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To realize regenerative medicine, it is very important to eliminate the transformed stem cells selectively included in
iPS cells, ES cells and adult stem cells derived from organs, because the transformed stem cells have a risk of tumorigen-
esis after the cell transplantation. Ueoka et al., have developed hybrid liposomes (HL) which selectively accumulated to
membranes of tumor cells and have high inhibitory effects on the growth of tumor cells along with the induction of apop-
tosis. Therefore, we have investigated the application of HL23 (DMPC/10 mol% C;, (EO) »3) to the selective elimination
of transformed stem cells using hepatoblast, which we could induce from human fetal hepatocytes by the treatment of 1
mM sodium butyrate for 8 days. During the induction process, the transformed cells appeared and produced abnormal
prothrombin (PIVKA-II), which is a clinical marker for hepatoma, and also formed colonies in soft agar plate, which is
a criteria for neoplastic cell transformation. On the other hand, by the treatment with 0.33 mM HL23 for 96 h during the
induction process, PIVKA-II production rate of the cells and colonies formed in the soft agar plate also remarkably
decreased less than those of the normal cells. Furthermore, the population of hepatoblasts in the remaining cells in-
creased about four times. These results suggest that the transformed hepatic stem cells could be selectively eliminated by
the treatment of HL23, and HL treatment of the stem cells would be a useful culture method for quality control of the
stem cells to reduce a risk of tumorigenesis after the cell transplantation.
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HICENZEREMTH S, 109 HL X, $hizH
WherehilBRicky, BHEETH S ZENHS M,
LB TNWS, £z, WEBEERORT v Fv
Jy—&LTHWwWSN, MESERIFESNTY
5.9 —F%  HL B&A in vitro O in vivo IZH N
THERED AR L CHEII RIS R 2 R L, TR
FN—RZFETHIEEZHASNITL TS, 519
I 5T, EMmMEREROERE, B 2ONEE
DEFITH T DHMRRBRICBNT, GVEEERD
B U >N JE 5 OB E RN RAE SN TN
5.0 ZOXS7 HL OR#EO 1 DIF, EHFHMEE
MAKIIEDRIREMEDENZEEE L, NAMiaZT
WRIRNICERRT 2 2 &Ik > T, AN Y R
= AZFHETHIETHB. 2

T I T, AFETIE, BMillOREREEREMND
MeNT 2 BHEEZ, 2@ HL OIEHE RN &2 AR
EVGEIRMEICER L, b MEEIFE 5 5250
EAET DBICHE T 2 EiRMEZE, HL 2 A
WTRIRINICBRET 2 2 L 2ilA . ZOBE iR
ML OREFEEMEICDONWTE, HEE~Y—h1—Tdh3
PIVKA-II FEHi, 7% A E £ F c-fos mRNA @ %
B2 2LT, HEEEEERROBES L T—HKiY
KHWLNSMER IO —FRED ZHNWT, in
vitro TDRHMEi %217 7=.

£ B A5 &

1. B8 @ LoPIUARMMILITIARATrFV
Jbay > (DMPC) ikt (HAMME) 220
FEFALEZ RUAFIFL > 23) RFIIL
IT—F5) (C;p(EO)y) 1EiHRS (Sigma) %, El-
worthy & D HIEICENVER L b DZ[MH L. 2

2. fARE  IEWBREMMIIE S LT He fifle (DS
Ty —=INAFT AT HIVELOEAN) %, FF23AHM
fa& U C HuH7 fifd GEIANA YUY — X225 —
KOBA) ZfHHALZ. £/, Hc#ifgicid CS-C
Complete Medium %, HuH7 #ll i1 |3 DMEM 5%
AL, 37°C, 5%CO, DM FTH#EE{TS -

3. NMTYy RYRY—LOFAE  HLIZ 90
mol% ® 1) > gE (DMPC) & 10mol% ® PEG %
SLHEVEMER] (C(EO)y) & 5% 7 RUBEEIRHIC
IBREE, 45°C, BHRFEK N THRERBN TS L
XD 7=, FLE0.20um 7 1 JLY — T A
EHLUMBIEKRE L=, Z® DMPC/10mol % C,

(EO)p (LR, HL23 &9°%) %, 0.33mMIZ725
KO ITIRMUER U 7.

