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Abstract: Monitoring the malignant transformation of hepatocytes is very important for the early diagnosis

(1.Department of Gastroenterology, The First

and timely intervention of hepatocellular carcinoma. Tumor cells actively or passively release nucleic acid
fragments into the blood circulation, becoming circulating tumor DNA (ctDNA), which carries genetic
information consistent with tumor cells. In recent years, with the development of next-generation gene
detection technology, ctDNA detection based on “liquid biopsy” has gradually become a research hotspot
with its unique advantages, considered as a new generation of tumor molecular marker. In this review, the role
of ctDNA detection in the early diagnosis of hepatocellular carcinoma is discussed from the concentration of
circulating cell free DNA (cfDNA), mutation of ctDNA gene and methylation of ctDNA.
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T . ctDNASECDNAR)—# 5, RIETIRIEEL
T %) PR 200 L s 7 M R B R 400 L P 50 4 Y 1)
P, AV A E L fDNA S B 1 — /N4y CH I <
0.01%) ™, I3t ctDNA A8k 23 A 5 B A0 5 1
Fifh, BT S CDNAWRE AL, 2t iEctDNA
A5, WRAZTIRRA . 5 DR 7R H AR 1L
B CIDNAME R A MR L A B, &8
Jb R R S 1 AR, IX PN B X} A0 L ctDNA ZK -
R R A O 9 RS W RT B A Bh T IR B I PR 2
W AIE ST, SR, ctDNA 5 cfDNAJK L5 /N,
Stk BB AR R IE I K EEDNAFBE . HAl,
o McfDNA Fh s 3 3 BS tDNA K 5 i, R @
K6 c EDN AP Jite 988 5 7 P 98 48 77wl IE SE ct DN A FY)
AET . AT N cfDNA & B2 #1 AIctDNA ) & 14 4>
AT 7 T >R 48 7R ct DNATEHCC HL A2 W b 1 I R A
. HBIHF5 % B ctDNAZEHCCI F L M. T
JE VPt T RN SR 5 iR B2k i 45 T B
BN M. R, EE-—TN206%/HCC
BE P Z O RTIETEBN S 7T, R ctDNA R 45
GRK AN (guardant health, CA) JrH BE )
MEAEA, SRR 18IHIEE (87.8%) IHFFAE
2R R G, B oW R HHCC & 2 A
A SRR, A R 1O f AR B AT R SR R A
EGFR. ERBB2. MET. CCNEI. MYC. BRAF.
CCNDI. CDK6. FGFR2MIARIDIA, ¢ WAL
FERNTPS3FICTNNBI, P 38 505 W AMETAH
CCNDI. $E/RcfDNA PRI —F 2 IHCCHI A &%
T vE, HAEHCCHIS I 2y T4 IAVE T )5
T EL A TB A I PR N AR s A SCER X cfFDN AR
ctDNAIX 9 F 5 L g 43 1 b EVIXTHCC I R 312
Wi AT 25k
1 Mm% cfDNA JRES HCC B2

LU R R, I cfDNAKFHEHCCH
ORI, AT I AN TR A B A YR E I PR S
Wit HuangZ5"%f 72 HCCE . 374 FF 4L 5%
8P BT 98 6 HE 2 R4 149 fe B 36 B 35 It e 3R B
HCC & # cfDNA/K 3% & T A B, cfDNA
KM AFP4 BIHCC 5 fd B TR 2 Wi d 8 e, B
M N95.1%, HFREN94.4%, $RIRcfDNARES
AFPHEI A $2 FHCCHIL WK o YanZs!" %2445
HCC &3 F162M61 £, 8 fF 98 K6 0 I 41 4 4k, 58 35 (1 0T
AWK, HCCHEH MK IDNAWK A E &5 T4k
HCC##, HcfDNASER . AFPELA N AT 8%
PEFMHCCHIZ W XL RE . — TP L 22 008 5T ) Meta
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BTG N 242450 FE 0T G, HHHCCHE #1280
1], 45 HL36 B 5 B cfDNAXTHCCHIZ W B G I E M
B, BUBRYER82%, R fERNI6%, ZikE TAER:
i (receiver operator characteristic, ROC) 2k 1]
M4 TN Carea under curve, AUC) 40.96!""7,
Wang %26 2 B IF % 9% ¥ Chepatitis B virus,
HBV) tHKHCC & # Il K S cfDNAJK T [ 7L 3R
B, HBVAHIPEHCC H34 M cfDNAK F 5 HBV
oo FFIhE. MR CnMREA. BRI,
figg gD AR, AT TMIHBV AN CHCC 3 1 H
ME K. Fk, HIKcDNAWK EAEHCCHIE W3 AE
i, 75 [R5 R I S R K AR

