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Multifocal renal cell carcinoma in sibs from a

chromosome 9 linked (TSC1) tuberous
sclerosis family

Julian R Sampson, Anup Patel, A David Mee

Abstract
Multifocal renal cell carcinomas (RCCs),
together with angiomyolipomas (AMLs)
and renal cysts, were identified in early
adult life in two sisters with tuberous
sclerosis (TSC). They were members of a
multigenerational tuberous sclerosis fam-
ily showing strong evidence for a mutant
TSC causing gene on chromosome 9
(TSCI). Previous reports of multifocal
RCC in young patients with TSC suggest
that constitutional mutations at the TSC
loci may predispose to RCC. In the rat a
germline mutation affecting the TSC2
gene is associated with transmission of
multifocal RCC as an autosomal dominant
trait. However, the cases reported here are
the first to suggest a similar role for the
TSC1 gene in renal cell carcinogenesis.
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Tuberous sclerosis (TSC) is an autosomal
dominant disorder associated with the de-
velopment of a wide variety of hamartomatous
lesions in many tissues and organs.' The birth
frequency has been estimated at .1 in 5800.2
Two TSC causing genes have been localised
to human chromosomes 9 (TSC1)' and 16
(TSC1)4 but only the TSC2 gene has been
isolated.5 Loss of heterozygosity at 9q34 and
16pl3.3 in TSC associated hamartomas in-

dicate that both the TSC 1 and TSC2 genes act
as tumour suppressor genes.67 In the kidneys,
TSC is associated with the development of
angiomyolipomas (AML), cysts, and much less
frequently renal cell carcinomas (RCCs) with
clear cell or oncocyte histology.'
Here we report the occurrence of multifocal

RCC in two sisters in early adult life. In one

sister the RCCs were bilateral and meta-
chronous. Genetic linkage studies showed that
TSC in the family could be attributed to a

mutation at the TSC1 locus on chromosome
98 (fig 1). These observations suggest a role for
the TSC 1 gene in the genesis of RCC, similar
to that already reported for the TSC2 gene in
an animal model, the Eker rat.9

Case reports
CASE 1
A 35 year old mother of three presented with
right loin pain, dyspnoea on exertion, and a
mass in the right flank. She had been diagnosed
as having TSC eight years previously, when
she and other members of her family were
investigated following diagnosis of TSC in a
cousin who developed epilepsy. Clinical and
genetic investigation ofher family (family 1013)
has confirmed segregation of a tuberous sclero-
sis causing gene on chromosome 9 (the TSC 1
gene) through her family for at least four
generations8' (fig 1).

Examination of case 1 at presentation con-
firmed adenoma sebaceum, subungual fibro-
mata, shagreen patches, and multiple hypo-
pigmented macules, confirming the diagnosis
of TSC, and showed a tender 6-8 cm mass in
the right flank. Renal ultrasound scan showed
a large mass at the lower pole of the right
kidney which appeared to compress the inferior
vena cava and the aorta. The left kidney ap-
peared normal. Renal CT scan showed mul-
tiple, small, low density lesions, consistent with
angiomyolipomata, and a large solid mass at
the right lower pole suggestive of renal cell
carcinoma or a large angiomyolipoma. Isotope
bone scan and chest x ray were normal.
A radical right nephrectomy was performed.

Pathological examination showed a 5 cm
smooth lined lower pole cyst containing a 2 cm
clear cell papillary renal adenocarcinoma in-
volving part of the cyst wall, and a second
smaller clear cell papillary adenocarcinoma was
present some distance from the main tumour.
Fibrovascular cores containing abundant
smooth muscle and collections of smooth
muscle fibres were present beneath the renal
capsule. Four years later, the patient remains
well and follow up CT scans have shown a
stable 1-5 cm low density lesion in her re-
maining kidney, consistent with an an-
giomyolipoma.

CASE 2
The elder sister of case 1 also had mani-
festations of TSC (adenoma sebaceum, peri-
ungual fibromata, shagreen patches, and
hypopigmented macules) and at 27 years of
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Figure 1 Pedigree offamily 1013 with tuberous sclerosis. The sisters in whom renal cell
carcinomas were diagnosed are indicated (case 1 and case 2). Previously reported linkage
investigation has confirmed that the mutant TSC gene segregating in this family maps to
chromosome region 9q34.8 The germline mutation is therefore of TSC1 type. Two point
analysis versus a TSC1 linked dinucleotide repeat polymorphism in the arginosuccinate
synthetase gene generated a lod score of 3-86 with no recombinant meioses.8 An affecteds
only analysis yields a lod score of 2 71, while linkage to the TSC2 region has been
excluded. 'Family member IV 5 had no symptoms of TSC, but was not included in the
linkage analysis because age precluded consent to radiological investigation for
asymptomatic evidence of TSC.

