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Genome-wide analysis of abdominal and pleural malignant mesothelioma with DNA
arrays reveals both common and distinct regions of copy number alteration
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ABSTRACT
Malignant mesothelioma (MM) is an aggressive tumor arising from mesothelial linings of the serosal
cavities. Pleural space is the most common site, accounting for about 80% of cases, while peritoneum
makes up the majority of the remaining 20%. While histologically similar, tumors from these sites are
epidemiologically and clinically distinct and their attribution to asbestos exposure differs. We compared
DNA array-based findings from 48 epithelioid peritoneal MMs and 41 epithelioid pleural MMs to identify
similarities and differences in copy number alterations (CNAs). Losses in 3p (BAP1 gene), 9p (CDKN2A) and
22q (NF2) were seen in tumors from both tumor sites, although CDKN2A and NF2 losses were seen at a
higher rate in pleural disease (p<0.01). Overall, regions of copy number gain were more common in
peritoneal MM, whereas losses were more common in pleural MM, with regions of loss containing known
tumor suppressor genes and regions of gain encompassing genes encoding receptor tyrosine kinase
pathway members. Cases with known asbestos causation (n D 32 ) were compared with those linked to
radiation exposure (n D 9 ). Deletions in 6q, 14q, 17p and 22q, and gain of 17q were seen in asbestos-
associated but not radiation-related cases. As reported in post-radiation sarcoma, gains outnumbered
losses in radiation-associated MM. The patterns of genomic imbalances suggest overlapping and distinct
molecular pathways in MM of the pleura and peritoneum, and that differences in causation (i.e., asbestos
vs. radiation) may account for some of these site-dependent differences

Abbreviations:MM, Malignant mesothelioma; SEER, Surveillance, Epidemiology and End Results; SNP, Single nucle-
otide polymorphism; DNA, DNA; CNV, copy number variation; CGH, comparative genomic hybridization; miRNA,
microRNA; COSMIC, Catalog of somatic mutations in Cancer; TSG, tumor suppressor gene; RTK, receptor tyrosine
kinase.
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Introduction

Malignant mesothelioma (MM) is a malignancy arising from
the mesothelial cells lining serosal cavities of the thorax and
abdomen. MM is a rare but aggressive cancer whose 2009 inci-
dence was 9.6 per million in the United States and whose 5-
year survival is about 8% [Surveillance, Epidemiology, and End
Results (SEER) Program (www.seer.cancer.gov) Research Data
1973–2009]. Pleural MM is the most common form, account-
ing for roughly 80% of cases, while peritoneal MM accounts for
the majority of the remaining 20%. 1 Other sites that can be
affected include the pericardium and the tunica vaginalis of the
testis. 2

The histology of MM is varied, but it is broadly divided
into 2 patterns, epithelioid and sarcomatoid, with mixtures
of each designated as biphasic. These patterns can be seen
in both pleural and peritoneal sites, although the rate of
biphasic and sarcomatoid disease is lower in the perito-
neum. Peritoneal MM occurs in younger patients, and while
pleural disease occurs much more commonly in men,

peritoneal MM has a lower male-to-female ratio. Pleural
MM has a relatively low 5-year survival, even for the more
favorable epithelioid histology, but in contrast it has been
observed that a subset of epithelioid peritoneal MM patients
have prolonged survival following aggressive therapy. Col-
lectively, these observations raise the possibility that epithe-
lioid peritoneal MM represents a morphologically similar,
but biologically distinct, disease.

