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EBDIFRME SinsFEFBIERN

EMKEREIEICES TS pl6 FISH -

REZRAEHEE KU

AT OEAHR LD S

(=L EH/]

EPEMg R B lE (malignant pleural mesothelioma,
MPM) (3 SR EEIEES T b 5 A, BEMIKo I IZ R Jm 4
% FLGIERFE TORRMI M A[RE T & - 7G4 SR Y]
BRICK D, EITHICHKR U CRIFE PRI ONS
OTHY, REZMOREMLII LTS, LiL,
R Bk T o EZ M. BOSPE H BE# JE ik
(reactive mesothelial hyperplasia, RMH) & O#E5IZE
WTHWERE G035 0, e OBTEd 5 0 3R
AR AN~ — A —oMlAGbENFHSIh TV 5
D, LR REORBEIZ O FE LI - T b,

AAE, VRN b KR O R IR - RE T H B
cyclin-dependent kinase inhibitor 2A (CDKN2A, p16)
ALYk op21 SISO R EHEATERK (homozygous
deletion, =EKI:) @ FISH (Fluorescence In Situ
memmm)&K;5@MﬁkmM&RMH®%%
KHMATH O, BN EN TS -9, KEX
KD iﬁ/bﬁ7m® RAENEETH %5,
71y b A TSR B T2 TH 5, F 7oHIEREEA
TO FISH Tl FEREKE LS IIANT o AR
2% (heterozygous deletion, N7 T/R2) HFE 4 DE|
ATBES N, TOFIPERICBHLTERLTL
D REIE . MPM DA T B RKKRDIFEEZRI
BRTRBAHTH 5,

ARETIE. RMH MHARASA %2 F 72 p16 FISH T
031‘%9(9&1’04:0’\7‘139(950)7'7 v M 7 IEDFEE
IO, PRIEBWICE T 2 R ERREANT BRE
@&%@ﬁﬁﬁ&%@ea IOWTHRGET L7, PR
TTFREDOHBIBA L TOMET 2 A 72,

[## & AiE])
AWFETIE. 91D MPM B X 476D RMH %

B I D AR [EZ2 . BE —i1 D

A B R SE PR A B SRR 1 A B R S e L 2

MHRE U, THMENTIE MPM 916H, TEH ] fE
TdH - 71225H1IT D0 THEAT L 72,
pI6FISHIZIZ A=< ) VEE ST T 4 Ay A
& Histology FISH Accessory Kit (DAKO, Carpinteria,
CA, USA) % 7 910 SERTIT I3 BOEEAMEE (Axio
Imager Z1; Carl Zeiss Microimaging, Jena, Germany)
& Isis f#MTY A7 L (Metasystems, Altlussheim,
Germany) %MW, IEH Y VRERENFERED » b o —
Ve Ulco NTrRERT I DOBENTRD Y 7 F )L
2. RO 7 FINVIEELBE G, H50EHKRD Y
TFIDED Y T FIVBDN3 B 0 S D EFE
£, FERKIB I EOEN TR 2MHDOAD Y 7
WG =V THROY T FIVN2DELRIBELEL D
EREFE U7, RIS 3AEA T B % AR 10041
PILBIEE L, &y 7Py — v ollgEET Ui,
pl6 BILTRROFHMGE LT, pl6 FISH &3k
real-time PCR % W7o fn 7R & O 617 -
729, pl6 8 11(%@%@%5 IHH U7 genome DNA
ZHW. RSP6 BInT%2Y) 7 7Ly RELTHNR
ZRIM U/, =8.02KREML L. >0.505<0.8%N
TRRFNY = 05 ERERRNY =V ERE
Fl7, THIT pl6 NT O /RKDBILTHERERIGIC
BIL T, BRAEE IO A FILD I FEMEE S 2
A FOVALEERT PCR 1T & B MG 24T - 721210,

[#ER]