cfDNA ] 2 & /W1 ST HCC I W B A V8 75 116 IR
WAE, BRERI 2 AN Fhr EY AT I S HCCHI2 Wi
K. HERTMEZ SR —FIcDNASEEL. fif /7RI
7795 UL R S AN [ R A I R2 ], G A cfDNAK
[ SHCCIZWi 196 R ML E 18
2 ctDNA HXEERT S HCC i2H#i

HCCHI T R 4, R AR e v i) 5
KUK B m R . Bl FF48UE K £HCC
WIS bRdE, (B GRS T HE N, Hg
UOE R ARA H I JR RR AR S B PR, AN AE 78 4 3
SRV, BRI, VRIS R REAS e IRIX — 55 a0, $RfE
P As (R RREERS MR D) HIBEARAE, R
SN B G RIS 25 I PR 2 R 4 v A it e
AW IC E A T HCC JiR & Ji e AR I % 3 A A A DN A
(A 5, ZHEFE 9NN BI30IHCC & 2 26451 5] i
FAEMFIEA L, XL B A ZUER A (50) cfDNA
w2 /D B R I B LR AA AN 28R E £ R EHCC
BE R RMIEEAZ> 5 ecmE O R AR
Bl i, cfDNAFI R DNA SEAR KL 2R 4 51l
87% (80/92) FH195% (87/92) , #E xcfDNAFIfiHIE
DNAFEAEA AL ] B AR gl e A1 . [EkE, — T3
9 N29BIHCC B3 (Bt FE R R 34— I PR X 504

K245 4% (mutant allele frequency, MAF) > 1%[f]
FENAL S BT T3 — DRI, SRR IR I
s SR R3S RATFER, o SRR B = 1)
FERNTPS3. ATMRIALK; WF50Hp 352 149 B 1 2%
cfDNAFI R 2 ZADN A KL [R 5848 — 35, 1749 £ 3 9
3240 2 RN R 2H 2L DN A SR A — 3, 45 L3R 0,
I 1 50 AR R T HC C i 11 c DN A 2 A5 3
R BB B UM, K cfDNAT] BE 2 HCCi2 W
A5 205 TR ™, JRER NS, ofDNA
AT LTS A T 2R R 2T
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HCCH R IE R I AE (5848, ok fe f M ikt A%
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sz, TP53Y. ITHY ., HCKM™. CTNNBIFMITERT™
o () i 9RE e S P SR AR AE HCC S 40 R i o st 5
P T3 A ) R 5 ctDN AR e 8 4 37 1k 5 A ok L
RS WA SE VA THCC . Huang 26 PR A #8107
EXTSXTHBVAH CHCC A HAR T AR MR A b e 5
JilBg AH S (R KL Rl (PIK3CA. TP53. FAT4. IRF2.
HNF4aJtARIDIA) #4753, FKH Sangerillf7
B R AR AR N g B SE G FIRNA T3
SRR R 5 ik — PR . 45 REW,
AL AR R BLI3ANE A LA, Ho FAT4HE A
94 (69%) , TP53FEH4AA (31%) . 284HCCZH
ZAFNAE b 963 20 23 vh FAT4 RN TP5 314 38 3 1 1 — 4 1iF
SZ, SAEMOR AL SV EL, P RR I R AE T 4L 2R
KXW EE T (P < 0.001. P<0.01) . RNA
TIA FHIFAT4IE G R T RE /A s, FAT4%:
[R] i 4% AT i 3o 4 B P 2 K RN B, 3RO FAT4AE AT
b AT B B IR AE ], FAT4AI TPS 33 K48 S 1)
Rl AT GEXTHCCH R 2 W A — e M. — TPk
F I 52 F A 3% cfDNA HTHCC R 5 1 5 38 FE R 4.
S R S AR AR AR SR B E AR S W B, 45 R,
TEAZE [EAFP/KF BT, HXTHCCiZ Wi AUC
M0.92, UM N65%, 45 N100%, BXAAFP
B TS s Wit A . QuiEPHF R T — Rl
BEAPICYIRDNARL, % NHCCHif (HCC
screen) MIVRARIERS Ak, BT MAEX AR 25
FF % s R PL R Chepatitis B surface antigen,
HBsAg) BHMEAMAF S RHHCC, XF T4 R E 45T
(B0 AFPKFET RIS, ZI7 ik B X
SSHCCHIAEHCCHE #, BURMEN85%, FrF N
93%. BE— 77k T33 16 HBsAgRH 4
[i) B U 68 75 R0 I 335 A F P /K S 357 1F 8 1 T i bR B
H, 24K BH T Y B Zead 6~ 8 H I PR B U
&, MBS N RHCC (M EA< 3 cm) |,
1M1 307510536 [ P M A 35 R A2 W HHCCH B, 1%
I8 1E 36 UF BA B A A RUER S 100%, 47 57 N 94%,
FHAE TG N 17% . 278 cfDNASRASBEA R I hr &
YDA I AT A RN A X TEE IR HB s A g BH P4 A 44 H1 37
BIEIHHCC, HAEERN AT H. ctDNAFHKIER
AR I AS 2 A2 A R 25 R AR SR IR T T 2
g1, JE R A [ 0 5 R AR 2 S B 2 AR 2R 2,
BT HE DR AH 2 A VA TR R AR — M A g R i e
R ARSI E . —FP B AR v CancerSeek [T Il
VRGN B A, HL 30 5 36 DR 528 R 1 B AR ks e 4

