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Toxicological Tipping Points 

Krewski, Daniel, Daniel Acosta Jr, Melvin Andersen, Henry Anderson, John C 
Bailar 3rd, Kim Boekelheide, Robert Brent, et al. “Toxicity Testing in the 21st 
Century: a Vision and a Strategy.” Journal of Toxicology and Environmental 
Health. Part B, Critical Reviews 13, no. 2–4 (February 2010): 51–138.

Current toxicological tests use apical in vivo adversity 
to define a point of departure (PoD) for risk 
assessment

Biological systems are resilient and adapt to 
environmental perturbations

Threshold between adaptation and adversity: 
“Tipping point”

Could toxicological tipping points be used as PoD for 
risk assessment ?

How can  we use  h igh-content  imaging  
(HCI )  data  to  f ind  t ipp ing  po ints  ?  



High Content Imaging (HCI)
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High-Content Imaging 
(HCI): multiplexed 

measurements on cell 
populations
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HCI Endpoints: Cell State

Simmons et al 2009
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Cell-State Data from Images

Raw Image
(Hoechst)

Intensity 
Analysis

Object
Identification

Nuclear intensity
distribution

I m a g e  a n a l y s i s  a n d  c e l l  l e v e l  f e a t u r e  f e a t u r e e x t r a c t i o n  c o n d u c t i n g  
b y  C y p r o t e x I n c .  ( p r o p r i e t a r y  s o f t w a r e )
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Mitochondrial  disruptors

 log2(fold change): decrease (BLUE), increase (RED) or no effect (YELLOW)
 Bioactivity profile:  “deviation from normal state” of HepG2 cells



Thiazol idinediones (TZDs)



Summarizing Large-Scale HCI Data 

 Each chemica l  p roduces  a  
10  d imens iona l  HCI  
response  fo r  each  
t rea tment  ( concen t ra t ion  
&  t ime)   

 Resu l t s  in  c lose  to  10 5 

da ta  po in ts  o r  10 4 vec to rs

 How do  we summar ize  
and  in te rp re t  such  da ta?

 How do  we p red ic t  t i pp ing  
po in ts  us ing  these  da ta  ?  



HCI to Phenotypic States 
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“Normal” State
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State Transit ion
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System trajectory
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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



Fluazinam “ Trajectories”
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Butachlor Trajectories
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Analyzing Trajectories Quantitatively

Some perturbation
Recovery

Adaptive stress response?
Partial recovery

Adaptive capacity exceeded/
Cell injury? 
No recovery

Shah et al 2015 
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Shah et al 2015 



Dose-Dependent Transition

Shah et al 2015 



Critical Concentrations
 C a n  sy 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 ra t i o n s -
“ t i p p i n g  p o i n t s ”

 T i p p i n g  p o i n t  p re c e d e s  
c o n c e n t ra t i o n  t h a t  
p ro d u c e s  s i g n i f i c a n t  c e l l  
l o s s

Shah et al 2015 



M A N Y  C H A L L E N G E S …
Study design enhancements: 

More physiologically-relevant 
cell model 

More holistic cellular stress-
response assays (e.g. –omics)

Tipping point evaluation
 Differentiating between 

PK and adaptation  
 Reproducibility 
 Biological relevance
 In vivo Extrapolation 

New study underway to address 
some of these challenges …



S u m m a r y
 Complex biological  data can offer  new 

insights into cel lular  state
 Chemical- induced perturbations can 

be descr ibed by dynamic cel lular  
trajectories 

 Trajectory analysis  can identify  
“t ipping point ”  of  cel lular  adaptation

 Addit ional  research on l inking t ipping 
points with adversity

 Could be used as point  of  departure 
for  r isk assessment 
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