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FFREI RO R ARIEDE LA TH D, LTI =N % D EH 144 M
695,000 N2 E5(1). AF#lAddE (Hepatocellular Carcinoma, HCC) 1ZAFH#E DK
70-85% % 15 6D (2), B IS LN C BT R U A /b A~ DB RGO T /L 20— L4
FFPEEORERIC L DAL EE L TR Z 5(3,4). HCC ORERITT V71
MY TR, 3—ry A RT AV AERENZBONTHEM LT T\, HCC
TRIRIC BT D HE DAY HCC BB DO TR 2 A EICEE L TV DA, 24FR
DUFITIIRIEAR T Th L. ZOBEL, FUIRSCREN T & A Ehiie &
DOIRTERER TS 2 HCC DMHEICHIET 5720 Th 5(5). HCC O EME O
FIIFNEERE & SR MEORBEIC LD DO THS.

BUE, {LFRIEAICHW ST D FEM 2L TPRIAIE LTHWD Z & I3E
TEROHENHRIZ D AR5 ThDH. HCC BED FHRUGEICA X — T =1 (6,
NV T 7 =T @, DB SN TS, LarL, 2o DOIREEOIFEA BE
~NORIEGIZE N T UT UZEEREERAAE T TWS10,11). A7k
TREAN & BR%E T D 72 OICEHR ATRE 2R 1 S DI IEE, B2 FRAlE L CoTEME%E
FHEHRGICH T 22N RGES L, BRISHTE 2{b8W a5 R+
HTZETHS.

Vitamin K, ®—Ff T % % menaquinone-4 (MK-4) 723847 HCC #fufE (%t L T
HHEHIAE T & 2 2 & 28, in vitro X° in vivo DIFFRICB W TH LM SN TV D
(12-17). MK-4 1T B HRIEREK L L UL HWHENTEY, ZoEHKEEDR

EMENHER SN TWAA8-21). b L, MK-4 IS O i 2 695 =
& THCC OFREZIETE 5725, MK-4 XM LB TR L 725, 20 X
5 7o B BERIREBR DM T i, /N DG IREER Tld, MK-4 23 TR 3 12
1T % de novo FE¥E 2 il L (22), SMEHROBIER & 2 VW IEBERIT 2 D HCC 5 2 11
flL72(23). Los L2y B, St DRI 77T 1 A IR 2 (b — E1 5 ki
IZ3B T, HCC D3 BFEMEIZ 6 L C MK-4 X W 0722 23120 R b s L7220 -
72(24).



—J7C,HCC #fkIc B 1T 2 B4 2 K UL E ) O IE AR I L TR
<, %12 menaquinone N FHE LKL F LTS Z ERHEINTWNDH2S5). £,
D51, diethylnitrosamine THLE L 72 FFlig/ N Hii HCC FifE O MK-4 O HUA #
P DS TEH AR O I AR TH RN Z & 2R LTV 5 (26).
Des-y-carboxy prothrombin (DCP) 14 /L 7R & LA AR 524272 B, prothrombin T
HO, LML HCC i~ ——& LT, &R, i, HEOBIEICH
WHILTUWS(27-28). Fcif DORFZETiZ, DCP 78 HCC @ B %8 (autologous) F¥E:
WFTdH D (29), FEOMERICHELRKE ZRIZL TSI ERHLNE RS T,
DCP FE/E1X HCC ORI HEIZH 5 L TH Y (30), AT 0 Mo
HOLDOTHY, D7 &b HCC DEBIR TRICEAGE LTS, T720b5,
DCP A Z M| 3% Z & IXHCCIRIEIZ I T DB D 1 SOERTH D L&
Z HAH(B1). HCCIZEBI HMlaE#H O b, B4 I K OBUAHZZLE L
T DCP Z4AKT DR ER e ZH > TV D Z ERHE SN TWA(32). o
5 TUX, HCC #A#5H C vitamin K R Z 3L Z 572 DI DCP EAZ < & LT
%(25,33,34).

Vitamin K |Z prothrombin 72 £ @ vitamin K {&17E: % > 73 7 & @ glutamic acid 7%
% (Glu) % vy-carboxyglutamic acid 7% (Gla) (ZZ5#2 X % y-glutamyl
carboxylase (GGCX) DK & L TH BTV 5(35-37). GGCX DIEMHFEHLIL
vitamin K @ " 12 JC{K T&H % vitamin K hydroquinone (KH,) |Z/KfFL TE Y,
KH, % vitamin K epoxide reductase complex subunit 1-like 1 (VKORCIL1) (2L > T
R EN D (38). T 7B, KH, D availability 73 4 /L 7R 3 24K 033 % il
LTW5(39). UL EZEFENIZE 25 & HCC Mk ClX i) MK-4 OF MK T &
HWE i) MK-4 DRZMNDEEZ > TWHEBEZ LS.

oz 13X MK-4 O &\ &k (&MEAE) TH % menahydroquinone-4 (MKH) %
A HCC MR ET D 2 & T, 1) MK-4 ORI FHHAR T & 2 Wi i) MK-4 O
KZZFRTE, ZOREF HCC OHEFH & $i588 & il © X 2 &R & L CARIFSE
EAEE L.

AWFFEE TIL, JEiZ MKH @ ester type prodrug {K(Z & > T, MK-4 7> MKH ~



OIETTANE AR % [B58E L CRIRAYIC MKH % IEFRFIRIC 6 EST 5 2 & &2 0]
BEIC L, 7~ U v R PRI AT vitamin K cycle 2358 < PHE X 17z H L #E MR iE &
BRANCERTE D Z L EZHI 5T LTV 4(40,41).

AWFFE T, £9, FH—2IZEBVTMKH O ester type prodrug (2 X % DCP [54:
6 L O HCC Mifa N~ MKH D& % FE4f L, MK-4 (ki LT HCC #f
AN MKH L~ LZ2 @ TELZ 2P 6N L. 7745, HCC Mliaizi
WTHIEFITHR & [FERIC MKH 23R KK RETE L 2 L 26T Lz
¥ ClE, MKH ester type prodrug @ HCC HERFKIZ %32 SEFEIN T 2D % in vitro T
A L, MK-4 (220l U TR EIRISIR R 2G5 Z L 2B bnIc Lz, £
7o, B TZ O & BFENH 0 23 MKH IZHR T 5 2 & 358 < R
STz, I E TIE, DCP Btk HCC Afatk & - Fi £ 7 L~ U ZIZBHE L in
vivo |\Z331F % MKH ester type prodrug O A7 L, A BRI 31T 2 E5
DI L BEFEZR & ONCIILES DCP L~V 23+ 5 Z L 2L L. Fh
T, prodrug @ promoiety 23 7 F 4 M, HifE, 7= RO 3 F¥HO MKH —
AT OViEERE VT HCC N~ MKH O 2652V & BEFEINHI2h S o Felekh
25, HCC Mz k42 @ W BGAZ & MKH ~O B2 (K3 R) 12BN
ToFBBARDY, A 72 MKH Ok E72 & NTHEMEI R 2~ 2 & 2 50
L.

AWFEIL, AR CTHIH THCCHIFEN~D MKH OZh=RI) 725 % AlREIC L, £
O RN T BEFEIN R R 2 RIS D 2 L 2RI LD TH YD, RIS
DGR Z RS XFFT 5 b D Th o7,
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Figure 1-1. Chemical structures of menaquinone-4 (MK-4), menahydroquinone-4 (MKH) and MKH
1,4-bis-N,N-dimethylglycinate hydrochloride (MKH-DMG).

1B AT 381 5 vitamin K ARTEME & o R 7 B O AR Tld, MK-4 (Fig. 1-1) |
MKH (2 &%t &4, MKH (Fig. 1-1) 7°GGCX DN+ & L CHERET A Z &
C vitamin K fK1FEEZ o X7 B ORIBMA P IZIEET 585D Glu 7442 T Gla
PRILCEWS 5, Z Ot Gla D AR LT EfmidIZ MKH 28 MK-4
epoxide (MKO) (Fig. 1-2) (2183 =415, MKO 72} vitamin K epoxide reductase
complex subunit 1 (VKORC1) (Z L > T MK-4 (Zi#5c X415 Z & T vitamin K cycle
D5ERK L, MK-4 (3203 L <F¥BE L T\ % (Fig. 1-2).

HCC M2 3T MKH Ok 2 39~ 5 72 01213, MKH Z#lIE 9 % %
VETHD. LU, MKH B &I MK-4 ~ & #id TR S\ 7212 MKH %
EHHET D Z EIERARETH S, DCP Btk HCC Mz MK-4 2 %595 &
DCP BEMNME T35 Z &b, vitamin K cycle 23MERE L TWA Z E BB LN TH



%. T 725, DCP itk HCC faMNIZ 3BV T H GGCX ORI F & L CTHERE L 7=
MKH % Glu A=A » TR RN MKO I S s & B 2 60, filfih
? MKO &IV 72 < & bHINICEZE SN MKH & & AT ENRTE S, K
72 CliE, MKH O A7 /L8 (K menahydroquinone-4

1 4-bis-N,N-dimethylglycinate HCl (MKH-DMG) (Fig. 1-1) #5-%%2 ™ HCC fifid# o
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Figure 1-2. Schematic illustration of vitamin K cycle and concept for MKH delivery system.
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Table 1-1. Transition ion for MKH-DMG, MK-4,

MKO and y-Tocotrienol.

Compound ionized form fragment
[M+H]*

MK-4 445 187

MKO 461 161

MKH-DMG 617 481

v-Tocotrienol 411 151
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Figure 1-3. Typical LC/MS-MS chromatograms of MK-4, MKO and MKH-DMG in HCC cells.

v-Tocotrienol is used as an internal standard (IS).



i HCC fiiaN -~ MKH &M & IE T MKH-DMG ZLEERER 0 22288

DCP [ HCC #% (PLC/PRF/5, Hep3B) 35 L U'DCP [ HCC#£ (SK-Hep-1) (Z
*F L C, Figure 2-1 (282389~ 2 H9FEANHI D R D 1C, \ZEEL L7z 25 pM D
MKH-DMG % 7213 MK-4 ZIg#E X1, Z O#ifaF o MK-4, MKO £ DR R AL
% Figure 1-4 |78 L7=. MKH-DMG #5-#%, 3 fi O #ifid 41> MKH-DMG {1 30E
NI EF- U, #51% 24 BRI F Tl o MKH-DMG & O 2 L 7=
(data not shown). FEfEN MKO & MK-4 #2E1E, #1227 72 KEfE 4 & CRRFRYIC
L (Fig. 1-4A, C,E), MKO & MK-4 OF1l% MK-4 #:5. (Fig. 1-4B, D, F) |2kt
RCE Loz, TZT,Hep3B IZHE BT % & (Fig. 1-4C, D), MKH-DMG # 5-1%
TlX MK-4 |2~ MKO 3@ < #: LCTE Y, GGCX Mafl L TV RN =8Iz
MKO DA E 720 | 73D MKO 2> 5 MK-4 Ot e N fafn Tdb 5 7=
D EEZ L. A TEMNEH TR XL 912, PLC/PRF/S fifid 2 H v 7= MKO #¢
H\ZBT 585025, MKH-DMG #5123 17 2 @ WO AN MK-4 2 (Fig. 1-4A)
1%, HCC i ld N C MKH-DMG 237K 53 fif L CAERL L 72 MKH DN, GGCX DAfi[A
T & LTl » 7o MKH 23l F2 T MK4 ICB b Sh/c b D TH H 2 &
N R &=, L7=2 - T, MKH-DMG # 5% ® HCC #jaH o MK-4 &
MKO Ofn%, Ml EE SV MKH & 2723 2 &R T, £7-MK4#:5T
I MKH 7> 5 MKO ~OZ U fafn Iz Shianz s, fildH o MKO &

PEENT- MKH & & 272 L, MKH O ER R i FEfE AUC) 2 AW T
HCC HBEN ~DEEVE D FREE % i U7z, 5% 72 Bl & ToOHIfEN MKH
FERER AR FifE & B ARIC X o TR, Table 1-2 1277 L7z, MK4 #5121
5 L C D MKH-DMG #5-1Z MKH @ AUC, ,,, 75%) 3.5-15 {5k & < MKH D %jE
PER 35-15f5EWZ ERBH BN E 2o T,
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Figure 1-4. MKH delivery via MKH-DMG into HCC cell lines. Intracellular MK-4 and MKO
concentration-time profiles following 25 uM 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
25 uM MK-4 treatment of PLC/PRF/5 (B), Hep3B (D), and SK-Hep-1 (F) cell lines. Symbols: m,
MK-4; A, MKO; o, MK-4+MKO after MKH-DMG treatment. (0, MK-4; A, MKO; o,
MK-4+MKO after MK-4 treatment. Error bars indicate mean + SD (n = 3).
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Table 1-2. Area under the intracellular concentration versus time curve (AUC) after treatment with

MK-4 or MKH-DMG in HCC cell lines.

