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Mechanisms leading to mosaicism in human

preimplantation embryos

DANNY DAPHNIS, JOY DELHANTY, KYRIA-
KOS GEYER, IAN CRAFT, SONYA JERKOVIC
and JOYCE HARPER
UCL Centre for PGD, Department of Obstetrics and
Gynaecology, UCL, 86–96 Chenies Mews, London,
WC1E 6HX and London Fertility Centre, 112A Harley
Street, London W1, UK

Fluorescent in situ hybridization (FISH) has been used
to study chromosomes in human preimplantation
embryos and high levels of chromosomal mosaicism
have been detected. Mosaicism could arise through
several mechanisms including abnormal cell divisions
(mitotic non-disjunction or anaphase lag), failure
of cytokinesis or endoreduplication. The FISH pro-
cedure has been criticized as it is prone to failure.
In this study a two-probe per chromosome FISH
procedure was developed to investigate mosaicism
and ensure high FISH efficiency. Three-colour FISH
was performed in three rounds. In the first and second
rounds different probes were used for chromosomes
1, 11 and 18. In the third round probes were used
for chromosomes X, Y and 18. Two groups of em-
bryos were studied on day 5 of development: embryos
grown in cleavage medium and embryos grown in
blastocyst medium. Fourteen embryos were examined
in cleavage medium and 13 were mosaic. To date
five embryos have been examined in blastocyst me-
dium and all were mosaic. In 95% of cases results
were consistent for each chromosome in the different
rounds of hybridization. The type of mosaicism in
most cases was diploid/aneuploid mosaics. Chromo-
some loss was the predominant mechanism, followed
by chromosome gain, with few examples of mitotic
non-disjunction.

Aneuploidy in immature human oocytes isolated from

preantral follicles

KATERINA IATROPOULOU, R. MARGARA,
R. ROBERTS, S. FRANKS and K. HARDY
Institute of Reproductive and Developmental Biology,
Imperial College, Hammersmith Hospital, Du Cane
Road, London W12 0NN, UK

Human oocytes and embryos commonly have missing
or extra chromosomes (aneuploidy). Many of these
embryos fail to develop, implant and reach term.
However, 0.3% of newborns have a chromosomal
abnormality, making aneuploidy the leading genetic
cause of physical and mental disability. It is generally
assumed that aneuploidy arises solely following re-
sumption of meiosis, during anaphase I and II, and
that oocytes arrested in prophase I of meiosis in the
primordial pool are chromosomally normal. We have
used fluorescence in situ hybridization (FISH) to test
the hypothesis that immature primary oocytes are
chromosomally normal (diploid) and that no errors
arose during earlier germ cell mitosis during fetal life.
Primordial and primary follicles were isolated en-
zymatically and mechanically from ovarian biopsies
taken, with informed consent, from women under-
going surgery. Oocytes were dissected from the foll-
icles and spread on microscope slides. Using FISH,
457 oocytes from 37 patients were analysed for aneu-
ploidy of chromosomes 13, 21 and X (chromosomes
implicated in early embryonic loss and miscarriage).
Rather than the expected two signals, 11% of ana-
lysed oocytes had three signals for one or more chro-
mosomes. Six per cent, 4% and 2% of the oocytes
had three signals for chromosome 21, X and 13, re-
spectively. The extra signals could represent either
trisomy (which would have arisen during germ cell
mitosis) or prematurely separated sister chromatids.
Either interpretation would predispose the oocyte to
further aneuploidy following resumption of meiosis I.
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Eighteen per cent of the oocytes had one or more
single signals, which could be due either to monosomy
or to overlapping FISH signals in the prophase oo-
cytes, where homologous chromosomes are closely
associated. In conclusion, the primordial pool in
humans contains primary oocytes (which have not yet
resumed meiosis) which are aneuploid. Whether these
aneuploid oocytes are eliminated by atresia, or reach
preovulatory stages, remains unknown.

Mechanisms of maternal aneuploidy: FISH analysis of

human oocytes and polar bodies

ELPIDA FRAGOULI1, CLARE M. CONN1,
SUSANNE CUPISTI1,4, KATHERINE WHALEY2,
JOHN A. MILLS2, MICHAEL J. W. FAED3 and
JOY D. A. DELHANTY1

1Department of Obstetrics and Gynaecology, University
College London, 86-96 Chenies Mews, London, WC1E
6HX, UK; 2Assisted Conception Unit, Tayside Uni-
versity Hospitals Trust; 3Department of Cellular and
Molecular Pathology, University of Dundee, Ninewells
Hospital, Dundee, DD1 9SY, UK
4Present address: Friedrich Alexander-Universität,
Erlangen-Nürnberg, Frauenklinik, Universitätsstrasse
21–23, Erlangen, Germany

Constitutional aneuploidy occurs in at least 5% of
recognized pregnancies, with apparent preferential
involvement of the X chromosome and the smaller
autosomes. Molecular cytogenetic investigations of
cleavage-stage embryos have revealed anomalies af-
fecting all sizes of chromosomes. The aim of the study
was to investigate the variety of anomalies arising
during maternal meiosis I by analysing unfertilized
oocytes and polar bodies to gain insight into aneu-
ploidy mechanisms. Sequential fluorescence in situ
hybridization (FISH) analysis was carried out with
specific probes derived from eight chromosomes, rep-
resenting all sizes. Only imbalance due to a gain of
a whole chromosome or chromatid, represented by
extra signals, was counted to avoid artefact. Data
were obtained on 236 eggs from 124 patients of aver-
age age 32.5 years (range 22–44 years). Ten patients
(average age 32.6 years) had abnormal eggs. The ab-
normality rate for oocytes and polar bodies was close
to 4% for each. Fourteen hyperhaploidies were
found, seven involving additional single chromatids.
The abnormalities affected chromosomes 13, 16, 18,
21 and X, but not chromosomes 1, 9 or 12. Evidence
of several mechanisms leading to aneuploidy was
provided. These include: classical whole univalent
non-disjunction; chromatid pre-division prior to ana-
phase I, leading to imbalance detected at metaphase
II ; gonadal mosaicism for a trisomic cell line; and
preferential involvement of the smaller chromosomes.