Pleural MM is commonly associated with asbestos, with an
attribution of 70%, including co-habitant exposure, whereas
peritoneal MM has a much weaker link to asbestos (30%), with
only primary exposure increasing risk. 3 Therefore, not all cases
of MM are attributable to asbestos, and abdominal disease is
less likely to be asbestos attributed. Other recognized causal fac-
tors for MM include erionite, occupational radiation exposure
and medical radiation therapy. 4,5 Studies have shown a statisti-
cally significant increase in the number of MM cases following
radiation therapy for breast cancer, testicular cancer, Hodgkin’s
lymphoma, and non-Hodgkin’s lymphoma. 6-9
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Based on these observations, we sought to study a group of
epithelioid peritoneal MM for CNAs using high density single
nucleotide polymorphism (SNP) arrays and compare these
data with those obtained in a group of pleural-derived epitheli-
oid MMs to capture possible differences in tumor biology con-
nected with genomic imbalances (i.e., copy number gains,
amplifications and deletions). In addition to site-associated dif-
ferences, we examined differences related to annotated causa-
tion in these cases.

Results

Demographics

Of the 48 epithelioid peritoneal MM patients seen at Columbia
University, 12 were attributed to asbestos based on strong
exposure history, and 7 cases were attributed to radiation expo-
sure. Two additional post radiation epithelioid MMs of the
pleura were also studied. The 9 radiation-attributed patients
included 3 with prostate cancer, 2 with breast cancer, 1 each
with testicular cancer, colon cancer, lymphoma or squamous
carcinoma. The interval between radiation therapy and MM
diagnosis was known in 7 of 9 patients and exceeded 10 y
(range: 10–25 years). For comparison, we selected 38 pleural
epithelioid MM cases reported by Memorial Sloan-Kettering
Cancer Center (MSKCC). Of these, 20 were annotated as
related to asbestos exposure. The demographic information on
all 89 patients is summarized in Table 1.

Comparison of genomic imbalances in peritoneal vs.
pleural MM

The CNAs in peritoneal epithelioid MM seen in more than one
third of cases are summarized in Fig. 1 and Table S1. These
regions include several Cancer Census genes, notably gains in
PIK3CA, CCND1, HRAS, and EGFR and losses of 3p generally
encompassing BAP1, SETD2 and PBRM1.

The frequency of copy number gains and losses across the
genome was compared between epithelioid MMs of the perito-
neum (48 cases) and pleura (41 cases; 38 from MSKCC and 3
from Columbia) (Fig. 2). The peritoneal and pleural tumor sets
showed similar recurrent genomic imbalances, although their
frequencies differed between the 2 sites of tumor origin. The
general overlap in frequency of gains and losses, despite differ-
ent sites and different copy number platforms, reinforces the
overall similarity in epithelioid MM of the pleura and perito-
neum. For example, recurrent losses in chromosome arms 3p,

9p and 22q in the genomic regions containing the tumor sup-
pressor genes (TSGs) BAP1, CDKN2A and NF2, respectively,
were seen in both tumor groups, albeit at different rates.

However, differences were also noted, and these too are
highlighted by Fig. 2. Comparison of these 2 groups revealed
regions of copy number differences at a percent difference
threshold of >33 % and a p value of <0 .01, as shown in Fig. 3
and summarized in Table S2. Overall, regions of loss were
more common in pleural MM than in peritoneal MM. In
regions of loss common to both sites, a higher frequency of loss
was seen in pleural MM, most notably in 3p, 4q, 8p, 9p, 15p,
17p and 22q. Gains, when present, were seen more frequently
in peritoneal MM, including regions of 3q, 7q, 8p, 9p, 16p and
20q.

Cancer related genes within regions of differential gains and
losses in epithelioid MM, by tumor site, are summarized in
Table 2. Losses in regions containing NF2 and MKL1 in 22q,
CDKN2a in 9p and BAP1, SETD2 and PBRM1 in 3p, while
identified in peritoneal cases, were seen more frequently in
pleural disease. Loss of the tumor suppressor locus CDKN2A,
which encodes both the cyclin dependent kinase inhibitor
p16INK4A and a second tumor suppressor, p14ARF, was
observed at a considerably lower frequency in peritoneal
tumors than in pleural MM. Notably, however, peritoneal
tumors showed frequent gains of the cyclin D1 gene, CCND1,
which can act as an oncogene. Loss of CDKN2A and gain of
CCND1 can have the same net effect, i.e., deregulation of the
Rb pathway to promote G1 S cell cycling.

