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SEPA Toxicological Tipping Points
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J Current toxicological tests use apical in vivo adversity

to define a point of departure (PoD) for risk e
assessment blgc ateracton
Biological systems are resilient and adapt to - B =
. . L — S— gy Nona
environmental perturbations Tnputs @ | \|' )
U Threshold between adaptation and adversity: | l>
“Tipping point” -

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

* Morbidity and
Mortality

JHow can we use high-content imaging
(HCIl) data to find tipping points ?
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aStudy
HepG2 cell culture

967 chemicals (ToxCast)

10 conc

aHCI Assays
Health
Stress
> Cellular perturbations

aDynamic phenotypic
response of cells to
chemicals

alLarge-scale data
~400 plates
~100,000 wells
~2,400,000 images

igh Content Imaging (HCI)

High-Content Imaging
(HCI): multiplexed
measurements on cell
populations

HCI Conducted by Cyprotex, Inc.
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to divide

replication
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www.flowcytometry.us

Cl Endpoints: Cell State

P53: p53 activity (p53)
c-Jun: stress kinase (SK)
H2AX: oxidative stress (0OS)

MitoTracker Red:
mitochondrial mass (MM),
mitochondrial membrane
potential (MMP)

Tubulin: microtubule
organisation (Mt)

Hoechst33342: nuclear size
(NS), cell cycle
arrest/progression (CCA),
cell number (CN)

PH3: mitotic arrest (MA)



SEPf\ . Cell-State Data from Images
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DMS0 141000.000000 uM 24h Hoechst33342 Nucle

g | '.'l..*'-‘.

Raw Image —— Intensity Object —— Nuclear intensity
(Hoechst) Analysis |dentification distribution

Image analysis and cell level feature feature extraction conducting
by Cyprotex Inc. (proprietary software)
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» Each chemical produces a
10 dimensional HCI
response for each
treatment (concentration
& time)

» Results in close to 10°
data points or 104 vectors

» How do we summarize
and interpret such data?

» How do we predict tipping
points using these data ?
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oo HCIl to Phenotypic States
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o We used unsupervised
learning (clustering)

Oxidative Stress

Microtubule

Stress Kinase

Mito Mass
() Mito Memb Pot

a Cluster all 104treatment
responses

}
. . o O .Nuclear Size
. .... Cell Number
-
=
3

a Derive phenotypic
“states” of HepG2 cells

a Phenotypic states could
represent canonical
behaviours of cells

a We could use these
phenotypic states to
understand the dynamic
response to chemicals
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“Normal” State
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State Transition
Fluazinam 0.78 uM
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System trajectory
Fluazinam 0.78 uM
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Sequence of states

System trajectory
Fluazinam 0.78 uM

Trajectory
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EPA Quantitative Trajectories

Environmental Protection

Agency
Captan Dicofol Butachlar Dimethyl terephthalate
- hr---—— " i
15F 1 15 1 151 1 151 q
10 . 10—/\" 10 J
A >0 - 5 | 5 ] sk ]
e = L
’
/ Cell Fﬂ_—_ﬂ
K . o PR S e —— o e o " o
2’ |njury 0 10 20 30 40 50 60 7O 0 10 20 30 40 50 &0 70 0 10 20 30 40 50 60 70 o 10 20 30 40 50 &0 7O
1
] Sodium L=ascorbate Octanoic acid Chlorpyrifos-methy| Oxadiazon
H . wr— #7777 #7777 N7 T 77—
7
: -
4,
o - 15| 4 1sp { st 4 1sp g
f"
Ot T
4
¢ 10F 1 1op 1 1op 1 1of 1
R .
K Adaptive
4
H responses sk i sk i 5l i
I
1
1
1
1 0 = = . o n n n 1 I 0 1 .| - 1 1 1 n 1 1 1 1 1 1 1
H . . 0 10 20 30 40 50 60 70 0 10 0 30 40 30 €0 70 0 10 20 30 40 50 60 7O 010 20 30 40 50 &0 T0
! Trajectories o . . . o
K 20 Pioglitazone hydrochloride 20 Farglitazar 20 Troglitazone Thiram
K . ===ee » Adverse
4
4
."/ Normal Adaptive 150 4 asp {1 1sp 4
o >e responses
P » Normal . .
- 10F 1 1op 1 1op 1
|-
Ll t _'__'__‘
5F I B E 5t " | d
2 o o r— 8 P T S T T
0 10 20 30 40 50 60 TO 0 1o 20 30 40 50 €0 70 0 1o 20 30 40 50 60 70 o 10 20 30 40 50 &0 7O
Fludioxonil Mercuric chloride Fluazinam Tetramethrin
wr———— " #y—— #7777 N7
—  200,00uM
15k 1 st i —  100.00uM
—  50,00:M
—  25.00:M
| | L ] — 12.504M
10 10 —  6,25uM
—  313M
5 ~ —  L.58uM
* —  0.78uM
—  0.33M
o n — ° e ——— o L o | eee—
0 10 20 30 40 50 60 70 0 10 20 30 40 50 &0 70 0 10 20 30 40 50 KO 70 0 10 0 30 40 50 &0 70

