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Sample size

Zé/zp(1 - P)
d2

n = sample size

z, = A standard normal random variable = 1.96
P = Prevalence of methylation = 0.06*
d = Error in estimation: P = +0.05 (2 directions)

* Prevalence derived from the frequency of Fas alterations detected in 36

cases of the pilot study = 0.06

n = (1.96)* (0.06)(1-0.06) = 86.7 =~ 87 samples
(0.05)
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CODE  Gross type  Differentiated type  Age Sex  Survival Status
(weeks)
N044 MF Less 73 ¥ 21.71429  Died
N069 MF Less 40 M 26.57143  Died
NO082 MF Well 43 F 12.28571 Died
N104 PI Well 55 M 12 Died
N125 PI Well 40 M 3.285714  Died
N128 PI Well 49 M 27.57143  Died
P010 ID Well 53 M 85.14286  Died
P048 MF Well 73 M 29.85714  Died
P055 MF Well 64 M 7.857143  Died
P059 PI Well 46 F 14.14286  Died
P060 MF Well 64 F 201 Died
P068 PI Well 69 M 92 Died
P077 MF Less 43 M 12.85714  Died
P086 MF Well 38 M 24.42857  Died
P091 PI Well 54 M 356.2857  Alive
P092 MF Well 55 M 10.42857  Died
P126 MF Well 51 M 163.7143  Died
P127 MF Less 62 M 25.85714  Died
P145 MF Less 43 M 29.28571 Died
P147 MF Well 61 E 39.28571 Died
P152 MF Less 56 F 21.28571 Died
Q044 MF Less 39 M 75.85714  Died
Q045 MF Less 58 M 30.14286  Died
Q053 PI Less 63 M 22.42857  Died
Q063 MF Less 43 M 41.71429  Died
Q093 MF Less 51 M 25 Died
Q095 MF Less 45 F 12 Died
Q102 PI Less 41 M 4.857143  Died
R004 MF Less 67 M 70.85714  Died
R009 MF Less 74 M 17.57143  Died
R023 MF Well 31 M 48.85714  Died
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Table B-1 Clinicopathological data of CCA patients (n=102) (cont.).

CODE Gross type  Differentiated type  Age Sex  Survival Status
(weeks)
R052 MF Well 56 F 125.5714  Died
R054 PI Well 55 M 88 Died
RO78 MF Less §5 M 10.71429  Died
RO81 13! Well 60 M 12.71429  Died
R086 MF Well 68 M 40.14286  Died
RO87 ID Well 56 M 56.28571  Died
R093 PI Well 44 M 7 Died
R100 PI Well 49 F 35.85714  Died
R103 MF Well 39 M 6 Died
R105 MF Less 56 M 28.85714  Died
R106 MF Well 48 3 15 Died
R145 MF Well 62 F 235.4286  Alive
R156 PI Less 47 E 8.857143  Died
T00S MF Well 63 M 73.57143  Died
T046 PI Well 43 M 73 Died
T049 MF Well 67 L 71 Died
T064 MF Well 66 M 8.428571  Died
T092 MF Less 67 M 15.57143  Died
T098 MF Well 76 M 12.85714  Died
U005 MF Well 54 M 44.14286 Died
U021 MF Well 66 M 97 Died
U022 MF Well 53 F 19.57143  Died
U027 MF Well 66 F 21.14286  Died
U030 MF Well 49 M 14.14286  Died
U034 MF Less 59 F 37.14286  Died
U035 PI Well 48 M 10.42857  Died
U039 MF Well 43 E 34.71429  Died
U041 PI Well 59 M 17.57143  Died
U044 MF Well 33 M 6.428571  Died
U059 MF Well 59 M 8.571429  Died
U064 MF Well 56 F 15 Died




