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Breakpoint mapping by FISH in a
Sotos patient with a constitutional
translocation t(3;6)

EDITOR—Involvement of region 3p21 of chromosome 3 in
the development of Sotos syndrome is suggested by two
patients who have been described. One is a Sotos syndrome
patient carrying an apparently balanced translocation
t(3;6)(p21;p21). The other is a non-smoking female with
Sotos syndrome who died of small cell lung cancer at 22

years of age. This type of cancer is characterised by a
consistent loss of heterozygosity at 3p21.3. We were able to
set up an EBV immortalised lymphoblastoid cell line from a
blood sample from the patient with the t(3;6) and show by
fluorescent in situ hybridisation that the translocation break-
point on the short arm of chromosome 3 does not coincide
with any of the regions on this chromosome arm that have
been suggested to play a role in tumour development.

In 1964 Sotos et al1 described five children with large
body size and early accelerated growth, acromegaloid fea-
tures, advanced bone age, and a non-progressive neuro-
logical disorder with mental retardation. Since this report,
many cases have been described of what is now known as

Figure 1 Fluorescent in situ hybridisation of metaphase spreads of the cell line derived from the patient with a chromosome 6 centromere probe, indicated
by arrowheads, in combination with CEPH-YACs 932G10 (A) and 835G6 (B) from 3p22, and CEPH-YACs 958A10 (C) and 788E2(D) from 6p21.
(E) Schematic representation of the translocation. The position of the flanking YACs is indicated.
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Sotos syndrome or cerebral gigantism.2 Most cases appear
to be sporadic. There are some reports of familial cluster-
ing, including pedigrees compatible with an autosomal
dominant mode of inheritance,3 4 but a clear cut mode of
inheritance has not yet been established. A number of
Sotos patients have subsequently been diagnosed with
fragile X, possibly owing to seemingly overlapping clinical
characteristics of the two syndromes.5 A Sotos-like pheno-
type can also be found in patients with acquired hypotha-
lamic lesions. This has led to the assumption that Sotos
syndrome can be regarded as an early onset overgrowth
syndrome which can be caused by diVerent aetiological
factors. Therefore, the designation Sotos sequence might
actually be more appropriate than Sotos syndrome.6 Cyto-
genetic analysis has shown de novo chromosome abnor-
malities in some patients.7 8 The chromosomal abnormali-
ties appear to be inconsistent, and their association with
Sotos syndrome may, therefore, be coincidental. Two case
reports, however, suggested a possible involvement of the
region p21 of chromosome 3. The first described a 6 year
old boy with clinical features consistent with Sotos
syndrome, such as mental retardation, postnatal over-
growth, and facial dysmorphism, with an apparently
balanced translocation t(3;6)(p21;p21).9 The other report
described a non-smoking female with Sotos syndrome who
died of small cell lung cancer (SCLC) at the unusually
young age of 22.10 This type of cancer is characterised by a
consistent loss of heterozygosity at 3p21.3.11 12 Therefore, it
could not be excluded that a single mutation might be
responsible for both the clinical features of Sotos syndrome
and the development of SCLC in this patient.

We wanted to investigate whether the 3p21 breakpoint of
the balanced translocation described by Schrander-
Stumpel et al9 coincided with any of the deletion regions on
3p reported for lung cancer.12 We established an EBV
transformed lymphoblastoid cell line from this patient and
confirmed by cytogenetic analysis the presence of a
balanced translocation between chromosomes 3 and 6. A
precise determination of the chromosome 3 breakpoint was
obtained by fluorescent in situ hybridisation of YACs from
the region 3p21-3p25 to metaphase spreads of this cell
line. CEPH-YACs were selected from several databases
accessible through the internet. Their localisation and pos-
sible chimerism were determined on normal human
metaphases. The positions of the chromosome 3 YACs
eventually used in our breakpoint analysis are indicated in
the left hand diagram of fig 1E.