Other regions of more frequent loss in pleural MM included
TSGs such as TRIM33, UBE4B, MLL3, WRN, BMPR1A, SUFU,
PTPN11, SUZ12, ASXL1, SMARCB1, EP300, CHEK2, MYH9
and PATZ1. Regions of more frequent gain in peritoneal MM
included the oncogenes RAF1, PIK3CA, CCND3, KIT, TFEB,
EGFR, RUNX1T1, RALGDS, FGFR2, CCND1, KRAS, RARA
and AKT2. Tumor site-relative losses in peritoneal MM were
uncommon and did not contain any known TSGs, while rela-
tive gains in pleural disease included regions encompassing the
oncogenes KDM5A andMYC and the pro-tumoral gene DVL1.

CNAs by exposure group

Examination of the combined dataset of epithelioid MM from
Columbia and MSKCC (total 89 patients) revealed 9 patients
with a documented history of medical radiation exposure for
therapy of a prior malignancy and 32 patients with clearly
documented asbestos exposure. Comparison of frequency of
CNAs revealed several regions of significant difference between
the 2 groups, with difference threshold of 33% and p<0.05, as
summarized in Fig. 4 and Table S3. Multiple regions of gain
were seen in the radiation-exposed group, including regions of
chromosome arms 1q, 3p, 3q and 5p, while regions of loss pre-
dominated in asbestos-related disease, including multiple
regions in 14q (14q11.2, 14q12, 14q13.1-q13.2 and 14q21.1-
q22.1) and 22q, as well as smaller regions in 17p and 6q
(6q16.3 and 6q21-q25.1). Recurrent sites of gain in 17q21.33
and 17q22-q24.2 were also seen in the asbestos-related cases.
Of note, losses in 22q11.1-q11.21, 22q13.2-q13.31, 14q, 6q21–
25.1 and gains in 17q were each seen in 0% (0 of 9) radiation

Table 1. Demographics of epithelioid mesothelioma cases by tumor site and data
source.

Total Average age Gender

Peritoneal:
Columbia 48 56.5 35 M : 13 F

Pleural:
MSKCC 38 57.6 24 M : 14 F
Columbia 3 58.5 1 M : 2 F

Radiation history 9 63.5 7 M : 2 F
Asbestos history 32 59.3 28 M : 4 F
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cases compared to 37.5%, 45.4%, 44.6%, 41.3% and 47.7% of
asbestos related cases, respectively.

Table 3 summarizes the Cancer Census genes in the areas of
differential CNAs between radiation- and asbestos-related
cases. The region of 17q gain seen in nearly half of the asbes-
tos-related cases contains COL1A1 and the deleted region in
22q contains the TSG EP300. The region of recurrent loss in 6q
contains LATS1, a TSG previously shown to be mutated in
some pleural MMs,10 as well as several other putative TSGs,
including GRIK2, CDK19, AMD1, and LRP11. The region in
14q shows no cancer census genes, but contains HECTD1, a
proposed TSG as well as NFKBIA (14q13.2), a putative TSG
whose product inhibits signaling of the NF-kB and EGFR path-
ways.11 Regions of gain in the post-radiation cases include 18
cancer census genes, 16 of which are considered oncogenes.

Discussion

Malignant mesothelioma is a tumor that arises from the meso-
thelial lining of the pleura, peritoneum, tunica vaginalis and
pericardium. Pleural disease is the most common, followed by
peritoneal disease. While there are a variety of growth patterns
in MM, these can be broadly characterized into epithelioid,
biphasic and sarcomatoid, which are seen in all sites of origin
of MM.

