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Learning objective:
Finding two good reasons to study TRa1 and TR[31/2

Hint1) Receptor-selective ligands would be useful.

Hint 2) There are now two genetic diseases: RTHa and RTH[
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500 My ago: The ancestral TR gene duplication and its
consequences.

1) Redundancy: Provides robustness to thyroid hormone
signaling

1) Subfunctionalization: changes in expression patterns
distributes TR function to two proteins.

2) Neofunctionalization: due to changes in coding sequences one
TR can gain new properties.
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TRa1 is the predominant receptor in brain.

Bradley et al., PNAS 1992
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Changes in amino-acids sequence suggest subtle differences
in the gene regulation properties of TRal and TR31/2
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Are the properties of TRa1 and TR
identical”?

A global comparative analysis of TRa1 and TR 1-mediated
response to T3 in a neural cell line
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C17.2 cells can differentiate into neuronal-like cells after
serum deprivation

10% serum Nestin Immunostaining

0% Serum Tujl immunostaining
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Stable expression of tagged receptors GSTRal or GSTRB1 in
C17.2 cells =C17.2a and C17.2[3 cells

'sBP  RUEVYMN [RES EGFP LTR3’

Y

C17.2 C17.2a C17.2b

Western Blot
Protein G
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Digital gene expression

Treat C17.2a or C17.2b cells with T3

(10-’M, 6h, 12h, 24h, no serum)

Extract RNA samples

Reverse transcribe and prepare cDNA 3’end libraries
Sequence cDNA libraries

(>8x10° reads/sample SOLID sequencing)




Log2 induction rate
In|C17.2B cells

TRa repressed TRa and TR activated
TR activated

TR activated
1

Log2 induction rate, TRq repressed 1 TRa activated
In C17.2aacells

-1
TR[ repressed

TRa and TR repressed TRa activated
TR repressed
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Many genes display
receptor-selective
response
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Q-RT-PCR confirmation of TRa1 selective

response

Adamtsl4 Aoc3 Slcl6al Epasl

C17.2a C17.2B C17.2a C1728 C172a C17.28 Ci17.2a C17.28
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Which genes are direct TR target?
Chromatin affinity purification/sequencing:
« ChapSeq » in C17.2aand C17.2pB cells

1) Cross-linking 2) DNA breakage

2) Sequence DNA fraction (>107 reads)

AGGTCGATCGATCGATGGGACTAGATCG

AGGTCGATCGATCGATGGGACTAGATCG
AGGTCGATCGATCGATGGGACTAGATCG

AGGTCGATCGATCGATGGGACTAGATLE o1 cGATCGATCGATGGGACTAGATCG

AGGTCGATCGATCGATGGGACTAGATCG
AGGTCGATCGATCGATGGGACTAGATCG
AGGTCGATCGATCGATGGGACTAGATCG

AGGTCGATCGATCGAT GG IO AT CGATGGGACTAGATCG

AGGTCGATCGATCGATGGGACTAGATCG

AGGTCGATCGATCGATGGGACTAGATCG
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Genome wide analysis reveals the existence of receptor-
specific binding sites
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Receptor selective response is not due to differential

receptor binding
) Shared TRBS
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T3 signaling getting simpler?

Non-genomic
actions Genomic
actions

Ligand Ligand
dependent independent

|
oo

Gene Gene Gene Gene Gene
activation depression repression transrepression repression

Copyright © 2005 Nature Publishing Group
Nature Reviews | Molecular Cell Biology
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MEME identifies only the DR4 consensus
(MEME.org)
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DR4 is the only consensus enriched in TR binding sites.

DR4 | : IRO
AUC=0.79 , . AUC=0.53

L

X axis: random sequence y axis: TR binding sites.
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Only evidences for DR4

Non-genomic
actions Genomic
actions

l

Ligand Ligand
dependent independent

|
bbb

Gene Gene Gene Gene GEHQ
activation depression repression transrepression repression

Copyright @ 2005 Nature Publishing Group
MNature Reviews | Molecular Cell Biology

... but still room for alternatives
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A recurrent co-occurrence with CTCF occupation
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T3 target genes in C17.2:
any relevance to
neurodevelopment?
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Hypothetical new connection of T3 with
glucose metabolism

Glucose
Epas1 mp Pfkib3 mmp 2 ATP

Vegf Pyruvate

‘ Acetyl CoA Fatty acids

02
Cptla

Krebs cycle

Cox7a1
ANADH 30 ATP
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A putative regulation of brain
sensitivity for hypoxia

B Wild-type

B TRal mut.

Cb Hippo. Cb Hippo. Cb Hippo.
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Conclusions:

1) Both different expression patterns and different
transactivation properties explain the different function
of TRal and TRB1

2) Receptor selective response is not explained by
selective promoter occupancy

3) TR/RXR/DR4/Coactivator complexes may have
allosteric properties.

4) Regulation by TR of the hypoxia-pathway could be of
physiological relevance in some situations.
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A sequential intervention of TRa1 and TR[31
during Purkinje cells differentiation.

TRB]_A337T
P15 VP21 P28

Polarisation *
Dendritic growth il 63
Growth factors secretion @
napses Formation
Extra synapses eliminatio
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