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* In 1982, Perera and Weinstein =2 “a new
paradigm for cancer research that
incorporated biomarkers into epidemiological
studies to reveal mechanisms and events
occurring along the theoretical continuum
between exposure and disease”

e In 2007, Vineis and Perera = the new in light
of the old



Studies showing a
correlation
between external
measurements of
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Studies showing overall
correlations between
DNA or protein adducts

level and environmental
exposure to carcinogens

Primary Prevention and Clinical Interventions

Studies confirming the
ability of certain
carcinogen-DNA adducts
and chromosome

aberrations to predict
cancer

Exposure . . Clinical
exposure and BMs Assessment Internal Dose/Biologically . inica
. ; . Precl IR / Effect ;
of blologlcally Effective Dose eclimical Response ec Disease
effective dose or Absorption Repair Cell Proliferation Further Genetic /
early biological Distribution Replication Clonal Expansion Epigenetic Change
response/effect Metaholism Mutations in
reporier genes,
Tumor Suppressor
Environmental, DNA genes, Chromosomal Altered
Nutritional or_| | Metabolites in |__J adducts, v, aberrations, b cell v, Malignant
Endogenons body Muid Oxidative Genomic instability, struciure Tumaour
agents & excrela damage, Aberrant gene amil
Protein Methylation and function Studies confirming
adducts expression, Allered .
protein ex . the roltle of c.ertaln
genetic variants
In the study of aetiology, the (SNPs) in modulating
role of intermediate BMs: the risk of cancer

1) Increase sensitivity and/or
early detectability

2) Show biological plausibility
for en exposure proposed
to be biologically relevant

""-'-_;I;(_:Ewmmm
Crenetic, Nutritional,
Preexisting discase

Coancer Epidenmiol Blowmarker Prev 200716:1954

particularly in
subjects exposed to
carcinogens
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e Global cellular profiling at multiple levels
e Untargeted and simultaneous
* Yields unprecedented views of the cellular inner workings
DNA RNA PROTEINS METABOLITES
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Epigenetics Transcriptomics Proteomics Metabolomics
Hllumina Infinium Agilent 44K DNA Luminex Multianalyte Ultra-High Performance Liquid
Hum.an mircroarray Profiling system chromatography mass-
Methylation 450 spectrometry

BeadChip
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METABONOMICS
The study of the complete set of low-
molecular weight metabolites

Primary Prevention and Clinical Interventions

Exposure . . i
Inte ose/Biologically Clinical
mu Effedive Dose o Preclinical Resp Effect J‘ Disease
Absorption Repair Cell i l:rul.i::un
Distribution lication wnal Expansion

Metabolism Mutations in

Further Genetic /
(pigenetic Change

reporier genes,
Tumuor Suppresser

PROTEOMICS

- DNA genes, Chromosomal Altered _The analysis of the total
4, Mefabaolites in | Sradducts, b, aberrations, cell v, Malignant .
bl Muid M Crenomic instability, structure Tumour prOteln Output enCOd ed
& exiyreta damage, W] | Aberrant gene amd
Protein JMethylation and function by the genome
adducts expgession, Allered

protedy expression

SL E
Crenetic, Nutritinnal,
Preexisting discase

EPIGENETICS

Mechanisms which do not depend on
structural changes in DNA but on
functional regulation such as DNA

Cancer Epldenniol Blomarker Prev 200716:1954 :
methylation
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Exposome \
Reactive electrophiles
Metals %
Endocrine disrupters

Immune modulators
Receptor-binding proteins

Sclence 2010;330:4 60-4 61
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Is there an aetiological role for in utero and childhood exposure to environmental
pollutants and childhood leukemia?

Pre-diagnostic

Retrospective

biomarkers . .
(internal dose of Prospective Studies (Case-Control) Studies :
toxicants, DNA BMs in cases and
adducts, gene controls coupled
mutations, : with
aberrations, gene - —~ : expo§ure
/ \ information from

methylation) but

reduced sample of Exposure: pumsd  Internal Dose s Biologically Effective mmsdy Preclinical Effect -
outcomes Prenatal (Parent Dose (e.g. DNA adducts) {e.g. TEL-AML, ALL

and Postnatal compound or altered gene

questionnaire

metabolites) methylation or
expression,
Markers of proteomics)
Susceptibility

(e.g. GSTM1)

TEL-AML1 was found in 25% of cases in retrospective studies and in neonatal bloodspots of health babies
who would have developed leukemia: “first hit”. Different methylation patterns of TEL-AML1 were observed
between different cytogenetic groups. Links with environmental pollutants remain to be established.

Cancer Epldenniol Blomarker Prev 200716:1954
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* Dynamic models in Alzheimer disease
dementia
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PROGRESSION

/\/ TIME (YEARS) =

Percy ME et al in Scinto LFM and Datfner KR: Early Dlagnosis of AD. Human press: 2000
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threshold threshold
Stage f Asyrnptomatic \ MECI / Dermertia
@ Early marker
T Late marker
& @
g
[1x]
E
p=l
5]
=20 -15 =10 -5 0 5 10 Years from AD diagnosis
50 55 [=14] G5 70 75 80 Age

Nat =Rev Neuwrol 2012;8:299
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e Biomarkers of exposure

— Guide the understanding of environmental
exposure risk in aetiology

 Biomarkers of early biological effect

— Longitudinal studies of dementia biomarkers take
many years to show the full pathological cascade
of events that lead to dementia

— Trial of disease-modifying agents require large
numbers of patients over extended periods owing
to the slow progression of the cognitive symptoms
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 Biomarkers of AB plague
deposition
— Decreased CSF-AB,,