HCC cell AUC, .75y, for MKO AUCypy for MK-4  AUCy 4y, for MKH
Test drug
line (nmol-h'mg protein™)  (nmol-h-mg protein™)  (nmol-h-mg protein™)
MK-4 222 +3.72 47.7+7.25 222 +3.72
PLC/PRF/5
MKH-DMG 193 £25.1 143 £13.6 336 +37.2
MK-4 113 £4.87 745 +17.0 113 £4.87
Hep3B
MKH-DMG 371 +£31.0 259 +5.04 397 £34.2
MK-4 384 +4.44 122+ 19.5 384 +4.44
SK-Hep-1
MKH-DMG 136 + 14.3 193 +21.5 329 +354

Doses are 25 uM (at near ICs, value).

PLC/PRF/5 and Hep3B, DCP-positive cells; SK-Hep-1, DCP-negative cells.
“MKH value after MKH-DMG administration: sum of MKO and MK-4
MKH value after MK-4 administration: MKO
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WA PN MKH 22 % I1E 4 MKH-DMG O i &254

MKH-DMG %7213 MK-4 O# 5822t S, #& 5 24 Kff#l#% O PLC/PRF/5
HIIRN > MK-4, MKO 2 % Figure 1-5 {27~ L72. MKH-DMG ¥ X ' MK-4 % 5-
WFHICBWOTHMAN MK-4 & MKO BEIZABKREFENICEL o Tz,
MKH-DMG # 5-OfHfaN MK-4 & MKO IR &6 5 b, MK-4 INEE & bl L
TETORGEIZBNTEL 2o, 2O Z i MKH O E 1T MKH-DMG
B EIEGFLTELSRDIEPHALNTH D, £, AUCE L G5 BITIRTF L
TERDHZENRTHRHIENS.

A MK-4 (MKH-DMG)
77 A MKO (MKH-DMG)
¥ MK-4 (MK-4)
¥V MKO (MK-4)

Intracellular concentration
(nmol/mg of protein)

Dose (uM)

Figure 1-5. Intracellular MKO and MK-4 concentration-dose curves following MKH-DMG or MK-4
treatment. Cells were exposed to various concentrations of MK-4 or MKH-DMG for 24 h. Symbols;

A, A and ¢ are intracellular MK-4, MKO and the sum of these after MKH-DMG treatment,

respectively; ¥, V and ¢ are intracellular MK-4, MKO and sum of these after MK-4 treatment,

respectively.
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FEINHET MKO ZLEEZ L 5 MKO BUGAA & MK-4 £ G 2 & 5 HCC Al o

vitamin K cycle f R TR ORESTEEAMD

MKO & % 254t & & T PLC/PRF/5 MRl 5- L, 24 IR¢fi]#% D AN MKO &
MK-4 J2E % Z N1 Figure 1-6A & 1-6B |27k L7z, MKO #5812 HAH] L CTHl
i H MKO 135 < 72 0, MK-4 #5231 2 Al h MK-4 J2E |Zthig 95 &
FEEITE < 72 0 D THESB BN BV 2 & AR EN 7= (Fig. 1-6A). — 7T, MKO
B 5:0% Ofifa  MK-4 21X, fafntt % 7~ L Michaelis-Menten UIZf¢E > 72 (Fig.
1-6B). N MK-4 OEIE1T, HIKN MKO BENE L 25 E/NE L 20 M
MKO #EFPHICBNT 3%~03%ThHh-o7=. ZDOZ L1E, HifEN MKO B3 E
WIGEIZIE MK-4 ~DEITTOEIE 23/ & <, VKORCI |2 &L % MKO 75 MK-4 ~
OFITLIHEN R L CTWD Z ERH BN E o7, T2 5, Figure 1-4B T/R L
72 MKH-DMG #5-12 5 ) 2 {0 &y MK-4 #2513, MKO 75 DR TIC X 5
D TIE72 <, MKH-DMG 7%* HCC i Tk o3k S TRk L 72 MKH 0 H?
T GGCX DA T & LTl e n->72 MKH Th Y, EEO = OB
TMKA4 IZIESNTbDTHD Z ERE RB I T,
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Figure 1-6. Intracellular MKO (A) and MK-4 (B) concentration-dose curve following MKO

treatment for 24 h. Symbols; < and 4 are intracellular MKO and MK-4 after treatment with various

concentrations of MKO, respectively. Error bars indicate mean + SD of three experiments.
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IINFE

AREIZBWTRIZRT Z ERH LN 5Tz,
1) 3 # > HCC MlafkIZ 3\ T, HCC #ifid§1 > MKH-DMG (34 5-1% 24 IR¢fE] £ T
(ZEEHH > MKH-DMG & 71252 L, MKH-DMG (XAl N2 380 ¢ MKH (2 F
2 (Ko fE) S, HCC M -z #h=R X < MKH %2152 T& % prodrug & L
THEBET D Z LD BT o Tz,
2) HCC #ifa N~ MKH 22 1L, MKH-DMG I MK-4 $% 5-(Z b L C MKH O
AUC, 10, MHI 35155 TH D Z ERP L MITR o T2,
3) MKH-DMG 3V 72 $5% 5 FE~100 uM O #iBH Cld, MKH-DMG i &K 171
(SN O MKH R 2 m < §5 2 EDRHbNE R T,
4) DCP [ HCC £k PLC/PRF/5 filfi Cld, MKO O BGAZ IS TENTE Y,
MKO % MK-4 iE5c7 2 mfe 4 8 5 BERIL, MM MKO #2234+ nmol/mg
protein & CHIFI L CTE Y, @B Tl MK-4 DOHEFAIIHRD TRV Z & 23587 52
(272 o7z, F72,MK-4 % MKH |Z#& 769 % VKORCIL1 & [FAEREER N T A — X
EATHIENRINTEY ,MK-4 75 MKH ~DIEJTLIBFE bR X v /N T
ANV EREBZBND.
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3 MKH-DMG @ DCP 5t HCC HakRIZ x4 2 Huism2h

TR C 3 FEod HCC #ifi % A\ C, MKH-DMG % MK-4 |2l L C
HCC Milaiczh# L < MKH Z5#E TE 5 2 ERHI LT o7, AETI
PLC/PRF/5, Hep3B 1 & OF SK-Hep-1 #£I1Z%9 %5 MKH-DMG O HEFE 1] 2h 5 %
MK-4 & O I X 0 3 L 7.

HCC Mifil D352 - MKH-DMG & % WM E MK-4 Z 300 L, #RRpI (A e 2
ZHE L7z, EMAu%E Cell-Titer Glo Luminescent Cell Viability Assay at %
T ATP S ST L 72 38 SEIRBE DI E T1T > 72. PLC/PRF/5, Hep3B 36 L
SK-Hep-1 {Z%9 %5 MKH-DMG & MK-4 ®%h % % Figure 2-1 {27~ L 72. MKH-DMG
BeHG-ClE, HEEKGEHDSRERHEFR 72 BN HI 2 R 27~ L7z (Fig. 2-1A, C, E).
MK-4 ¥ 5-TI%, A5 72 BEHI 3L 72 B % 1c Bl S v/= (Fig. 2-1B, D, F).
MKH-DMG 3 MK-4 [T Felgs U CHIFEINHI N R AMEIREZE TR RS BT L2 &0
BH 5 TR 7.

PLC/PRF/5, Hep3B, SK-Hep-1 #2513~ % S i EE- SO B 2> & 3R 6d 72 1C,, il
Z X Table 2-1 (275 L7=. MKH-DMG #5- 72 #8114 0 1C,, 1% MK-4 #¢ 5-
DHI 1/18-1/4 T - 7=. MKH-DMG % MK-4 D#] 4-18 {5 D H\ HEFEANH] 20 B %
AT ZERB BN E 572 MKH-DMG #5512 X 5 #ifaN MKH 22455 MK-4
P50 3.5-15 5@ 2 & 56 MKH-DMG (2 & %5 HCC fiE o s mfl 1 2 4m i
T MKH IZ XKD Z EMRR R I L.

5 54172 MKH-DMG #5125 1F % 1C5, fE1% 3 FD HCC T 14-37 uM O #iPH T
H 0, MK-4 23EHLERIEICHV 540D & 45 mg/day (15 mg/[R]) (281 Dok
FLUT1IuM ThD EHEINTWD. £72, 7 v ME AWM FER T,
& 0% 5% D MK-4 OIFlig~D 541307 < L IMED 105 TH S Z LARS
NTW5. Lo -> T, 4laloo MKH-DMG @ HCC (2 x4 2 $EFEINH 2h . 1C,,
X 2 H@E SN L~ L [RI%TH Y, MKH-DMG 23 E#i# 51238
WTHEEMERPUEERE U THET 2 Z L3 IS5,
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Figure 2-1. 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, 0 uM; m,
20 uM; A, 40 uM; ¥, 60 uM after MKH-DMG treatment. o, 0 uM; A, 40 uM; ¥, 60 uM; e,
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Table 2-1. Growth inhibition ICs, values of MK-4 and MKH-DMG against HCC cell lines after treatment

with MK-4 or MKH-DMG.

IC5, value (uM)*

Time PLC/PRF/5 Hep3B SK-Hep-1

(h) MK-4 MKH- MK-4 MKH- MK-4 MKH-
DMG DMG DMG

48 - 52 1203 39 141 59
(48-56) (587-2465) (35-43) (128-156) (56-63)

72 295 24 667 37 111 31
(187-465) (22-27) (225-1974) (36-38) (101-122) (30-33)

96 98 14 140 26 84 31
(88-109) (12-16) (101-194) (24-27) (76-92) (29-33)

PLC/PRF/5 and Hep3B, DCP-positive cells; SK-Hep-1, DCP-negative cells.

