Imran Shah
Computational Systems Biologist

National Center for Computational Toxicology

US EPA

Modelling The
Biological Complexity
Of Our Environment

The views expressed in this presentation are those of the author[s] and do not
necessarily reflect the views or policies of the U.S. Environmental Protection

Agency.



Chemical — Uses — Exposure —

Complex Pathways to Toxicity

Internal
Dose

e There are ~ 80,000 chemicals in

commerce

Chemicals are evaluated based on
adverse outcomes (derived from
animal testing)

Hepatocytes

,-* ok
%
— / Kupffer Cells
Molecular Cellular Organ -
- -~ «—— Toxicity
Changes Pathways Effects

e Only ~1000 chemicals have been
evaluated systematically via animal
testing

* How do we effectively determine
the health risks of the remaining
thousands of chemicals?
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Multiple —omic technologies

Varying

e levels of maturity/acceptance
 biological coverage
 mechanistic value

e translational utility
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Data-Driven Toxicity Prediction
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Data-Driven Toxicity Prediction

v
Chemical —-—-—-—-—-—-‘I N (ol B > Toxicit
Changes y

Chemical and Biomoecular Descriptors || Toxicities |
| E =2 EE = =EE EEE E=EE =2 = EEEED
EE R = L ] EEEE R = = EEEEDR
EEEEERE EEEEEEE = = EEE EE EEEEA
EEm mm mm smmEsm =E==== EEEEm | Models | | Accuracy
EzEEEEEE = =E=E =2 =2 = == = [ ) EEEEN
E EssEEE = == FEEEE = EEEEm ] " . W E——
E EEEEE = E =2 =2 = = = " EEEED # ' e =
TWU EE E EEE EEEEE EER =E = EEEES AN R I
o E== EE == E = =E=E = = EEE=ES 4] soom e S —
é = = EEE EE = = = EEEEE I:> I:>‘g EEEEE = =
) BE R EEE EEE EEEE = = B = EEEEE < EERE - = = [ |
< ] = Em E == ] = " EEEES A . .mE= —
© B SEEEE SEEEEEEESES = = EEE EE=E=® . : T S p——
= EEEEE EE = EEEEEES EEEES , R RV -
= EEE= EE = = === E=E= = EEEES I = e . .
E == ' FRERERE E=EE E=zEEEm = EEEEE
= B = E =S =EE EEEESE @ = A E=S==@
EEEm = == CN] E = = = = = EREEE
EE = = = = EEEEE =E=E= == = EEEEE
— EE = = EEEE EEE == EEEEE

Liu et al. 2017



CAUTION: Large-Scale Data are Complex!

e HTT assays provide a snapshot of
system state

e System state (trajectory) can
adapt over time and recover or
undergo injury

e Analyzing system trajectories
reveals “tipping points”

e Tipping points: critical dose-
dependent thresholds between
adaptation and injury
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Tipping Point In System Recovery
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System Trajectories & Tipping Points
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Summary

JHigh-throughput data-driven approaches provide
alternative toxicity testing strategy

JA broad array of computational predictive approaches
can be used to predict chemical-induced effects

dLinking complex disparate data-streams is challenging

JKey issue: How do we differentiate adaptation from
adversity in vitro?

dTipping point analysis rigorously identifies critical dose-
dependent thresholds in system recovery

JdFurther experiments underway to evaluate utility
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