FISH analysis with the chromosome 3 YAC 932G10 in
combination with a probe specific for the centromere of
chromosome 6 showed a fluorescent signal on two
chromosomes that did not carry a centromeric signal (fig
1A). Consequently, these chromosomes represent the nor-
mal chromosome 3 homologue and the derivative chromo-
some 3. Thus, the breakpoint on 3p lies distal to this YAC.
Similarly, YAC 835G6, also from chromosome 3, was
shown to hybridise to the normal chromosome 3 and to the
derivative chromosome 6, indicating that this YAC maps to
the other side of the breakpoint (fig 1B). The more proxi-
mal YAC 932G10 contains marker D3S1277, localised to

3p22. It maps distal to both the critical 3p21 region
assumed to be involved in the development of cancer12 and
the 800 kb homozygous deletion reported by Murata et al13

to occur in a lung cancer cell line. The distal YAC 835G6
contains the marker D3S1266 positioned proximal to
THRB, and most probably also proximal to RARB. Thus,
the chromosome 3 breakpoint in this Sotos syndrome
patient, now mapped at 3p22-p23, does not coincide with
any of the regions suggested to be involved in the develop-
ment of lung or any other type of cancer. We also localised
the breakpoint on chromosome 6. The position of the
chromosome 6 YACs used in our breakpoint analysis are
indicated in the right hand diagram of fig 1E. FISH analy-
sis indicated the chromosome 6 YAC 958A10 to be distal
to the breakpoint (fig 1C) and YAC 788E2 to be proximal
(fig 1D). YAC 958A10 contains marker D6S422 mapping
in 6p22. YAC 788E2 contains marker D6S1944 mapping
at 6p21.3, close to, or even within, the HLA gene region.

A schematic presentation of the translocation is shown in
fig 1E. A possible role of the t(3;6) in the development of
Sotos syndrome in this patient has to await cloning of the
breakpoint regions and identification of possible genes
aVected by the translocation.
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Familial testicular cancer: lack of
evidence for trinucleotide repeat
expansions and association with PKD1
in one family

EDITOR—Familial testicular cancer has been extensively
studied but its gene(s) locus is yet to be localised. This is
probably related to the fact that the majority of these fami-
lies are small with possibly reduced penetrance and genetic
heterogeneity. Recently, an increase in CAG/CTG tract
size was reported in five families examined and this germ-
line transmission of expanded (CAG)n tracts was postu-
lated to play a role in testicular tumorigenesis.1 Polycystic
kidney disease is a genetically heterogeneous disease with
at least three disease loci: one in chromosome 16 (PKD1),
one in chromosome 4 (PKD2), and one or more yet to be
determined.2

We describe here a family with familial testicular cancer
and familial polycystic kidney disease (PKD1). The proband
(fig 1, III.5) is a 50 year old white man with polycystic kid-
ney disease and deteriorating kidney function who was
referred for possible renal transplantation. In his family, six
other family members including his father also have
polycystic kidney disease (fig 1). Both he and his late father
had also had a testicular cancer removed at the age of 33 and
54, respectively. Both tumours were histologically confirmed
to be testicular seminoma. Linkage analysis was performed
as previously described1 with nine polymorphic microsatel-
lite markers flanking PKD1 and five flanking PKD2:
KG8-(PKD1)-D16S291-W5.2-D16S6633 and D4S3243-
D4S2361-D4S1647-AFM353tc1-(PKD2)-D4S1563.2 The
PKD1 haplotypes are shown in fig 1. All subjects who have
no signs or symptoms of disease are considered to be at vari-
ous degrees of risk depending on their age, as described
previously.4 The only modification is that the two subjects in

generation II who are over 70 years of age and appeared
normal on repeated radiological screening are labelled as
unaVected. The lod scores for all markers were all positive,
ranging from 0.50-2.22 at a recombination fraction of 0,
supporting linkage to PKD1 on chromosome 16p13.3. The
linkage to PKD2 on chromosome 4 was excluded by haplo-
typing and linkage analysis (data not shown).

In addition, we also sought to verify the previous report
of an increase in CAG/CTG tract size in familial testicular
cancer. By using the trinucleotide repeat expansion detec-
tion method (RED),5 we analysed this family and seven
additional white families with isolated familial testicular
cancer, one previously reported,6 one unreported, and five
from the international consortium on familial testicular
cancer. Six of these families have aVected sibs and one
aVected father and son. RED products of >150 nucle-
otides (nt) were scored as expansions. Only two out of eight
probands (25%) were found to have CAG expansions, one
with 210 nt and one with 180 nt, and six had 120 nt. This
is in agreement with the frequency (29%) previously
observed in a normal white population.7

We would like to stress that the association of familial
testicular cancer and PKD1 in this family could well be
coincidental with two distinct genes coinherited in the
family. Still, these findings are interesting and have not
been described before. Besides chance coincidence, a
common aetiology for both conditions cannot be ruled out,
especially in view of the fact that the kidney and testis share
the same embryological origin, the urogenital ridge. This
might suggest a common genetic trigger involved in a com-
mon developmental pathway. Another possibility is that the
two causal genes might be located close together forming a
contiguous gene syndrome. However, 16p13.3 where
PKD1 is located has not been implicated as a candidate
region for familial testicular cancer.8 Obviously further
molecular and functional studies would be required to dis-
sect out these possibilities.