“ICy, values are presented as mean and 95% confidence interval (in parentheses).
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/NG

ARFEIZENT DCP Bt HCC Mifa#k iz xt L € MKH-DMG & MK-4 [ ZFREIEK AT
), A EARTFRCHE IS R 2 R 2 L 3B B 8T e 572, MKH-DMG (%
MK-4 {2 Heige U o < iR B CHEFEMBIZN IR 2 7R3 2 L A B i o 7z,
MKH-DMG D HFENH] D IC,, 1% MK-4 D# 1/18-1/4 T&H 0, HAFEANHIZh F 054
4-18f5ThH D Z LB LN~ 72, BIFEIZF VT MKH-DMG & MK-4 |Z bR
L C HCC AN ~D MKH DiEZEMEDK 3.5-15 5@ 2 & B LT > T
D, ZNHORREARDETHE 25 & MKH-DMG (3N~ MKH % %)% &
KEETDZ LT, BIEMHIZRZIH L THD Z LRI,

AWFFEIZF T MKH-DMG (% MK-4 & [A% 0 H&I230 TR 10 £5 O B 5T
RN FETE 2 2 LM L~V T 520272 5 72, MKH-DMG (T E#1#
BACBIT D EEMEDPHESL SN TV D MK-4 OFFEAE L% L WHEICBWTE
VN MKH B2 & mWRIERDBEIFRFTE 5 2 E A LN o T,
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=% MKH-DMG ® DCP M4 HCC HIRRREZ 53 2 B Gl E T kst

T % CIZ, DCP BE HCC HIIEIZ 35\ T MK-4 ¢ 5- & i L ¢, MKH-DMG
SN FRAY 72 MKH 22 & B/ RS 2 R 2 R/ T 5 Z L B B e o Tz,
AREETIL MKH-DMG (2 & % DCP 5% HCC Al o> BEFE Bl FeAs 2 fa st L 7.

FHFA g 0D HE AN 3 T, MK-4 28 G,/S HO MR E HHE 1L 255845 = &
2N in vivo X2 in vitro T% < & I TV 5 (13-15,17,42,43). MK-4 [ Cyclin D1
%> cyclin-dependent kinase 4 (CDK4) 3 & O cyclin-dependent kinase P& % > /X7
(p21, p27 %) 73 E OBFEESHE X > X7 OB L~V 2B L S 5 (13, 15, 42, 43).
MK-4 |2 X % 7R b —3 A% Hep3B FRIZB W TOHEHE STV 5H(44). MK-4
25 NF-kB 7&EMAMHIC L - T Cyclin D1 7’11 & — % —iEMEZ240#H4 5 2 & bl
STV 5 (15). MK-4 @ NF-kB Ol %, IkB kinase iEPEDAEZ T L TH Z 5.
% 72, MK-4 |Z TNF-a. X IL-1 <° tumor-promoter 12-tetradecanoylphorbol-13-acetate
(TPA) 72 ERIEVEY A b A 212 & D NF-xB OiFHAL b4 5. HCC & & ie
% < OFENMEESFIZ 31T 5 NF-kB ORFEIBIL, BIZFOFRALCERICY 7 LT
B, NF-kB I ATRIEDIER) & 72> TV 5 (45). NF-kB % Cyclin D1 % #ll i iz
EEHET D ENMBENTEY 46,47), MK-4 |2 X % NF-kB & Cyclin D1 OFH
E1X, HCC MAE D= 2 M9 2% Z £ 1272 % . Transcription factor steroid and
xenobiotic receptor (SXR) 1L MK-4 DU #' > R(48)TH 0 fFigic % < FHLL,
NF-kB 23 illif9~ % s -3 2 W HlE 3% 2 & 23 8kE STV 2 (49). Vitamin
K RZI137 v MFEIZIT 5 AMERIEICZE 5T 2 B0 L ~L 2L

L, —7 T VK OAREGILLPS S RAEMUG 2 il 35 Z & 27" L VK & %
JE& U 7 STV AH(S0). iz, MK-4 13 protein kinase A (PKA) &M & {24
% Z &2 & 5 C Rho G BAE L, MRS & iR 2 Mfl 35 2 L AREN T
W5,

F 72, S CHRARIARITEITOAFFETIE, DCP (X HCC ® B (autologous) Ji%
REFTHY (29), BOMERIZEHER2EE 2R LTS, DCP EAIL HCC @
M EHEICH S L TE Y G0), ZIUTEORBSCERICHAEADLOTHY, b
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72< &b HCC OB THRICBEE LT\ 5b. 37205, DCP BEA Z M3 5
Z LIX HCCIRRIZHB T 2RO 1 DOENTH D L 2 51 5H31).

ZD X7, WENOABFIE T cell cycle 3B X OFICE#E T % 0B
AR KT 9 MKH-DMG D82 i3t L, S 512 DCP OREAIZ KIET

MKH-DMG D3 % % fiat L7z
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Jope

8 DCP 5 HCC o oA E 1112 & 1E 9 MKH-DMG O 5%

HE A 8 H1Z J 19 MKH-DMG D 52282 B 6 72279 % B #Y T, PLC/PRF/S,
Hep3B, SK-Hep-1 fflifid Z H\ >, MKH-DMG #¢ 5-%%, &I HIR S B2 B L C
V% Cyclin D1, Cyclin D3, CDK4 33 L UINF-kB % > /X7 OFBlEZ T = AKX 71
> METHKM L7z, 72, PLC/PRF/5 #lifa 2 FH N C &ML B 12 5040 9 2 Al
Z7ua—HA ~A MU —fEHT L7=. Figure 3-1-1 1% 3 fo> HCC #MAEIZ 60 pM D
MKH-DMG % 7213 MK-4 % # 5-1% ¢ CDK4, Cyclin D1, Cyclin D3 3 X U NF-xB
& 7 3B Z R LT 5. CDK4, Cyclin DI, Cyclin D3 | MK-4 & MKH-DMG
B HAZ K o TREFAICIED LT, MK-4 |28 L C MKH-DMG (3% 5-% 48 FEfH]
F 7213 72 BRI 1238 T CDK4, Cyclin D1, 3 X O Cyclin D3 D4 C % 58 < 0l
L7-. CyclinD X CDK4 & #HAKRZKT 5 Z & T, G #5 S H~Hiku)E )53
#1734 5729, Cyclin D & CDK4 DO 7 OFENHIIL G, 5 S Hi~DBI 7
il &2 58 < ZFFL TV 5. NFkB 2B LTI, PLC/PRF/5S & SK-Hep-1 (249 %
MK-4 $¢ 5 CRREFH 720800 358 8 B L7225 7203, MKH-DMG % 5-Cld MK-4 $%
5 X0 bmnnfil s glst s,

Figure 3-1-2 1% 60 uM @ MKH-DMG ¥ 72 1% MK-4 % PLC/PRF/5 ffifulZ#¢5- L,
12K & %O 7 n—H A N7 T A THD. MKAFKEIZBWTZ= b
27—/ (0 uM) (2 LT G, #, S HioBI AT 2L <, MKH-DMG $¢5- 48
RERIZ B W T, G HNC & 2l DFIE 3K & < EEIN L SHINC & 2 Ml D FIE 238
LTz, ZORERNS, MKH-DMG £ 51280V CTH 5237 G, 815 1k (G, arrest)
PRI TS, MKH-DMG #5- 48 IFf#IZ31F % Cyclin D & CDK4 DRI
BLAH & G, 1R (G, arrest) DOfERIT, MKH-DMG |2 X % BEFEINHIIC G, arrest
NEELTWDZ EEALNTHD. MK-4 HEIZBWTIHNZ2N 5 CyclinD
& CDK4 OFEBLINHI A3 RERIZ 38V THLEL S 4, G, arrest 23 HEFEANHIICEI G- L
TWAHEEZEZLI, ESINTWARERETFE LR, E£72, G, arrest (TN T
MKH-DMG ¥ MK-4 XV &30 TIN50 L7z 2 &k, HEAEmszh 3
TEONT-RHKFELS IOHEREEEFE LRV R TH L. Thbb,
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MKH-DMG #:5:(2 & 5 HCC #AEN~D MKH DL/ TR R E#E I, G,
arrest |Z X D AMAREEFEINH 2T D Z LR LN TH S.

Cyclin D1 [Z HCC MildDRIEICKRE S BEET L2 Z DR LMNTR-TEY,
Figure 3-1-1 7 5 B 5 22 724%12, MKH-DMG #5-1Z & - C Cyclin D1 3512358 < #
il iz Z & D, MKH-DMG # 5-12 X 5 HCC OFEMAL & M) T X % AIRE M

RN
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MK-4 treatment MKH-DMG treatment MK-4 treatment MKH-DMG treatment
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Figure 3-1-1. Effects of MKH prodrug on expression of cell-cycle regulatory proteins and NF-kB in
PLC/PRF/5, Hep3B, SK-Hep-1 cells. Cells were seeded in a six-well plate (1.5 x 10° cells per well).
HCC cells were treated with 60 uM MK-4 or MKH-DMG for up to 96 h. Western blot analysis was

performed using specific antibodies against CDK4, cyclin D1, cyclin D3, NF-kB and GAPDH.
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Figure 3-1-2. Flow cytograms of MKH-DMG-treated cell. PLC/PRF/5 cells were seeded in six-well

plate (1.5 x 10° cells per well). Cells were treated with 60 uM MK-4 or MKH-DMG for 12 and 48 h.

The DNA content (propidium iodide) and cell cycle were analyzed by flow cytometry. Indicated

percentage values represent DNA content in G- and S-phase per number of whole DNA.
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%6 DCP BB HCC ffaC 31T A MKH-DMG |2 X AT R F—3 RiFiHE

AIEIO 7 v —H A F A b U —f#H7IZ & Y MKH-DMG ¢ 5-% ¢ PLC/PRF/5 el
C SubG, HIOEMABIEE SN2 Z & 226 MKH-DMG #5287 57 4R h— &
AR S7=. F72, Hep3B MW T MK4 12X D TR b—Y ARG
INTND

AHiClL, PLC/PRF/S #RIZH5 1 %5 MKH-DMG D7 7R h— 3 AfHE % T A /3—
Y 3/7 1&MECHEM L, Hep3B KRIZH\V T DNA OWiZUL & #iFE L7-=. MKH-DMG
WINEE L MK-4 IRINBEDO W0 S SR ERI 2 0 AS—8 3T &L R~ L,
MKH-DMG D J5 > MK-4 (TR TIRIREE (40 pM) TEIE RN (Fig.
3-2-1). Hep3B 21T 5 DNA OWr f{t.% Figure 3-2-2 {278 L7=z. MKH-DMG (Z
Ko THANR—BIIENIZHE < 720, DNA OB L3852 X4, MKH-DMG (2
L7 R b= AFHENBIE I 72 MKH-DMG (2 X % HCC e SR 2 1%
TAHRBN—VAFENBEG L TWDHZ ERPLMNITRoT.

