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1. Tissues

Argds HddA 3 Al F=& 3 B & 119 (hepatitis
B virus, HBV) 7% 3%} 46 o z2H¥H 32 79 19t =2, 46 7H
o oF 9 z7], 770¢] LRN, 29 7§¢] low grade DN, 14 7H¢] high

grade DN, 15 719 early HCCE A F 3ttt $kx}te] vpol= 32417

B 6947 E¥aT, BE ol 52 ATk WA 46 We] #x
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o 747 7pEE 93 (klatskin tumor) 1 W, o]
A< (metastatic stomach cancer) 2 W, Aol & (metastatic
colon cancer) 5 %, Mol dAY (metastatic ovarian cancer) 2
g, AolA AU (metastatic rectal cancer) 3 4, 44 1+ 94
(traumatic laceration) 19, A7 7+ &=} (health living donor) 1™
o wmHH AFHAAT. EE A4S AFH AT AA AioA YEE

AL, -80C ZA 2 WEale] Hyw )

2. Genomic DNA &
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Z_l

Y Bt Ho] " 3 A4 DNAE FE3H. 3t

EN

20~40 mgs NA AAE o] &3] A7 FEjelA wApel wap ApEs
o] g3 7FFE WS, 20 pg/mL LaboPass protease K (Cosmo
Genetech, Seoul, Korea)} 20 mM Tris-HCI (pH 8.0), 5 mM EDTA (pH
8.0), 400 mM NaCl, 1% SDS7} &% 700 uLe] &3 ¢35 (ysis

buffer)S Yol 42C9 & FzoA &y FoF e w)eksiu},

Y

rpm o2 P4 e, A NS EElste AHdET @i A
o 70% e ImLS Y 587 13000 rpme= &g gl
% oet&S AlAgH. DNA HHELS = 300ule] &3l
NanoDrop ND-100 (Thermo Fisher Scientific, Waltham, MA, USA)

o2 A HAH

3. Genomic DNA modification
F=3% DNATE 1 pgg #3ste] EZ DNA modification kit

(ZymoResearch, Orange, CA, USA)Z sodium-bisulfite &S 3}



o} Ad Az Ao we} DNA 1 plel] M-dilution buffer 5 pL.E Yil
B2 50 pLE %F F 15 #3F 37T oA widE At widE ME
2 210 pL® M-dilution buffere} 750 uLe] =9 =<9 CT
conversion reagent 100 pL & YL 50C & wjF7]oA 15 A|7F
SH AT o] F MES 4T oA 10 ¥7F Z3star, 400 ul o M-

binding bufferE Y] Zymo-Spin IC Column®.& &ZATth Add 2

N,

AMZS 30%3F 13000 rpm o2 AAEE s, d5AS A A

!

9l DNAS AAZ e A 200 pl. ¢ M-wash buffer® @
30%7F 13000 rpmo. 2 AA R o] AHAS AHaArt. M-wash
buffers A2 A& A 96 mL 9] 99% oleh2S Yol Al&&tsit).

o]%& 200 ulLe M-desulphonation bufferE o] 1587F Al2-0f A

=
o2
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e
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=S 30%%F 13000 rpme. = dA FE8sith AESs ¢

3 3t dS Wil 200 pLe] M-wash buffer& ¥ 30%%+ 13000

mL tubeZ &7, 30 plg Eo] DNAE £EA7T £33 DNAE

=7 real-time PCRell AF&¥ 7 -20Ce] W& By =3
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of Hujdstel AAE J5S A1y fa AE LS AAs=
Aoz &zl oF A F32 8 /M9t Ras A& A
ERK/MAPKE Ad#sigitt. AZFsts 9k =z A= B-
actin(ACTB) 9] ZAF 24 F-9JollA CpG Aol E3hH A ¥= =}
olw ¢} FHAE ARESIATH AEE oF oAl FAeH ERKel s}
o] MethyLightE 913l AztE Zelolw 9} B-x21E5 PubMedol A 7

geigeh, = B wud  Zoels AR Ade

Rl

NCBI(http://www.ncbi.nlm.nih.gov/) Ho]E w|o]2~o A HM3E F7
Z}2] 7] ME& Bisulfite Conversion Reaction

