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Supplemental figure legends

Figure S1. Principle component analysis (PCA) separated normal tissues,
primary tumor samples and cancer cell lines. PCA of CpG methylation levels
obtained from WGBS of 22 human samples. Tissues of origin are color-coded and
matched samples are indicated (bold line). Distinct sample sources are highlighted

(circled).

Figure S2. Repetitive elements loose DNA methylation in cancer samples.
Average DNA methylation levels of repetitive elements (RepeatMasker) obtained from

WGBS of normal tissues and cancer samples.

Figure S3. Gradient genome-wide loss of DNA methylation level and integrity
from normal tissue to cancer metastasis. (a) Whole-genome representation of DNA
methylation levels (5Mbp windows) of normal breast tissue and donor-matched primary
and metastatic breast cancer samples. (b) Correlation of DNA methylation levels

between neighboring CpG sites in normal breast, primary tumor and metastasis.

Figure S4. Active regulatory region frequently overlap with hypomethylated
regions (HMRs). Frequency of histone mark defined regulatory regions overlapping

with HMRs in normal breast, B-cells and liver tissue.

Figure S5. Hypomethylated regions (HMRs) in house-keeping gene promoters.
(a-f) Representative HMRs overlapping promoters of the housekeeping genes.
Smoothed (upper panel) and base-pair resolution (lower panels) representation display
DNA methylation levels of 9 normal tissue samples. Transcription start site (broken

line) and direction (+/-) are indicated.

Figure S6. Hypomethylated regions (HMRs) distal to promoters enriched in
tissue specific target genes. Enrichment analysis in biological processes for t-HMRs

distal to gene promoters (<10kb, Bonferroni adjusted p-value).

Figure S7. Validation of WGBS-derived HMR in 114 normal tissue samples. (a)
Percentage of validated c-HMRs as a function of the threshold applied on the average
HMR methylation measured by the HumanMethylation450 BeadChip (solid lines).

Corresponding thresholds to validate 95% of c-HMRs is indicated per tissue type.



Dashed horizontal line spots 95% of c-HMRs validated. (b) ROC curves for the
validation of t-HMR (solid lines). The Area Under the Curve (AUC) per tissue type is

indicated.

Figure S8. Hierarchical clustering using t-HMRs splits normal samples into
tissue of origin. Hierarchical cluster of 114 normal samples and DNA methylation
levels from 9,391 t-HMRs interrogated by the BeadChip. Average HMR methylation
levels are gradiently color-coded from 0% (light blue) to 100% (dark blue).

Figure S9. Hypermethylation of common HMRs (c-HMRs) 1,112 primary cancer
samples. (a) Frequency of hypermethylation of c-HMRs in 1,112 cancer samples
analyzed using the HumanMethylation450 BeadChip. Dashed line separates c-HMRs
with high (>25% of samples) hypermethylation frequencies. (b) Variance profile of

c-HMRs, inside and outside promoter regions, of 1,112 samples split by cancer type.

Figure S10. Genome-scale DNA methylation analysis of 1,112 cancer samples
revealed cancer type specific signatures outside the promoter context. (a)
Unsupervised hierarchical clustering of 1,112 cancer samples and 3,236
hypermethylated HMRs outside gene promoters using Jaccard distances and the Ward
cluster method. Average HMR methylation levels are gradiently color-coded from 0%
(light blue) to 100% (dark blue). (b) Frequently hypermethylated HMRs outside
promoters near tumor-suppressor genes (<10kb) of 1,112 samples ordered by cancer
type. HMR methylation status is categorized in hyper- (>33% DNA methylation, dark
blue) and hypomethylated (<33% DNA methylation, light blue).

Figure S11. Proportion of c-HMRs frequently gaining DNA methylation in cancer
stratified by regulatory segments defined in the respective normal tissues. The
analysis is split by normal-cancer type pair and each point and error bar (95 % CI)

represent one segmentation category.

Figure S12. DNA hypermethylation revealed mutual exclusivity in cancer
pathways. (a) DNA hypermethylation events in promoter associated c-HMRs (black
boxes) of genes related to Non-small cell lung cancer pathogenesis (KEGG). Selected
genes show significant patterns of mutual exclusivity (empirical p<0.01). Displayed are
hypermethylation events in lung adenocarcinoma (LAD, purple) and lung squamous
cell carcinomas (LSQ, blue). (b) Mutual exclusivity analysis of recurrent
hypermethylation events in PIK3 subunits (PIK3R1, PIK3R2, PIK3R5) in LAD (purple),



small-cell lung cancer (SCLC, pink) and LSQ (blue). (c) Genes involved in chemical
induced carcinogenesis (KEGG) revealed significant (empirical p<0.01) mutually
exclusive patterns in LAD (purple), LSQ (blue) and SCLC (pink).