Table B-1 Clinicopathological data of CCA patients (n=102) (cont.).
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CODE  Gross type  Differentiated type  Age Sex  Survival Status
(weeks)
U071 ID Well 59 M 13.85714 Died
U077 MF Well 38 M 30 Died
U081 MF Well 45 F  24.71429 Died
U090 MF Well 71 F  62.14286 Died
U095 MF Well 62 F 5 Died
U110 MF Less 60 M 104.1429 Died
w008 ID Well 39 M 1234286 Alive
w010 ID Well 38 M 4228571 Died
Wo11 MF Well 62 M 123 Alive
“WO012 PI Well 61 F 2128571 Died
w016 MF Well 62 i 17.57143  Died
w022 MF Well 65 M 21.71429 Died
w025 MF Well 48 F 69.71429 Died
w027 MF Well 54 F 4885714 Died
w028 PI Well 54 M 1628571 Died
w036 MF Less 52 M 1142857 Alive
w039 ID Well 66 M 9.142857 Died
W046 PI Well 45 F 111.2857  Alive
W048 MF Well 45 F 110.4286  Alive
WO060 MF Well 54 M 19.14286 Died
W068 MF Well 56 M 107 Alive
w093 PI Well 58 F 3671429 Died
w097 PI Well 55 F 50.28571 Died
W100 ID Less 35 M 1442857 Died
w108 PI Well 64 M 5214286 Died
w110 PI Well 70 M 1457143 Died
W111 MF Well 56 M 4242857 Died
w128 MF Well 57 F 38.14286 Died
w132 PI Well 44 M 20.14286 Died
w147 MF Well 55 M 5828571 Died
W149 ID Well 57 M 9285714 Died
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Table B-1 Clinicopathological data of CCA patients (n=102) (cont.).

CODE Gross type  Differentiated type  Age Sex  Survival Status
(weeks)
W164 MF Well 43 F 86.28571  Alive
W169 MF Less 75 M 5142857 Died
W175 ID Well 40 F 81.28571 Alive
W176 ID Well 62 M 81.14286 Alive
W183 MF Less 38 F 12.57143  Died
w184 ID No data 59 F 79 Alive
w187 PI No data 69 M 5 Died
w189 PI No data 49 M 2357143 Died
W196 MF Well 23 M 19.14286  Died
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Table C-1 Chemicals and reagents.
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Suppliers

Chemicals and reagents

Bioline, Randolph, MA

Qiagen, Valencia, CA

Gibco-BRL, Ontario, Canada

Promega Corporation, Madison, WI

New England Biolabs, Ipswich, MA

Sigma, St. Louis, MO

Vector Laboratories, Peterborough,
UK

R&D Systems Europe Ltd,
Abingdon, UK

Santa Cruz Biotechnology Inc.
Heidelberg, Germany

Abcam, Cambridge, UK

Pharmacia Biotech, Uppsala, Sweden

25 bp DNA ladder

FlexiGene DNA kit

DNeasy Tissue Kit

RPMI 1640

HAMF-12

Wizard DNA Purification resin
Agarose

SssI methyltransferase enzyme
S-adenosylmethionine
FrudHI™

BsiEI™

Hpy118111™

Sodium bisulfate
Hydroquinone
Diaminobenzidine (DAB)

2.5% normal horse serum
ImmPRESS Universal Antibody
Polymer Detection Kit
Anti-human OBCAM: MAB27771

DcR1 (L19): sc-73890

Ethidium bromide
Deoxynucleoside triphosphate

Ethylenediamine tetraacetic acid

Tween-20




Table C-1 Chemicals and reagents (cont.).

Suppliers

Chemicals and reagents

BDH Laboratories supplies, UK

Merk, Germany

Pioneer Research Chemicals Limited,
Essex, UK

Fisher Scientific UK Ltd,
Leicestershire, UK

Borhringer Mannheim, Germany

Qiagen, West Sussex, UK

Cambridge Bioscience , Cambridge,
UK

Biotage, Uppsala, Sweden

GE Healthcare, Amersham, UK

Hydrochloric acid
Magnesium chloride

Sodium chloride
Ethanol absolute

Haematozylin

Permount
Xylene

Proteinase K

HotStarTaq DNA Polymerase and
HotStarTaq Master Mix Kit
EpiTect® Bisulfite Kit

EZ-96 DNA Methylation-Gold™ Kit

(Zymo research)

PyroGold SQA reagent kit
Binding Buffer (pyrosequencing)
Annealing Buffer (pyrosequencing)

Streptavidin Sepharose HP coated
beads
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Reagents for MSP assay
3 M Sodium acetate pH 5.2
Sodium acetate 408.1 g
Deionized water 750  ml

Adjusted pH to 5.2, then adjusted volume to 1000 ml. The solution was mixed
and sterilized by autoclave at 121 °C, 15 pound/inch? for 20 min, and stored at

room temperature.