Quantitative RT-PCR of TSC2 transcripts reveals

mRNA degradation following cryopreservation in the

human preimplantation embryo

MARIA TACHATAKI, SARAH HOPPER,
ROBERT WINSTON and DEBORAH TAYLOR
Institute of Reproductive and Developmental Biology,
Imperial College London, Hammersmith Hospital, Du
Cane Road, London W12 0NN, UK

Although embryo cryopreservation is widely applied
in in vitro fertilization (IVF) programmes its effect on
embryonic mRNA expression is not known. Quanti-
tative reverse transcription polymerase chain reaction
(RT-PCR) was used to determine the expression levels
of the TSC2 gene in fresh and stage-matched thawed
single human embryos. TSC2 is a tumour suppressor
gene involved in cell cycle regulation. To assess
the impact of temperature changes on mRNA levels
during thawing, two different clinical protocols, P1
and P2, were compared. Human oocytes and embryos
used in this project were donated with informed con-
sent by patients undergoing IVF at the Wolfson
family clinic. Day 2 (D2) frozen embryos had 50%
fewer TSC2 transcripts (P<0.001) in comparison
with the fresh embryos when applying P1 (n=20), and
25% fewer with P2 (P<0.01) (n=18). There was no
significant difference in the TSC2 transcript levels
between fresh and frozen D3 human embryos with
either thawing protocol (n=20). After culturing D2
thawed (P1) embryos for an additional day they
showed levels of mRNA comparable with fresh
D3 embryos (n=18). Quantitative RT-PCR reveals
cryopreservation has detrimental effects on TSC2
mRNA levels ; however, the embryo appears able to
compensate for this mRNA loss by D3 of in vitro
culture.

Mapping of teetering (tn), a gene underlying absence

seizures in the mouse

ALICIA H. WHITE, R. MARK GARDINER and
MICHELE REES
Department ofPaediatrics andChildHealth,RoyalFree
and University College Medical School, 5 University
Street, London WC1E 6JJ, UK

Teetering mice were described in the 1960s as showing
progressive ataxia starting at 3–4 weeks of age, cul-
minating in paralysis and premature death at 5–6
weeks. The tn mutation is autosomal recessive and
was mapped to the distal end of mouse chromosome
11. More recently, teetering mice have been shown to
display bilaterally synchronous spike and wave dis-
charges on electroencephalograms, identifying teeter-
ing as one of a group of mouse models of absence
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epilepsy (J. Noebels, personal communication). We
aim to identify the tn gene using a positional candidate
approach. A (B6C3Fe-a/a-tn x CAST/Ei) F1 inter-
subspecific intercross has yielded over 500 F2 teetering
offspring (tn/tn), which have been typed for micro-
satellite markers on distal chromosome 11. Results
from this screen have localized tn to a 1 cM region
between D11Mit104 (79 cM) and D11Mit69 (80 cM),
in a region showing conserved synteny with human
17q25.3. Novel polymorphic microsatellites and single
nucleotide repeats (SNPs) have been used to narrow
the critical region to 1 Mb between the genes for
neuronal pentraxin (Nptx1) and phosphodiesterase
6G (Pde6g). Genes within the region are being evalu-
ated as candidates using northern blotting and se-
quencing. In addition, we are further characterizing
the pathology of teetering brain using immunohisto-
chemical methods. It is hoped that the identification
of tn will provide further insight into the genesis of
absence seizures.

Clinical and molecular characterization of fronto-

temporal dementia linked to human chromosome 3

GAIA SKIBINSKI, LISA CHAKRABARTI and
FReJA (Frontotemporal Research in Jutland
Association)
MRC Prion Unit, Institute of Neurology, London, UK

Frontotemporal dementia linked to chromosome 3
(FTD-3) is an autosomal dominant pre-senile de-
mentia. It is associated with a large Danish pedigree
that spans six generations with over 1000 known
individuals. Early onset (below 65 years) includes
changes in personality, disinhibition, dyscalculia and
hyperorality, progressing to a non-fluent aphasia,
speech disturbances and dystonic posturing. There is
generalized cerebral atrophy with occasional frontal
predominance and, in one patient, a reduction in
widespread cortical blood flow. Through haplotype
analyses we have restricted the dementia locus to a
4 cM region within chromosome 3. Using the current
human genome sequence, candidate genes are being
sequenced to identify any mutation that segregates
with the disease, with particular attention being given
to genes expressed in the brain. High-resolution flu-
orescence in situ hybridization (FISH) technology
and Southern blot analysis are being used to identify
genomic differences and chromosomal anomalies.
Comparison of gene expression from FTD-3, Alzhei-
mer and non-neurodegenerative brains will indicate
aberrations in molecular pathways and complement
the proteomic studies that are under way to investi-
gate disruption to protein expression levels. In ad-
dition the development of an information extraction

program will provide a novel in silico approach to
obtain previously undiscovered molecular compo-
nents and pathways from the literature relating to
FTD-3.

Mutation of the forkhead gene FOXF2 causes iris

hypoplasia and glaucoma

HELENA VIEIRA1, KEVIN GREGORY-EVANS2,
FRANCESCA HARMANN3, MATTIAS ORMES-
TAD4, FABIANA D’ESPOSITO1, RAJNI JAIN2,
SIMON RUBEN3, PETER CARLSSON4 and
CHERYL Y. GREGORY-EVANS1

Departments of 1Cell and Molecular Biology and
2Ophthalmology, Faculty ofMedicine, ImperialCollege,
Exhibition Road, London SW7 2AZ, UK; 3Depart-
ment of Ophthalmology, Whipps Cross University
Hospital, London, E11 1NR, UK; 4Department of
Molecular Biology, Göteborg University, Medicinar-
egatan 9C, Box 462, S-405 30 Göteborg, Sweden

Glaucoma is a major cause of blindness worldwide.
Glaucoma families manifesting anterior segment dys-
genesis have been mapped to 6p25. In a proportion,
mutations in the forkhead transcription factor gene
FOXC1 or duplications of the 6p25 region have been
identified. A six-generation family segregating iris
hypoplasia and glaucoma maps to 6p25, but there is
no FOXC1 mutation or a duplication event. In the
duplication region is a closely related member of the
forkhead gene family, FOXF2. We show that FOXF2
is expressed during human and mouse fetal eye de-
velopment and expression in the iris, trabecular mesh-
work and retina in adult human eye. Analysis of eyes
of Foxf2+/x heterozygous mice revealed some ab-
normalities that corroborate the gene’s involvement
in eye development. We screened the FOXF2 gene and
found a 3 bp insertion (GGC) in the AD2 transacti-
vation domain of FOXF2, which segregated with dis-
ease throughout the family. Transactivation assays
using luciferase reporter gene demonstrated that mu-
tant FOXF2 acts as a dominant-negative allele over
the wild-type allele. Reduced transactivation was not
due to an effect in DNA binding activity, as shown by
electrophoretic mobility shift assays. For the first time
we present evidence that a dominant-negative FOXF2
allele underlies an iris hypoplasia and glaucoma
phenotype.
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Recessive screen at Del(13)Svea36H

DEBORA BOGANI, JENNIFER DAVIES,
EMMA ALEXANDER, HEATHER HEINES, JO
MADGE, DIANE NAPPER, LINSEY ROBERT-
SON, RICHARD MCKEONE, ANNE SOUTH-
WELL, PAUL DENNY and RUTH ARKELL
MRCMammalian Genetics Unit, Harwell, Oxon OX11
0RD, UK

