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Epigenetics

1. DNA methylation 2 N ¢
2. Histone modifications -
3. Chromatin structure
4. Imprinting

5. Non-coding RNAs

Chromosome

Non-coding RNAs
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Unmethylated Methylated 40 glioma cases
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(From Esteller and Herman, Oncogene, 2004) Methylasted 19 19 18 14 9 3

Unmethylated 28 22 7
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Overall survival

Total = 145 cases 1.0
| HR P
0.8 L'11 CIMP 9.5(3.2-28.1) <0.0001
0.6 N-myc 12(4.9-29) <0.0001
0.4-
| BtoA 4.5(1.3-16) 0.020
0.2 CtoB 4.8(1.7-14) 0.003
00— CtoA 22(6.8-69) <0.0001
0 2,000 4,000
(Days)
10 Disease-free survival
0'8_ HR P
' CIMP 5.4(2.9-10) <0.0001
0.6- N-myc 3.1 (1.6-6.0) 0.0007
0.4-

0.2 BtoA 5.2(2.6-11) <0.0001
CIMP(-) =95 ' i CtoB 1.1(0.53-2.3) 0.821
00+ CtoA 57(26-12) <0.0001
0 1,000 2,000
(Days)

[Abe, Cancer Res, 65:828, 2005; Abe, Cancer Lett, 247:253, 2007]
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Bisulfite treatment (£ %) Demethylating agent
@ @ Before TCCEYTEEETY ~ CYTTRETTREE > Expression
5" -GCCCGTTGGTTTCCGGCGCAACGGCCGGGAGCCGT-3" ' W
M 0o
@ Bisulfite treatment
After I >
5' -GUUCGTTGGTTTUCGGUGUAAUGGUUGGGAGUUGT-3" mw 00
— —
—
Methylation-sensitive restriction enzyme Affinity

@ DNA fragmentation

. . 5' —GCC‘%’GTTGGTTTC@GGCGCA ACGGCCGGGAGCCGT-3"

3' —CGGG&AACCAAAGG&’CGCGTTGCCGGCCCTCGGCA—5 ' Q
Antibody
Hpall MBD
Q@ (V] .cm .qm
5'-GCCCGTTGGTTTCCGGCGCAACGGC CGGGAGCCGT-3' 5'-GCCCGTTGGTTTCCGGCGCA-3"

3' —CGGG&AACCAAAGG&?GCGTTGCCGGC CCTCGGCA-5'
3'-CGGGCAACCAAAGGCCGCGT-5"
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MeDIP-se Reduced
MethviC-seq MethviCa _gé representation  MeDIP-CGI Infinium Infinium
y G y™-apSeq, bisulfite microarray -27K -450K
MBD-seq :
seqguencing
Genomic DNA 5ug 0.3-5ug 0.05 ug 5ug 0.5-1 ug
Bisulfite Cap’Fure e Bisulfite Capture with _— :
Assay conversion antibody or conversion antibod Bisulfite conversion
MeCP2 or MBD -
Readout Sequence Array
Resolution 1 bp 100-1,000 bp 1 bp 100-1,000 bp 1 bp
Theoritical ~100% ~10% ~70% ~0.1% ~2%
coverage (CpG) (CGI) (CpG) (CpG)
Cost ~$20 K ~$2 K ~$0.5 K
Species All Customlzatlon Human
available
Ease of use Hard Medium Easy
Conclusion £z feee Good for CGls SIEEE el seee
standard all-rounder promoters all-rounder

(Beck et al. 2010% 5tIZYamashitaHV KIFET)



lllumina HumanMethylation450 BeadChip

450K (450,000) probes
95% CpG islands
12 samples / slide

41,300 yen / sample
human
I W
TSS1500 TSS200| 5 UTR 1stexon Gene body 3’ UTR
@ lyrf
4305493023
[T
N Shelf N Shore CpG Island S Shore S Shelf

TT?TT 71 FRRHE 1 ¢ ?T,

[From lllumina]




HumanMethylation450 BeadChip ® 434

1. HEE - ToE—42—EE LIS, CpG islandlot 87578 —
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MeDIP-CGI microarray HumanMethylation450
R2=0.962 R2=0.993