3 M Sodium bisulfite pH 5.0

Sodium bisulfite 188 g

Deionized water was added approximately 30 ml and mixed until Sodium
bisulfite dissolved. Adjusted pH to 5.0, then adjusted volume to 50 ml. The
solution was mixed and sterilized by 0.2 uM filter, and stored in 1 ml aliquots
with light protection at -20 °C. The reagent should be used up to a month and

freeze-thaw cycle is not allowed.

10 Mm Hydroquinone
Hydroquinone 0.0101 g
Sterile deionized water 10 ml

The solution was mixed thoroughly and prepared just prior to use.

Column wash solution (80% Isopropanol)
Isopropanol 800 ml

Sterile deionized water was added to 1000 ml and stored at 4 °C.
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10X Methylase buffer
5 M NaCl 10 ml
0.5MEDTA pH 7.9 20 ml

Deionized water was added to 100 ml. the solution was mixed and sterilized

by 0.2 pM filter and stored at -20 °C.

100 mM 2-mercaptoethanol
14.2 M 2-mercaptoethanol ~ 70.126 pl
Deionized water was added to 100 ml. the solution was mixed and sterilized

by 0.2 uM filter and stored at -20 °C.

10X PCR buffer
10 M Ammonium sulfate 8.3 ml
1 M Tris-HCI pH 8.8 33.5 ml

Deionized water was added to 100 ml. the solution was mixed and sterilized

by autoclave and stored in 1 ml aliquots at -20 °C.
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Table E-1 Methylation frequencies and statistic difference in CCA and adjacent

normal tissues.

% Methylation (npos/Ntestea)
CpGe-island P-value*
CCA Adjacent normal
14-3-30 81.4 (83/102) 75.9 (22/29) NS
OPCML 72.5 (74/102) 0 (0/29) <0.001
SFRP-1 63.7 (65/102) 3.4 (1/29) <0.001
HICI 38.2(39/102) 0 (0/29) <0.001
PTEN 35.3(36/102) 6.9 (2/29) 0.003
DcR1 28.4 (29/102) 3.4 (1/29) 0.005
MINT25 15.7 (16/102) 0 (0/29) 0.014
P16 15.7 (16/102) 0 (0/29) 0.014
RASSF14 14.7 (15/102) 3.4 (1/29) NS
BLU 10.8 (11/102) 13.8 (4/29) NS
DAPK 9.8 (10/102) 3.4 (1/29) NS
CASP8 1.9 (2/102) 13.8 (4/29) 0.022
FAS 0.98 (1/102) 0 (0/29) NS
MGMT 0.98 (1/102) 0 (0/29) NS
P73 0.98 (1/102) 0 (0/29) NS
APAF-1 0 (0/102) 0 (0/29) NS
BRCAI 0 (0/102) 0 (0/29) NS
DcR2 0 (0/102) 0 (0/102) NS
DR4 0 (0/102) 0(0/102) NS
DR5 0 (0/102) 0 (0/102) NS
FancF 0 (0/102) 0 (0/29) NS
GSTPI 0 (0/102) 10.3 (3/29) 0.010
P21 0 (0/102) 0 (0/29) NS
SOCS-3 0 (0/102) 3.4 (1/29) NS
Survivin 0 (0/102) 0 (0/29) NS
™SI 0 (0/102) 0 (0/29) NS

