@ The value of Omics to chemical

 SURREY

risk assessment

There is a focus on transcriptomics in this talk but for example only.
All omics are useful in risk assessment
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Outcomes

A Personal risk assessment

The challenge of bioinformatics
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What is omics?
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A collection of tools characterised by their ability to measure many

constituents of a biological family in concurrently

® Genomics: large scale study of the genome including transcription,
translation and DNA changes such as mutations, amplifications, deletions,

and epigenetic changes.

® Proteomics: large scale analysis of protein expression, in particular
differential protein expression resulting from biochemical, physiological or

pathological change.

® Metabolomics: The discernment of chemical footprints in tissues or body
fluids resulting from biochemical, physiological or pathological change.
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Breakthrough machine to read
individuals’ DNA for just $1,000

Ethical fears rise over
use by health insurers

By Clive Cookson in London

ease, while guiding patients —
particularly those with cancer —
to receive the treatments most
likely to work with their indi-
vidual genetic profile.

owever, some fear that sci-

A US biotechnology company -

will today announce the first
machine that can read all 3bn
letters of an individual’'s DNA
for as little as $1,000 — a develop-
ment that will greatly accelerate
medical treatment tailored to a
patient’s genes but also raises
ethical questions.

Ion Proton sequencer - a
$149,000 instrument about the
size of a laser printer — can read
a whole human genome in less
than a day for $1,000 including
all chemicals, running costs and
preliminary data analysis.

The landmark development,
expected to be matched by other
companies soon, will greatly
increase knowledge about the
links between genes and dis-

‘entific enthusiasm for mass-

decoding of personal genomes
d lead into an ethical mine-
fidld, raising problems such as
ss to DNA data by insurers
— bspecially if most babies have
their genome read at birth — and
by employers.

or a decade since the comple-
jon of the $3bn international
research project to decode the
first human genome, the cost of
DNA sequencing has been fall-
ing faster than almost any other
field of technology, as new
methods are introduced to read
the genetic code shared by all
life on Earth.

“A genome sequence for $1,000
was a pipe-dream just a few
years ago,” said Richard Gibbs,
director of the human genome
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A US biotechnology company -
will today announce the first
machine that can read all 3bn
letters of an individual’s DNA
for as little as $1,000 — a develop-
ment that will greatly accelerate
medical treatment tailored to a
patient’s genes but also raises
ethical questions.

Life Technologies says its new
Jon Proton sequencer - a
$149,000 instrument about the
size of a laser printer — can read
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Financial Times; January 12, 2012
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Systems toxicology

Systems biology is the integration of genomics,
transcriptomics, proteomics, and metabolomics
together with computer technology.

Systems toxicology is all of this applied to
understanding toxicity particularly pathways
from exposure to outcome.
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Zhang and Gant BMC Bioinformatics (2008)
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Carbon number 3 4 5 6 7 8 10 15 20 25 30 35 40
Boiling point °C

42 | a1 36 | 69 | 98 | 126 | 174 | 269 343 102 450 490 525
(n-alkanes)
Number of isomers| | 2 3 5 9 18 | 75 | 4347 | 366231 |36 777 419| 4 108 221 447 |493 054 243 760| 62 353 826 654 563
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New high throughput technologies give the opportunity to measure more
end points; the challenge is that it is not always clear what constitutes
adversity and what is homeostasic response
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Epidemiology/Toxicity Testing

Exposure

Pathway
Toxicology
£ Toxicol Model toxicology Adverse outcome
Xposure 1oXIcology Toxicodynamics toxicology

Adapted from thoughts of Dan Costa US EPA/ORD
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MOAs and AOPs are conceptually similar

AOP and MOAs are very similar but have one
molecular initiating event (MIE) in the pathway
linked to one exposure type and outcome - the
same MIE can be reused for other outcomes.

Both are a linear sequence of key events
connecting one exposure to one outcome

MOAs can take into account modifying factors;
AOP don’t

AOPs are generic; MOAs are for one chemical.
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PAST PRESENT FUTURE
g Historical events and /Ongoing processes and /Indicitive of something
exposures pathophysiological change that will happen
\ \ /

I\

N J
/Examples: Nucleic acids \ﬁExamples: Polymorphism A

(MRNA/mIRNA), metabolites, | @nd struFtura! changes in
proteins. DNA; epigentic changes;

nucleic acids (mRNA

\ A \profiles). Y,
EXPOSURE sl EFFECT <@ PROGNOSIS

Examples: DNA and
protein adducts; epige-
netic changes.

T Gant. E Marczylo, M Leonard : Discovery and Application of Novel Biomarkers, in
Predictive Toxicology Vision to reality Eds. Pfannkuch F and Suter-Dick L. Wiley (2014)
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é piRNAs

@ceriGeneTICS _§

Epigenetic inheritance of acquired

traits through sperm RNAs and sperm 8

RNA modifications : i o
Qi Chen', Wei Yan' and Enkui Duan® = -

Spermatogenesis Maturation )

Round
. spermatid
Spermatogonium O
Spermatocyte Elongating Spermatozoa
spermatid
| |
Testis Epididymis
MATURE REVIEWS | GENETICS VOLUME 17 | DECEMBER 2016 | 733

& 2016 Macmillan Publishers Limited, part of Springer Nature. All rights reserved
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MiRNA biomarkers in sperm
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* Smoking induced changes in the miRNA content of human sperm (28 top 5

AV):

miR-365

miR-944 1.6

miR-1267 1.5

miR-340 1.5

miR-4513 1.5
& 1 mir-340 10
c 8
- 6
(&}

4

e 2
3 2
w O 0

0.001

0.027

0.016

0.006

0.021

miR-365

O spermatozoal RNA (Non-smoker)

miR-146b-5p
miR-634

miR-129-3p
miR-652

miR-4723-5p

miR-129-3p

X

0.7

0.7

0.7

0.5

1.2
1.0
0.8
0.6
0.4
0.2

0.023
0.011
0.010
0.002

0.015

miR-634

X %k 3k

B

0.0

L] Spermatozoal RNA (Smoker)