4. FFFMPPOFEEHE  HceMMEiE, 35mm
dish 12 5X 104 cells/dish 2725 X DML 7=, BEEE
FhrUTL (SB) WEAEITSHEE, #HE2 HH
M5 1mMSB B EHMTREEL, WHRFRHIZS H
& U7z, HL23 U 217 5 HE1E, M) &%
ICASHEER 6 HEN S, 0.33mMm HL23 &4 KT
B#ELE, Zolx, SBAMEFREICIT-S 2.
HL23 & A B3 24 BERE 023 L, HL23 QLEE
FFfE NS 96 Refi & U 7=,

5. PIVKA-II RIEx B @ PIVKA-II 2
VL, EERAICHIK SN TWS ELISA #lEF v b
(TA 5 A b PIVKA-II, =J¢4lis) 2 HL TH
ELU. M, PUNCTI—IT & B EHET R
TR L, MifEE4 72 0 @ PIVKA-IL 536K & 2
sk, PIVKA-II PE G & U TR L 7z

6. In situ hybridization % [C & % c-fos mRNA
DRI {E1Ek In situ hybridization i T i i 9 % #f
1%, 4 well Lab-Tek Chamber I 2.5 X 104 cells /
well IZ/RB XD LE. Ju—7&LTE 7>
FtoA70—-7 (AXENAAH) #HHL .
07 O—TI3HEMN & T % c-fos mRNA & AH
I A 2 L THB O, c-fos mRNA T BYIZ )N
ATVYARXT5., 7a—T70EH#HiEELT, TE
D-EFFUREMAL, EXF T O—-T &
Alexa-633 EEF#H A ML TR TED > EHW, cfos
mRNA ZRBHEETHRIBTESLOIC L. BE
1, HESL —Y —FEMEE (TCS-SP, Leica) %
WTITo 7.

7. REXOOD=-—Fm%  35mmdish T 0.5
%7 N O—ZAEHEREMZ AN TELS B2,
0.33% 7 77 1 — A & FE R B Ml C il i ik v e 2 7
L, Bt BB REMO LICER L. 0%,
37°C D CO, o > F a2 R—F—NTHEL, FHEE,
9 HHICHEREMPICEKSN/zan=—%2 271
ZZ)INA F Ly b THRER, BEMBEERICK DG
¥LUT, an=-—ElEkeEHLE.

8. 7n—HA b+ A% —ZRAOCIFHMIECR
E  SBAUFELZHcfifigz hy 7> ickn#
BEL 721%, MIRAEEZ1T- 72 FFEME, FFRE
iR & RHAE BRI e B0, HFFEEMIED
R—=N—(TINVTI) &, HE RO~ —T—
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(A ST IF 219 OmMAFZERHED I ENASNT
W%, 207D, W~ —77—x L TEERE H
ReaZzfT, 70— A b A—-%F— (FCM) IZ&X
ST~ —N—GEEOMBOE&NEZ{T>7. Il
RO #EEEERH > T3 FCM T T & 2 ik &
(488 nm) 2 HHH T FITC (HHEHE 1 505-545
nm) & PE (Jd : 560-590 nm) 7% fWy/=.

9. TUNEL assay  HL23 QLH T & % #Hl i1 3
(7R b= R) OENTIZIZ, In Situ Cell Death De-
tection Kit (Roche Diagnostics) % fi\y7/= TUNEL
assay |2 TRt L7z, Mlifd % Uncoated glass bottom
dish (Mat Tek) IZ#ifEL, 37°C D CO, 1 > F 2
N—%F —NTEEBREMHFITHENREEL 2. HL23 4L
B A8 IE[EI PR, 10% HhPERRM AL~ U 2k (It
#idE) THIM Z E @ L 7z. Terminal deoxytrans-
ferase, Fluorescein-dUTP {E &k % 37°C T 60 734l
RivESH, RazE{ro/z. B3, HRELL—F—
PHMBEE AW TITo 72,

fER&EER

1. FHFMIEOMEGRIRICGX 28T M) T LA
BEDVE INETOWZET, b MARIHHMR
Tdh5 HefifdzB&EE - N U L (SB) THLHS
LT, BEKRGEWICHFMENFLEINS I &
MEASMNERSTNS, ZOR, BKRTHEHAINT
W5 i~ — 51— PIVKA-II assay & fH\W T, f#
2 @D SB R TR U 7= fiF 25 M Bl o 712 B s 46 O G Aff
1o/, £, Wi/ ATdh% HuH2 O PIV-
KA-II pEHE AL, £ 2100 mAU/106 cells/d?) T&H
HZEMHEINTNWS, Table 1 IZRLELD
12, A A TH % HuH2 ICEER % &, PIVKA-
I PEHEEIXHITENS DD, SB O EE K
FRCEEM U 7=, SB #EMLE @ Control MAEZIZ L,
1 mM SB LS 12 B W\ T H PIVKA-IIL JE H 5 i
WL, 2.5mM SB UL L TCHLEEY % &, iR
MEBCHEIND ZENRBEINE. —RWIC
SBIX, EX K7 FILLEEE (HDAC) OH
EHELTHOENTHED, O yaoxF o7 T
tZ@BLUT, p2l FDEEZEMHELL, A AMA
LOnbFEEERET DI ENHETIN T
%2620 He fifdic BV TH, SB AL XL 5D HDAC
DHEFIC L > TEHERTEORHMEE SN, HF
Mg EINzb0EEZINS. —FH, i