BRI, AR % U AH X - B A (A7 7
B E 1% LE I RE (48 BRI . BT /e — TN 2
JEE IR A A, iiE T 44 CancerSeek FTHCCHHA
KA, A E 44 HCCRI8 1251 {# FEXTiE, K
ZH (54%) HCCHEE N T ~ 118, CancerSeekis:
MHCC U > 95%, FERE> 99%, CaiZg
38 o %5 344K I BE U5 R HCC B 3 I 3R A7 50w
AT 25 A JE D27, o Sl 4 SR e 7k 4 i S ik
HAF AR (single-nucleotide variants, snvs) F1$% Il
A 34K (copy-number variants, cnvs) , 5l
RN 8 A i A br i te s,  H AP ctDNA
XHCCZ W TG B . 25 KK, ARHT i
bR A ¥4 3 7 55 g 2H ZRE AL P A 4 i agE A% A
A 5 BECtDN A S AR 18 A] HEAff PPk 28 25 1 i g 47
H, HERBEE R B ZER LRGSR
HF34.60 H R IR 0 A=, BA s 29
FrEYAFP. HBE A-L3 (alpha-fetoprotein-L3,
AFP-L3) FI % WA MR E A REMLAE (des-
gamma carboxy prothrombin, DCP) i hifit ¥
PERE, I AT R B TS A I A /N TR BE AL, I T
BELERAEFEY (P=0.001) FEALEEY (P=
0.001) TS : ctDNA5DCPELE AL A4 /)
B B8 75 S L AG I A RS . $R R HCC R L K env Al
snv /K5 IR g sh A FH G . SRG AR RS TR
W LU A% 40 55 % e B AE A HO VA% B8 38 B T E XU, $2
B IR () R A, (EAE G B SOAS A SR A A T 56
(1) A 1 & ct DN A PR B ) — /N B ZE PR . H itk
Al AL, ctDNAHTHCCHH 9% 58728 J5 PR [ il JC 2 Bk
G2 NEAR A AR THCCH H 2 W
3 ctDNA FHE {5 HCC 28

