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Cancer is a Disease
of the Genome
• Cancer is caused by accumulation

genetic mutations

• Mutations can come from many
things other than toxicants

• Once normal cellular processes have
been disrupted, for litigation, you
need to know why.



Cancer is a Disease of the Genome

Anand et al., 2008, Pharm. Res 25:2097-2116

The role of genes 
and environment 

in the 
development of 

cancer



Oncogenic Mutations are
Germline or Somatic
Germline
 Mendelian inheritance (egg /sperm of 

parents)
 Present in every nucleated cell
 Penetrance varies: low, moderate or 

high

Somatic
 Non-germline tissues (a subset of cells)
 Not inherited from parents
 Affected by many exogenous factors



Germline
 inherited from parents- hereditary cancer syndromes (family history)
 epigenetic variants caused by parental behavior such as smoking, drinking, diet etc.

Somatic
 de novo mutations

-sporadic (Sporadic somatic mutations can arise at any tissue at any time. Mutations which occur early in development 
may be indistinguishable from germline mutations.)

-behavior (smoking/indoor-outdoor tanning/diet)
-occupational exposure (asbestos/organic solvents/agricultural chemicals)
-environmental/domestic exposure (lead paint/radon/heavy metal/pesticides)

 Infectious agents 
-viral (HPV, EBV, HIV, Herpes Simplex Virus 8, hepatitis, etc.)
-bacterial (H. pylori- ulcers & stomach cancer)
-other parasites (flatworms: O. viverrini- cancer of the bile ducts in the liver , S. hematobium–
bladder cancer)

Possible Sources of Oncogenic Mutations:



Cell 2000 100, 57-70DOI: (10.1016/S0092-8674(00)81683-9) 

“Hallmarks of Cancer”

Most cancers acquire the same
functional defects during their
progression, albeit through various
mechanistic strategies.



Genomic Technologies in 
the Defense ‘Toolbox’



Genomics has the potential to establish:

 Toxicant exposure at the individual level

 Alternative causation (predisposition)

 Lifestyle and environmental influences

 Individual susceptibility or resistance to toxicant

What can Genomics Add to 
Defense ‘Toolbox’?



Exposure Signatures 
Available?

Claimed
Exposure

Assess Exposure 
Signature

Alternative Causation
(Predisposition)

Individual 
Susceptibility

YESYES NONOYes No

Investment Options

YES

Supporting Studies:
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NO



Genetic Predisposition
 A genotype with increased likelihood of developing a particular disease

 Results from specific genetic variations/mutations either inherited from a parent or
arise during embryogenesis.

 These changes CAN CAUSE or SIGNFICANCTLY CONTRIBUTE to the development of
a disease, depending on the PENETRANCE of the genetic changes.

 Not every carrier of a predisposing genetic variation(s) will get the disease; some
will, others may not, even in the same family.

 PENETRANCE is the proportion of individuals carrying a particular variant(s) [or
allele(s)] of a gene(s) (the genotype) that express its associated trait/phenotype (e.g.
autosomal dominant cancer predisposition syndromes for breast cancer, AML, colon
cancer etc.)



Individual Susceptibility
 Not a bad thing – everyone jumps to “eggshell”
 Measure of sensitivity to the harmful effects of a substance
 Interaction of genotype [genes encoding proteins of the 

“Pathways of Toxicity” (“PoT”)] and substance
 How individual genotypes effect metabolism of a substance
 Individuals can be susceptible or resistant (have protective 

alleles)



Alternative CAUSATION
When to Suspect Hereditary Cancer Syndrome

• Cancer in 2 or more relatives (on same side of family)
• Early age at diagnosis (<50 yrs)
• Multiple primary tumors
• Bilateral or multiple rare cancers
• Constellation of tumors consistent with specific cancer syndrome (e.g. 

melanoma with pancreatic cancers, breast and ovarian, colon with endometrial)
• Evidence of autosomal dominant transmission (e.g. 1st 2nd, 3rd degree relatives)
• Ancestry (e.g. Ashkenazi ancestry) 



ArrayXpress Uses a  
Gated Design Process



Phase 1: Case Evaluation

 Sufficient body of relevant scientific knowledge?

 Evidence/record/mode of exposure?

