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Some problems of toxicology in pharma

We are
not 70kg
rats !l

20% drug failure because of
toxicity not predicted

8% drugs withdrawn from market
because of side-effects
Occasional problems first in
humans

Information too late in process
Poor prediction of drug
interactions (killing 1:100
hospitalized patients)

Sorting out of substances because
of meaningless (animal and
mutagenicity) tests



Toxicology has the likely most reproducible
animal tests (GLP, standardized protocols,
some validated, high doses, substance effects
in healthy animals) — their reproducibility:

* Cancer bioassay: 57% (repeat or mouse vs. rat)
* Reproductive Tox: 60% between species
e Uterotrophic assay: 26% contradictory
e Skin sensitization: 77% guinea pig vs. mouse
* Severs eye irritation: 70% reproducible
* Acute fish tox: up to 6 log orders different
e Chronic tox: no correlation between
mouse and rats or genders



Irreprodu-cell-bility

Cell tests have not less problems!

* Ca. 25% of cell lines misidentified
* 15-25% mycoplasma infected

* Genetic instability

* Culture artifacts
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Evidence-based medicine goes toxicology
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The changing approach in toxicology

Curated Legacy Data High-Throughput
Read-Across Screening
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(Multi-)Omics techologies High-Content
Imaging



Pathways of toxicology from multi-omics

In vitro omics data Software Pathways Validation Human
model generation tools of Toxicity tools Toxome
Database
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Mining REACH data

made machine-readable by natural language processing
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CAAT Read-Across Collaboration
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A crystal ball for chemical safety

By comparing new chemicals to known compounds, toxicologists seek early hazard warnings

By Tania Rabesandratana

very year, chemists invent thou-

sands of new chemicals, and many

ultimately find their way into global

use. Predicting which ones will pose

health or environmental hazards,

however, has proven difficult. This
week, a group of researchers unveiled a
tool that could help streamline the process:
a vast database of safety information that
will allow users to compare new chemicals
to existing compounds with

chunks of text, which are difficult to analyze
on a large scale.

To solve that problem, the researchers used
software to extract text from 816,000 ECHA
documents, which refer to some 9800 chemi-
cals. Next, they analyzed the safety findings
and organized compounds by their effects.
They found that about 20% were labeled as
skin sensitizers, for instance, and 17% irritate

ble and can interact with each other.”

But the approach has limits. In some
cases, what really matters is not only a
chemical’s structure, Bahadori says, but
also how organisms are exposed and re-
spond to it. “The idea that we’re going to
do this based on similarity of structure is
overly simplistic,” warns biomedical re-
searcher Andre Nel, who studies the safety

eyes. Finally, they created a vi ization that
displays the toxicological properties of the
chemicals, and clusters them by their struc-

of ials at the University of Cali-
fornia, Los Angeles. Still, Nel says “starting
with pockets of knowledge,” such as the eye

irritation data, “is a useful,

similar structures, and flag
potential risks.

“You could imagine that,
before even synthesizing [a
chemical], a chemist puts
the structure into the [tool]
to ask if it's safe,” says toxico-
logist Thomas Hartung of
the Johns Hopkins Bloom-
berg School of Public Health
in Baltimore, Maryland, who
led the effort.

Such predictive screen-
ing could help companies
and government regulators
reduce the need for lengthy,
expensive animal testing,
observers say, and identify
safer alternatives to exist-
ing compounds. “We are
very enthusiastic about
what [Hartung’s team] has
done,” says Tina Bahadori
of the US. Environmental
Protection Agency (EPA)
in Washington, D.C., which
has been expanding its own
computational  toxicology
efforts. But Bahadori cautions that struc-
tural similarities, although promlsmg, are
just “one piece of the puzzle” in a

Troubling resemblances

A study of thousands of industrial chemicals
registered in the European Union suggests that
those with similar molecular structures can
have similar health effects, such as causing
skin sensitivity (dark blue). Also shown are
nonsensitizing chemicals (light blue) and those
with unknown effects (yellow).

® Skin sensitizers
Nonsensitizing chemicals
Unknown effects

tural similarities (see image, above). It shows,
for example, that some clusters are “full of
ic ;” Hartung says.

compound’s safety.

To create the screening tool, which
Hartung’s team describes this week in Alter-
natives to Animal Experiments, the research-
ers dug deep into what he calls a “gold mine”
of data collected by the European Chemicals
Agency (ECHA). Under a 2007 law known as
REACH (Registration, Evaluation, Authori-
sation and Restriction of Chemicals), the
agency requires companies that produce or
import at least 1 ton of a chemical per year to
submit detailed safety information on that
substance. Those ECHA submissions are

SCIENCE sciencemag.org

Such maps could ultimately help research-
ers evaluate the risks posed by new chemi-
cals without testing them in vitro or in vivo,
Hartung says, saving time, money, and possi-
bly the lives of millions of lab animals. That
hope has driven other predictive efforts, but
they have generally lacked the extensive
data underlying the new effort. Bahadori ap-
plauds the team for “unearthing and making
the [ECHA] data accessible” And she pre-
dicts that “these tools will really show their
promise ... as more decision-making bodies
invest in generating data that are compara-

Published by AAAS

Science, 12 Feb 2016

practical way to begin.”