&
o
A

0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8
Me value beta value

[Yamashita et al. unpublished]
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HOXAS5 promoter

Scale 1 Kb} i
chr7: 271450008| 27148500| 27149008| 271495048| 27150000| 271565684
1 MCF7_Me\

Agilent CGI microarray

MCF7_MeV I I | |
MCF7_Repl_Beta

MCF7_Repl_Beta

82 | | I T ik | ’l'

UCEC Genes Based onh RefSeq, UniFrot, GenBank, CCDE and Comparative Genomics
HOXAS bt -

CpG Islands (Islands < 388 Bases are Light Green)
CpG Islands

llumina HM450 |
UCSC Genome Browser
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 Illumina GenomeStudiot MY LKL A
« UCSC Genome Browser (http://genome.ucsc.edu/) Tt

DT—RELRZDHBETTH

e ImportiZhE7iBed 77 A JUILExcel CYER AT BE

Al = fx | track type=bedGraph name="AGS_Beta" description="AGS_Beta" color=102,0,102

| B C D E F G H I
10 dtrack Lypc?bcéGraph name="AGS Beta” description="AGS Beta" color=102,0,102
2 |chrl6 53468112 53468121 0.3608217
3 lchr3 37459206 37459215 0.9382988
4 |chrd 171916037 171916046 0.8856235
5 |chri 91194674 91194683 0.8744467
6 |chr8 42263294 42263303 0.8944484
7 |chr14 69341139 69341148 0.694135 === 3 — -
8 |chrl6 28890100 28890109 0.912966 EJTJ’“JAJ’“I7_§E(-J-6T:&) "
9 |chr8 41167802 41167811 0.7912668
10 |chrl 230560793 230560802 0.8947818 e o
11 |chr15 23034447 23034456 0.00394956 i Textj?"f}l/ '&: SIN— I‘ LT: E% N
12 |chrd 139997924 139997933 0.8280725 S s =
13 |chr19 54695678 54695687 0.3309445 1 ‘fT E wgﬁémﬁﬁ
14 |chr6 25282779 25282788 0.9378259 ° H% &6 1 (W*ﬁ) 3 J
15 |chr3 128902377 128902386 0.0685074 Q beta E - 'iﬁ D—C
16 |chr12 124086477 124086486  0.03259799 ii&)é
17

)

chr2 23913414 23913423 0.9129239

ik B {IE+10 BetafE
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UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly

move [ <<< || << |[ < |[> |[>> |[>>> | zoom in [ 1.5x [ 3x |[ 10x |[ base | zoom out [ 1.5x |( 3x | 10x |

[ jump |[ clear | size 4,455 bp. [ configure |

DSWE iipic BSTIEN14.1@ri4. cHSEBNIS. 2l 116154 | B LS ST )
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B 11225 Baz2. 1 BEEai4. Sl 1ici4.1 ERGS. 4 EEEN:1Z. 1
19 |}
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= = B se 2
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RefSeq Genes
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:1 kb Scale
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1

AGS: ASCL2HEIRE 16

| B )
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i ] ] | =

1

HSC57: ASCL2F IR & 6808
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( : . | 8
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[Yamashita et al. manuscript in preparation]
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[Yamashita et al. manuscript in preparation]
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MeDIP + Agilent Human CpG island array (2457 0—7)
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Data of MeDIP-CGI microarray analysis in genomic
regions around PAX6 CGls

Chr 11 (p13) —mmmrmemm

[ T OO ETIER R EENVICEEREN BN=c SEN B g2S]

“

2 Kb}

Scale

chrii: | 31790000| 31791008| 31792000| 31793000|
1

1
31794008| 31795000| 31796000| 31797008|
= Né_poo 1_Melalue

ESCC Differentially methylated region ..
N(-) pool

el et ot 1l

Nia_pool_MeValue

N(+)a pool

Nib pool_MeValue

N(+)b pool ‘ “
-] | III_I_l_-__ v II_

UCSC Genes Based onh RefSeq, UniFrot, GenBank, CCDS and Comparative Genomics
FAXE &
PAXE -]
PAXE -]
PAXE -«
PAXE -«
PAXE -] : : : : : —

BXE48962

-

:

CpG Islands (Islands < 588 Bases are Light Green)
CpG Islands

[Gyobu, Ann Surg Oncol, 18:1185, 2011]



