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Integrative genomic analysis of malignant mesothelioma to find therapeutic
molecular targets
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In order to detect exon/gene level copy number alterations (CNAS) in

malignant mesothelioma (MM), we developed the digitalMLPA that is a novel technique for CN detection
which combines MLPA (multiplex ligation-dependent probe amplification) and NGS. digitalMLPA
analysis of MMs found the characteristic chromothripsis-like pattern CNAs in MMs. Some patients with
the epithelioid type MMs having a few one-allele deletion showed good prognosis, but others with
the epithelioid type MMs having biallelic deletion of CDKN2A in the combined loss of BAPl, SETD2,
TP53, and NF2 showed poor prognosis. In bi-phasic and sarcomatoid types MMs, the number of
chromosomes with CNAs was large and CNAs of segmental gain and loss inner chromosome were detected.
Copy number analysis using digitalMLPA would be useful to estimate patient’ s prognosis.



(Malignant Mesothelioma: MM) 30-40

BAP1, NF2, TP53, @2 CGH 254bp
BAP1 3p21 2 exon/gene
(Copy number alterations: CNAS) ®
CGH exon CNAs DNA

BAP1  BAPI1-Tumor Predisposition Syndrome (BAP1-TPDS)

MM,
@ MM gene-environment interaction (GXE)
MM
Dr Carbone
MM
MM
digital MLPA, next generation sequencing, RNA-seq
. MM
2018 MM 1 5
, 2 MM
BAP1-TPDS MM MM 50 MM
Familial MM Familial MM BAP1 43 ) 5
Familial MM BAP1 34 ) 10 Familial MM BAP1
MLH1, SMARCA2, SMARCA4, TP53
®)
MM
BAP1 MM
MM 22 whole genome sequencing
insilico
BLM frameshift BLM
MM Blm (+/-) BIm (+/-)
MM (6
DNA X
MM
I1. Whole genome sequencing
Chromothripsis-like pattern segmental CNAS BAP1, SETD2, CDKN2A, NF2, TP53
7
MM whole genome sequencing 1
segmental CNAs RNA-seq
whole genome sequencing
digitalMLPA
digitalMLPA
MM digitaMLPA MRC-Holland
NGS 384 MLPA
(Multiplex Ligation-dependent Probe Amplification) NGS
3p VHL, SETD2, SMARCC1,

BAP1, PBRM1, 9p21 CDKN2A/2B, 17p13 TP53 22q12.2 NF2



4 HIF1A (14q), NCOR1 (17p), UBE20 (17q), HCFCL1 (Xq)

NGS
MM 16 50 12
primary culture MM
CDKN2A 16
MM 11 2 4 2 1
1 primary culture 12
38 26 68.4 CDKN2A MM
FISH MTAP
MTAP 2 CDKN2A/2B
CDKN2A
FISH digitalMLPA
CN 3p SETD2,
SMIARCC1, BAP1, PBRM1 4 2
50 22 44 6 2
10 20 3 BAP1
3 uniparental disomy 4
17 34 1
TP53 MM 5/16 (31.2%) 2
1 2
50 20 40 2 2
NF2 isoform 1 16 version 4
16 10 62.5 NF2 3 2
50 32 64 8 2
1qg (5/16), 3q (5/16), 5p (9/16), 7p (10/16), 12q (4/16), 16q (7/16), 17q (5/16), 19 (8/16), 20q
(9/16) probe
sparse
ccRCC probe digitaMLPA
MM  ccRCC
F 1 R A B R RF R
3p BHE N Y BT hosERE
BAP1 Copy number alteration rate (%)
ccRCC MM
ccRCC 10 n==60 n=50
MM 1 ccRCC 3p loss 03.3 44.0%
60 MM 1 5q gam 51.7 34.0
ccRCC 1p loss 10.0 70.0
_ 3ploss, 5q 4q loss 15.0 64.0
gan MM 9p loss 18.3 86.0
1p, 4q, 9p, 14q, 17p13 (TP53), 22g12.2 14q loss 55.0 620
(NFZ) MM ccRCC 17p13 loss 5.0 40.8
1 22q12.2 loss 6.7 61.2
3 (5%) CDKN2A/2B 2 *loss of all 4 gene
MM 2
7 2 74
2 15 30 2 2
segmental MM
2 2 P05, P06, TO2, TO6, T18
3p21 ®) T18 2 2
5 3 2
2 T16
2
disease free BAP1, PBRM1 1 TO7 disease free 5
Sparse
segmental chromothripsis-like pattern CNA

CNA



_ ¢chr17p12-p11.2

Fusion ’U{u\w!“““%hwn.

giriccis o B

PO WD Fee=<pn @ © & Oy Feeenom i [
T e e h | [ (A
L& | [LTE T I

MYQO9B - PBX4
MAST3 - PBX4 et al.