DNA F Ak 2 H AT L8R B —Fh 00 15
fE2E L . DNAH AL AP L DNAJT 41 (14 4%,
AR BT e AR st AR 2L, 7 I ) B
W B R I S OB

DNA F I i 25 PR 08 1 3 W0 163 A% 1 15 [T =+
M AT P EGE R TR, R 0 ) 3 R Ak 1
B2 MR ) RS, RSUCE I DNA H 4L
B AT B8 A 5 R A A A O I e ml AR 21 ) e AR
2P 2R R ENY, AFEplS. pl6. APC.
SPINT2. SFRPI. pl6INK4a. TFPI2. GSTPI.
RASSFIA. DBX2, TGR5. MTIM. MTIG#HInk4a
FTE N FIDNA 2L R S HCCH R B K R H
R, PRI I IX L I R (1Y) B A A A B THCC
()5 B2 W o SEPTOHE DR & 240 1 43 &R0 b Je 40 1) 1)
KEHERT, HeHE SHCCH RAR K.



OussalahZs P13 5 73 2894 ik £ % (JLrhHCC
BHN8H) I cfDNASEPTYJE )+ W &k
(mSEPT9) & HLvEAL XTI 4L S FHHCC2 B v
HETPE. 25K, mSEPTINHCCIZ W i i 1tk
E, HAUCK0.944 (95%CI: 0.900~0.970, P <
0.0001) , XJFEZED I NAKFHHCCHE
#, mSEPT¥ 3 IAUCH0.863 (P < 0.0001) ,
H AU PE AR R S s . JUHN T T B R
7 (hepatitis C virus, HCV) HKAFiE{L B,
mSEPTY9/EHCCIZ Wi (1 AE#f 1 = T AFP. 27K
mSEPT95& — N #iy BAE A B35 7K1 EiATHCC
W PR R A AR EY) . GER BRI
1252 A&Gpbarl (G-protein-coupled bile acid receptor 1,
TGRS) J&—Fiigh & BLH) B B4 £ K, HanZEPH
ik FR A R S BRIl B e 8 4 ) RS I 160 HC C
B, 88418 M £ T 98 KR 3 R4 545 i X H
cfDNAH TGRS J& )+ I H AR ES , KILTGRS5H:
A J& B+ X F A I RAEHCC R ) R AR 2 B
HEA AFPAS I AT 42 B HCCH2 W (R iUt . Xu gl
L 3 1485000 Cp G LAt T HCCLH 4RI IE &
AR L 20 A 22 S R A, b 4 e AR
TEHCCH ) F b b b . Lk — 20 LB 17 H 34k
FRiCH AR S /el 77k CWMAFPAITNM 433D 18
1098 FIHCC i 3 F183 54 1E 5 M A i X HCCi2 Wi 1
G G Rk, 45 B3 B ctDNA FH 4L 20 Hr af 1F Ky
HCCiZWr. WA i AT S22 E Wb 88, HuangZ™)
SR P HR A OB P B o 2 P D v SR A i B 20U
RERSI T 72 HCCHR . 37461 Bk s i 3 414 1F
TN R (R 15043 1L 2% APC. GSTPI. RASSFIAR
SFRPIXAN LR I H AR . S5 IR RIAHCCH
I 25 Hpr T 5 AT 1) R A 7K P340 J 2 v T TR R 2
FRMEFFBA (P < 0.05) , 4L KBS 0T
AR R HCCH IE 5 R4 2 Wi 8, BustE N
92.7%, 4§55 H81.9%.
FHEEHCC R B2 W i U AR e 2, A
588 5 HCC 2 UIAH 5 (1) 22 AN JE TR 41 A g ok A 2
G ALY, 3 LR (4PC,
COX2. RASSFIA) FIAMH/NRNA (microRNA,
miRNA) 2034 & 7E— A @ ML AL, B AT
K T 75% TCEREAFP (< 20 pg/L) Frizrim
HCCHE %™, 325 THCCH M Widhs ., Xuzb!
i€ T IANHCCH: 5 bR id R, adE104
FRid, JFEES T ISW TR, 1ZBRS W R
R (90.5%) FIfUEM: (83.3%) Wi, T
AFP (AUC: 0.969 vs 0.816) , FLi%iZ Wil i
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RIFEHCCZH AN 3 40 F Ak R o) /e 2H vp 1 VP Al A
EMER (P <0.05) . i, T &2554%1
SZARH 1 2 ot i R AR 6 DY F 5 -2 H 3 Jif s g
(5-hydroxymethylcytosines, ShmC) 5l A Al
FKAME ML DNAH [ 5hmCF 51, W& I 4B Hok
F, B B EWHCC g T A . FIHHCC
5518 2, R8T 4 BB 3 sl A AL BB A Shm C P 51 7K
P, ik HShmCH R IAFRE & H T @85, A5 H
FH S R X I UE 2 BE AT PERE B0 AIE, 45 AR,
Shm CHE A AL AT #E T [X 73 H- BAHC C A gk 5 X fe
4, [EINE AT X 4 EIHCC RIS 1 2 B9 T 4 B A
b, HHE R ShmCHEA AT X 7 tHAFP (FWi{E
N20 pg/L) RFNHAERHCCE S, WiSukdH
160%1 F- HIHCC i34 1L -F M AFPARIA 22 Wi HCC
7K, T ShmCRE Y f i 28 R T AR 1T 1892.4% . Ik
4k, ShmC%5 & AFPH] it — 03 iz Wi B HHHCC )
M2k FHEA, 1Z5ShmCi2 Wit A B HCCAL ks =7
P (HWAAKRN, &H RN ICFE TR
HYIMIIDNAF, 18 4L 21 H () AR —F 43 B
FECEDNA PRI 2P, 75 5 /b B cfDNAH 3R 7]
SERN S B I E R E A B A Pk, T R
AT 7