Table 1. Effect of SB Concentrations on PIVKA-II Produc-
tion of the Transformed Hepatoblasts

PIVKA-II production [mAU/10¢ cells/d]

Control 2.6(+0.8) n=4
1 mMm SB 7.5(+5.0) n=4
2.5mm SB 31.4(+11.2)* n=4
5mm SB 45.6(+£3.6)* n=3

* p<0.05 using the Student’s /-test.

Mgz L CiX, SBAY, DNABEBMRTTHS c-fos
DEFEREEL, BEHEROPEIIEGTSILD
WEINTWVWS. 22T, KIZ, AHED c-fos
DFEBITH A% SB DEBIIDWTRNZITO /2

2. In situ hybridization (C & % c-fos mRNA D
]84k Figure 1 12, SB{LEE}EFE % 0mM (Con-
trol), 1 mM, 2.5 mM, 5 mM DT, HBE%K2H
H2n5 8 HEHXT®? 6 HFH SB AU 217\ c-fos
mRNA 2%t % in situ hybridization %17 - /= & R
R UK. REEIED c-fos mRNA ZFHH L T
Lz R, FRFICRY T 7a>bo—)b&l
T, HuH7 OB HERBR L. cfosid, A
MR THREL TS Z ENMEIN TSN AER
T, IEWHM#ETo®mMEFT/2 0. Figure 112K
L7=&512, Control 27X 1 mM SB D4 Tl ¢
Jos mRNA OFIIA S NIRMN> h, SB ULH R
FEARGERICHERBEEIZEML, 25mmiZBNT, —
oM THREFEIENA SN, 51T, 5mMmSB
FRZ 6 HIETT> 72 He Ml T, BARRZR AR AL
MBHELN, INH5DT ENG, PIVKA-IL & [k
IZ, SBULHEREKEFEMNIC, NABMLT c-fos DI
BERBhEIND Z EAURBINT.

3. HL23 fLIE (T & 3 PIVKA-II EEHEEDZ(L

INETOWKT, SBUMBEKFNIC, FHF
MR OEEEE DIHI NS Z ENREINTHBO,
WM RS> T EEHFMEZFETEZORFEL
T, 1mM SBYLFE 8 HREINTARWHEINTWS. 9 %
T, HEERH O ERPERICH 3% HL ©
MR EREFTH20I1Z, ZUDIT, 1mM SB ULH
MR T, 0.33mM HL23 QLB 2 96 KEfEIfT - 72 3
B D PIVKA-II B & 2 ket U7z, Figure 2 125
RERLAZELDIIZ, ImMSBULEZ{TS 2 &ICX
> T, PIVKA-II EH 3 E A Control 12 LI L
7=. —F, ZRNUCTHL23UEZITH 2 &1L T,
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A Control

B 1mMSB

C 2.5mM SB D 5mMSB

Objective X20

Fig. 1. Effect of SB Concentrations on c-fos mRNA Expression of the Transformed Hepatoblasts
Upper photographs indicate fluorescence images stained with in sifu hybridization of c-fos mRNA. Lower photographs indicate phase contrast images. SB

treatment: 6 days, Alexa-633 concentration: 0.8 ug/ml, Red: c-fos mRNA.
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Fig. 2. Effect of HL23 Treatment on PIVKA-II Production
of the Transformed Hepatoblasts
Error bars indicate+S.D. *p<{0.05 using the Student’s #-test.

