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v" Thyroid hormones (THs) are present and identical in all
vertebrates and appeared early in evolution, before the origin
of the chordates

v" THs have multiple functions, but their role in development is
thought to be the ancestral one

v" Development involves a long sequence of individual steps,
each one occurring in a critical time window;
THs are essential to ensure that each step occurs at the
right time and in the right place

v" THs signal (mainly) via nuclear receptors but their action is
regulated at many levels, both centrally and peripherally
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v" Progress in our understanding of the complex interactions
between the different levels controlling TH action is largely
based on research in animal models

v" When studying prenatal development, non-mammalian models

have several advantages
external development, transparency, short generation time

v" Focus on 3 examples of our findings related to deiodinases
and TH transporters
- effect of GH and CORT on deiodinases in chicken and axolotl

- effect of knockdown/knockout of deiodinases in zebrafish
- effect of knockdown of MCT8 in chicken embryonic brain
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Fig. 1. 5’D-l and SD-III activily in hepatic microsomal fractions of
embryonic and posthaich chicks 2 h after injection of saline(controls)
or 20 ug cGH/animal. Values represent mean + S.E.M. for 10 differ-

ent pools/group.

Darras et al. 1992, FEBS Letters
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Darras et al. 1995, Gen Comp Endocr
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v' Swim bladder inflation delayed

not inflated partially inflated fully inflated
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v/ Swimming activity reduced
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v Light response diminished
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v" Onset eqgg laying:
age 2-3 months in WT < 4-5 months in Dio2KO

v Duration of reproductive period:
18 months in WT « 2-3 months in Dio2KO

v" Egg production and % fertilisation severely reduced

egg production/fertilisation
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Houbrechts et al. 2019, J Endocrinol




v Disturbed glucose homeostasis

but age-dependent recovery

Blood glucose
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v KO of dio3 affects eye development more severely compared
to KO thrb

vehicle
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___ Gene | Protein | _Preferred substrates

SLC16A2 MCT8 Ts, Ty, 15
SLC16A10 MCT10 T, T,
SLCO1C1 (SLC21A14) OATP1C1 T, T,
SLC7A5 LAT1 T, Ty, T, T,
SLC7A8 LAT2 T, T, T, T,

v MCTS8 deficiency in humans results in a severe neuro-
developmental disorder: Allan-Herndon-Dudley syndrome
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v Optic tectum as a model for corticogenesis
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Fig. 10 Expression pattern of neuronal and glial immunohistological markers throughout the development of the OT. E3-EI8 the days of
embryonic development; HH the embryonic stages as described by Hamburger and Hamilton (Hamburger and Hamilton 1992)
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v" Reduced OT thickness & aberrant cell migration
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Knockdown MICTS8

v Cell proliferation: reduced number of mitotic cells & disrupted
cell cycle kinetics
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v' More asymmetric divisions suggesting a premature shift to
E4 neuroblast generation at the expense of precursor cell pool
expansion
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Knockdown MICTS8

v Cell migration: reduced reelin expression & disorganised
radial glial cell fibres
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v Cell differentiation: impaired proliferation but normal differentiation

of glutamatergic neurons

E12

250- SFGS af = Confral
_ mm MCTS-RNA
200 B J
g % olno * SFES g =
c 2 1501 % - —
o 3 oo —EE:— SPES e,
O & 100- ——
m i
2 SFGS i —
7] *kk
3GC - orp —
G ] 1 ) I T T T 1
Control MCT8-RNAI 0 N A0 G0 a0
#BRM2a" cells in RO
'<—E 0.81 2001
. o
é % 064 © . 81s0{ °
u
-~ [a [ ]
1 + [ (=]
o u ]
ch oo ot e E g
+ o 3 o
O 8 . Z
= z &
m H*
0.0 . : 0 . .
Control MCT8-RNAI Control MCT8-RNAI

Vancamp et al. 2017, J Neurosci



I o
Knockdown MCTS8

v Cell differentiation: impaired proliferation & impaired differentiation
of GABAergic neurons
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v' THs are needed from the very start of embryonic development,
maternal TH supply (yolk, placenta) is essential

v Circulating (maternal) TH levels only show part of the picture;
TH transporters, deiodinases and receptors are key factors to
adjust TH signalling to the cell-specific needs at each step of
development

v (Local) T, deficiency as well as T, excess disrupt normal
development with often long-lasting defects

v' There is a close interaction between thyroid axis, corticotropic
axis and somatotropic axis, especially during development

v' Development is a dynamic process, and interactions can
change depending on stage and tissue/cell type
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v' TH-inactivating D3 is an important regulator of T, availability in
early development and is re-activated in several adverse
conditions (e.g. tumor growth, muscle injury, sepsis)

v Large-scale genome-wide association studies show evidence
for a variety of polymorphisms and inactivating mutations in
regulators of TH action (TRs, deiodinases, transporters)

v Basic research in different animal models will continue to
provide essential information to understand their impact on
human development and guide the search for optimal
screening and therapies
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