A recessive, two-generation, screen for mouse mutants
that affect postimplantation embryonic development
is under way. ENU-induced mutations are recovered
in the region of the Del13Svea36H (Del36H) de-
letion on chromosome 13. This cytogenetically visible
deletion removes a 13 Mb region of MMu13 that
includes the satin locus (Foxq1). Mice that are
homozygous null for Foxq1 have a glossy coat and are
distinguishable from their littermates at 10 days after
birth. This locus is used to follow the mutagenized
chromosome throughout the recessive screen. In
the screening protocol, male mice with a satin coat
are mutagenized and crossed to wild-type BALB/C
females. F1 male progeny are then crossed to female
carriers of Del36H and the prevalence of progeny
with a satin coat used to indicate those lines that po-
tentially carry a new recessive lethal mutation. Once
the presence of a mutation is confirmed, the time of
lethality and the associated embryonic phenotype is
investigated, and recombination mapping is per-
formed to further localize the mutation within the
deleted region. In parallel with this mutagenesis ex-
periment, a BAC contig across the entire deleted re-
gion has been constructed and the finished sequence
of this contig has been generated and annotated. The
continuing genomic analysis of this region has fa-
cilitated the mapping and cloning of the isolated
mutants. Results from the screen and the analysis
of mutant phenotypes will be presented.

Fine-mapping of a quantitative trait locus affecting

skeletal size in mice

JULIAN K. CHRISTIANS, VICTORIA BING-
HAM, KATIE MCDONALD and PETER D.
KEIGHTLEY
Institute of Cell, Animal and Population Biology,
University of Edinburgh, Ashworth Laboratories, West
Mains Road, Edinburgh EH9 3JT, UK

Mapping quantitative trait loci (QTLs) with sufficient
precision to identify the underlying genes has proved
extremely difficult. However, our experimental system
promises the potential to achieve the necessary resol-
ution thanks to a relatively large effect size and a trait
that is easily measured. We are investigating a QTL

affecting tail length originally identified in an F2 popu-
lation of C57BL/6JrDBA/2J mice. By testing a large
population of progeny from parents that are re-
combinant within the region of the QTL (c. 1000 off-
spring from 61 parents recombinant within a 13 cM
interval), we have refined its position to a region of
approximately 3 Mb (y1.2 cM) containing an esti-
mated 30 genes. Preliminary results indicate that this
QTL has a general effect on skeletal size, affecting the
length of the humerus, femur, tibia, mandible, scap-
ula, pelvic girdle and a tail bone. However, no sig-
nificant effect was found on the number of bones in
the tail or on the dimensions of the ulna, skull or first
vertebra.

This work is supported by the Biotechnology and Biological
Research Council and by the Natural Sciences and Engin-
eering Research Council of Canada.

Microarray analysis of transcriptional differences

between wild-type and mutant CNS in the calcium

channel mutant, ducky

TONIA WILKINSON1, MICHELE REES1 and
ANNETTE DOLPHIN2

1University College London, Department of Paedia-
trics, Royal Free and University College Medical
School, 5 University Street London WC1E 6JJ;
2University College London, Department of Pharma-
cology, Gower Street, London WC1E 6BT, UK

The mouse mutant ducky (du), a model for absence
epilepsy, is characterized by spike-wave seizures and
ataxia. Mutations in the Cacna2d2 gene were found to
underlie the phenotype in the original du strain and
its allele, du2J. Cacna2d2 encodes the a2d2 voltage-
dependent calcium channel subunit. The a2 and
d chains are derived from proteolytic cleavage of the
gene product, the d subunit acting as a membrane
anchor for the extracellular a2 subunit. Both mu-
tations are predicted to result in the loss of the full-
length protein and hence the d subunit. Cacna2d2
mRNA is strongly expressed in cerebellar Purkinje (P)
cells, and du/dumice have abnormalities in their P cell
dendritic tree. In addition, co-expression of the trunc-
ated protein with the Cav2.1/b4 channel combination
in vitro leads to a reduction in current density. To aid
elucidation of the function of a2d2 we are performing
microarray analysis at three different stages of devel-
opment in du2J/du2J mice: embryonic, postnatal and
adult. We expect that those transcripts identified as
up- or down-regulated in the mutant mice will act up-
or downstream of a2d2, either via the calcium chan-
nel as a whole, or directly through the subunit. We
have identified a number of candidate transcripts,
including a putative homeobox transcription factor.
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Confirmation of these differences in expression be-
tween wild-type and du2J CNS using QPCR is under
way, and will be presented.

Isolation and characterization of novel genes involved in

inner ear development

NICOLA S. POWLES and MARK K. MACO-
NOCHIE
MRC Mammalian Genetics Unit, Harwell, Oxon
OX11 0RD, UK

The developing inner ear is first evident as bilateral
thickenings of the surface of the head ectoderm – the
otic placode, from which all epithelial structures of
the inner ear will develop. In the mouse, cells from the
otic placode proliferate and invaginate to form the
otic cup. By 9.5 days post-coitum (dpc), otic cup
closure occurs to form the otic vesicle. From 10.5 to
13.5 dpc the cells in the otic vesicle undergo complex
morphogenetic movements and start being specified
to one of a variety of structural, sensory or neuronal
cell fates. We are particularly interested in isolating
and identifying those genes which are required to con-
trol and execute the early developmental programme
of the inner ear. The 10.5 dpc otic vesicle provides
a rich source of transcripts at a developmental time
point where specification of otic lineages has been in-
itiated. I have screened a normalized mouse 10.5 dpc
otic vesicle library. Housekeeping genes were elim-
inated, novel genes were identified by sequencing and
expression analysis in the 10.5 dpc embryo was per-
formed by in situ hybridization. Subsequently, a small
number of these novel genes were chosen for further
study on the basis of restricted expression pattern in
the developing otic vesicle.

The genetic variation of the small mucin gene MUC7

KARINE ROUSSEAU1, LYNNE E. VINALL1,
JOHN A. HOLLOWAY2 and DALLAS M.
SWALLOW1

1The Galton Laboratory, University College London,
UK; 2Human Genetics Division, Duthie Building,
University of Southampton, Southampton General
Hospital, Tremona Road, Southampton, UK

The mucins are a heterogeneous group of glyco-
proteins which share the common feature of having
a central domain of tandemly repeated sequence (TR)
showing VNTR-type polymorphism. MUC7, a small
mucin principally expressed in saliva, has been shown
to have anti-fungal activity and interacts with bac-
teria. MUC7 has two common TR alleles, with five or

six repeats. Previous studies have indicated that
MUC7 plays a role in predisposition to asthma and
possibly other chest diseases. The five-repeat allele is
under-represented in patients with asthma (Kirkbride
et al. (2001). Eur. J. Hum. Genet. 5, 347–354). It seems
unlikely that the small relative reduction in size of the
five-repeat allele is responsible for the protective ef-
fect, but rather that other linked polymorphisms are
responsible for the association, Studies on the protein
suggest inter-individual variation in the amount of
MUC7 in saliva. A combination of bioinformatics
and experimental tools were used to search for single
nucleotide repeats (SNPs). Twenty-three SNPs were
found of which 15 had not been reported before, in-
cluding several in the promoter region and the first
intron, which could be functionally significant. The
pattern of allelic association and haplotypes are now
being studied in healthy individuals and in patient
groups.