NS = no statistical significance, Mann-Whitney U test
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A
Positions of primers-OPCaL
b
o
s 393
"a"a’u’.’.’
e 2388
" ;2;&?5
- B 85
34 §u~é§§
&g BuGBES
Ba B ofzu::
HR HEE R
ORCML Bisulfite conversion, 1117529 bp GC* M 2700 bp Maeks
(NC_000011.3: 133402403-132284875) N W W 2% TRRINE N e
B
Positions of primers-DcRE
v -
i 3
Ex o_®
FALA3E
P N .
TR
ﬁgaégﬁ
Li4 4R
AAAR DD
R EREER

DeR1 Bisulfite conversion, 14717 bp GC' @ 35 hp Mmats
(NC_000008.9: 23016379-23030895 and 200 pb upstream) RO RO R

Figure F-1 The schematics of specific primers for MSP, pyrosequencing and COBRA
in OPCML (A) and DcR1 (B).
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Table F-1 The association between methylation of DcRI and OPCML
(pyrosequencing) and survival time of CCA patients.

Gene P- value*
DCR1
CpGl1 0.080
CpG2 0.116
CpG3 0.146
CpG4 0.121
Average 0.107
OPCML
CpG1 0.433
CpG2 0.992
CpG3 0.657
CpG4 0.351
CpGS5 0.247
CpG6 0.987
Average 0.555

*Univariate survival analysis by Cox-regression
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Table F-2 The cut-off of methylation of DcRI and OPCML in each CpG site
and average by pyrosequencing and methylation frequency in

CCA.
Gene Methylation cut-off (%) Methylation frequency (%)
DCRI1
CpGl 34.99753 el
CpG2 49.12737 3.1
CpG3 12.2982 15.3
CpG4 19.42853 15.3
Average 28.40687 10.2
OPCML
CpGl1 113125 56.86
CpG2 32.625 46.08
CpG3 12.4375 53.92
CpG4 925 57.84
CpGS5 9.5 61.76
CpG6 13.6875 46.08
Average 13.59375 57.84

Cut-off = 1.5(IQR) + Q3
IQR: interquartile range, Q3: 75% percentile or third quartile






APPENDIX G
VALIDATION RESULTS OF METHYALATION STUDY IN
OPCML, SFRPI1, HICI and DcR1
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Table G-1 Validation of methylation status in highly methylated CpG-islands
comparing between MSP and pyrosequencing or COBRA.

Validated result
CpGe-island P-value* Method
(%) (nvalidated/ ntested)

80 (12/15) 0.025 COBRA
OPCML
62.8 (64/102) 0.784 Pyrosequencing
SFRP-1 73.3 (11/15) 0.171 COBRA
HICI 71.4 (10/14) 0.040 COBRA
DcR1 82.7 (81/98) <0.001 Pyrosequencing

*Chi-square test, NS = No statistic significance
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Figure G-1 COBRA study of OPCML in CCA, CCA cell line and controls. Results of

restriction enzyme digestion (A) and COBRA compared to MSP (B).
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Figure G-2 COBRA study of SFRP-1 in CCA, CCA cell line and controls. Results of

restriction enzyme digestion (A) and COBRA compared to MSP (B).
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Figure G-3 COBRA study of HIC! in CCA, CCA cell line and controls. Resulws us

restriction enzyme digestion (A) and COBRA compared to MSP (B).



APPENDIX H
REAGENTS FOR IMMUNOHISTOCHEMISTRY






Reagents for Inmunohistochemistry
1 mM EDTA solution pH 9.0
EDTA 037 g
Distilled water 900 ml
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Adjusted pH to 9.0, then adjusted volume to 1000 ml. 0.5 ml of Tween-20 was

added and mixed. Store this solution at room temperature for 3 months or at 4

°C for longer storage.

0.6% Hydrogen peroxide solution
30% Hydrogen peroxide 6 ml
Distilled water 300 ml

Mixed well and prepared just prior to use.

10X Phosphate buffered-saline (PBS, pH 7.4)

NaH,POy4 (anhydrous) 109 ¢
NaH2PO4 (anhydrous) 3.2 i
NaCl 90 g

Added distilled water approximately 900 ml, then mixed to dissolve and
adjusted pH to 7.4. Adjusted volume to 1000 ml and stored the solution at

room temperature.

