Development of a Human Thyroid Microtissue Model for Evaluation of Thyroid
Hormone Synthesis
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Objective

Thyroid-derived Cell Characterization TSH Modulation of Microtissue Size and

Hormone Synthesis

A Brightfield Hoechst AF488 Merge B Hoechst Phalloidin Merge
, ; A .
TSHR LY Y s | ) _ c Brightfield
Inhibition . Tain i | Control | 2D Triiodothyronine (T3) T
TPO TH | Serum Neur<|3nal lpggﬁgpa Hippocampal| [Hippocampal Cognitive 107 '
Inhibition Synthesis, p- T4, > Tissue Expression »| Anatomy, p»| Function, | Function, o
Decreased Decreased Decreased Altered Altered Decreased Decreased Lo _ *o ™ . TSH
NIS E s e Null
Inhibition : ; g ¢ o
Thyroid Gland . . 3D .
--------------------- o] —— G
Molecular N / Adverse 3D IIVIed TSII-I_D TSI:I_1 TSI-i_10
Initiating Key Events Outcome
Events . . . Human Serum Total T3 Reference Range: 0.8 - 1.8 ng/ml TSH
KRT7 | Biomarker profiling and evaluation of 2D vs 3D models. 1 miU/mi
——>» KER - Direct : Immunocytochemistry of thyroid-derived cells in a 2D monolayer B
—> KER - Indirect from donor LNH1722161 at passage 1 on day 2 of culture. IgG Thyroxine (T4)
control (a-Mouse 1gG), NKX2-1 (Thyroid Transcription Factor 1), 35- .
Develop an in vitro organotypic culture model for evaluating disruption of thyroid hormone synthesis in | KRT7 (Cytokeratin 7), and TG (Thyroglobulin) are shown. 301 .
. s . . . . | : 251 oW
the human thyroid gland. Inhibition of key molecular initiating events in the thyroid gland such as Thyroid Morphological assessment of 2D monolayers vs 3D self-assembly of = 20 7
Stimulating Hormone Receptor (TSHR), Thyroperoxidase (TPO), and the Sodium lodide Symporter (NIS) lead microtissues at day 10 of culture (B). All micrographs are at 200X 2 15 %ol 10Lﬁﬂlml
to decreased serum thyroxine (T4) levels, resulting in adverse neurodevelopmental outcomes in mammals. magpnification. 12' sexgEes
An assay that evaluates the function of these targets in an integrated functional model is required to o] e TP |
evaluate chemical hazards identified in high-throughput screening platforms. 30 Med TSRO TSR TSH_10 S

LNH1811621

Human Serum Total T4 Reference Range: 50-125 ng/mi

Study Design

TSH modulates the size of microtissues and level of thyroid hormone secretion. Donor LNH1811621 was evaluated

