Thyroid hormone transcriptome and cerebellum development,

1) Developmental biology: General concepts
2) Genomic data: mouse and human genomes global view

3) A biological problem: mouse cerebellum and thyroid hormone
How T3 hormone acts on gene expression

4) Tools: mouse genetics + microarray technology
5) experimental design
- data analysis

- interpretations: direct vs indirect effects

6) future directions: data mining, online encyclopedia
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3 scales to study development:
-Histological level (>100 um)

- Cellular level (10 um)

- Intracellular/Molecular level (<100 nm)

2 approaches:

-Biochemical
-Genetics (mutant studies)



Histological views: development as a self-organizing process mediated
by tissues interactions
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Cellular level: making decisions

Proliferation

External factors (self—r'enewal)
(solubles factors, cell-

cell contacts) \ /
/ Migration
Cell death

Terminal

(apoptosis) differentiation



A Development
| Generates
>200 cell types

BT

Lymphocytes+ k
erythrocytes

Muscle cells




Stochastic behavior of cells




Gene expression patterns define cell types

E13.5 Noggin-lacZ transgene marks skeleton E9.5 Fkh10 marks the otic vesicle
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The developmental program is
encoded by DNA

l Transcription

mTA
Translation

Proteins

Genome (+27 000 genes
in 3x107 nucleotides)
v
Transcriptome (+50 000 mRNA
Covering +25% of the genome)
v
Proteome (+1 000 000 Protéines
Encoded by +1% of the genome)







Breakdown by Chromosome

Effective =eguence Percent Mumber of Longest
Chr size (ki) done (ki) finished contigs contig (ki)
1 225000 22896 10,29 et 1603
Z 16000 SE770 31.6% 200 3146
3 160000 20576 12,99 go Tag
4 186000 53208 20 69 167 1547
5 171000 13959 11.14% 76 1302
& 144000 15654 10,94 e 717
7 136000 10059 7.d% =Y (L.
g 141000 Ga70 6.1% 41 456
o 113000 G493 7.5% 39 27
10 129000 10719 8.39% 49 29
11 143000 99733 697 167 4124
12 93000 9103 929 40 a35
13 QE000 16919 17.39% 31 6927
14 117000 9279 7.99% 32 1666
15 G000 11805 13.3%% 40 1432
16 100000 a7ad 0.0% 36 1350
17 105000 13025 12.4% =¥ 1737
13 Q5000 G330 T.29% 33 1161
19 BE000 3148 .89 15 309
X 182000 BE539 37T 216 2062
by BE000 259 1.5 7 185
total 2751000 476050 17.3 1541

Mouse genome DNA sequencing in progress
(95% of transcribed sequences covered)



cell adhesion (577, 1.9%)
miscellancous (1318, 4.3%) chaperone (159, 0.5%)
viral protein (100, 0.3%) cytoskeletal structural protein (876, 2.8%)
extracellular matrix (437, 1.4%)

immunoglobulin (264, 0.9%)

ion channel (406, 1.3%)
motor (376, 1.2%)
structural protein of muscle (296, 1.0%)

transfer/carrier protein (203, 0.7%)

transcription factor (1850, 6.0%)

protooncogene (902, 2.9%)
select calcium binding protein (34, 0.1%)
intracellular transporter (350, 1.1%)

transporter (533, 1.7%)

nucleic acid enzyme (2308, 7.5%)

signaling molecule (376, 1.2%)

receptor (1543, 5.0%)

kinasc (868, 2.8%)

sclect regulatory molecule (988, 3.2%)

transferase (610, 2.0%) GO categories

synthase and synthetase (313, 1.0%)
oxidoreductase (656, 2.1%)
Ivase (117, 0.4%)
ligase (56, 0.2%)
isomerase (163, 0.5%)
hydrolase (1227, 4.0%) molcecular function unknown (12809, 41.7%)

Panther categories

Human proteome overview



Thyroid hormone (T3) is necessary
for brain development

Un crétin d’Aoste.,
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Cerebellum as a model for brain development



Mouse cerebellum as model of human cerebellum




Histological organisation of the adult cerebellum
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Euthyroid mice
(P15)

Hypothyroid mice

(low T3 level = thicker
granular cells,
+disorganized Purkinje
cell layer)
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T3 1) activates EGL cells migration and proliferation

—2)blocks EGL Icells death

3) Activates Purkinje cell%




Molecular level: T3 acts directly on gene transcription
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DNA
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TR KO TRP KO  Pax8 KO

Tool#2: Knockout mice



A database project:

