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Liver cancer

v'Liver cancer is the third leading cancer-related cause of death and
the seventh most common form of cancer in the world.
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v'The mortality rate of liver cancer is high in East Asia and Africa, and
is also increasing in western countries.

v'One of the major risk factors is virus infection;
Hepatitis B virus (HBV): Asia, Africa
Hepatitis C virus (HCV): Japan (>70% of HCC)

v Large-scale whole genome sequencing study has not yet been
performed for liver cancer.

Figure from Zhang Nat. Genet. 44, 1075-7 (2012)
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* Whole genome sequencing of 300 liver cancer genomes
Fujimoto et al. Nature Genetics (2016)

e Circulating tumor DNA analysis for liver cancers
Ono et al. Cellular and Molecular Gastroenterology and Hepatology (2015)



Whole genome sequencing of 300 liver cancer genomes
Fujimoto et al. Nature Genetics (2016)



Sample and sequencing

Sample
e 300 liver cancers

e 268 hepatocellular carcinomas (HCCs), 24 intrahepatic
cholangiocarcinomas (ICCs), 8 cHCC/ICCs (combined type)

e 159 HCV, 82 HBV, 55 NBNC and 4 HBV/HCV
 Whole genome sequencing (WGS) and RNA-sequencing

Sequencing
* HiSeq2000
e Paired-end method
* Library size; 500bp
 Read length; 100bp




Somatic mutation calling

Point mutation and short indels
 Based on number and frequency of mutant alleles
* False positive rate of point mutation < 3 % in CDS region

Ampl|f|cat|on iIromosome 14

* False positive rate of indel < 10 % ~ ‘:!_:j_) ~]
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Copy number alternation - o
* Ratio of depth of coverage was analyzed by DNAcopy? 0 5000 15000 0 5000 15000

Index Index

Structural variations (STV) and virus integration
* Based on orientation and distance between read-pairs
* Realignment and comparison with other normal samples were performed to exclude false

positives

Normal Inversion
Deletion Translocation or amplification I

Human genome Virus genome

1; Andersson et al. Bioinformatics (2008)
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Point mutation and short indel

indel

Point mutation
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Structural variation (STV)
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Target gene of HBV integration
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|dentification of adeno-associated virus (AAV)

* De novo assembly of the unmapped reads from RNA-seq generated some long contigs that
aligned to adeno-associated virus (AAV) in two liver cancer samples.

Integrated genes Expression level of MLL4 gene

AAV genome Human genome ’
Number of p-value = 1.2x10°
Sample  AAV sequence Position Chr Position support read Gene ¥
pair N\
HX032 T01 NC 001401 4386 19 30304517 32 CCNE] ingtron E ol
HX032 T01 NC 001401 4600 19 30304511 17 CCNE] infyron E .. :
RK112 C01 NC 001401 3320 19 36213603 1 MLL4 intyon
RK112 C01 NC 001401 4438 19 36213955 1 on
RK236 C01 NC 001401 2982 5 18813398 3 7 \
RK236_C01 NC_001401 82 18813512 13 . AV
No integration HBV or AAV
integration

* Integration events of AAV into MLL4 and CCNE1 gene were identified. Expression level of MLL4
gene in the integrated samples were higher than that of others. There results are consistent
with a recent study (Nault et al. Nat Genet (2015)),
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Protein alternating mutations (300 liver cancers)
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|dentification of significantly mutated genes (1)

(1) Estimate noncoding mutation rate within 1Mbp region
(2) Calculate the expected number of mutations for each gene ((length) X (mutation rate))
(3) Calculate probability that the observed number of mutation > expected number of mutations under the Poisson distribution

Bl Point mutation WH|ndel <=#=g-value
90 180

160
140

Number of mutation
g-value

NFE2L2, BAP1, and HNF4A, had a significantly large number of protein-altering mutations.



|dentification of significantly mutated genes (2)

We then combined the information on point mutations, indels, STVs, and CNAs and tested the
significance of the number of mutations for each gene.

Thirty-eight genes had a significantly large number of mutations.

Genes with the terms ‘chromatin regulator’ and ‘regulation of cell cycle’ were significantly

enriched. M Point mutation MIndel MCNA = STV
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|dentification of significantly mutated noncoding elements (GENCODE annotation)
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In addition to the known TERT promoter, six long intergenic noncoding RNA (lincRNA) genes (NEAT1 and MALAT1),

ten promoter (TFPI2, MED16, and WDR74), and nine UTRs (BCL6 and AFF4) were identified as regions with a
significantly large number of mutations.
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. NEAT1 (Nuclear Enriched Abundant Transcript 1)

NEAT1 has an essential role in constructing a subnuclear structure, paraspeckle?.
is differentially expressed in several cancers?34>
is induced by hypoxia and promote cell proliferation and invasion.
promotes cell proliferation and invasion through regulating miRNAs®7.8°.10,
is induced by TP53 and modulate replication stress response and chemosensitivity?!!.

« MALAT1 (Metastasis-associated lung adenocarcinoma transcript 1)
Expression level of MALAT1 was associated with prognosis in liver cancer?.