Homocysteine is embryotoxic but does not cause neural

tube defects in mouse embryos

LOUISA DUNLEVY, ANDREW COPP and
NICHOLAS GREENE
Neural Development Unit, Institute of Child Health,
University College London, 30 Guilford Street, London
WC1N 1EH, UK

Periconceptional supplementation with folic acid has
been shown in clinical trials to reduce the recurrence
of neural tube defects (NTD) in humans by up to
70%. The mechanism of the prevention is not known
but is unlikely to be a simple correction of folate
deficiency. In humans, elevated homocysteine levels
have been detected in maternal serum in pregnancies
affected by NTD, leading to the suggestion that excess
homocysteine may be directly causal. In addition, ex-
posure of chick embryos to exogenous homocysteine
has been reported to cause NTD. To test the hypoth-
esis that high homocysteine levels may directly cause
NTD, mouse embryos were cultured in the presence
of homocysteine thiolactone (Hcy) throughout the
period of cranial neural tube closure. Embryos cul-
tured in the presence of Hcy at concentrations of
500 mM or greater were growth-retarded, and devel-
oped blisters and abnormal somites. Despite this
general toxic effect of Hcy exposure there was no in-
crease in the incidence of NTD. Incorporation of
[3H]thymidine was also measured as an indicator of
abnormalities in the folate/methylation cycles, but
no increase in incorporation was detected. These ob-
servations suggest that increased levels of homocys-
teine are not a direct cause of NTD but may indicate
a disturbance in folate-related metabolism associated
with an increased risk of NTD.
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Characterization of the Kumba allele of Zic2

PAUL ELMS, PAM SIGGERS, HEATHER
HAINES, EMMA ALEXANDER, ANDY
GREENFIELD and RUTH ARKELL
MRC Mammalian Genetics Unit, Harwell, Oxon
OX11 0RD, UK

The mouse Zic2 gene encodes a 55.3 kDa C2H2 zinc
finger transcription factor, homologous to the Droso-
phila pair-rule gene odd-paired. Evidence from stu-
dies in Xenopus have implicated Zic gene family
members in neural development. The Kumba (Zic2Ku)
allele was recovered from a genetic screen for domi-
nant, ENU-induced mouse mutants. The mutation is
a T to A transversion, which changes a cysteine in one
of the zinc finger domains to a serine, presumably
abolishing the function of that domain. Zic2Ku/+ mice
exhibit a looped tail, occasionally accompanied by
spina bifida. Additionally, many Zic2Ku/+ mice have
a ventral spot. On the C3H background, the mutation
shows incomplete penetrance, with one-third of
heterozygotes appearing normal. Mice that are homo-
zygous for the mutation die during mid-gestation.
To further investigate the developmental defect as-
sociated with this allele of Zic2, we have characterized
the homozygous phenotype at 9.5 days pot-coitum.
At this stage, visual analysis of Zic2Ku/Ku embryos
reveals delayed neural tube closure, incomplete em-
bryonic turning, incorrect heart morphology and a
deformed forebrain and branchial arches. Analysis
with molecular markers has revealed additional de-
fects including aberrant neural crest differentiation/
migration.

The role of Oct-4 in early post-implantation

development

JENNIFER NICHOLS, ELENA TZOUANACOU,
VALERIE WILSON and AUSTIN SMITH
Institute for Stem Cell Research, University of
Edinburgh, Edinburgh, UK

The POU domain transcription factor Oct-4 is essen-
tial for establishment of the pluripotent lineage in the
mouse embryo (Nichols et al. (1998). Cell 95, 379–
391). In normal mouse embryos Oct-4 expression is
maintained in the epiblast, becoming restricted to the
primordial germ cells. Using conditional gene deletion
driven by lineage-specific Cre recombinase transgenes
we have revealed a requirement for Oct-4 during epi-
blast expansion. Several phenotypes have been gen-
erated ranging from trophoblast nodules to embryos
that have gastrulated but are reduced in size and
somewhat disorganized. These abnormalities are

currently being characterized and we are investigating
how the timing of the loss of Oct-4 correlates with
subsequent behaviour of the cells, whether they are
directed along an inappropriate lineage or undergo
apoptosis. In addition to the early deformities, we
have observed an exencephalic phenotype in one of
the transgenic lines when the Cre is maternally in-
herited. Since Oct-4 expression has not been detected
in the anterior neurectoderm of embryos after gas-
trulation it is unlikely that this failure in neural tube
closure is a direct effect of loss of Oct-4. Target genes
that may be involved in acquisition of this phenotype
are being sought using in situ hybridization.

Arylamine N-acetyltransferase and folate catabolism

MIMI MO, VALERIE CORNISH, RACHEL
DONNELLAN, BENJAMIN TAYLOR, NAILA
KHODABUKUS, CLAIRE LABROUSSE, KATA-
LIN PINTER, SOTIRIA BOUKOUVALA and
EDITH SIM
Department of Pharmacology, University of Oxford,
Oxford OX1 3QT, UK

Arylamine N-acetyltransferase (NAT) is an enzyme
capable of acetylating the folate catabolite p-amino-
benzoylglutamate ( p-abaglu). Its expression early in
embryonic development, both in murine embryonic
stem cells and human blastocysts, coupled with the
essential role of folate during development, has led to
the hypothesis that NAT has a role in the mainten-
ance of folate homeostasis during development. To
investigate the relationship between NAT and folate
metabolism we have generated mice with a null allele
of NAT2 by targeted disruption of the Nat2 locus. A
lack of NAT2 is not developmentally detrimental,
although we have demonstrated that in liver homo-
genates, mouse NAT2 is responsible for the acety-
lation of p-abaglu. Expression of NAT2 throughout
gestation is being monitored using a b-galactosidase
reporter gene, incorporated into the targeted allele,
which is under the control of the Nat2 promoter. We
have confirmed previous immunohistochemical data,
showing that NAT2 expression is widespread from at
least embryonic day 9.5, including expression in the
neural tube, heart and developing eye. In addition we
have demonstrated that NAT2 is expressed ubiqui-
tously in the skin.

This work is supported by Action Research and The
Wellcome Trust.