RMH 471D p16 FISH Tld. RERKIF2.9E1.7%,
ANT BRKIF26.36.7% 1EH/ Y — 1370.8+7.1%
ofificA s (K1 a)e RMHIEFIOKSFICHE
S& pI6 FISH ® 7 v N4 7fili% mean+3SD THH
L. RERKRDH v M4 TAE>10%. NT o /RE
DAy M TliE>ATRITHERE Lic, ZDEIZHD
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WTHEEIT- 72 &2 A, MPM 9161 & =R KB
PEFZ8LH (89%) Ty T o KRB PEF] 13184
(20%) THo-7 (K1 blo NToRKBEGIZ4
Bk EREBETH b, RMH Bl EH+ EREE
HTH -7,

a. b.
100 9 D Homozygous deletion 100 9 mesn
wene cUOAT
[C] Heterozygous delstion
W NMormal pattern E :
707%
80 07471 g o 8 i
o
g ° ]
°
° ]
3 J 0
b 60 60 B 575
3 4
- -] 47.0
s
5 o .
A B
= 40 26.316.7 40 A 8 8
_8 235 I
20 - 20
il
28%17 .
i g
" g
RMH (r=47) MPM (n=91)

1. RMH Tl&, RERKIEFH2.9%. 7 NORKIZTF26.3%
DHMBICED LN, CNEEICH Y b+ TE%E mean+3SD
TEHL, RERKDH Y FFTEZE10%. TAORKD
Ny FATEZELT% E LTz, MPM TIE, 81/9161 (89%)
NRERKEME. 18/916] (20%) NFANORKBGHT.
FAORKISHEG I LBRERKEETDH > 7=, RMH
IF2BIRERKEMETDH > 1,

ANTFEREDFKIIHEY EZ 2 oh b, KN
ZWIKIZET B pl6 FISH DMt 21T - 7854, RMH
2B AT B REDEIG S ik LT,
filfgiacz R oh (K2). THIEARIER
NG — B RTREAEA MY O\ IC X - THRE
DY T FINVE1DR-TCHD EHEESI NS,

60 | AFORSHERE
L mme | e
g
= 40 o 263416,
S o //
(-]
5
=]
2 20 4 °
84+ 71
R o R R

X 2. MPM /KRR RIE & BRBIRIKICE TR T ADEESHR
RDEIEDE CLEK10L YTKRE)

F 7o, pl6 DRIDOFHHIIHE A THIpB0 Fo—
T D AN=HIBIT X - TEAEREKOHIEANT O
RIROIREE U THEI NS [ fetENd 5, /13—
MK DI B 2 FER O o —7 (190kbs 110kb) %
ANT, HRRAEETH - 72 THEHID MPM 1221 T
WG %217 - 720 A1/ —SIR D probe %
7288 RERROFEAEIZ1T.8% > 5 31.8% 15N
Uy ANT BREDFHEEIZ59.1% 0 544.5% ~NME T L
7z (K3)s

71N =K DF U probe TOFMREFIZE T b
REREDGHETH OB S, ZDEE NI VAE
Bl (RERE<30%) MA4FIED SNz, D 44
BARERELD EATORERDE GO HE
SR D p16 RKMBANT a/RETH % nJGEENE 2
LT,

(%) () 190 kb probe

100 4 @ 110 kb probe

= mean

80 4

60 4

40 4

20 4

Homozygous Heterozygous
deletion deletion

3. B3 2O 0—TJIC KB HEE&RES

Normal pattern

Z D 4 HIZx%} U real-time PCR 1T & 5 WERR A JifT L
720 4 B 2 $iiF real-time PCR THR BRI/ Y — o
(p16/RSP6=0.47 £ £ 1*0.08) T, EEIZIIHREX
Ko EEEZ Sht, UL, D 2681
real-time PCR T&N\T 0/RK/XY — > (pl6/RSP6=
058 BXT0.74) 2R L7, ZD 24T L MSP %
HifT Ui, A FIMBIERRD M -7 (K 4),

FBEF AR 25F D MPM IR LT, &fFR
(overall survival, OS) & pI6 FISH O AHBY & #5d U 72,
R ERKEETED MPM (3K RIS TED Rz iE I
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p16 FISH real-time PCR b

Two allele deletion 150bp->]
Heterozygous pattern: 2 cases
deletion dominant : |

U primer M primer

4 cases One allele deletion

: U unmethyiated
pattern: 2 cases M. methylated

4. real-time PCR TFANOEAMRK/INY — 2V &ERT MPM
IZ&1F 3 MSP

BRLUTARBICRIFR PHRERL (K5 A), wE
REGHFHDO T T, REREDOEEGMI%L &2
MR TR TERANDORELRD LN -7 (K5 B,
UL URERREGIETH 03036 R ERRDOEEGN
P15 (<30%). NT aREDEE B OHITP
PFBEMI N R L (5F— 7 IERR).

