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R B D 35~ — A — & LT a -fetoprotein
(AFP) &protein induced by vitamin K absence or
antagonist-II (PIVKA-II) 2328F 65N 5. fKEOM
i3 X OPP TR T SN B IR IR o s & E
Td»AHAFPIZIFMEECTD A3 5720, IR
FEBWCbhTwad, L L, AFPIEIFHIKLRE
DA oK, BRI, WEEZ, MREMERERIEE
I =ML ETH EAHT A2 L HAFP
HHMTOMMIZEE LI ZWwEINTWEY, $7z,
PIVKA-ILZ, €% I VKARRE L2 E XITHEAES
NZEFGEEZ D2 VWRETo oy Th
5. W4, PIVKA-IU AR Z RSB W
TAFPX D) Wk, FHREZFES. LiL,
PIVKA-IIZ7 V7 7 ) Y ¥ 58, &7 x 2Rk
WAL, PHIETEBE NG, ML RIBIRBA BRI,
TV a—VEFEEOBIZ EA L, B E RS 5.
—} T, €©¥F I KBRS R ITIEPIVKA-IU T
BV L THIEFALT AT LD OEEAVETD
%5 . Z®AFP&PIVKA-IIO [a] B f A A 1 A
BN St ENENA VAN T2 AT 5 BH
W2 U CARIECIIRBEIL & 2> TEB Y, FFEsHt
A BT A4 BT H/MFHHIEREOZEIZB T
2D oM~ —h—%WET 52 LAHERS R
TW59, fifZE 7 v —7oME T, I
IS DWW TAFPHTIZIKIES3%, JFRIEI0%,
PIVKA-ITHARCIXKEE61%, FFRE61%, i b
TIKETR% L M ET 2 b DD, FrHEEI362% & K
{, AFP3 & U'PIVKA-II® & T 5 1 -4l a5
A7) —== 7R BB B EINED, Lds
> T, FIHIENE 2 2 W5 % 720 OFi 7= A
DRV LETH 5.

R R 2 W A ke LT, BfElifEs h
TVB08)Fy FANAF TV —ThHsb. VJFv F
NAF T —8id, MR ML HICIRE L T 55
e R E A 5 S Y Ze AR AL Z M5 2 B TH
D, HEREMICX 2B E KT 2L, BANOR
HYEAMR  RAETHE 2 AL TH 5.

SEPTOGAMING /7 B EE kB 2 Ri=5 7210 T
%<, SEPTIDCpGT 4 F ¥ FO#FE X F WALH
BPANVCEEST B 2 LD, BEIHEE T o e
AR IN TS 9. IR CIZSEPT97 v €
— ¥ — B CpGO R E LM 2 F VLT XD
SEPTIDFBALIZLIEHHI S hTB Y, o

R BILEERIE NI N—BIZETTHDHZ
LR shTwaY, F72, BKRSHBIE LT,
{5 AFP O M NaHE O B AR IR BEST. 7%, 4¢3 1
98.3% Zxt L, A F WALSEPTY (LLFm-SEPTY)
V&Y FNL 7Y —CTRIRARIER27%, FFE
96.0%TH Y, E5ITIE, WA X Y BARE
3913%ICE T ET A ERHEEShTWVEY,
Tk, MiFHo 2 F VLR T 2 @ m Mg
% KB A FVALIRBTIE Z BB L CB Y, ARl %
JHAWTm-SEPTO8 Iz %# %= vy b L2V Fv

N4 Ty —fFH%EEZHRE LTS, I
BT, m-SEPTID 4 A 7 — ¥ WK 263
% ALK EE63.2%, FERE0.0%TH V), FUIIFHAL
W (Barcelona Clinic Liver Cancer [BCLC] stage
0/A) 2 IZBRE L7235 OMAEEE X, M5 AFPH
MTIX18%, m-SEPTOHTIX54.8%, Wit T
1363% &, LY AFPHIZ e~ TR IR EE H345%1)
EFaZeEHMELTYDEY, B HTIZAFPH)
TOLEA T — VMR DM IREE6.8%, HFHpE
975% 2%} L C, L% mSEPTIH AT o K4 & Bg
63.2%, FFELPE82.5%, Wi P Tk M KE
711% FTHET 2L 2WMELTVLY,

