEHCEC ICL ) BEBELLE:
AR, »3LIdk b ARARERREROBER DR
RENFINRAER S hz, 8\ HCEC 8 LU, &
BFRDERKRICANOREEML R & hi-. (HRSE
110 : 879—897, 2006)
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A Review

Cultured Human Corneal Endothelial Cell Transplantation

Tatsuya Mimura
Department of Ophthalmology, University of Tokyo Graduate School of Medicine

Abstract

Researchers have demonstrated the feasibility of
transplanting human cultured corneal endothelial
cells(HCEC) in various animal models. This review
provides an overview of recent advances in our
understanding of cultured corneal endothelial cell
transplantation. We propose HCEC transplantation
with a collagen sheet as the substitute carrier of
HCEC. We also propose a novel strategy for corneal
endothelial cell deficiency with the injection of adult
human corneal endothelial precursors (HCEP).

Using white rabbits or nude rats as keratopathy
models, cultured HCEC were seeded on a collagen
sheet. Descemetorhexis was performed on rabbit
eyes. The HCEC collagen sheet was brought into the
anterior chamber and fixed to the posterior stroma
(HCEC group). Rabbit corneas with collagen sheet
transplantation after descemetorhexis(collagen
group) and with only descemetorhexis(no trans-
plantation group) were the controls, respectively.
As for HCEP transplantation, HCEP, isolated from
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rabbit corneal endothelial cells by sphere-forming
assay, were injected into the anterior chamber and
a face-down position was maintained for 24 hours in
the rabbits (HCEP group).

Pump function parameters of the HCEC sheets
were 76-95% of those of human donor corneas.
Mean corneal thickness in the HCEC group was
significantly less than in the collagen and no trans-
plantation groups 1, 3, 7, 14, 21, and 28 days(p<
0.05) after surgery. Cells were spread over the rear
corneal surface in the HCEC group. In HE staining,
marked stromal edema was present in the collagen
and in the no transplantation groups, but not in the
HCEC group with collagen sheets bearing mono-
layer cells. In the HCEP group, injected spheres
were spread over the rear surface of the cornea and
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corneal edema was markedly suppressed.

Our findings indicate that transplantation of
cultured HCEC from adult human donor cornea by
means of a collagen sheet can maintain the function
of corneal dehydration. This suggests the feasibility
of transplantation using cultured HCEC with a
collagen sheet for corneal endothelial cell dysfunc-
tion. Additionally, adult precursor injection therapy
can be also an effective strategy for corneal endo-
thelial cell deficiency in place of conventional full-
thickness corneal transplantation.

Nippon Ganka Gakkai Zasshi(J Jpn Ophthalmol
Soc 110 : 879—897, 2006)

Key words : Corneal endothelial cell, Transplanta-
tion, Cell culture, Collagen
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%7z, BMRPEFEEFEOREE L  AKEA KM (Human
corneal endothelial cell, HCEC) % Fi\>7- TRt A %
BHELLHEDDb DD, RANF—L 0G5
# HCEC % v THREE L 72 A O v T b AN
WHRET S LT 3190719,
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CELHAENTIE, AR F—2BiEcTEL Tnd
EWIBRB DD, o, BECIESHEOMED H
D, ABEAHIC X 2EB I SREEE L IEEVEED,
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N R A O BETERE SRR & TR W A IC H B, FITD in
vitro OWFSETIXAERNIZ B 1F 2 HCEC 1 G 1 Bl 4
ENTVBDAT, BERTHEBERNTICL 2R EMZ
22 LICEVBHT I ENSHoTRDE2D2, L
25T, KiEE L7 AN ERE % B AR T AN
KEEET S ZEBNTENE, BHEEFICHWS Z LR
TX3EHEZoN5,

4nl, B L - AIENEMIRE R F» T, SRR X
D AEOFERE R RS, £, FHEEL - AKOKEE
fENT B & OB~ OEEERABEN L OB A AT, &5
2, SBROBHEERE RIEZ T, ARNE» 5Bk
FEARER AR 2 R U 72 AR AR R 1 D W T H G
iTo iz,