PIVKA-II % Hi 3 13 Control ®#) 1/2 2 £ TIX
Tl (n=4). LEOHENS, HL23 QLEIZX
> T, WHIREMEAERMICEHRES N, PIVKA-
I PEHGEEE DMK U 7= aTREME AR S 7z,

4. REX 0= —FREIC L DHEERBRMIRD
[EEE MM HL23 LEBZHE ki, HL23 4L
HIZ X3 EiREMm O E R PRz, #ERan
ZBREIC K o TRl L7z, SRER 0= —RK
B, AR DS IR T 2 FIR U 72 g I
O—BRFEMED 1 DThH 5. EEEMH%E PIV-
KA-ITJIEERU 8 Hi¥ SBALEICZ A 2, gz
7> 7=. Figure 3 IZ, Control (A), Control + 0.33
mM HL23 #L# (B), 1 mM SB{LEE (C), 1mM SB
+0.33mM HL23 QL (D) Zfr-o/za0=—0D%E
HuEnxUJ/. 7=, Fig. 41213, zoao0=-—3%
M zERLZ (n=2-4). 1mM SBAULEIZX>TO

O = —%A%, Control Oy 4 fFICHEMTSHEED
2, HIECREARa0 - —ERINE. —K,
HL23 L 2175 Z &Ik > T, a0=—EIIKIE
WAL TSBAULE DK 1/35 &7so7=. 51T,
SB EMLE D Control LD H{WLWI O Z—$ &>
7z. Z T, HL23 I X 25 FMas 02t %,
Fig. 51Z/;R L7z, 1 mM SBLEEGM:TIE, MifdD
BE R FE DS X B 7=, Control (TN, ik
WA L7z, 512, SBALEE & HI2 HL23 L
% 96 FEITT - 7235513, SBALEEAIE 0K 1/2 12
BT Uz, DLEORERDN S, BEEEZA L
EE R ALY, HL23 QLI K > TERITHERR
XN EN, PIVKA-II BEH 3 OHIE 721 T
<, MERIOZ—FRILICEL > THRBI N,
K7z, T8I, ZOERPEREBIC DO W TR
572812, HL23 JLHE U 7= #ifeicxf L, TUNEL 3¢
TEfTo /-, T OREE, 48 FFRELE T TUNEL B
PEHIENEE SN, 7R M= ZAOFEENHERI N
7= (Fig. 6). T T, BT HL23 WEIZ X B0
AR D BEFEIIHENIC BN T, 7R b= AFEEA
HINTHBD,9 [AHEOEBICLL2DDTHS I &
DRBEIN5.

5. HL23 L (C & 2 BRAFMA O SFinsh)
s Figure 5 Tsr U /= HL23 JLHRIZ & 2 R EHH a
DOL, HEFEMBOEI G ZHET 501, 70—
HA NA—F =X D@ ZET> /. Figure 712%
DRERKOELZDEEOFFEMBEREZRL /2.
Control THJ 2% O ZFEMIIE A HERE S N /=AY [Fig. 7
(A)], 1mM SB T 8 HIEJMLETIX, HFHAY 12
% EFTHAKLM [Fig. 7(B)]. F/-FKIZ, HL23
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Control Control

+0.33mM HL23

+0.33mM HL23

Objective X 4

Fig. 3. Effect of HL23 Treatment on the Colonies Formed in Soft Agar Plate

Scale bar: 100 um. Cells were stained crystal violet.

200 Cell density : 2 X 10*cells/35mm dish ——%——
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E] 169
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% 39

° 12 5
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S [ | .

Control 1mM SB+

Control +0.33mM HL23 1mM SB 0.33mM HL23
(n=4) (n=2) (n=4) (n=4)

Fig. 4. Effect of HL23 Treatment on the Number of Colonies
Error bars indicate+S.D. *p<{0.01 using the Student’s #-test.
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=
S 5 I
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£
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=
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=
= 2.0
£2
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=1 [0.9
P
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0 Control Control+ 1mM SB+
(n=d) 0.33mM HL23 1'(‘:1“;1 45)‘3 0.33mM HL23
(n=2) (n=4)

Fig. 5. Effect of HL23 Treatment on the Total Cell Numbers
Error bars indicate+S.D.

WG D Z LK T, MHEFMAREDN 47% ITHK
L7z [Fig. 7(C)]. 512, 2.5mM SB YL¥ T,

49% O FEME RS S 31 [Fig. 7(D)], 2.5mM
SB+HL23 LT 2 Z &C, 90% DIF MR N

A B
Control 1mM SB+0.33mM HL23

Objective X20

Fig. 6. Apoptosis Induction of the Transformed Hepatob-
lasts after the Treatment with HL23 for 48 h

Upper photographs indicate fluorescence images stained with TUNEL
assay. Lower photographs indicate phase contrast images.

