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Toxicological Tipping Points …

… thresho ld  be tween adap ta t ion  and  advers i t y

… may be use fu l  as  PoD fo r  r i sk  assessment  

… may i nvo lve  s t ress  response  pa thways  

… could be found  f rom some i n  v i t ro data  

… needs  new computa t iona l  approaches

 Case-Study :  Use  h igh-con ten t  da ta  to  f ind  
t ipp ing  po in ts   
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 Cel luar  s t ress  
response  pa thways
 O x i d a t i v e  s t r e s s
 H y p o x i a
 D N A d a m a g e  
 E R  s t r e s s  
 M i t o c h o n d r i a l  s t r e s s

 I nduc ed  by  c hemic a l s  
t o  ove rc ome  
“pe r t u rba t i on ”  o f  
no rma l  s t a te

Simmons et al 2009
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HCI  Stress Responses? 

 H i g h  c o n t e n t  i m a g i n g
 H e p G 2  c e l l  c u l t u r e
 ( To x C a s t  I ,  I I )
 1 0  c o n c ,  3  t i m e s

 H C I  A s s a ys  
 S y s t e m  p e r t u r b a t i o n
 C e l l  h e a l t h
 S o m e  s t r e s s  p a t h w a y s

 D yn a m i c  p h e n o t yp i c  
r e s p o n s e  o f  c e l l s  t o  
c h e m i c a l s
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Taxol 0.03uM

Hoechst33342

Phospho-Histone3

MitoTracker Red

Phospho-Tubulin
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HCI  Mult idimensional Data 

“D isc re te  Responses” “Cont inuous  Responses”
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Discrete States – Phenotypes? 

 H o w  c a n  w e  u n d e r s t a n d  t h e  
b e h a v i o r  o f  H e p G 2  c e l l s  ?

 C l u s t e r  a l l  d a t a  t o  d e r i v e  
p h e n o t y p i c  “ s t a t e s ”  o f  
H e p G 2  s y s t e m

 A n a l y z e  s y s t e m  
t r a j e c t o r i e s

 C a n  w e  d e f i n e  n o r m a l  
a d a p t i v e  a n d  a d v e r s e  
r e s p o n s e s  ?  
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“Normal” State

Fluaz inam 0 .78  uM

0h
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State Transit ion

Fluaz inam 0 .78  uM

0h

1h
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System trajectory

Fluaz inam 0 .78  uM

0h

1h

24h24h
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System trajectory

Fluaz inam 0 .78  uM

0h

1h

24h24h

72h

Tr a j e c t o r y = S e q u e n c e  o f  s t a t e s
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Fluazinam “Trajectories”

Increasing Dose

C
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Fluazinam “Trajectories”

Recovery Partial
Recovery

No
Recovery

T i p p i n g
P o i n t
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Butachlor Trajectories

Increasing Dose
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Butachlor Trajectories

Tipping
Point

Recovery Partial
Recovery

No
Recovery
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A  S y s t e m s  V i e w …

 H C I  d a t a S y s t e m  S t a t e  ( X )  

 C h e m i c a l S y s t e m  p e r t u r b a t i o n

 P e r t u b a t i o n  D y n a m i c  r e s p o n s e

 D y n a m i c s   Tr a j e c t o r y

 Tr a j e c t o r y   A d a p t a t i o n / A d v e r s i t y

Biologic endpoint, 

Biologic alteration, 

System state,

Scalar perturbation, 

Trajectory, scalar

]x,x,x,x,[x=X N
k ...4,321

|| kk S=X

S y s t e m  T r a j e c t o r y

A 2-dimensional projection of 
trajectory along dimensions
(𝑥𝑥𝑖𝑖 , 𝑥𝑥𝑗𝑗)

Shah et al 2015 
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Normal 
responses

Adaptive 
responses

Cell
Injury

Normal
Adaptive 
Adverse

Trajectories

Trajector ies & Adaptat ion



Office of Research and Development
National Center for Computational Toxicology

Trajector ies & Tipping Points
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Trajector ies & Tipping Points

 C a n  s y s t e m a t i c a l l y  
i d e n t i f y  c r i t i c a l  
c o n c e n t r a t i o n s -
“ t i p p i n g  p o i n t s ”

 Ti p p i n g  p o i n t s  
p r e c e d e  
c o n c e n t r a t i o n  t h a t  
p r o d u c e s  s i g n i f i c a n t  
c e l l  l o s s
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X

ADVERSITY

X

ADAPTATION

INJURY RECOVERY

INJURYRECOVERY

RECOVERY INJURY

Toxicological Tipping Points

SYSTEM
ADAPTATION

SYSTEM

SYSTEM
TIPPING POINT

SYSTEM
ADVERSITY

SYSTEM
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C H A L L E N G E S …

 Study design
 More time points !
 More stress-response 

markers !
 How to define critical 

window to identify tipping 
points ?

 More physiologically-
relevant cell model 

 Tipping point evaluation
 Is it just PK or is there 

real adaptation ? 
 Are they reproducible ?
 Are they biologically 

relevant (ie. 
mechanisms)?

 Translation
 How do in vitro tipping 

points compare in vivo 
PoD ?
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