PLEAFFLERI, ctDNAF 4L 5 B X HCC 1
B2 B R T VA B R IG R S ANE, 2
A FR A 3R R D B AR T 2 s HC.C A A2 Wi 1)
M RIRE T, SRR LS B RS AFPTE N I 2
A0 TR BRI T 32 mHCCHIZ Wit fg . 2R
FIZWHCC, 3T KT, fEmEaEmEirE
oG
4 BEEMRE

K T8 B0 51 5 U 300 e g et R ) 3k e
AT S W AT R HCC A W S WA 50 v A M 300
() 32 BEHRAR . AR DRI 7 4 A I e A OK b i
TG DNAMIEFT, I JLHXF ctDNA ) & & 4
B B VA MT, 02 6 ctDNA T T HC CH: S ik
PR AR o F R R A0 e (1 R B, ctDNAPIAS
XTHCCHYH- /A W K T VAR B A K I R B
HTse, AEBONH —Ro ThaEd, FNBEGZ
MrTFhrEY (UFEAFP. miRNAZE) Ko w42 5
STHCCHIZWINME . {5 B BT 50K 2 N /ANEEAR [H]
R AT, T R KA T, R A7 AR
— SR A PR ) R, ARSI T VR AR AL L AR AR
PHEFIRE S B ) 9 v o s A 55 [ 0t i A5 i ke . AH{E B
EWLHHE— RN, ctDNAZEHCCH 11 R AL,

EEESUIR



10

- ERERBAEENE -

SE 3

(1

(2]

B3]

(4]

3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

BRAY F, FERLAY J, SOERJOMATARAM I, et al. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries[J]. CA Cancer J
Clin,2018,68(6):394-424.

TZARTZEVA K, OBI J, RICH N E, et al. Surveillance imaging and
alpha fetoprotein for early detection of hepatocellular carcinoma
in patients with cirrhosis: a meta-analysis[J]. Gastroenterology,
2018,154(6):1706-1718.

SNYDER M W, KIRCHER M, HILL A J, et al. Cell-free DNA
Comprises an in vivo nucleosome footprint that informs its tissues-of-
origin[J]. Cell,2016,164(1-2):57-68.

ALIX-PANABIERES C, SCHWARZENBACH H, PANTEL K.
Circulating tumor cells and circulating tumor DNA[J]. Annu Rev
Med,2012,63:199-215.

YIN C Q, YUAN C H, QU Z, et al. Liquid biopsy of hepatocellular
carcinoma: circulating tumor-derived biomarkers[J]. Dis Markers,
2016,2016:1427849.