A B.

% %
100 100

80 P=0.0026 80 §- P=0.72

B0 *** homo negative (n=4} 80 **** hamo 290% (n=5)

= homo postlive (n=21) — homo 10-89% (n=16}

40 40

20 20

0 o4 2

0 20 40 60 (month) i} 20 40 60 (month)

5. pl6 FISH D#ERIZET < MPM DFi&RiT

(€3-)

Tx OB UIBIR Y T, ARG 2 o 7o —
7 % 72 FISH. real-time PCR, MSP %M T pl6
FISH I8} 5 RERERB LUONT O RKDEHEK
LR AIOHETH b0 pl6 FISH [ZBIETE A v b
A IEFET S ET, RMH & MPM D #5128
AREE I B EERBMTY — IV TH O, pl6 FERK
Ratk D RBIIBIFE P E TS 2 K1 & 72 5 n]hE
b 5, REREEE MPM O TH, KREX
ROENEMENEE. HIZANT o REDE G D
A>T 5d, BEIPEBEVLEDOD I D XS SHAEH
R EREBEFIRETIRISVIZ LA, FEREBGE
BloHhTd PRAIOEINA SN, pl6 FISH I
BOTREAERKDA T, NTFaREDEEG
bRl T2 2 EMEF LWL EEZZ 6N B,

INE TOMEI TS pl6 DRERKDOFHMIE MPM
& RMH OEERIZKICAHTH 5 2 i3l In T
WBMN, ZOBERIIE L TH Y RIS R
WCHPEBROREDSND 91210 SRS AL D
20% IR ERRBA SN D EE5EBEET 2HE b
b BN, ZOREHFEOFMITHTLI N TR,

AEET T3, IEFHAETO pl6 FISH OfERIcHE S
XU EWI ABMNET —F 777 bOAREM #
LD ZTHy M4 7% mean +3SD THE L
fedsy AIEERE U7 >10% &0 9 $ilid Chung 5 53
D HETRELLBMER U TH -7 Wu
SIIRHETE IR K D pl6 FISH OBUHIZH S E A v
N4 7% 14.4% (mean+4SD) E3FELTWV5, FISH
OFHMBREGEET 2 &, ik Ew S Eo
FERICHES Ay P THOREVNEEEEZEZ 5N
5o

Chen *® Ivanov © D& Tld. MPM Mlflgkkic B
T pl6 28T 9p21 HIHDREHFPAP KK Ny —
BEZETH A, KMFITid. FISHITHWS 7
0—7OHN—HIFIC X D ARKERRD ST —
Th5IFTOMBMNIERRINA TV VA E—V 3
VIRIBIZEK » TANT B RRICAZ T 5 gtk 2%
Z WN—H ORI Z 2T o—T = AT pl6
FISH O H % i Ui, #/N—f ok T o —7
& > THRERROEEGHEMU, NTaREDE
B UTERNIZE L Tid. RO MIEL W
bDOEEZONT, UL, 4ABIEDEFITIEIH S
MAN—FEOENT o —T T, KEREDHE
PMEL . AT B REDEIEDE O F £ DREH]Z D
7o TS DIEFIDYFHL real-time PCR TANT 0K
FoXy — 0 ThHDBI EMMERI NI, RERRD v
M T EBZTHETH > Th, EEND I
413 real-time PCR & 1 DDA 82 Wil — Vi
0¥ BEEEZOND, Fujii 513 MPM DT1.7%I
P16 DA FILERD I ERE LT B, DF
A EMF I AN THERIELY, T’x oRFETHEA
T BRRIMEALTE MPM 1ZiE A FILBIEFED 5D -
720 21T % pl6 FISH, real-time PCR & 12
ANTORKNRY — RS MPM B L TIE, pl6
RIFEVUNOEBALREBE AT E LTHOTHShb L
AR AT

AOKE TR AERREMED MPM 34 EX
RKEED MPM & D & BLIC PHREBIFTH - 720 &
ERRBGED MPM IZB W T & R H30% A
AR AT O REROFHHHIICE S D (AN
T RRREAAEH]) TR PEAL D BUOEZRL
720 ZMIOAB ST FRIZENLT S, KE, AT O
RIKIGITIAT T 2 Z EMEEEEZ 65N D,

_9_



(3CAK]

1.