While tumors arising from different sites can have similar
morphology, peritoneal MM has some unique characteristics.
In a review of published series, peritoneal MM patients had a
median age of 50 and male-to-female ratio of 1.3 to 1.12 This is
a younger average age and a larger proportion of female
patients than in pleural disease, which has an age peak closer to
age 7013 and male-to-female ratio of 4:1.14,15 Epithelioid histol-
ogy is the most common subtype in peritoneal disease, as in
pleural disease, but the rate of biphasic and sarcomatoid disease
is lower in the peritoneal site (~15%), with few pure sarcoma-
toid tumors.12 Another major difference is the attribution to
asbestos exposure, which in pleural disease is nearly 80%16; in
peritoneal disease, the rate is lower, closer to 30%. One of the
most important differences is the median survival of 54 months
and 5-year survival of 47% in peritoneal MM. In contrast, the

5-year survival of pleural MM is just under 10%, with a median
survival of about 1 y.17

These demographic and biologic differences have not been
previously explored at the DNA copy number level, as the focus
of large CNA series has been on pleural disease. Since some dif-
ferences in CNA distribution may be attributed to histologic
differences (which are known to impact survival in MM), we
focused on epithelioid MM only. First summarizing data in
peritoneal MM, we found losses in NF2, BAP1 and CDKN2A,
but only BAP1 loss was seen in more than 33% of cases. The
finding of frequent co-deletion of BAP1, SETD2 and PBRM1 is
of uncertain significance given the proximity of these genes to
each other in chromosome band 3p21; however the mutational
profile of these genes in renal clear cell carcinoma and their
impact on chromosome remodeling in renal carcinogenesis
suggest a potential parallel in peritoneal MM.18 In addition,
increases in copy number of oncogenes such as EGFR19 and
PIK3CA20 may be reflected in increased activation of associated
pathways implicated in MM previously, although in one series,
EGFR copy number was not significantly associated with EGFR
immunoreactivity.21

Direct comparison of peritoneal MM and pleural MM
revealed extensive areas of overlapping recurrent genomic gains
and losses, which underscores the CNA similarities between
these 2 tumor sites. The top 3 encountered alterations in cancer
census genes in pleural MM, when examined using the Catalog
of Somatic Mutations in Cancer (COSMIC) database, are
CDKN2A, NF2 and BAP1. For all 3 genes, the alteration most
commonly consists of loss of part or all of the affected gene;
however, for NF2 and BAP1, a significant proportion of cases
involve point mutations and indels. While genomic losses
encompassing these genes are also seen in peritoneal disease,
the rate of loss is lower, and this difference is significant for
CDKN2A and NF2, but not for BAP1.

Beyond the similarities, there were significant differences as
well. Overall, pleural MMs had more frequent rates of genomic
loss, whereas peritoneal MM had more regions of chromosomal
gain. Examination of regions of loss in pleural disease revealed
many sites of known and putative TSGs, while the few regions
of loss in peritoneal disease did not. However, recurrent sites of

Figure 1. Overview of copy number alterations (CNAs) in epithelioid peritoneal MM. Peaks represented in blue to the right of the chromosome are gains, while peaks in
red to the left depict losses. Areas with peaks in over 33% of cases are indicated by an asterisk (except for a broad area in chromosome 14 with a bracket), and labeled
with a Cancer Census gene if present in that region.
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chromosomal gain in peritoneal MM contained several genes
known to encode components of important receptor tyrosine
kinase (RTK) pathways, which in prior reports have been
shown to be activated in MM. In addition to the previously
mentioned EGFR and PIK3CA, the importance of KRAS and
AKT2 expression has been reported, albeit in only certain MM
subsets.22,23 While fewer genomic gains were seen in pleural
disease, one site of gain included the MYC gene, which has
been reported to have increased copy number and pro-tumoral
activity in pleural MM.24

Examination of CNA profiles in connection with disease
causation revealed further differences within MM subgroups.
Post-radiation MMs, when compared to asbestos-induced
MMs, showed multiple regions of copy number gain. The
asbestos-induced tumors frequently showed losses in 6q, 14q,
17p and 22q as well as gains in 17q, and this was seen in both
pleural and peritoneal tumors. This supports the hypothesis
that a subset of peritoneal MMs is genetically similar to their
pleural counterparts, and this may correspond to the asbestos
causation group.