* Knockdown of NEAT1 or MALAT1 in HepG2 cells decreased cell invasion

Invasion assay
= 1; Hirose et al. Mol. Biol. Cell (2014), 2; Li et al. Oncotarget (2015), 3;
w Wu et al. Mol. Cancer (2016), 4; Chakravarty et al. Nat Comms
N (2014), 5 Choudhry et al Oncogene (2015). 6; Wang et al. JECCR
” (2016), 7; Cao et al. Am J Cancer Res (2016), 8; Huang et al. BBRC
(2016), 9; Ke et al. GRSB (2016), 10; Lai et al. Med Oncol (2012), 11
Adriaens et al. Net Med (2016)
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Number of samples

30

20

10

Distribution of structural variation (STV)

Number of samples with an STV breakpoint within 500-kb bins.

CDKN2A TTC28
LRP1B : MACROD2
ASHIL TERT . o

1 2 3 4 5 6 7 8 9 10 MM 12 13 14 15 16 17 1819202122 X

Genomic position
Red; Bins containing STV breakpoints in 215 samples (5%)



STVs and gene expression

We selected 4,940 genes that had STVs within 500 kb of their transcription start or end sites in 26 samples (2%)
and compared the number of RNA-seq reads mapping to the genes for samples with and without STVs.

Of these genes, 538 showed a significant difference in gene expression (g value < 0.1).

In the 538 genes, genes with terms of ‘cell cycle’ and ‘mitotic cell cycle’ were significantly enriched.
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Statistical analysis was done with EdgeR package.



Mutation in TERT gene and expression
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* Promoter mutation (n=163), STVs (n=16), and HBV integrations (n=14) were identified in the

TERT gene body and promoter region .
* Type of STVs were translocation and inversion.
e STVs, HBV and promoter point mutations were mutually exclusive.
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Summary

* We analyzed whole-genome landscape of somatic alterations in 300 liver cancers.

* The number of point mutations were ~3/Mbp. But one sample (RK308) showed a
hypermutated phenotype due to mismatch-repair deficiency.

e Our analysis identified 38 significantly mutated genes. Of these, chromatin
regulators (ASH1L, and SETDB1), nuclear receptors (TBL1IXR1, NCOR1, and ESRRG),
DNA mismatch repair genes (NSMCE2, and MACRODZ2) and genes related to liver
metabolism (HNF4A, and G6PC) were observed.

* Six long intergenic noncoding RNA (lincRNA) genes (NEAT1 and MALAT1), ten
promoters (TFPI2, MED16, and WDR74) and nine UTRs (BCL6 and AFF4) were
identified as regions with a significantly large number of mutations.

* A strong association between gene expression and STVs was observed.

* In the TERT regions, recurrent STVs and HBV integrations were detected, and
associated with gene expression.
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Circulating tumor DNA analysis for liver cancers

Collaboration with Hiroshima University
Ono et al. Cellular and Molecular Gastroenterology and Hepatology (2015)



“Personal” blood biomarkers to monitor the disease (1)

Circulating tumor DNA (ctDNA) can be a good “personal” blood biomarker to monitor cancer.
We detected ctDNA by structural variation.

From WGS of 46 primary tumors, we selected STVs with high clonal proportion and designed
PCR primers. Casel Case2 Case3 Cased

primer2 primer3 primer2 primer3 primer2 primer3 primerl  primer3
M C B S C B S M M C B S C BS M

MC B S C BS M MC B S c BSM

C: Cancer B:BloodCell S:Serum  M: Marker (100bp ladder)




“Personal” blood biomarkers to monitor the disease (2)

* Inthe cfDNA from 46 patients, STV was detected by PCR in seven patients before surgery.
 The cumulative incidence of recurrence in the ctDNA-positive group was significantly worse

than that in the ctDNA-negative group. Cumulative incidence
of
recurrence

Table 2.Summary of Clinical Characteristics of Patients

Characteristic Status of ctDNA Before Surgery ctDNA Positive ctDNA Negative P Value
No. of patients 46 7 39 P=.0102
Age at diagnosis (y) 67 (32-89) 68 (51-86) 67 (32-89) 426 % %6 -
Gender (M/F) 35/11 5/2 30/9 5417 CtDNA+
Etiology (HBV/HCV(SVR)/NBNC) 11/25 (6)/10 1/4(2)/2 10/21 (4)/8 775" 4
AFP (ng/mL) before surgery 60.5 (<0.5-57,410) 10,100 (12.7-57,410) 15.8 (<5-35330) .004°
DCP (mAU/mL) before surgery 57.5 (2.6-135,640) 23,156 (866-135,640) 37 (2.6-16123) <.001° 60 -
Tumor size (mm) 25.5 (10-140) 73 (35-140) 23 (10-125) <.001°¢

* AFP and DCP levels and the rate of VP were significantly - o g
¢ different between the cfDNA positive and negative
|
samples. "
VV (077) 3878 473 3475 089" _r
VA (0/1) 45/1 6/1 39/0 1527
Note: AFP, a-fetoprotein; DCP, des-y-carboxy prothrombin; HBV, hepatitis B virus; HCV (SVR), hepatitis C virus sustained 0 | 3
virologic response; NBNC, neither HBsAg (+) nor anti-HCV (+); VA, hepatic artery; VP, microscopic vascular invasion to portal
vein; VV, hepatic vein.
2Fisher exact test.
Ppearson chi-square test.
°Mann-Whitney U test. . ' ' :
0 200 400 600 800

Ono et al. Cellular and Molecular Gastroenterology and Hepatology (2015)



Quantlflcatlon of ctDNA in serum
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