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Abstract

AIM: To investigate methylation-related
molecular pathways associated with
hepatocellular carcinogenesis and determine
the clinical implications of representative genes
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involved in these pathways.

METHODS: A PubMed search was performed
to retrieve and analyze relevant publications
during the past 10 years via literature mining.
Related methylated genes were classified accord-
ing to Gene Ontology criteria. The methylation
of adenomatous polyposis coli (APC) and cyclin-
dependent kinase inhibitor 2A (CDKN2A) genes
was quantitatively determined in 46 paired tumor
and adjacent non-tumor tissues by MethyLight
assay. The methylation levels of the two genes
were evaluated to determine their implications
for diagnosis of hepatocellular carcinoma (HCC).

RESULTS: Bioinformatic analysis revealed that
methylated genes were mainly involved in the
Wnt/-catenin, p16 and p53 molecular pathways.
The methylation level of CDKN2A was signifi-
cantly higher in tumor tissues than in adjacent
non-tumor tissues (P < 0.0001). Moreover, the
methylation level of CDKN2A was significantly
higher in older patients than in younger ones (P
= 0.0027). Receiver operating characteristic (ROC)
analysis demonstrated that CDKN2A methyla-
tion level could be used to distinguish neoplastic
lesions from non-malignant tissues.

CONCLUSION: Elevation of CDKN2A methyla-
tion level may play an important role in hepato-
carcinogenesis. CDKN2A methylation level can
serve as a biomarker for distinguishing tumor
tissues from non-tumor tissues and be used for
screening or diagnosis of HCC.
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DI ZH DN A FFBEA AR 1) S 5038 At s 40 T P
—/NEEREE, 1E19965-Herman et alid . T &
o o 3 DR X SR AT R AR R B A 2 5, i
T 2 AR A L DA R Bl X R A A e R R
5 P RHLEIAR 2 TS, R SR
T OREAR DG ) SCRR AR IE . 0 IX 2SR AT R4
I3 B 5 s A, ACE B T4 I AFDN A H
B IX — WA 27 5 AR I T Jsasd R )
AR, TR n] 4 TR RE i A . 12 W el i
J 55 IR AR AE R S ) T R A Ik AR
P, AWEFUAE SCHR A LAl 1, MFF & A2 1R AH
KOy TP IEIAPCRHICDKN2A 2/ S 3k

55 LA R) AR KT EAT LU B A, PR 17
AL AE ST e A R P R 2B 22 G TR
WAK AR ED IR IR THE . BE 5 %
SRR XTI P A K D AL AE ST (12
Wi AT T VP4l

1 RT3

1.1 46151 41 gt 4 2R ) R T 5 —
LPERBE2001-20054F F- R UIBR bR A I 22005 B 12,
FRATEA J5 37 BB T-70 CARIR UK AR VA R AR A7 %
FH. bR AU SRAF B T A R, FRE AR b

(R o82 ENIARAS (i
1.2
1.2.1

: WLl “hepatocellular carcinoma” Al
“methylation” A G, fTENCBIAEYIEE 2

RIS 2 RS 2R 199720074 JHF3 Hh HE R R R4
(R SCHR, 280 %00 MR i J5 32 FH SCHR & 3 L R
BiblioSphere(V7.12, Genomatix Software)X} 5 T
et ¢ AE BN R R I D) AH O IR 5 18 3C S S
WIS P EAT A G (gene connection) 74T
Lj4335(gene ontology, GO)(www.geneontology.
org).
1.2.2 APC CDKN2A :
7EEnsembledk DA 2H 3 U 24 Hh gk B 2 AN B DT ) 25
FIRF41 )5, FIEBIfFICpG Plot T H 314 % a2 J
KA 37 X 3 I CpG i (CG>50%, Obs/Esp>0.6),
DL Sy ARSI 5 23 B ) H ) 1 B
1.2.3 MethyLight ~ PCR

