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Overall Conclusions #1 

ÅLarge scale (i.e, 1000s of individuals) genetic/genomic studies using matched tumor and normal tissues 
show that Pathogenic Germline Mutations in Highly Penetrant Genes CAUSE Cancer and can do so 
independent of any other factors (i.e., exogenous exposures to toxicants).

ÅThe initiation and progression of cancers caused by pathogenic germline mutations in these highly 
penetrant genes are due to 

Åendogenous genetic mechanisms [i.e., inactivating acquired somatic mutations and/or Loss of 
Heterozygosity (LOF; i.e., mitotic recombination, gene conversions, and interstitial deletions)], or

Ådue to endogenous metabolic processes and the accumulation of endogenous metabolites (i.e., 
formaldehyde, acetaldehyde and methylglyoxal, etc.).



Overall Conclusions #2 

ÅIn the context of Malignant Mesothelioma (MM), my group and I recently published a 
study in Nature Scientific Reports (Nielsen et al., 2025) confirming that highly penetrant 
pathogenic germline mutations in the BAP1 Gene in mice can and do cause 
mesothelioma independently of asbestos exposure.

ÅάLǘ is very important that those caring for these patients understand that genetically 
linked mesotheliomas, especially when detected at an early stage, have a much less 
aggressive clinical course compared to patients with asbestos-induced mesotheliomas: 
These are different diseases. The former is minimally invasive, patients survive for 
several years and respond to therapy. Some patients have been cured,..έ Novelli et al., 
2024 



MM Developing in BAP+/- Carriers are 
a Different Disease, Biologically, Histologically, and Clinically

Two Independent Studies Uncover a Novel, Less Aggressive Variant of Mesothelioma Linked to Germline BAP1 Mutations (Wu 2025-National Cancer Institute NCI; Carbone 2025; University of 
Hawaii Cancer Centerτ illuminate a previously unrecognized subset of mesothelioma patients whose tumors exhibit markedly less aggressive clinical behavior and respond favorably to 
therapeutic interventions.



ÅCancers caused by an Inherited 
Mutation are called Hereditary Cancers. 
The remaining cancers - those not 
caused by an inherited mutation - are 
called sporadic cancers. 

ÅMost cancers are sporadic, but overall, 
about 10-20% of ALL CANCERS are 
caused by an inherited mutation 
(Facing Our Risk of Cancer Empowered 
(FORCE): 
https://www .facingourrisk.org/)

ÅThese Hereditary Cancer Predisposition 
Syndromes are caused by mutations 
(changes) in certain genes that are 
passed down from parents to children.

Adapted from Imyanitov et al., 2023

At Least 10-20% of All Cancers are 
Caused by Highly Penetrant Germline (Inherited) Pathogenic Mutations
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Hereditary Cancers Tend to Present Earlier in Life

Adapted from Imyanitov et al., 2023

άΧsince every cell in the target organ already 
contains one alteration in a cancer gene, the 
probability of accumulation of a critical mass 
of additional oncogenic mutations in any given 
cell clone is high, and cancer manifestation 
often occurs at a relatively young age.έ

Imyanitov et al., 2023



NATURE GENETICS | VOL 53 | NOVEMBER 2021 | 1522ς1526 | www.nature.com/naturegenetics

Highly Penetrant Pathogenic Germline Variants 
in Essential Genes Drive Tumorigenesis Without Other Factors

Memorial Sloan Kettering Cancer Center 
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Highly Penetrant Pathogenic Germline Variants 
in Essential Genes Drive Tumorigenesis Without Other Factors

Dynamic Model of Carcinogenesis: 
άTumor development depends on complex 
interactions between germline variants (dark 
blue), somatically acquired variants (yellow) and 

environmental exposures (green). Pene-
trance also has a modifying role in 
which highly penetrant (germ-
line) variants are more likely to 
drive tumorigenesis without  the 
influence of other factors.έ 

Chanock, 2021; Nature Genetics

Adapted from Chanock, 2021; based on data generated from a massive genomics study published by Srinivasan et al., 2021; Nature Genetics



Highly Penetrant Pathogenic Mutations in BAP1, TP53, BRCA1/2, BARD1, etc. Allow 
Cells to Endogenously Acquire up to All 10 Hallmarks of Cancer

Å Douglas Hanahan and Robert A. Weinberg published the landmark article 

ά¢ƘŜ Hallmarks of /ŀƴŎŜǊέ in the journal Cell in 2000;  updated in 2011, and 

Hanahan, 2022. 

Å Hanahan and Weinberg described ten principal cellular traits shared by 

virtually all forms of human cancers. Collectively, these essential alterations 

in cell physiology dictate tumor initiation, development, growth and 

metastases.