Figure 2. Frequency of CNAs in peritoneal and pleural MM. DNA copy number frequency output from Nexus Biodiscovery was overlapped to shows relative rates of alter-
ations by tumor site. Regions in red and blue overlap between both conditions, while region in light blue and pink reflect higher frequency of gain or loss, respectively,
in the pleural site. Areas in gray reflect regions of increased frequency of gain or loss in peritoneal site, identified as gains to the right and losses to the left of the chromo-
somal ideogram. Regions of increased frequency in peritoneal disease with Cancer Census genes from Table 2 are marked by an asterisk.
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Our analysis included 32 pleural and peritoneal MM
patients with asbestos-attributed disease and 9 with radiation-
attributed disease. A comparison of DNA copy number imbal-
ances between these 2 groups revealed regions of loss at
14q11.2–13.3 and 14q21.1–22.1 in up to 50% of MM patients
with asbestos exposure compared to 0% of patients whose dis-
ease was thought to be connected with radiation exposure. Sim-
ilar regions, 14q11.2–13.2 and 14q22.3–24.3, have been
previously documented in a loss of heterozygosity (LOH) anal-
ysis of 14q in pleural MM.25 Recurrent LOH at 14q11-q13 has
also been reported in head and neck cancer, lung carcinoma,
and nasopharyngeal carcinoma,26-28 leading us to hypothesize
that this region harbors one or more TSGs. The putative TSG
NFKBIA, located at 14q13.2, is an intriguing possibility.11

Deletion, rather than mutation, of NFKBIA promotes tumori-
genesis in glioblastomas that do not have alterations of EGFR.
Moreover, restoration of the expression of NFKBIA attenuated
the malignant phenotype and increased the vulnerability to
chemotherapy of glioblastoma cells cultured from tumors with
NFKBIA deletion. It also reduced the viability of glioblastoma
cells with EGFR amplification but not of cells with normal gene
dosages of both NFKBIA and EGFR. A promising candidate in
the 14q22.3–24.3 region is HIF1A, which has been implicated
in renal cell carcinoma.29 This gene showed no copy number
losses in the radiation-related MM cases, but was seen in 17%
of the asbestos-related MM cases, a difference that did not
meet our difference threshold or p-value cutoff. Loss of 14q is
also seen in breast carcinomas that harbor BRCA2 mutations,30

suggesting that progressive loss of tumor suppressor function
involving 14q requires more than one locus for cancer progres-
sion; this may be a necessary oncogenic event in some tumors
but not a sufficient one.

The regions of loss in chromosome arms 6q and14q in
asbestos-related MM overlap in peritoneal and pleural tumors
and, thus, are independent of disease site and may represent a
common link between asbestos exposure and MM. In part this
may explain some of the aforementioned differences seen in
pleural and peritoneal disease in that only the asbestos-attrib-
uted cases have genetic similarity. If correct, this indicates that
a subset of peritoneal MMs has similar causation and behavior

Figure 3. Significant regions of gains and losses in pleural and peritoneal MM. Fre-
quency data of CNAs for the 41 pleural and 48 peritoneal epithelioid MMs are
shown, with regions significant to p <0.01 and a difference threshold greater than
33% flagged in the column labeled Sig (.01). Red segments in the significance bar
depict regions of significantly different incidence of chromosomal losses between
the 2 disease sites; blue segments equal significantly different sites of chromosome
gains.

Table 2. Cancer related genes within regions of differential gains and losses in epi-
thelioid malignant mesothelioma (MM), by tumor site.