 Lifestyle/behavioral risks?

 Family medical history of related diseases?

 Previous genetic diagnostics?

 Tissue sample availability? Tissue type?

Yes No



De Novo is Dying



Subset of Court Approved 
Genomics Queries by ArrayXpress

Plaintiff Defendant Age at 
diagnosis Cancer Toxicant

Cacoilo Sherwin-Williams et 
al. 24 AML benzene

Blackford-Cleeton Marathon Oil et al. 32 Mesothelioma/
Melanoma asbestos

Leach BP et al. 58 AML benzene

Guzman Exxon Mobil et al. 28 papillary thyroid cancer α-radium 
(226Ra/228Ra)

Harvey Sunoco et al. 34 AML benzene



Jessica Blackford-Cleeton
versus

AK Steel Corporation, et al.



 Plaintiff was Diagnosed with Malignant Peritoneal Mesothelioma at
age 32 (average age of onset >55).

 Plaintiff was also diagnosed with Malignant Melanoma eight months
prior to the diagnoses of her Malignant Mesothelioma.

 Claim: Indirect childhood exposure to the asbestos carried home by
the Plaintiff’s father, an oilfield worker, caused the early onset of
malignant mesothelioma.

Blackford-Cleeton v. AK Steel 
Corporation, et al.



 Sufficient body of relevant scientific knowledge?

 Evidence/record/mode of exposure?

 Lifestyle/behavioral risks?

 Family medical history of related diseases?

 Previous genetic diagnostics?

 Tissue sample availability? Tissue type?

Phase 1: Case Evaluation
Yes No










Blackford-Cleeton v AK Steel Corporation, et al.



Phase 2: Project Development

 On the basis of the Plaintiff’s known pathogenic
genotype, client requested a literature limited search for
alternative causation (no genetic work-up).

 Hypothesis: The Plaintiff’s known pathogenic genotype is
not a known driver of malignant mesothelioma.

Blackford-Cleeton v AK Steel Corporation, et al.



Phase 2: Execution
Key data from Plaintiff’s medical records:

 Known Pathogenic Germline CDKN2A c.9_32dup24
variant

 Multi-Generational Pedigree of Related Cancers

 Plaintiff engaged in high risk behavior (tobacco smoking, 
indoor-outdoor tanning, excessive caloric intake)

Blackford-Cleeton v AK Steel Corporation, et al.



Multi-Generational Pedigree of 
Related Cancers

Blackford-Cleeton v AK Steel Corporation, et al.



Phase 2: Execution

Researched peer reviewed published
literature to develop alternate model(s)
of disease etiology based on Plaintiff’s
genotype, family history, and medical
records.

Blackford-Cleeton v AK Steel Corporation, et al.



Phase 3: Expert Report

Establish Biologically Plausible 
Model(s) of Alternate Causation

Blackford-Cleeton v AK Steel Corporation, et al.



CDKN2A: 
A Critical Checkpoint for Cell Cycle Progression



The Plaintiff was Diagnosed with a 
Pathogenic CDKN2A c.9_32dup24 Mutation

Becker et al., 2005

CDKN2A mutations 
can subsequently 

cause DNA double-
strand breaks (DSBs) 
in the absence of 

any exogenous 
DSB stimulus

Pickering & Kowalik, 2006

“unrestrained G1/S 
phase transition”



Homozygous Loss of the Entire 
CDKN2A/B gene locus

This deletion is the 
most common 

somatic deletion in 
both Malignant

Mesothelioma & 
Melanoma

(Altomare et al., 2011)



CDKN2A Germline Mutations are Hereditary 
Drivers for Malignant Mesothelioma & Melanoma



Mouse studies showed that a
somatic loss of heterozygosity ‘second hit’ is 
essential for tumorigenesis in both Malignant 
Mesothelioma and Melanoma

(Serrano et al., 1996; Altomare et al., 2011)



Phase 3: Expert Report –
Biologically Plausible models of Alternate 
Causation based on peer reviewed published 
literature

Blackford-Cleeton v AK Steel Corporation, et al.