1X PBS
10X PBS 100 ml
Distilled water 900 ml

Mixed well and stored at room temperature until use.

Antibody diluent

1X PBS 100 ml
Tween-20 50 pl
Sodium azide 005 ¢

Mixed well and stored at 4 °C.






APPENDIX I
IMMUNOHISTOCHEMISTRY AND METHYLATION RESULTS
OF OPCML AND DcR1
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Table I-1 Protein expression by immunohistochemistry (IHC) and methylation
status of OPCML and DcR1 by MSP in CCA samples.

CCA OPCML DcR1

Methylation IHC Methylation IHC
NO044 - neg ¥ 1+
NO069 + ND - ND
NO082 T 2+ - neg
N104 - 1+ - neg,l+
N125 + neg - 1+,2+
N128 * I+ h I
PO10 + neg 1+ - neg
P048 e neg - neg
P055 - neg, 1+ - 1+
P059 * b - 2+3+
P060 + 1+ i+ ND
P068 - ND + 2+
P077 3 1+ - 1#
P086 ¥ neg, 1+ " neg
P091 - 1+ - %
P092 - neg - 3t
P126 + | - neg
P127 - neg - neg
P145 - neg - 1+
P147 + & - 1 2%
P152 ke I+ * e o
Q044 + lymph node - ND
Q045 + 1+ - neg
Q053 + neg + neg
Q063 P 2+ + 14,245+
Q093 + neg, 1+ - 2+
Q095 + 2F e neg
Q102 + 1+ - i
R004 % ND 3 ND
R009 - ND - ND
R023 % neg, 1+ + neg

Methylation: + = positive, - = negative

[HC intensity: neg = negative, 1+ = weakly, 2+ = moderately, 3+ = strongly positive
ND = not done
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Table I-1 Protein expression by immunohistochemistry (IHC) and methylation
status of OPCML and DcR1 by MSP in CCA samples (cont.).

CCA OPCML DcR1

Methylation IHC Methylation IHC
R052 - ND + ND
R054 I neg - neg
RO78 + 1+ 13 neg
RO81 * 2+ - 3+
R086 + 1+ - neg,l+
R087 + 1+ - 1+
R093 % 1+ - neg
R100 i+ 2+ i+ 1+2%
R103 - neg, 1+ - ND
R105 5 1+ - neg
R106 i 2+ - 2+
R145 + 1+ + neg
R156 + 1+ - neg,1+
T005 + 1+ - neg,1+
T046 - neg + o
T049 + neg I neg
T064 + 1+ + neg
T092 + neg - 3+
T098 i neg + neg
U005 + neg - neg
U021 + 2 1T + 1+
U022 + neg - neg
U027 + ND - ND
U030 - 1+2+ - neg
U034 + 1+ + 2+
U035 - neg - 2+
U039 - 24 - neg
U041 - neg, 1+ - 1+
U044 + 1+ - 1+
U059 + neg - neg

Methylation: + = positive, - = negative

[HC intensity: neg = negative, 1+ = weakly, 2+ = moderately, 3+ = strongly positive
ND = not done
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Table I-1 Protein expression by immunohistochemistry (IHC) and methylation
status of OPCML and DcR1 by MSP in CCA samples (cont.).

CCA OPCML DcR1

Methylation IHC Methylation IHC
U064 - 1+, neg 2 neg
U071 - 1+ * neg
uo77 - neg, 1+ - neg
U081 F neg, 1+ - 2+
U090 - neg, 1+ - neg
U095 - neg, 1+ - neg
U110 - 4 - neg
WO008 + 1+ - 1-%
w010 + neg - neg
WO11 - neg - neg
Wo012 + ND - neg
w016 + 1+, neg - neg
w022 5 neg 1+ - 1%
WO025 + neg + neg
w027 + 2+ - i
WO028 + ND - ND
WO036 + i+ + 2+
w039 - neg, 1+ - I+
W046 - s a2 + neg
w048 T neg, 1+ p neg
W060 - 1+ - neg
WO068 - 1+ - 1+
W093 * neg, 1+ + neg
w097 - neg, 1+ - neg
W100 + neg - I+
W108 + neg, 1+ - neg
W110 + ND - ND
Wil1l1 - neg - I
W128 + 1+ - neg