Pleural Peritoneal

Gain Loss Gain Loss

Chr1 TNFRSF14 TRIM33
DVL1 UBE4B

Chr2
Chr3 PBRM1, SETD2 RAF1 PIK3CA
Chr4 KIT
Chr5 ACSL6
Chr6 CCND3, TFEB
Chr7 MLL3 EGFR, ELN

HIP1
Chr8 RECQL4 WRN RUNX1T1

MYC
Chr9 CDKN2A NOTCH1

RALGDS
Chr10 BMPR1A KLF6

SUFU FGFR2
Chr11 CCND1
Chr12 KDM5A PTPN11 KRAS

HOXC11
HOXC13

Chr13 FLT3
Chr14
Chr15 CASC5
Chr16 FUS

HERPUD1
Chr17 RABEP1 BRCA1, RARA

SUZ12 CANT1
Chr18
Chr19 STK11, ELL, AKT2
Chr20 ASXL1
Chr21
Chr22 PDGFB, MKL1, SMARCB1

EP300, CHEK2, NF2
PATZ1, MYH9
CLTCL1, BCR
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as pleural tumors, but that a higher proportion of non-asbes-
tos-related peritoneal cases results in the observed epidemio-
logic and molecular features that are distinct from those of
pleural MM.

Likewise, it may be that a subset of pleural MM are geneti-
cally similar to peritoneal disease when radiation is thought to
be the cause. Our series has only 2 post-radiation pleural MMs,
and neither of these cases showed losses of 6q or 14q. In addi-
tion, it has been noted that patients with pleural MM secondary
to radiation are younger and have a better overall survival than
other pleural MM,31 clinical features also observed in peritoneal
MM.

A variety of post-radiation human tumors have been
shown to exhibit differences in copy number when com-
pared to counterparts not connected with such an exposure.
In survivors of atomic bomb irradiation, significant differ-
ences in genomic instability have been described in subse-
quent breast carcinomas, with post-radiation tumors
tending to show more copy number gains than losses, when
compared to a control group of breast cancers.32 In another
series, characterization of genomic alterations in radiation-
associated breast cancer among 32 childhood cancer survi-
vors revealed that 23 (72%) showed an amplifier pheno-
type,33 with the remainder showing either simple alterations
or complex mixtures of gains and losses. In post-radiation
sarcomas, increased CNAs, mostly gains, have been
described in most subtypes, except osteosarcoma. Specifi-
cally, gains of chromosomal regions 7q11.2-q21, 7q22,
7p15-pter and 8q23-qter were associated with radiation
exposure and a poor prognosis.34 In thyroid cancer, largely
studied in post-radiation Chernobyl cohorts, gains again
exceeded losses,35-37 particularly in regions of chromosomes
1, 2, 5, 6p, 7, 9p, 12q, 13, 14, 16p, 17q, 20q, 21 and 22.
RET translocations and amplifications were also described.
Thus, like the post-radiation MMs in our investigation,
most post-radiation tumor types are characterized by an
increased prevalence of DNA copy number gains.

Radiation exposure has been associated with induction of
CNAs in various cell types. For example, in vitro studies of
fibroblasts have shown an induction of CNAs after radiation
exposure,38 and amplification of MYC was observed in rat skin
tumors induced by radiation.39 When lymphoma cells are
exposed to radiation in vitro, amplification of the MCL1 gene
and a preponderance of copy number gains in 1q, 2p, 3q, 6p, 7,
11q, 12p and 16 have been reported.40

In summary, peritoneal and pleural MMs show a similar
overall distribution of CNAs, although peritoneal tumors dis-
play a higher frequency of gains and lower frequency of losses
than their pleural counterparts. Losses at sites of TSGs are pro-
portionately more common in pleural MM, whereas gains tend
to occur more frequently in regions encompassing genes
encoding RTK pathway members in peritoneal MM. More
striking regional chromosomal differences are seen when focus-
ing on causation, with deletions in chromosome arms 6q, 14q,
17p and 22q and gains in 17q seen in connection with asbestos
causality regardless of disease site.

