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Autosomal dominant inheritance of ovarian
adenocarcinoma.

Cancer family syndromes

Types of tumour in cancer familI
Type 1 Type
Endometrium Stomach BreaE
Ovary Pancreas Sarc(
Breast Skin Embr
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Prostate Melanoma Brain

Colon Leuk;

Mendelian cancer syndromes

Colonic polyps in

familial

polyposis.

Pigmentation of lips in Peutz-Jeghers
syndrome.

Development of cancer is related to both environmental carcinogens and
genetic predisposition. Though the risk of a common cancer occurring in

relatives ofan affected person is generally low, familial aggregations that
cannot be explained by environmental factors alone exist in some

O neoplasms, such as breast and ovarian cancers and melanomas. In
occasional families a predisposition to a combination ofcommon cancers is

-O inherited as an incompletely penetrant autosomal dominant trait. Several
0 mendelian syndromes are also associated with a high risk of malignancy,
-0 although these are generally rare disorders. Chromosomal rearrangements
-o may be markers for or the cause of certain neoplasias, and various

oncogenes may be implicated. There is evidence that two mutational events
are required for the development of some malignancies, one ofwhich is
inherited in familial cancers.

* Affected females
( Females at 50% risk having undergone

prophylactic oophorectomy

Families can be identified in which many
relatives develop malignancies, although the
tumours may be of different types. One such
instance is hereditary adenocarcinomatosis;

syndromes another includes a predisposition to breast
cancer, sarcomas, and embryonal tumours. The

t Lymphoma tumours develop earlier than usual, they may be
ma Adrenal multifocal, and more than one type of primary
yonal Thyroid tumour may occur in the same person. The

Bladder predisposition to cancer in these rare families
behaves as an autosomal dominant trait with

emia about 60% penetrance so that over 25% of

descendants of the proband develop cancers.
Identification of the families or their members at
risk is not currently possible.

Multiple polyposis svndromes

Polyposis coli follows autosomal dominant inheritance and carries a high
risk of malignancy necessitating prophylactic colectomy. In familial
adenomatous polyposis the intestinal polyps are the only feature of the
disorder, but in Gardner's syndrome extracolonic manifestations including
osteomas, epidermoid cysts, and various other tumours occur; the
distinction between these two syndromes is unclear. Family members at
risk should be screened with regular colonoscopy. Early identification of
gene carriers may be possible by detecting congenital hypertrophy of the
retinal pigment epithelium. The use of linked DNA markers on
chromosome 5 also helps in detecting gene carriers and may avoid repeated
colonoscopy in family members at low risk.

In Peutz-Jeghers syndrome hamartomatous gastrointestinal polyps,
which may bleed or cause intussusception, are associated with pigmentation
ofthe buccal mucosa and lips. The polyps are usually benign, but malignant
degeneration occurs in about 5% of cases, mainly in gastric and duodenal
polyps. Ovarian, breast, and endometrial tumoufs also occur in this
dominant syndrome.
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Peripheral neurofibromatosis.

Heavily calcified
intracranial
hamartoma in
tuberous sclerosis.

Basal cell -carcinoma.

Renal carcinoma in horseshoe kidney
on computed tomography in von
Hippel-Lindau disease.

Neurofibromatosis
Neurofibromatosis is the commonest disorder that is inherited as an

autosomal dominant trait, with an incidence ofone in 3000. The diagnostic
criteria for peripheral neurofibromatosis (von Recklinghausen's disease)
include the presence of cafe au lait patches and cutaneous neurofibromas.
Benign optic gliomas and spinal neurofibromas may occur, and early
detection facilitates their surgical removal. Malignant tumours, mainly
neurofibrosarcomas or embryonal tumours, occur in about 5% of affected
people. Central neurofibromatosis is also dominantly inherited, its main
feature being bilateral acoustic neuromas. The genes for peripheral and
central neurofibromatosis have been located on chromosomes 17 and 22,
respectively.

Tuberous sclerosis
Tuberous sclerosis is an autosomal dominant disorder, very variable in its

manifestation, that can cause epilepsy and severe retardation in affected
children. Hamartomas ofthe brain, heart, kidney, retina, and skin may also
occur, and their presence indicates the carrier state in otherwise healthy
family members. Sarcomatous malignant change is possible but
uncommon. Linkage has been shown with chromosome 9 markers in some
families.

Naevoid basal cell carcinoma syndrome
The cardinal features of the naevoid basal cell carcinoma syndrome, an

autosomal dominant disorder delineated by Gorlin, are basal cell
carcinomas, jaw cysts, and various skeletal abnormalities, including bifid
ribs. Other features are macrocephaly, tall stature, palmar pits, calcification
of the falx cerebri, ovarian fibromas, and other tumours. The skin tumours
are usually bilateral and symmetrical, appearing over the face, neck, trunk,
and arms during childhood or adolescence. Malignant change may occur,
especially after the second decade, and removal of the tumours is therefore
indicated.

von Hippel-Lindau disease
In von Hippel-Lindau disease haemangioblastomas develop throughout

the brain and spinal cord, characteristically affecting the cerebellum and
retina. Renal, hepatic, and pancreatic cysts also occur, and clear cell
carcinoma of the kidney may develop; less common are
phaeochromocytomas. The syndrome follows autosomal dominant
inheritance, and yearly screening is recommended for affected family
members or those at risk to permit early treatment ofproblems as they arise.
Location of the gene on chromosome 3 will permit prediction of genetic
state by DNA analysis.