(http://bioneer.kaist.ac.kr/~yhahn/util/bisulfite—web/index.html) <

el CpG A o] ofd Ato]EXlo] ElRlo® HAgtd A7) A= uf
T 5 A2 WelAe] A& Flskltt. MethyLight7} 34
Ba7F gl GNMT$ ERKE NCBI®F Human Genome Browser
Gateway (http://genome.ucsc.edu/cgi—-bin/hgGateway) H|o|H Hjo]

220l A T4 97 Ads AAE] MethPrimer

(http://www.urogene.org/methprimer/) °lA MSPZE $3F ~z}o]H

t}

>

e AdEEiginh. dEE Zeteln Al diste] FHA 7
Ad el Aol A9k AlZF ZEolAe] AgE glstal, Al =

AEZHEE 1kb Wl A= ol F 7H Zh7told = o]
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1L GenScript (http://www.genscript.com/ssl-bin/app/primer)S %

I E3d2-E YAl skalvh. ARS-SE Zefolmel |3 Ak= Table 1
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http://www.genscript.com/ssl-bin/app/primer

Table 1. Primer and probe sequences for MethyLight

GeneBank Ampli sequence
Gene Accession rnplgon Forward Primer Reverse Primer Reference
Location
Number Probe
B GAACCAAAACGCTCCCCAT TTATATGTCGGTTACGTGCGTTTATAT 99
APC U02509 759-832 6FAM-CCCGTCGAAAACCCGCCGATTA-BHQ-1
_ TGGAGTTTTCGGTTGATTGGTT AACAACGCCCGCACCTCCT 99
pl6 NM_000077 66-133 6FAM-ACCCGACCCCGAACCGCG-BHQ1
_ ATTGAGTTGCGGGAGTTGGT ACACGCTCCAACCGAATACG 99
RASSFIA AC002481 18107-18171 6FAM-CCCTTCCCAACGCGCCCA-BHQ-1
B GCGTCGAGTTCGTGGGTATT T CCGAAACCATCTTCACGCTA A 99
SOCST ACO09121 108805-108888 6FAM-ACAATTCCGCTAACGACTATCGCGCA-BHQ1
B CGGAAGCGTTCGGGTAAAG AATTCCACCG CCCCAAAC 23
COX2 AF044206 6779-6924 6FAM-TTTCCGCCAAATATCTTTTCTTCTTCGCA-BHQ-1
B GGGCGGTAGATCGGTTTGGGACG CAATAAATAACGTCATATAAATCCG 01
SPRY2 NM_005842 450-625 6FAM-CCGATCCCAACTCATTAACTCCGC-BHQ1
B GTTTCGCGTTGTTGTAAAAGTCG CAATATAACTACCTAAAACTTACTCGAACC 29
PTEN AF143312 10601147 6FAM-TTCCCAACCGCCAACCTACAACTACACTTA-BHQ-1
GTTTTCGTTTTTTTTGATTTTTTTC CTAAATCCTTTTAACCAACCTACGA
GNMT AF101475 696-827 6FAM-CCAACCCTCTATACAATCCCACGACG-BHQ-1
GAACCAAAACGCTCCCCAT TTATATGTCGGTTACGTGCGTTTATAT
ERK NM_002745.4 349-466 6FAM-CCCGTCGAAAACCCGCCGATTA-BHQ-1
ACTB 00474 390-552 TGGTGATGGAGGAGGTTTAGTAAGT AACCAATAAAACCTACTCCTCCCTTAA 25

6FAM-ACCACCACCCAACACACAATAACAAACACA-BHQ-1

13
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Figure 1. Location of primer and probe in APC, pl6, RASSF1A,
SOCS1, and COX2. Light gray box indicates promoter region, dark
gray box indicates untranslated region (UTR), and black box
indicates exon region. Green boxes under CpGs indicate
MethyLight primers, and red box indicates probe. The size of PCR
product is shown under primers and probe. The distance from PCR

product to start codon (ATG) is shown next to 3’ primer.
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5. Real-time PCR