II HCEC iz

1, RN EE

W OLD T NV—TIne HCEC OBEEREN SN
T2 H, AN RGO B ML L 72 R e
v, B wikeE od T, Engelmann 51920 7 )L —
TEXTFrTaA—T 4 7 UREHEILE 10% fetal
bovine serum (FBS) % & te#5# T HCEC OE#E 21T-
T3, Joyce DWFFRE®2O-300) 7' ) — 7 Tl fibrob-
last growth factor (FGF), epidermal growth factor
(EGF), nerve growth factor (NGF) & 8 % @ FBS %
E LB T, fibronectin % F4k & L 7z fibronectin and
type 1 collagen(FNC) T2 —F 4 > 7 U 72 B2 ML % {#
ALTE#EL T3, %72, Gospodarowicz 539393,
Foy o ABEN R EAE T 2 Mg/ EE (extracel-
lular matrix, ECM) Z W HCEC 253 T\ 5,

HCEC OFBIIFECHHETDH Y, wIThoifse=
WKBWTY, UIRKEETIXECM 2w THEEL T»
2, ECMofEgEE L<Cix, [#Maos—> >, IVE o
< —7%" >, laminin, FNC coating mix, v ¥ &EN
JEHIENEE T 5 ECM 2 ERFHwe T WS, LI
F1Z, Gospodarowicz 53V NDEREIC L BTV ¥ A
NEZHIEDES 3 2 ECM & Joyce DHFFEEE1920~3073
&L Twa FNC 2w HCEC Z53# L T 5,

fFo vy mENE/RPEET 2 ECM 2B 572912
&, PV AN 2R E T 2 08D 5, FIRES
FEIXfF Y v A & Descemet I Z & FREL L 72 /N %
10% FBS, 5% FBS, bFGF 2ng/ml, 2 % dextran %
whn L 7z Dulbeco’s modified Eagle’s medium low glu-
cose (DMEM low glucose) DEGHITES#E L T 5, fi#K
RUTFY v AN 2 > 7 vy b g o Tl
HT, 0.14% KB b7 v E=_ T LAUMBEEZMZ 5 2 &1
X0, FryAaBEAEMIEEDO ECM a2 —7 1 > 78
FHMEER T2 2 ENTE 5%, FNCIZERTFIZA
D, BEMLCEZCI—T 4 732 ENRELTF
Bia—74 v JETHS,

W AN EAIERAE - =4 881

2. HCEC m#g&%

KIBTHHAANY F—AREZPRICHERT 5 2 L35k
ConTwdicd, 7TAVADT AN 7 LA LT
gy & HCEC 28 L T, BELTW5, Mildoks
Fh Y LTI, Descemet [ Z & B2 MNIC 88 X ¥ T8
3 5 HEkE, collagenase, dispase, ethylenediamine
tetraacetic acid(EDTA) 7% ¥ D EERIC & D Descemet
fEm & HCEC 2EHX L ¢, P8I i&E L 7z HCEC
ZEEFEN R HRE T 2 /70D 5.

Descemet i Z L 5538 3 235613, BEEN LI/ O
Descemet 2N FHEIA TIC% 5 L S5ICLTEE, 15%
FBS, bFGF 2ng/ml #& A7 DMEM low glucose #
122 H#E L ¢, Descemet KD EEHE ENDEE %
Bl->Tw3,

Descemet 5> & BEFR AL I X D $REL L 7z HCEC %
R4 2354 0%, cup tRIZ i o 7 AN T 12 dispase
BPANT, WAT v —NEXRY MZ XY Descemet BEH
S MR % BN S % 5%, HCEC 0 v 7z Descemet JE
2RI L T collagenase 12 & ¥, #IfESEEE (Descemet
) D A= EERS T, ol HCEC 2T 54
HhEWD L. BT TiX Joyce DWFFEE®29-3003 B F
L7z FECied - T EDTA ALBE I X > T HCEC #% [H]
INU THEE T 2 HiER{T-> T\w5, Joyce DFFEE920-30
D3, fEH L7z Descemet % 8 % @ FBS 2 & A
72 OptiMEM-1 iZ AL 37°C T—B&E A »Fa~—h L
7212, 0.02% O EDTA ¥&#% 12 Descemet X% A 1,
HMRIEEE 2O 2181, AT v — L EXy &AL
TEN L7 HCEC #, 8% FBS, 5ng/ml EGF, 20
ng/ml NGF, 100 xg/ml bovine pitui-tary extract, 20
pg/ml ascorbic acid, 200 xg/ml alcium chloride,
0.08% chondroitin sulfate & A 72 Opti-MEM-1 T
EHIH2HETHA ().