Figure S13. Cancer type specific hypermethylation of gene promoters. DNA
hypermethylated putative tumor-suppressor genes with tissues specific patterns
(OR>30). Tumor-suppressor genes were defined by recurrent alterations including

mutation (blue), hypermethylation (red) or deletion (orange) events in cancer.

Figure S14. DNA methylation alterations in human cancer samples. Size
distribution and DNA methylation levels of total HMRs in normal tissues (a), primary
tumors (b), metastatic progression (c) and cancer cell lines (d). Densities are displayed

from low (blue) to high (red).

Figure S15. Distribution of HMRs analyzed by MethylSeekR. Average DNA
methylation of HMRs (y-axis) and size (x-axis) in normal colon (left panel), primary
tumor (central panel) and metastasis (right panel) as classified by MethylSeekR.
Regions are split in Partially Methylated Domains (PMD), Low Methylation Regions
(LMR), Unmethylted regions (UMR) or only classified previously as HMR. Each pixel
represents an HMR region. PMD detection was not performed on the normal colon

sample.

Figure S16. Promoter hypermethylation of cancer genes identified by WGBS.
Promoter methylation profiles derived from WGBS data identified hypermethylation of
(@) MGMT in glioblastoma (U87MG), (b) NSD1 in neuro- and glioblastoma (SH5YSY,
U87MG), (c) GSTP1 in prostate cancer (22RV1) and (d) MLH1 in matched primary and

metastatic colorectal cancer samples.

Figure S17. Profound changes in the DNA methylation structure at tissue-
specific HMRs (t-HMRs) in cancer samples. DNA methylation structure of t-HMRs in
normal (a) and cancer (b) samples. CpG methylation levels are averaged in 4bp
windows over all c-HMRs and displayed +/- 2kb flanking the HMR center. For cancer

samples only tissue-matched t-HMRs are displayed.



PC2 (8%)

0.50

0.25

0.00

-0.25

Normal

W

Breé

Lungy ;
Prostate Hiesr

Colon,

Liver_P2

N

Colon_P

Colon

H1672
SHSY5Y

Liver_P1

M

T

0.0

Tumors

Cancer
cell lines

22RV1
F;

C3
o5k,

468PT

H1437

0.2

PC1 (30%)

' CcD19

Brain
Breast
Colon
Liver
Lung

Placenta
| Prostate

Figure S1



Average DNA methylation (%)

1.00
ok g ok L ok ok %
*
¥ * * [ ] ® ° o L4
*
° .|
*
0.75 - b . .
° ° ° L d °
°
*
0.50 —
.
°
0.25+
0.00 —
T T T T T T I T T T T T T T T T
QIR S SEN SEN SN SlEN o SR\ ZRN SN o N B N RR ZRP N )
& AR Y & s
& Q\‘?»/ N
Q7 %\@
\/0

Repetitive elements (type)

Figure S2

Normal tissue
Cancer samples



Figure S3

1000

M Normal breast
M Primary tumor
[ I Metastasis
500 750
(bp)

250
Relative distance

o
00’k S0 0S50 6S2¢0
uone|ello)

S
1S
2
2
©
£
a
|

— -—
$ 8
~ 50
= Ne) n
=] = S
= 7]
= EES
£ S=2
7} P4 =
= HE[]




