DNA methylation in HNSCC samples

A story of needles and haystacks
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Background: Head and Neck Squamous Cell Carcinoma (HNSCC)

HNSCC specific DNA methylation (5mC) exist HNSCC = Nose, Mouth, Throat
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Background: Methylation-Specific PCR (MSP) ety
S
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ﬂh h— patient e ——— e .
Proto oncogene DNA patient
- reads

Tumor suppressor

h T TTL— healthy == —
Proto oncogene DNA S— (r:é): ctirSOI

Tumor suppressor

DNA strand CGGGGACTCGTCCCGCCAGGCCGACGGCACCAGCTCCTAAGCTTGTGCAGACGAGCCCCACTCGGGCTGAGCTCCTCCAACTGTCCCCAGAGCTCCACCGTGGCTACCGATCCGTGGTCCCG
bisulfite cONA CGGGGAUTCGTUUCGUUAGGUCGACGGCAUUAGCTUUTAAGUTTGTGUAGACGAGUUUUAUTCGGGUTGAGUTUUTUUAAUTGTUUUUAGAGUTUUAUCGTGGUTAUCGATUCGTGGTUUCG

MSP primer CGGGGATTCGTTTCGTTAGGTCGAC AGCACCAATAGCTAAGCACCAAAGC
forward primer reverse primer

MSP needs regions which show methylations in tumor samples but not in control samples ?

— > C
=> completely unmethylated in controls (ideally) treatment with
sodium bisulfite

=>  further primer design constraints (primer length, distance, nucleotide composition,...)
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Background: Whole genome nanopore sequencing (enriched for CpG islands)

4 DNA

- modification

rN DNA
— patient

reads

nanopore

current
current

membrane

control
reads

time time — —

| Sample Sex Age HPV  Tumor  Surgery

S| T-0025-N m 59y  neg 0% UPPE

£ | T-0045-N m 22y  neg 0% UPPP

S| T-0099-N m 57y  neg 0% UPPP

= | T-0044-C  m 53y  pos 80 % HNSCC

g | T-0085-C m T4y  neg 80 % HNSCC

& | T-0126-C m 59y neg 70%  HNSCC

SRR G RAUN -
5 . T .
JENA 99&%9%9&& BiOJ!\I‘ffJOxR' ATICS & HIGH-THROUGHPUT ANALYSIS Daria Meyer



Enrichment on CpG islands (CGIs) by using Adaptive Sampling

Flowcell ID

g PR N 3.1-fold
2| cavaro4o 54710l | Sample HSA depth  CGI depth
— _ ' E t0025n 8.44X 28.66X
FAR33296 - ; - t0045n 7.83X 18.07X
_ 1.5-fold Sequencing Depth g
S non-CGl (control sample) 8 200800 6:08% i
< 4
g FAS60674 -2_65_f0|d . CGI (control sample) 3 t0044c 6.53X 13.35X
non-CGl (tumor sample) § t0085c 4.65X 14.63X
FAVS938TY 2.66-fold CGI (tumor sample) — t0126¢ 5.98X 11.98X
ol
()]
:é FAV38963 1 2 78-fold
CA 1.07-fold . .
S -  max. 3.5-fold increased sequencing depth
| FAR39219 3/51-fold - adaptive sampling resulted in increased
(& S . .
B[ cvagoss sequencing depth on the CpG islands (at
s )
= 3.15-fold least 10X for all samples)
T
& | FAv39137 4
S 2.00-fold
0X 5X 10X 15X 20X
Sequencing Depth
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Nanopore sequencing - overall methylation

% Condition
g [l Control
[] Tumor
FCE) 751 k
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< per CpG methylation information shows:
5 ->  most CpGs are highly methylated
© -  probably: artefacts (50%, 75%, 83%,..) based
= on low sequencing depth
— 25' . .
1} - mean sequencing depth is only 5X
% - tumor samples CpG methylated slightly
c shifted towards unmethylated CpGs
(%2}
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T-0025-N T-0045N T-0099-N T-0044-C T-0085-C T-0126-C
Sample
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Nanopore sequencing - CpG island methylation