0.15 7
0.10 A

0.05 A
0.0207

Caspase3d/7 activity / Viable cells

1

oY QY

o

MK-4-treatment MKH-DMG-treatment

Figure 3-2-1. Effects of MKH prodrug on cell apoptosis of PLC/PRF/5 cells. Cells were treated with
various concentrations of MK-4 or MKH-DMG for 72 h. Caspase 3 and 7 were measured by
CaspaseGlo 3/7 Assay. Values on the left are ratios of caspase activity (Caspase Glo 3/7 Assay) and
viable cells (Cell Titer-Glo assay), as determined by coupled analysis. Error bars indicate mean + SD

(n=3).
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Figure 3-2-2. Induction of DNA fragmentation in Hep3B cells with MKH-DMG. A, The cells were
treated with 100 uM MKH-DMG for 48 h. B, The cells were treated with 100 uM MKH-DMG for
72 h. Lane; 1, marker; 2, control; 3, MKH-DMG.
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% =H DCP B5PE HCC Mz %3 2% MKH-DMG @ DCP A4 i 2 3

DCP |3 HCC @ autologous 72 &K+ Th v, 2L I - T 5. DCP
DARINHNED AMIRIFRIZ BN T 1 DOERIE LB 2 b T\ 5. KEiTlE, DCP 5
P HCC #lafk (PLC/PRF/5, HepG2) (2 X % DCP A2 & 1E3 MKH-DMG &
MK-4 O R& i L7=. DCP (mAU/mL) X524 v° =)L 2 PIVKA-II %
> M & HWTHIE L7-. HCC fifuic X 5 DCP A fki% 10 uM @ MKH-DMG % 7=
I3 MK-4 $ 512 & - T DCP A= pki358 < #fi] S #u7- (Table 3-3-1).

—J, B Figure 1-3-1 7> 5B 5 737248812 MKH-DMG % 5-%% O #ll i F o
MKO #EEEIE 10 uM B 5-LL BV T AERARICE < 720, vitamin K &K 77
Z N7 EHRO Glu ZEHED Gla ICEH SN D BUSR EIZHEITL TV D Z & AVUR
STz, TDOZ EiE, GCCX IEH3IT/F/EL TRV, DCP Bt HCC (2 & % DCP
FEAED GGCX IEMEDIK FIZ L 2% b D Tlid/e < ,HCC Hifd -~ MKH %M DK
SICEKRT D ENHALNE 25T,

DCP /% 10 pM CZFEZIZHH] Z 773, MKH-DMG O AN £~ T MKO 2358

WZHEIN L7= 2 & a5, vitamin KARTENE & X 7 B D Glu 7% IE M Gla [ICEHL S
DO ENZHEIT LTV D Z & 2VRE 17z, DCP LSO protein S 72 £ vitamin K
KAFMEX R BIFIBHICHFTET A Z ERMoNTEY, ZhHDX X7 O
HCC HJEIZ AT 2 RIE NN OETH 5.

Table 3-3-1. DCP concentration in HCC cell lines after administration of MKH-DMG

or MK-4.
HCC cell Control 10 uM of MK-4 10 uM of MKH-DMG
PLC/PRF/5 (mAU/mL) 43+3.6 1.3+0.6 20+£0.0
HepG2 (mAU/mL) 2298 £ 116 23+0.6 27+06
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IINFE

AREBEIZBWTKRDZ ERHLMNE o7,
1) MKH-DMG % HCC a3\ CHlfn & W2 B 59 % CDK4 & Cyclin D # &
R DFBLE GRS HLTIHI L, G, arrest Z 55T 5 Z & T HCC OHEFEMH
THZENHLMNITRo T,
2) MKH-DMG /& Cyclin D1 38258 < #)ifi] L 72 Z & 226, MKH-DMG % 5-12 -
T HCC OJEMAL 2 Jifil] T & % ATREVED RIR S vz,
3) MKH-DMG I HEKFERIZR T R b= AFEER 2RO Z E N LN E -
7z
4) DCP 51 HCC 12 & 5 DCP % FEAED GGCX IEMHEDIE NIZ L 5 b D Tid/e <,
HCC i~ MKH EEMOIR S ITERK T 5 Z E R LhE o7z,
5) Vitamin K {7744 /X7 1D Glu 75 I8 Gla lIC B SN D O m K& i =
% Z L5, DCP LIS DRI I ZAFAET % protein S 72 & vitamin K {KFFMEZ 2 /3
27 @O HCC HFEINHI~DEEG1NE 2 b, b O EE 72 o7z,
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HI0E  DCP Bt HCC gk o f-IFizt 5 /v~ 7 A % v 72 MKH-DMG @
B OREIZB T 2HUEEE (in vivo 3F4T)

Z #UE TIZ DCP B HCC (PLC/PRF/5, Hep3B) , DCP [21%: HCC (SK-Hep-1) #ff
falZ%f L C, MKH-DMG 7% MKH Z )3 L < 36z 5 2 & CHERUIESE 2 4 %
Z & % invitro T LI LTz, ARFETIX, HCC O % - #58 O T Fh2h BTl &
AHRE L, in vivo TD MKH-DMG DOz % B 67723 % BT, Fidler 1T £ D B%
STz, MR 2 A LIRS W TR OIS A - S¥ 5~ T A
R (B-FEREE T L~ 7 R) AW CEHMIZ1T78 o 72 ARBFFECIE, FEHii
B 5-H16 H 51 50 H % T MKH-DMG % f/k 2> B O£ 5- L, HCC e o ik
B 54% 50 A& OAFIRIC FB1T 5 HCC DREICKIEFT R ZHmEFT Uiz, 2V R
PN » T~ U AR O GZBIT 5 MKH-DMG @ prodrug & L C DRERE & fait
L7z.

B—Hi MKH-DMG ik 0% 5% O~ o A{KNEhEE

MKH-DMG (%, #IRPNIE G-I T MKH O /KEEM: prodrug & L CHERET % =
WXL MMCENTWVD A, BOBEIZB O TOBEITH LS Tnn,
MKH-DMG O in vivo RFAfiZ 5537 - T MKH-DMG 735% 1 5-123 L 72 MKH @
prodrug TH 5 Z L ZHRTHMENRH S, KHITIX, £7, EF~VAZHN
C MKH-DMG D3l A 51231 5~ U ZARNENRE 2 /et L, #& 0% 50340
R d 5 2 & 2B b Lz, H&54KIE MKH-DMG % R RKICER L,
HEME ICR = 7 212 MKH-DMG 38.6 mg/kg (MK-4 %5 & 25 mg/kg) Z iRl O #¢ 5- L
7z $eht%, fRR 72 A s X OWFIEH © MKH-DMG & MK-4 JRJE %
LC/MS-MS THIE L7z, i & i B O 2L & 2 1L 4 Figure 4-1-1A
& 4-1-1B \Z/R L7z, hfE/NT A — & —% Table 4-1-1 |27~ L72. MKH-DMG O i
fE MKH-DMG & MK-4 1385 6 6851 T C,,, (23 L, MKH-DMG 3%
A& G#T 27 AR L U CRIN S T2 R RPN TR 53 iR S 4 MKH (2 FRZ8 46

30



SNDHZEPHBNTHS. HCC IniR DEERINE#: T & % g+ & MKH-DMG %
FEIL 1 RS C, ICE L, MK-4 |X 2 Bf[f] © C,,, |23 L7=. MKH-DMG (% 1 #%
BRI = 2 7 VR C ik S MUIFIB I 36V T MKH IS 2R S 45 55 R

MK-4 BEL 7eolz b B2 65, - TC, ENKEEO MKHREZ &< T 5

ZEDBHBMNI T
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1
10 4~ MKH-DMG (MKH-DMG)
—— MK-4 (MKH-DMG)

101 &~ MKH-DMG (MKH-DMG)
—4&— MK-4 (MKH-DMG)

[y
o
o
—
o
o

Plasma concentration
(nmol/mL)
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(nmol/g of tissue)
=

—
o
o

T T T T T T T 1 10'3 T T T T T g T g
0 6 12 18 24 0 6 12 18 24
Time after administration (h) Time after administration (h)
Figure 4-1. Plasma and liver concentration profile of MK-4 and MKH-DMG after oral
administration of MKH-DMG in mice. Dose was 38.6 mg/kg body weight. A, Plasma concentration
after MKH-DMG administration. Symbols; A and A are concentrations of MKH-DMG and MK-4
in plasma after MKH-DMG administration, respectively. B, Liver concentration after MKH-DMG
administration. Symbols; A and A are concentrations of MKH-DMG and MK-4 in liver tissue after

MKH-DMG administration, respectively. Each point represents mean + SD of three mice.
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Table 4-1. Parmacokinetic parameters of MKH-DMG and MK-4 in plasma and liver

after p.o. administration of MKH-DMG in mice.

Parameters

Plasma

Liver

Dose of MKH-DMG

(mg/kg of mouse weight)
For intrinsic MKH-DMG

C max

(nmol-mL™" or nmol-g of tissue™)

t max (h)

AUC g4
(nmol-mL™"-h or nmol-g of

tissue!-h)
MRT (h)
For MK-4

C max

(nmol-mL™" or nmol-g of tissue™)

t max (h)

AUC g4
(nmol-mL™"-h or nmol-g of

tissue!-h)

MRT (h)

0.868 +0.236

1.61 +£0.579

1.13 £0.0332

1.13+£0.224

333 +1.57

396 £0.217

0.711 £0.537

2.55+141

324 +£0.323

325+1.31

247+11.0

4.66 +0.0235

Values are means + SD of three ICR mice.

“C nax>» Maximum concentration; z,,,, time for C,,,.; AUCy.4 1, area under

concentration-time curve up to 24 hours; MRT, mean residence time.
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W MKH-DMG ok #5012 X A ATisi (FE5E) B sh 5

Balb/c nu/nu [~ 7 A % Vehicle % 5-#f, MKH-DMG #¢ 5-#, Sham #£IZHES7 1
L7z. Vehicle & Sham FEITFERUK 2 #CEHK & L, MKH-DMG 13 MKH-DMG %
FERUK TR L CHIOK T 5 L7=. PLC/PRF/S #ilfa# 5.7l 6 H 2> 5B T 1
ET, ENENDOEGRZHPOKTEE L. Vehicle & MKH-DMG Ffi%
PLC/PRF/5 #ificl > PBS #&¥#iK 2 ~ 7 A B\ C Fidler O J7{EICHE > TH G- L, Sham
B PBS i D A % g2 ¢ 5- L 7=. PLC/PRF/S #lfa4%5- 50 B IZHRFE T, £/ L,
JFfid 2 4i# Hi L 7=. Sham, Vehicle 35 J: ' MKH-DMG #f 0 B[y 70~ 7 2 fFlgsh 8
% Figure 4-2-1 \I7R L=, < 7 Al EE % Figure 4-2-2A lR L=, < 7 AfiF
it 2 i AE L6k D AL B O AR DO EIA & GRS Image] Y 7 b7 =7 T
B L7 (Fig.4-2-2B). [MA4EH DCP &% % Figure 4-2-2C |\ZR L7z, &7 —HZ D
M % Table 4-2-1 IZ/RL7=. =2 KA > b (HCC 54 50 H) 128\ T,
Sham #£IZ EL#E L C Vehicle FEO T H &, FabmfE®, DCPIRERTIZHBWTAH
EIZE < 72V Vehicle BEIFIFIRICB W TESIA L TWA Z ERH LN TH 5.
Vehicle # (2% L C MKH-DMG $5-8H 3T E &, #{LmfE=, DCP & 4 TOfE
EHBIMET &H7- (Fig. 4-2-2A,B,0). Z OfES, MKH-DMG D% 1 ki 5-
1%, gz 317 5 HCC MldOFE 2 il 925 Z L A B & 7r o Tz,

AEBRT, HCC #if# 50 6 HA12 5 MKH-DMG 5 % Bth LT\ 5 Z &)
5, HCC MIfA 2T CHsE 5 2 & 2 B\ 7R RIS Ko THTE D HCC 5 AME
T L7z fTREMEIZAS E C & 720 . MKH-DMG $¢ 5-1% DCP A= pk & 58 < #ifil L Tk 0,
DCP (2 & %5 HCC O¥FF LT D e L bHEFETETCWHL Z e PREND. F
72, MKH-DMG X HCC #ifid 1 o Cyclin D1 %A EIZ40H9 2 Z & 23 ST
S>THY, ZHIEHCC DEBIMHIZIREF L T 5.
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Vehicle control MKH-DMG
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[MKH-di-DMG
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No.2 N S A " ':\Io.1 ¥ l
- |_Diaphragm side h A A | iaphragm side

Figure 4-2-1. MKH prodrug-mediated suppression of HCC cell metastasis and growth were assessed

in male Balb/c nu/nu mice. Nude mice were given sterile water (vehicle group, n=15), 40 uM

MKH-DMG in water (MKH-DMG group, n=15). Macroscopic appearance of mouse liver.
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Figure 4-2-2. 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 0.2 umol/head/day for 50

days.