Figure S4

Breast B-cells Liver

1.00 1.00 * 1.00
) &’ o
% T a
Q & 050 I 050
2 050 & o 2
® 2 g
o
S C‘: R
2 > ] il
° 0.00 000 M L N D Ol m-om [ P 0.00
. ' N N N S TP IR S Q
<\’\\’\\\\<\<\ &L @ @ @ O & 290 O @‘b~o~o
Q' X&' @ ) D %0 . 0" & O Q O ¢
LLLdd o&o&\fb \\0 ?}\9&60& é‘%"(\%"(\ SPSy 63(‘&0“0‘@{@‘\0&5}9\\ @&oc}"%o@é\go‘«\'f"\o@o S iO‘QO*‘Q’Q“Qoﬁ&%"\z S K 6\30*\%\&
SEE LN E F NP @ S T @ F L S W0 @ RS N A @S %
oo@(\&\%é‘%é‘q W a2 LR & F 7, T o0 0" N S  A¢ NI
QTR e°o°@°e\°\\0<‘Q°o\\4 P XD D DA% @ N 2 OO ¢ @ o PR
XD D D% S S P ELFE S S FFIELCFF O SEE
N @ <‘ P SO SR L F F & P CE v > S SO
S\ F S S & RS O SRS WS Q SIS
QAN SEEE & X RW Q&Y & § SRR
v \Q%\\QQ LI S © S S N PL 8 ST
Q QO S A ) L S Q" \& & 00 R~
\\4 Q\AQ \\ (}(\\ Q* O & NSRS O\P \Oo N4 N <& &0 & Q,\O Q,\O
© NN & S PP N & @ @@ < W2
@ & & OO0 @2 & NI
) V1@ '@4&4@ NN > &
‘2‘6‘\\"\\@ QGQ KR
) % L
QR
YL



a
RPL38 +

§

ood 1.l AT il ot
=1 i 01 ||1|||h il |
it o il gl i
B o Dl I|||‘|||.. il |
£oo1 i Lot i Mol 1
o1 Il T |
oo Lt Lol tlnnli..: il |
" Lo N il ."‘H‘
ool vl bl gl

rocen T taon rason
b
IPC?B-

1 !
SR

i e e _‘|||I||I||H
T | (18
e r— Y 1
B |
i i
= L
IR | LN

g (I

30847000 30848000 30849000 30880000 30881000

Genomic position

TN il

GUSB -
i

i | [
=0 [T

O
N
LR
Ll 1 ol I
AR Y | |1 LT
R[N VTN
[N Y [1 11T
M AT
U e i A

SS44IED00 GSMTDOH 8544%00 ESMQDOﬂ
Genomic position

TUB +

(RN
iI II“—'
i -
(IR .

Il i
il e

[N R Pw it

R ||m_. il |

i

il |
il |

il
R
\“|||h ‘
it

l

¥ T T T
8039000 8040000 8041000 8042000
Genomic position

GAPDH +

~ m

Mo —— il
i\illimm . L .|||H| F'hh
| i L h.\
Y PR R N |
T T
TR - i M
|l _ *hl\
wabo il
U GO | 111 I 1

T T T T T v
6641000 6642000 6643000 6644000 6645000 6646000

Genomic position

TBP +

L

1l W [
‘I” . Ll | | |
W b b
I = 11
T i L | | |
i L
s w1l
I . T = uh
Ly il | | |

T i T
170863000 170864000 170865000

Genomic position

T
170862000

= CD19
== Lung
== Brain_G
== Brain_W
w= Breast
== Prostate
w= Colon
e Liver
== Placenta

Figure S5
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Figure S9
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Table S1: Common, frequent and specific HMRs in normal human samples.

Genome-wide Genome-wide AVR HMR

Tissue Origin # HMRs Coverage (bp) Coverage (%) Size (bp)
CD19 common 4515 6256437 0,21% 927
CD19 frequent 9503 11261746 0,37% 765
CD19 specific 14092 7917316 0,26% 436
Brain common 4209 6757362 0,22% 1107
Brain frequent 8562 11850842 0,39% 917
Brain specific 4932 2809802 0,09% 428
Breast common 4818 8262050 0,27% 1251
Breast frequent 11411 15889310 0,52% 993
Breast specific 9797 7152316 0,24% 572
Colon common 4265 6849339 0,23% 1171
Colon frequent 8617 12180402 0,40% 1010
Colon specific 3472 3814410 0,13% 823
Liver common 4650 8366788 0,28% 1213
Liver frequent 9924 15593961 0,51% 1051
Liver specific 10832 14123824 0,47% 914
Lung common 4223 6142345 0,20% 1008
Lung frequent 8342 10471696 0,34% 831
Lung specific 1226 609271 0,02% 352
Prostate common 4908 8481850 0,28% 1247
Prostate frequent 11840 16613772 0,55% 1007
Prostate specific 11655 9905193 0,33% 717




Table S2: Top 100 most frequently hypermethylated HMRs in promoters throughout all cancer types.