Model 1: Genetic Anticipation

Model 2: pRb inactivation

Model 3: Smoking and UV-radiation induction

Model 4: Metastasis compounding model

Model 5: Unknown genetic factors



Phase 3: Biologically plausible 
model of alternate causation

Autosomal Mendelian/ 
Monogenetic Dominant
Inheritance confirmed

Mom: CDKN2A, BRCA1&2
Daughter: CDKN2A
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Genetic Anticipation

Blackford-Cleeton v AK Steel Corporation, et al.

Oncogenic germline driver variants 
exhibit genetic anticipation 

Model 1: Genetic Anticipation



pRb
inactivation

(independent from 
any risk factors)

pRb
inactivation

(independent from 
any risk factors)

GERMLINE

CDKN2A
+/-

Malignant
Cutaneous
Melanoma

Malignant
Mesothelioma

2nd Hit
CDKN2A

-/-

2nd Hit
CDKN2A

-/-
JBC

Blackford-Cleeton v AK Steel Corporation, et al.

Phase 3: Biologically plausible 
model of alternate causation

Model 2: pRb inactivation
 pRb inactivation/E2F1-deregulation

directly triggers DNA DSBs in normal
and transformed fibroblast cells, in the
absence of any exogenous DSB
stimulus (Pickering & Kowalik, 2006).

 The DSBs manifests as genomic
rearrangements, chromosomal
abnormalities, DNA repair errors, &
aneuploidy.

 Deregulation of E2F1 upon pRb
inactivation contributes to the
accumulation of DNA DSBs by
preventing the timely repair of
endogenous DNA DSBs to advance cell
cycle progression.



Blackford-Cleeton v AK Steel Corporation, et al.

Phase 3: Biologically plausible 
model of alternate causation

Model 3: Smoking/UV-
induced

Smoking & UV-radiation 
causes DNA DSBs, known 
to results in the 
homozygous loss of the 
entire CDKN2A gene locus

GERMLINE

CDKN2A
+/-

Malignant
Mesothelioma

JBC

Malignant
Cutaneous
Melanoma

2nd Hit
CDKN2A

-/-

2nd Hit
CDKN2A

-/-

SMOKING

UV 
radiation

UV 
radiation



Model 3: Smoking and UV radiation induces DNA DSBs

 This was unexpected because neither smoking nor UV radiation are
considered risk factors for mesothelioma.

 Hirao and co-workers concluded that the effect of smoking on germline
CDKN2A carriers developing malignant mesothelioma is limited to a very
small subpopulation of patients, and this causal association has likely not
been detected in epidemiologic studies (Hirao et al., 2002).

Smoking and UV radiation are significant risk factors for 
Malignant Mesothelioma in carriers of germline CDKN2A 

mutations



 Helgadottir et al. (2014; 2016) and Tam et al. (2013) also
confirmed that germline CDKN2A mutations confer a significant
increased sensitivity to carcinogens in tobacco smoke; carriers
should be counselled to permanently abstain from smoking.

 Similarly, Potjer et al., (2015) found exposing germline CDKN2A
carriers to cigarette smoke significantly increases their risk of
developing various types of cancers. They concluded smoking
cessation should be an integral part of the clinical management
of pathogenic CDKN2A germline variant carriers

Model 3: Smoking and UV radiation 
induces DNA DSBs



Blackford-Cleeton v AK Steel Corporation, et al.

Phase 3: Biologically plausible 
model of alternate causation

Model 4:
Metastasis Compounding

Malignant
Mesothelioma/or 

pseudo 
mesothelioma

GERMLINE

CDKN2A
+/-

2nd Hit
CDKN2A

JBC

Malignant
Cutaneous
Melanoma

2nd Hit
CDKN2A

Metastasis

-/--/-
It was clearly stated in  the plaintiffs medical 
records, that melanocytes were found in one 
of her lymph nodes-possible evidence of 
metastases



Blackford-Cleeton v AK Steel Corporation, et al.

Phase 3: Biologically plausible 
model of alternate causation

Model 5:
Loss of ? heterozygosity

Note: Plaintiff was not
tested for any other
germline mutations, but her
family history and clinical
inclusion criteria suggested
genetic screening for several
additional cancer pre-
disposition syndromes.

Other 
Risk 

Factors?

Malignant
Mesothelioma

GERMLINE

?
+/-

2nd Hit
?