—J, m-SEPTIUNDHEH %A F=—Hh — 15
#iEfs T & LT, Homeobox Al (UL FHOXAI 7%
FIFoh s, HOXEAR T LTS - % & oRi#
i & DU DAY - AN > TRBLTB YR
FAEICHELRRHAZ L >TwaEY, T, HOX#E
{ZFDCpGT A4 5 ¥ KTDNAD X F VAL Z %
LHOXS V8 BEATERL D0, HEEW
P EAREESNT, BRI MRE SIS Z LA
WMEEINTEBY, EBIZ, A LHEBEOM THOX
BIETOXF VLR SN TV 29, JFHIHE IS
D2WTIX, A FNVLHOXAI (VL TFm-HOXAI) &
320 X F VAL # s T (EMXI, TSPYLS,
B3GALT6), BXU, 2200Ji#~—7%— (AFP,
AFP-L3) %57 %<V F 73 3 VAR 255 101 I i
WMOZMICAHEVIMELDH LY. £/, m-
HOXAl%# &85 620D AF M~ —A—12L 5 F
v B4 G 77 =D OB W AR & v i
BHHHY. 72721, m-HOXAIHHT O HFHI KL
ZWIERE O WP 2.

IhFCTHARIMEAFPE X F VALEE T DM
AL b TONESHER O Z 17> Tz, L
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ML, EBROBKRIY T, FlEomY 2 78
T 5 W2 RN e 0 B 2 U Cidiss ~ —
71 —AFP & PIVKA-TIO [l R AS A PR BRESHE & L TRl
HOHNTWAEZ LRD, ERRANDIHZ/E L
W&, AFP, BX U, PIVKANDOW# % & AT
DY F v F34 F 73 — ORI O Witk i 2 W
LT HLENRDLLEZT. 2T, SHKkA
1%, BEfFEOMS~— % —Td5AFP, PIVKAIIE O
HMAEDEDNL F<v—H—L L Tm-SEPTIE m-
HOXAID &% L3R WM EDO R 7)) —= v 7
WCHHTH 202 BGEET 5720, AKifFEEIT- 72

I. MRFE

AWFETIE, AV Y FESOMAFEINICHE S T
bz, IMORZEZEIIEREE BBRE AT
5 LT R RS M FERERZRSORKB LG
THEML72 REEF7H28-124).

1. ot

20164E11 H 22 520204E11 A @ B IR = R 223

MHB b, PEIIE Y~ b e ousske, BT k7 s B
THIME ROBAMEICERLIBAZNRE L
7o, BBEERDPOLHFETAL VI r—L2Fa
MERUS L7, B o NFISREREE25 A, IR
2 G0 L T WEBPEIFREUEE30N, s
BETEN (R WIFMIEMEH4N) ThHho7z (K1),
K NHERRA TRE O w2 L 23R S 7z Bk
HaEE L LTESLA. T o817,
BCLC staging system®#:#E % Fivy, Stage 0/A%
B/ s & L7,

2. Hi&k

1) MAERFEDER
FEHREITOWTUIARN F v 7 TRIENBgH A
ML, KIS %2 8 %o 7o Wi 2 e 5
BEELCTBELE. 2B, KEPWHERAILIR I
B % SR 72, YR B COW T, B
UE 3 o A LA HRZ W TR O v & & 2 5
AL B MR Z FRILL, $RIUE 6 » HRAAIC
ARV & HRER L7z TR R R eI
MR 2 BRI L 72, $RULL 72 ML i % 1200
105 .0 L Cliig 2 508 L, 2mLF 22— 7125
#L, —20C CaRstAar L7

2) AFPAEIE

AFPOILE R ZEIAL TE L7z, BRI
ST E7 A b [TOSOH] (AFP) (Y —, Hx),
HEREEHZATA-2000 ORY —, H) ZHw7z.
3) PIVKA-IIEIE

PIVKA-IIO il i #% B (X EIAB: Tl E L 72, BeAE
AIIZET A b [TOSOH] T (PIVKA-ID (7K #
F4 AN, HE), WERRIEAIA-2000 (Y —,
a0 vz,

4) DNAHH

WHARAE L TV MG Bk 2 ok L, MagNA
Pure Compact Nucleic Acid Isolation Kit I
(Roche, Diagnostics, Indianapolis, IN, USA) % v
TOAMLD MEHRAES SDNAZB L2, ZLC,
50ulDBEH Ny 7 7 —IZBEH L, —20C THORE
L7.