10.

. lllei PB, Ladanyi M, Rusch VW, et al.

. Takeda M, Kasai T, Enomoto Y, et al.

. Monaco SE, Shuai Y, Bansal M, et al.

Rusch VW, Giroux D, Kennedy C, et al. Initial

analysis of the international association for the study

of lung cancer mesothelioma database. J Thorac
Oncol 2012;7:1631-9.
. Flores RM, Pass HI, Seshan VE, et al. Extrapleural

pneumonectomy versus pleurectomy/decortication
in the surgical management of malignant pleural
mesothelioma: results in 663 patients. J Thorac
Cardiovasc Surg 2008;135:620-6, 26 el-3.

Sekido Y. Molecular pathogenesis of malignant
mesothelioma. Carcinogenesis 2013;34:1413-9.
The use
of CDKN2A deletion as a diagnostic marker for
malignant mesothelioma in body cavity effusions.
Cancer Cytopathology 2003;99:51-56.
Illei PB, Rusch VW, Zakowski MF, et al.
zygous deletion of CDKN2A and codeletion of the

Homo-

methylthioadenosine phosphorylase gene in the ma-
jority of pleural mesotheliomas. Clin Cancer Res
2003;9:2108-13.

Chiosea S, Krasinskas A, Cagle PT, et al.
nostic importance of 9p21 homozygous deletion in
malignant mesotheliomas. Mod Pathol 2008;21:

742-7.

Diag-

9p21 dele-
tion in the diagnosis of malignant mesothelioma,
using fluorescence in situ hybridization analysis.
Pathol Int 2010;60:395-9.

Chung CT, Santos Gda C, Hwang DM, et al. FISH
assay development for the detection of pl6/
CDKN2A deletion in malignant pleural mesothe-
lioma. J Clin Pathol 2010;63:630-4.

The diag-
nostic utility of p16 FISH and GLUT-1 immuno-
histochemical analysis in mesothelial proliferations.
Am J Clin Pathol 2011;135:619-27.

Matsumoto S, Nabeshima K, Kamei T, et al.
Morphology of 9p21 homozygous deletion-positive
pleural mesothelioma cells analyzed using fluor-
escence in situ hybridization and virtual microscope

system in effusion cytology. Cancer Cytopathol

11.

12.

13.

14.

15.

16.

17.

18.

19.

2013;121:415-22.
Ito T, Hamasaki M, Matsumoto S, et al.
CDKN2A FISH

Malignant Peritoneal Mesothelioma From Meso-

pl6/

in Differentiation of Diffuse

thelial Hyperplasia and Epithelial Ovarian Cancer.
Am J Clin Pathol 20155 143:830-8.

Wu D, Hiroshima K, Matsumoto S, et al.
nostic usefulness of p16/CDKN2A FISH in distin-
guishing between sarcomatoid mesothelioma and
fibrous pleuritis. Am J Clin Pathol 2013;139:39-46.
Sato A, Torii I, Tao LH, et al.

cell line from a Japanese patient useful for generating

Diag-

Establishment of a

an in vivo model of malignant pleural mesothelioma.
Cancer Sci 2011;102:648-55.

Herman JG, Graff JR, Myohanen S, et al.
Methylation-specific PCR: a novel PCR assay for
methylation status of CpG islands. Proc Natl Acad
Sci U S A 1996;93:9821-6.

Bignell GR, Greenman CD, Davies H, et al.
Signatures of mutation and selection in the cancer
genome. Nature 2010,463:893-8.

Cheng JQ, Jhanwar SC, Klein WM, et al. pl6
alterations and deletion mapping of 9p21-p22 in
malignant mesothelioma. Cancer Res 1994;54:
5547-51.

Onofre FB, Onofre AS, Pomjanski N, et al. 9p21
Deletion in the diagnosis of malignant mesothelioma
in serous effusions additional to immunocytoche-
mistry, DNA-ICM, and AgNOR analysis.
2008;114:204-15.

Ivanov SV, Goparaju CM, Lopez P, et al. Pro-

Cancer

tumorigenic effects of miR-31 loss in mesothelioma.
J Biol Chem 2010,285:22809-17.
Fujii M, Fujimoto N, Hiraki A, et al. Aberrant DNA
methylation profile in pleural fluid for differen-
tial diagnosis of malignant pleural mesothelioma.