-/-
JBC

Malignant
Cutaneous
Melanoma

2nd Hit
?

-/-

Metastasis



Phase 4:

Blackford-Cleeton v AK Steel Corporation, et al.

The Case was recently Settled



Maria Cacoilo, individually and on behalf of
the estate of Nilton Cacoilo, and Jose Cacoilo

versus
The Sherwin Williams Company, et al. 



 Plaintiff was diagnosed with acute myeloid leukemia (AML) at age 
24 (average age of onset 67).

 Claim: Occupational exposure to benzene over a short period while
serving in the military caused Plaintiff’s AML.

Cacoilo v Sherwin Williams Company, 
et al. 



 Body of relevant scientific knowledge?

 Evidence/record/mode of exposure?

 Lifestyle/behavioral risks?

 Family medical history of related diseases?

 Previous genetic diagnostics?

 Tissue sample availability? Tissue type?

Phase 1: Case evaluation

Yes No



Cacoilo v Sherwin Williams Company, et al.











Phase 2: Project Development 

Hypothesis: Plaintiff does NOT harbor genetic
markers known to be associated with familial
MDS/AML, de novo AML, and/or the onset of
hematologic cancers

Cacoilo v Sherwin Williams Company, et al.



Phase 2: Execution 

Next Generation Sequencing was performed on Plaintiff’s 
germline, non-cancerous genomic DNA from FFPE 
preserved adrenal tissue.

Cacoilo v Sherwin Williams Company, et al.



Phase 2: Findings

CGARN: Cancer Genome Atlas Research Network

1,761,104 
genetic variants

258,024 
rare variants

305,616 
cancer associated variants

42,739 
rare variants

171
high impact variants

134
high impact variants

746
possibly deleterious/ 

damaging variants

49
AML specific variants

345
AML specific variants

Cacoilo v Sherwin Williams Company, et al.

non-cancer 
associated genes

common 
variants

1,761,104 SNP 
variants identified 
by whole genome 
sequencing filtered 
by various paths

non-cancer 
associated genes

low/moderate 
impact variants

low/moderate &  
deleterious/damaging 
impact variants

common 
variants

non-AML associated 
variants (CGARN)

tolerated (SIFT) & benign 
(PolyPhen) variants



Phase 2: Execution – Findings

Over 300,000 cancer relevant genetic variants identified.

19 of these variants were validated by an independent 
methodology.

Hypothesis is rejected: Plaintiff does harbor 
genetic markers known to be associated with 

AML, particularly de novo AML.

Cacoilo v Sherwin Williams Company, et al.



Primer of Leukemia
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Phase 3: Expert Report

TET2 gene mutations

 Plaintiff was heterozygous for two germline TET2 variants c.100C>T
(p.Leu34Phe) (MAF = 0.64%) and c.5333A>G (p.His1778Arg) (7.91%). Both
are known, disease-associated, predicted to be highly deleterious and/or
damaging mutations.

 TET2 encodes an epigenetic regulator of Hematopoietic Stem Cell (HSC)
self-renewal thus is important to hematopoietic homeostasis. Loss of TET2
function has been linked to the expansion of HSC population.

Nakajima and Kunimoto, 2014; Shih et al., 2015; Mehdipour et al., 2015

Cacoilo v Sherwin Williams Company, et al.



Somatic TET2 mutations 
are common in a variety of 
hematological 
malignancies. AITL, 
angioimmunoblastic T-cell lymphoma; AML, 
acute myeloid leukemia; CMML, chronic 
myelomonocytic leukemia; DLBCL, diffuse 
large B-cell lymphoma; FL, follicular 
lymphoma; MDS, myelodysplastic syndrome; 
MPN, myeloproliferative neoplasm; PTCL-NOS, 
peripheral T-cell lymphoma, not otherwise 
specified; T-LBL, T-lymphoblastic lymphoma.

-Nakajima and Kunimoto, 2014

Cacoilo v Sherwin Williams Company, et al.

Phase 3: Expert Report – TET2
Biologically plausible model of alternate causation



Somatic Mutations in TET2 
are common drivers of AML 
(screen of 1540 patients). 
Each bar represents a distinct driver lesion; the 
lesions include gene mutations (e.g.), 
chromosomal aneuploidies, fusion genes, and 
complex karyotypes. The colors in each bar 
indicate the molecular risk according to the 
European Leukemia Net (ELN) classification.  