1) 20 000 spotted DNA probes
2) Triplicate experiments =106 data points

Genotype Age Treatment
Wild type P8

P15

P15 15 days PTU

P15 15 days PTU+ 2days T3
TRa KO P15 15 days PTU

P15 15 days PTU+ 2days T3
TRp KO P15 15 days PTU

P15 15 days PTU+ 2days T3
Pax8 KO P8

P8 6 hours T3

P8 1day T3

P8 2 days T3

P15

P15 6 hours T3
P15 1day T3
P15 2 days T3

( days of PTU freatment remove most endogenous T3)



data

data

data

data

data

data

data

45054_

14012
23178
18502
28479

196110
40802
21500

103185

154915

197479
46019

1396

10727
29586
14555
29855

1059

198802

15571
30412
17610

199817

157648

30244

26091

35854
22242
22086
27302

AncAa

4,31
1,88
1,84
2,49
3,20
2,35
2,11
1,94
3,49
1,71
0,43

0,07
0,30
0,28
0,16
0,39

0,44

P8.6h

P8.48h
0,07
3,41
2,20

2,18
2,99

0,08
0,27
0,22
0,14
0,30

P15.WT P15 P15.6H P15.48H
o 08
6,12 5,83
2,46 6,62
3,17 1,86
3,80 4,16
3,80 3,85
3,14 3,41
2,58 3,74
2,70 1,90
3,61 3,87
2,16 2,56
0,38 0,60
2,02 3,02

0,52

0,45
0,12 0,09
0,61 0,42
0,53 0,32
0,13 0,15
0,35 0,28

0,52

0,29

0,58 0,63 0,61 0,42 0,40
0,30 0,66 0,52 0,45 0,34



Pax8KO P15 T3 for 6h

113

Pax8K<l P15 T3 for 48h

17

19

Rax8KO P8 T3 for 6h

1

2

Pax8KO P8 T3 for 48h

Down regulated genes (Pax8 KO+T3/Pax8 KO)

Threshold: 1.5




Pax8KO P15 T3 for 6h

166 Pax8KOIP15 T3 for 48h
V4 6 Pax8KO P8|T3 for 6h
4 1
6
2
V4

Pax8KO P8 T3 for 48h

Up regulated genes (Pax8KO+T3/Pax8KO)
Threshold: 1.5



Eisen Clustering

Measures Intensity Plot Clustering
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Data interpretation considering only two cell types
(requires knowledge of expression pattern)

Direct target genes Direct target genes

indirect *argef genes

indirec’r*ar'gef genes

Non cell autonomous targets Non cell autonomous targets

EGL cells (TRa) Purkinje cells (TRR)



Data interpretation 1) Identify direct target genes in EGL cells =
Expressed in EGL+immediate response+blunted in TRaKO

-

Direct target genes
indirect target genes

Non cell autonomous targets

EGL cells (TRa)

Direct target genes
indirect target genes

Non cell autonomous targets

Purkinje cells (TRR)



Data interpretation 2) Identify direct target genes in Purkinje cells =
Expressed in Purkinje cells+immediate response+blunted in TRBKO

Direct target genes
indirect target genes

Non cell autonomous targets

EGL cells (TRa)

"~

Direct target genes
indirect target genes

Non cell autonomous targets

Purkinje cells (TRR)



Data interpretation 3) Identify indirect tfarget genes in EGL cells =
Expressed in EGL+late response+blunted in TRaKO

e

Direct target genes Direct target genes
indir'ecT*ar'geT genes indirect target genes
Non cell autonomous targets Non cell autonomous targets

EGL cells (TRa) Purkinje cells (TRR)



Data interpretation 3) Identify indirect target genes in Purkinje cells =
Expressed in Purkinje cells+late response+blunted in TRKO

T3
~A
Direct target genes Direct target genes
indirect response indirect response
lon cell autonomous response Non cell autonomous response

EGL cells Purkinje cells



Data interpretation 4) Identify non cell autonomous effects in EGL
Expressed in EGL cells+ response blunted in TRRKO

Direct target genes
indirect target genes

Non cell autonomous targets

N

Direct target genes

indirect *argef genes

Non cell autonomous targets

EGL cells (TRa)

Purkinje cells (TRR)



Data interpretation 5) Non cell autonomous effects in Purkinje cells
Expressed in Purkinje cells+ response blunted in TRaKO

T3
Direct target genes Direct target genes
indirect response indirect response
Non cell autonomous response Non cell autonomous response

EGL cells Purkinje cells



Data interpretation 6) requires cell-cell interaction: for example
expressed in EGL cells+ blunted in both TRaKO and TRRKO

Direct target genes Direct target genes

indirec’r*ar'gef genes indirect *argeT genes

Non cell autonomous targets Non cell autonomous targets

EGL cells (TRa) Purkinje cells (TRR)



No possible interpretation

/ T3 \A

Direct target genes Direct target genes

indi rec’r*ar

Non cell autonomous targets

indirect\grget genes

Non cell autonomous targets

EGL cells (TRa) Purkinje cells (TRR)



Future directions
1) Microarray/SAGE public databases
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Future directions
2) Encyclopaedia of gene expression

B o EMAGE
Private Database = . CentralDB = Windows Help

What [Genes  v| are expressed in selected [Components ~ | in stage [T515 ~|? Search |

Gene Results |

enes found in EMAGE :lAssays with positive results for each gene

Display related sub... Gene | Submitte... | Display image 1D
I §§ Enl EMAGE ED... [¥] EMAGE: 73
[¥] i|Enz EMAGE ED... [¥] EMAGE: 74
[¥] :|Fafs EMAGE ED... [¥] EMAGE: 71
ra “|Fufs EMAGE ED... [¥] EMAGE: 70
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Status : no database open. A~




Future directions
3) More mouse mutations.

Searched keyword: cerebellum= 172 entries

1500

1000

500

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Entries in the mouse knockout and mutations database