: MethyLights&— P 7. /E TaqManfR #1725
I 2 EPCREEA b 1¥) FEAL 8 B AT RO, At id
ok R R S T I S R S R T
CpG L BRIM K AR ERET ko6t H IRk R R AT e
0 7 AS2G ol i ACTB(B-actin) 2 L B ok
R IEFE R AR B B b ) 22 . 5| PR i
U AR B A A, P L.
1.2.4 MethyLight ~ PCR VN
HLULFADNAMHEI . B A R =&
M. FIEAL S S EPCR(Methylation-Specific PCR,
MSPYKTII . 438 v B )P U S6 UE . HE4H TTRLIR)
9% e mbRAE 2 i d g S AR E T VA S
HERTSCHTR™. 52 EPCRAEHIABI Prism® 70007
W8 HPCRIL(Applied Biosystems)7E964LAR
AT, 25 pL AR RS 1 X Real time
PCR Master Mix(Toyobo Co., Ltd). 400 nmol/L
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.APC CDKN2A 3003
3190 200 nmolV/LEREF LA KAZ 15 FIDNABIR; o "0 £ B
PCRASFH BT : 95 CHIASHER min/s, Vang et af
95CASHELS s, 60°CIE K/HENAS s, APCHEIAY 1 oo
40/MIEHF, CDKN2ASER - 145 MEIF . FEUk 26 CpG
U3 3o SR B S A i B A R, O [ [ S e
TR PP (N B 41 L 4IDNA)L B ,

CDKN2A

PEX (S s TR R R Wi R AME 1 FE I 41 DN A)
FZE 0 R 58 TP CREE I £ (1) SR 4 A0 43 Hr
FABIA w [f]Sequence Detection Systems(V1.1,
Applied Biosystems) ¥ f-5¢ 1.
1.2.5 PCR D AEAHT G AT ]
AL T 0t 2 8 (percentage of methylated
reference, PMR) AR JE R 71 2 23 rp 11 FH G AL
ACEE LTS R ¥ Rl I ACTB S L
DRI SR H 1 35 DAL R AT A0 o 12, AR5 P FH AR O
AL AR HME DN A [/ AH N 38 525 0] SE 56 FF i
R —PAE A — b3, AKX PMR
= (GENE,,,, JREF ., J(GENE,y, /REF, ;)X
100%(GENE: H 3K ; REF: 2 HLJE[H; Sample:
FE i IVD: AR SMETDNA).

JH9e 5 98 55 AL 23 b s A4 R AL
AKAFELL “PMRAFIAE(IQR, 25%-75%)" For;
A 1A A K () LA I Mann-Whitney U
B s o A A b g 5 I RE A KPR EE B
Wilcoxonft X AT H; il ROC 2k 74k
8 FF 6 A0 7K S 25 01 JHE 9 1) R R 5 o e
5 DT RS A 5 1 PR s AR 0F ) 4D BB 2R 3 i
FisherkG i 73 b, ANE ALK 85 K5
SRR o A A I L B ik Kaplan-
Meier A 47 M2 AT 4047, LA A 56 35 Jh XU s
5, P<0.05 K W& 7 5, /i HGraphPad
Prism(V5.0, GraphPad Software)i/f47.

2 #R
2.1

I SRR AL R, 15 21 104F [ 343305
O I v S DR R A ) SCR; o He o 1R
FOME R S S K153 FE R AT B T SR
RIEDHT GO K (K ). W 1A, 153
ANFERZ I LLCTNNBL, TPS3HICDKN2A 34
A1 i (node) Ky HHLME I3 AN FE K] % (cluster); B4R,
153N EE R 145 BT GO R, 40 2845 HR W
XEEELIN )iz 2 5 9 1 D fiE(molecular func-
tion, 143N Wit #E(biology process, 1424%)
I B4 i (cell component, 1397328442405
) (E1B).
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2.2 CDKN2A APC MSP s
Xof S AH DG Ik R AE )45 B 22 e BT I 25 1, 43l
16 B bk BE R 1 A3 (AR R ML IAP C
CDKN2A(P16, INK4A)IEAT /0 #T. Ze 5L R 454
ST MICP GBI 5, £ T3 ol 4 A7
(transcription start site, TSS)FftUT f1X Bt/ J 46l
) H R Be(B2A). 7Ok 5 1A 18 44
HEATIUE, 156X 1040 e 41 2R A g TM S P
P38, o 7450 B FL Uk 23 A 2B B, R £
R 24 H I BE R 39y Bo /N IEAfi; MSP
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LROE Y ﬁ) R 1 MethylightESHNEYS ¥ RIREL S
E=153 PCR3 ¥ K2 TagManiZR4+EE31(5'-3")
APC APC (98 bp) F: TATTGCGGAGTGCGGGTC
CDKN2A R: TCGACGAACTCCCGACGA
P: FAM-ACGCCCTAATCCGCATCCAACGA-BHQ
PCR