Å Each of these 10 acquired capabilities ς evasion of apoptosis, self-sufficiency 

in growth signals, insensitivity to growth inhibition signals, limitless 

replicative potential, sustained angiogenesis, and tissue invasion/metastasis, 

etc. ς represents the successful circumvention of 

inherent anticancer defense mechanisms of cells 

and tissues. Adapted from Acebes-Fernandez et al., 2020



Krevanko (September 7, 2025) ς Genetic Predisposition 
is an Independent Risk Factor for Mesothelioma

άhǳǊ ŦƛƴŘƛƴƎǎ ǎǳƎƎŜǎǘ ǘƘŀǘ ŀ ƎŜƴŜǘƛŎ 
predisposition for malignancy 
contributes to U.S. mesothelioma rates 
and is a distinct risk factor independent 
ƻŦ ŀǎōŜǎǘƻǎ ŜȄǇƻǎǳǊŜΦέ Krevanko et al., 2025



Highly Penetrant Pathogenic Mutations in the BAP1 Gene Cause Spontaneous 
Mesothelioma and other Cancers Independent of Asbestos Exposure

ñPathogenic mutations in BAP1 have been shown not only to initiate tumors, 

but to also drive the subsequent acquisition of endogenous mutations and 

epigenetic changes85ï90. Much like TP53, studies have demonstrated that 

BAP1 functions within the parameters of all three classes of tumor suppressor 

genes: as gatekeeper (directly regulating cell cycle control and cell 

proliferation); as caretaker (regulating genomic stability); and as landscaper 

(regulating chromatin modification)30,32,91,92. By fulfilling the function of all three 

classes of tumor suppressors, is it not surprising that pathogenic heterozygous 

germline BAP1 null mutations can behave in a haploinsufficient manner, via 

either dominant-negative interactions or gain-of-neomorphic function(s) effects, 

ultimately causing cancer in nearly all germline carriers28,31,32,93ï96.ò Nielsen et 

al., 2025



Nielsen 2025 v. Kadariya 2025 
Evidence from Animal Models

ÅBayesian analysis shows significantly higher spontaneous mesothelioma rates in BAP1-mutant mice vs wildtype, 
in asbestos-free settings (Nielsen 2025)

ÅOur Neilsen study involved thousand of mice as reported from Kadariya 2016; Cheung and Testa, 2017, plus data 
from several mouse studies

ÅNielsen approach: 

ÅHigh statistical power because of many mice; moderate bias risk

ÅNielsen study supports a genetic causation etiology independent of asbestos exposure.

ÅNew Kadariya 2025 study involved 329 mice and is inconclusive

ÅSeverely underpowered: For events (MMs) occurring at ~0.6% frequency in mutant animals, detecting a 
statistically significant difference requires thousands, not hundreds (329) of animals (between 2634-3088 
mice per arm), 



Similar Data for Other Highly Penetrant Genes
Novelli et al., 2024 Prassas et al., 2025



A Substantial Subset of Mesotheliomas are Genetically Driven

ÅA substantial subset (~20%) of mesotheliomas are genetically driven (e.g., 
BAP1, BARD1, BRCA1/2, TP53, NF2, etc.) and constitute a distinct disease 
entity.

ÅThese tumors differ from asbestos-induced mesotheliomas across 
epidemiology, age at diagnosis, morphology, biology, prognosis, and 
management.

ÅKey sources: Congedo 2024; Novelli 2024; Carbone 2025; Nielsen 2025, Wu 
2025, Prassas 2025, Calderon 2025, Krevanko 2025.



ÅUnique histologic patterns reported in BAP1 carriers (multicompartment, 
less aggressive features). (Carbone 2025; Wu 2025)

ÅDifferential immunophenotype and molecular signatures compared to 
asbestos-related disease. (Carbone 2025; Wu 2025)

ÅImplications for pathology workflows: integrate germline context when 
interpreting biopsies.

BAP1 Morphology & Pathology



Diagnostic & Management Implications

ÅScreen for germline predisposition (BAP1, BARD1, BRCA1/2; TP53, and 
others) in young/low-exposure patients.

ÅAdjust surveillance: periodic imaging and multi-tissue assessment in BAP1 
carriers. (Carbone 2025; Wu 2025)

ÅTherapeutic angles: DNA repair vulnerabilities; epigenetic therapies; 
personalized trial enrollment. (Congedo 2024; Carbone 2025; Wu 2025)



ÅLarge amounts of recent data allow experts in genetics to objectively and 
reproducibly  distinguish between genetically caused mesotheliomas and 
asbestos-induced mesotheliomas.

