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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
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Legacy and Emerging Superfund Contaminants Disrupt
Thyroid Homeostasis Through Undetermined Mechanisms

LEGACY

A POLYCHLORINATED BIPHENYLS (PCBS)
A DIOXINS

A ORGANOCHLORINE PESTICIDES

EMERGING

A PERFLUOROALKYL SUBSTANCES (PFAS)

A POLYBROMINATED DIPHENYL ETHERS (PBDES)
A CURRENT-USE PESTICIDES

AOP MODELING DOES NOT SUPPORT CURRENT

MECHANISM USED TO MAKE REGULATORY DECISIONS
(RICHARDSON ET. AL., 2010; KATO ET. AL. 2004 AND 2014)
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RATS>>> HUMAN

Disruption of thyroid hormone homeostasis in Ugt1a-deficient
Gunn rats by microsomal enzyme inducers is not due to
enhanced thyroxine glucuronidations

Terrilyn A. Richardson' and Curtis D. Klaassen”

Departm f y, Toxicology and Therapeutics, University of Kansas Medical
Center, City USA
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AOP IDENTIFIES CRITICAL COMPARTMENTS TO MODEL

AOP IDENTIFIES CRITICAL COMPARTMENTS
TO MODEL THYROCYTES, HEPATOCYTES
AND SERUM (NOYES, ET. AL, 2019)

HYPOTHESIS — THYROID HORMONE
ACTION IS A SHARED KEY
INTERMEDIATE EVENT LEADING TO

ADVERSE OUTCOMES
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AOP IDENTIFIES ENDPOINTS TO MEASURE

ADVERSEOUTCOME PATHWAY NETWORK
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PLUG AND PLAY COMPLEX IN VITRO MODELING — HUMAN HEPATOCYTES

Human Hepatocytes Human Thyrocyte Follicles

COMPLEXIN VITRO

Development of an In .o fuman Thyroid
Microtissue Model fo! Chemi al Screening
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Human Thyrocyte Follicles  FOLLICLES RESPOND TO TSH AND CHEMICALS
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PLUG AND PLAY COMPLEX IN VITRO MODELING — HUMAN HEPATOCYTES

Human Hepatocytes Human Thyrocyte Follicles

o y V R ";. \p e = R
R RS e
: x ; Hee A ik e ° .

COMPLEXIN VITRO

Developmentofan InVitro Human Thyroid
Microtissue Model for Chemical Screening
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CELL SEGMENTATION AND QUANTIFICATION OF CONFOCAL IMAGES
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MITOCHONDRIAL MEMBRANE POTENTIAL FOLLOWS TEQ SHOWS INCREASE
SENSITIVITY OVER CYPT1AT1 ACTIVITY

Table 1. WHO 2005 Mammalian TEFs for Dioxin and DLCs

Mitochondrial Membrane Potential Dose-Response

Full Congener Name

Number Congener Name* 2,3,7,8-TCDD
Dioxin Congeners 150 1C50: log-10.0/ 0.09nM R?:0.81
1746-01-6 | 2,3,7,8-Tetrachloro dibenzo-p-dioxin 2,3,7,8-TCOD ——
S IO F o T T e e T [ e oS 1,2.3,7.8-PCDF
39227-28-6 | 1,2,3,4,7,8-Hexachloro dibenzo-p-dioxin 1,2,3,4,7,8-HxCDD . 2.
57653-85-7 | 1,2,3,6,7,8-Hexachloro dibenzo-p-dioxin 1,2,3,6,7,8-HxCDD 100+ IC50: log-9.2/0.6nM R*: 0.69
19408-74-3 | 1,2,3,7,8,9-Hexachloro dibenzo-p-dioxin 1,2,3,7,8,9-HxCDD 1,2,3,4,6,7,8-HCDF
35822-46-9 | 1,2,3,4,6,7,8-Heptachloro dibenzo-p-dioxin | 1,2,3,4,6,7,8-HpCDD
3268-87-9 1,2,3,4,5,7,8,9—[?([a(hlum d\benzai—dmx\'n 0CDD z 1C50: log-8.0/9.3nM R%0.51
Furan Congeners
51207-31-8 | 2,3,7,8-Tetrachloro dibenzofuran 2,3,7,8-TCDF
57117-41-6 | 1,2,3,7,8-Pentachloro dibenzofuran 1,2,3,7,8-PeCDF
T oA | a0 D rentachioro dbenzotaran T L orethr
70648-26-9 | 1,2,3,4,7,8-Hexachloro dib 1,2,3,4,7,8-HxCDF \
57117-44-9 i 1,2,3,6,7,8-HxCDF
72918-21-9 | 1,2,3,7,8,9-Hexachloro dib 1,2,3,7,8,9-HxCDF . 1 1 1 1
60851-34-5 | 2,3,4,6,7,8-Hexachloro dibenzofuran 2,3,4,6,7,8-HxCDF .. _105 _100 _95 _90 _85 _8.
67562-39-4 | 1,2,3,4,6,7,8-Heptachloro dibenzofuran 1,2,3,4,6,7,8-HpCDF
Wmm T e Hotor ; [I

2,3.4,7,8, ,2,3.4,7,8, OgM]

39001-02-0 [ 1,2,3,4,6,7,8,9-Octachloro dibenzofuran | OCDF -50-

CYP1A1 Activity Dose-Response

cas ‘ Shorthand

TMRM Mean
Intestity % Max
a1
o
1

o

2,3,7,8-TCDD
IC50: log-9.4/ 0.44nM R?: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 R%: 0.93
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