
Novel liquid biopsy test based on a sensitive 

methylated SEPT9 assay for diagnosing 

hepatocellular carcinoma
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1. 

Epi proColon®

SEPT9

DNA DNA
SEPT9

(healthy control)80 (CLD) 45
(HCC)136 (BCLC stage 0, 12; A, 50; B, 31; C, 41, and D, 2)

DNA 2 PCR(ddPCR)
SEPT9 healthy control 0.0 CLD 2.0

HCC 6.4  (HCC vs. healthy control, < 0.001; 
HCC vs. CLD, = 0.002; CLD vs. healthy control, = 0.008) healthy control HCC

cut off 4.6 63.2% 90.0%
SEPT9 4.6

(BCLC stage 0, 41.7%; A, 58.0%; B, 61.3%; C, 75.6%, and D, 100%)
SEPT9
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2. 
(HCC) 4 1 HCC 75-85%

2030 30 2 HCC
HCC

3-6 4, 

6 HCC 7, 8

DNA(cfDNA) cfDNA
cfDNA

HCC CDKN2A RASSF1A GSTP1
9-11

Epi proColon® (Epigenomics AG, Berlin, Germany) 2016 FDA
SEPT9 12 HCC

1 13 Epi proColon®

DNA DNA DNA
14, 15

DNA (CORD assay)
100 DNA 1
16 3

ddPCR SEPT9
CORD assay 17 HCC SEPT9
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3. 

IRB (H28-124 H17-83)

2015 3 2018 8
261 (Fig.1) (CS)

(healthy control)80 HCC (CLD) 45
(HCC)136 CS CLD

3 HCC 6
HCC HCC

5 HCC Barcelona Clinic Liver Cancer 
(BCLC) staging system 18 35 35

34

DNA
DNA -80 MagNA Pure Compact Nucleic 
Acid Isolation Kit I (Roche, Tokyo, Japan) 0.4ml DNA 50 µL

QIAamp DNA Mini kit (Qiagen, Hilden, Germany) DNA
DNA Qubit 2.0 fluorometer (Thermo Fisher Scientific Yokohama)

DNA
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SEPT9 CORD assay 
DNA CORD assay 3 2

PCR 16

10 µL cfDNA( 80 µL DNA ) 10ng/µL DNA 10µL
1 µL GeneAmp 10×PCR Bu er II 1 µL  25 mmol/L MgCl2, 10 U  Hha I  Hpa 
II 20Unit (U) exonuclease I (Exo I) ( Thermo Fisher Scientific) 37

16 Exo I DNA
DNA PCR 19 10 U BstUI (New England 

Biolabs Hitchin UK) 60 16 98 10
SEPT9 Hpa I BstUI 3

3 DNA PCR
(The human telomerase reverse 

transcriptase gene; ) PCR

ddPCR SEPT9 PCR
DNA 8 µL( 40 µL DNA ) 1×ddPCR Supermix for 

Probes(BioRad Tokyo) 0.25 µmol/L SEPT9 0.125 
µmol/L 20 µL Epi proColon®

SEPT9 2 SEPT9 CpG
3 SEPT9

SEPT9
Forward primer 5´-GCCCACCAGCCATCATGT-3´
Reverse primer 5´-GTCCGAAATGATCCCATCCA-3´
probe 5´-FAM-CCGCGGTCAACGC-MGB-3´
PCR 17 ( GRCh37/hg19) 75,369,566–
75,369,627 62bp

Forward primer 5´-GGGTCCTCGCCTGTGTACAG-3´
Reverse primer 5´-CCTGGGAGCTCTGGGAATTT-3´
probe 5´-VIC-CACACCTTTGGTCACTC-MGB-3´16

PCR 5 1,253,375–1,253,434 60bp
(Bio-Rad) 95 10 94 30

40 56 60 98 10
PCR PCR QX100 droplet reader (Bio-Rad)

QuantaSoft (Bio-Rad)
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- (AFP) 
AFP LiBASys (Wako Pure Chemical Industries Ltd., 
Osaka, Japan)

(± ) ( ) t
Fisher p<0.05

ROC cut off Youden index
JMP software package v13.0 (SAS Institute, Cary, NC, USA)

4. 