507z [Fig. 7(B)]. 25 0fEHRIZ, SBUET
%52 ETHIFEMBEENEMT 200, TITimA T
HL23 L4 % Z & T, 512, MFEEMEERNM
THZEERBLTWS, Figure S TRLULELDIT,
HL23 LI &> Tl B 2RI 950, 20
e, THF 250 o JFF 2 4 i LASE e 23 R] U &l T
YELOTIRRL, ML O/t X DR
BN L2 2 & T, e mEL 2D &
EZoNnb.

AEETIZ, EE3Smm OEET v 1%e
D 1X10° cells D% T & - ik V2 iE 2 £ f6
LTWa 7w, WfEROHFMEEE, H2%0 2
X10%cells EAfEH NS, £IN5, 8HRED 1
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A B C
Control 1mM SB 1mM SB+0.33mM HL23
5 ‘ 2%° S ' 12%°2 g i 47%:e
g 3 E
£ = 2] = T
2| iR _ i 1 -
1T T £
g o 58
"] s .
'{ LALL LELALLLLL I LR LL L I i'a'é"a '.‘ T T T T T T T T T T T T T “ TTT T T T rron
’ FITC CK19 > < FITC CK19 1688 A FITC CK19 1668
Cytokeratin19 D E
) 25mM SB 2.5mM SB+0.33mM HL23
g ! 49% 2| g 1 90%¢2
.j i f‘
i | f E
: 4; i 3 1
! FITC CK19 B A FITC(.KIS " 16

Fig. 7.

mM SBLEE &, =D HIEN T O 96 e HL23 AL
k> T, FFEFEMAELAY 0.9X105 cells £ T, %45
BICHIEL 7= 2 &i2/e 5. F2FERC, FFEEMR R
HH 4150 LT BEERNE SN

UEoZ &hs, o —iETd 2 i
DOFERERIFC, IO —JBREEZ o 2 B Eixik
MR HIE L TL %A%, 0.33mM @ HL23 QL %
96 KiffT5 2 & T, EICHEMALLAI O I B fir
MR RIRICRE SN D Z &R I Nz,
BLE, iPS Mg, ESMifE, MRS &
e ik 25 FH S D e A 2 P s 72 AR R 0 BRI ALY
T, < OMENTONTWS, Z2eMkOREIZH
FEMES, iPSHIA0EARTOBmE, N
Y —DRBERE, HARRANBRINTND, A
7, TOHT, 5 OMEO BRI TOR &SP
I UG 2 I EREMIn 2, HL23 28k
WINd 22 EI2E-> T, BRNADREMAYICRET
ZLHHEEMEZRLZHDOTH D, SHHIIEO HE R
iE, ZAEMWROHFEDO 1 DELT, ZOFAINK
WIZHIFE S NSBHDTH 5.

&
AT, HEfMeo—/ETdh 5Nz,

i

FCM Analysis of Hepatoblasts by the Treatment of SB+ HL23

t MRIBIFHIIED 55589 5 BRICHITT 2 BB inil
MilgIcEHL, N7 U vy RUKRY—L4 (HL23)
EHWT, ZoMiaomns, ez 2R
FINCRRET 2 Z & 2idABrlz. TOREE, IFTOXD
A SIBTRAYC ST aWsal

(1) b MREFMBEORES N DA (SB) AL
HIZ X - T, HFepfifao —Td 52125
B9 LERICHET 2 E R, HER~ —
N—T&dH% PIVKA-Nl 2EHTHEEHIT, N
NBZFD 1 DTHS c-fos mRNA ZFEH L,
5T, BEFEECHETHLIHMERFTIO
Z—ERT AMEEAEL TNWS ZEAURINL.
(2) ZOMFFEMEOFEERIZ, 0.33mM O HL23
Z 96 e 4 % Z &1 & o> T, PIVKA-I ¥
HEENEAD TS EEHIC, J0—BRED K
BIZEAD L7z, EE50RERBEORES, SB
HMEO > bOo—)LifE D HEWESRD,
HL23 |2 & 3 W E i in O Z IRBR E 7S N
Tl ENRRENT.

(3) HL23 LT X > THIRE WA L2, &
DEAMIE O Mt EZ 70 —H 1 h A—
H =X T LzEZ A, HL23 B LD
HAF M RDS, K4 bELEZZEnS,
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HL23 LI X o THEbR S /= /fad, 2RI
PN OHITH D Z ENREI N,

HEx

AWFFED —HIE, CRHE R AT IR M)

S AT (C) (19560782) D) &2\ Tirbh
F L7z, £FERMET, A% EMPFFEEOEKIEEE
HELERRICB MR D F L.

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)
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