5) X F IR

m-SEPT9R O'm-HOXAID 2 ¥ — K oOWE X, &

R RN R

s & TR PET R B iiliort
PRT— B I
n=25 n=30
n="78 n=44
PEBICA)
Bk 13 14 51 32
ok 12 16 27 12
SEHIAEH 48.1 65.2 71.9 73
(Fap) (36-59) (40-85) (39-84) (61-84)
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VT RS L7z BB A F WAL 2 2 W THT -
7z, AR IX, DNAOEFWUI L, Droplet digital
PCRED 2ODFMEH» S 4 Y, LT IZEE Ml 2 bR 5.
6) BFENE

BEUHE T ODRAT v Thohb. BNDAT
v 7T, ILiEDNA 10uL% f# sk L, AmpliTaq
Gold buffer I (Thermo Fisher Scientific,
Waltham, MA, USA) 1 uL&25mM MgCle 1 uL,
3MMEDOMEE (Hhal, Hpall, Exol) (9-XT
Thermo Fisher Scientific) £ 1 uL#% 5 7 5 EEE X
IS 5 uL%E S OILFEDNAWC Z 72, £ LT, HE
W2 37C TIR M OBWRIEZ SE72. RDAT v
7CTl, BstUI (New England Biolabs, Hitchin,
United Kingdom) 1uL% Ah, REH%60C TI16
IR D POS 2 S8, RS #I298C T1057 [
DMEEAT 5 7.

Hha 1, Hpall, BstU I & LAkl B
FTHYH, ThLEFI5-GCGC-3&5-CCGG-3', 5'-
CGCG-3 % jlak L CHiILRLH 2 LI %. X F 1k
SN2 ORIILRHNIYM S TR DH 720, O
PCRCTHIIEARE & %2 5.

Exol 3%V X7 L7 —¥ThV, DNAHK
AT 5 —AREDNAZHEILT 5. d LEEEK
ISP I —ARBDNAN DTN THHET 5L, L
FCHIBREZ O 2T L Ev, A FMLOHE
X bHOHFPCRTHIFEISNTLE) 2 &hb, X
F VAL % R LT 5B ZARFDNAD APCRIEE T X
5 X ARBFREMH L.

7) Droplet digital PCR

BEFPOLHE T, BEFEBUSLEFEDNAIE 8 ul
EPCREUSHIAULZ R G L7, ZOPCRIUSHIZ,
W3 ¥ a2 —VOhTERT (human telomerase
reverse transcriptase) & ¥ —#4 v M5 T-SEPTY,
F 721, HOXAID20uM 794 x—3Iv 7 AL 5
M7u—7%1uL (Ft4ul) &, 2 xddPCR¥ R
% —3 v 7 A (Bio-Rad, Hercules, CA, USA) 10uL
Nokb.

hTERTD 7 54 % =8B L7 1 —7 O ILES]
LT M) Th 5.

Forward primer : 5-GGGTCCTCGCCTGTGTACA
G-3
Reverse primer : 5-CCTGGGAGCTCTGGGAATT
T-3

Probe : 5-VIC-CACACCTTTGGTCACTC-MGB-3'

SEPTID 7 54 = —B I 7 a—7 DRG]
BUTO®EYTHS.
Forward primer : 5-GCCCACCAGCCATCATGT-3
Reverse primer : 5-GTCCGAAATGATCCCATC
CA-3
Probe : 5-FAM-CCGCGGTCAACGC-MGB-3