- Papaemmanuil et al., 2016

Cacoilo v Sherwin Williams Company, et al.

Phase 3: Expert Report – TET2
Biologically plausible model of alternate causation



Somatic TET2 mutations (yellow bar) 
are extremely rare prior to age 40 and 
increase thereafter. TCGA, The Cancer 
Genome Atlas (Xie et al., 2014)

Cacoilo v Sherwin Williams Company, et al.

Phase 3: Expert Report – TET2
Biologically plausible model of alternate causation



A hematopoietic stem or progenitor cell—which
may have inherited or de novo acquired a JAK2
and/or TET2 mutation early in the course of
progression to acute myeloid leukemia.
Additional mutations are then acquired,
including mutations of TET2, JAK2 and
unidentified lesions, leading to the
development of clinical disease. The eventual
disease phenotype is likely to reflect the
progenitor in which the initiating mutations
manifest in addition to the complement of
oncogenic mutations. Multiple clones bearing
different mutations may be present in the same
individual. Myeloproliferative and
myelodysplastic disorders may then acquire
additional lesions and progress to acute myeloid
leukemia.
Mulligan, 2009

Cacoilo v Sherwin Williams Company, et al.

Phase 3: Expert Report – TET2
Biologically plausible model of alternate causation
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Phase 3: Expert Report – TET2
Biologically plausible model of alternate causation
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Phase 3: Expert Report – TET2
Biologically plausible model of alternate causation
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Phase 3: Expert Report – TET2
Biologically plausible model of alternate causation

TYK2

Other pathogenic germline mutations



Phase 4: Response to Plaintiff’s Expert

 Plaintiff’s Expert attributed the Plaintiff’s AML to an
increased susceptibility to benzene exposure.

 Additional hypothesis: Plaintiff harbors gene variants which
confer an increased susceptibility to benzene exposure.

 Plaintiff’s genome was examined for all known genetic
variants associated with susceptibility to benzene exposure

Cacoilo v Sherwin Williams Company, et al.



Cacoilo v Sherwin Williams Company, et al.

Phase 4: Response to Plaintiff’s Expert -
Findings
Gene ID rs number Validation Method Cacoilo’s Genotype Allele of Interest Reference

ALOX5 rs4948671 TaqMan T/T C/C or C/T K

ALOX5 rs7099684 TaqMan T/T A/A or A/T K

BLM rs2270132 TaqMan C/C A/A or A/C H

BLM rs16944894 TaqMan A/A A/G or G/G H

BLM rs414634 TaqMan G/T (A/C) G/T or T/T H

CRP rs1800947 TaqMan C/C C/G K

CSF3 rs1042658 TaqMan C/C T/T G

CYP2E1 rs3813867 TaqMan G/G G/C or C/C J, N

CYP2E1 rs2031920 Sanger C/C C/T or T/T D, F

EPHX1 rs1051740 TaqMan C/T C/T or C/C B, D

EPHX1 rs2234922 TaqMan A/A A/G or G/G B, D

ERCC3 rs4150441 TaqMan C/T C/C C

MAP3K2 (ERCC3) rs6731176 Sanger C/C T/T C

GSTP1 rs947894 Sanger G/G A/G B, D

IL-1A rs1800587 TaqMan G/G T/T G

IL-4 rs2243248 TaqMan T/T G/G G

IL-10 rs1800871 TaqMan C/C (G/G) C/C G

IL12A rs568408 TaqMan G/G A/A G

MPO rs2071409 TaqMan T/T G/G or G/T K

MPO rs2333227 Sanger G/G A/A B, D, F  

MBP rs470261 TaqMan A/G A/G K

NQO1 rs1800566 TaqMan C/C (G/G) T/T A, B, D, I, J, L, M, N

NQO1 rs4986998 Sanger C/C C/T D, F

RAC2 rs2239773 Sanger G/G A/G K

RAD51 rs4924496 Sanger C/C C/T H
TP53 rs12951053 TaqMan T/T (A/A) G/G H

VCAM1 rs1041163 TaqMan T/T C/C or C/T K, G

VCAM1 rs3176867 TaqMan C/C C/T K

VEGF rs3025030 TaqMan C/C G/G C

VEGF rs833058 TaqMan C/T T/T C

VEGF rs699946 TaqMan A/G A/A C

WDR79 rs2287499 TaqMan C/G C/G H

Plaintiff’s genotype for 32 variants 
examined indicated:
 23 variants not linked to increase 

benzene sensitivity (normal, non-risk 
wild-type alleles)

 1 variant has inconclusive benzene(red) 
response.