Sodium~-bisulfite #]2]E sfo] AP]EAE E|RIOo2 AgA7]
DNA 1 pL & F3go=2 3t 3 pg/ule] #AAF xZeglo]w 3uL
(0.3ug/ul) , 3 ng/uLel F@AAF Zekelw 3ul (0.3 pg/ul), 1ng/ule]
e-x1 2} 3ul (0.1 pg/ul), 2x TagMan PCR Master Mix (ABI 4324018,
Foster City, CA, USA)E Y3 B2 F 53 30 pLE 953Ut} 96—
well plateo] A=2S Yil ABI 7300 real time PCR 7]AE ©]-&3
95TCA 10 7 A WA (pre-denature)3, 95ToA 152 WHA,
60CelA 1 ©jd ™ (annealing) dtof 453] S35 Fhsiqrt. FA
2T o2 sodium-bisulfite A2]E& 33 CpGenome Universal
Methylated DNA(chemicon S7821, Billerica, MA, USA)E AF&-3}91

o, 593 DNAZS 7FR| 3 1/4, 1/16, 1/64, 1/256 0.2 3] A5}

5

+ TAS a3 B-actin(ACTB)S BRE F3Adl thste =z +#
A2 AFEEH AT pl6y ACTBO| wWeh standard curve$} real-

time &% S4¥% T+ A4S 19 294 A& F

7} AMZo| tidte] real-time PCRS 33 Fdxto] Hoak

2 ACTBY H##om UAFth o £A2 A 34 vzl
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p16

ACTB

T~ A .
N Sa I
HCC Normal Dysplastic
Nodules

Figure 2. Real-time PCR analysis of p16 and ACTB in HCCs, normal
liver tissues, and dysplastic nodules. PCR amplification of pl6 is
shown in HCCs and dysplastic nodules, not in normal liver tissues.

Amplification of ACTB is shown in all samples.
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3t AAE o2 Y59 PMR(Percent of methylation ratio)& 3}
St PMR2 AFE-% =9 DNA &S HAs5H7] 98] 2 2491

ACTB®] A#gom faAe 42 UnFw, o A%g oA

Fd iz T AR FAR A HAER YERy )
el @2 Aol 100S Fa3ith PMRS Tt o4& Adeahd
oo 2
(gene)samp\e / (ACTB)sample
PMR = *100
(gene)ccntro\ / (ACTB)control

e 2 Aol A wWdste] WS wjastr] ffste] PMR = 7HA

a1l student’s t-testE G35} T}
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Figure 3. Distribution of percent of methylation ratio (PMR) at each
of 5 tumor suppressor genes. The overall distribution of PMR was
observed in normal liver, non—-HCC, low—grade dysplastic nodules,
high-grade dysplastic nodules, early HCCs, and HCCs.
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PMRS % we} 5% v|vt 10% vlwk, 15% viwk, 20% w3,
20% oo g FEHAI, 10% o4l A5 Hddst Hof 9l
3 Gl L Aol A2-ES TR e 17 casedl A, APCe}t
RASSF1A, SOCS1< oF ¥ Ao A5 g #vdst ¥ 497 3z
HaL, pled COX2& el® FAol AAddAiy Hwdst €
A7t FAH AL 2F dAle e fxe] BRedst dgdS gl

A3, APCE Es) d A9-7F o ¥ =ZoA 537] 5 1071,

rot

T FAolY A-A 2970 T 2370, 1T FAol AN

)

1470 = 970, Z7] 2ol A 1570 5 1270, 2kl A 3271 5 2471
BEH AT (19%, 79%, 64%, 80%, 75%). pl6L> & FH 23 A
T Yol AAdA Audst ® B9 #EAHA FRka, LT
T gagold AdelA 1471 F 370, 27 el A 1571 F 570, 3
ol A 3271 % 127071 #eldst Hof AU (0%, 0%, 21%, 33%,
38%). RASSF1AE & 59 =7 537 5 1170, ASXx Aoy 2

A 207 T 170, 15E Aol Ad 14/ F 8/, =7] Y 15

59%, 57%, 53%, 50%). SOCS1-& oF FW ZZ oA 47, A% o
Aol AAol A 117, 5% Aol A-dolA 671, 27|7FdelA

