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Carcinogenic viruses

Epstein-Barr virus (Human herpesvirus type 4)

Kaposi sarcoma herpesvirus (Human herpesvirus type 8)
Hepatitis B virus

Hepatitis C virus

Human papillomaviruses (certain types, alphapillomaviruses)
Human T-cell lymphotropic virus type I

Human immunodeficiency virus type 1

Probably/possibly carcinogenic

Merkel cell polyomavirus
BK and JC polyomavirus
Human papillomaviruses (certain types, mainly alpha)

Centre for Ge.
Genetics
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NGS - viruses in cancer

Merkel cell polyomavirus discovered in 2008 using NGS

Feng et al 2008, Science

Several large-scale studies of viral expression in TCGA repository data

Tang et al 2012, Nat Commun; Khoury et al 2013, J Virology,; Strong et al 2016, Acta Neuropath Commun; Cantalupo et al 2018, Virology

Confirmed established associations, but not revealed novel
associations

GenomeDenmark Cancer&Pathogens

Comprehensive high-throughput sequencing
based virome characterization of cancers

Cover full diversity of viruses
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Virus classification
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Adapted from M. H. V. van Regenmortel et al. (ed.), Virus Taxonomy: Classification and Nomenclature of Viruses. Seventh Report of the International G on Te y of Viruses { Academic Press, Inc., San Diego, Calif,, 2000).

« High sequence diversity
 No conserved regions

. Different cellular localization Centre for Ge.

Genetics
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LAB METHODS APPLIED Pre-extraction Post-extraction Post library prep
Sample
; Retrovirus capture
Circular DNA
DN-I:}I:II\I - Virion enrichment T DNA/mRNA
(no enrichment) DNA/RNA - Vertebrate virus
mRNA enrichment capture DNA

'

A 4

Sequencing

Centre for Ge.
Genetics
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Viral particle purification

LAB METHODS APPLIED Pre-extraction Post-extraction Post library prep
Sample
; Retrovirus capture
Circular DNA
DN-I:}I:II\I - Virion enrichment T DNA/mRNA
(no enrichment) DNA/RNA - Vertebrate virus
mRNA enrichment capture DNA

'

A 4

Sequencing

Target:
All viruses present as virions

Centre for Ge.
Genetics
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Circular DNA enrichment

LAB METHODS APPLIED Pre-extraction

Post-extraction

Post library prep

Sample

!

Total
DNA/RNA

(no enrichment)

Virion enrichment
DNA/RNA

Circular DNA
enrichment

mRNA enrichment

Target:
Viruses with circular genomes

A 4

Retrovirus capture
DNA/mRNA

Vertebrate virus
capture DNA

'

Sequencing

Centre for Ge.
Genetics
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Viral sequence capture

LAB METHODS APPLIED Pre-extraction Post-extraction Post library prep
Sample
; Retrovirus capture
Circular DNA
DN-I:}I:II\I - Virion enrichment T DNA/mRNA
(no enrichment) DNA/RNA - Vertebrate virus
mRNA enrichment capture DNA
v
> Sequencing

Target:

All viruses including episomes
and integrated genomes

Centre for Ge.
Genetics
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Samples and datasets

mxtl:rrll%nmt Circular Capture
Sampletype Sa’(':s'e‘ TDc,’\}zj TROI\EZJ DNA ~ Retro Retro- . MRNA Dazﬁ)sas
DNA RNA  enrich. virus virus virué
DNA mMRNA
Basal cell carcinoma (cutaneous) 11 11 11 11 4 6 11 54
Mycosis fungoides (cutaneous) 11 11 11 11 10 10 11 64
Melanoma (cutaneous) 10 10 10 10 8 10 48
Oral cancer 10 9 10 10 10 10 49
Oral healthy 1 1 1 2
Vulvar cancer 3 B3 8 8 3 12
Bladder cancer 7 7 7 5 7 26
Bladder cancer urine 10 2 10 4 16
Colon cancer 16 12 11 3 3 6 6 41
Colon healthy 2 2 2
Breast cancer 20 20 19 17 20 15 91
Testicular cancer 20 5 20 20 45
AML 9 6 9 9 7 31
B-CLL 9 8 9 9 8 9 8 51
BCP-ALL 8 8 8 8 24
CML 10 10 10 10 10 10 50
T-ALL 11 9 11 11 9 40
DLBCL* 5 5 3 3 11
Lymphoblastic lymphoma* 1 1 1 1 3
Multiple myeloma* 6 6 2 2 10
Colon cancer blood 8 8 8
Colon cancer ascites 1 1 1 2
Breast cancer ascites 1 1 1 1 1 1 5)
Ovarian cancer ascites 5 5 4 8 3 5 20
Pancreatic cancer ascites 2 2 2 1 5
NTC 19 18 5 1 7 50
Total (without NTC) ( 197 ) 107 72 143 146 114 33 6 5 1 ( 710)
* Cell lines. NTC: non-template control.
Sequenced on Illumina HiSeq 2000 Centre forGe.