HOXAIDT 43 —B L7 u—7 OIS
BUTOEY TH 5.
Forward primer : 5-CCCATGGAGGAAGTGAGA
AA-3
Reverse primer : 5-GGGGTATTCCAGGAAGGAG
T-3
Probe : 5-FAM-GCACAGTCACGCCGG-3

Z OPCRIUBHE A 5 Automated droplet generator
(Bio-Rad) #MwC, Droplet (i) #{EYH, H¥—
<NVHA 7 FG— T, B5CTIHMTFERLZD
H, 94C 0 OMENS L U56TC 607 =—Y
7 & A0Mm#R D R U CDNAZ HIR S &, m%I1298C
T104mE L7-. DNADHIEH, QX200 droplet
reader (Bio-Rad) 3 & U*QuantaSoft software (Bio-
Rad) THRERTOIC—HKZNEL .

A FMEEN TR WSEPTIZ 7213 HOXALZ 3
FFOHIRERZEO VT MRS, Ukahs
EPCRTHIES N W20 S R was, x5
LN T2 LHIREEZR DM & TPCRTHE
H3h, Bmilishs.

M v ta—n & LTHWAhTERTIZ M7
O X 7HEGHFREE T TH Y, @ FAROE
EZTVTH5DH. hTERTIZZ 5D X F VALK Pl
BREE R ISR S 3, & PDNADSREH IS
MIFPCRICE > TR TR S N 5 7:®, DNARE
OMEEMHYTHW .
8) #EtEEMT

WE L4 MEoOBmAeA~— 57— (m-SEPTY9, m-
HOXAI, AFP, PIVKA-I) & &BR#E O BiIR 95 BE
T SO BRI W TREFE ISR 247 > 7.
f# AT 121X GraphPad Prism ver. 6 (GraphPad
Software, San Diego, CA, US) Zfi)Ji L, ZElbix
121X Kruskal-Wallis test, 3 &£ 7%, Dunn's test% 47
o7z, KA~ — o — ORIl 2 Wk & LS
5% 728 1ZReceiver Operating Characteristic (ROC)
RN 24T 72, p<005THEADY LHEL .
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m # ®

1. BT —h—TOF#RERY ) —=2 Jhe
237

AFPO WA, % HRE33ng/mL, LR
B 2.6ng/mL, FFRIREHE#10.1ng/mLTd - 7z.
R B &R O ), R A & T
WRHEOBMICAR LB ON (ZhEh, p =
0.0096, p = 0.0003) (X 1A).

PIVKA-IIO HrJefif &, 4 % #21.4mAU/mL,
P20 B BB 16.6mAU/mL, JF R B2 o #£ 81.4
mAU/mLTad - 7z, WEERE & MR O R,
PRV SRR & IR O B A BAEB R S 7z
(Zh2zh, p=00065 p<00001) (X1B).

m-SEPTID WA, #FEREL8a Y —, 18k
PR ER24a0 ¥ —, IR 22 ¥ —Th o 7.
R B LR R O R, 2RI B &R
WHEOMICARENRE LN (EhEh, p =
0.0011, p =0.0075) (K 1C).

m-HOXAIDO W Yefkix, fwEiE120a 8 —, &
PR ERE96 2 ¥ —, Mg RELI66a ¥ —Th o
7o 2R B B XTI MRS B T i m-
HOXAIa ¥ —HB oW s@oshs (p =
0.1039, 1D).

P2V BB & X 7 — T O OROC
FRMT 24TV, PRI R & R R R o TR R
FED3964% & 72 % & 9 \Zm-SEPT9: m-HOXAID 7
vy ME TR EDI:. §5E, m-SEPTID % v b
F 7733 ¥ —, m-HOXAI®D % v b4+ 74tid
4403 ¥ —Th o7z, EBMEIEREREE RO
ROCF#HTIZDWT, Area Under the Curve (BLF
AUC) &, AFPIX0.76, PIVKA-II1Z0.81, m-
SEPT930.69, m-HOXAIZ063TH -7 (K2A).
T 7o, YRR & R RE (Stage 0/A)
DOROCIHENTIZ & 5 AUCIEX, AFPIX0.71, PIVKA II
130.74, m-SEPT9%0.69, m-HOXA1iZ0.62& 7% -
7z (M 2B).