ÅLawyers and experts need to truly understand the meaning of the recent data 
Åarticles by experts in genetics seldom use words to state conclusions that are obvious to 

other scientists; they instead provide and show the data, often in figures and tables  

ÅData shows that genetically caused mesotheliomas differ from asbestos-induced 
mesotheliomas with respect to epidemiology, histopathology, molecular 
mechanisms, prognosis, and clinical management.

ÅRecognizing this distinction changes screening, counseling, and treatment.

Take-Home Conclusions
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ToxicoGenomica
Multidisciplinary group of geneticists, scientific consultants, and counsel 

offering consulting and expert services in genomics 
& systems biology regarding sources of diseases and birth defects



Caveats and Copyright

Presentation slides are composed and provided for educational and informative purposes with the caveat 
that they are condensed and imperfect methods for communicating sometimes complex information

The individual and collective slides are not intended to cover all factors that may be relevant to a particular 
situation, and should be considered in context

This presentation and materials are ©Copyright 2025 ArrayXpress, Inc. except for images attributed to 
others. All rights reserved; copying or screenshotting of slides is not allowed
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The Role of Medicine and Science in 
Asbestos Litigation: Genetics

tŜǊǊƛƴΩǎ bŀǘƛƻƴŀƭ !ǎōŜǎǘƻǎ [ƛǘƛƎŀǘƛƻƴ /ƻƴŦŜǊŜƴŎŜ
The Charleston Place Hotel
September 17, 2025
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John Hurst, Motley Rice LLC 
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вƣőĲƖĲШŔƚШŰŸƣőŔŰŊШŰĲƽШƨŰĬĲƖШ
the sun.
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Susceptibility



24

Napolitano
Χ όнлмсύ

Minimal asbestos exposure in germline BAP1 
heterozygous mice is associated with deregulated 
inflammatory response and increased risk of 
mesothelioma

Napolitano, L Pellegrini, Dey, Larson, Tanji, Flores, Kendrick, Lapid, 
Powers, Kanodia, Pastorino, Pass, Dixit, Yang, Carbone
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YŀŘŀǊƛȅŀΧ 
(2024)

Low Exposures to Amphibole or Serpentine Asbestos in 
GermlineBap1-mutant Mice Induce Mesothelioma 
Characterized by an Immunosuppressive Tumor 
Microenvironment

Kadariya, Sementino, Ruan, Cheung, Hadikhani, 
Osmanbeyoglu, Klein-Szanto, Cai, Testa 
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.ŜǘǘƛΧόнлм
8)

Sensitivity to asbestos is increased in patients with 
mesothelioma and pathogenic germline variants 
in BAP1or other DNA repair genes

Betti, Aspesi, Ferrante, Sculco, Righi, Mirabelli, Napoli, Rondón-Lagos, 
Casalone, Lutati, Paola Ogliara, Bironzo, Gironi, Savoia, Maffè, Ungari, 
Grosso, Libener, Boldorini, Valiante, Pasini, Matullo, Scagliotti, 
Magnani, Dianzani
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Highly 
Susceptible
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Highly 
Susceptible

Highly Susceptible Population
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bƛŜƭǎŜƴΧ 
(2025)

Bayesian analysis of the rate of spontaneous malignant 
mesothelioma among BAP1 mutant mice in the absence 
of asbestos exposure

Nielsen, Hsu, Zapata, Ciavarra, and van Zyl
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Giknis and 
Clifford 
(2005) 

Spontaneous Neoplastic Lesions in the Crl:CD-1(ICR) 
Mouse in Control Groups from 18 Month to 2 year 
Studies.
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Ginkis and 
Clifford 
(2005) 
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YŀŘŀǊƛȅŀΧ 
(2025)

Spontaneous Mesotheliomas in Germline Bap1 
Heterozygous Mice from Different Genetic Backgrounds

Kadariya, Zhang, Sementino, Ross, and Testa
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/ŀǊōƻƴŜΧ 
(2025)

Clinical and Pathologic Phenotyping of mesotheliomas 
developing in carriers of Germline BAP1

Michele Carbone, MD, PhD, Michael Minaai, BS, Muaiad Kittaneh, 
MD, MBA,Thomas Krausz, MD, Markku M. Miettinen, MD, Qiang Pan 
Hammarström, MD,PhD, Lennart Hammarström, MD, PhD, Hassan 
Abolhassani, MD, MPH, PhD, IanPagano, PhD, Ronghui Xu, MS, Flavia 
Novelli, PhD, Giovanni Gaudino, PhD, Sandra Pastorino, PhD, Kavita Y. 
Sarin, MD, PhD, Robert T. Ripley, MD, Harvey I. Pass, MD,David S. 
Schrump, MD, MBA, Haining Yang, MD, PhD
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