Hypermethylation events per cancer type

gene HMR ID #probes Total Frequencies |ALL BC CC CLL GB LAD LC LSQ LYMPH NB PC SCLC
TBX15 common_1730 26 820 0,74 28 53 102 14 27 225 193 90 12 0 21 55
NPHS1 common_26422 3 734 0,66 44 59 75 25 35 183 158 78 18 0 15 44
PDE4DIP common_1766 2 723 0,65 35 38 73 8 15 208 203 69 18 0 20 36
PRDM14 common_12721 18 711 0,64 29 44 100 7 33 175 167 77 11 0 20 48
BARHL2 common_1496 29 668 0,60 28 45 97 22 34 156 125 77 17 0 16 51
EVX2 common_4365 32 650 0,58 35 44 80 26 24 173 99 83 15 0 19 52
HOXA9 common_10898 25 649 0,58 24 39 16 14 35 203 162 94 10 0 0 52
ISL2 common_21209 8 635 0,57 8 40 42 1 18 176 180 92 9 0 21 48
oTP common_7939 14 632 0,57 21 44 73 17 28 193 120 55 17 0 20 44
C2orf40 common_3910 7 626 0,56 32 31 96 6 29 170 129 62 17 2 16 36
ALX3 common_1615 5 620 0,56 9 49 83 0 28 133 151 77 7 11 19 53
SIM1 common_10076 33 617 0,55 27 35 91 6 15 131 167 70 13 0 10 52
DMRTA2 common_1240 22 613 0,55 26 31 96 6 36 173 59 100 11 0 21 54
CHFR common_19052 3 612 0,55 29 34 99 4 38 119 159 74 4 0 2 50
FOXG1 common_19748 29 609 0,55 43 37 97 25 0 173 117 65 8 0 18 26
ZIC2 common_19467 6 605 0,54 15 38 66 10 44 133 160 77 9 0 21 32
ADAM32 common_12529 7 604 0,54 43 22 29 16 40 123 205 55 17 5 10 39
TBX20 common_10990 34 598 0,54 34 44 100 8 28 161 63 66 15 18 10 51
BOLL common_4491 8 597 0,54 38 39 99 5 34 107 162 72 6 0 5 30
NKX2-3 common_15449 14 594 0,53 33 43 99 11 13 149 70 86 15 0 22 53
DRD4 common_15983 8 591 0,53 17 24 95 3 12 130 191 76 9 0 6 28
CYP26C1 common_15355 6 589 0,53 20 31 71 2 21 120 162 73 12 5 23 49
C90rf53;CDKN2A common_13384 1 583 0,52 10 45 80 9 9 105 183 62 3 2 21 54
GALR3 common_29147 4 576 0,52 24 48 55 1 33 130 203 43 3 1 11 24
THBS4 common_7959 7 571 0,51 34 30 96 15 7 138 131 58 17 0 23 22
RP11-542P2.1 common_7267 4 569 0,51 32 40 34 3 42 180 84 65 13 1 25 50
TRPM2 common_28678 4 562 0,51 29 24 92 18 9 184 93 52 17 0 3 41
GCM2 common_9084 10 560 0,50 42 35 99 13 36 146 60 41 14 0 24 50
WNT7B common_29379 6 555 0,50 8 27 73 0 0 245 29 97 5 0 21 50
OTX2 common_19916 15 554 0,50 40 30 97 12 19 140 45 90 14 0 14 53
FOXE3 common_1212 6 553 0,50 43 37 27 20 35 117 197 34 9 0 14 20
ASIC3 common_11945 3 542 0,49 26 24 59 23 27 113 204 13 11 9 11 22
LYPD5 common_26726 9 538 0,48 41 40 89 8 22 163 53 73 3 1 2 43
LRRC3 common_28680 4 536 0,48 24 36 81 16 39 101 159 26 13 0 7 34
CCDC8 common_26861 5 534 0,48 26 47 100 9 27 121 89 44 14 17 18 22
DLX6 common_11414 24 529 0,48 32 37 70 9 22 118 146 53 8 2 21 11
SIX1 common_19956 4 525 0,47 21 36 66 12 21 152 76 87 6 0 25 23
TCTEX1D1 common_1385 12 524 0,47 8 49 96 1 2 113 142 32 11 0 24 46