AFP® % v b4+ 722w T, American
Association for the Study of Liver Diseases
(AASLD) ®practice guidancelZ&2>\WTH v b+
7% 20ng/mL& i L72®. F 72PIVKA-II® %
v b 7HIZOWTIE, ParkS OMETHW O
Tehy PATHESHIZL, 40mAU/mLE 3%E L

728, INHDH Y MEFTiEEHWTHMNS, F <

—H =X AR A 7 ) —= v o fEltk %

1oz (2). RUUIFMIKRERE OW6, PIVKA-IL

AR TIRIRIES0.0% & e b BRAFTH - 72.

2. ERY—H—DEAEHLETOFMREEZX VY
—Z 2 JREEE:

PR HED S AR E L —OPHBETH-
WG eRAEmEE L, 2TBETH > G %R
ML L, R0~ — 7 — % -0t
TOMEMEREZ £ 3ITIRT. AT — T ORI
HoYa, “HEO<—h—TRHBENEL ko
72MlA G bEE, PIVKA-IIE m-SEPTIDHLAF b
HTHY, KEIET31%, FFRESIIN%TH 72, T
7, RIS REOSE D, KD IREI -7
HMAEDLREIIF CHAGHET, KET05%, iR
J£89.1% TdH - 7.

SHE O~ —h — 2 o2 REO ANk 2
KAUITRT. AT — YV OFMBEROYE, &b
JEPEASES & 7 5 72DIZAFP, PIVKA-II, m-SEPTY
DAL LETH Y, KEILT782%, FFREERII%T
botz. F, RUFMREROLEGTY, RkbE
WERE o 72D XM LMAGDLETH Y, KE
77.3%, FERERII%TH o 7z,

V. £ &

SeptinlZ ML E 5%, 7R =T R, Mk,
MamtoMfRoxHz Ebke 2BEL RO
GTPase”7 7 3 —TdH 5. SEPT9Iseptin7 7 3
J—D—>THh HSeptin9% I— F T L5EETFTH
D, ERMIBOTHANEERFELTHE, SO
E—F —DRE R AT MLIZ X o THRBLNVHK
T35, BAOZINETOHREHDZHT, m-
SEPT9% % —%7' v bE L7 Fy AL X TV —
IR Z I ICAE R TH S 2 MG I T
s 72k m-SEPTHQI KIGH T 8N$ 5
CEPHMEINTWD I EH 5D, RKEIIBWT,
R E ERE D TR SR A T R 237
WZ E LT L 7.

HOX#Z T, F84E, ZB/EY 7FVIEE, &
b, EBhEE, MAFHFAEZT TR, TRP=T R
DEELREEZH- TWAHY, HOXEE T IERH
RO EHIMOM T, #5074 MR 1B s
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X 1
T Z R LB BB EE, RIS BT B il — h — 0404, IEAFPME (A), MIEPIVKA-IME (B), g x5V
{LSEPT9a ¥ —% (C), IiLif A FWVALHOXAIZ ¥ —% (D) orhyefiids & O #ipH 2R3

A 100+ B 100+
=
50- AUC B 50- AUC
O AFP 0.76 O AFP 0.71
X PIVKAI 0.81 X PIVKA I 0.74
A mSEPT9 0.69 A mSEPT9 0.69

V mHOXA1 0.63 V mHOXA1 0.62

50 100 0 50 1(I)0
100% - 452 E % 100% - S 2E %
X2

PRVEIFHERE L IR RE (422 7 — ) OROCHIHE (A), MVEIFHERE & TR (stage0~A) OROCHHH (B)