W OWTIE, FMRHCECIZ1:1~1: 4 0E&T
ML, MR 2B 116 DEETIT-o T3,
B, MR 2REHMUEZLTLS ECM 2408 & d Lk
Wt N —AEONEHEEMEWEER, N —
EWRPEHWIEEIR ECM 2 B0 A8FE L,

3. b MMFICL BHEE

FBS & CicfEas 3 7 Y HEOMEHE ¥ > HEHR
BE DERMEEL D 5. Fiz, & bSO HBEROIFL EH
322 idvANVA%EE DI NEIERYYE DGR
bH 5, xiF FBS 0fb D Ic IS % v THIMR
HCEC 55 LU 72, 15% FBS & 15% B A& i B
LEEE R T 5 L TR, B HCEC R b
WKEIF R P73, S, K3 HCEC ZEERIGH T %
e, £ MEROI—T 4 7, A, t M
SEOBEFHIN T2 & 5 HCEC OO WL E L 72
5.
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1 &b b ARARER (HCEC).
MR 2 RE TS 2 £, HEHEOD FF—dkOR#% HCEC O HElHE & 0 & RIFAEETRL T0 5,

Bar=1 mm,

4., HCEC R > 7HERE

5% HCEC # W /- MR 2RI L 12, B
MEAIEDEHM: 2RO 7 1213 H5E HCEC 8K > 7
HEEZRFEL T2 LEND 5, LF, BROWHRET
Na* & HCO,~ o cotransporter (NBC-1) D 2fE 45 D iso-
form T» % BFlgfA (kNBC-1) & FligiE (pNBC-1) 235538
HCEC ZHHE L T3 Z ENFERINS, - FHiE
FRELABEEROR Y THRER Y v Y Y T F v N —
WKTHIELz & 22, IERE MABOEMER0.4mV
2 U CERER A TR 0.3 mV Thore, wIhb
Na*, K™-ATPase OIHEHETH 2 v 731 v 255
2L 0WERT L3 Z o RIxE52 HCEC 12 &
D EREEE L 7o AL Nat, KT-ATPase IiKFET 2 K>
THREEEL TV I E2RBLTEY, 53 HCEC
DEFRIGANORFEMIC & 512t Dz,

I ¥%3% HCEC BAHE OB

R BN B2 I O RE A delivery 32 & L T % ik &
DL ODDHENRESN TS, @ Descemet [l
B3 HCEC % fE o0, Q) 7' ¥ M FEE LiEE
HCEC®*, 3 FJE i3 HCEC?*), @ A T%EHE &
#FHCEC?, @ImREILEMEREEN K LV FRHL 7
HCEC ¥ — M4, (§) K738 N Bz Ml Fa i 55 PN #¢ 5494028
WS TWwa, Br OWYeE Tl HCEC O&Al
HBORRETEMZ T 2720 D in vivo DEERET L E L
T, O@@@D® %ZHMAL T3,

HCEC 2w T2 EAal* LT 2 ke LTE
BD Q@O@D® M2 5N 55, b EENICIT VIR
REEEELUCHMBEARITO Ths., CRIZABNK
HRE 2 B2 LU CEH U 72 Descemet JI_F iz 522 HCEC
EPEERMET 2 AT, WBEMEEERL L, S0Em

25 EI2LD, wITTIE 3,000 cells/mm2LL EOWN
HMRBENEONDE RS> Tw5 (M2), BEE
Bk L CEESHEMEOERK SR Z 27201, N
gk e vAsko HCEC Th 203, EHEIT 2F vV
T EBET 2EYEOABEEE A NTwS, T4b
b, HERRABRICE#E HCEC 2L 7- b 02 HE
%R 28 R (PKP) 2 17 5 EE R (K3, 4
A, VA R Ty b fAfRIcEEE HCEC 2 L T X —
FZ v Mz PKP 2175 EBRTH 2 O(K3B, 4B).
WIh bR AEEES FEHicdE L, HCEC % #%##
L TR WAREAE L 75 L s U ORI i A
BEIHMET L.