TAKAI E, YACHIDA S. Circulating tumor DNA as a liquid biopsy
target for detection of pancreatic cancer[J]. World J Gastroenterol,
2016,22(38):8480-8488.

PANTEL K, Alix-Panabieres C. Real-time liquid biopsy in cancer
patients: fact or fiction?[J]. Cancer Res,2013,73(21):6384-6388.
KASEB A O, SANCHEZ N S, SEN S, et al. Molecular profiling of
hepatocellular carcinoma using circulating cell-free DNA[J]. Clin
Cancer Res,2019,25(20):6107-6118.

HUANG Z, HUA D, HU Y, et al. Quantitation of plasma circulating
DNA using quantitative PCR for the detection of hepatocellular
carcinomal[J]. Pathol Oncol Res,2012,18(2):271-276.

YAN L, CHEN Y, ZHOU J, et al. Diagnostic value of circulating
cell-free DNA levels for hepatocellular carcinomalJ]. Int J Infect
Dis,2018,67:92-97.

LIAO W, MAO'Y, GE P, et al. Value of quantitative and qualitative
analyses of circulating cell-free DNA as diagnostic tools for hepatocellular
carcinoma: a meta-analysis[J]. Medicine (Baltimore),2015,94(14):¢722.
WANG D, HU X, LONG G, et al. The clinical value of total plasma
cell-free DNA in hepatitis B virus-related hepatocellular carcinoma[J].
Ann Transl Med,2019,7(22):650-659.

CROWLEY E, DI NICOLANTONIO F, LOUPAKIS F, et al. Liquid
biopsy: monitoring cancer-genetics in the blood[J]. Nat Rev Clin
Oncol,2013,10(8):472-484.

NG C K'Y, DI COSTANZO G G, TOSTI N, et al. Genetic profiling
using plasma-derived cell-free DNA in therapy-naive hepatocellular
carcinoma patients: a pilot study[J]. Ann Oncol,2018,29(5):1286-1291.
HE G X, CHEN Y H, ZHU C P, et al. Application of plasma circulating
cell-free DNA detection to the molecular diagnosis of hepatocellular
carcinoma[J]. Am DJ Transl Res,2019,11(3):1428-1445.

YU L, LIU X, HAN C, et al. XRCC1 rs25487 genetic variant and
TP53 mutation at codon 249 predict clinical outcomes of hepatitis B
virus-related hepatocellular carcinoma after hepatectomy: a cohort
study for 10 years’ follow up[J]. Hepatol Res,2016,46(8):765-774.
HUANG A, ZHAO X, YANG X R, et al. Circumventing intratumoral

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

heterogeneity to identify potential therapeutic targets in hepatocellular
carcinomal[J]. J Hepatol,2017,67(2):293-301.

CAI Z X, CHEN G, ZENG Y'Y, et al. Circulating tumor DNA profiling
reveals clonal evolution and real-time disease progression in advanced
hepatocellular carcinoma([J]. Int J Cancer,2017,141(5):977-985.

Huang A, Zhang X, Zhou S L, et al. Detecting circulating tumor DNA in
hepatocellular carcinoma patients using droplet digital PCR is feasible and
reflects intratumoral heterogeneity[J]. J Cancer,2016,7(13):1907-1914.
HUANG F Y, WONG D K, TSUI V W, et al. Targeted genomic
profiling identifies frequent deleterious mutations in FAT4 and
TP53 genes in HBV-associated hepatocellular carcinoma[J]. BMC
Cancer,2019,19(1):789-798.

XIONG Y, XIE C R, ZHANG 8, et al. Detection of a novel panel of
somatic mutations in plasma cell-free DNA and its diagnostic value in
hepatocellular carcinoma[J]. Cancer Manag Res,2019,11:5745-5756.
QU C, WANG Y, WANG P, et al. Detection of early-stage hepatocellular
carcinoma in asymptomatic HBsAg-seropositive individuals by liquid
biopsy[J]. Proc Natl Acad Sci U S A,2019,116(13):6308-6312.

COHEN J D, LI L, WANG Y, et al. Detection and localization of
surgically resectable cancers with a multi-analyte blood test[J].
Science,2018,359(6378):926-930.