Abstracts of papers 234

https://doi.org/10.1017/S0016672303006207 Published online by Cambridge University Press

https://doi.org/10.1017/S0016672303006207


The regulation mechanism of the Dlk1-Gtl2 imprinted

cluster on mouse chromosome 12

SHAU-PING LIN1, SHUJI TAKADA1,4, JEROME
CAVAILLE2, WOLF REIK3, MARTINA PAUL-
SEN1,5 and ANNE FERGUSON-SMITH1

1Department of Anatomy, University of Cambridge,
Downing Street, Cambridge CB2 3DY, UK; 2LBME-
CNRS (UMR5099), Université P. Sabatier, 118 Route
de Narbonne, 31062 Toulouse Cedex, France; 3Lab-
oratory of Developmental Genetics and Imprinting,
Developmental Genetics Programme, The Babraham
Institute, Cambridge CB2 4AT, UK
4Present address: Institute for Molecular Bioscience,
The University of Queensland, Brisbane Qld 4072,
Australia
5Present address: Universität des Saarlandes, FR Gene-
tik, Postfach 151150, 66041 Saarbrücken, Germany

The imprinted domain on mouse distal chromosome
12 contains several imprinted genes, including the
paternally expressed protein-coding genes Dlk1 and
Dio3, and the maternally expressed non-coding RNAs
Gtl2 and Rian/Meg8. The reciprocally imprinted Dlk1
and Gtl2 are located 90 kb apart and share many
epigenetic features with the Igf2-H19 locus on mouse
chromosome 7F. In addition, the chromosome 12 do-
main contains three clusters of imprinted small nu-
cleolar RNA (snoRNA) genes derived from a primary
transcript that includes Rian/Meg8 and is reminiscent
of the imprinted cluster on the murine orthologue of
the human Prader–Willi/Angelman locus on mouse
chromosome 7C. Here we conduct a targeted deletion
of a germline-derived intergenic differentially methyl-
ated region (IG-DMR) located between Dlk1 and
Gtl2. Upon maternal transmission, deletion of the
unmethylated IG-DMR causes bi-directional loss of
imprinting of multiple genes in the domain. However,
when deletion of the methylated allele was trans-
mitted through the paternal germline, no significant
differences in expression were observed. These results
indicate that the IG-DMR is an imprinting control
centre for multiple imprinted genes on the maternal
allele only. This is similar to the function of the
Prader–Willi imprinting centre (PWS-IC) which, on
the unmethylated chromosome, regulates a large
cluster of imprinted genes.

The use of methylation-sensitive representational

difference analysis to identify novel differentially

methylated regions/imprinted genes on mouse proximal

chromosome 11

DAVID MONK1, COLIN BEECHEY2, RACHEL
SMITH3, PHILIPPE ARNAUD3, JO PETERS2,
MICHAEL PREECE4, PHILIP STANIER1, GAVIN
KELSEY3 and GUDRUN MOORE1

1The Institute of Reproductive & Developmental
Biology, Imperial College, London, UK; 2MRC
Mammalian Genetics Unit, Harwell, Didcot, Oxford-
shire, UK; 3Developmental Genetics Programme, The
Babraham Institute, Babraham, Cambridge, UK;
4Institute of Child Health, University College London,
London, UK

Mice with uniparental duplications of proximal
chromosome 11 exhibit reciprocal growth pheno-
types. Fetuses with paternal duplications of proximal
chromosome 11 [PatDp(prox11)] show overgrowth
while those with maternal duplications [MatDp
(prox11)] are growth-retarded. To date, two imprinted
genes are known to be located on proximal chromo-
some 11. Meg1/Grb10 is a maternally expressed im-
printed gene and U2af1-rs1 is a paternally expressed
gene. U2af1-rs1maps 15 cM fromMeg1/Grb10 and is
separated by conserved regions showing homology to
different human chromosomes. U2AF1-RS1 maps to
human chromosome 5 and is not imprinted. GRB10
maps to human chromosome 7p12, a region associ-
ated with Silver–Russell syndrome. As the two human
homologues map to different chromosomes it is
thought that these genes in the mouse are located
within two separate imprinted domains. In order to
identify novel imprinted genes that may form un-
characterized imprinted clusters, a screen for the dif-
ferentially methylated regions (DMRs) that are
characteristic of imprinted loci was performed using
methylation-sensitive representational difference ana-
lysis (Me-RDA). DNA from E15.5 MatDp(prox11)
and PatDp(prox11) embryos fromT40(11; 7)Ad inter-
crosses were separately digested with methylation-
sensitive restriction enzymes HpaII and Hin6I, and
amplicons produced by polymerase chain reaction.
The MatDp(prox11) amplicons have initially been
used as the Driver and the PatDP(prox11) amplicons
were used as the Tester in two rounds of subtractive
hybridization to recover unmethylated fragments of
paternal origin. Currently this screen has isolated
clones from the U2af1-rs1 and Meg1/Grb10 loci.
Candidate loci isolated from this screen are currently
being tested to determine methylation and imprinting
status.
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The imprinted region on human chromosome 7q32

extends to the carboxypeptidase A gene cluster

LOUISE BENTLEY1, DAVID MONK1, COLIN
BEECHEY2, JO PETERS2, ZOHREH BIRJANDI1,
MICHAEL A. PREECE3, PHILIP STANIER1 and
GUDRUN E. MOORE1

1Department of Fetal and Maternal Medicine, Institute
of Reproductive and Developmental Biology, Faculty
of Medicine, Imperial College, London, UK; 2Mam-
malian Genetics Unit, Medical Research Council,
Harwell, Didcot, Oxfordshire OX11 0RD, UK; 3Insti-
tute of Child Health, University College London,
London, UK

Identification of segmental maternal uniparental dis-
omy (mUPD) of 7q31 to the telomere in a patient with
Silver–Russell syndrome (SRS) emphasizes this do-
main as a candidate region for the syndrome. Since
mUPD7 has been found in approximately 10% of
SRS patients, the causative gene is expected to behave
in an imprinted way. The human homologue (MEST)
of mesoderm-specific transcript (Mest) is imprinted
and along with CIT1 (COPG2 antisense) and MES-
TIT1 (MEST intronic transcript 1) forms an imprint-
ing cluster at chromosome 7q32. The testis-specific
protein A14 (TSGA14) gene which lies in a centro-
meric direction to MEST is biallelically expressed.
Since biallelically expressed genes can occur within a
cluster of imprinted genes, the search for further im-
printed genes was continued beyond TSGA14 to the
carboxypeptidase A (CPA) group of genes. Single
nucleotide polymorphism (SNP) imprinting analysis
of CPA4 has revealed predominantly preferential ex-
pression of the maternal allele. We also report meth-
ylation analysis of a CpG island 650 bp upstream of
the first coding exon of CPA4 as well as imprinting
analysis of Cpa4 in the mouse.