PRICKLE2
KCNA7
EFCABL
ZNF782
oTX2
SCGN
FAM19AL
HOPX
OXT
PAX6
PRAC
TAL1
SLC13A3
JPH4
NKX2-4
MAST1
Sox1
DMRTA2
USP44
ZSCAN30
ZNF573
MAGI1
VSX2
WT1
KIF19
UCHL1
T™C4
CHD5
ZNF814
MLNR
RYR2
KCNIP4
TCF24
B3GNT6

common_5580
common_27020
common_12592
common_13837
common_19918
common_9181
common_5598
common_6942
common_27507
common_16321
common_23940
common_1209
common_28033
common_19694
common_27659
common_25864
common_19551
common_1241
common_18456
common_24874
common_26487
common_5586
common_20093
common_16333
common_24295
common_6850
common_27250
common_216
common_27390
common_19313
common_2925
common_6776
common_12705
common_17055

HOXA9;RP1-17001 common_10900

FBLL1
ANKMY1;DUSP28
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ASPG

IDUA
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LHX1
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Table S3: Hypermethylated HMRs in promoters with a DNA methylation intensity >50%.

Hypermethylation events per cancer type

gene HMR ID Nprobes Intensity Frequency [BC CcC GB LAD LC LSQ LYMPH NB PC SCLC
DCDC2 common_9165 3 0,66 0,20 1 2 0 0 198 O 0 0 0 0
CTSZ common_28216 9 0,63 0,06 0 1 17 3 1 2 0 17 0 17
PISD common_29034 8 0,62 0,16 0 0 7 142 5 0 0 0 4
ADHFE1 common_12695 9 0,62 0,22 4 103 1 52 1 21 11 0 3 23
IQSEC1 common_5080 11 0,62 0,05 1 0 8 0 0 3 8 1 0 31
CDKN2A common_13386 2 0,60 0,27 4 50 0 22 160 30 3 0 2 1
ERGIC1 common_8693 4 0,59 0,01 2 0 2 2 3 1 0 0 0 1
BCAT2 common_27005 3 0,59 0,02 0 0 9 2 0 1 2 0 7 0
TRIM13 common_19324 7 0,59 0,05 0 0 0 0 46 0 0 0 0 2
GNMT common_9758 26 0,58 0,03 0 0 7 2 0 0 16 0 0 3
DCDC2;KAAG1 common_9164 9 0,58 0,33 7 17 44 18 176 30 7 12 3 22
SNED1 common_4937 10 0,57 0,01 0 0 8 0 0 0 6 0 0 1
SNX31 common_12887 8 0,57 0,28 12 12 6 35 194 8 13 0 3 4
SRF common_9768 4 0,57 0,17 8 0 0 7 143 7 1 0 0 3
GPER common_10602 4 0,57 0,06 0 18 6 3 1 5 0 0 0 27
SH3BGRL3 common_697 7 0,57 0,03 0 0 0 0 30 0 0 0 0 1
UNKL common_21660 3 0,56 0,18 0 0 1 6 171 2 0 0 0 1
GRHL2 common_12906 4 0,56 0,26 0 1 43 1 196 0 10 4 1 4
DDAH2 common_9505 36 0,56 0,01 0 0 0 1 0 5 1 0 0 5
ARTN common_1124 2 0,56 0,06 6 3 6 2 6 0 17 13 0 5
FAM149A common_7490 12 0,56 0,01 2 3 0 4 0 0 4 0 0 2
IGDCC3 common_21015 6 0,56 0,04 0 34 0 5 0 0 5 0 0 0
NCOA4 common_15020 9 0,56 0,06 5 3 3 2 0 8 15 0 12 10
ZNF788 common_25823 6 0,56 0,32 1 84 3 26 145 28 6 11 4 16
EDEM2 common_27820 6 0,56 0,11 3 7 0 6 79 14 0 0 0 1
SEPT9 common_24422 13 0,56 0,30 2 71 0 19 173 24 0 0 14 1
ARAP3 common_8433 8 0,56 0,03 1 0 10 1 3 0 7 8 0 3
AMPH common_11011 8 0,56 0,17 1 99 1 35 26 2 6 0 3 0
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FIGN
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C8orf42
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ANO5
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MYO15A
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GPR126
SUOX
ZNF790
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EVL
EVC2;EVC
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STAT5A
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ERBB2
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EIF4EBP3
MYO15A
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MR1
MSMP
SLC16A12
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CCNJ
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CELF6
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