1270, kel A 10707F e st Hof A} (8%, 38%, 43%, 80%,



67%, 31%). COX2% ¢ W A} ATk Pl Adoxe= 3
WSl #EER] ki, st PAold AdelA 4, 27] ket
AN 47, kel A 15707F FHEst Ho AJd (0%, 0%, 29%,
27%, 47%). B2 7+ Ao 4% APC, RASSF1A, SOCS19] #v g3}
o AS7F 22 670, 7, 278 BEEAT (40%, 47%, 13%). © A}

= Figure 4°l st HERR AT
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RASSF 1A | SOCS1 CO0s2

HGDN

eHCC

HCC

Figure 4. Summary of MethyLight results of APC, pl6, RASSF1A,
SOCS1, COX2 in 136 liver samples from 46 hepatectomy patients.
No#*, case number ; NoT, number of genes methylated ; 7 cases of
LRN are not presented.

26



) AAF 2AEE

S

slell 9]

13|
=

wash gy L2
v

1

T

T

T;‘I_i_.

=

Aol A

|

(o]

A=
B
-

g]

WoF W W
o, PF
s £ i %
ot o o
- W R E ©
% Mo X oW
i — —
%) ~ el X (=)
W o N W
o o =3
o) B
WX H
N M_u oo
S|K—— ? mvm
UGS E O
= T w0
= o - %o _nrym
I £3 &P =
o e e
C e I
~ w_ I
oF . Q0 B
BE EE % w MM
I O
I~
COL SR N
oF " n R
i 2 T B
I M )
Gl T o
X po2 T
3 o< T

ke

il Sl Al

T

-

9

Ao
of ]

+
| B Wdstrh St
A]

A
[}

st o, pl6elA

7}3

3 2tk APC, pl6, SOCSI,

S

=

Ao A APC, RASSF1A, SOCSI,
[¢}

DEE Aol
oS

_2_7]_
27

[

1

R

ARt Wdsrt

271 3kl

1

coxzel A =4 ¥9) WQst

9121t APC, RASSF1A, COX2

COX2



o

=

o) APCS}

[e)

=

=k

o

A4l vl WHEHsrt 5
Rtk e sl o] 9l

H|
Z7] ZRQtel Al HE ot

=
=

k]

a4

& AT pl6

S

7}
}(\:‘)l_

=

[¢)
3790l

¢}
A=

o

T

SANES I CER L2

A FRzre] AR 24 59 v"st 4
At SOCS1

AwRE Ao ole] Ao zAolA ]

._ao

To-

1

=]
=

o
E}E—)]E

3}

Wnt/B-

-

F717 &

Ay
s

faAre] A 2

43
°= HRIth APC

T AY ARoA HAA A ¢1A¢ B-catening
28

]

A
1l

Al =ol7h Aol

(Figure 4).

oo Heesrt St o2 Y WA o] A

catenin



-

Ras A3 Ad A=} AvE o

T

-

¢l 2po] 26 2T RASSF1A

|

-

5

°

Al

o)
Sai

o
ol
Nd
el

e

i

p—

SOCS1 =3 JAK/STAT 4

o) }ot}h 28, 29

-
R

el
I
At

S
J

AEAY 7t
ThEomA,

=

o

s}7}

€]
=

Ao vebgtt (Figure 3). T3k o]
29

Plm gk 02 sjze) aFelA 2

T

-

°©

Al

3
Sai

=

=

3h=

=

g
FHA pl6¥ COX29] ¥

S

#3slo] APC, RASSF1A, SOCS1
=9
=

=

}

3ol AKT A=
Ely

47

I8

SANMFE P37} 5

Ras A& HEAE

A AAE oA

1o

s
S
=



=1
o

] Wnt/B-catenin A& HAgA <}

A FAAe] A 2A 97} A

o e WA wgel A AlE

ot

1=

7
A FARe] AL 28 28] o)

s>} o

Ao A H-H

pul

L

Sl o

13|
=

Azl AAL 22 -9 I

[e)

i

Al

o)
)
\mo
L
3
wK

]

30



10.