. . . for Triiodothyronine (T3) and Thyroxine (T4) accumulation on day 13 of culture. T3 (ng/ml) and T4 (ng/ml) were
A B Thyroglobulin (TG) secretion is y ,(, ) Y (T4) ) e Y .( g/. ) . (ng/mI)
2D 3D enhanced in 3D culture model measured from conditioned h7H culture medium containing 0, 1, or 10 mU/ml Thyroid Stimulating Hormone (TSH).
800- 4000- ) Peak hormone levels were detected at an intermediate TSH concentration of 1 mU/ml, despite larger microtissues
Normal Human Donor LNH1722161 was _ _ ,
Thyroid Gland l = 2D MED = 3D MED monitored in 2D (A) and 3D (B) observed at TSH 10 mU/ml. Data are mean +/- SD of technical replicates from a single donor at Passage 1.
600 - 3000+
31:;5;::5 2D Cell Expansion - : I::—? . : ;2:—? cultures for 8 days. TG (ng/ml)
_ £ 400 - S 2000- - d from conditioned H 1 1 1
: T Trels s meas P di f 3D Thyroid M
> H > CW’DPESEEJ&UOI’I 200 - 1000 - h7H Culture med|um Contalnlng 0' ropose ntegratlon O erI ICrOtlssue
an ] ] . . .
Protein 1, or 5 mU/ml Thyroid Stimulating . o o o
— 0 —a—s . : ’ o —= Hormone (TSH). Data are mean ASSBVS fOr TherId DISfUptIOn Screenlng
QC Validstion +/- SD of technical replicates from
D D :
[ : \ W Y a single donor at Passage 1.
- High-Throughput Medium-Throughput
Chemical Hit Orthogonal Bioactivity Profiling High-Throughput Dosimetry
Prioritization and Human Relevance and Exposure Assessment
Tier 2 Tier 3
S I o T N e el I B == B T
I I
: = s X
Harvest Follicle Attachment and 2D Monolayer 3D Sandwich A B X - Chemical
Fragments Outgrowth of Cells Culture Culture ] . . 2D_T3 3D_T3 lntclegrat?d Hazard TPO > | & > x| 91 R T o It
Thyroid hormone is secreted and sustained over 8000 80001 ang”é;gg;‘ﬁ:‘e : Xs X
time in the 3D culture model. Donor LNH1722161 6000- = 2DMED  ggg. = 3DMED NIS 3D Thyrollicle: | _| ) :5
. .. . _ -+ TsHO -+ TSH_O TH Secretion - °
l l was monitored for Triiodothyronine (T3) and E 000l =~ TH1 E 4000 - TSH A o 4 4 4 X.
Thyroxine (T4) accumulation from days 10-18 of = - TSHS & == TSHE ¥ |
2000 2000
T e culture. T3 (pg/ml) and T4 (ng/ml) were measured | |
Endpoints | Markers Method Key Event Markers | Method from Cond|t|oned h7H CUIture med'um COﬂtalnlng 0-_5 10 1.5 1I4 16 18 0 0 1'[) 1'2 1'4 16 1'3 Scope Modlfylng +/- Liver Human Population
Maorphology Phalloidin-AF 458 and Hoechsl 33342 Confocal Flusrescence Microscopy TSHR Thyroglobulin Secretion TG ELISA 0’ 1’ or 5 mU/mI TherId Stlmulatlng Hormone Day Day Parameters Metabolism DiverSity
Immunocytochemisiry | IS, TG, NKX2-1, CKT Confocal Fluprescence Microscopy IS lochde Liptake RAI Assay . . .
Gana Exprassion TSHR, TG, IS, TRO, PDS, PAXE, NKX2.1, FOXE1, DUBOX 12, DUOXANZ gRT-PCR TRO TRO Actwity AR Assay (TSH)' TWO dlmenSIOnaI m0n0|ayer CUItures dld nOt C 2D_T4 D 3D_T4
Prowin Egression. | TSHR TG, NIS, TPO, NIOZ-1 — HSpiness | T3andTaSeaston | THELISA produce detectable hormone levels (A and C), in 6 8 ¢'
contrast to three dimensional cultures that . = 20 MED . = 3D MED o oo Parent/Metabolite Activity Virtual Thyroid
. . ae . . . i i -+ TSHO -+ TSHO GenRA, QSAR etc
Overview of model characterization and assay development. Intact thyroid glands derived from primary produced hormone over the duratlon.of testing (B z s E m e ( ) Model
human donors are processed for cell isolation, limited expansion, and initial quality control assessment. and D). Data are mean +/- SD of technical replicates : -~ THS  E ~ TSHS
Early passage donor cells are plated in 2D and 3D culture formats for structural and functional analysis of from a single donor at Passage 1. “ 2'/‘\\‘1‘\\1 * Hazard Identification: Refinement of bioactivity hit calls and evaluation of variability in human populations
key phenotypic features. 0= ,Mo . 08— . . : . . . . . .
e Toxicodynamics: Increased comprehension of apical endpoint dosimetry and bioactivity/exposure margins
Day Day
U.S. Environmental Protection Agency e In Silico Predictions: Data generation to enhance prediction of parent/metabolite activity and construct

Office of Research and Development The views expressed in this presentation are those of the author and do not necessarily reflect the views or policies of the U.S. EPA

virtual simulations of thyroid perturbation
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