Growth regulation by Grb10

MARIKA CHARALAMBOUS1, WILLIAM R.
BENNETT1, FLORENTIA SMITH1, TRACEY
E. CREW1, FRANCESCA MACKENZIE2 and
ANDREW WARD1

1University of Bath, Developmental Biology Program,
Department of Biology and Biochemistry, Claverton
Down, Bath BA2 7AY, UK
2Present address: Mammalian Genetics Unit, Medical
Research Council, Harwell, Didcot, Oxon OX11
0RD, UK

Grb10 is a maternally expressed gene that encodes
an intracellular signalling molecule of the SH2-
domain-containing adapter family. In the mouse,

Grb10 is located on proximal chromosome 11. Mice
with uniparental disomies (UPD) of this region ex-
hibit reciprocal growth phenotypes, with overgrowth
resulting from paternal UPD and growth retardation
resulting from maternal UPD. The equivalent human
chromosomal region (7p11.2–p13) is associated with
Silver–Russell syndrome, with features that include
maternal UPD and growth retardation. Thus, Grb10
is a candidate growth inhibitory protein and is likely
to act by interacting with phosphorylated tyrosine
kinase receptors. In order to assess Grb10 function
in vivo we have generated mice with a disrupted
Grb10 gene. A LacZ reporter gene insertion shows
that Grb10 is imprinted at most, but not all, of its sites
of expression. Following maternal transmission of the
mutation both the fetus and placenta exhibit over-
growth, with disproportionate effects on organ size.
Grb10 has been shown to be capable of interacting
with the insulin and insulin-like growth factor (IGF)
type I receptors in in vitro assays. We find that the
ontogeny of the growth effects in Grb10 mutants ap-
proximately mirrors that of IGF action during devel-
opment. Despite this, we present evidence that Grb10
acts, at least in part, via a pathway that is independent
of the IGFs.

Trophoblast stem cells : an in vitro model for imprinted

X inactivation

WINIFRED MAK and NEIL BROCKDORFF
X Inactivation group, Clinical Sciences Centre,
Hammersmith Hospital, Du Cane Road, London
W2, UK

Imprinted X inactivation takes place in the extra-
embryonic tissues of mouse embryos and it involves
the preferential silencing of the paternal X chromo-
some. Past studies have highlighted various interest-
ing features of this process such as replication timing,
DNA methylation and the regulation by imprinted
sense/antisense genes. Random X inactivation, has
been well characterized, in part due to the availability
of an in vitro model system – differentiating embry-
onic stem (ES) cells. Studies on imprinted X inacti-
vation, however, have relied on material from early
embryos. In this study, we present for the first time
trophoblast stem (TS) cells as an in vitro system to
study the processes involved in imprinted X in-
activation. These cells demonstrate imprinted Xist
expression leading to preferential paternal X inacti-
vation. The inactive X in these cells has several of the
same epigenetic modifications as described for the in-
active X in the ES cell system. In addition the Poly-
comb group protein complex Eed/Enx-1 was found to
stably associate with the inactive X in interphase and
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throughout mitosis, therefore suggesting that they
play a direct role in the maintenance of imprinted X
inactivation. This provides the first demonstration of
mitotic stability of Polycomb group protein com-
plexes with known target loci.

This work is supported by the MRC.

Investigation of the role of p57Kip2 in mouse embryonic

growth

ELIZABETH LAMPRILL1, KATIE DIGGER1,
NIGEL MILLER2, SHEILA C. BARTON3, AZIM
SURANI3 and PAUL N. SCHOFIELD1

Departments of 1Anatomy and 2Pathology, University
of Cambridge, Downing Street, Cambridge CB2 3DY,
UK; 3Wellcome Trust/Cancer Research UK, Institute
of Cancer and Developmental Biology, University
of Cambridge, Tennis Court Road, Cambridge CB2
1QR, UK

Cdkn1c is a maternally expressed gene lying within
an imprinted cluster on the distal portion of mouse
chromosome 7. It encodes the cyclin-dependent kinase
inhibitor p57Kip2, which is widely expressed during
development and is thought to be involved in the con-
trol of cell proliferation and differentiation. CDKN1C
has been implicated in the global regulation of em-
bryonic growth following the discovery of mutations
in patients suffering from the human overgrowth dis-
order Beckwith–Wiedemann syndrome. A mouse
cdkn1c knockout model supports this hypothesis, ex-
hibiting a phenotype which shares many features with
the human syndrome. We have analysed cell pro-
liferation in mouse embryos and primary embryonic
fibroblasts lacking a functional p57Kip2 gene. Our in-
itial findings suggest that cells lacking p57Kip2 derived
from E14.5 knockout embryos are relatively un-
changed in their serum growth dependence, but show
marked insensitivity to density-dependent growth
inhibition. Assessment of cell cycle parameters by
fluorescence-activated cell sorting (FACS) in whole
embryos from E10.5 to E15.5 provided no conclusive
evidence for increased S-phase occupancy, but did
show an increase in the number of cells in the embryo
with a sub-G1 DNA content, consistent with increased
levels of apoptosis. The implications of these findings
for the normal role of p57Kip2 will be discussed.

Combined effects of insulin-like growth factor 2 excess

and tumour suppressor loss in overgrowth and cancer

TRACEY CREW, BILL BENNETT, SHARON
KELLY and ANDREW WARD
Developmental Biology Programme, Department of
Biology and Biochemistry, University of Bath, Building
4 South, Claverton Down, Bath BA2 7AY, UK

Insulin-like growth factor 2 (IGF2) is implicated
in overgrowth diseases and tumour formation in
humans and transgenic animals. We have investigated
whether, along with the effects of IGF2, inactivation
of one or more tumour suppressor genes is involved in
the transition from overgrowth to cancer. Transgenic
mice, overexpressing IGF2 under the control of a
keratin gene promoter, show overgrowth of the skin
and colon but do not develop tumours. Excess IGF2
appears to change the spectrum of tumours seen in the
p53 knockout mice from mainly thymic lymphomas
to include skin papillomas. The IGF2 gene is located
on chromosome 7 in mouse, in close proximity to the
cyclin-dependent kinase (cdk) inhibitor p57KIP2. Mu-
tation/mis-regulation of both these genes occur in
the overgrowth disorder Beckwith–Wiedemann syn-
drome (BWS).We have attempted to create transgenic
mice overexpressing IGF2 and lacking functional
p57KIP2 but our efforts to assess potential tumour in-
cidence in these mice have been hampered by poor
animal survival, despite inbreeding to the 129 strain
background. Additional experiments have concen-
trated on examining the effects of overexpression of
IGF2 combined with the lack of another cdk inhibi-
tor, p27KIP1, which belongs to the same family as
p57KIP2.

Muscle-specific expression of Igf-2 and GFP in

dystrophic mice

TAO TING and JANET SMITH
School of Biosciences, University of Birmingham,
Edgbaston, Birmingham B15 2TT, UK

Muscular dystrophies (MD) cause severe disruption
of skeletal muscle function in children. We have
shown Igf-2 inhibits MD skeletal muscle apoptosis
and stabilizes dystrophic phenotype [1, 2]. Igf-2 may
thus be suitable for therapeutic use in MD, delivered
directly to skeletal muscles. To test this we con-
structed a transgene (MCK-Igf2-IRES-Gfp) where
Igf-2 and Gfp (green fluorescent protein) genes are
expressed under the control of the muscle creatine
kinase (mCK) promoter. Transfection of MCK-Igf2-
IRES-Gfp into skeletal muscle stem cells induces both
IGF-2 and GFP in fusing myotubes under differen-
tiation permissive conditions. We recently generated
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transgenic mice by pronuclear injection of MCK-Igf2-
IRES-Gfp. Preliminary data suggest that MCK-Igf2-
IRES-Gfp embryos develop to full term and express
the transgene in fused muscle fibres. We have noted
no gross morphological abnormalities and mice do
not appear enlarged compared with non-transgenic
litter mates. We are establishing founder lines in order
to breed these mice onto the mdx dystrophic back-
ground.