Quantitative Methylation Analysis of Candidate CGls in
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Methylation level (%)

Screening Set and Construction of ROC Curve
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CPLX2
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\/// /
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Py
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e
0. (7))
°,° ®0.e®
. Methylated (IV.I).:.‘
& =.° l
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N(_) N(+) 00 0.2 0.4 06 038 1.0

1-sensitivity

N(-) N(+) P=0.0061 (Fisher’s exact test)

25 CGls == 7 CGls ( p < 0.05)
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Methylation level (%)

30|

20|

10|

50

40|
30|
20|
10}

BEMNADY TR FRT—H—

Screening set
(N=48)

Validation set
(N=48)

PAXG6 (Threshold 2.0 %)

® p=0.048 %

p=0.033 ©

Combination marker

PAX6 M U

and or
ENST U M
L= I

C. marker (-) (+)

N

ENST00000363328 (Threshold 8.3%)

p=0.044

:f.:;.(a. o o0 -

p=0.044 o

00.“00
)
or

. o.:.o

C

N::je (-) Node (+)

C. marker

() (+)

Node (-) 10 5
meta-

stasis (+) 7 74

— SO e
Node (-) Node (+)

Sensitivity 91%
Specificity 67%
Accuracy 88%

[Gyobu, Ann Surg Oncol, 18:1185, 2011]



Disease free survival

Disease free survival

ENST00000363328

1.0

0.8

0.6

0.4

0.2

0.0

Unmethylated N=50

LI

Methylated N=41

p=0.24 All samples

I I I I I [ I
0 200 400 600 800 1000 1200 1400

Combination markers

1.01

0.8
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0.0

Negative N=17

Positive N=74

p=0.006 All samples

\ \ \ \ \ \ \ I
0 200 400 600 800 1000 1200 1400
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PAX6

1.0

0.8 Methylated N=37
0.6
0.4

Unmethylated N=54

02|

oo P=0.014 All samples

0 200 400 600 800 1000 1200 1400
Time (days)

Analysis of Association
with Methylation
Status and Prognosis
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PAX6 promoter

Scale
chrii:
i

| 31796668|

CGI microarray

NoneCa-HF (=)

AM450

Singlel_Beta

o _|| || h””l‘

FAXE sk
PAXE ]
PAXE ]
PAXE ]
PAXE <}
PAXE ]

i

2 kb |
317910688| 31792008| 31793008| 31794008| 31795066| 31796008|
NoneCa-HF ¢ -)_Meyalue
i’ 1 I-..I .... _______ J I._-lll-l_ ___.__.-I .Ih.lll‘l I-l J. Il- l.I ||

Singlel_Beta

Differentially methylated region [
[Gyobu et al. 2011]

UCSC Genes Based onh RefSeq, UniFrot, GenBank, CCDS and Comparative Genomics

BxE643962

CpG Islands

31797008|

CpG Islands (Islands < 388 Bases are Light Green)
[s=sa]
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lllumina HumanMethylation450
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MLN vs Primary GC without LNM

Mean methylation 762 candidates

480,000 CpG sit .
Level ‘0. > PG sites CpG sites

=3)

=
o

» Methylation level < 0.2 in all
3 GCs without LNM

» Methylation level > 0.5 in all
3 Metastatic lymph nodes

ot
o

0.2

Metastatic Lymph Nodes ( n
o
S

‘31 CpG sites ‘

1.0 Mean methylation
Level

0 0.2 0.4 0.6 0.8
Primary GCs without LNM (n=3)



Methods for analysis of candidates

r 31 CpG sites 1

Cutting Site by methyl cytosine
sensitive restriction enzyme, Mspll

:Iﬁfsﬁ)?lllll?ﬁﬁ)?ﬁ) ?.I.
= @ = | ¢
MSP primers PCR primers
10 CpG sites 21 CpG sites

~ ~~

gqMSP qPCR-MR




Validated one CpG site (cg06436185)

100 cg06436185
PRKAG2

S cg06436185

e R 2N R

c

9

E CpG island

£

(<))

E [ ® [
Sensitivity 43%
Specificity 85%

Meta

Primar
Y [Shigematsu, Oncol Lett, 2012]
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HumanMethylation450
R2=0.993

1. {3 [o]|EER N |
(Illumina) . - *
3. Detection P-value®iFE g

] (Ilumina) 04 1
4. 17_1@ 70— 0 0.2
IRE o.; ?