11.

12.

13.

VI Fa &3

Parkin DM, Bray F, Ferlay J, Pisani P. Estimating the world
cancer burden: Globocan 2000. Int J Cancer 2001;94:153-6.
Anzola M. Hepatocellular carcinoma: role of hepatitis B and
hepatitis C viruses proteins in hepatocarcinogenesis. J Viral
Hepat 2004;11:383-93.

El-Serag HB, Rudolph KL. Hepatocellular carcinoma:
epidemiology and molecular carcinogenesis. Gastroenterology
2007;132:2557-76.

Hytiroglou P, Park YN, Krinsky G, Theise ND. Hepatic
precancerous lesions and small hepatocellular carcinoma.
Gastroenterol Clin North Am 2007;36:867-87, vil.

Takayama T, Makuuchi M, Kojiro M, Lauwers GY, Adams RB,
Wilson SR, et al. Early hepatocellular carcinoma: pathology,
imaging, and therapy. Ann Surg Oncol 2008;15:972-8.

Wong CM, Ng I0O. Molecular pathogenesis of hepatocellular
carcinoma. Liver Int 2008;28:160-74.

Borzio M, Fargion S, Borzio F, Fracanzani AL, Croce AM,
Stroffolini T, et al. Impact of large regenerative, low grade and
high grade dysplastic nodules in hepatocellular carcinoma
development. J Hepatol 2003;39:208-14.

Seki S, Sakaguchi H, Kitada T, Tamori A, Takeda T, Kawada N, et
al. Outcomes of dysplastic nodules in human cirrhotic liver: a
clinicopathological study. Clin Cancer Res 2000;6:3469-73.

Kojiro M. Histopathology of liver cancers. Best Pract Res Clin
Gastroenterol 2005;19:39-62.

Park YN. [Pathology of hepatocellular carcinoma: recent update].
Korean J Gastroenterol 2005;45:227-33.

Theise ND, Park YN, Kojiro M. Dysplastic nodules and
hepatocarcinogenesis. Clin Liver Dis 2002;6:497-512.

Terasaki S, Kaneko S, Kobayashi K, Nonomura A, Nakanuma Y.
Histological features predicting malignant transformation of
nonmalignant hepatocellular nodules: a prospective study.
Gastroenterology 1998;115:1216-22.

Miranda TB, Jones PA. DNA methylation: the nuts and bolts of
repression. J Cell Physiol 2007;213:384-90.

31



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Robertson KD, Wolffe AP. DNA methylation in health and disease.
Nat Rev Genet 2000;1:11-9.

Ushijima T. Epigenetic field for cancerization. J Biochem Mol Biol
2007,40:142-50.

Esteller M. Epigenetic gene silencing in cancer.: the DNA
hypermethylome. Hum Mol Genet 2007;16 Spec No 1:R50-9.
Esteller M. Epigenetics in cancer. N Engl J Med 2008;358:1148-
59.

Calvisi DF, Ladu S, Gorden A, Farina M, Lee JS, Conner EA, et al.
Mechanistic and prognostic significance of aberrant methylation
in the molecular pathogenesis of human hepatocellular carcinoma.
J Clin Invest 2007;117:2713-22.

Gao W, Kondo Y, Shen L, Shimizu Y, Sano T, Yamao K, et al.
Variable DNA methylation patterns associated with progression of
disease in hepatocellular carcinomas. Carcinogenesis
2008;29:1901-10.

Lee S, Lee HJ, Kim JH, Lee HS, Jang JJ, Kang GH. Aberrant CpG
island hypermethylation along multistep hepatocarcinogenesis.
Am J Pathol 2003;163:1371-8.

Yang B, Guo M, Herman JG, Clark DP. Aberrant promoter
methylation profiles of tumor suppressor genes in hepatocellular
carcinoma. Am J Pathol 2003;163:1101-7.