Methylation: + = positive, - = negative

IHC intensity: neg = negative, 1+ = weakly, 2+ = moderately, 3+ = strongly positive

ND = not done
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Table I-1 Protein expression by immunohistochemistry (IHC) and methylation
status of OPCML and DcR1 by MSP in CCA samples (cont.).

CCA OPCML DcR1

Methylation IHC Methylation IHC
W132 + neg, 1+ - 3+
w147 ¥ neg - neg
W149 + 1+ - neg
w164 - neg - neg
W169 =fs 1+ - I
W175 + neg, 1+ - 1+
W176 i 1+ % neg
W183 + neg 1+ - neg
w184 - neg, 1+ - neg
W187 t 1+ - neg
W189 + 1+ - neg
W196 + neg - neg

Methylation: + = positive, - = negative

[HC intensity: neg = negative, 1+ = weakly, 2+ = moderately, 3+ = strongly positive
ND = not done



APPENDIX J
SUPPLEMENTARY DATA
FOR GENOME-WIDE DNA METHYLATION STUDY
(ILLUMINA STUDY)






Table J-1 List of samples for genome-wide DNA methylation study.
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Sample number

Type of sample

NO082-N
U064-N
WI111-N
R0O52-N
WO022-N
WO027-N
NO082-T
P055-T
P092-T
R103-T
R106-T
T064-T
T098-T
U030-T
U044-T
U059-T
U095-T
W022-T
P060-T
P126-T

Normal adjacent to CCA, Thailand, matched
Normal adjacent to CCA, Thailand, matched
Normal adjacent to CCA, Thailand, matched
Normal adjacent to CCA, Thailand, matched
Normal adjacent to CCA, Thailand, matched
Normal adjacent to CCA, Thailand, matched
CCA Thailand, matched, short survival
CCA Thailand , short survival

CCA Thailand , short survival

CCA Thailand , short survival

CCA Thailand , short survival

CCA Thailand , short survival

CCA Thailand , short survival

CCA Thailand , short survival

CCA Thailand , short survival

CCA Thailand , short survival

CCA Thailand , short survival

CCA Thailand, matched, short survival
CCA Thailand , long survival

CCA Thailand , long survival
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Table J-1 List of samples for genome-wide DNA methylation study (cont.).

Sample number

Type of sample

R023-T
R052-T
T0O0S5-T
T049-T
U00s-T
U021-T
U090-T
WO025-T
WI11-T
W147-T
R086-T
WO027-T
U064-T
0600102A
0500031E
0900079A
0600116A
0800213A
MO055, M139, M213
MMNK1
SKOUAI1, HUC

CCA Thailand , long survival

CCA Thailand, matched, long survival
CCA Thailand , long survival

CCA Thailand , long survival

CCA Thailand , long survival

CCA Thailand , long survival

CCA Thailand , long survival

CCA Thailand , long survival

CCA Thailand, matched, long survival
CCA Thailand , long survival

CCA Thailand , long survival

CCA Thailand, matched, long survival
CCA Thailand, matched, short survival
CCA West

CCA West

CCA West

CCA West

CCA West

CCA cell lines, Thailand
Cholangiocyte (normal) cell line, Japan
CCA cell lines, West, formalin fixed
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APPENDIX K
PYROSEQUENCING RESULTS OF HOXA9 AND HOXDY
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Figure K-1 Correlation of methylation level in HOXA9 (A) and HOXD9 (B) between

pyrosequencing and Illumina Beadchip assays.
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* 86 % (92/107) of CCA were increased methylation

HOXAS -pyrosequencing
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Figure K-3 Pyrosequencing results in HOXD9 between adjacent normal, CCA and cell lines.
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