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«Biomarkers of effect»

Biomarkers of effect are the quantifiable changes that an individual 
endures, which indicates an exposure to a compound and may indicate 
a resulting health effect.
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«Causality determination» in 
occupational health

An injury or illness is considered by Occupational Safety and Health
Administration to be “work related” if an event or exposure in the
work environment either caused or contributed to the resulting
condition or significantly aggravated a pre-existing condition.

https://www.osha.gov



The challenge

• Establishing a work-related cause of a disease is 
one of the most challenging aspects of 
occupational medicine. 

• ALL diseases are multicausal
• Occupational diseases can be:

• mainly caused by factors at work (e.g. mesothelioma)
• diseases in which work plays a minor role in causation 

(e.g. back pain).



Environmental events 
can be permanently 

registered by our cells



Mutational signatures associated with tobacco smoking

Alexandrov LB, et al. Mutational signatures associated with tobacco smoking in human cancer. Science. 2016 Nov;354(6312):618-622. 

Tobacco smoking increases 
the risk of at least 17 classes 
of cancer

Genome analyses of cancer
tissues in:
-2,490 tobacco smokers 
-1,063 never smokers



PROs and CONs

• Mutational signature is specific.
• Exposure signature was identified in cancer tissue, in the fully

developed disease.
• Mutational signature is not dynamic by definition.



Jones & Baylin Nature Rev 3:415, 2002

DNA mutations versus “epimutations”
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Benzene and Acute Myeloid Leukemia

• Benzene (C6H6) is the smallest and most stable aromatic hydrocarbon
• Benzene is an airborne pollutant of industrial and general 

environment
• Benzene is a well known human leukemogen (group 1 IARC) (IARC, 

1987)
• Benzene exposure in human populations is causally related to the 

development of AML (Savitz and Andrews, 1997).
• An increased risk of leukemia was reported in different occupational 

settings characterized by high exposure, but conflicting results for 
low-exposures



DNA methylation and Acute myeloid leukemia

• Leukemia cells exhibit an abnormal methylation pattern. 
• The CpG islands in the promoters of some genes become 

hypermethylated. 
• The global genome of cancer cells undergoes 

hypomethylation, up to 20-60% less than normal cells. 
• LINE-1 methylation is highly correlated with global 

methylation, thus undergoes hypomethylation in cancer
cells.
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Spatari G, et al. Cancers (Basel). 2021;13(10):2392. 

Effects of benzene exposure



Benzene exposure and LINE-1 methylation

Bollati et al. Cancer Res 2007;67:876-880
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HOWEVER…



Not only AML…



Not only benzene…
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Bollati et al. Cancer Res 2007;67:876-880
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Normative Aging Study (NAS)
• The Normative Aging Study (NAS) is a longitudinal study established 

by the United States Department of Veterans Affairs in 1963. 
• Most participants are veterans from World War II and the Korean War.
• Participants were male residents and free of chronic disease at the 

time of recruitment. 
• Participants were invited to undergo an in-person examination every 

3-5 years. 



Normative Aging Study (NAS)

Baseline sample 
(year 2000)

N=742

LINE-1 
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Results
• Individuals with <median LINE-1 

methylation show an HR = 3.0 (95% CI 
1.3-6.9) of developing cancer (follow-up: 
mean of 2,894 person-years, 30 cases of 
cancer ).

• Individuals with <median LINE-1 
methylation have increased mortality 
(HR = 3.2, 95% CI 1.3-7.9).

Zhu ZZ, et al. Cancer Causes Control. 2011;22(3):437-47.
Baccarelli A, et al. Epidemiology. 2010 Nov;21(6):819-28.

Any cause of mortality



Italian European Prospective Investigation 
into Cancer and Nutrition (EPIC) cohort
• The EPIC study is one of the largest cohort studies in the world, with 

more than half a million (521 000) participants recruited between 
1993-1998 across 10 European countries. 

• EPIC was designed to investigate the relationships between diet, 
nutritional status, lifestyle and environmental factors, and the 
incidence of cancer and other chronic diseases.

EPICOR subjects
N=44.132

EPIC subjects
N=521.000

MI cases
N=292

Matched controls
N=292

LINE-1 
METHYLATION

Guarrera, S. et al. Clin Epigenet 7, 133 (2015)



LINE-1 hypomethylation is associated with myocardial 
infarction (MI) risk

• MI cases had statistically significant LINE-1 hypomethylation as compared 
to controls (β = −0.511, p-value = 0.0005).

• LINE-1 was hypomethylated in cases with shorter time to disease (meta-
analysis, men: P TREND = 0.0016, women P TREND = 0.026).

• Findings were replicated in independent samples (EPIC-NL): 
• MI risk associated with LINE-1 lower methylation class in EPIC-NL men (OR = 1.95, 

P = 0.043, ref. group above the median). 
• No difference was found in EPIC-NL women (OR = 1.05, P = 0.850).

• DNA methylation profiles improved case-control discrimination and 
reclassification when compared with traditional MI risk factors only.

Guarrera, S. et al. Clin Epigenet 7, 133 (2015)



Effect biomarker
or 

NOT?
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- Often a dose-response is present
- Not specific at all



Occupational
Exposure

Internal
dose

Biological
effective

dose

Early
biological

effect

Altered
function

Clinical
disease

Exposure and Effect Biomarkers

- Often a dose-response is present
- Not specific at all



Occupational
Exposure

Internal
dose

Biological
effective

dose

Early
biological

effect

Altered
function

Clinical
disease

Exposure and Effect Biomarkers



Occupational
Exposure

Internal
dose

Biological
effective

dose

Early
biological

effect

Altered
function

Clinical
disease

Exposure and Effect Biomarkers

- A threshold of effect is usually not defined
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- Biological changes are in common with several exposures
- Not a specific change but rather the response of the 

organism to changes in its environment, taken as a whole
- It is possible that a single exposure is linked to a PATTERN 

of modifications
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- More than one exposure can converge on pathogenic
pathways

- Can be used to estimate a risk of disease, but not to 
diagnose a disease
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Are these markers USEFUL?



TARGETED WORKER 
HEALTH PROMOTION