Cai Z, Chen G, Zeng Y, et al. Comprehensive liquid profiling
of circulating tumor DNA and protein biomarkers in long-term
follow-up patients with hepatocellular carcinoma[J]. Clin Cancer
Res,2019,25(17):5284-5294.

ESTELLER M. Epigenetics in cancer[J]. N Engl J Med,2008,358(11):
1148-1159.

BAYLIN S B, JONES P A. Epigenetic determinants of cancer[J]. Cold
Spring Harb Perspect Biol,2016,8(9):a019505.

IRIZARRY R A, LADD-ACOSTA C, WEN B, et al. The human
colon cancer methylome shows similar hypo- and hypermethylation at
conserved tissue-specific CpG island shores[J]. Nat Genet,2009,41(2):
178-186.

BAYLIN S B, JONES P A. A decade of exploring the cancer
epigenome-biological and translational implications[J]. Nat Rev
Cancer,2011,11(10):726-734.

Oussalah A, Rischer S, Bensenane M, et al. Plasma mSEPT9: a novel
circulating cell-free DNA-based epigenetic biomarker to diagnose
hepatocellular carcinoma[J]. EBioMedicine,2018,30:138-147.

Han LY, Fan Y C, Mu N N, et al. Aberrant DNA methylation of
G-protein-coupled bile acid receptor Gpbarl (TGRS5) is a potential
biomarker for hepatitis B Virus associated hepatocellular carcinoma[J].
Int J Med Sci,2014,11(2):164-171.

XU R H, WEI W, KRAWCZYK M, et al. Circulating tumour DNA
methylation markers for diagnosis and prognosis of hepatocellular
carcinoma[J]. Nat Mater,2017,16(11):1155-1161.

HUANG Z H, HU Y, HUA D, et al. Quantitative analysis of multiple
methylated genes in plasma for the diagnosis and prognosis of
hepatocellular carcinoma[J]. Exp Mol Pathol,2011,91(3):702-707.

LU CY, CHEN S Y, PENG H L, et al. Cell-free methylation
markers with diagnostic and prognostic potential in hepatocellular

carcinomal[J]. Oncotarget,2017,8(4):6406-6418.



[34] CAI J, CHEN L, ZHANG Z, et al. Genome-wide mapping of
5-hydroxymethylcytosines in circulating cell-free DNA as a non-
invasive approach for early detection of hepatocellular carcinomalJ].
Gut,2019,68(12):2195-2205.

[35] PISHVAIAN M J, JOSEPH BENDER R, MATRISIAN L M, et al. A

- ERERBAEZENE 11

pilot study evaluating concordance between blood-based and patient-
matched tumor molecular testing within pancreatic cancer patients
participating in the Know Your Tumor (KYT) initiative[J]. Oncotarget,
2017,8(48):83446-83456.

W F35: 2020-01-12

FEY, %, ERK F. BRI EDNALEI @mIeRE T35 W+ a9 AR R &[I/CD]. F B I IEA 4 ECETRR),

2020,12(3):6-11.

(Pl MIGARRERHRAE (BT ) EREE

o
Ik
¢

AT ERHG G THE T Ch EREAZ QT ok, HAA FE 5050 R A 2 Fh i 2 A

Z S LI EREY S|
(1) ZREE30R bt (D

(2) ImRBEBIZERE GREIAT. REERST. EXAE .

A TP IR B A2

TS A E S0 AR AT AT BUR, SIMEE S ses. 56

VERIERHERE, ek P AMNE G 22 22 AR AT

ARG A R TT R, RO B G I PR AR T

MO B FEATI R 9w 5255, PHEA: http://zhsylegr.j-ditan.com/, XIS i T ARG . 8 R 7 W A8 fh, RIAT 427 N4

T PDF L %

AFIRA T, SHAEMN28TC, EEEN168IC. FiEFwEFPEIE, WAMRS: 80-729, WMl k.

M BRI XORUBZR 8T (rh e S B0 AI PRI AL 2%

fE4m: 100015
Fi%: 010-84322058
3. 010-84322059

& CETRO ) FiEd