Shah et al 2015



55
kO
= |
e R
F 000z Jo000z ooz Jo000z
H 0'00T | Jooot 000t | Jooot
st 00s | 00§ 0os | 0'0S
Wy c
| — ire e E| 1q
5 Usz § oz osz = [1X:14
gt 21 m| sz @ o Lh 4 {set
by 5 i
m.‘ sz 8t Jses £ €9 St y Jse9
5
gh gere OF Jere e & Jere
Bt 951 L Jos1 91 L Hos1
H 80 Jaeo sro0 EETR
L P 6E'0 P ¥ L 6€0 M 6€0 s . T 6€'0
(=] ) o n o Eal (=1 2] (= o (=T (=] n o n o =] Ll (=3 o un o 1 o n o 0 (=]
n N T A T T N Ty
[ 0002 [ 10002 r 000z [ 10002
O H 0°00T _ | 000T | 000T | 0'00T
>
b 00s £ 005 | 00s | 0'0s
w o
0 e— st oSz gf 105z £t ose Er Josz
.m r Lras .m r 18¢T m r 1s°¢t m u 1S°¢tl
St szo St Jsz9 Gt y szo St {sz9
m (=8 o T
° H e 5f Jere EH L ere F Jere
H o1 St Jos1 | 9sT | Jos1
S H 80 | 180 B0 | RETR
L M 6£'0 L . L 6£°0 | I L 6E°0 E L 6£'0
[=] 2l (=3 wn o 2l [=] '3} o (=3 w (=3 wn o sl o w (=] o [} (=3 wn (=} s} o '3} (=] o wy (=]
n SR R 2 4= RN R 28 TEaR R 28
0'00Z 0'00Z 0002
a H L Jooor | 000t | Jooot
F ol 100 r Joos m 1008
r t ot Josz 5t sz S Josz
(=] N =
S 2r {set 8BF 18et ©r 1set
o = —
art sf Jsze Bt sze Sf {5z
[}
5 . 8 . D .
IS} £TE ETE 5 383
b 8 9T 9sT | 951
H L qsro 8L0 | J8c0
I—L . — - R — .. dsco . , S deco
o n o mn o m o n o wn o o n o o n o 1 o S n o v 6 n o 1 o
n e o O o o e T
H 000z {oooz b 000z Ho00z
e F oot f . Jooot B 000t | \ {000t
o
F 008 m Joos £ Jo0s o Hoos
[ [ —
of oz gf Josz ©f 0sz Zt Josz
° o
It 7T B szt > 57T Xt S'ZT
o B < o
@ | . | s @ . | Jea
8 sZ9 ¢ sz'9 gl sz9 3 sz9
n H EUE 2t {eve wf AR ET'E
. 8 . 2 . )
951 8 951 3 95T 95'T
H 8Lo 80 £t 8ro | / {8r0
E L d6€0 b ’ P -V T |- VI N (- ]
[=] [Ta} 3] (=] (=TT o o n o n o o 3] o n o n o 3] [=] o un o o no oo o [=]
N T o Ty ~o e o ~ Ty
S = g
O o
h
8
=B K
| ol
58
°§
(51

Environmental Protection

Agency

<EPA
United States

Shah et al 2015

Conc [uM]



EPA Critical Concentrations
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a Can systematically
identify critical
concentrations-
“tipping points”
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a Tipping point precedes
concentration that
produces significant cell
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MANY CHALLENGES..

AStudy design enhancements: A Tipping point evaluation

= Differentiating between

= More physiologically-relevant
PK and adaptation

cell model

. = Reproducibility
= More holistic cellular stress-

. = Biological relevance
response assays (e.g. —omics)

" /n vivo Extrapolation

New study underway to address
some of these challenges ...
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EPA Summary
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Complex biological data can offer new
insights into cellular state

Chemical-induced perturbations can
be described by dynamic cellular
trajectories

Trajectory analysis can identify
“tipping point” of cellular adaptation

Additional research on linking tipping
points with adversity

Could be used as point of departure
for risk assessment

» Cellular
Changes -,
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Normal
Biologic

Function

Biologic Pertubations:

System Trajectories:

------ »  Some perturbation/
Recovery

------ »  Adaptive stress response/
Recovery

------ » Adaptive capacity exceeded/
Cell injury/
No recovery
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