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Biomarkers of internal and effective dose
depends on toxicokinetics

Biomarkers of internal dose (short / long term)
— examples: Cd in urine, DDE in fat tissues

- should be easy to sample (urine, breath)
- instrumental analytical methods (analyses of toxicant)

Biomarkers of effective dose
- the chemical interacted with the biological target
— analyses of ADDUCTS

Two types of adducts: selective and non-selective
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Table 1 Reported human haemoglobin adduct levels for various xenobiotics
S s .

Chemical Adduct/analyte Method Adduct level

{type of exposure) (nmel g - haemoglobin)

N A- Dimethyiformamide 3Methyl5-isopropyihydantoin - Hydrolysis; GC-MS 75-1000 (exposed)
[occupational) 4-12 {control)

Epichlorohydrin (occupational)  A- (2, 3-Dihydroxypropylivaline  Modified Edman; GC-MS {).020 (exposed smokers}

0.007 (exposed non-smokers)
.01 3 (control smokers)
2.007 (control non-smokers)

Acetaminophen (drug 3{Cystein-S-yllacetaminophen  Immunoassay 100-4100
overdose)

PAHs (occupational) BPDE-Hb Spectrofluorimetry 0.005-0.139

Ethylene axide {occupational) - Hydroxyethylvaline Modified Edman; GC-MS 5-20 lexposed)

0.1-0.5 (control smokers)
0.01-0.1 (control nen-smokers)

Ethene (occupational) M- Hydroxyethylvaline Madified Edman; GC-MS 0.02

Propylene cxide (occupationall  A- Hydroxypropylvaline Modified Edman; GC-MS (.05-3 5 {exposed)
< 0.02 lunexposed)

Acrylonitrile (smaking) N- Cyanoethylvaline Modified Edman; GC-MS 0.09

MNMNK (smoking) 4- Hydroxy-143-pyridyl} Hydrolysis; GC-MS 0.0015 ismokers)

butan-1-one 0.0005 inon-smokers)

4-ABP (smoking) 4-ABP-cysteine Hydrolysis; GC-MS 0.00025-0.0025 (smokers)
0.00005-0.0005 {nor-smokers)

Acrylamide {occupational, - (2-Carbamoylethylivaline Modified Edman; GC-MS 9.5 (production workers)

smoking) (0.054 {laboratory workers)

0.116 {smokers)
{.031 {non-smokers)

Butadiene (occupational} N-12,3,4-Trihydroxybutylvaline Modified Edman; GC-MS 0.010-0.014 {exposed}
0.002-0.003 {control)

I Styrene (occupational) Z2-Phenylethanal Cleavage with Raney nickei, 3.7-8.0 (exposed)
GC-MS 2.0-8.6 lcontrol)



Adducts per 10" nucleotides

Adducts per 10" nucleotides
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— binding with macromolecules (DNA, proteins) with no
further information on the structure of actual adduct
(i.e. causative agent not clear)

Typical nonselective biomarker methods

- 32P-postlabelling assay
- oxidized DNA: 8-hydroxy-2'-deoxyguanosine




o1l ‘
i ‘.‘
HC I

O

?@Aﬁﬁﬁﬁ

n.cymdllL digaslion lu
yvield corrpanent nuclectides

G

i

{

Dreaxyribonucleotide
3 monophosphates

Addurcted DNA

5-Phespharyation to antroduce 1 HO =
3z
P ATRTH polynucleotics Kinase

~=§ b Labelled deoxyribonucieoside (|3
3 3.5 -hisphosphates i
p

R

Quadification by TLC or HPLC

32p_postlabelling assay
principle
*Digestion of NA

*Enzymatic labelling with 32P (kinase)
*TLC or HPLC analyses of products

TLC result
(thin layer chromatography)

A - 2-5 = various adducts
B - controls

A B




8-hydroxy-2 -deoxyguanosine analysis

Oxidative damage to DNA
- many causes 2> 8-OH-dG is the most common marker of DNA oxidation
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B _HPLC . Figure 1. Adjusted urinary 8-0HdG level (ng/mg cre-
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concentrations. Values shown are mean + SE. Cut
points were determined according to medians
(arsenic, 7.7 pg/g creatinine; chromium, 2.0 pg/g

creatinine) of urinary creatinine-adjusted levels
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Figure 2 Representation of the relationships between ambrent
exposure and critical target dose and the progressive decrease
in effective exposure due to wvarious biclogical barners.
Source: Low-Dase Extrapoiation of Cancer Risks: fssuas and
Ferspectives, p. 188. Used with permission. « 1995 Interna
tronal Life Sciences Institute, Washington, DC, U.S A
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Figure 1 The biomarker paradigm linking expasure with disease and showing expansion of the classical epidemiglogical 'black box’
toreveal discrete mechanistic stages. Reprinted with permission from Emuron. Sci. Technol {1997) 31, pp. 1837-1848. Copyright
1887 American Chemical Socicty.




Susceptibility depends on genotype and metabolism
- genetic polymorphism in detoxification enzymes
- variability in specific isoenzymes

-> susceptibility to ,,activate” toxicants:
example: N-acetylation of arylamines — NAT2

-> susceptibility to genotoxins

-> family cancers
-> susceptibility to drugs (including anticancer drugs)




SNPs

- affects protein functions

—> in specific cases (see
example) some SNPs
identified

- PERSONALIZED MEDICINE

To identify SNP as a biomarker

Many genotypes (from many
individuals) must be sequenced
and compared with phenotype
(e.g. responsiveness to certain
drug)
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Copyright @ 2006 Nature Publishing Group
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CYP450 Enzymes and Polymorphisms D
40-45%
_

10% ‘2,3

CYP1A2
CYP2B6 2-4%
CYP2E1 2-4%
CYP2AG 2%
CYP2Cs 1%
CYP3AS5 <1%

The CYP 2D6 gene is extremely polymorphic with more
than 70 allelic variants described so far '

ingeiman- Sundbarm, TRENDS in Pharmarnionical Soences, Vol 25 No.d Apd 2004 AMPLIEHIP
" Dahl, Clin. Pharmacokingt 2002, 41 (7); 453-470

Diagnostics
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Personalized medicine: tailored treatments

Medicine of the present: one treatment fits all  Medicine of the future: more personalized diagnostics
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Different people respond differently to the same therapy: while one treatment brings about the desired success in one
group of patients with e.g. colon cancer, it does nat change the condition of other groups at all, or even leads to adverse
effects (left). The reason: the genetic makeup and metabolic profile of each individual patient influences the effect of o
drug. Personalized medicine takes these individual patterns of cellular and metabolic products into account in the diag-
nostic phase: biomarker diagnostics separates patients into groups with similar characteristics, and provides informa-

tion on the best individual treatment. This should enable all patients to benefit from their own, "personal” therapy.

SNP diagnostics:

1) DNA isolation
2) Multiplication of specific gene eg. CYP

3) SNP identification

... Molecular biology methods such as
* NA sequencing

* Probe pairing ... number of variants

Invader assay in which probe complements
the SNP resulting in fluroescene

FEN deavage site

cleavage —L

Invader assay in which probe mismatches at the SNP
location preventing cleavage from occuring

no FEN cleavage site

Fluorophore

Quencher

Imvader

Fluorophore no cleavage and no fluorescence
Quencher
Invader q
CRAGCATGTGATCTGC TG CARGUACGTGACTGCTGODY

Reference: Based on Olivier M.2005. The Invader assay for SNP genotyping.