Multiple endocrine neoplasia syndromes
Three main types of the multiple endocrine

neoplasia syndrome exist and all follow
autosomal dominant inheritance with reduced
penetrance. Many affected people have
involvement ofmore than one gland, and first
degree relatives in affected families should be
periodically screened to detect presymptomatic
tumours. Abnormal calcitonin secretion in the
type Ila syndrome, for example, can be detected
by calcium or pentagastrin provocation tests,
permitting curative thyroidectomy before the
tumour cells extend beyond the thyroid capsule.
Linkage between the type IIa syndrome and
DNA markers on chromosome 10 has been
shown and provides an additional method of
predicting gene carriers.
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Main types of multiple endocrine neoplasia
I lla lIb
Parathyroid Medullary thyroid Medullary thyroid
Pancreatic islet cell Phaeochromocytoma Phaeochromocytoma
Pituitary Parathyroid Mucosal neuromas
Adrenal cortex

Thyroid
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Inherited childhood tumours

Percentage risk ofretinoblastoma in child according
to affected relative

Retinoblastoma

Bilateral tumours:
Parent 40
Sibling 8

Unilateral tumour:
Parent and another relative 40
Parent 6
Two siblings 40
One sibling 2

Two stages of tumour generation

Inherited mutation First event

Chromosome rearrangement
with gene disruption

New gene deletion
or point mutation

+ Normal allele

Mutant allele
Loss of normal chromosome Second event
and duplication of abnormal
chromosome

Recombination between
chromosomes in mitosis

New gene deletion
or point mutation

.11,JXdelO 1)(p 13)-
Deletion of chromosome 11 at
band 11p13 in patient with
Wilms's tumour.

Retinoblastoma
Most bilateral and about 15% of unilateral tumours seem to be hereditary.

Inheritance follows an autosomal dominant pattern with incomplete
penetrance; only about 80% of children with the abnormal gene develop
retinoblastomas. Tumours may occasionally regress spontaneously leaving
retinal scars, and parents of an affected child should be examined carefully. A
deletion of chromosome 13, which has been found in some affected children
who may have additional congenital abnormalities, has localised the
retinoblastoma gene to chromosome 13q 14. The esterase D locus is closely
linked to the retinoblastoma locus and is a marker for identifying gene carriers
in affected families as are recently identified gene probes. Molecular studies
indicate that two events are involved in the development of the tumour; in
bilateral tumours the first mutation is inherited and the second is a somatic
unilateral event. In tumours both events may represent new somatic
mutations. The retinoblastoma gene is therefore acting recessively as mutant
alleles at 13q14 on both chromosomes are needed for tumours to develop.

Second malignancies occur in up to 15% of survivors, more commonly in
bilateral and familial cases. In addition to tumours ofthe head and neck caused
by local irradiation treatment, other associated malignancies include sarcomas
(particularly of the femur), pinealomas, and carcinomas of the bladder.

Wilms's tumour
Wilms's tumours are usually unilateral but may occasionally be bilateral.

Recurrence within families is reported but is not very common. Inheritance
seems to be autosomal dominant with reduced penetrance in these families.
Aniridia occurs in 1% of patients with Wilms's tumour, and identification of
an interstitial deletion ofchromosome 11 in these patients has located a
susceptibility gene to chromosome Ip 1 3. As with retinoblastoma the
tumours are homozygous for the deletion, indicating that two events are
needed for tumours to develop. Hemihypertrophy occurs in about 3% of
patients, and Wilms's tumour has also been reported in other disorders with
growth disturbance such as neurofibromatosis and Beckwith-Wiedemann,
Klippel-Trenaunay-Weber, and Sotos's syndromes. Various second primary
malignancies may occur but are uncommon.

Chromosomal abnormalities in malignancy

...
.. ..

X Structural chromosomal abnormalities are well documented in leukaemias
:A. and lymphomas and may be prognostic indicators. They are also evident in

$ ft Hf 4;ae solid tumours-for example, an interstitial deletion ofchromosome 3 occurs in
.. 1 ) s#small cell carcinoma of the lung. In addition, chromosome instability is seen in

some autosomal recessive disorders that predispose to malignancy, such as
if " . ",ataxia telangiectasia, Fanconi's anaemia, xeroderma pigmentosum, and

;UW; - l z Bloom syndrome.
1 11i 12

- '-y:-:':''.': ^.. .Philadelphia chromosome
4L4-4E The Philadelphia chromosome, found in blood and bone marrow cells, is a

i .,-, 'i.. Xdeleted chromosome 22 in which the long arm has been translocated on to the
XM; . long arm of chromosome 9 and is designated t(9;22) (q34;ql 1). The

translocation occurs in 90% of patients with chronic myeloid leukaemia, and
9;22 Translocation in chronic myeloid leukaemia. its absence generally indicates a worse prognosis. The Philadelphia
(One chromosome 19 and one chromosome 20 chromosome is also found in 10-15% of acute lymphocytic leukaemias, when
have also been lost from cell line.). its presence indicates a poor prognosis.
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8 del(81 l4q+j 14l
8; 14 Translocation in Burkitt's lymphoma.