RN D) F v AL T ¥ —

K2 HHANA F~—h—ICX DR 2 ) —= ¥ 7 PERe kiR

AFP PIVKA II mSEPT9 mHOXAI
AT — VTS
Sk BE 38.5% 59.0% 35.9% 19.2%
(30/78) (46/78) (28/78) (15/78)
Ry SR 96.4% 96.4% 92.7% 96.4%
(53/55) (53/55) (51/55) (53/55)
R PRy 93.8% 95.8% 87.5% 88.2%
(30/32) (46/48) (28/32) (15/17)
[EX UL P 52.5% 62.4% 50.5% 45.7%
(53/101) (53/85) (51/101) (53/116)
T P s
Sk 22.7% 50.0% 38.6% 15.9%
(10/44) (22/44) (17/44) (7/44)
SNy 96.4% 96.4% 92.7% 96.4%
(53/55) (53/55) (51/55) (53/55)
Ry R 83.3% 91.7% 81.0% 77.8%
(10/12) (22/24) (17/21) (7/9)
Rax iy o = 60.9% 70.7% 65.4% 58.9%
(53/87) (53/175) (51/78) (53/90)
£33 ZFHONA I~ —h —OPHMRANT X B IR 2 o e b
AFP AFP PIVKATl  PIVKATI AFP mSEPT9
+ mSEPT9  +mHOXAI — +mSEPT9  +mHOXAI — +PIVKA Il +mHOXAI
BAT—Y
JHE A g
R 59.0% 48.7% 73.1% 64.1% 65.4% 43.6%
(46/78) (38/78) (57/78) (50/78) (51/78) (34/78)
LN 91.0% 92.7% 89.1% 92.7% 94.5% 91.0%
(50/55) (51/55) (49/55) (51/55) (52/55) (50/55)
Roit g = 90.2% 90.5% 90.5% 92.6% 94.4% 87.2%
(46/51) (38/42) (57/63) (50/54) (51/54) (34/39)
Fa g o = 61.0% 56.0% 70.0% 64.6% 65.8% 53.2%
(50/82) (51/91) (49/70) (51/79) (52/79) (50/94)
L
JHE A s
TR 54.5% 34.1% 70.5% 56.8% 56.8% 43.2%
(24/44) (15/44) (31/44) (25/44) (25/44) (19/44)
LR 91.0% 92.7% 89.1% 92.7% 94.5% 91.0%
(50/55) (51/55) (49/55) (51/55) (52/55) (50/55)
R g v =R 82.8% 78.9% 83.8% 86.2% 89.3% 79.2%
(24/29) (15/19) (31/37) (25/29) (25/28) (19/24)
[EXEHENLE RS 71.4% 63.8% 79.0% 72.9% 73.2% 66.7%
(50/70) (51/80) (49/62) (51/70) (52/71) (50/75)

91
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k4 ZMHONA <= — ORI X B HRIRER 7 ) —= > 7 YRR
AFP AFP
+PIVKA 11 +PIVKA 11
+mSEPT9 +mHOXAL
BRT—
JHF i R g
TR 78.2% 70.5%
(61/78) (55/78)
LSENL 89.1% 90.9%
(49/55) (50/55)
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Liquid Biopsy Test Based on a Sensitive
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SUMMARY

Although a combination test of alpha-fetoprotein
(AFP) and protein induced by vitamin K absence
or antagonist-II (PIVKA-II) is covered by public
insurance in Japan for the screening of
hepatocellular carcinoma (HCC) in patients with
chronic hepatitis and/or cirrhosis, its diagnostic
performance for early-stage HCC is limited. To
resolve this, we investigated whether a liquid
biopsy of methylated SEPT9 and methylated
HOXAI may complement the diagnostic
performance of AFP and PIVKA-II for early-stage
HCC. We measured AFP, PIVKA-II, and copy
numbers of methylated SEPT9 and HOXAI in
serum from 25 healthy controls, 30 patients with
chronic liver disease, and 78 patients with HCC
(including 44 patients with early-stage HCC).
Sensitivity and specificity for early-stage HCC
were, respectively, 56.8% and 94.5% for the
combination of AFP and PIVKA-II ; 77.3% and
89.1% for the combination of AFP, PIVKA-II, and
methylated SEPT9 ; and 63.6% and 90.9% for the
combination of AFP, PIVKA-II, and methylated
HOXAI. Having the highest sensitivity and
considerable specificity, the combination of AFP,
PIVKA-II, and methylated SEPT9 appeared to be
the best companion test for detecting early-stage
HCC.