 2 variants were linked to increased 
benzene sensitivity (pink) but 
published reports contradicted each 
other.

 6 variants were Protective: associated 
with decreased benzene 
response/sensitivity (green)



Cacoilo v Sherwin Williams Company, et al.

Phase 4: Response to Plaintiff Expert -
Findings

Gene ID rs number Validation Method Cacoilo’s Genotype Allele of Interest Reference

ALOX5 rs4948671 TaqMan T/T C/C or C/T K

ALOX5 rs7099684 TaqMan T/T A/A or A/T K

BLM rs2270132 TaqMan C/C A/A or A/C H

BLM rs16944894 TaqMan A/A A/G or G/G H

BLM rs414634 TaqMan G/T (A/C) G/T or T/T H

CRP rs1800947 TaqMan C/C C/G K

CSF3 rs1042658 TaqMan C/C T/T G

CYP2E1 rs3813867 TaqMan G/G G/C or C/C J, N

CYP2E1 rs2031920 Sanger C/C C/T or T/T D, F

EPHX1 rs1051740 TaqMan C/T C/T or C/C B, D

EPHX1 rs2234922 TaqMan A/A A/G or G/G B, D

ERCC3 rs4150441 TaqMan C/T C/C C

MAP3K2 (ERCC3) rs6731176 Sanger C/C T/T C

GSTP1 rs947894 Sanger G/G A/G B, D

IL-1A rs1800587 TaqMan G/G T/T G

IL-4 rs2243248 TaqMan T/T G/G G

IL-10 rs1800871 TaqMan C/C (G/G) C/C G

IL12A rs568408 TaqMan G/G A/A G

MPO rs2071409 TaqMan T/T G/G or G/T K

MPO rs2333227 Sanger G/G A/A B, D, F  

MBP rs470261 TaqMan A/G A/G K

NQO1 rs1800566 TaqMan C/C (G/G) T/T A, B, D, I, J, L, M, N

NQO1 rs4986998 Sanger C/C C/T D, F

RAC2 rs2239773 Sanger G/G A/G K

RAD51 rs4924496 Sanger C/C C/T H
TP53 rs12951053 TaqMan T/T (A/A) G/G H

VCAM1 rs1041163 TaqMan T/T C/C or C/T K, G

VCAM1 rs3176867 TaqMan C/C C/T K

VEGF rs3025030 TaqMan C/C G/G C

VEGF rs833058 TaqMan C/T T/T C

VEGF rs699946 TaqMan A/G A/A C

WDR79 rs2287499 TaqMan C/G C/G H

Plaintiff’s genotype for 32 variants 
examined indicated:
• 23 variants not linked to increase 

benzene sensitivity
• 1 variant has inconclusive benzene(red) 

response
• 2 variants are linked to increased 

benzene sensitivity (pink) but the 
reports are not statistically validated

• 6 variants are associated with 
decreased benzene 
response/sensitivity (green)

Hypothesis was rejected: Plaintiff does not harbor 
genetic markers which confer an increased 

susceptibility to benzene exposure. Plaintiff’s 
expert agreed.



Phase 4:

The Case was recently Settled

Cacoilo v Sherwin Williams Company, et al.



Each Case is Unique!

Take Home Messages



Quantitative Data 
specific to the Individual 

is generated! 

Take Home Messages



“Making the Invisible Visible!”
Howard Jarvis, Esq.

With genomics technologies in Toxic Tort Litigation,
we are



Business Inquiries: Michael Zapata, 
mz3@arrayxpress.com, 919.696.7814

Scientific Inquiries: Len van Zyl, 
lenvanzyl@arayxpress.com, 919.961.6415

www.toxicogenomica.com
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