References

1 Smith, J., et al. (1995). Cell Death Differ. 2, 243–251.
2 Smith, J., et al. (2000). Cell Death Differ. 7, 1109–1118.

Promoter competition at the Mrf4/Myf5 locus

JAIME J. CARVAJAL, DENNIS SUMMERBELL
and PETER W. J. RIGBY
Section of Gene Function and Regulation, Chester
Beatty Laboratories, The Institute of Cancer Research,
London SW3 6JB, UK

Vertebrate myogenesis is controlled by the myogenic
regulatory factors (MRFs) : Myf5, Mrf4, myogenin
and MyoD. We have previously shown that tran-
scriptional regulation of Myf5 is different from that
of other MRFs, and described proximal and distal
(up to 140 kb upstream) enhancers/regions that direct
expression at different times and anatomical locations
throughout development, while the linked Mrf4 gene
requires at least four elements one of which may be
shared withMyf5. We have now started to unravel the
basis of the specificity of this multitude of enhancers
for their respective promoters. We show that in the
absence of the Myf5 minimal promoter (195APZD
mp5), some of the usually Myf5-specific distal ele-
ments direct Mrf4 expression, suggesting that in the
wild-type context both promoters compete for these
enhancers. Surprisingly, Myf5 expression is not abol-
ished in 195APZDmp5 and most enhancers activate
transcription through an as yet unknown second
promoter. Intriguingly, the intergenic early epaxial
enhancer can neither interact with this alternative
promoter, nor direct Mrf4 expression, suggesting that
the promoters may not compete for the proximal en-
hancers. However, deletion of the intergenic branchial
arch element in the 195APZDmp5 context abolishes
normal Myf5 and deviant Mrf4 arch expression,
suggesting a more subtle mechanism of promoter-
enhancer specificity.

SHOX and limb development

EVA TIECKE1, RUDIGER BLASCHKE2,
CHERYLL TICKLE1 and GUDRUN RAPPOLD2

1Division of Cell and Developmental Biology, Well-
come Trust Biocentre, University of Dundee, Dundee,
UK; 2Institute of Human Genetics, University of
Heidelberg, Heidelberg, Germany

SHOX is a member of the homeobox-containing gene
family and highly conserved amongst different species.
SHOX has been shown to be causative for idiopathic
short stature. It is located in the pseudoautosomal
region (PAR1) and haploinsufficiency of SHOX has
been implicated in short stature and additional skel-
etal malformations frequently observed in Turner
syndrome. To explore the role of SHOX in limb de-
velopment we are studying chick embryos. We
performed in situ hybridization analysis of SHOX
expression at different stages in limb development and
find that a central region of the early limb bud ex-
presses SHOX and around this is a rim of non-
expressing cells. At later stages, SHOX expression is
first restricted to the proximal two-thirds of the limb
bud and then is expressed in proximal limb bud and
digital rays with stronger expression dorsally. To in-
vestigate how SHOX expression is controlled we have
carried out experimental manipulations on chicken
limb buds. We found that both removing the apical
ridge and implanting noggin beads extends SHOX
expression to the distal limb bud mesenchyme. We
have constructed a SHOX-RCAS virus and explore
the effects of overexpressing SHOX in chicken limb
development.

The role of endoglin in cardiovascular development

HELEN ARTHUR, EVELYN TORSNEY and
JOHN BURN
Institute of Human Genetics, University of Newcastle
upon Tyne, Newcastle upon Tyne NE1 3BZ, UK

The identification of endoglin and ALK1 as the genes
in which mutations cause hereditary haemorrhagic
telangiectasia (HHT) identified two key genes in the
process of blood vessel formation. The occurrence of
arteriovenous malformations in HHT patients and
high endoglin expression in normal developing heart
valves pointed to other roles for endoglin in cardio-
vascular development [1]. This was confirmed in the
endoglin knockout mouse, in which we, and others,
showed that lack of endoglin expression causes failure
of angiogenesis, best seen in the yolk sac, as well as
defects in endocardial cushion formation [2–4]. The
heterozygous endoglin knockout mouse also pro-
vides a valuable model of human HHT disease ; and
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a recent detailed analysis of the vasculature has re-
vealed subtle defects in the structure of the blood
vessel wall that cause vascular fragility and bleeding.
These studies point to a central role for endoglin in
both the formation and maintenance of the cardio-
vasculature.

This work is supported by The Wellcome Trust, Cookson
Foundation and EUQLG1-CT-2001-1032.
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Molecular mechanisms underlying tracheo-oesophageal

development

ADONIS IOANNIDES, DEBORAH HENDER-
SON, LEWIS SPITZ and ANDREW COPP
Neural Development and Surgery Units, Institute of
Child Health, University College London, 30 Guilford
Street, London WC1N 1EH, UK

Morphological and cell differentiation studies indi-
cate that the respiratory epithelium is first specified in
the ventral endoderm of the post-pharyngeal foregut,
then occupies the ventral half of the foregut during
a phase of rapid longitudinal growth and finally be-
comes a separate structure (trachea) with the separ-
ation proceeding in a caudal to cranial direction. The
molecular mechanisms that underlie the process of
separation are not understood. In situ hybridization
experiments show a ventral-to-dorsal switch in the
endodermal expression of the morphogen Shh that
is propagated in a cranial direction just ahead of
tracheo-oesophageal separation. Endodermal cells
undergoing programmed cell death (PCD) localize at
the site of separation and the PCD pattern follows, to
an extent, the Shh expression pattern. Furthermore,
inhibition of PCD appears to interfere with the sep-
aration process. We suggest that PCD marks the
site of tracheo-oesophageal separation and is thus
required for its initiation. The precise relationship

between PCD and the expression of foregut pattern-
ing genes (e.g. Shh) remains to be elucidated.