EFSA April 24t 2018




g . . .
et Eynosure —environmental microbiome

47 UNIVERSITY OF
¥ SURREY

approx 2300bp 400-900bp approx 4200bp

EFSA April 24t 2018



Public Health

England M . b .
4" UNIVERSITY OF I C ro I O I I l e
% SURREY
Bacteria N 5 . . . .
T — ——— 16 S region is the ribosomal subunit region of
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Nature Reviews | Molecular Cell Biology 1
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Compare to database
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Identify bacterial species
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homocysteine

The metabolism of As can deplete the cells of S-adenosyl-Methioinine
leading to methylation changes
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Table 1. Arsenic exposure and global DNA methylation.

Time Global DNA
Model Arsenical Dose (weeks) methylation References
Human cells
Prostate epithelial cell line RWPE-1 Asll 5 M 16 Hypo Coppin et al. 2008
Prostate epithelial cell line RVWPE-1 Al 5uM 29 Hypo Benbrahim-Tallaa et al. 2005
HaCaT keratinocytes Al 0.2 uM 4 Hypo Reichard et al. 2007
Animal cells
TRL 1215 rat liver epithelial cell line As!l 125-500 nM 18 Hypo Zhao et al. 1997
V79-CI3 Chinese hamster cells Al 10 pM 8 Hypo Sciandrello et al. 2004
Animal studies
Goldfish Agll 200 pM 1 Hypo Bagnyukova et al. 2007
Fisher 344 rat Al 50 pg/g body weight 12 Hypo Uthus and Davis 2005
129/5vJ mice Asll 45 ppm 493 Hypo Chen et al. 2004
C3H mice Asll 85 ppm 15 Hypo Waalkes et al. 2004
C57BL/6J mice Agll 2.6-14.6 pa/g body weight 185 Hypo Okoji et al. 2002
Homozygous Tg.AC mice Asll 150 ppm 17 Hypo Xie etal. 2004
AsY 200 ppm
MMAY 1,500 ppm
DAY 1,200 ppm
Human subjects
Asll 2-250 pg/L NA Hyper Pilsner et al. 2007; Majumdar
etal. 2010
Asll 2-7250 pg/L NA Hypo (in skin Pilsner et al. 2009

lesion patients)

Abbreviations: Hyper, hypermethylated; Hypo, hypomethylated; NA, not available. See text for additional information on human subjects.
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Public Health hapdfdadaiong/ 101 080/ 108084 84 20161 175417 Tuyfor & Franls Group
England REVIEW ARTICLE 3 OPEN ACCESS
a UNIVERSITY OF Environmentally induced epigenetic toxicity: potential public health concerns

Emma L. Marczylo®, Miriam M. Jacobs® and Timothy W. Gant®

Towicology Department, CRCE, PHE, Chilton, Oxfordshire, UK

10 @ E. L. MARCZYLO ET AL

Table 1. Current evidence for putative environmentally induced epigenetic toxicity in human epidemiological cohorts.
Stage of development

Environmental exposure Exposure Effect Adverse phenotype(s) Epigenetic change(s) Reference(s)
Air pollution
ECAT Childhood Childhood Asthma Epigenetic machinery Somineni et al. (2016)*
Chemicals
Bisphenol A (BPA) In utero Childhood Behavioral abnormalities DNA methylation Kundakovic et al. (2015)*
Formaldehyde Lifetime Adulthood AD DNA methylation Tong et al. (2015)*
Epigenetic machinery
Metals:
Arsenic (As) Lifetime Adulthood Skin abnormalities DNA methylation Paul et al. (2014)
Nickel (Ni) Lifetime Adulthood | NSCLC overall and miRNAs Chiou et al, (2015)*
relapse free survival
Polycyclic aromatic Adulthood Adulthood PBL chromosomal DNA methylation Yang et al. (2012)*
hydrocarbons (PAHs) aberrations
Lifestyle factors
Smoking:
Cigarette smoke Adulthood Adulthood CoPD DNA methylation Lin et al. (2010)*
Lifetime Breast and lung cancer Epigenetic machinery Ostrow et al. (2013)
| lung cancer overall miRNAs Shenker et al. (2013)*
survival Xie et al, (2014)

Only studies that measured both adverse phenotypes and associated epigenetic changes in response to an environmental exposure were reviewed. All the
studies shown here demonstrated associations among environmental exposure(s), specific epigenetic changes(s) and adverse phenotypes(s) that were
confirmed in a relevant in vivo and/or in vitro system. AD: Alzheimer’s disease; COPD: chronic obstructive pulmonary disease; ECAT: elemental carbon
attributable to traffic; NSCLC: non-small cell lung cancer; PBL: peripheral blood lymphocyte.

*Studies directly sampling the target tissue or validating the same change in the blood and target tissue of an appropriate in vivo model.
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Phenotypic anchoring — increase expression of collagen genes can be associated with
fibrosis in the liver.
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Phenotype

All addressable with Omics
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The challenge of bioinformatics

¥ SURREY
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: : 5
Data (type) How to recognise outlier data sets:

How to deal with low signal strength?

Background subtraction?
Normalisation within
dataset only Type of normalisation and why not

between data sets?

Mean of technical
replicates

Welch (deals with unequal variance better
than Students t-test)

Welch t-test between
pairs for significance

A fold change of 1.5 and p value of p<0.05
should be used as a cut-off
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SORREY assessment?

Yes: with.care
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