0.0 0.2 0.4 0.6 0.8 1.0

beta value
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Estimation of the probe errors and their histogram

® Repeated measurements are available for 10 individuals.
® The within-sample variation is estimated by use of "analysis of
variance" (ANOVA).

Histogram over within sample error

Quantile |Error 2
8 _
2
95% 0.074 g _
3
96% 0.079 3
2 %]
g g
97% 0.086 3 s
g
98% 0.096
o
S _
o
99% 0.117 §
8 —
99.5% 0.144 8 J
99.9% 0.222 © - :
[ T I T T ] 1

0.0 0.1 02 03 04 05 06

error

[Rehnberg et al. manuscript in preparation]
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AGS+5-aza-dC

error diff

cgl4341177 0.044 0.894
cg01618928 0.064 0.709
cg03281139 0.071 0.698
cgl9095568 0.060 0.683
cg09220326 0.049 0.678
cgl6402006 0.050 0.677
cg04016485 0.046 0.657
cg20455854 0.044 0.649
cg09373676 0.041 0.643
cg20695611 0.052 0.642
cgl8764836 NA 0.640
cg05255994 0.036 0.635
cg08635395 0.042 0.627
cgl3321688 0.072 0.626
cg09312135 0.021 0.624
cgl4251216 0.249 0.603
cgl1481582 0.040 0.600
cg02927821 0.031 0.594
cg20519665 0.051 0.587
cg22950831 0.035 0.580

SH-SY5Y+CDDP

error diff

cg06647360 0.033 0.884
cg26446133 0.031 0.868
cg16066505 0.370 0.790
cg25720930 0.455 0.679
cg00040566 0.045 0.628
cg07296841 0.290 0.622
cgl8443450  NA 0.562
cg23476209 0.230 0.500
cg25376032 0.232 0.487
cg19871348 0.178 0.471
cg02076747 0.134 0.466
cgl1822772  NA 0.458
cg05393828 0.243 0.446
cg18825597 0.231 0.433
cg13769609 0.072 0.433
cg06813250 0.159 0.432
cg04054303 0.226 0.427
cg07565150 0.193 0.423
cg06255004 0.106 0.415
cg03562350 0.291 0.410 *FIHEEED
KEFTS—

[Rehnberg et al. manuscript in preparation]
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DNAXFIUE (ERIsRE) BEHr77ED=ER

Flexibility

Restriction-

low | enzyme CpG any | High

qualitative A <€ >

Existence -

[southen vt Bisulfite sequencing
Quantitative | coBRA |
analysis
’ eremercn| ISR
| MassARRAY |

10%

5%

1%

—VY
quantitative




Check Point of MSP

* Primer location
« Quantity and quality of template
* PCR conditions



AXAFINECpGOLE & FKIREDEIR (RA)

R RRQ Q@R

NFR Exon1

B, L

e W A SN

e, T P
LT, ¢ PR

R, TP

e

Transcription

(P Unmethylated CpG

? Methylated CpG

NFR :
nucleosome-
free region

CpG island

by xl
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% NCBI NCBI Map Viewer

PubMed Entrez BLAST OMIM

Search

Homo sapiens (human) Build 37.1 !Current!

Taxonomy Structure

Find in This View Advanced Search

BLAST The Human Genome
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Bisulfite LA

v' Fragmentation of genomic DNA —_—

X I

e  BamHlI or Sonication —

e Adequate fragmentation

v" Our protocol

1. 3.1M sodium bisulfite, 6mM hydroginone, pH 5.0
2. [95°C, 30 sec & 50°C, 15 min] 15 cycles (x 50°C 16 hours)

3. Desulfonation and purification using Spin column (Zymo Research)

° pH
e High concentration bisulfite, high temperature
e  Commercial kits (Invitrogen or Zymo)
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500 1000 1500 2000
GpC (208)
CpG (142) HHHHHSH S HHE - H—
HpaIT ( 19) l ] L1 l l L1l L1 |