Expression and transcriptional regulation of the FBLN3
gene causing dominant drusen ocular phenotype

JAMES BLACKBURN1, CHERYLY. GREGORY-
EVANS1 and KEVIN GREGORY-EVANS2

Departments of 1Cell and Molecular Biology and
2Ophthalmology, Faculty of Medicine, Imperial Col-
lege, Exhibition Road, London SW7 2AZ, UK

Drusen deposits in the retina are found in an import-
ant set of blinding inherited conditions, including
age-related macular degeneration (AMD), a complex
trait accounting for 50% of blind registration in the
developed world. A single R345W mutation in the
FBLN3 gene has been causally associated with a pro-
portion of autosomal dominant drusen mapping
to 2p16. In our patient cohort without R345W mu-
tation, no other FBLN3 coding region mutations were
identified. Using in situ hybridization and reverse
transcription polymerase chain reaction (RT-PCR),
FBLN3 expression was localized to the outer and in-
ner nuclear layers of the retina and also to the retinal
pigment epithelium (RPE). Western blotting detected
a 45 kDa in vivo and 64.5 kDa in vitro fibulin-3 protein
product, suggesting that there is post-translational
modification. Sequencing of the FBLN3 upstream re-
gion identified a putative estrogen responsive element
(ERE) and three Sp1 sites. To evaluate whether the
ERE was active, RPE cells were incubated with 17b-
estradiol, which resulted in down-regulation of the
FBLN3 mRNA and protein levels. Promoter deletion
constructs also showed that the ERE down-regulated
reporter gene expression. Furthermore, these assays
have also implicated Sp1 binding sites as up-regulatory
elements of the gene. These studies have contributed
to characterizing a novel gene involved in human
disease.

Gene dosage in Pelizaeus–Merzbacher disease

MARIA CUNDALL and KAREN WOODWARD
Clinical andMolecular Genetics Unit, Institute of Child
Health, University College London, 30 Guilford Street,
London WC1N 1EH, UK

Dosage of certain myelin genes is crucial during de-
velopment as changes in copy number can cause ab-
normalities in myelin formation and/or maintenance
in both the central and peripheral nervous system. The
proteolipid protein (PLP1) gene is a dosage-sensitive
gene whose product PLP is a major structural com-
ponent of central nervous system (CNS) myelin.
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A large genomic duplication that includes the entire
PLP1 gene is responsible for the majority of patients
with Pelizaeus–Merzbacher disease (PMD). PMD is
a rare X-linked disorder, characterized by an absence
of myelination in the CNS. Alterations in PLP1 dos-
age may cause apoptosis in the case of overexpression,
and disruption of the interactions between oligo-
dendrocytes and axons. We have devised an efficient
screening test for PLP1 gene dosage using multiplex
amplifiable probe hybridization (MAPH). MAPH is
a relatively new technique for assaying copy num-
ber simultaneously at several loci, with a higher
throughput than existing diagnostic methods such as
interphase fluorescent in situ hybridization. The high
frequency of gene duplication as a cause of PMD
means that gene dosage evaluation is the first ap-
proach for molecular diagnosis and highlights that
the stoichiometry of myelin proteins is important in
normal structure and function.

Investigation of the role of Wilms’ tumour suppressor

gene 1 (WT1) isoforms in genito-urinary development

DIYA LAHIRI, JAMES DUTTON and ANDREW
WARD
Department of Biology and Biochemistry, University of
Bath, Claverton Down, Bath BA2 7AY, UK

The Wilms’ tumour suppressor gene, WT1, encodes
a zinc finger transcription factor essential for the de-
velopment of the urogenital system. Alternative spli-
cing within the gene causes an insertion or deletion
of three amino acids creating two classes of isoform:
WT1+KTS and WT1-KTS. Mutation of the iso-
forms, and disruption of their ratios, are linked to
human disorders of the urogenital system. These iso-
forms are thought to have distinct roles within the
nucleus. We have generated transgenic lines of mice
expressing a WT1-KTS transgene, and bred them
withWT1 knockout animals to study the effects of the
WT1-KTS isoform on genito-urinary development in
isolation from the other isoforms. Preliminary data
shows there may be an effect on animals expressing
the WT1-KTS transgene and heterozygous for WT1.
Using green fluorescent protein fusion constructs in
cell culture, we demonstrate that the dynamic sub-
nuclear localization of the two isoforms results, in part,
from the presence of a nucleolar localization signal
within the zinc finger regions. Combining transgenic
in vitro techniques with in vivo cell culture work, our
findings help elucidate the mechanisms by which
the WT1 isoforms are distributed in the nucleus, and
suggest a model demonstrating how their separate
functions are maintained.

Detection of Tsga10 transcripts in mouse and rat testis

BABAK BEHNAM, MOHAMMED H. MODAR-
RESSI, SUE POVEY and JONATHAN WOLFE
The Galton Laboratory, Department of Biology, Uni-
versity College London, 4 Stephenson Way, London
NW1 2HE, UK

Spermatogenesis converts a stem cell population of
spermatogonia into a highly differentiated population
of sperm in the testis. In the course of this pathway
cells pass from a maintenance state through mitotic
divisions, meiosis and finally terminal differentiation.
Surprisingly little information is available about any
of the genes which have a role in this pathway. We
have previously shown by differential display (DD)
RT-PCR that a novel gene, TSGA10, is expressed in
human testis but not in a variety of non-spermato-
genic tissues. Hence, TSGA10 is a testis-specific gene,
which maps to 2q11.2. In this project we have used
RT-PCR to investigate the timing of expression of
Tsga10 in rat testis. In situ hybridization was used to
identify the location of the cells containing Tsga10
transcripts in cryostat sections of mature mouse testis
and other organs. RT-PCR had shown that Tsga10
was expressed in testis once spermatocytes have pro-
gressed to the late pachytene stage. Tsga10 mRNA
transcripts show a pronounced expression from sec-
ondary spermatogonia to later spermatogenic cells
including those closer to the lumen of the seminifer-
ous tubules. Also TSGA10 seems to be expressed at a
lower level in some parts of the brain. Our results are
the first to demonstrate that the transcripts for Tsga10
are present in spermatogenic cells and that they
mostly exist in meiotic and post-meiotic cells.

Mouse germline–soma interactions in the genital ridge

IAN ADAMS and ANNE MCLAREN
Wellcome Trust/Cancer Research UK Institute of
Cancer and Developmental Biology, Tennis Court
Road, Cambridge CB2 1QR, UK

During embryogenesis primordial germ cells (PGCs)
have the potential to enter either spermatogenesis
or oogenesis. In a female genital ridge, or in a non-
gonadal environment, PGCs develop as meiotic oo-
cytes. However, male gonadal somatic cells inhibit
PGCs from entering meiosis and direct them to a
spermatogenic fate. We have examined the ability of
PGCs from male and female embryos to respond to
the masculinizing environment of the male genital
ridge, defining a temporal window during which
PGCs retain a bipotential fate. To help understand
how PGCs respond to the male gonadal environment
we have identified molecular differences between
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male PGCs that are committed to spermatogenesis
and bipotential female PGCs. Our results suggest
that one way in which PGCs respond to this mascu-
linizing environment is to synthesize prostaglandin
D2. We show that this signalling molecule can par-
tially masculinize female embryonic gonads in cul-
ture, probably by inducing female supporting cells

to differentiate into Sertoli cells. In the developing
testis, prostaglandin D2 may act as a paracrine factor
to induce Sertoli cell differentiation. Thus part of
the PGCs’ response to the male gonadal environment
is to generate a masculinizing feedback loop to en-
sure male differentiation of the surrounding gonadal
somatic cells.
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