Materials and methods

Columbia university MM samples

We identified 48 cases of snap frozen, epithelioid peritoneal
MM tissue and 3 cases of pleural MM tissue from the
Columbia University Cancer Center Tissue Bank with
Columbia IRB approval. Frozen sections were cut at 8-
micron thickness, and manual needle dissection of tumor-
rich areas was performed with an 18-gauge needle on an

Figure 4. Significant regions of gains (blue) and losses (red) in radiation- associated versus asbestos-associated epithelioid MM. CNAs between 9 post-radiation MM cases
and 32 post-asbestos cases are displayed with regions significant to p <0.05 and a difference threshold greater than 33% flagged in the upper row labeled Sig .05. Note
the elevated proportion of radiation-exposed MMs with extended regions of chromosomal gain in 1q, 3q and 5p relative to asbestos-exposed tumors. Additionally, there
is an elevated proportion of asbestos-associated MMs with extended or multiple regions of chromosomal loss in 6q, proximal 14q and 22q relative to that observed in
post-radiation cases of MM.

Table 3. Cancer related genes within regions of differential gains and losses in epi-
thelioid MM, by radiation and asbestos causality.

Radiation Asbestos

Chromosome Gain Loss Gain Loss

1 PDE4DIP
FCGR2B
ABL2
MDM4
JAK1

3 MLF1 BAP1
PIK3CA
GMPS
MITF
FOXP1
SRGAP3

5 APC ACSL6
TERT
RANBP17
LIFR

6 LATS1
7 ETV1
11 MLL
14 NFKBIA
16 FUS
17 COL1A1
22 EP300
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Olympus microscope at 40X magnification and collected by
vacuum suction into a pipette tip. For each sample, a total
of 500 ng of DNA was collected and subjected to DNA
copy number analysis using an Affymetrix Genome Wide
Human SNP Array 6.0, which includes more than 906,600
SNP probes and >946,000 oligonucleotide probes for the
detection of copy number variation (CNV) (www.affyme
trix.com). Sample preparation, hybridization and scanning
were performed using GeneChip® Instrument System hardware
according to the manufacturer’s specifications (Affymetrix,
Santa Clara, CA). The intensities of both SNP and CNV probes
were used to determine segments that varied in copy number.
Data analysis was performed using Nexus Copy Number Soft-
ware, Version 6.0 (BioDiscovery, Hawthorne, CA). The
FASST2 Segmentation algorithm was used to make copy num-
ber calls (a Hidden Markov Model approach). The significance
threshold for segmentation was set at 5 £ 10¡7, also requiring
a minimum of 3 probes per segment and a maximum probe
spacing of 1000 between adjacent probes before breaking a seg-
ment. The log ratio thresholds for single copy gain and single
copy loss were set atC0.2 and ¡0.15, respectively. The log ratio
thresholds for gain of 2 or more copies and for a homozygous
loss were set at C0.7 and ¡1.1, respectively. Array results were
analyzed using Nexus Copy Number 6.0 software for subgroup
comparisons studies.

Memorial sloan-kettering cancer center (MSKCC) data

Copy number data were obtained from 53 pleural MM cases
previously published by Bott et al. 10 (http://cbio.mskcc.org/
Public/Ladanyi_lab_mesothelioma_data sets). Specifically,
annotated data was downloaded along with Agilent 244K com-
parative genomic hybridization arrays and imported into a
Nexus Copy Number 6.0 experiment using FASST2 Segmenta-
tion protocol with a significance threshold of 1 £ 10¡4, maxi-
mum contiguous spacing of 1000 and a minimum of 3 probes
per segment. The log ratio thresholds for gain of 2 or more cop-
ies and for homozygous loss were set at C0.7 and ¡1.1, respec-
tively. Altogether, 38 cases of epithelioid type pleural MM were
then selected, and the annotated data included asbestos expo-
sure history in 20 cases.

All analyses were performed using Nexus software analy-
sis tools. Factor aggregates based on site of disease (pleural
versus peritoneal) and for cases with annotation of sus-
pected causation (radiation vs. asbestos) were displayed and
paired comparisons for CNAs were performed. Tracks for
genes, microRNA and Cancer Census genes41 were dis-
played. Cancer Census genes are an ongoing effort by COS-
MIC/Wellcome Trust Sanger Institute to catalog cancer
associated genes.
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