Cancer Sci 2012;103:510-4.



FRBEI TR LI  rerckikkkikikioiiiiiiiiiioioioioioioioioioioioioioicicicicioiciciololclciclciclciclcioioioioioioioieic

EBBIFRKEE TANASTFRENZ

K S NEREE PSS #IAE F IV &= B T-fRRERNT

[[#EE]

R I NAEREE S, FLRIIRAESSE TAPAD—D
Tho, BEORMED AL ST, FeEPMAl « 178
DOREFEELEO, FIAE L 7c Tt DRy 2 BIBFETIT
T3, NI NAEMREETIIRIS0% D BF 1T, BAKLT
PENa+ F ¥ R Nall Da¥ 71—y hEa—F
5 SCNIA BILFORENRETNS Y, SCNIA
EWE L RINEBRBET IV Y 2% 05
D2 fTH N TE D il GABA PENTERIRE AN I
B 5 Nayl.l DT 0 A4 i O 6P D B REAS
REBITOH L, TADAERKT S EZEZ SN TH
559 UL LENS, £DOEMES TR
A EETH O SHRIISIERIEIKRELTH 5,
o R E B MIKIT B B R e A o O 3
MOBOTHO, ETIVITZANLTLUSEFEDH
RBEKML TS EEFE0HEHEC, K DM
fEE x5 b b ORERE « IERPFIRICIE. B HR A
AN Z P THWD 2 EMEE L,

b FATZgEMR#IE (induced-pluripotent stem cells:
iPS cells) (¥, & MORFRIMMM D S LRI U 72 il
ANLIICH s 5 2 & T, AkoLToMia~
SHLFEERE Il TH B, T DD, HER
EADISABZ I I T3, — /T, BH
K O BRI iPS MM AERL U, B ORI
NEMMEIE BT EITX D exvivo TREDLKHM
AHBIAEETH B, DI, FEHROBEHES K L.
BEROZRIIHE L AWEET VDY — )L E LT, &
BOREIATCAEANDICHPIFETH D, 2L D
SHAORLOERSEETES (K1),

ZZTAMIE TR, FINFEMRBERF L O ERLL
7o iPS HIRE Z fpRe i~ & oMEAAE L, FEER KT
b o TEFEMNE T TO b MO BEREMRT A 1T >
T 5o Al Bl GABA TS EHAE A e 0 975 REfi#

TADASTHRENETAZ K2 B B & =+
TADAS TIKENETE E $8 B —

R ~REREEE
R 2 NERFEO
R L
DL
ARCmit
BIEMR

T R 20 35"
o o ‘@W
h* p— ,:0 SHeEg 33
- e
o4 { o Eg ] K S AIEIREE RS RERE
BEmRiPSHE B p AR A
1 HEEER

r 2475 72T, BN U 7 iPS MillE %2 IS AL
# (MGE) HisRo itk GABA k&g~ Lk
HU., Rt O EEYEALZ WE LD THRA T %o

[((HEREEBR]

MPFFERTTIE. SCNIA EIL T D exon 26 12+ v &
v AKET (pR1645*,¢4933 C>T) 2 (T 5 EBHED
EHlE S iPS ME AN U 7o o FIIMEIR 1 (Sox2,
KIf4, Oct3/4, c-Myc) 13V b A4 I)VANYT 7 —%H
WTHEA U7z, B U7z iPS filldic s 3 Kok~ —
71— (OCT4, NANOG, Tra-1-60, Tra-1-81, SSEA4) D
BT 3Bl A g etk i X DR Utc, RINL L 72
iPS MG DRI TREMEIIFRD S d. A
BITZANOBIIZE D T 5 b —< DIEMNBIE S
N ZHEEADMEIZ DT IR TE 72, F.
SCNIA B+ D exon 26 DZ T4 A HALIZ B¥F K
DF vt ZFEE (pR1645%, 4933 C>T) A4 U7 —
Bz ORELRY (K2),