Figure 1 Haplotypes of PKD1 markers (shown at the upper right) on chromosome 16p13.3 in the family with polycystic kidney disease and testicular
cancer. Filled symbols indicate members aVected with PKD and # indicates subjects with testicular cancer. The haplotypes for each subject are depicted
along an illustrated chromosome segment and the inferred disease bearing chromosome is hatched. The bracketed haplotypes represent those inferred from the
haplotyping of the children.
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Finally, we failed to find any evidence of excess
CAG/CTG expansions in our series as compared with the
general white population. We thus dispute the significance
and role of this mechanism in the tumorigenesis of familial
testicular cancer.
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Tricuspid atresia and conotruncal
malformations in five families

EDITOR—Tricuspid atresia, an inflow anomaly, does not
classically belong to the embryological group of conotrun-
cal malformations involving the outflow tract. We report
here five families with tricuspid atresia in one member and
conotruncal malformation in a relative. We believe that this
apparently non-concordant recurrence is not fortuitous
according to the mechanistic classification of congenital
heart malformations.1

The family pedigrees are shown in fig 1. All cases of tri-
cuspid atresia were of the same subtype with muscular
ventricular septal defect, subpulmonary stenosis, and ven-
triculoarterial concordance (type Ib). All patients had a
normal karyotype. No chromosome 22q11 microdeletion
could be identified by fluorescence hybridisation with the
Sc11.1 probe in any of the patients.

One of the major group of congenital cardiac
malformations defined in Clark’s classification is the
conotruncal cardiac malformation group.1 Cells derived
from occipital neural crest contribute to the formation of
the conotruncal region and participate in the process of
aortopulmonary septation.2 Indeed, depleting the heart of
cranial neural crest cells result in outflow tract
malformations.2 While Clark’s classification sheds light on
the relationship between anatomically diVerent cardiac
defects, such as truncus arteriosus, tetralogy of Fallot, and
interrupted aortic arch, a number of cardiac malforma-
tions cannot be classified into any group. Among these,
tricuspid atresia can be considered either as a malforma-
tion of the inflow tract or as an orphan disease. We believe,
however, that tricuspid atresia may belong to the group of
conotruncal malformations. The arguments for this
hypothesis are the following. First, neural crest ablation
may result in inflow anomalies, including tricuspid atresia,
tricuspid stenosis, and double inlet left ventricle.3 These
defects usually occur with either truncus arteriosus or
dextroposed aorta and are much less predictable than the
outflow tract anomalies with regard to the site and length
of the neural crest lesion. Secondly, the association of tri-
cuspid atresia with persistent truncus arteriosus has been
described in humans, as well as malformation of the
tricuspid valve associated with tetralogy of Fallot in which

the aorta is dextroposed.4 5 Thirdly, 22q11 deletion has
been recently reported in two cases of tricuspid atresia.6

Children with a 22q11 deletion exhibit a wide spectrum of
conotruncal malformations and it remains unknown why
this haploinsuYciency shows such a wide range of
penetrance and expressivity. The prevalence of the various
conotruncal anomalies in a population of patients with
22q11 deletion is apparently randomly distributed. This
might be explained by the “stochastic single gene model”.7

In this model, assuming that conotruncal malformations
are single gene defects inherited as a mendelian trait or
that a single gene is responsible for the constellation of
cardiac features of 22q11 deletion, the amplification of a
small disturbance in the migration of neural crest cells will
result in the variability which diVerent conotruncal
malformations show in diVerent aVected subjects, even in

Figure 1 Pedigrees of families. Subjects shaded in black had tricuspid
atresia. Subjects shaded in grey had a conotruncal malformation, either
tetralogy of Fallot (ToF) or a truncus arteriosus communis (TAC).
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the same kindred in which the genetic abnormality at the
aVected locus is identical.8