Weisenberger DJ, Siegmund KD, Campan M, Young J, Long TI,
Faasse MA, et al. CpG island methylator phenotype underlies
sporadic microsatellite instability and is tightly associated with
BRAF mutation in colorectal cancer. Nat Genet 2006;38:787-93.
Fiegl H, Gattringer C, Widschwendter A, Schneitter A, Ramoni A,
Sarlay D, et al. Methylated DNA collected by tampons—-—-a new
tool to detect endometrial cancer. Cancer Epidemiol Biomarkers
Prev 2004,13:882-8.

McKie AB, Douglas DA, Olijslagers S, Graham J, Omar MM, Heer
R, et al. Epigenetic inactivation of the human sprouty2 (hSPRY?2)
homologue in prostate cancer. Oncogene 2005;24:2166-74.

Eads CA, Danenberg KD, Kawakami K, Saltz LB, Blake C, Shibata
D, et al. MethyLight: a high—-throughput assay to measure DNA
methylation. Nucleic Acids Res 2000;28:E32.

Akiyama T. Wnt/beta—catenin signaling. Cytokine Growth Factor
Rev 2000;11:273-82.

Csepregi A, Rocken C, Hoffmann J, Gu P, Saliger S, Muller O, et al.
APC promoter methylation and protein expression in
hepatocellular carcinoma. J Cancer Res Clin Oncol 2008;134:579-

32



28.

29.

30.

31.

32.

89.

Peters I, Rehmet K, Wilke N, Kuczyk MA, Hennenlotter J, Eilers T,
et al. RASSF1A promoter methylation and expression analysis in
normal and neoplastic kidney indicates a role in early
tumorigenesis. Mol Cancer 2007;6:49.

Vos MD, Martinez A, Elam C, Dallol A, Taylor BJ, Latif F, et al. A
role for the RASSF1A tumor suppressor in the regulation of
tubulin polymerization and genomic stability. Cancer Res
2004:;64:4244-50.

Chan MW, Chu ES, To KF, Leung WK. Quantitative detection of
methylated SOCS-1 , a tumor suppressor gene, by a modified
protocol of quantitative real time methylation—-specific PCR using
SYBR green and its use in early gastric cancer detection.
Biotechnol Lett 2004;26:1289-93.

Elliott J, Johnston JA. SOCS: role in inflammation, allergy and
homeostasis. Trends Immunol 2004;25:434-40.

Niwa Y, Kanda H, Shikauchi Y, Saiura A, Matsubara K, Kitagawa
T, et al. Methylation silencing of SOCS-3 promotes cell growth
and migration by enhancing JAK/STAT and FAK signalings in
human hepatocellular carcinoma. Oncogene 2005;24:6406-17.

33



Abstract
Promoter hypermethylation of tumor suppressor genes

during multi-step hepatocarcinogenesis

Um, Tae-hee

Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Young Nyun Park)

Hepatocellular carcinoma (HCC) is one of the most common
cancers worldwide and its risk factors are well established including
hepatitis B virus (HBV) and hepatitis C virus (HCV).
Hepatocarcinogenesis is a multistep process evolving from pre-cancerous
lesions known as dysplastic nodules (DNs). DNs are divided into low-
grade and high-grade, and high-grade DNs are significantly associated
with HCC formation.

In cancer, DNA methylation induces dysfunction of tumor

suppressor genes by CpG island hypermethylation on promoter region.
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Promoter hypermethylation of tumor suppressor gene is increased in
HCCs and DNs than cirrhotic liver. However, the molecular difference
between low-grade and high-grade DNs are poorly understood.

In this study, promoter hypermethylation was investigated during
multistep hepatocarcinogenesis using 32 HCC, 15 early HCC, 14 high-
grade DN, 29 low-grade DN, 53 corresponding non-cancerous liver and
15 normal liver samples, in cell cycle related 8 tumor suppressor gene
APC, p16, RASSF1A, SOCS1, COX2, DCC, SPRY2, GNMT and 1 Ras
signal related gene ERK. Promoter hypermethylation of APC, RASSF1A,
SOCS1 was increased from low-grade DN, and hypermethylation ratio of
APC and COX2 was significantly increased in every step. These data
provide evidence for epigenetic difference during multi-step

hepatocarcinogenesis and give information to clinical treatment.
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