CDKN2A (83 bp) F: TCGAATAGTTACGGTCGGAGGTC

R: GTCCTCCAAAATCGCCCG

P: FAM-CATCCCCTACTCCCGCTACAAACCCTC-BHQ
ACTB (133 bp) F: TGGTGATGGAGGAGGTTTAGTAAGT

R: AACCAATAAAACCTACTCCTCCCTTAA

P: FAM—ACCACCACCCAACACACAATAACAAACACA-BHQ

F: T R: ; P: TagMan

100 bp
50 bp

CW.CCCGT GGGAGCCCG WGCCGATCCAGGTGGGT

[ [ | [ [
MTTCGTCGGGAGTTCG MGTCGATTTAGGTGGGT

T

D

C

4

8

o

a

APC CDNKN2A
2 PEESHNTSENGIE. A: ( GpG ; TSS, ,
); B: MSP (M: DNA 1-7: ; BC: ); C: (W: ; M:

), D: (

BHAE BRIy 4 Rt — 28 R, P sl CcG
AT I CIRFEAAE, TCG TR 2 4MAIC
) AR A T(BE2C). DR, MSP s P A i
JP 2 RAUESE T 51904 39 SASRAE i 1) TE A .
2.3 CDKN2A APC MethyLight

K2D 7 A APCHICDKN2A P/ HL K 1 46151 i
YL LI 98 EPCRY I h £k, Brilldn A%
TE2SAME IR G ARk N T 50y 55 1, 3546 20
Ja BESE G, X Both 4k 2 BEUS Y E T,
HARREAR (8] BA A 1 AT Ve RN, S5 b B
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. APC CDKN2A

I . A2 1.
0.1} e e 01} ’
eeditt—— e R
m ..;:' .'.:.:'. m ':;..'
= 001f 4 = 001r :
0.001 v 0.001
0.0001 : : 0.0001 : =
T N T N
B1 100 [ B2 100 [
80 - 80 f
g 60 g 6011
40 - 40 -
20 - AUC = 0.6025 20t AUC = 0.8526
P = 0.0653 P<0.0001
0 1 1 1 1 | 0 1 1 1 1 |
0 20 40 60 80 100 0 20 40 60 80 100
(%) 1- (%)
c2 100
o 80 -
& 60
0 L T
20 - 20 F
0 L L L L | O L L L L |
0 10 40 50 0 10 40 50
t/mo t/mo
3 BEAESOMREZHBTESMEENEDS. A: (T: O N: ); B: ROC : C:
- AL, B1, CL: APC: A2, B2, C2: CDKN2A.
PEXT L 23 U B DL R B PEAR AAE Y 2 A (P<0.0001).

ARNEIS PRIFAERLARACY, S Al i (L 1 8 5 2
LT B (R PRI L IX e I S PCRY™ 18
e ROE BAB K AR BT 5 H IR B 5 1
FEE, XA PR AUIE A R S VR P P TR A A

