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Major future challenges of human toxicology
« |dentify genetic background associated with toxic r eactions
« Development of new biomarkers
— Should indicate toxicity before cell/organ death
— Should identify persons at risk
« Find out mechanisms of (idiosyncratic) toxicity
— Should point to possible risk factors and biomarkers
« Routine toxicology testing with human cells or cell lines
— Reduce amount of animals used for toxicology testing

— Human cells may for many questions be more relevant than animals
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— Human cells can easily be engineered ® risk factors

Idiosyncratic toxicity

Definition
< Rare and non-predictable, no clear dose dependency
« No animal model, mechanisms mostly not known
Types
« Allergic toxicity

- Mostly after 1 to 5 weeks or 1 to 2 doses following rechallenge

- Systemic reactions, typical histological changes

- e.g. carbamazepine, phenytoin, abacavir, betalactams
* Non-allergic (metabolic) toxicity

- Any time during treatment

- Slow reappearance after rechallenge

- e.g. isoniazid, valproic acid, tolcapone; statins

oA

Searching for mechanisms

"I think you should be more
explicit here 1n step two."
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Valproate toxicity in a 39 years-old female Valproate-associated liver failure

- Bilateral ptosis, CPEO since « Frequency

childhood — 1:6,500 polytherapy, 1:40,000
« Status epilepticus at the age of monotherapy

39 years ® start with valproate — more frequent in children

« Seizures ® intermittent

* Onset
treatment with carbamazepine — in 70% of patients during the first 3
« DIC ® fulminant liver failure ®

months after start of treatment
death at the age of 39 years

« Clinical picture, pathology
« Liver with microvesicular

— seizures, thrombocytopenia, DIC,
fulminant liver failure

steatosis

Gut 1995;37:140-143 — microvesicular steatosis

Hepatotoxicity of valproate

« Asymptomatic elevation of
transaminases

Metabolism of valproate
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« Fulminant liver failure

— rare, high mortality
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Valproate toxicity in a 37 years-old female

« Progressive CPEO, cerebellar
ataxia, axonal polyneuropathia,
myopathy

« Red ragged fibers, paracristalline
mitochondrial inclusions

« Decreased activities of complex |
and IV of the respiratory chain

« No deletions/duplications or point
mutations in mt genome

« Died from respiratory failure at the

age of 37 years

Liver 2000;20:346-348

What could we do with these observations
« Confirm hypothesis in an animal model
« Find out biomarkers for mitochondrial toxicity
— ldentification for patients at risk
— Early identification of toxicity
— Identification of problematic substances during the development
process

« Construction of test systems to assess mitochondria | toxicity
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— Preferably engineered human cellular systems

Confirmation of hypothesis in an animal model

« JVS+/- mice have low
carnitine tissue stores and
may be more susceptible to
VPA

« Mice were starved for 24

hours

« JVS+/- treated with VPA
showed increased
accumulation of fat and

A: Wild type B: Wild type + VPA
C: JVS+/- mice D: JVS+/- + VPA
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increased transaminases

J Pharmacol Exp Ther. 2008;324:568-75.

In vivo b-oxidation by JVS+/- mice and VPA

« Beta-oxidation was assessed

by injecting *4C-palmitate i.p. *
o widype
- w;v?"ype +WPA

and measuring exhaled *4CO, "

—A— s+ + VPA

« JVS+/- mice have the same b-
oxidation activity as wild type

mice

€O, exhalation (% dose/10 min)

« JVS+/- treated with VPA have a

reduced b-oxidation compared

Time (min)

to wild-type or JVS+/- mice

J Pharmacol Exp Ther. 2008;324:568-75.




Apoptosis in JVS mice Find out biomarkers for mitochondrial toxicity

Besides accumulation of fat, .
- * We have cellular and animal

JVS+/- mice had also increased .
. models for toxicity
expression of caspase 3 and an

increased amount of apoptotic « Biomarkers can be identified using

cells mRNA array, metabolomic and/or
« Increased transaminases are proteomic approaches

explained by increased apoptosis « Store information in an easily
« In summary, JVS+/- mice are accessible, intelligent way

more sensitive to VPA than wild * SCAHT has several groups

type mice

engaged in these fields

J Pharmacol Exp Ther. 2008;324:568-75.

Biomarkers in drug development Cellular models mimicking risk situations

» Toxicological test should
preferably be performed in human
cells or tissues

« Human stem cells offer the
possibility to provide excess to
different human cells

« Stem cells could be modified to
include riskfactors

« Alternatively, human cell lines

could be used




BRL3A cells with SOD2 knockdown and
CYP3A overexpression

« Co-infection of rat liver BRL3A
cells with short hairpin RNA
against SOD2 and CYP3A4 in
an adenovirus vector

* RNA and protein expression as
well as function of SOD2
dropped by »50%

* CYP3A4 activity increased

« Cytotoxicity of different

substances investigated

Toxiciology in vitro 2009;23:1179-87

Can SCAHT meet these challenges?
« Research areas covered by SCAHT
— Discovery of toxico-biomarkers using a system approach (GE)
— Endocrine disruptors and male infertility (GE, BS, LA)
— Mechanisms and risk factors for non-allergic idiosyncratic toxicity
(8S)
— Preclinical and clinical assessment of allergic toxicity (BE, BS)
« Consequences
— The most important areas are covered
— Collaboration between research groups is essential!

— Good communication of the entire research concept to public