100 A
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Average Methylation per CpG islands in %
(weighted by coverage) - Chr1 & Chr10

i

Condition

[ cControl
] Tumor

T-0025-N T-0045N T-0099-N T-0044-C
Sample

T-0085-C T-0126-C

per CpG island methylation information shows:
- less artefacts and higher sequencing
depth (mean sequencing depth = ??X)
- in contrast to genome-wide cytosine
methylation, CGls are rather
unmethylated in both tumor and control
samples
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Prediction of MSP biomarker regions with diffONT

% methylated reads Whole genome DNA on single
m | nucleotide resolution

0 20 40 60 80 100

m—  CpG islands
1 10 1 " * Control 1
| Control 2
| ‘Il Control 3
| | Tumor 1
| ,II W NI Tumor 2
i | Ll LA AMNLIN Tumor 3

1. Filter CpGs with < 10% methylation in control samples
2. Filter CpGs with median(tumor methylation) > maximum(control methylation)

3. Filter Regions with min. 3 differential CpGs within max. 24 nt
Scored MSP Primers

4. Score Regions based on coverage and methylation in tumor samples

chro.  start end  strand #CpGs length Scoreé  GC #nonCpGs
chr12 95548563 95548585 22 3995.61 0.91
; 2 o Sl 3316.31
5. Select regions with two Primers within 400 nt chr12 95548565 95548585 2 00

chr12 95548585 95548604
chr12 95548739 95548760
chr12 95548742 95548760

2826.14 0.68
21 5448.51 0.95
18 4763.69 0.94

LNo s oo
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DNA strand 5'CGGGGACTCGTCCCGCCAGGCCGACGGCACCAGCTCCTAAGCTTGTGCAGACGAGCCCCACTCGGGCTGAGCTCCTCCAACTGTCCCCAGAGCTCCACCGTGGCTACCGATCCGTGGTCCCG3!
bisulfite DNA 5'CGGGGAUTCGTUUCGUUAGGUCGACGGUAUUAGUTUUTAAGUTTGTGUAGACGAGUUUUAUTCGGGUTGAGUTUUTUUAAUTGTUUUUAGAGUTUUAUCGTGGUTAUCGATUCGTGGTUUCG3'
MSP primer 5'CGGGGATTCGTTTCGTTAGGTCGAC3' 3'AGCACCAATAGCTAAGCACCAAAGCS'
forward primer

reverse primer



3x Control

3x Tumor

chr12:95,546,311-95,551,005

p13.32 pl3.2 pl2.3 pl2.1 pll.22 plL1 ql2 ql3.11  qi3.13 qi3.3 qld.2 ql5  q2l1 q2L2 q21.31 q2L.32 a2z q23.1 q23.2 q23.3 q24.11  q24.21 q24.31 q24.32

4,695 bp
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3x Control

3x Tumor

chr12:95,546,311-95,551,005

p13.32 pl3.2 pl2.3 pl2.1 pll.22

plL1

ql2

qi3.11

q13.13 qi3.3 qld.2 ql5  q2l1 q2L2 q21.

i [NV

4,695 bp
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USP44 regulates |rrad|at|on induced DNA double-
strand break repair and suppresses tumorigenesis
in nasopharyngeal carcinoma
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T ——— |‘||u - “Here, we show that hypermethylation of USP44

promotes radiotherapy resistance in NPC. USP44 is
hypermethylated in NPC, which is associated with its

downregulation”

(Chen, Yang, et al. "USP44 regulates irradiation-induced DNA double-strand break repair and
suppresses tumorigenesis in nasopharyngeal carcinoma." Nature Communications 13.1
(2022) 501.)
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Validation using Methylation-Specific PCR (MSP)

Sample | F1 L8 | USP44 K1 Z5 U1
S T-0025-N | 20.82  8.01 9.29 |[12.87 20.82 4.71
€ T-0045-N | 19.03 16.40 9.74 [19.03 13.85 8.08
8 T-0099-N | 11.93 7.13 8.76 9.34 9.92 945
5 T-0044-C 0.73 0.46 1.24 0.18 3.41 1.97
£ T-0085-C | 2.91 1.56 2.42 | 2.58 498 1.75 10 15 20 25 30
& T-0126-C | 7.16  1.83 7.14 [19.80  4.02 2.09
Cq value = # cycles until amplification above threshold
ACq value = Cq marker — Cq reference gene (ACTB)
->  ACq values in tumor samples lower than in control
-  more amplification in the tumor samples
->  MSP confirms selected regions
->  MSP discriminates between tumor and control
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Validation using Methylation-Specific PCR (MSP)