Table 4-2-1. Effects of MKH prodrug on liver incidence and growth after splenic injection of HCC

cells

Body weight Liver weight  Cancer arearatio DCP in plasma
Treatment group

(e ® (%) (mAU/mL)
Vehicle (n=15) 235+2.14 3.16 +1.89 449 +31.0 127 £ 183
MKH-DMG (n=15) 24.6+1.66 1.83 +£0.89* 164 +22.3* 6.1 £9.4%*
Sham (n=9) 255+1.73 149 +£0.23* - 1.0 £ 0.9%*

Indicated values are means + SD at endpoint.
DCP: des-y-carboxy prothrombin
*P < 0.05 vs. vehicle group.

**P < 0.01 vs. vehicle group.
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IINFE

AREIZBWTKRIORT Z EDNHALNE 2o T2,
1) MKH-DMG [T EF~ 7 ZA~OFE #5123\ T, MKH-DMG H & 28I = 41
TeDHMKGHEZZ T TMKH ZEELTWDHZ R LnE 72D, MKH ©
prodrug & U CHEBET D Z L 3B E 7 o7z,
2) PLC/PRF/5 #lifa 2 B L 72 JH-IFHER £ 7 /L~ 0 ZUTE\N T, Vehicle FEIZKT L
T MKH-DMG # G- #HITE &, FbEfEE, DCPIRERETOELAEIZE T S
H 725, MKH-DMG D% 18K 5-1%, FFlRIZ 31T 5 HCC iR oo HE 5 4 #ii]
THLZENHOEMNERoTc. Fiz, RFEEIEL, HCC Milafk 5o 6 HAElND
MKH-DMG #5-%Bth LT\ 5 Z & 226, HCC Mg IFlglc iz 325 2 & %[
NIRRT K o THTI D HCC ¥EFHAMET L 72 FTREPRIZ A E TE 7200,
MKH-DMG #5-13 DCP Az pf Z 58 < #ifil L TFH 0, DCP (2 & % HCC D HEFE Lk
IFMEIN TS Z ENRTHEND. F72, MKH-DMG X HCC #ifid# @ Cyclin
D1 Z5& < Hifil 95 Z & DY invitro TH B 272 - TE Y, HCC ORI A3 5 4H
SN AREMEDN R E TE 2.
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Figure 5-1-1. The two processes for MKH delivery into the HCC cells with MKH ester type

prodrugs.
R
OR Menahydroquinone-4 H
CH, (MKH)
OO MKH-DMG COCH,N <CH3 HCI
X H i i 27 N\CH,
OR 4 MKH-ACT “COCH,
MKH-SUC -COCH,CH,COOH
O
409
N H Menaquinone-4 (MK-4)
(0] 4

Figure 5-1-2. Chemical structures of MKH ester type prodrugs and MK-4.

AR E F T2, MKH-DMG (X HCC Mifiaic = 2 7 Lk & L THGA F 41, HCC i
TR 43 iR & C HCC BN IZ MKH % 12553 % ester type prodrug & L CHE
HET D Z ENHLMNZ/RoT=. 725, MKH @ ester type prodrug (2 & % HCC
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A~ MKH %2121, 1) prodrug F & @ HCC Hifa~D LA A EFE & 2) HCC
HERR N T OIS A S MKH OffifaN =z O e Th 5 2 E 3E 1
Hivsd (Fig. 5-1-1). RE TIX, MKH X2 ICBIT 2K WROF 52 6L, &

(ZHE T MKH %3EM 2 A5 MKH = A 7 Vi 8RO R 2175 B CTHF 4
U, T =AMk KOO promoiety 9% MKH O A 7 L EFE K| ZES
LC, %&® HCC Mifia~DHGA A, HCC M N T DMK fifte & /et L.
DT, T H O MKH =27 /LFFEMARIZ X % HCC #ifd~D MKH 25 &
Hed HE B BT 1 20 R A EE AR R L 7.

H—Hi HCC Hifid~ MKH X H2 (2 & 1E 3 MKH ester type prodrug

promoiety 2%

CIVE TR DOBREETHZEDRMOENTND I D, BT A
> D promoiety %95 MKH-DMG (2 (% HCC filffg ~D @ W FrE RS if ¢ &
5 LEZ et A ENQTE =, ARHITIL MKH ester type prodrug (Z X % MKH %52
DT S D AEIEFE % 1) prodrug B & O HCC Ml ~DEBUAZmEE &, 2)
HCC HIAEN T OMK DRI & D MKH ~O A BRFEO 2 & L THEL, &%
MR M IFE T promoiety DEBEZ A LNITHZ 2B E L7, promoiety (2
7 =AM A H 9 D MKH 1 4-bis-hemisuccinate (MKH-SUC), A 4 > P5% 5
ZFE7= 72\ (B ) MKH 1 4-bis-acetate (MKH-ACT) 3 X OV F 4 o MR 2 4
4% MKH-DMG @ 3 f#iD MKH = 2 5 )L#FE(R (Fig. 5-1-2) ZHWT,
PLC/PRF/5 i~ HiA Z, PLC/PRF/S AHRGAELAIC X 2 MoK 53 itk & 34T L 72

PLC/PRF/5 Ml DB #IRIZ 453 (MK-4, MKH-ACT, MKH-DMG, MKH-SUC)
50 uM & $ 5L, 3 % O SR B & ORIRNBUA A &% LC/MS-MS THIE L,
X R EEY ) OWE E (nmol/mg of protein) TF L7- (Fig.5-1-3). = AT /L
RO AN BUA X promoiety DFEFHIZ L > TR & < #72 ) MKH-SUC >
MKH-DMG >MKH-ACT DJEIZ K & < 72> 7=. MKH-DMG (% MKH-ACT ®#J 5
¥, MKH-SUC [Z MKH-ACT O 105 CThH 0, HHERE LD &1 4 oMk Es
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TEHNEL, A A MR TIET =4 U HEREO TN F A U MEEL Y b
HCC MNEBOAZAZEE LTS Z E DR LN oT7z, Bl E LT =4 4%
MEETH R UAR—2—DBEHLEZ NN, SBOBHPLETHD.

RIZ HCC MR NIZ BGA F V7= O INK S fiith: % #1435 H /YT, PLC/PRF/5
H AT Y R — b &2 HWT 300 MKH T 2 7 )Lk RO NNk 43 i 2 — R B
SRR AN RALT D F MR WEEEICBW T, kT 5 MKH B2 BRI TH S
MK-4 & T L7z, FHEERRINED O AR MK-4 &% 722 L[ 2B O 5l % R
Mizxt LT ey N LR/ NT A —HF Kk, t,, #HH L7z (Table 5-1-1). &
E¥ k 12 MKH-SUC > MKH-DMG > MKH-ACT DJIEIZ K& < 72 ), MKH-ACT |2
bt LT MKH-DMG (349 1.5 5, MKH-SUC |34 14 {5 CTh o 7-.

PLC/PRF/5 i 34 50 uM £ 524 Wi £ O M N MK -4, MKO 2 £ % Figure
5-1-4 \ZR L7c. =27 AR MKH k&4 MKO & MK-4 Of1
(MKO+MK-4) T#4 & MKH-SUC>MKH-DMG>MK-4>MKH-ACT DJEIZZ% < 732
» , MKH-ACT (Z Ft#: L C MKH-DMG I3 10 {5 MKH-SUC (% 30 i D652 2 R
L 72. MKH-SUC (Z & % PLC/PRF/5 ffifld N ~D &I 7= MKH O s,
MKH-SUC H & O @Il ~DBUAZ &, FIIN T D3R H 72 MKH ~OD 328
BEICER LTS ZERHLNTHD.
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Figure 5-1-3. Uptake of MK-4 and MKH-derivatives into PLC/PRF/S after 3 h treatment of 50 pM

MK-4 and MKH-derivatives.

Table 5-1. Hydrolysis of MKH-derivatives in PLC/PRF/5

cell homogenate

MKH-derivatives &k x 102 (h") Half-lives (h)

MKH-ACT 8.70 115
MKH-DMG 12.8 779
MKH-SUC 118 845

41



100 -

UMK-4
B MKO
B SUM of MK-4 and MKO

oo
o
!

(o))
o
!

N
o
I

N
o
!

Intracellular concentration
(nmol/mg of protein)

T

MK-4 MKH-ACT MKH-DMG MKH-SUC

Figure 5-1-4. Intracellular concentrations of MK-4, MKO and the sum of these in PLC/PRF/5 cells
treated with 50 pM MK-4 and MKH derivatives for 24 h.
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% i HCC #ifEiZ x5 MKH ester type prodrug O HEFEAN 2N B 1T T

promoiety D F %k

HEIIZ 38V T, promoiety 23572 5 MKH = 2 7 /L kK C X 5 PLC/PRF/5 il
W~D MKH OEEENRE R D 2 2B LT L. AREiTIEL, MKH &
BEOYETEINHIZN R~ D58 2 B 6 7229 5 HIY T, PLC/PRF/S M X425
MK-4, MKH-ACT, MKH-DMG, MKH-SUC D541l 2h 5 % #% 5- 72 FEE# Ol
FREFER N R L 7= (Fig. 5-2-1). & 512, MK-4, MKH-ACT, MKH-DMG,
MKH-SUC #5- 24 ¢} #% i ied J8 B RS & o X 7 ' CDK4 & Cyclin D1 D33
% Western blot 5% F\CHEMT L 7= (Fig. 5-2-2).