We conclude that the apparently discordant recurrence
of cardiac defects in our families could be regarded as con-
cordant from an embryological and genetic viewpoint.
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Clinical governance and genetic
medicine. Specialist genetic centres
and the Confidential Enquiry into
Counselling for Genetic Disorders by
non-geneticists (CEGEN)*

EDITOR

CLINICAL GOVERNANCE

The concept of clinical governance1 followed the search in
most countries for accessible, eVective, and economically
eYcient health services. In England, the NHS Executive’s
definition2 of clinical governance includes the rapid detec-
tion of adverse events, which are openly investigated, and
from which lessons are learned. Confidential enquiries are
a way of studying adverse events, for example maternal
deaths and perioperative deaths. These enquiries are an
established part of British health care because they are a
potential tool for improvement and are to be included
within the remit of the newly established National Institute
of Clinical Excellence (NICE). Their acceptance has
depended on their being entirely non-censorious and gov-
erned by strict confidentiality. Their eVectiveness is being
tested3 and is presumably enhanced by regular reports
which are covered by the national media. Starting in 1991,
the UK Confidential Enquiry into Counselling for Genetic
Disorders has shown that the study of adverse events can
be applied to the bulk of counselling which is part of the
routine work of many specialities.

THE STRUCTURE AND PROCESS OF THE SPECIALITY OF

MEDICAL GENETICS

The speciality of medical genetics has been extensively
documented in the UK.4–11 (“Medical genetics” is here
used synonymously with “clinical genetics” to distinguish
the speciality; the term “genetic medicine” is used to
describe counselling and genetic technologies in many
specialities.) In addition, an up to date overview of the
strengths, weaknesses, opportunities, and threats to genetic
services in 31 nations in Europe12 showed remarkable
international agreement about most important issues con-

*CEGEN steering committee set up in 1992 (with later co-opted members): Eva
Alberman, Martin Bobrow, Ian Lister Cheese, John Dodge, Gareth Evans, Mike
Gill, Alastair Kent, Hilary Harris, Rodney Harris (chairman), Anthony Hopkins,
June Lloyd, Bernadette Modell, John Northover, Bruce Ponder, Charles Rodeck,
Jill Clayton Smith, Tony Taylor, Nicholas Wald, Paula Williamson.

cerning clinical, technical, educational, research, and ethi-
cal matters. In contrast, there is much variation of access,
many deficiencies, and poor coordination of services and
resources for patients and families with genetic problems.
In the 31 nations (population 675 million), there was an
average distribution per million of 2.7 physicians with (very
varied) training in medical genetics.13 Clinical geneticists
are greatly constrained by limitations of resources, trained
personnel, and organisation.

CAN MEDICAL GENETICS BE CONSIDERED “UNIQUE”?
Four factors can be cited as contributing to diYculty when
setting out to assess and improve the quality of genetic
services. However, none of these is unique, being rather
typical of the early implementation of a new technology.

(1) The speciality is in a state of rapid evolution thanks
to the human genome programme compounded by the
rapid unravelling of the genetics of common diseases.

(2) There is a common perception that there are major
(even prohibitive) ethical issues involved, notably those
concerning human reproduction, genetic screening, confi-
dentiality, individual autonomy, potential victimisation and
stigmatisation, the right to know and the right not to know.
However, it can be argued that these are not unique ethical
issues, only diVerences of emphasis.

(3) The outcome measures available for clinical audit of
genetics are “soft” ones concentrating on the provision of
informed choice without coercion (known as “non-directive
genetic counselling”). This is a particular problem for audit
because objective quantitative measures of prevention or
avoidance by abortion are deemed unacceptable. However,
it is perfectly possible to use “adverse events” as a measure if
they are defined only in terms of poor quality of counselling
which limits the ability of patients to make informed and
unconstrained decisions. Eventually, quantifiable measures
may become easier for common diseases where the oVer and
uptake of screening procedures occur.

(4) There is no clear definition of responsibility between
the speciality of medical genetics and most other speciali-
ties. Genetic counselling is an integral component of the
work of all specialities which are also increasingly using
genetic “tools”. This is in fact a powerful argument for
clinical governance in genetic medicine.