Total of >57 billion read pairs Genetlcs
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Data analysis

Investigation &

— mapping of reads
(343 viral references)

} f |
BLASTx/DIAMOND

contigs
(nr database)

Pre-processing _ | BLASTnreads* _|, Taxonomic
Human depletion (nt database) classification

Confirmed
viruses

De novo _, BLASTncontigs _
assembly (nt database)

« Unbiased approach with BLAST of contigs and reads

Centre for Ge.
Genetics



Data analysis

Pre-processing _, BLASTnreads* _|  Taxonomic uiiestigatignis

Human depletion (nt database) classification mapping of reads
(343 viral references)

} ! |
BLASTx/DIAMOND

—> contigs
(nr database)

De novo _, BLASTN contigs
assembly (nt database)

Confirmed
viruses

« “Real” viral sequences

- False positives/artefacts

« Contamination

« Bleedover/incorrect index assignment

Centre for Ge.
Genetics
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Data analysis

= Graphic Summary
Investigation &
> mapping of reads

Distribution of the top 34 Blast Hits on 3 subject sequences &
Mouse over to see the title, click to show alignments

<

Color key for alignment scores .
W <40 W 40-50 W 50-80 W s0-200 M >=200 (343 \ ral references)
1 550 1100 1650 2200 2750 i
(& Descriptions Conf”—med
viruses

‘Sequences producing significant alignments:
Select: All None Selected:0

it Alignments o
Description s':::a ;r;ti (;J:g ) Ident Accession
~| Human herpesvirus 7 strain RK. complete genome 65.8 2056 1% Qe-06 100% AF037218.1
| Human betaherpesvirus 6B strain HGDPOO092, partial genome 639 639 1% 3e-05 100% KY316037.1
(m] eryx australis mantelli genome assembly AptMant0, scaffold scaffold109 621 621 1% 1e-04 100% LKOG4703.1

Centre for Ge.
Genetics
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Data analysis

Pre-processing
Human depletion

!

De novo
assembly

BLASTn reads*
(nt database)

BLASTn contigs __

(nt database)

Taxonomic
classification

!

BLASTx/DIAMOND
contigs
(nr database)

Investigation &

— mapping of reads

(343 viral references)

!

Confirmed
viruses

Coverage cut-off
Bleedover removal

i

Contigs: 61 viruses
Mapping: 146 viruses

Centre for Ge.
Genetics
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Viral groups

Viral reads (ppm)
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OTHER TISSUE

MUCOSA

SKIN

CML
T-ALL
NTC

Colon cancer blood
Colon cancer ascites
Ovarian cancer ascites
Pancreatic cancer ascites

DNA viruses commonly found in humans

Colon cancer
Breast cancer
Testicular cancer
AML

B-CLL
BCP-ALL

Bladder cancer urine

Basal cell carcinoma
Mycosis fungoides
Melanoma

Oral cancer

Oral healthy

Vulvar cancer
Bladder cancer

No apparent associations

irus-positives

Half of samples vi

Sk

Centre for G e.

ICS

Genet

itive

pos

Irus-

in/mucosal all samples v



UNIVERSITY OF COPENHAGEN

Cancer associated viruses - mapping
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Sample

Basal cell carcinoma Bladder cancer urine

Mycosis fungoides Colon cancer

Melanoma Breast cancer

Oral cancer Testicular cancer

Oral healthy AML

Vulvar cancer B-CLL

Bladder cancer BCP-ALL

« HPV 16 and 18
« Polyomaviruses

Centre for Ge.
Genetics



UNIVERSITY OF COPENHAGEN

Summary and conclusions

« Comprehensive virome characterization covering major viral groups

- False positives, bleedover, and cross-mapping needs to be considered and
accounted for

- Half of samples contained viral sequences
« Majority of the viruses commonly found in humans
« No apparent links between specific viruses and cancers

« Low frequency associations cannot be ruled out

« Methods comparison — come by poster no. 34

Centre for Ge.
Genetics
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Thank you for your attention
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