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How can we leverage NAMs  to inform how environmental 

contaminants cause thyroid imbalance and effects in humans
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THYROID IMBALANCE REPRESENTS TH KINETICS, TH ACTION DRIVES 

PHYSIOLOGY

Thyroid Hormone Regulation of Metabolism,  Mullur R, et. al. 2014



Legacy and Emerging Superfund Contaminants Disrupt 

Thyroid Homeostasis Through Undetermined Mechanisms

LEGACY

Å POLYCHLORINATEDBIPHENYLS(PCBS)

Å DIOXINS

Å ORGANOCHLORINE PESTICIDES

EMERGING

Å PERFLUOROALKYLSUBSTANCES(PFAS)

Å POLYBROMINATEDDIPHENYLETHERS(PBDES)

Å CURRENT-USEPESTICIDES

AOP MODELING DOESNOT SUPPORTCURRENT

MECHANISM USEDTO MAKE REGULATORYDECISIONS
(RICHARDSON ET. AL., 2010; KATO ET. AL. 2004 AND 2014)

ADVERSE OUTCOME PATHWAY MODELING

RATS >>> HUMAN



AOP IDENTIFIESCRITICALCOMPARTMENTSTO MODEL

AOP IDENTIFIESCRITICALCOMPARTMENTS

TO MODELTHYROCYTES, HEPATOCYTES

AND SERUM (NOYES, ET. AL, 2019)

ADVERSE OUTCOME PATHWAY NETWORK

(NOYES, ET. AL, 2019)

HYPOTHESISðTHYROIDHORMONE

ACTION IS A SHAREDKEY

INTERMEDIATEEVENTLEADING TO

ADVERSEOUTCOMES



AOP IDENTIFIESENDPOINTSTO MEASURE

AOP IDENTIFIESCRITICALENDPOINTS:

TH KINETICS- HORMONE SYNTHESIS

(T3/T4), METABOLISM(TH-G/TH-S), 
TRANSPORT(INTRA/ EXTRACELLULAR)     
LC-MS/MS

TH ACTIONðTRANSCRIPTIONAL

ACTIVATION, CELLULARENGERGETICS(FA 
UPTAKE, MITOCHONDRIAL DYNAMICS, 
CHOLESTEROLBIOSYNTHESISETC.).  
CONFOCAL IMAGING

MANY SUPERFUNDCHEMICALSAREALSO

KNOWN TO DISRUPTCELLULARENERGETICS

ADVERSE OUTCOME PATHWAY NETWORK



Microchannel

ELEGANTLYSIMPLE

FULLYHTS COMPATIBLE

MULTI-ENDPOINT

2D OR 3D CO-CULTUREAND MULTICULTURE

US Patent Number 10,518,266 



Plug and Play Coculture

Human Thyrocyte Follicles Human Hepatocytes

COMPLEX IN VITRO
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PLUG AND PLAY COMPLEXIN VITROMODELINGðHUMAN HEPATOCYTES

2D OR 3D COMPATIBLE 2D OR 3D FORMAT 2D+ FORMAT
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CELLS

WELL 52K

FOLLICLESRESPONDTO TSH AND CHEMICALS



Plug and Play Coculture

Human Thyrocyte Follicles Human Hepatocytes
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PLUG AND PLAY COMPLEXIN VITROMODELINGðHUMAN HEPATOCYTES

2D OR 3D COMPATIBLE 2D OR 3D FORMAT 2D+ FORMAT



Nuclear

FA uptake

Mito. Mem. Pot.

Mitochondria

ENDPOINT DEVELOPMENT
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CQ-1 SPINNING

DISKCONFOCAL

VITAL IMAGING



Nucleus 

Segmentation
Cell Body 

Segmentation

Linked Nucleus and 

Cell Body

Nucleus segmentation: Use Hoechst ƛƳŀƎŜ ǘƻ ŘŜŦƛƴŜ ƴǳŎƭŜǳǎΦ !ǇǇƭȅ ƛƳŀƎŜ ŦƛƭǘŜǊ ǘƻ ŘŜƭŜǘŜ ƴƻƛǎŜ Ҧ {Ŝǘ 
ƛƴǘŜƴǎƛǘȅ ǘƘǊŜǎƘƻƭŘ ǘƻ ƛŘŜƴǘƛŦȅ ƴǳŎƭŜǳǎ Ҧ {Ŝǘ ƳƛƴƛƳǳƳ Ǉƻƛƴǘ ŘƛǎǘŀƴŎŜ ǘƻ ǎŜƎƳŜƴǘ ŎƻƴƴŜŎǘŜŘ ƴǳŎƭŜǳǎΦ

Cell body Segmentation: Use Bodipy, MitoTracker Deep Red and TMRMΩǎ ƛƳŀƎŜǎ ǘƻ ŘŜŦƛƴŜ ŎŜƭƭ ōƻŘȅΦ !ǇǇƭȅ 
ƛƳŀƎŜ ŦƛƭǘŜǊ ǘƻ ŘŜƭŜǘŜ ƴƻƛǎŜ Ҧ aŜǊƎŜ ǿƛǘƘ hoechst ƛƳŀƎŜ ǘƻ ǇŀƛǊ ŎŜƭƭ ōƻŘȅ ǿƛǘƘ ƴǳŎƭŜǳǎ Ҧ {Ŝǘ ƛƴǘŜƴǎƛǘȅ 
ǘƘǊŜǎƘƻƭŘ ǘƻ ƛŘŜƴǘƛŦȅ ŎŜƭƭ ōƻŘȅ ŦǊƻƳ ƛƳŀƎŜ Ҧ {Ŝǘ ƳƛƴƛƳǳƳ Ǉƻƛƴǘ ŘƛǎǘŀƴŎŜ ǘƻ ǎŜƎƳŜƴǘ ŎƻƴƴŜŎǘŜŘ ŎŜƭƭ ōƻŘȅΦ

MitoTracker Deep Red-Active Mitochondria
TMRM-Mitochondrial Membrane Potential

Bodipy-Lipid Uptake
Hoechst-Nucleus

CELL SEGMENTATION AND  QUANTIFICATION OF CONFOCAL IMAGES



M ITOCHONDRIALMEMBRANEPOTENTIALFOLLOWSTEQ SHOWS INCREASED

SENSITIVITYOVERCYP1A1 A CTIVITY
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IC50: log-9.4/ 0.44nM R2:0.95

1,2,3,7,8-PCDF

IC50: log-8.5/ 3.0nM R2: 0.98

1,2,3,4,6,7,8-HCDF

IC50: log-8.1/8.4nM R2: 0.93
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2,3,7,8-TCDD

IC50: log-10.0/ 0.09nM R2:0.81

1,2,3,4,6,7,8-HCDF

IC50: log-8.0/9.3nM R2: 0.51

1,2,3,7,8-PCDF

IC50: log-9.2/0.6nM R2: 0.69
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