Figure 5-2-1 7> 5 B3 5 72728k Z MKH-DMG & MKH-SUC (%, PLC/PRF/5 fifRiZ
Sf L5 72 BRI #2128 T EARERIC BRI 2 R 2 R L, IC, Bl T Fh
32,16 yM Toh > 7=. —J5,MK-4 & MKH-ACT # 58 Cl3H W= 5RO R EH
PHIZ 3N CHEGEANHh R X Z2 S /e by o 7o, 72 CDK4 3 X OF Cyclin D1 D%
23 MKH-SUC @ 25 uM LL_ E O B2 38\ THEE IS S 4v (Fig. 5-2-2),
MKH-DMG #¢5-TiZ 50 uM L ECTHIZE S 72 Z & 725, MKH-SUC (%
MKH-DMG £ ¥ & ENTHEAEMEIZIR 262 Z L P 6228 72 ), MKH-SUC
(2 &K 5 HEEIN 2 13 MKH-DMG & [F)£RIZ MKH % HCC Mifld NI & #E T 5 2 &
THGRMHIR 2 LT B2 biLd. 2iH OFEFIT, MKH 25303 HEFE T
FlZh S & XIS LT Y, L TRhHAY 7 MKH O 25D ML 7= HFE 20 SR 6
ERIBEIEDLZ LRI RIBEINT.
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Figure 5-2-1. Growth inhibitory effect of MKH-derivatives against PLC/PRF/S cells. The cells were
treated with various concentrations of MK-4, MKH-ACT, MKH-DMG or MKH-SUC for 48 h (A)

or for 72 h (B).
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CDK4

Cyclin D1

GAPDH

Figure 5-2-2. Effects of MKH-derivatives on expression of cell cycle regulatory proteins in
PLC/PRF/5 cells. PLC/PRF/S cells were treated with 50 uM MK-4 or MKH-DMG for 24 h. Western

blot analysis was performed using specific antibodies against CDK4, Cyclin D1 and GAPDH.
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/NG

ARKEIZBWT, IR TZENHALNE RS T2,

1) MKH ester type prodrug (Z & %5 HCC fiffN~0D MKH OEEEX, #IHNIAGE L
72 &£ BV 2 prodrug H & OFFEN~DETLAA &, FEN TO MKH ~ 0 FF28 #u4:
KT LTV D Z ERHAL NIRRT,
2) MKH-DMG K Y & MKH-SUC 723M&# 72 MKH %iZM 4 A+ % MKH — 27 /b
FHERTH D Z L% invitro DRI L~V TH LML, KERMFENFETHZ

EMB BT 72 o7, Invivo TOMRGFHMZ, EGIFREIZIS 1T 5 availability 35 &
OHESERIHI N R OFHE AL ETH Y, 2L OMETH 5.
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a1
K[

FE#MARHE (Hepatocellular carcinoma, HCC) (TARTAHIEL O FIENIEFIZE
WIEDIZEMI T H /MmO TREOWRATH LS. B THAlE L TR G IZ A
5 24D E VO menaquinone-4 (MK-4, vitamin K,) (2, HCC OFFE T3 & LT
IR e DA, KRG RARBR M T O o DRI DOFER & 72 > 7=, —J7, HCC
HHRER CITIE B #RE & Eoige L C vitamin K, LUV MKW Z & HCC il Clk MK-4
IUGA Z 3 FE AN IE H AR I bei L TIR W Z &3 ST . k- T, HCC #i
T F1F D MK-4 O availability 1% S S SEFEE 4 HIFR LT % TN B 5.
Des-y-carboxy prothrombin (DCP, PIVKA-II) % HCC D~ — 7 —"Th 5 3,
vitamin K AKIFE X VX7 B 70 ha v B OV RFIALNARER2R B 7 n

fe e ThD. fiolr, DCP AMEFER - & U CROMERICEEREEH 2 K72 L
TWDZEBRHBMNE > TE Y, DCP AR HCC B9 ISR D #r3kpiz
DIFRFE LTHEH SN TWD. 2O X 9 28 5 b, HCC Mgz MK-4 OiEHE
{& T % menahydroquinone-4 (MKH) % HCC #faliZsh® R L < %z HZ & T,
MK-4 ® HCC D&\ availability & DCP A% A3 RIFRFIZ FEAR T &, £h=RAY72 HCC
DHEFEINHI AN ATREIC 72 D & AR % 3 T 7=, iHHEAR MKH 13450 TR L S b
A TH LT, BEBRRICHOWD Z EIEARRETH S, X, ABFEIZIBWT
{5 CH)8 T, MKH @ prodrug 1£1Z L > T HCC i IN~D%h=RAJIZ MKH 2552
L, 7z HCC ¥EIEMtI I R AR S5 Z L 4 v[RRlc LT,

55— CIX DCP 5t HCC #lfid (PLC/PRF/5, Hep3B) 5 L OY DCP [&t:Alin
(SK-Hep-1) ~® MKH-DMG ® MKH w62 % LC/MS-MS 5% v 7= fila N 2
WEREIC L > TR L7z. MKH-DMG /% 3 ¢ HCC #lifaiZ 35T MKH-DMG
& L THRRNCHUA £ 4 24 BERE £ CTloEs 85 MKH-DMG J2 58 & SEfrc#E L,
AIRNIZ 3BT MKH IZ 2R K5 fR) S4vhd Z & T, MKH @ prodrug & L
THEEET 2 Z L IO MIT e o 7. Ml ~D MKH &= E#EMHEIZ DWW T,
MKH-DMG X MK-4 # 5-(Z tti# L C MKH @ AUC, .., %1 3.5-15 %@ < T, %)
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RIIREEIN R ENT-. MKH-DMG 13 7= % 59 E~100 uM O#5FE T,
MKH-DMG H BRI O MKH SR Z S T2 ERHLNE 25
7=. DCP [5%: HCC ¥k PLC/PRF/5 fllfii CTlid, MKO O BGAA IO TENLTEY,
MKO % MK-4 #5092 fe 4 9 B 1%, AN MKO R 234+ nmol/mg
protein &£ CAIFI L TH Y, @R CTIEMK-4 OHEIIMRD TRV 2 & 38 5
27257

—EClX, MKH-DMG @ DCP 5% HCC #fifd (PLC/PRF/5,Hep3B) LT
DCP [2E#ifd (SK-Hep-1) (Zxt9 2 BRI R & in vitro TR L, MK-4 |2t
i U CHEN RIS A AT 5 Z &L AW 52 L=, MKH-DMG (3 DCP |5
P HCC Az 3 LT 10 uM T DCP FEAE 250 < Bl L, Z OREETlI MKO 23+
ITTPEAE I D Z L vD, DCP Bt HCC AAEIZ 35T MKH O REZEMERMEW 2
LICE S TDCP MEASINTND Z EBH L E 72572, MKH-DMG |3 MK-4
&g LT, 2SRRI HE RIS R A R L IC,, 2B L& 1/18-1/4 (1K T & ¢
2. T ORI EARAFH), FERHEIFHITH D, MKH O & \WiEEEICER T 25 2
& MR R S 4LT.

% =2 TIL, MKH-DMG D30 7= HEFEA I 573 G, arrest 2/ L 7= apoptosis
FEIZELDLDOTHDHZ EHH BT LT-. Western blot (2 X A fiEMT Tl DCP
K5t HCC #fifd (PLC/PRF/5, Hep3B) I35 & UY DCP [2M4:#flifiE (SK-Hep-1) DV T 4L
OFfEIZ VT H, MKH-DMG # 5- CHfifa )& #Bd:E % - »X 7 Cyclin D, CDK4,
NF-«kB < #if| L7z, 7u—H A F A MU —ZHWMITIcE N ThH
PLC/PRF/5 Hila@iZxt L CRERMEAFHI 72 MKH-DMG @ G, arrest 538 %/~ L7z, &
721 A= 3/7 FEPEOFHHIZ X W, MKH-DMG | MK-4 & [ U TRV 5
JETH A= 3/71EMEZ T L, HEMKAFR 72 apoptosis i E/EH 2 FF> 2 & 3
A5 E 7> 7-. MKH-DMG OEFEMGIZIRICET 2, L0 Eio/EHEC
BWTIIAZROFEMRRN B ULETH D,
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#00# T3, MKH-DMG O IE#~ 7 2 ~D# A #5123 T, MKH-DMG H &
NI SN =D BIK S fEA252 T CMKH 2% L TS Z 26T L,
MKH @ prodrug & U CHEET 5 Z & 3 62y & 72 572, PLC/PRF/5 fflifid % B4
L7e M-I E 7 v~ U AZBWT, Bl 50 H O~ U A FRE &R L OWF
FALEAE O WY, 40 uM O MKH-DMG #% 5% % B F K & 72 MKH-DMG
#£C Vehicle #f & ol LA B Z2MENR P BEE ST Z L2 H, MKH-DMG O in
vivo TO HCC MR BH Gk InoT. 72, ~ v A MfEH O DCP L~/
Vehicle #f & F#E L, MKH-DMG #f TIZIE 522l S 7z, HiEoaf%E T, DCP
IZ HCC ® A ZFH (autologous) FXEKRFTH Y, WOMERICEHEE&EFIZ R L
TWDZERHBEMNERR-> TS, F72 DCP EEAN HCC O I E H A2 F 5
LCHY,DCP 7 HCC O T#ZTL I H 51 & L THIEMRED —D>ORER &
EZ LTS Z LD, MKH-DMG 78 DCP % Zh=REIZ il ¢ & % Z L X HCC
BEOTHRUGEIZ DD O TEERT 2 L HIfF T 5.

55 .5 T, prodrug @ promoiety 25 7 F A A, Hik, 7 =AU MED 3 FEFEO
MKH = A 7 V8K % F T, HCC HifEa N~ MKH 054 & S FEm | Zh 5
D LeE R A2 1T > 2. MKH O ester type prodrug & L T4 F 4 > M MKH-DMG,
Hip D MKH-ACT, 7 =4 D MKH-SUC, 33 X OY MK-4 @ PLC/PRF/5 ~@ 24
IRFfE % © MKH 2% 2213 MKH-SUC > MKH-DMG >MKH-ACT=MK-4 OJIAIZ & <,
MKH DOZhERA 723572 1%, JPOEGR EF Y, MKH prodrug H & @ &\ Ol iR BGA
I L DTN L Db D THDHZ LR LNE 7257, MKH-DMG X
» % MKH-SUC 23MEi 72 MKH i55ZM A2 A3 5 MKH = 27 LVFEKRTH L Z &
Z invitro DRIFL L~V T B L, RERBFENFFTL Z LR LMNITR -5
72. Invivo TOZNEFHMIX, #5EEICI T 5 availability 35 KX OSEFEINHIZIF D
FHEAMLETHY, 2L OMETHS.

Z N E TIZIR T & 7= MKH prodrug 13 MK-4 & b~ CIER IZ2h=RAYIZ HCC #
fFRC MKH 253 & B R 2R3 Z LB L TH Y, N7 MKH %S A
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TLELTHRETLZZENHLMNERoT. LIER - T, BHBRIEICH OGNS
MK-4 # 5B\ ZH124 9% MKH prodrug O 5- 8 CHEIZ @ WER 2 %35 =

EDHIFFTE D, MKH-DMG @ MKH 2% O fofé R AN ENREIL MK-4 &R U

HEMA D Z EMBEWERMEETRT EE X LND. A DR RIL MKH %
PESCEDMEN 72 HCC ISR 2 Ml B RFEHUZ 7208 % &9 2 YU DG 2 3Ky
TOHDTHD. L FEMRRRFHE & BRI AR OMETH 508, Fxlx
MKH prodrug 234172 HCC AL E T RIAIBHFE O 7-72 7 7 —F Th 5 LiEE L

TW5.
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e
IS LR WIR YD £ D MW,

acetic acid

acetic anhydride

Agarose S

Albumin, Bovine

ammonium acetate

Apoptosis Ladder Detection Kit

BCA Protein Assay Reagent Kit (Pierce)
Blocking One

bromophenol blue (BPB)

Caspase-Glo 3/7 Assay

Cell Cycle Regulation Sample Kit

Cell Titer-Glo Assay

dimethyl sulfoxide (DMSO)

Dulbecco’s modified Eagle’s medium
Dulbecco’s Phosphate Buffered Saline
ethanol

ethyl acetate

Fetal Bovine Serum

Glycerin

HEPES

hydrochloric acid

n-hexane

heparin sodium (/ 7~ -~/ 3V > 5 FHAL/5 mL)
Immun-Blot™ PVDF Membrane for protein blotting
isoflurane (7= A 47 A > Wy AJREMIR)
isopropyl ether Z&8 L CH\\70)
LDH-Cytotoxic Test"°

menaquinone-4

51

FOCHIBE T3 (BR)
FOCHIAE T3 (BR)
FOCHIAE T3 (BR)
FOCHIAE T3 (BR)
FOCHIAE T3 (BR)
FOCHIAE T3 (BR)
Thermo Fisher Scientific Inc.
FTHITAT AT (KK
FOCHIBE T3 (BR)
Promega Co.