Table 1 HCC 98 (72%) 72.4
HBV 18 (13%) HCV 58 (43%) nonB nonC(NBNC) 60 (44%) HCC
Stage 0 12 (8.8%) A 50 (36.8%) B 31 (22.8%) C 41 (30.1%) D 2 (1.5%)

3.2cm 1 33 (24%)
14 (10%) CLD 22 (49%) 69.0

HBV 12 (27%) HCV 18 (40%) NBNC 15 (33%)

CORD assay
DNA DNA CORD assay

DNA(SEPT9 DNA) 100% 50%
10% 5% 1.1% 0.11% 0% SEPT9 EpiScope methylated HCT116 
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gDNA (Takara Bio Inc., Japan) SEPT9
CORD assay 5,625pg DNA 6.25pg SPET9

(Supplementary Fig. 1)

SEPT9 
SPET9 healthy control 0.0 (0.0–3.4)  CLD 2.0 

(0.0–8.0) HCC 6.4 (2.6–13.3)  (HCC vs. healthy 
control, < 0.001; HCC vs. CLD, = 0.002; CLD vs. healthy control,  = 0.008) (Fig. 2A)

SEPT9 cut off (healthy control  vs. HCC ) ROC analysis 4.6
63.2% 90.0% AUC(area under the curve) 0.81

(Fig. 2B) CLD HCC cut off 4.8 62.5%
71.7% SEPT9 4.6 HCC

cut off
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HCC SEPT9
BCLC staging system18 HCC SEPT9 Fig. 
3 HCC SEPT9

(Stage 0,A,B,C,D) SEPT9 2.1 5.6 6.6 9.2
53.7 (HCC  stage A, B, and C vs. healthy control  < 0.001, < 
0.001, and  < 0.001 HCC  stage C vs. CLD , HCC  stage 0, A, and B

 = 0.002, = 0.002, =0.003, and = 0.008) (Fig. 3A) SEPT9 (
) HCC (BCLC stage 0, 41.7%; A, 

58.0%; B, 61.3%; C, 75.6%, and D, 100%) (Fig. 3B) SEPT9 <4.6

SPET9 NBNC 66.7% (40/60) HBV 55.6% (10/18) HCV 62.1% 
(36/58) (p=0.67) (Supplementary Table 1)
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SEPT9 CORD assay
AFP SEPT9 cut off 20ng/mL 4.6 Fig. 4A

AFP SEPT9 27.2% 
(37/136) 11.0% (15/136) 36.0% (49/136) AFP SEPT9

74.3% (101/136) HCC SEPT9
49 BCLC stage 0 A

57.1% (28/49) BCLC stage B, C, D 11 9 1 (Fig. 
4B) SEPT9 CORD assay

HCC

SEPT9
35 Supplementary Table 2 HCC HBV 

3 (8.6%) HCV 16 (45.7%) NBNC 16 (45.7%) HCC stage 0 2
(5.7%) A 18 (51.4%) B 7%(20.0%) C 8 (22.9%) 6 (17.1%)

23 (65.7%) 3 (8.6%) 1 (2.9%) 2 (5.7%)
SEPT9 (n=34) 34 (10.85-51.5)

(n=35) 2,360 (130-5,860) (Fig. 5A, B) (n=35) SEPT9
6.2 (2.6-10.0) (P<0.001) (Fig. 

5C) 34 SEPT9
(P<0.001) (Supplementary Fig.2)
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5. 
SEPT9 HCC

cfDNA 1
DNA

1 9-11

SEPT9 20 SEPT9
21 22 SEPT9 23

24 SEPT9 Epi 
proColon® FDA

12 HCC 13 Epi proColon®

CORD assay 0.4mL

(Supplementary Table 3)

CORD assay ddPCR
25-27 ddPCR 28, 29 HCC

1 DNA PCR
3 DNA

CORD assay SEPT9 healthy control CLD HCC
HCC 63.9% 90.0% Epi proColon 2.0 CE®

3 HCC 88.7% 89.8%
13 HCC BCLC stage 0 A 45.6% (62/136) Epi 

proColon® 32.3% (31/96) Epi proColon 2.0 CE®
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SEPT9 SPET9
2,360 34

23 SEPT9
SEPT9

SEPT9
SEPT9

AFP HCC American Association for the 
Study of Liver Diseases (AASLD) AFP /
HCC 3 AFP SEPT9 HCC

AFP cut off HCC AASLD
20ng/mL 3 AFP 39.0%(52/136) BCLC stage 0, A

8.1% (11/136) SEPT9 63.2% (86/136)
BCLC stage 0, A 25.0% (34/136) SEPT

36.0%(49/136) SEPT 49 28
(57.1%) BCLC stage 0 A AFP SEPT9

HCC SEPT9 NBNC
(P=0.67 Supplementary Table 1) NAFLD

NBNC 3-6

HCC DNA
29, 30 Xu 29 83.3-85.7% 90.5-94.3% Kisiel

30 95% 92%
1mL

HCC

1
2 SEPT9 HCC

23 20, 

21 SEPT9
17 healthy control (CS)

CLD HCC CS CLD HCC
CS SPET9 CLD
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6. 
SEPT9 HCC
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