K Z NIEREE DR BT 217 5 7212, HilkHISR



[TABAIORR
HRLALTER

Hl

If l
It" r|

gmx%ammmb 7
‘SHSFE &“&5’47"@[

2 HEMREOSICLKIHAREMRED X F 1 7HiE,
NHK NEWSwes & Y BNl D —ER =R

D MRS A O REEA 1 24T - 7o, RS EEEI
T2 U 7oK< ipS Mz 7 HRERE#T 5 2 &
T\ KoMb<=—74—TdH % NANOG & OCT3/4 D%
BRoY B L@l —/7—TdhH % Pax6
DFREBLHE DR S N, AFEEANED Neurosphere
RS 5 T AT & 72, Neurosphere % H275 17545
95 2 & TATOMEAMRRMIE~ ML L 72, ML
FE L aToMiastitiiil~ —5 —Th 5 BIII-
tubulin O BTk % 7R U725, GABA [ 75 0 il P e e
DRBUIE M - 720 Pax6 DFEHEMHAK LI &M
S Bl K O MR~ R T 5 2 &3 T
X 7ch3, GABA B O FEEMENZ Eh S, 12
TH 2 EMMD MGE & 0 & 75 D fhE e~
R EshizZ EMTFHRE N,

MGE HIURAEMIE~NREA T 9 5 7codic, BEfF
Dl FEGE U, WML ELT - 7o AL T-%
AN U 7o B b T Hiii f R A AR SR D Neurosphere
ALY, 1HEMK. MEFELIZEALED
PRI DY FoxGl 8 & UF Nkx2.1 O &BEAR L
7o FRAFRGE U 7o it iE & ke s b D 72 D 12
BB EALBEEE 21T O, MR~ ML S &
7oL A, M~ —A—Td% 5 Blll-tubulin &
NeuN ORBIZ/R U7, £/, £hoofifao K
3 GABA 5Pk % 7~ L. MGE H3k®D GABA fEEED
MEIEREThd 5 2 L AME LI, GABA fEB)IH:#h
BOYT 74 TERMERLICEZ A, RFEDHMMEN
Calbindin 51k & Somatostatin Btk %78 U Calretinin
& Parvalbumin O FBLI . SN2 > 72, GABA B
PEZS PRI 2 30-35 H R332 U 72 #%. NaJ1.1 D%
B s ipiRiias v, BREEIZX S H
LV hg S r TR TlBRERIIEEZNZ 5

&L MBI S TEE AL D INE P R LT,

(&)

NI NAERBEEE & 0 RBFFEM iPS Ml % 557
L. £ OfilEz F O THIREAMEFET 5 & EIThk
WUt o, HEMOMEMMLN %N U 72 B
THIEREEHIIE D Neurosphere #5549 % Z & T, MGE
HIR D HNHITE GABA 1EB I #iRE D FBL A& BHE 1T HE R
IHBEENTE, 7z, BEHKD GABA 1EH)
PR D IRENEALSIE TE. NI NEBEFFD iPS
MilmeT VELTOARAMEERL (K 3),

[SRDHATRE]

RBIDGRW 5N 5 72 Parvalbumin BF1ED GABA
TEBN PR D MLiEEE R A 5, £/, BEMD T
Wy I UIRIEB)PERREAN D MLIEE P, 25D iRk

EB Ry MU= BRI IRILTOREES
ﬁaﬁ’ﬂ IINT S B0 E0H 5, LD 2 EABEE A T,
R Z NAEMRHE D BB AFRM iPS Ml S LiAE L
TR 2B E T IV E LT, TAMADIKEMR
FrcH D s, £/, TADLADERBICHIT T,
FIZ 7 ) —= v IR Uy ¥ — XL 0 SRS
MO RBITINT THIEZZEITL T <,

RFane
AERFHA mp

iPS#iAa

#ﬁﬂ:ﬁ?“*

B8EF

B3EF

R
H3 BEMEFERH S HERRSLE TORN.
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EBOTFRRE SKEBHIER

FELDRET - EEFEAICDONWTEZD

1. IC®IC

20144EE Dk T] « EBhRe 1A CURRFEA) O
Witk s E, FES LK) DESIZEIIRY SR
HTHEEMCH S, Lhrl, REMICAS &, 1K
JIKEED 55 - 72 1980AFENT HEAYKIRK U K HEIZ 7S 5
T3,