Figure 2 Abdominal computerised tomography
(transverse plane) of case 2 at the time of diagnosis of
renal cell carcinoma in her second (right) kidney. The
complex cystic lesion with solid internal elements is
arrowed. The large size of the right kidney reflects
compensatory hypertrophy following left nephrectomy 11
years earlier. The high density signals marked "X"
represent clips left on the left renal artery at previous
surgery.

age had undergone left radical nephrectomy
following massive spontaneous haemorrhage
from that kidney. In addition to angiomyo-
lipomas, histological examination showed mul-
tifocal clear cell papillary RCC (3 x 3 cm tu-
mours) with evidence of capsular, vascular, and
lymphatic invasion and metastatic tumour in
three hilar lymph nodes; postoperative radio-
therapy to the renal bed followed. Eleven years

later, an enlarging cyst with suspicious as-

piration cytology led to a right radical neph-
rectomy. Histology showed a 3-5 cm clear cell
renal adenocarcinoma and multiple coexistent
angiomyolipomas. The patient remains free of
recurrence 15 years after the first RCCs were

diagnosed and has now been successfully trans-
planted.

Discussion
In TSC, renal cysts, angiomyolipomas, and
more rarely carcinoma may be found separately
or may coexist, making evaluation difficult. Pre-
operative distinction between angiomyolipoma
and renal cell carcinoma usually rests with
imaging techniques such as sonography, com-
puterised tomography, or magnetic resonance
imaging, which identify a high fat content in
angiomyolipoma. More subtle features in-
cluding early arteriovenous shunting, anechoic
rim or intratumoural cysts,'2 or intralesional
calcification may be suggestive of carcinoma.
Particular difficulties in distinguishing car-
cinoma from AML arise when areas of haem-
orrhage or necrosis in a renal cell carcinoma
give multiple echos which are a characteristic
of angiomyolipoma,'3 or when arteriovenous
shunting through an AML with early filling of
the renal vein is incorrectly taken to suggest
the presence of renal cell carcinoma."4 In con-
trast, the presence of solid elements within a
renal cyst (as seen in one ofthe sisters described
here) is suspicious of malignancy, and in these
circumstances positive aspiration cytology may
yield a more definitive diagnosis.
There have been no systematic studies of

renal cell carcinoma in TSC, although at least
21 case reports have been published (references
available from authors on request). In an un-
selected series of 256 TSC patients, one of us
US) noted only two further cases of recognised
renal cell carcinoma. Although published cases
are likely to be subject to reporting bias, it is
noteworthy that, among these, presentation
was at a mean age of only 23-3 years (range
7-39 years) and that nine of 21 cases were
bilateral. These observations are consistent
with the TSC genes predisposing to renal cell
carcinoma through a two hit or analogous
mechanism as first proposed for retinoblastoma
by Knudson.'5 The human TSC2 gene was
recently isolated from chromosome 16 and has
been shown to have the properties of a tumour
suppressor gene, consistent with this hypo-
thesis.7 Evidence that the TSC2 gene may be
involved in renal cell carcinogenesis is provided
by an animal model, the Eker rat. This strain
carries an insertional mutation affecting the
homologue of the human TSC2 gene9'0 and
develops multifocal RCC as a dominant trait.
Histologically the tumour cells are oncocyte-
like, eosinophilic, basophilic, or mixed, but not
of clear cell type.'6 In contrast, the human
TSC 1 gene has not yet been isolated from
chromosome 9 and no animal model for TSC 1
has been described. The cases reported here
suggest that the TSC 1 gene, as well as the
TSC2 gene, can play a role in the genesis of
RCC.
Although the first tumour occurring in case

2 of the present report showed penetration
of the renal capsule, vascular invasion, and
metastasis to regional lymph nodes, the patient
has remained disease free for 15 years after
complete surgical excision and radiotherapy.
Some TSC patients with associated RCC have
remained well on follow up, despite histological
evidence for metastasis at presentation'718 and
only three of 21 previously reported cases are
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known to have died of metastatic disease. 19-21
Thus, RCC associated with TSC may have a
better prognosis than sporadic RCC. RCCs
reported in TSC patients have often been dis-
covered coincidentally during investigation of
other TSC associated renal pathology, par-
ticularly AML, and this might suggest survival
advantage through early diagnosis in some
cases. Similarly angiomyolipomatous involve-
ment is more marked in females with TSC
than in males22 and the chance detection of
RCC during investigation of AML might un-

derlie the female preponderance of RCC re-
cognised in association with TSC (16 out of
21 cases). Despite these caveats, long term
survival of TSC patients presenting symp-
tomatically with apparently advanced disease
suggests that TSC associated RCC may indeed
be less aggressive than its sporadic counterpart.

Further studies are required to establish both
the place of renal imaging in asymptomatic
patients with TSC and the mechanisms
through which TSC gene mutations are in-
volved in renal cell carcinogenesis.

The authors wish to thank the Tuberous Sclerosis Association
(GB) for support and the members of family 1013 for their
help with the investigations.
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