0.25 3.3e-10 p <2.22e-16 3.3e-10 7.6e-05 4.8e-12 Condition
| | | | | | | | | | | |
F- Control (n=46)
201 | ‘ Tumor (n=51)
: |
S5 | ‘
<
85 ¢
5 — Results can be validated in additional tissue
E samples using methylation-specific PCR
(]
=]
g 10+ ‘ ‘
®
o
2
) ‘ Marker Cutpoint Youden Sensitivity Specificity AUC
é 5- F1 13.97 0.6624 0.7059 0.9565  0.8252
- L8 5.87 0.4510 0.4510 1.0000  0.5838
[ Usp44 7.04 0.5490 0.5490 1.0000  0.7217 |
K1 7.81 0.6841 0.7059 0.9783  0.8235
Z5 7.37 0.9020 0.9020 1.0000  0.9646
0- Ul 4.63 0.7451 0.7451 1.0000  0.8806
L8 U1 Z5 K1 uskP44 F1
Youden's J statistic = sensitivity + specificity -1
3 —— ——
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Methylation-Specific PCR (MSP) in saliva — same same, but different

Saliva ACq Value (marker-ACTB)

| 1:5e-08 1.5e-07 0.00025 4.8e-08 0.00046 1.2e-05  Condition
| | | | | | | | | | | | E3 Control (n=56)
‘ ’ ‘ ‘ | Tumor (n=45)
in saliva:
] — significantly different ACq values between
tumor and control samples as well
— BUT: worse sensitivity & specificity
— not usable as diagnostic test (for screening)
10 A
‘ @
¢ : Marker Cutpoint Youden Sensitivity Specificity AUC
o
F1 11.67 0.4929 0.60 0.89 0.7450
L8 10.46 0.4929 0.60 0.89 0.8149
5 1 [ USP44 15.42 0.3409 0.64 0.70 0.7069 |
K1 13.20 0.5504 0.71 0.84 0.8083
75 11.33 0.3460 0.49 0.86 0.7157
U1l 11.57 0.5016 0.64 0.86 0.7974
L8 Ul " Z5 K USP44 F1
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Summary

e Low Coverage Nanopore Sequencing data can usefully predict differentially methylated region
between tumor and control samples

e diffONT can predict regions, which are usable in methylation-specific PCR
methylation-specific PCR support nanopore sequencing results

e transferring results from tissue into saliva is difficult

Outlook
e Compare against publicly available methylation data (TCGA)

e Check publicly available gene expression data for analyzed regions (TCGA)
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Thank you for your attention.
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Adaptive Sampling — increased sequencing depth on CGls

FC ID Sample  Wash Adaptive Yield (Gb) HSA  CGI Enrichment
FAR96893 TO0025N 1x Yes +2000nt 6.46 1.74 5.40 3.10
— | FAV87040 TO0025N Ix Yes +2000nt 24.82 6.70 23.26 3.47
g FAR33296 TO0045N Ix after wash 545 2.35 3.52 1.50
5 | FAS60674 TO0045N 0Ox Yes +2000nt 4.11 1.06 2.81 2.65
© | FAV39381 T0045N Ix Yes +2000nt 16.11 4.42 11.74 2.66
FAV38963 TO0099N 1x Yes +2000nt 24.40 6.03 16.74 2.78
| FAQO01752  T0044C 2x No 13.49 392 4.20 1.07
g FAR39219 T0044C 1x Yes +2000nt 9.68 2.61 9.15 3.51
P‘: FAV38989 TO0085C 1x Yes +2000nt 1713 4.65 14.63 3.15
FAV39137 T0126C 1x Yes +2000nt 23.50 5.98 11.98 2.00
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Nanopore sequencing - overall methylation

100 1

~N
(¢

Cytosine Methylation (strands aggregated)
(€]
o

Condition
I Control
] Tumor

per CpG methylation information shows:
->  most CpGs are highly methylated
-  probably artefacts (50%, 75%, 83%,..) based
25 | on low sequencing depth
- mean sequencing depth is only 5X
- tumor samples CpG methylated slightly
shifted towards unmethylated CpGs
01 A A A V'S AN
T-0025-N T-0045-N T-0099-N T-0044-C T-0085-C T-0126-C
Sample
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