==~ —H

Original sequences  5'- TTACGTGAACAAATAGCTGAGGGGCGGCCGGGCCAGAACG-3"

Top strand
(Top ) ‘ ’ Bisulfite treatment

M primer (forward)

'ATAAATAGTTGAGGGGCGGTC
Methylated DNA 5'-ttaCGtgaauaaatagutgaggggCGgtCGgguuagaaCG -3

U primer (forward)

Unmethylated DNA 5'-ttalUGtgaauaaatagutgagggglUGgtUGgguuagaalG -3’

« CG siteonprimer 3" end=1, others=1to4



PCR Template DNAIdBisulfite L32[ K D
REMEDNS

DNA (ng, OD260) Copy numbers (in 1L DNA solution)
1400 16000
n 14000 |- n
00 w0 - NOL4 " NTRK2
i I 10000 | -
800
8000
600 * 6000 -
400 1 4000 |
200 2000 | - -
0 0 -
Treated Untreated Treated Untreated Treated Untreated

* 14,000 copies (50 ng) — 700-1,700 copies (5-12%)
* Inevitable (Any Kkit!)

e 10 copies for DNA detection / 1 MSP reaction
= 200 copies (100 cells) before bisulfite treatment
= 0.6 ng (human, mouse) / 1 MSP reaction
Our protocol: DNA 1 ug (40-80 PCRs) = 12-25 ng / 1 MSP



Annealing Temperature

Primer for unmethylated DNA

Methylated control Unmethylated control

Annealing 55 56 58 61 64 67 69 70 55 56 58 61 64 67 69 70

temperature A A

 Gradient PCR system is useful.



Excessive Number of PCR Cycles

PCR 40 cycles

Unmethylated control Methylated control
PLS30 4 4/10 1/100 11000 1 110 1/100 1/1000

MUMUMUMUMUMUMUMUMWU

0.1 % of methylated DNA can be amplified.
0.1% methylated in cancer??

*  Minimum cycles to obtain visible bands with
positive control samples

4 cycles were added for test samples (total of 30-36
cycles).



5-Aza-dC LI ([ KSR ATFILAE

3EIfT &S
NH, Protocol LHD
o Aya2. PY 5-aza-dC 0.1 to 10 pM
c- N~ "N
deoxycytidine | * *

(5-aza-dC, DAC) 04\ )

N Day 0 1 2 3 4

HOH,C o) \ 1

Harvest

HO

Stability of 5-aza-dC in PBS
Re-expression by demethylation 120%

100% _\—
Before

g 80%
o \
Q  60%
o) \'\
o 40%
ML 20% — 4°C \\.\-
After - 3o
0%
0 1 2 3 4

incubation time (day)



5-Aza-dC DAL R

Up-regulation Up-regulation
by demethylation by something else

ﬁiﬂ

100 |

Not efficient

| Efficient
Not efficient
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Low O - High

5-aza-dC concentration
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AFIVIE ALY T ENTW B IEFIE5-Aza-dC AL
BICKYKRIBISEGFRENIEKXRT S

%102 ANXA5 x102  CAVI1 x10-3 SCRN1
3 x4.2 x1.2 a x6.4 x15 x32
£ ]
G 3
¢
@ 4 2
2 1 H I
0 -— 0 —
AGS Katolll Katolll AGS Katolll
5-aza-dC () (+) () (+) (-) (+) () () ()
v I
vsp U il | e e - _
x10-4 FZR x10-4 IRSZ ><10'4 CTSL x10-3 TFAPZC
; x130  x1800 °| =x2 x160 “| x320 x230
4 3
S 3
o 3
© 2
@ 2 2
0 0 0 | B
AGS Katolll KatOIII AGS KatOIII AGS Katolll
5-aza-dC (+) (+) (+) (+) (+) (+) () () () (¥
MSP M _ ==— - - =
. — — —— — — i, ————

[Nakajima et al. IJC 2009]



Quantification of DNA Methylation

* Reliability

«  Methylation level as marker (Cancer diagnosis, risk)

Number of = Low Iev_el Precision Flexibility Ease of use Cost
molecules methylation
Bisulfite sequencing X A A @ O X
Combined bisulfite and
restriction analysis (COBRA) X O A A © ©
Pyrosequencing X O O @) QO A
MethyLight © @ © O O A
Real-time methylation-
specific PCR (SYBR Green |) © © © O O O
MSP X X X O © ©)




