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Biomarker Studies

• Surrogate seromarker of bulk of disease (monitoring)

• Diagnostic seromarker

• Prognostic seromarker

• Etiological serobiomarker

• New and emerging breath biomarkers

• Serial plasma/serum/whole blood collection for ~150 mesothelioma patients

• Pre-treatment blood sampling for ~50 more mesotheliomas

• One time collection (any time point) for ~80 more mesotheliomas

• One time or serial sampling for ~500 asbestos exposed individuals with negative 
CT scans for mesothelioma (screened participants)



Rationale: Mesothelioma growth patterns



Mesothelin

• tumour differentiation antigen 

• normally present on the 
mesothelial cells 

• highly expressed in several 
human cancers including 
malignant mesothelioma, 
pancreatic, ovarian and lung 
adenocarcinoma.

Glycophosphatidyl
inositol
domain

megakaryocyte-potentiating factor



Mesothelin as a surrogate of bulk disease



Correlations between sMRP and blinded 
descriptive assessment

Correlations between sMRP and modified RECIST 
response criteria

Correlations between sMRP and standard 
RECIST response criteria





Diagnostic Biomarkers can be helpful

Benign
Malignant



Fibulin-3

• secreted glycoprotein, one of a family

• AKA: EGF-containing fibulin-like 
extracellular matrix protein 1, EFEMP1

• elongated structure with many calcium-
binding sites (tandem arrays of epidermal 
growth factor-like domains)

• overlapping binding sites for several 
basement-membrane proteins, 
tropoelastin, fibrillin, fibronectin and 
proteoglycans.







Princess Margaret data



Mesothelioma has variable prognosis
dependent on tumour, stage, clinical, and 

treatment characteristics

Mesothelioma.com









Germline Biomarker: SMARCA2/BRM 
functional polymorphisms



SMARCA2/BRM is the ATP-engine of the SWI/SNF complex that 
drives chromatin remodeling; Loss of its function is associated with 
worse outcomes, as SMARCA controls many oncogenesis functions

Log-rank	P=0·005

Log-rank	P<0·001

Pan	cancer	Analysis

TCGA pan-cancer  

gene expression analysis 

Log-rank p<0.001 
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Two functional promoter SMARCA2/BRM polymorphisms are functional
by altering binding of a MEF2D-HDAC complex that represses SMARCA2 

gene expression

Liu et al, Oncogene, 2011



These two SMARCA2 
promoter polymorphisms 
regulate SMARCA gene 
expression, which alters 
cellular proliferation 
through multiple 
mechanisms

Liu et al, Oncogene, 2011



Chromatin Immunprecipitation and Luciferase promoter swap experiments across multiple cell 
lines supports MEF2/HDAC/skeletal binding and control of gene expression BRM polymorphisms 

Lee et al, Mol Carcinogenesis, 2019; Liu et al, CCR, 2017



EMSA and DAPA analyses 
support the differential 

binding of the two SMARCA 
polymorphisms to 

MEF2/HDAC9 and scaffolding 
proteins

A. Oligonucleotide	probes	for	BRM	-1321	

Probe	Description Abbreviation Probe	Sequence	and	Percent	Homology	to	MEF2	binding	site

Wildtype						 W	 5’-CTCGATAGGAACAGTTTTAAGAGTCAAGCATA-3’

70%	homology

Variant	 V 5’-CTCGATAGGAACAGTTTTAATTTTAAGAGTCAAGCATA-3’

100%	homology						

Variant	left	tandem	sequence	replaced														V5R	 5’-CTCGATAGGAACAGCGCGCGTTTTAAGAGTCAAGCATA-3’
60%	homology

Variant	right	tandem	sequence	replaced	 V3R 5’-CTCGATAGGAACAGTTTTAACGCGCGGAGTCAAGCATA-3’
60%	homology

B.	 Oligonucleotide	 probes	for	BRM	-741

Probe	Description Abbreviation Probe	Sequence	and	Percent	Homology	to	MEF2	binding	site

Wildtype	 W	 5’-CCCTTTTCTATTTTTTATTTTTTTACCTGGAAT-3’

90%	homology	

Variant								 V 5’-CCCTTTTCTATTTTTTATTTTTTATTTTTTTACCTGGAAT-3’

90% homology					80%	homology

Variant	left	tandem	sequence	replaced	 V5R	 5’-CCCTTTTCGCGCGCTATTTTTTATTTTTTTACCTGGAAT-3’

80%	homology

Variant	right	tandem	sequence	replaced																V3R 5’-CCCTTTTCTATTTTTTATTTTTCGCGCGCTTACCTGGAAT-3’
90%	homology

Variant	middle	tandem	sequence	replaced																VR 5’-CCCTTTTCTATTTTTCGCGCGCTATTTTTTTACCTGGAAT-3’
80%	homology				 90%	homology

Variant	middle	sequence	replaced,	double	length									VDR 5’-CCCTTTTCTATTTTTCGCGCGCGCGCGCGTATTTTTTTACCTGGAAT-3

80%	homology															 80%	homology

C.	DNA	affinity	precipitation	analysis	(DAPA)	
in	the	UMSCC-9	cell	line	
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D. BRM	mRNA	(by	qPCR)	fold	changes	during								
knockdown	of	YWHAs	by	anti-YWHA	shRNAi
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SMARCA2 Polymorphisms are associated with mesothelioma prognosis 



SMARCA2 polymorphisms and differential risk by smoking status
a new risk factor for never-smokers with mesothelioma?

A protective factor in smokers?
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Blood-based biomarkers

• Risk factors and biology: BRM

• Diagnosis and diagnostic supplement: Fibulin-3

• Prognosis: Osteopontin and BRM germline genetics

• Monitoring: Mesothelin

• Future: BAP1 through liquid biopsies?

Now onto something new: Breathomics



“Fetor Oris”
• From ancient times

• Potential sign of abscess

• Dental care

• DDx by Pliny

• Pseudomonas aeriginosa

• Grape-like smell



Detecting Cancer from HN, 
Esoph, Stomach, Lung

“Direct release” hypothesis

Blood-breath 
equilibrium hypothesis



Dogs as Proof-of-Principle

• lung cancer

• melanoma

• breast cancer

• bladder cancer

• prostate cancer

• Colorectal cancer
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Lung cancer pilot
Mesothelioma
(pending funding)???



Other technologies:
Picomole



Biomarker research can provide new 
information about biology and ALSO help 
with all aspects of mesothelioma care
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