Cell Signaling Technology
Promega Co.
FOCHIAE T3 (BR)
Sigma Chemical Co.
Invitrogen Co.
FOCHIAE T3 (BR)
FOCHIAE T3 (BR)
Invitrogen Co.

AR (BR)

(B [RUALZ2FFERT
FOCHIAE T3 (BR)
FOCHIAE T3 (BR)

Fr R (BR)

Bio-Rad Laboratories, Inc.
~ A 7 UBEE (KR
FOCHIAE T3 (BR)
FOCHIAE T3 (BR)
T—HA ()



menaquinone-4 epoxide
2-mercaptoethanol

methanol

NP-40 (IGEPAL CA-630)

penicillin streptomycin

Procision Plus Protein™ All Blue Standards
Propidium iodide, minimum 95% (HPLC)
pyridine

Ribonuclease A

SDS

sodium chloride

sodium dehydrogen phosphate dehydrate
sodium deoxycholate

sodium sulfate (anhydrous)

succinic anhydride

SuperSep ACE 5-20%, 13well

Tris (hydroxymethyl) aminomethane
10xTris/Glycine/SDS Buffer

TypLE™ Express

Tween 20

PLC/PRF/5
SK-Hep-1

EAINZ
CDK4
Cyclin D1
Cyclin D3

GAPDH
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T—HA ()
FOCHIAE T3 (BR)
FOCHIBE T3 (BR)
Sigma-Aldrich Co.
Invitrogen Co.

Bio-Rad Laboratories, Inc.
Sigma-Aldrich Co.
Sigma-Aldrich Co.
Sigma-Aldrich Co.
FOCHIAE T3 (BR)
FOCHIAE T3 (BR)
FOCHIAE T3 (BR)
FOCHIBE T3 (BR)
FOCHIBE T3 (BR)
FOCHIAE T3 (BR)
FOCHIAE T3 (BR)
FOCHIBE T3 (BR)
Bio-Rad Laboratories, Inc.
Gibco (Life Technologies)
B (BR)

BRI TERT

£ H AR (KR
Ea—v A o 2R
£ AR ()

Cell Signaling Technology
Cell Signaling Technology
Cell Signaling Technology
Cell Signaling Technology



A & AR s 2

t MAFHIRERE (HCC) #MAciL PLC/PRF/S, HepG2, Hep3B, SK-Hep-1 O iz v 7=, LIk
O HCC #Mifai 37°C, 5% IMBRKE T CREREE R T2 Z LI KR L7z, BRudde@ii L
72 10% Fetal bovine serum (FBS) & 1% penicillin-streptomycin % ¢ Dulbecco’s modified

Eagle’s medium (DMEM) % V) 7z,

B W) R

EBREMIL, 7T AF v 7 =Y OFIC, Kl 23 +2°C, 12 K OBREY1 7 L (T:00AM £

IT) OB THET L. 723, BHIX CE2 (7 L7, W) ZHW, KZEHICER TS X
ZLU7z. EREWOIY o, KB ESRZ B2 (Experimental Animal Care and

Use Committee) [ZHE U 77,

BE—EDOER

MKH-DMG # 5-t4 O #ilfg 1 MKH-DMG, MK-4 33 J. (Y MKO & % O il iE

MK-4 & MKO % ethanol [Z#%fi# L, MKH-DMG % MilliQ /KIZIEfR L 7=. T Zh 3o A
N> 7 ¥R (50 mM) ISR Tl B AR L, ethanol OFR&KIRIEIT 02%LL T THH- 7=,
6-well plate |2 1.5 x 10° cells/well D% & T HCC #lifd (PLC/PRF/5, Hep3B, SK-Hep-1) % #fif
L, 48 HEEIRE 28 L 7=, FEHhZ b5 X S TRANEE o A # L, — E R 2 1388 S 7=, 3y
WINKE 2 bR &, =R PBS T3 [EWEE L, Mildd A7 L—/3—TZIEE L, 1 mL @ PBS H1iZ
B L, Y= —hkL7. #lEFREYR— MEIZ 1 mL @ methanol & 3 mL @ n-hexane (cell

sample: methanol: n-hexane containing internal standard of y-tocotrienol = 1:1:3) Z /12, 2 47 [H]
vortex L7274 ,4°C, 3000 rpm T 10 57 [# 0478 L 72, n-hexane & & BN L, 2238 7 A Tl
R[5 L 72, ZRHIC methanol 2 N2 THVAME L, LC/MS-MS izt L7z, Mllgd€ v x— b
WD % X7 JRFEIL BCA protein assay kit 2 F W CHIIE L7z,

LC/MS-MS 5 Ht

LC/MS-MS #£7& 13 4000QTRAP LC-MS/MS system (AB Sciex, Framingham, MA) & Prominence
UFLC system (Shimazdu Corp., Kyoto, Japan)Z H\ 7z, &lEHEA&EIT 1I0uL & L, M v~
N7Z 7 412k 0B LT=. 17 21X CAPCELL PACK C18 MG-II (3 um, 2.0 mm x 100 mm,
Shiseido, Tokyo, Japan) % f\ 7. FEFHIX 10 mM ammonium acetate, 0.1% acetic acid & A A
Z )= NVERERNTT A Y777 4 v 738 Uiz, iftiEid 04 mL/min, UV # & 13 240 nm,
71T LA —T N 40°CIZERE L7z, A A 2 {biEIX Atmospheric Pressure Chemical Ionization
(APCD) EE AW, RV T4 74 F v EF—-RFRTRIELE. LEVORE L E&IX
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MS-MS-multiple reaction monitoring (MRM) E— K& HW\\/=. hZ oo P a A N3O
WY ITERE LT-: MK-4 adduct [M+H]T 1% m/z 445—187, MKO adduct [M+H]t 1% m/z 461—
161, MKH-DMG adduct [M+H]T % m/z 617—481, MK-4 adduct [M+H]* X m/z 411—151. f&
FFRFHNIILL T DY Th > 72 MK-4, 2.5 min; MKO, 1.9 min; MKH-DMG, 1.4 min; and

v-tocotrienol, 1.7 min.

BE_EOER

A L 1 i T 23 SR R

AAEMRR %L Cell Titer-Glo Luminescent Cell Viability Assay a3 & FVCTHIE L7z,
PLC/PRF/5, Hep3B, SK-Hep-1 D45l f 14~ % B 72 96-well plate (2 5.0 x 10° cells/well & 72 % &
INTEFLEHL 100 pL O EFHIZ IR S & CREFRE L, 48 el k52 L7o. B HIZ BR & SEMIRINLS
Hi & A3 L, $E 5% 96 B £ COEMIE A REDO T ek a— s fEo THIE Lz, 1C

fEl1% GraphPad Prism (virsion 6.0) % ]\ >C, log [drug] vs. normalized response-variable slope fi#
BrickoCTHRILE.

HEoEOER

VIAK T 0T 4 I K DM E R & VoS T OREYT

HCC #i}id % 6-well plate (Z 1.5 x 10° cells/well & 722 X 9 (ZH#EFE L, 48 FEE % L=, Bz
R & 60 uM D MK-4 ¥ 7213 MKH-DMG N5 HEIZ 2248 U, 24,48, 72 F 7213 96 e E5 28 L 72,
YR ERE, a7 7 —8A v e ©¥—F 7 7 V%G T RIPA buffer % U CHllla
ML, £O—HIE BCA # X7 flEICHE L7z, #ildZ A & — F & 12% SDS-PAGE /v
b CHEAVKE) L, PVDF EIC#55 L7=. JEE Blocking One buffer TA > ¥ 2 _X— K L7=DbH,
PUF O — W HiAR % JLEL L 7-: mouse anti-CDK4 (1:2000), mouse anti-cyclin D1 (1:2000), mouse

anti-cyclin D3 (1:2000), rabbit anti-NF-kB (1:10000). —XHFLALEY, 54 TBST buffer TV >
A L, peroxidase-conjugated goat anti-mouse (or rabbit) IgG (y-chain specific) (1:20000) TLEE L
7= BOSTEDOHUA 2 737 B X ECL Advance Western Blotting Detection kit & U CH ) S+
T RTORRITEIEICHE S TA MY v B2 7 %47V mouse anti-GAPDH (40000) % WLEE L,
GAPDH 3l &E & flE L 7.

(\‘@

77— A b AU —IZ KB HAE)E AT

PLC/PRF/5 1 % 6-well plate |2 1.5 x 10° cells/well & 725 X 5 \CHEfE L, 48 Bifi ks L 7-.
B % bR & 60 uM @ MK-4 ¥ 7213 MKH-DMG #INES HIC 22 U, 12 F 72 13 48 BERiI B L 7=,
AR [ ¢4 PBS THEE L7 B0 L 4.0 x 10° cell DXL > h & L, 1 mL ® 70%
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ethanol Z I % COK# T 1 BEM 2T CEE L7z, Ethanol Z R &, HMiflZ 4 PBS T2 Eik- 7=
DH,4mg D RNAase =& A L7- 1 mL @ 5%BSA-PBS ¥R 2 1% L 37°CC 50 4[]
A2 F 23—k L7z, MR #2150 uL @ propidium iodide (PT) @ PBS {&# (1 mg/mL) T
Yefa L, 20 43Dk Lz, ARSI 2 5 OV S%BSA-PBS &K T 2 JEBEVY, 750 uL D #
5%BSA-PBS &R IZ Al fE & i L 7=, Alfa ¥ > 11X EPICS flow cytometry
(Beckman-Coulter, Brea, CA) % W TN ZFH OfiaEE ofinEl & 2H0E L.

T3 A= 3/7 {EVERIE

H A 8—F¥ 3/7 {EME 1 Caspase Glo 3/7 assay (Promega) % V> CHIE L 7=. PLC/PRF/5 #llfaiX
RiFEW 72 96-well plate 12 5.0 x 10° cells/well & 725 X 5 IZZHE 4L 100 pL OH;HUZ IR <
THERE L, 48 W28 L7z, Bi i 2 & MK-4 & MKH-DMG O 3P Esings i & 2542 L, 72
R DA AX—8 3T {EMEZRED T v b a— 2 ig-> THIE L.

DNA W b Ok

Hep3B #} % 6-well plate |2 1.5 x 10° cells/well & 725 X 5\ ZHEfE L, 48 Bl ks L7-. Kt
ZFRE 60 uM O MK-4 & 7213 MKH-DMG ¥RINES I A HE U, 48 F 7213 72 RERESE L7-. 4
fiel % [BIUL#4 4 PBS TP, il L C EFEZBRW=~XL » &Y 7L s L. DNA Kb
DORHNCIET A P =Y 27 X =¥ v b oo AW FiEEXy ho7'm b a— gt
WV, Fy MECEENLRIBICE L UI FRESIW TR L7z, flg~<L > NI enzyme

reaction solution 180 pL, enzyme activator solution 20 pL, RNase solution 10 pL, protein digestion

enzyme solution 10 uL. Z A0 L, 8% L 721, 50°C T 30 77 »F =2X— K L7=. DNA
extraction solution % 300 pL A0 LEEEEFIR, A 7w /3 —/1 500 uL @0 UESEIE TN, 15
Sy E L7, 10000 xg T 10 ZrfHiE.C, REERE,70%~% / —/ % 1 mL Mz TRA L,
10000 xg T 5 4y MiE L, EEZMREHE10%=4 /) —/VZ I mL Iz TV L, #i#% TE
buffer |2 L7=. DNA # > 7/l 10 uL |Z loading buffer 2 uL ZEA % 2% 7 H v — A7 )L
\Z7 77 A L, %7z ladder marker 10 uL. % 7 77 A L C{k#Ei/N v 7 7 — & L T TAE buffer %
FT 100V, 40 53 [H XK E) L 72. DNA O 44413, TAE buffer C SYBR Green I % 10000
IR L, BEETCO V% 30-40 pMIRE L 720 b, UV THRE LB L.