FELORINETOERNIZIZ, BIEOFE DA
EEREOZMAMKRE CHG LTS5, (KiAKE
okt BKRDO—>TH 5 afetknd 5, Ktk
RER EF, 2,500g KimTHEIFAIZBO Z E2iET
M. AR ARE R O ARG, 19754 % TH 2 (K
FAEFT, 19804E£28EE LT ERIZiE L, AETER
#1109 E10 A1 T ADME AR E I - T 3,
—h. TEGDERT) « HBEES I3, 19854 A 581
KF Uketr s BRI O R O BT 88 U 72 A,
RARIETIKHE IR VIRETH 5, T S liH DFRIE
IR 13, BBtk d 2 X5 1IcBbh 5,

HAERE I3, REOR DARAKRS ) o OVETE B B S E D
UZZIZBRT 5 EnEsh T s, WAED
R AR YL 2,500g Aii) OB IZHIML TH O
KR D EFREBICEEE A RIZ T EhfGiish
T3,

AWFFEFT TIR201 4R S M T HE R E S P/
R, M R v MR S oM EHFEE U TR
RE N ARSI OBRIZ DO T A TE D, IhE
INERE IR & Uy 20134EEE D SRERITIND 4 DD
INFERET HVERE A WL N 3510 2 BLIE D (RHE & 1K
71« HEREINIT RIFTRBII OO THEE L T& /e,
AR TidZz OEREHNT 5,

2. Ak
AWFFETIE, MO HICALE 32 4 KD/
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Figure 1. Structure and concept of MKH delivery system.

(A) Chemical structures of menaquinone4 (MK-4), menahydroquinone4 (MKH) and MKH

1,4-bis-N,N-dimethylglycinate hydrochloride (MKH-DMG). (B) Schematic illustration

of the vitamin K cycle and concept of MKH delivery system.
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Figure 2. Inhibitory effects of MKH-DMG and MK-4 on DCP-

positive and DCP-negative HCC cell proliferation
MKH-DMG treatment of PLC/PRF/5 (A), Hep3B (C), and SK-Hep-1
(E) cell lines. MK-4 treatment of PLC/PRF/5 (B), Hep3B (D), and
SK-Hep-1 (F) cells. PLC/PRF/5 and Hep3B cells are DCP-positive, and
SK-Hep-1 cells are DCP-negative. Symbols: O, 0uM; H, 20uM;
A\, 40uM; ¥, 60uM after MKH-DMG treatment. O, 0uM; 2\, 40uM;
V, 60uM; @, 100uM after MK-4 treatment. Error bars indicate mean
+SD (n=3).
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Figure 3. MKH delivery via MKH-DMG into HCC cell lines

Intracellular MK-4 and MKO concentration-time profiles following
25uM MKH-DMG treatment of PLC/PRF/5 (A), Hep3B (C), and
SK-Hep-1 (E) cells. Intracellular MK-4 and MKO concentration-time
profiles following 25uM MK-4 treatment of PLC/PRF/5 (B), Hep3B
(D), and SK-Hep-1 (F) cell lines. Symbols: ll, MK-4; A, MKO; @,
MK-4+MKO after MKH-DMG treatment. [, MK-4; A\, MKO; O,
MK-4+MKO after MK-4 treatment.
(n=3).

Error bars indicate mean= SD
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Figure 4. Effect of MKH-DMG on cell cycle and expression of cell cycle-related protein in HCC cells
(A) Flow cytograms of MKH-DMG-treated cells. Indicated percentage values represent DNA content in G1- and S-phase per number of whole DNA.
(B) Effects of MKH prodrug on expression of cell cycle regulatory proteins and NF-xB.
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Figure 5. HCC growth inhibitory effects of MKH-DMG in a splenic-liver metastasis mouse model.
(A) Macroscopic appearance of mouse liver. (B) Total liver weight. (C) Percentage of cancer surface area/total liver surface area. (D) DCP
levels in plasma. Central horizontal line, mean; error bar, SD.  Vehicle group, n=15; MKH-DMG group, n=15. Doses are 0.2umol/head/day
for 50 days.

1) Enhanced antitumor effects of novel intracellular delivery of an active form of menaquinone-4, menahydroquinone-4, into hepatocellular
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2) Menahydroquinone4 Prodrug: A Promising Candidate Anti-Hepatocellular Carcinoma Agent. Munechika Enjoji, Daisuke Watase, Kazuhisa
Matsunaga, Mariko Kusuda, Nami Nagata-Akaho, Yoshiharu Karube and Jiro Takata. Diseases, 3(3), 150-158 (2015)
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