2.4 APC CDKN2A
24N BE R AE T i 5 9
S5 R R AT LE B I - 3A BT s : 46

Bk A, APCAESEALE HPMR I AL A
0.0472(IQR, 0.0098-0.1025), {EFE 55414 K
0.0230(IQR, 0.0040-0.0637); CDKN2AZ Ji 2024
FFPMR A7 41 40.0048(IQR, 0.0008-0.0293),
eI 57 A 200 0(IQR, 0-0.0006). HrfAPCIE
DAL A JH e 5 9 5 A 23vh S AR R AL KPG8
FEZE (P = 0.0656), {HXAMARIN T, AL
o B AL AR B = T 55 2 (P = 0.0329); 1fii
CDKN2AJE R TC 18 & 7 B AR IE A AN A 7K,
2 23 e F R A i A A S 2 v T o5 AL AR
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2.5 APC CDKN2A
T RO C 1 26k 2 #r 2k DR R JEEAR )
A RE AT LA v PR 280 e (R R RV Sk ) g o
PR SR A LT X 4. WEB3BATR, L4l
U FIPMRAEAE A 91 41, i 55 L EH [ PMR
EAE R XS AL, APCHEN A UCTE(0.6025) (X I
w1 10.5, Gt 2E iR I % 3k IR e g 5 s 5%
FEALI 3 B AT AL LUK 3 X 73(P = 0.0653);
TMCDKN2AKE A LA 7K P ) 2 55 ) m] DA 4L
e 8k A g A 2R S R AR ZL(AUC =
0.8526, P<0.0001).
2.6 APC CDKN2A
[Ep RS q=F S
DATP M RAEL 1) A AR Oy B, Jd e — o 0%
2RI PMRAF i 46 by B OB 44, BIPMIRAE &
T AE AL E U AL, AR T A Al
ZUNAR AL, 70 J2 )5 10 B A 5 1 R
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x 2 FFEAADAPCHICDKN2AR RABEKESIE

PRETRIBIAF

APC CDKN2A
SR RPE AR S5 RPN AR

19 19 17 21
4 4 1000 6 2 0.2427
()
< 55 13 12 7 18
>55 10 11  1.000 16 5 0.0027
! 20 20 21 19
3 3 1.000 2 4 0.6652
AFP (mg/L)
< 400 14 13 16 11
>400 9 10 1.000 7 12 0.2307
(cm)
<50 8 9 7 10
>5.0 15 14 1.000 16 13 0.5420
14 14 13 15
9 9 1.000 10 8 0.7631
9 8 8 9
14 15 1.000 15 14 1.0000

! 38 HBV 2 HCV

i BEERLEEAT G UE 2= 0 B, 45 R WICDKN2A
TE = W8 (>55 2 ) Al i) F AR K 83 s T
IRAE IS (554 4L (P = 0.0027)(£2). IHh4h,
Kaplan-Meier/ 7 B rfE 4121 APC X CDKN2A
SEPA g F AL AL S P SR AL S AR S
ARSI S ToIR A (I3 C) I T W 3 7 .

3 111E

ARG N I Cp G Bt i i B R 3t 1
SCHR R A 1R A= 1 27 o3 T 0 2 I e S W gt A%
AN T BT, [ B O 2 5 2K R S
bR Y BT, WZindy et alHik X
TG, S AR A YRGS R R AR
AR R R LR RIMENL. AR5
TH e R T SR ) B e B A B3 S I kR
R4 Figfe, B LLB-catenin(CTNNBI1JE A =
YN O FIWntig 42, Llpl16(CDKN2AJEK
WAz Al R I A . LA BApS3(TPS33E
DR 7= 40 ) b A% o TR AN LR T2 55 22 Th e 1 I8 47,
KRG B i 45 R Y 2 R SR gRid
gt R ARy Tig Al — 30 X R W