R D@@@® ® & 51z, EE(K3C, 40)%
ANTHEEZEDF ) 7 Rk HCEC % #&fE L CfF
BT ZNK Y — M OREIGEEREILC X D ERL AN
Yy — po9d ) BRSO AREREECEC 2 & 25
WERBRTIEH SN T b, WY — M DOBIEEE LT
X, AR LD AEEECR Ty bR ERL, B
R b vty e CRBAKRD 5 2REL Ty — 2
B3 % Hik, Descemet JE%ATENMHEI» S PIER L 2%
WY — b B2 BHE 9 5 k29" 5~7), <A
ruar 7 b—LRHHT 5 Lk EEBEA 2 BHE
T2 SEE0(”8), IHIINEPHEL THELEHL
KAZGALEBEABZBET 23000 ERE S
nTns,

Fr )T RFERTS LR, BEENAE BT
BIENICESE. L, BH L7 Descemet EICH%E S ¥ A1
HbH 29 (K3D, 4D). RNFAMTTH ML
LA, FAOMENEE S 58, BHLH
43® Descemet Jiiic %35 HCEC 2835 2 Lic kb,
PRI I 5 R > THREEE, ) 7 —BREREE
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X 2 %% HCEC %R\ /-BEBEABOEBSRET.
A FERBEARONKRZ PV Ry T —Ee 7 VY vy RI2 k) ZEBR O 2T 7., AN LE O

%3 HCEC 2% L C\» 5, Bar=100 um,

B I HBUIR O~ P F Y ) ook Vo, 853 HCEC #&EET 2 2 L, HEORETHIKMEIC
BE LT\ 5 (&HD). Stroma : SZEMH]. Bar=100 gm.

C : B LFEFALOWNEIEIZ B> T fluorescent marker chloromethyl-benzamidodialkylcarbocyanine &%
I CTHOUIERL S M- 553E HCEC WEHEI N 72, BE LM B L -85 HCEC Th 5 Z &

Wb, Bar=100 um,

D :EEEE FHEMEEE, HERTH 5 Descemet I & 553 HCEC B8NS TAEY —AZNA L THEEL

Tw2 (%&H). Bar=0.1um,

E D EEEFEESTTHR. #55 L7cki3E HCEC O NZHNIZIER £ b ABNEGIIE & Rk FHE 72 A Ao

EReERLTw5, Bar=0.1um,

S EDHREE 2D, KON NEBHETDH
5. ZOHFEOF LI, BE&E2Tbiwvwy Ui
i Ths L, MEHAEZEST 2LER NI L
Ths. LrLurs, MldziiENcksEd 2L, M@
B ISARMEE T > S IRFMIcHEE S, AN B
52 Elxmwv, 2T, ¥# HCEC O ARER I 85
S¥ZERAMELT, R 3RED HCEC 8k
EERIEIE, 744X AN ik S
B RRHENICRE® HCEC 2% 5L, Mk v A
RN 2 TN 8555 S ¥ 2 BRI DLW TR Lz, 7
TAF DB ERITLUIEER Y 74 A 1RIHEE OB
MM 2 85 U et L R U €, BB & D I 2 85 &
VBT AR RIS L, MRAEED
SR & e U CEBICET Le, itk 1 E0Bics v

THIRE FF RS T, MEERXERG) I X 2 AT
EY 7T a—y 22 & 2B OIETIEED 2o
Te. YU INERMATIED 5D, S EHHL R WTH
KIS ¥ 2 AEnbhE, MilEOREN®RS I X
BRI S SIREE L WEEZ OGNS,

IV 25— 2 %Fv )7 ELF
¥23#% HCEC ¥ — b O 4

1, OA5—4 > k¥EE HCEC >— OB R

BE RN Bl & B CRIE N & AIRER c g S &
LNERAELE, RAE AW in vivo DERTIIHAEE
BAMEAER @V 72, Lan L, BEIREVIC 2 OREAE: % T
T2IE WL O REN D 5. iz, ABENEHEC
PR EID A D 2 L3 OIRNEE 2 2 3168
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3 REAOHBIBEAEMEE.
P BZHERE & B U 7- KRB A S E o 5535 HCEC 2 #5M L C A2 s L 7., FEAMIE S U ISP B
MRz L ARO S AR 2 RRICHEIT L., PR ARBMER CIIBmEgABEHE SR Tw»
B0(A), —F, NEMEZREAELUARZEEL B CRABEEAGE SN Tu R W B), ikl »
HOMBBFRIBET T, FREEAERER CIXARFEERFE2Z D 3, WEHIIIEEEORE CHEHEICE
EHLTWS(C, DinThbFy) o4y o), —7, SECRNEMRIERED LW(E), EHE
A5 & A T3 Descemet i & ORJIC NS FTRAEY — LMK IR TWS (F, KH)., 799 b~
> N OIRFET, HOGEEMSE T CHZE T 5 L 90OWER S NI BER O NEE SR BEL Tv» 5 (G).

