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Summary

The central nervous system (CNS) is one of the most complicated organs in the body.
Its development requires spatially and temporally dynamic but yet coordinated proliferation
and differentiation of neural progenitors in order to allow the formation of the neural tube
(NT) from a sheet-like neural plate, as well as the specification of different CNS domains
from a homogeneous group of neural precursors. A number of genes have been identified to
be important for the robust genetic and molecular regulation of the CNS development. One of
these genes is SOX3, which encodes a SOX family transcription factor within a single exon.
In humans, SOX3 duplications and mutations have been implicated in X-linked
hypopituitarism (XH) with variable mental retardation, suggesting that CNS development is
sensitive to SOX3 dosage. To recapitulate the condition in XH patients with SOX3
duplications, a transgenic Sox3 overexpression mouse model was generated in the Thomas
laboratory. Two Sox3 transgenic lines were established. Intriguingly, they presented not with

XH associated phenotypes, but with hallmarks of hydrocephalus.

This thesis focuses on the characterisation of the hydrocephalus phenotype and the
elucidation of the molecular pathogenesis that underlines the defect. Comprehensive
morphological and expression analyses of single hemizygous and double hemizygous (mice
with two transgene alleles, one from each Sox3 transgenic line) Sox3 transgenic mice
demonstrated that the hydrocephalus has a congenital origin (congenital hydrocephalus, CH)
and is associated with defective development of the subcommissural organ (SCO), a
diencephalic roof plate (RP) derivative that has previously been implicated in CH. Moreover,
both the CH and the SCO dysmorphology of Sox3 transgenic mice are dependent on Sox3
dosage. In addition to the SCO, defective development was also identified in other
diencephalic RP derivatives in Sox3 double hemizygous embryos. In fact, SCO
maldevelopment appears to be the consequence of a general RP defect, in which the identity
of the RP cells (or SCO precursors) is lost and is coupled with an elevation of cellular
proliferation. Further molecular analysis of the SCO development supported that Sox3
overexpression leads to the loss of RP cellular identity as the expression of genes implicated
in both Bmp and Wnt signalling pathways, which are important for normal RP development,
were significantly downregulated in Sox3 transgenic embryos. In addition to its role as the
precursor of RP derivatives, the RP is also essential to maintain dorsal identity for proper DV



patterning within the NT. Moreover, dorsal NT patterning was disrupted within the
developing Sox3 transgenic embryos. Together these suggest that the Sox3 overdosage leads

to the loss of RP identity and the failure of RP dependent processes.

In summary, this thesis indicates that, at least in the mouse, Sox3 dosage regulation is
important for proper RP development. In fact, a low level of Sox3 is permissive for RP
specification. It is not known what cellular identity is taken up by the RP cells in the Sox3
double hemizygous embryos. However, given endogenous Sox3 is highly expressed in the
lateral tissue that flanks the RP, it is logical to propose that the RP cells of Sox3 double
hemizygous embryos may take on a cellular identity similar to their laterally neighbouring
tissue. Interestingly, a CNS defect that may be due to RP dysfunction has been identified in
some XH patients with SOX3 duplications, suggesting that SOX3 may have similar role in
humans. CH is a heterogeneous disorder in which identification of its genetic basis in humans
is difficult. This thesis proposes SOX3 as a candidate gene for CH and other RP associated
defects in humans, which may assist the development of relevant prognostic techniques for

clinical application.
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Standard terms

%

°C

cDNA

DNA

kb
kDa
kg

RNA

mg

ml

mm

pum

mM

ms

percentage

degree Celsius
complementary deoxyribonucleic acid
deoxyribonucleic acid
gravitational force
kilobase

kilodalton

kilogram

ribonucleic acid
molar

milligram

millilitre

microlitre

millimetre

micrometer (micron)

millimolar
micromolar
millisecond



ng nanogram

N normality
wiv weight per volume
viv volume per volume

Non-standard terms

a.a. amino acid

AH acquired hydrocephalus

BAC bacterial artificial chromosome
bp base pair

CH congenital hydrocephalus

dpc days post coitum

ES embryonic stem

HCNE(s) highly conserved non-coding element(s)