— PET amyloid imaging (PiB- [ et

—— Tau-masditabed nevrcral injury and dys h.lrrrhl:n_ N

PET) e / :
 Biomarkers of T

neurodegeneration
— Increased CSF-tau

— Decreased
fluordeoxyglucose uptake | R
on PE (FDG-PET)

Eioirarker menitude

Lancet Neuwrol 2010;9:119
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The BMs become abnormal in a temporarily ordered manner as disease
progresses

APB plagues BMs are dynamic early in the disease before the appearance
of clinical symptoms and have largely reached a plateau by the time
clinical symptoms appear

BMs of neuronal injury, dysfunction, and degeneration are dynamic later
in the disease and correlate with clinical disease severity

MRI is the last BM to become abnormal, however it retains the closer
relationship with cognitive performance later into disease

None of the BMs is static, rates of changes change over time, and follow
a sigmoid shaped course

Anatomical information from imaging BM provide crucial disease-staging
information

Lag phase between AB-plague formation and the neurodegenerative
cascade of unknown duration (interacting variables?)

Lancet Neurol 2010;9:119
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CN Group MCI Group AD Group

Avreh Neuwrol 2011;62:1526
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Global PIB-PET
e [MRI-task related brain activation

fMRI default mode network connectivity &
FDG-PET metabolism

+1 1 . MRIhippocampus volume loss
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Biomarker Difference (vs. Normal)
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Preclinical MCl due to AD

Trends Neuwrosel 2011;34:4320

Dementia
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decline in carriers
when compared to non
carriers

AP as measured by PIB-PET
was detected at least 15 yrs
before expected symptoms

onset (ESO)

Increase levels of tau in CFS
and brain atrophy were
detected approximately 15 yrs
before ESO

cerebral hypometabolism ~ 10
yrs before ESO

Global cognitive impairment
started 5 yrs before ESO
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* New approaches: the -omics
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Use of MNC: a window into the
CNS

— Easy to access

— Communication CNS-immune
system

— Abnormal APP expression, altered
level of antioxidant, and increased
rates of apoptosis share by AD
brain and lymphocytes

28% of the up-regulated genes
and 16% of the down-regulated in
MNC had been reported to
exhibit similar expression
patterns in AD brains

In 4% of affected genes there was
a divergent regulation between
MNC and brain

Neurobiol Aging 2007281795



Signalling proteins: “cellular
communicome”

b AD clustar MOC oluster

* 120 known signalling
proteins

* 19 proteins identified
via a clustering
algorithm

18 AD predictors
identified via predictive

i 5 : - — L [ ] . .

Ftaive sencansaion (Z-zzrs Cleiol dagnosis o analysis of microarrays
T T plasma sample sor

= -2 -1 o 1 2 3 [ Bl v (PAM)

* PAM used for classifying
S subjects with MCl who
i D et e e had different clinical
AD  NorAD .
diagnoses 2-7 yrs later

:_.ll._% — 2 (
Tostsot MCT ,?ﬁf"‘*. .: e Networks of TNF-a + M-
. TN ._ CSF and EGF = role of

immune response,
hematopoiesis and
apoptosis

Nat Med R007#;13:1359
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e STROBE-ME recommendations
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STrengthening the Reporting of OBservational studies
in Epidemiology - Molecular Epidemiology (STROBE-
ME): An Extension of the STROBE Statement

Valentina Gallo™?*, Matthias Egger®, Valerie McCormack®, Peter B. Farmer®, John P. A. loannidis®’,
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Collection, handling and storage of
biological samples

Source of variability

e Type of sample
— Blood stored as whole or
separated
 Timing of collection (e.g.
hormones, vitamin D)

* Narrow needles causes
haemolysis

e Blood additives (heparin,
EDTA, etc.)

Proper sample storage

Standardised precedures in all
phases

Minimal loss or degrading of
material

Otpimal preservation of
material

Blinding
Easy access to material

Easy matching of biological
material with subjects

Respect of confidentiality
Anticipation of emergencies
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Sources of variation

Validity and reliability

e Validity: lack of systematic e Intra-subject variability (i.e.

measurement error when
comparing to a standard
(i.e., the “truth”)

Validity: the extent to which
any measuring procedure
yields to the same results in
repeated experiments

diurnal, monthly, seasonal
variability)

Biological sampling
variation (i.e. colonic
mucosa sampling)

Laboratory variations within
and between batches
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Spec

* Poor cognitive
performance (low MMSE
and high ADAS-Cog) was
predictive of missing data
even for the NC group

e Depression was
associated with drop outs
MCI

e Family history of AD and
higher CDR scores
characterised AD pts who
stayed in the study

Newrology 2012;78:137¢6
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 Has epidemiology complied with its role in
understanding dementia?
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Results by year




Has epidemiology complied with its
role in understanding dementia?

Prognostic
models more
The majority of Primary Prevention and Clinical Interventions than
- . aetiopathological
environmental Pxposure | | ynternal Dose/Biologically . Clinical P :
factors still Effective Dose Preclinical Response / Effect Disease models have
g 3 Absorption Repai Cell Proliferation Further Genetic / been StUdled
remain elusive Distribution Repfication Clonal Expansion E';;Hmfu;gﬁgc
Metabolism Mutations in
reporier genes,
Tumuor Suppresser
Environmental, . DNA genes, Chromosomal Altered
Nutritional or_| Metabaolites in || addusts, r | aberralions, cell L+ Malignant
Endogenons basely Muid Oxidative Crenomic instability, structure Tumour
agents & exereta damage, Aberrant gene amd
Protein Methylation and function
adducts expression, Allered
S t . b . | t protein expression
usce p 10IITY
modulated by ooy

Crenetic, Nutritinnal,
Preexisting disease

APOE SNPs has

been studies but
not completely
elucidated




Thank you for you attention!

v.gallo@gmul.ac.uk