Bar=100 gm

MWid 5. BBIC, WRKENCESE Lk - IR Sl
HERTT IC s L, BagloRiiE 28T 38, ik
IREEA 2RI RS H 5. itk 1 FOBHETIZI I h
5DEFHEIX A SR po T, BEZNESIE 20
DRI R LSRR T E R WELE, BRICY 2 27
DOUREMED D 2RI T 2 RETH S, 7z, AN
AN B 2 i S 8 2 BN H D, RICHREIOR

HIFFR ST 5, BN N —ARsEE
B S CEHWE T VICBEL 2R b 2 23910~
193D3NININ=4059~59)  Z DL ¥ — D AEEE 0
B NS — AN E RN T 2 FR IR D5k
W, 2T, AR REEET, 7, WKEIC
BETROMBNE S T AIHEETIRT 2 72012,

MEFE I MO » 2 NERICBHET 2 M1 E Eh
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4 #Z#E HCEC R IESEE,
A, B AtaRKRAMEIE 1% HCEC 0 2B AERHEE 6 »H (AARREIR), C, D:vA A7y MAlE
FY L HCEC O £EAEBIEE 1 »H (X —F 7 v MR), E, F: Descemet &M, t b2ER 57
# HCEC ORiENEME 1 »H (AOFRRIR), G, H: EEKaakA R MEbiENEEEL 1 £(EaRE
)., WIFhOET VBT Y, BiEkEE HCEC BNEHEICES L, Mo ARBIHESHER S .,
Bar=10 um,

5. ROAT v 7 LT, WAIEFEM L 2 Ofiao
Fr VT ERDIANT AT U EANT, BENEY —
NEERIL, ZORREEEBNT 5L &b, in vivo T
b ARELE AR I < DR 21T o 7242,

2, EEABRNRK S — b OER

1) FEREEEAENE Y — b oS

A=y — b OEMIZHIz > Tid= v CHISERT &
OHFFRICE > THT> T3, 1Has—»yr %27
A VAR, il LRI, SANREE
2T 2 Lick Yy, a7 —7 >y — b BERLIL 725957,
fEL 7z o —% >y — b DE I 10 um T, E&
M D Descemet JRDE S ITEPIL T, EBICHW S
Hilcao—>7 >y — M3V vEEREEEME AR K XD
10 47, @S, EA b v osr R v ORI E
LEREZOEE6MMIZLTWS, 257—47 2 y—
b EIW2 1.0 pg/mm2O#EE T human plasma fibronec-
tin 23— 4 >/ L%z, #AR5RE® HCEC 2%
32, MldOEE 2 EET 2 7- RIS £ 1,000
rpm T 10 3 OmOEZ A TW 5, 0%k, 24 KfEEs
BWRTIWCEET 5 2 LI & b E# HCEC 28y — MR
BEL, BHENEY — M MEEITE 2 (M 5A~C).
FLIey — P OR Y 7HBERZRIET 2 L L b, in
vivo TOME 1T 72,

2) R THEREHIE

TwY T F e YN—DORICHREERNK Y — b Bk
By, Ya— b —Fv NIV INTUFY) Ty —%H0n
T, BAEL ZFNEFBIET O IICAE KRR % Al
E L7 F%7-. Na*, K"-ATPase [HEETH 2 ¥
TNA R0 ImMMOEEICR D XNy 77—
Winz, EAZE, EREROEEHELR. 7TXAV 7
TANY 7 LRI NISEAE b AR E G E e
L, a9—7 >y — BB L ULk,