Burkitt's lymphoma
Burkitt's lymphoma is common in children in parts of tropical Africa.

Infection with Epstein-Barr (EB) virus and chronic antigenic stimulation with
malaria both play a part in the pathogenesis of the tumour. Most lymphoma
cells carry an 8;14 translocation or occasionally a 2;8 or 8;22 translocation.
The break points involve the cellular oncogene c-myc on chromosome 8 at
8q24, and the immunoglobulin heavy chain gene on chromosome 14 and x and
k light chain genes on chromosomes 2 and 22 respectively. Altered activity of
the oncogene when translocated into regions ofimmunoglobulin genes that are
normally undergoing considerable recombination and mutation probably
plays an important part in the development of the tumour.

Oncogenes

Some oncogene associations in chromosomal trans-
locations in leukaemia

Cytogenetic Cellular oncogene and
Disorder abnormality location
Burkitt's lymphoma t(8;14)(q24; q32) c-myc 8q24

t(2;8)(pl 2;q24)
t(8;22) (q24;ql 1)

Chronic myeloid
leukaemia t(9;22)(q34;ql 1) c-abl 9q34

Acute lymphocytic
leukaemia t(4; 11 )(q21 ;q23) c-raf-2p Chromosome 4

c-ets 1 1 1 q 23-24

Acute myeloid
leukaemia t(8;21)(q22;q22) c-mos 8q22

Acute myeloid
leukaemia
(promyelocytic) t(1 5; 17)(q22;q1 1) c-erb-A1 17q 11-21

Various oncogenes are implicated in the
development of malignancy. Viral oncogenes
(v-onc) are carried by RNA viruses (retroviruses)
that can incorporate a DNA copy of their
genomic RNA into host DNA. These viruses can
transform host cells and were first recognised by
their ability to cause neoplasms in animals.

Sequences homologous to those of the viral
oncongenes in the human genome are called
cellular oncogenes (c-onc). These oncogenes are
important in normal growth and development of
cells, but their mutation, amplification, or
activation at inappropriate times may be involved
in the initiation of neoplasia. Proteins encoded by
oncogenes probably act within a cascade
involving growth factors and may function as cell
surface receptors or intracellular messengers or
through production of protein kinases or nuclear
proteins that bind to DNA.

Evidence exists for the role of cellular
oncogenes in certain human cancers, notably c-
myc in the translocation associated with Burkitt's
lymphoma, c-abl in that of the Philadelphia
chromosome, and N-myc amplification in
neuroblastoma. Expression of the oncogene
products may become important in typing and
staging tumours, contributing to definition of a
prognosis and to treatment.

Dr Helen M Kingston, MD, is consultant clinical geneticist at St Mary's Hospital,
Manchester.

Illustrations reproduced by kind permission were: the ovarian adenocarcinoma pedigree,
Drs Dian Donnai and D Warrell, St Mary's Hospital, Manchester; familial adenomatous
polyposis from the Slide Atlas ofGastroenterology. Gower Medical Publishing, 1985 and Dr C
Williams, St Mark's Hospital, London; the computed tomograms of tuberous sclerosis, Mr P
Richardson, Manchester Royal Infirmary and University of Manchester, and renal carcinoma,
Dr Judith Adams, University ofManchester Medical School; and the chromosome 11 deletion
and 9;22 and 8;14 translocations, Dr Christine Harrison, Christie Hospital, Manchester.
The ABC ofChild Abuse continues next week. The 10th article in this series will appear on 6

May.

ANY QUESTIONS

Is bottled milk harmful to babies because ofits aluminium content?

I presume that the questioner is referring to infant formulas because there
is no evidence that cows' milk presents any risk for older infants. It is
hard to decide at present whether the levels of aluminium in foods or the
water supply represent a hazard. The forms of aluminium that are
absorbed across the intestinal mucosa are not well established so that the
bioavailability of aluminium cannot be deduced from chemical analysis
alone.' Without knowledge of the bioavailability of aluminium in a food
or water it is difficult to make objective judgments on the levels in foods.

The problems previously experienced with patients receiving renal
dialysis may be due to the fact that the aluminium passed directly into the
bloodstream and accumulated in the body, and this is not strictly relevant
to normal subjects.2-D A T SOUTHGATE, head, nutrition and food quality
research, Institute ofFood Research, Nonvich

1 Fairweather-Tait SJ, Faulks RM, Fatemi JA, Moore GR. Aluminium in the diet. Human
Nutrition Food Sciences and Nutrition 1987;41F: 183-92.

2 Dunea G, Makurkar SD, Mamdani B, Smith EC. Role of aluminium in dialysis dementia. Arch
Intrn Med 1978;88:502-4.
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