Legal obstacles could also
hamper use of the screening
method. Although ECHAs
safety reports are public, the
companies that registered
the chemicals own the data
in the reports. That could
complicate Hartung’s plans
to share his database with
other researchers and cre-
ate a spinoff company that
would help clients screen
new chemicals. He is cur-
rently negotiating  with
the agency over the use of
the data; an ECHA spokes-
person says “we are keen to
see data on chemicals be-
ing made use of to enhance
their safe use, promote in-
novation, and avoid unnec-
essary testing on animals ...
[but] we need to be sure that
the appropriate rights have
been respected.”

In the meantime, Hartung
says that “the fact that we
got this public data is fantastic” But he says
ECHA and other regulators could do more
to make it usable by requiring companies to
submit standardized, organized data instead
of just text. His team is also meeting with
experts in the United States and Europe to
share practical read-across guidance, which
he hopes will help the method catch on more
quickly among regulators, academics, and
industrial users.

Nel says that’s a “sensible and laudatory
goal” but predicts it will take years for such
methods to be accepted internationally. Un-
til then, Bahadori says, “we can make the
chemistry of the future much smarter by
making data available” m

12 FEBRUARY 2016 + VOL 351 ISSUE 6274 651

Inter national, cross-industry and
multi-stakeholder steering group
One workshop and two symposia;
2017 regulator summit

Good Read-Across Practice and
guidance on biological support
data

Application to Green Toxicology
(frontloading of toxicology)
Automated tool development
Collaboration with UL making
tool and services available
Expansion to other data-bases
including pharma
Additional uses e.g. drug
contaminants
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215t century
science starts with
215t century cell
culture
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Integrated testing Strategies
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Our mini-brain project
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Meperidine addiction led to
Parkinson via MPTP contamination

(Cerebral Atrophy)

Levodopa -
4
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Standard
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Parkinson model

MPTP and Rotenone selectively kill dopaminergic
heurons

Rotenone

Control 0.1 uM 1 uM 5uM 10 uM 50 uM

Control 10 uM 100 pM 500 uM 1000 uM 5000 uM



Food for Thought ...

Developmental Neurotoxicity - Challenges
in the 215t Century and In Vitro Opportunities

Lena Smirnova’, Helena T. Hogberg ', Marcel Leist®, and Thomas Hartung

ALTEX 2014, 31:129-156

Diseases like autism cannot be
explained by genetics or exposure alone
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Use for viral
infection

. Examples:
JC virus
Zika

HIV




eserved.

NEWS

New company aims to broaden

Ever since organoids were first developed
a decade ago, researchers with the know-
how to create these miniature, organ-like
structures have also been the main people
using them. That may soon change: as
scientists in the US wait for government
institutions to create organoid banks for
research, at least one company is preparing
to commercialize organoids for study.

At the American Association for the
Advancement of Science’s annual meeting
in February, Thomas Hartung introduced
Organome, a Baltimore-based company
formed to mass-produce brain organoids
for research. Hartung, director of Johns
Hopkins University’s Center for Alternatives
to Animal Testing, also announced the
development of a new brain-organoid
model to be sold through the company. Not

Thomas Hartung.

http://www.organome.co
Goals:

Sphere for study: A brain organoid from Hartung's
lab.

researchers’ access to organoids

out to guide other scientists through the
process of commercializing organoids.

“We're constantly frustrated by the lack
of access to things generated in academic
labs,” says Elizabeth Iorns, co-founder of
ScienceExchange, a website that enables
scientists who lack equipment or expertise
to outsource projects to labs with the proper
materials.

Torns also thinks that Hartung’s ability
to deliver consistent products—given that
his organoids are derived from induced
pluripotent stem cells, which are difficult
to standardize—is key: “What Thomas
is doing is really great and will provide
standardized materials for a lot of people.”

“I haven’t come across anything like
this before,” says James Wells, director of
the Pluripotent Stem Cell Center at the

Harfung says. “There’ll be lots of bottles of
champagne when we figure this out.”

Not Brainome but
Organome

Get Organoids ou
of academia to
practical use

Help
standardization,
QA and validation
Make visible

ORGANOME., 2015
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Cryopreservation of mini-brains
- Neurite outgrowth -




The advantage of “brain on the rocks”

Academic model
in cell incubator

Several cell lines . ‘
continuous production '

production 3
month model

! } ! Weekly

Stockpiling of frozen mini-brains



Get frozen mini-brains where they are needed
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Are our cell cultures good enough?




I cannot say whether things will get better
if we change; what | can say is they must
change if they are to get better.

Georg Christoph Lichtenberg
(1742 - 1799)