IRES internal ribosome entry site
NC neural crest

ORF open reading frame

P postnatal

RF Reissner’s fibre

RIN RNA integrity number
SCBE SOX core binding sequence

UTR untranslated region



WT

XH

Mouse lines

Nr

Sr

wildtype

X-linked hypopituitarism

S0x3 non-sex reversal line

Sox3 sex reversal line

Materials and methods

BrdU

DIG

EtOH

gDNA

H&E

IgG

MeOH

MQ

NaAc

OCT

O/N

PBS

PCR

PFA

bromodeoxyuridine
dioxygenin

ethanol

genomic DNA
haematoxylin and eosin staining
immunoglobulin G
methanol

milliQ

sodium acetate

optimal cutting temperature
overnight

phosphate buffered saline
polymerase chain reaction

paraformaldehyde



gPCR quantitative polymerase chain reaction

gRT-PCR quantitative real-time polymerase chain reaction

RT room temperature

TUNEL terminal deoxynucleotidyl transferase dUTP nick end labelling
U unit

Statistical and bioinformatics terms

ANOVA analysis of variance

BLAST Basic Local Alignment Search Tool

FDR false discovery rate

Limma linear models for microarray analysis

MGI Mouse Genome Database

NCBIm37 mus musculus genome assembly NCBIm37

Anatomical terms

3V third ventricle

4V fourth ventricle

AP anterior-posterior

AQ Sylvian aqueduct

AVE anterior visceral endoderm
BBB blood-brain barrier

BCSFB blood-CSF barrier



CCx cerebral cortex

Cer cerebellum

ChP choroid plexus

CNS central nervous system
CSF cerebrospinal fluid

CSFBB CSF-brain barrier

CVvO circumventricular organs
DLHP dorsolateral hinge point
DTh dorsal thalamus

DV dorsoventral

EpTh epithalamus

FP floor plate

GO gastrula organiser

HbC habenular commissure

Hpc hippocampus

LGE lateral ganglionic eminence
LV lateral ventricles

MGE medial ganglionic eminence
MHP medial hinge point

MR mesocoelic recess

MZ mantel zone



NT neural tube

PC posterior commissure

PG pineal gland

PR pineal recess

PS primitive streak

Pt pretectum

RP roof plate

SCO subcommissural organ

TrG trigeminal ganglia

VTh ventral thalamus

VZ ventricular zone

ZLI zona limitans intrathalamica
Cell lines

293T human embryonic kidney 293 cells

HelLa human cervical cancer cells

NTERA2 human embryo carcinoma cells

Protein families and protein domains

APC adenomatous polyposis coli
Bmp bone morphogenic protein

Fof fibroblast growth factor



Gli

GSK3

HMG

JAK

MAP

mTOR

NICD

Shh

SNARE

SOX

STAT

TA

TefP

Whnt

GLI-kruppel family member

glycogen synthase kinase

high motility group

Janus family of tyrosine kinases

mitogen associated protein

mammalian target of rapamycin
notch-intracellular domain

sonic hedgehog

N-ethylmaleimide sensitive fusion attachment protein receptors
sry-related HMG box

signal transducers and activators of transcription
transactivation

transforming growth factor beta

wingless-related MMTYV integration site



Gene Nomenclature

Human

Gene: italic, all capital, e.g. SOX3

Protein: non-italic, all capital, prefixed with ‘h” indicative of human origin, e.g. hSOX3

Mouse

Gene: italic, first letter capital, e.g. Sox3

Protein: non-italic, all capital, e.g. SOX3

Other model organisms

Gene: italic, first letter capital, prefixed with a relevant letter indicative of animal origin, i.e.

‘c’ for chicken; “z’ for zebrafish; “x’ for Xenopus, e.g. cSox3, zSox3, xSox3

Protein: non-italic, first letter capital, prefixed with a relevant letter indicative of animal

origin, i.e. ‘¢’ for chicken; ‘z’ for zebrafish; *x” for Xenopus, e.g. cSox3, zSox3, XSox3

Note: The nomenclature of the highest organism is used if describing a gene or protein from

more than one model organisms.
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