“ L b J ks,
CN=2 | el CN 2
iy

NGS

chr19p13 Fusion J ad |
2

segmental
PO SRR IR | CNA
4 o T & RENE R G

L] ' 1 ] 1

1: Whole genome sequencing RNA-seq

SETD? SMARCCL  BAPL PBRMI CDENIA TPs3 NF2

P0s
Primary cuture  PDG

-
=
iy

o
=

MPM tmssue T19

T."-l

el
28

T30
T3l
Ta2
Ti3
Ti4
T3S
T3
T37
LT3

I o allele loss
one allele loss
no CN alteration
gain

s

2 50 digital MLPA SETD2, SMARCC1, BAPL, PBRM1,
CDKN2A/2B, TP53, NF2



CDKN2A (p16) 2 BAP1

FISH
NGS digitaMLPA MM
12
chromothripsis-like pattern
1
CDKN2A/2B 3p21, TP53, NF2 2
[1] Bueno R, Stawiski EW, Goldstein LD, et al. Comprehensive genomic analysis of

malignant pleural mesothelioma identifies recurrent mutations, gene fusions and splicing
alterations. Nat Genet. 2016; 48: 407-16.

[2] Hmeljak J, Sanchez-Vega F, Hoadley KA, et al. Integrative Molecular
Characterization of Malignant Pleural Mesothelioma. Cancer discovery. 2018.

[3] Yoshikawa Y, Emi M, Hashimoto-Tamaoki T, et al. High-density array-CGH with
targeted NGS unmask multiple noncontiguous minute deletions on chromosome 3p21 in
mesothelioma. Proc Natl Acad Sci U S A. 2016; 113: 13432-7.

[4] Carbone M, Harbour JW, Brugarolas J, et al. Biological Mechanisms and Clinical
Significance of BAP1 Mutations in Human Cancer. Cancer discovery. 2020; 10: 1103-20.

[5] Pastorino S, Yoshikawa Y, Pass HI, et al. A Subset of Mesotheliomas With Improved
Survival Occurring in Carriers of BAP1 and Other Germline Mutations. J Clin Oncol. 2018:
JC02018790352.

[6] Bononi A, Goto K, Ak G, et al. Heterozygous germline BLM mutations increase
susceptibility to asbestos and mesothelioma. Proc Natl Acad Sci U S A. 2020; 117: 33466-73.
[7] Mansfield AS, Peikert T, Smadbeck JB, et al. Neoantigenic Potential of Complex

Chromosomal Rearrangements in Mesothelioma. Journal of thoracic oncology : official
publication of the International Association for the Study of Lung Cancer. 2019; 14: 276-87.

[8] Yoshikawa Y, Sato A, Tsujimura T, et al. Frequent deletion of 3p21.1 region carrying
semaphorin 3G and aberrant expression of the genes participating in semaphorin signaling

in the epithelioid type of malignant mesothelioma cells. Int J Oncol. 2011; 39: 1365-74.



5 5 3 3

Yoshikawa Y, Emi M, Nakano T, Gaudino G Feb. 9

Mesothelioma developing in carriers of inherited genetic mutations. 2020

Transl Lung Cancer Res. 67-76
DOl

10.21037/tlcr.2019.11.15.

Pastorino,S.,Yoshikawa,Y.,Pass,Hl.,Emi,M.,Nasu,M.Pagano, I .Takinishi,Y.,Yamamoto,R.Minaai,M. ,Has 36

himoto_Tamaoki,T.,Ohmuraya,M.,Goto,K. ,Goparaju,C.,Sarin,KY.,Tanji,M.,Bononi,A.,Napolitano,A. ,Ga

udino,G. ,Hesdorffer,M.,Yang,H. ,Carbone,M.

A Subset of Mesotheliomas With Improved Survival Occurring in Carriers of BAP1 and Other 2018

Germline Mutations

J Clin Oncol 3485-3494
DOl

10.1200/JC0.2018.79.0352

Bononi Angela Goto Keisuke Ak Guntulu Yoshikawa Yoshie Emi Mitsuru Yang Haining Carbone 117

Michele et al.

Heterozygous germline BLM mutations increase susceptibility to asbestos and mesothelioma 2020

Proceedings of the National Academy of Sciences

33466 33473

DOl
10.1073/pnas.2019652117

Yoshikawa Yoshie Kuribayashi Kozo Minami Toshiyuki Ohmuraya Masaki Kijima Takashi 10
Epigenetic Alterations and Biomarkers for Immune Checkpoint Inhibitors?Current Standards and 2020
Future Perspectives in Malignant Pleural Mesothelioma Treatment

Frontiers in Oncology 18

DOl
10.3389/fonc.2020.554570




Hidaka Kouko Takeda Tetsushi Kinoshita Yoshiaki Nabeshima Kazuki Tamiya Sadafumi Yoshikawa 70
Yoshie Tsujimura Tohru

Development of mesothelioma in situ and its progression to invasive 2020
disease observed in a patient with uncontrolled pleural effusions for 15 years

Pathology International 1009 1014

DOl
10.1111/pin.13021

Malignant mesothelioma patients with BAP1 and other germline mutations in relation to survival prognosis

78

2019

Frequent detection of structural variations in TP53 gene of malignant mesothelioma by digital MLPA

77

2018

Digital MLPA identifies large difference of frequency with homozygous deletion at CDK2A (p16) gene between in cultured cells
and malignant mesothelioma tissues

77

2018




The landscape of copy number alteration detected by digital MLPA in malignan t mesothelioma

79

2020

(Ohmuraya Masaki)

(60398229) (34519)

(Emi Mitsuru)

(90221118) (34519)