FH A 3 S0 9 5 DR 2R R H 4 s A o
AT 3 S (RIS, SCRR A T 43 AT 45 A
I BATHR BRI AH DG DA R A0 10 I PR 8 Sk,
AR AL T e R Ak

TERTHIREFC T, FRATTH AR ARE 2 HE PCREL
ARHKI T ALFEAPCHICDKN2AKE A7 A 184
JHJE AR DG IE BRI ZE g 5% . Ak, HF 28 DA
JAE i LR ) AR R AR AR A 5T )
i AE T A BT O - 9 5 L 23 ) IR
FEA KT AR AR B2, PR HY SR Ak ) B R AR 4
Jf i X — 4 s By Be b 4 R R . APCIE AL
111578 A LI o1 300 Wnt/B-cateninig 42 5 BUH
I T R, AR T I Aol 5 100 A S e 1) JHF e 9 491
HAH AR IRIEN; TAPCHERT R A 2 kA4
PR AR TR I 5 50 A kL[] I £ S A
JH 48 HE 22 1E 8 JH2H 23t W58 214 v LU A3 i) R
SR ARHF TS RAR W, APCIE N 1 F 610 7E
JH- 400 0 i A 2 i gt AR R B A /K, DR, B
A7 3 70 Ik R R AT AT R T v, AHL U I X
K RIS BAR AN S BUR AR — A
TR F; RN, HF IR S AR A
FRAEA AR B ZE AR, DR AR 2 Wi bs 35
YA B A IR I — 4518 T LA 21 R AT
LAt bt X AR S 5T 45 A S R,

CDKN2AJE B [ ) p 16 15 40 i J& 1] 1)
W Ab T A0 MUY, DRGSR DR 9 o
SAC A B T R AT, AR, BT
et L0 AN [i) b DX RN ) 5L A A [ ) DR 22, %
WFFC /N AL BT PR DU 7 32 AN AR [, BRI et 1
CDKN2ATE T o (1) FH A R T I RAH 6
PE, AR 22 SCBRIRE 4775 22 5, JUH IR T-H O
ST R A DR AR T R AR I AR b i i
5 DR DG R AT R AR AR5
ML F|CDKN2AKE KT 559 55 20 24 ) 1 5L 4k
KOV 1 35 7 e, OB T 2 IR PR AN T S
KA B BRr e 80 i C DK N2 A JE [X]
FEA AT B RN T e A2 I 40 i A T — 52 B
B E A, B G i H R B R s &
FIEGRIE— DA T A M Ak, BARAE =g
i R8s A 2 F A KO 2 3 v TG R
Y1, SR IE S AR A, o S5 A 2 i)
LA KT #AN HE FFAEARAIC R KT, X R B
U K8 2 9 2 2 1 v PR A I A A TR B b ik
R ) (A S0 3 e, X — R4 T i 4 i 7
LIRS, CDRKN2ALE 38 240 S P 5 B
D F A8 HAEH R 255 & A AL I 45 107,
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CDKN2A FH AL A S L3099 A A2 W
BA— 2 MR N A 55, FEABFR b Al 145 &
PEAG T %Ik R H R KPR I 2 W B ) ml AT
PE. BT DNA FEA ) 5 O 2 HL T mRN AR
AR IA G R T oy T, R
M IEA L ecs, B, 6 FCDKN2AX A
A IR S R B e R, PR R K
SRV IR — TP o TS T B DR R
AR Ky — 2 W s 2 0 1) S BREAE T A Y > R
R AR I SN AR 4L 2 X 43 T, AN
FOHROCHIZ A i & W, R s 20 i T
IREE R 22 A7 AEAH > L A7) I CDKIN2 A FE AL, {5
TE I R AR S 1 AT )T DA vy 28 R g A 2R
IXECAR LA KT I “ M7 XA k. H
W7, 5 98 B0 S5 i v fe v, it
7 T BRI BT S 9 A 1 G R A AT
12, 25 RS B N A bR e e 12 Wi 1)
FERTE MG % . 5S8R B 55 2 A ¢
JiF WAL R A AR LI, PRl
TES W R B £ A5 2% 18R 1 (95%), 1T
WIS ATy AT PR AR5 5 R 2 T R AR (65%). IX B4
R CDRN2A [ ALK AT LA by —Ff T
TS W R RIE AR G D).

B2, AWFSE R G APCHRICDKN2A # AN
DR A 3 20 ok b F A AT 1) 52 A W 3R A,
CDKN2AJE R I EAK PR RS2 7E JH- 40 s A% 3ok 78
Hon] g AT EEAEH, T X R B AL R
By S PR 1 F A A B A CDKIN2 ASE K] HH 36
AT LAAE S —F B A I R 2 W 1R 23 A s
Wy, RIS, AT 90 BT T Rk A s i)
R THE . BUES VRO SRR R AT LA R L
fib A bR S D I R e it 5 2%
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