GENETIC MEDICINE INVOLVES ALL HEALTH CARE WORKERS

When there were no eVective interventions it did not much
matter if medical practitioners ignored the genetic risk of
disease. The situation has changed dramatically. Prenatal
diagnosis, selective termination, large scale pregnancy
screening, and molecular genetics have all arrived within a
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single medical generation. The study of 31 nations referred
to earlier showed that there are in practice few trained medi-
cal geneticists and consequently primary care and other
non-geneticist specialists have great responsibility for the
management of patients with genetic problems. Health care
workers have to cope with new strategies of considerable sci-
entific, ethical, and legal complexity without, in most cases,
significant undergraduate or postgraduate training.

UK NATIONAL CONFIDENTIAL ENQUIRY INTO COUNSELLING

FOR GENETIC DISORDERS BY NON-GENETICISTS (CEGEN)
How well are non-geneticist clinicians able to provide
genetic counselling and ensure that patients were given
informed choices? This question was addressed by CEGEN
which audited genetic counselling as part of the day to day
work of all clinicians and of primary care. The enquiry
assessed the quality of service provision by non-geneticist
clinicians by reviewing clinical records for patients who had
experienced avoidable genetic problems even though they
were known in advance to be at markedly increased risks
because of maternal age, pregnancy, screening, or family
history. These included women of 38 or more with a
conceptus with Down syndrome, fetuses with neural tube
defects, fetuses with thalassaemia, a second sib with cystic
fibrosis, and patients with multiple endocrine neoplasia. To
avoid selection bias, virtually all such cases within the
defined time periods were ascertained. The quality of man-
agement was assessed by the clinicians themselves, reviewing
their clinical records for written documentation of “genetic
counselling”, more specifically for notes of explanations and
information, genetic tests, and interventions. For validation a
randomly selected set of the same case records was
scrutinised by the enquiry team: in the thalassaemia study
the enquiry team reviewed all notes.

PROBLEMS WERE ONLY CONSIDERED “ADVERSE EVENTS” WHEN

THE ENQUIRY WAS UNABLE TO FIND DOCUMENTED RECORDS

OF APPROPRIATE COUNSELLING, TESTING, AND SUPPORT

WITHOUT COERCION

The findings provide data for a systematic approach to
clinical governance of genetics as practised by all speciali-
ties. The main findings14–18 were that clinical audit was
frustrated by poor quality hospital records which often
lacked clear evidence that patients had made informed
choices. Non-geneticist clinicians appeared to concentrate
on the management of disease to the extent of overlooking
the need for counselling and recording data, which patients
will later need to make decisions about reproduction or
disease prevention. Counselling, screening, and prenatal
diagnosis were sometimes impossible because of late book-
ing in pregnancy or because of delayed diagnosis of an ear-
lier aVected child. It was striking that fewer than half had
been referred to medical geneticists and their management
was then entirely by non-geneticists. The proportion of
cases that are not referred to medical geneticists will
increase as the genetic component of the causation of
diabetes mellitus, coronary heart disease, schizophrenia,
Alzheimer’s disease, and others aVects clinical manage-
ment. Even though the events studied in this enquiry
largely occurred between 1991 and 1995, there is little rea-
son to believe that clinicians in general have become mark-
edly better trained in medical genetics.

CEGEN AND CLINICAL GOVERNANCE

CEGEN has recommended general principles19 to guide
improvements in many specialities in their management of
clinical genetic problems. Commissioners of clinical
services should require that details of genetic management

of individual patients should be documented in health
records at least as well as surgical operations, drug records,
and informed consent. Improvements in undergraduate
medical and nursing education should include basic genet-
ics management, raising interest and awareness of the
importance of family history, and of a range of common
genetic disorders and the prevention of disease. However, a
system of continuing audit of genetic management is
essential to monitor improvements in all specialities.
CEGEN provides such an audit, as it is simple to
implement and guarantees confidentiality to clinicians and
patients. It avoids eugenic overtones by enquiring into
adverse events, which are strictly defined as the failure to
provide documented records of appropriate counselling,
testing, and support without coercion. However, clinical
audit of genetics must be continuing and comprehensive
ensuring complete ascertainment of all defined cases. The
CEGEN Steering Committee is currently identifying a
rotating series of adverse events for continuing audit, which
will involve multidisciplinary, primary, secondary, and
social care and lead to a common adverse event reporting
system including appropriate disease registers.

Will genetic confidential enquiries be adopted outside
the UK where enquiries into the management of maternal
deaths and perioperative deaths are routine? In this
connection it is likely that the convergence of health care
systems in Europe will encourage the more general
adoption of innovations that are successful in individual
Member States.

RODNEY HARRIS
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