Principle of Real-time MSP

Bisulfite treatment i
; Methylation level (%)

R, SENR, W R R, # of M
Ep__, ewm . e, o@ . em _ « 100
B, [R, K@, DR, [R, #ofU + #ofM

} ‘ Real-time PCR } ‘ °
(SYBR Green)
Fraction of cells with methylation

Primer for Primer for JdddddeEds

unmethylated methylated

(universal)
# of DNA molecules g omn b
Unmethylated Methylated z = 106
TR 2o g w0 ///I ///
%— %— -500 -500
2@ !m 1] 2 4 () 3 10 12 14 16 18 ZSYEiZ 24 26 28 30 32 34 36 38 40 42
PR
PR



Real-time MSP needs DNA

[Quantification of high copy number of DNA is stable.]

Amplification curve

— . ————
; ay

1008 /
7 / /

, . / I 01
7/ / y.
i 4
7 /
fi i

Signal (Log)

/

HPCR ::ycle;
[PCR Template DNA is lost by bisulfite treatment.]

DNA needed DNA before bisulfite treatment
1% precision 100 copies more than 2,000 copies (6 ng)

0.1% precision 1,000 copies more than 20,000 copies (60 ng)



Condition of Real-time MSP

PCR with SYBR M Primer U Primer
Methylated Unmethylated Methylated Unmethylated
control control control control
54 57 60 63 54 57 60 63 (°C) 54 57 60 63 54 57 60 63 (°C)
32 cycles - -
40 cycles -
l Confirmation by real-time PCR
Amplification curve Melting curve Calibration curve
= | | - i =N reeyyr—
o / /u;/;;/ /’ p | E }I 35:
=If 1 "1/05 e E { © 307 8
e /N 04{;’ y o jﬁ‘“ = 2] °
g - (53 = { S 3 >
k=) /1102 S g : 2 o
7] ‘//e"‘ ’/f“ ‘C‘,(J ; /1/01 g%: — S 1 © 152 e .
“ }/'/’ {" { w--wvvvw-ww-wvwvw-y-w-w7vwwviw-w--vw-vw-ww- 0 - 4 6
CCCCC Temp. Copy number (Log)

PCR cycles

Correlation coefficient : 0.999
PCR efficiency - 98.3%



Quantitative Methylation Analysis Revealed Epigenetic
Field for Cancerization

FLNc FLNc
<0.
20 o lP 0.05 l
g 16 7} o
— S—— N
s | : S ,p P<005 N
Q 2
e 127 = } }
o = - °
5 = »
< 8 s 2 *
£ £ 3
[T v | ¢ —
= 4 = * P
0o =% 4
0 Healthy Single gastric Multiple
H. pylori (-) H.pylori (+) volunteer cancer gastric cancer
(n =56) (n =98) (n=6) (n=11) (n=13)
[Maekita, Clin Cancer Res, 2006] [Nakajima, CEBP, 2006]

v These findings showed the presence of an epigenetic field for
cancerization in gastric mucosa.



Bisulfite Sequencing

Bisulfite treatment

5 . A RPPTRP? P T

PCR using universal primer QP XXPe 2 Y

5 . ??79? ¢ 9

Cloning (10~ clones) 9 99000 ¢ 9990
5.

Sequencing B O¥I? ¢

ZHEE

Gold standard 9O e e08 O R0

 Methylation pattern



PCR Bias

Bisulfite Sequencing

Me Un
Cont. Cont.

—

=00
]



Binomial distribution (p = 0.5, n = 10)

.

0.1%

.

20.5%

_

4.4%

.

1.0%

_

24.6%

_

1.0%

1-p
p

.

4.4%

.

20.5%

_

0.1%

Number of Analyzed Clones in Bisulfite Sequencing

_

11.7%

_

11.7%

(From Sasaki et. al)



Number of DNA Molecules in Bisulfite Sequencing

* 100 copies for methylation pattern / 1 reaction
= 2,000 copies (1000 cells) before bisulfite treatment
= 6 ng (human, mouse) / 1 reaction

* Nonspecific products of PCR

* Duplication of clones
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