3) FKRANDOEAE

REN2.0~2.4kg D=2 —Y—F > NAAFRICE
SIRB 21T 5 71, IRMTBHERZ A Y Y 8ElRICTH
#FL, WE N V-7 2IREKEH IR TFME2T-
o, AEER12EAEEID R v b4 7 2HWTH
ARYIE 217w (K5 D), KMV E CRIBWN iz L
7z, AERRERRFICERHA~—F Y IR X D ERE6
mm O~ —F > 7 2T, Rz hif7z 30 75—
Dz X Y AR FTE O Descemet [ % IERE I FZ 12 5]
BL(M5E), RiEAL»SRACHE L (K5F). F
HESE L 72 HCEC ¥ — b % human plasma fibronectin &
Yva—54 7L, HiEN®S, Descemet AR
SNLFEELHPICY - 2EESETEEL (K5
G). ¥Y—NOFBABHELRGEZIT leaRD Y
ar7v—rEHAVE, EEPFOEEE, FIENEZ
[CEML, BERLED, Bibtk, WAL
S5iX10-0 74 v > T2~3 O HEE T L, 2
77— v #53 HCEC ¥ — b 2B4E L 728 % HCEC ##
& L, Descemet iz HigH U7z F 2B BE L Lk,
B API4RE LT,

3. HEEARHNKE S — b OFFHE

1) R > 7 H e

EFERNEOfT Wizt b AEECIRERE 10 438 D BALE
W EREMEIZE + & LT 0.48+0.05 CE¥E +EHERFZ) mV
M=4)ThHYH, THhETOHREIDELIZIZF—HT 2
ThHhot-. FREEAKTIE, BT 0.4520.13(FY
il AR mV (n=4) T, Z OEIZIER AEED 90%
DEDETh-7. BREEAERRRELI-E PAKRESR
WBTZBEMEZ 4R ED 0mV Th-o 7z, HEERIZ
IEHE NART8.70+1.32 CFE + ¥R ) u A (n=
4) T, FEREENE Y — TR 7.1011. 74 CE¥E 1=
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52D fIF 7 30 7 — ¥ DM X D A KL TE O Descemet ik % FITZI1c YRR, F : Yk L 7z Descemet
JE 2 RS G, G NS — b % Descemet EASHIRR & 4172 2R TR I B HH.

Na*, K*-ATPase DHEHRTH 2 v 7 /314 » %0.1
mM/112%% 3 k9 F % > N—NIZhZ % &, BhiFEB
X OEKERIZ0mVY, 0 xA (& T L7, 5% HCEC
O TERL U 7o FREER N R o — b 8 TEH A RS
2R THEEERB L TWS I RS-z, L CENM

7#Z=2N Na*, K*-ATPase DHEFKTH LV 7N > TT
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B: 27— ki HCEC v — b 2B L 7-8E. HCEC BTl i & ik U CAEZE S TIH S h, A

PGB 2 R L T B,
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2) M7 & FF il
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RUHER SN, NFEHEICEBIT % HCEC O x5
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MR ORETE R B T2, T OFMESEIfES 2 7 —7 v v —
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DEEERER P EEM 2 HabE 2 2 Lick Y, BE
B EDIEER T 2 0ESH L, Tz, i
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3, 22T, ABNEUSOMEB SR L 72 HEOR
el 2RI A LR bBET S hTns, v 7 Ak
SRl O ~ v A AN EREANOBHE, 7 v MElEF O
HEEREMI D 7 v PATEANEGIC & 5 AEN L E O
Btz EET S T v 2%, B4R B B R
Rl pS F N R I~ MU S 5 5 Dy, RIS
BORY THEELEERLE LD EREHL S
<, BRSCRIIHERDECHETH S, ABENELS
DA R % T v 2 72 0021, AN RO
~ — 7 =R HMEFER T ORE B L O EERE A D5
BERTRNT§ 2 LB D 5,

FAREN R ORI 2 R U 2Bk b salfTbh
Tw2, SIS BAER A S L7235 T ORI
WET 2L CHileEgsMET 2 2 L, BEEROM
fafAaisIc 2 2 Z L R FICHIRF L HECh 5. Bk
BAEDOWTFE 13 B BEEHIE 2 F W 7 PR A 0 4 B T
WME Y, Zok, i ek, ML 05 TR
WIS Thbhiz, £72, TR, B,
KEE™, WH™, a0, MR bRy, f R s,
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TAHZERSGLS TWA, A7 =7 —EITHBRERE S