DCP &

PLC/PRF/5 1 % 6-well plate |2 1.5 x 10° cells/well & 725 X 5 \CHEfE L, 48 Beff ks L7-.

B i R & 60 uM @ MK-4 % 7213 MKH-DMG RIS 2 A Ha U, 72 REfRS 2 L=, SR
1% D PLC/PRF/5 ffifid D 15 HiHt @ DCP 2 £ % electrochemiluminescense immunoassay (ECLIA)
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(Picolumi PIVKA-II, =t#fidk) 2 MW CHlE L7=. ECLIA (X DCP O~ 7 AE /7 u—} )b
R EZEMHICa—T 0 7L, AT =ULE#R LT Yy hARY 7 o —F gk E T
W5, EIFEREET L~ 7 2D MHEH O DCP L~UL % ECLIA CRBICHIE L7

I EDER

MKH-DMG DO~ 7 A% 1 #5128 5 s K OVl Ehas

B I LREME ICR ~ 7 2 (7 lfp, LB 2 L. v U ATk Y M7 — U TR S
H, KITHBERSE72. MKH-DMG O A #5:1281F 5% 5513 38.6 mg/kg (MK-4 % &
T25mgkg) & L7, ERMEI~VAKE10gH7V 00mL &L, OV T EZHNT
AR O G L. 5B, 4V 7T VEE T CASY VA LY Ly ) v
TS TOMEE ML L, SEHERLF L7200 b, IFlA R L7z, P A5 & o A kK 20
Z T, JK#%H F POLYTRON REVFA P =% HNTHRETF A XL,-80°CTHRAF L72. M4
&Y > 7 ik Bk oM b ofhE & RERIC L TIT R o 7o, s X OUFIR R EE
DIEWBNRENT A —ZTE— A2 MO OROTZ. HERE (Cpy) BEO Cop [CET D
REMH] (fnae) (ZBLHIT — 2 2B L2

MKH-DMG DT E 7 L~ 7 A % V= in vivo Zh S 2F A
KM Balb/c nu/nu ~ 7 A (5, AARSLC) # MWz, 39D~ A&ZLLFD 3 FEIZ0T
72: 1) vehicle #£, n=15; 2) MKH-DMG #¥, n=15; sham &%, n=9. HCC & DA 1 Fidler ™ J5 14

R, A Y 7T VHEE T T, PLC/PRF/S AIFE (1.0 x 10° cells/0.05 mL of PBS) % vehicle
& MKH-DMG FED X — R~ 7 ZAD g2 EA L. sham #£13 HCC BAEZ 177207, Fifr
DA E LT-. MKH-DMG [ZfKHIZIEM L 40 uM & L, HHIZAK 72, MKH-DMG ®
B BEIIHUKEN DHE T 5 &5 L% 02 umol/head/day Th -7z, UK D& G1X~ 7 &
J¥fige~0o> HCC Mifafetid 6 HENIBHAG L7z, BRKA R 7 L I ARA L THEDE L, 2 RIS
R LT, Btk 50 BIC~ D A% A Y 70T TREEL, ~/SU VI L7~ Ly ) v
RS 2R TR U, SAMERLE L7z, 1% % 3000 rpm, 10 53[0 U, MAEE 57, ks
B, mEEAZHE L, RO RN & N 2 @FRHET o2 0 b X TR L
7= O b miER =/ HT 572912 Image) Y 7 b U = 7K D BB 21770 > 7=

P TVALERTIR F S T2 FINETIT 220, BiREEtE O/ NEETCHER I 31T 2 g D Z2{b)s &

FEAL IR 2 R E LTz

e e AL B
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HERFALEL X IMP 8 (SAS Institute Inc., Cary, NC) Y 7 hv =7 2 HW\W T ~7-. AEEIL,
—JCHECE D 43 HSTHT %2 O 72 Tukey-Kramer’s test 2 W TRRER L7=. P <0.05 OHAITHB W
THEHPICEE THD L AR LT

EHEDHEBR
Menahydroquinone-4 1 .4-bis-hemisuccinate (MKH-SUC) D&k

MK-4 2 g (4.55 mmol) % isopropyl eter (IPE) 40 mL |Z{Afi## &+, NaBH, % methanol (Z¥&f# L C
W, IR ORI, 27l T 30 A 2k S 7- 8K 100 mL 200 %,
NaCl Cfafnt%, IPE 60 mL CHiHi L, ®IZ/KJE 2 IPE 100 mL % Al 2 C AT ¥ 53 % fii ), IPE J&
% {3+ T sodium sulfate (anhydrous) THi/AK%, W 2L L LT-. REC
N,N-dimethyl-4-aminopyridine (8.97 mmol), succinic anhydride (18.0 mmol) % /Il %, IPE/dioxane
(6/4,v/v) 100 mL (Z¥fFE LT, SRR T 3R Z, 50-60 CCLTINER L 72278 & 2 IR KOG &+,
HUIZEIR T 10 R BOS S8 72, ROSHRISHTRK 100 mL 2 i1 £, IPE Ji& % 57 #fE L , sodium
sulfate (anhydrous) THZIEZ, IWBEAERE 5 L7z, &% IPE (W L, =0 L CE 7= L
)2 ethylacetate 100 mL & %7K 100 mL % /[l X ethyl acetate 7] ¥4y % il 1] L, sodium sulfate
(anhydrous) THiAK, A2 BIER £ L. FiE% IPE IZ8H L RIEY % ethyl acetate CFF
fitidh L C, MKH-SUC % 37=.

Menahydroquinone-4 1 4-bis-acetate MKH-ACT) D& A%

MK-4 1 g (2.25 mmol) % ethyl acetate 40~50 mL (23 f# =, NaBH, % methanol {2V L CHsAN,
IR OGN HERE, 2 HICT VT 0 A & S W72 788 7K 200 mL % /1 2., NaCl THg
1%, ethyl acetate THlHH L, ethyl acetate J& % sodium sulfate (anhydrous) THZIEL, LA
JERE L=, 55472 MKH %/ &0 dry pyridine (2%, HKEERE% 1.6 mL (16.9 mmol)
RN USRI C 24 REfFE#RE L7, MKH-ACT O & RERRIX TLC IZ L V1T > 7= (TLC 7' L —
I ; MERCK Silica gel 60 F254, Ji&BAALE; n-hexane/ethyl acetate (9/1,v/v) , fHi; 10%H,SO, K&
OB tA) . UL IZ ethyl acetate Z /b &1 2 CTHT HH L 7270 2 385 L, pyridine 573 <
2% ETAHRDEBR AWML 5 Uiz, I, I/ Flash 7 v~ 7' F 7 4 —I12 k0, 5l
K58 U7~ (577 2 FLASH40+M, 40 mm X 150 mm (31 A& — « D% 30, IRBERIE;
n-hexane/ethyl acetate (95/5,v/v). #5357 %) % ethanol CHF#%dh L, MKH-ACT % 157=.

MKH = 2 7 )LEEE AR 5.4% O M MKH = 2 7 /LB A L O MKO, MK-4 2 B o I &

ik & [FAEIZ MK-4 1T ethanol, MKH-DMG 1Z MilliQ /KIZ¥f# L 7=. MKH-ACT I ethanol |Z
Af# L, MKH-SUC (X DMSO [ZiafiE S ¥ 7. ZnENOEY O R kv 7 iR (50 mM) (35
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Fe s M C i ‘B AR L, ethanol 35 X O DMSO D& FEIX 0.1% Td - 7=. 6-well plate (Z 1.0 x
10° cells/well D% C PLC/PRF/S filaZ##fE L, 2> 7L N E O & S0, Bz
T IINBEHUN A L, —E R & U R S W7z, SEIRINEE 4 fR &, /% PBS T 3 [A]
P L, filleE A7 L— R—TCHEE X, 1 mL © PBS HiZREIX L, Y =4— kL7 #jar
E Y% — MREIZ 1 mL @ methanol & 3 mL @ n-hexane (cell sample: methanol: n-hexane
containing internal standard of y-tocotrienol = 1:1:3) % /il %, 2 43f# vortex L 7=%%, 4°C, 3000 rpm
T 10 4y 058 L7, n-hexane JE &[N L, 2258 4 A CIRMAHLE L7, % IZ methanol
Z Nz THEM L, LC/MS-MS 3 X OVLC/UV AT IZf: L72. UV IR 1E 240 nm (ZF%E L 7-.
AT YR — NMERO X /37 JREE 1T BCA protein assay kit & W CHIE L7z,

HCC HifasE Y % — R & A7 MKH = X 7 L EEE K D NNk 55 fif 25

6-well plate (Z 1.0 x 10° cells/well D% % C PLC/PRF/S fliZ &L, o> 7o £ Tk
#& L7, Mif@% PBS T L, M4 HIEE L PBS FICREILE, K FTY=r—h L7,
IR €Y % — MM A by 7 RIE " A4 7 U, ROSHEPIEE 2 50 uM & L= 1864 2
7 AR TE L, 37°CTA ¥ 2 _— 8 LIS & BtA &, REFIC A L C,
HPLC CHMPIE 2 ME L=, MAKRDMEEE T AT VDK E MK-4 DEREE=4—L
TR,

A L 14 B T 230 SR R

ATERINEE (2]) 1Z Cell Titer-Glo Luminescent Cell Viability Assay #2382 VN CTHIE L 7=.
PLC/PRF/5 #lfic % A5 BH 72 96-well plate (Z 5.0 x 10° cells/well & 722 X 5 (ZZF 41 100 puL
DB HZ RR R S H CRERE L, 48 BB L72. BiHi &2 BR & ~100 uM & MK-4, MKH-ACT,
MKH-DMG % 7213 MKH-SUC ¥R & A2 Ha U, 24,48 7213 72 W) 2 o0 A= Ml o2 T E
L7z. ICs fEIZ GraphPad Prism (virsion 6.0) % H\>C, log [drug] vs. normalized

response-variable slope f#EHTIZ & > THIH L7z,

VIAZ LT BT 4 v 7\ K 2 MRa)E B & 3 B O fighr

PLC/PRF/5 1 % 6-well plate |2 1.5 x 10° cells/well & 725 X 5 \CHEME L, 48 B[l ks L7-.

Be % FR & 50 uM @ MK-4, MKH-ACT, MKH-DMG 72 & ONZ 25, 50 pM @ MKH-SUC #sAnE%
I AL L, 24 IFEE AR U7z, MRS 2 bR &, Bk ofiafhit 217720, LT o—k

LA TALER L 72: mouse anti-CDK4 (1:2000), mouse anti-cyclin D1 (1:2000). #¥ECHE > TA b

U ¥ 7 %4772\, GAPDH (1:40000) % & L7-.
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