HIR&EE 110% 115

LReMERAE BT 2 ke LTASAwshTns
Bk Th 5, TR ITABENEMED S AN EERD
A & Sl L, BEIL <fTbihvTw3 PKP
WHLS THRb D 15 2 Bl & L T OEISHIEHRICE
FLTWS, Lr»LABE—KONE»S/ELNDE 1TRA
727 —13% < TH 500 HEETH Y, K DMHBEH
faERA 7 = 7 —2{E8 T 2 eI 3RO L 25, F
F—ARENMEE 2, £ 2T, B2 GHEBEHEEZK
RICERT 27201, HEMErSAT7 27 — 2K S
B2 HERRA, ZTOFFEE, RT-polymerase chain
reaction R RBERETIIABEANE» S/ SN L 1T XRA
T7x7—tRBEHCEC OB OoNDE AT 27 —IZED
B E DPHER S LA KRR T, K5 HCEC »
o FERAIC BRI U 7 ARG 2 A1 U 7 F RN RS
WDOWTHHNT 5.

2. 3E3E HCEC » b OERHEEE AR D EREY

B5#% HCEC % & OB E M ORI IZ A 7 =7 —
e HwTw s, #5AH O HCEC 2 X 7 v v
7 —2 1.5% (Wako) % & A 72 5855 1 ¢, 1 cells/ul
DEETaA—T 4 > 7% LT\ 60 mm B2 %
WT37C, 5% CO,DMMRETREELXT 2 &, 7
HTEZEO um U EDOR 7 27— X % {I B
EEasnsd(E9A)., Zis Mg bromodeoxyur-
idine DEXL Y AAB DA T, F-tEEfild~—2—7T
% % nestin B & U'FHEER v — & —vimentin ZFH L ¢
VW 58080 & 7 P ERE X ¥ IS @ -smooth mu-
scle actin, nestin, microtubule-associated protein 2,
neurone specific enolase 7% £ D~ — 4 — 2 FEIH 3 58989,
A7 =7 —HkD HCEC 2 & ) FIREEE U 72 AN 2 &
— MIIEF AN BRI L 72N Ao RE +
A~L(XIB), %7 Na+, K*-ATPase IZ{KFEED K >
THRERHEEB L TWBE I EBIHE R T WS,

3. KEMABEETNVICHT 2ARRT = 7—0F/]

BAES

RANREEABFEE TV EIERT 2701, 7744
W& D AN E B S 7, 15E HCEC » 615
5z A 727 —(HCEC A 7 =7 —)% DIl #¥#%
WZEOAERFL, FIENIC2D 7—Y0st2HWTIEAL
Joo A7 27 —OXMEE LT 1.0x 1078 D55 # HCEC
22217 =Y O EHCTHIENICEALL, V¥ ¥z
RDED W AR T, BT IR (P B P R R s
%, MaEEe), HCEC B (BN K REER, HCEC =
HIEEAL, 24 KD D3® 12 L7z#E), Sphere-face-
up (A K EEL, HCECA 727 —%Hi BRI
AL, A% BHIWZ L 728, Sphere-face-down ff
(AN RS, HCEC A 7 =7 —%ZEAL, 24 K
IDBHICLTRE)., BHEH6PI6IRTDH 5.

4. ARR7 = 7—iEEOMET

Rt i, HCEC B, ¥ X Of Sphere-face-up #: T
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MRS MREDEFE HCEC £V =2 —0 A 7 = 7 —3RIZ & 0 AN AMEIE 2 @RI L (A), N
FEEDD Z2FRRICBME L, BEMIEEIVEoNI A7 27 — 2N ECTHEET 2 &, ARNEES
DIERAEOEEERZRL TWw (B), ¥3 HCEC HRDOMMBEMIE £ 72 13573 HCEC 2R D 4 F w41
T, FAMEEN MG 2 R U 7o ROBICHEAE U 72, B HREE (BN e [, G PERE, n=6), HCECHt
(PN R EEE, 5% HCEC 2HIENICEAL, 24 KRS D281 L#, n=6), Sphere-face-up #
(AN EEER, HCEC A 7 = 7 —2RENICEAL, HAii2HHICL2E, n=6), Sphere-face-down
FE(ABRAREER, HCEC A7 = 7 —%HIBENICHEAL, 24 K5 D581 L7z#E, n=6). C: Sphere-
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