
Tuberous sclerosis complex and polycystic kidney
disease together: An exception to the contiguous
gene syndrome
To the Editor:

Tuberous sclerosis complex (TSC) is an autosomal domi-
nant condition characterized by the presence of multiple, typ-
ically benign, tumors throughout various organ systems in the
body. The organ systems most commonly affected are the
brain, skin, heart, lung, and kidney. In addition, individuals
with TSC may have facial angiofibromas, hypopigmented
macules, shagreen patches (connective tissue nevi), seizures,
and mental retardation. The incidence of TSC is between 1 in
6,000 and 1 in 11,000 births.1,2 The penetrance of theTSC1 and
TSC2 genes is approximately 95%, although the presentation
of TSC varies widely.2,3

Mutations in two tumor suppressor genes, TSC1 and TSC2,
havebeen shown to causeTSC.TheTSC1 gene is locatedonchro-
mosome 9q34 and codes for the protein hamartin, whereas the
TSC2 gene is located on chromosome 16p13 and codes for the
protein tuberin. Hamartin and tuberin come together to form a
complex that inhibits several cell signaling pathways, namely, the
PI3K/PKB pathway (a growth and translation regulatory path-
way), the glycogen synthase kinase 3/�-catenin/focal adhesion ki-
nase/Ras-relatedhomologpathway (which involves cell adhesion,
migration, and protein transportation), and the mitogen-acti-
vatedproteinkinasepathway,which is involved incell growthand
proliferation.4

Approximately two-thirds of TSC cases are caused by a de
novo mutation, and the remaining are familial.1,4 Among the
familial cases of TSC, mutations in the TSC1 and TSC2 genes
are found with approximately the same frequency, whereas in
sporadic cases of TSC,mutations inTSC2 aremuchmore com-
mon, 80% versus 20%, respectively. Most recent studies have
found that individuals with TSC1mutations typically have less
severe disease than those with TSC2mutations.1,2,5

In addition to the typical renal manifestations of TSC, such
as angiomyolipomas, cysts, and oncocytomas, early-onset au-
tosomal dominant polycystic kidney disease (ADPKD) has
been observed in a number of individuals with TSC.5 Patients
with TSC who have ADPKD are known to have a contiguous
gene syndrome involving deletion of all or part of theTSC2 and
PKD1 genes.6,7 ADPKD is a systemic illness resulting in hyper-

tension, hematuria, urinary tract infections, renal failure, and
increased risk of cerebral aneurysms. Mutations of two genes
are known to cause ADPKD; these are PKD1, which is located
on chromosome 16p13.3 and codes for the protein polycystin
1, and PKD2, which is located on chromosome 4q21-q23 and
codes for the protein polycystin 2.8 Although mutations in
both PKD1 and PKD2 cause ADPKD, individuals affected with
PKD1mutations predominate (85%PKD1 vs. 15%PKD2) and
have more severe disease, leading to earlier onset of renal fail-
ure in patients with PKD1 mutations versus those with PKD2
mutations.9

TheTSC2 andPKD1 genes are located next to one another in a
tail-to-tail fashion on chromosome 16p13.3. Consequently, a
largedeletion involving the 3= endof either geneoften affects both
the TSC2 and PKD1 and results in a contiguous gene
syndrome.1,5–7 TheTSC2/PKD1 contiguous gene syndrome typi-
cally manifests in infancy as severe ADPKD. In addition, loss of
TSC2 gene activity may increase the pathogenicity of ADPKD,
because tuberin loss affects proper polycystin-1 localization.10

We present an unusual case inwhich a family presentedwith
both ADPKD and TSC, and surprisingly had neither TSC2 nor
PKD1 gene mutations.
In 1975 the proband (III-5) (Fig. 1) presented at the age of 8

years with a shagreen patch, toenail fibroma, and facial angio-
fibromas. The proband’s father (II-2) also exhibited signs of
TSC, specifically, facial angiofibromas, ungual and subungual
fibromas, several shagreen patches and hypopigmented mac-
ules, and an achromic patch of the retinal pigmented epithe-
lium in his left eye. The father had not been previously diag-
nosed with TSC. He did, however, have a previous diagnosis of
polycystic kidney disease that had led to renal failure requiring
dialysis 4 years prior at 51 years of age. After his TSC findings
were discovered, the proband’s fatherwas diagnosedwithTSC;

Fig. 1. Three-generation pedigree of the family indicating individuals affected with
autosomal dominant polycystic kidney disease (ADPKD) as a result of a novel missense
mutation (R322Q) of the PKD2 gene, as well as those affected with tuberous sclerosis
complex (TSC) as a result of a four base-pair deletion (AACA at 2509-2512) of the TSC1
gene. Individual III-5 is the proband (arrow) originally enrolled in our TSC study. Indi-
viduals with ? were not available for analyses.
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his polycystic kidneys were thought to be amanifestation of his
TSC. The proband’s mother (II-3) and five siblings had no
signs of TSC by our physical examinations, which included
Wood’s light.
The family was contacted 10 years later regarding participa-

tion in a TSC linkage study. The proband, his mother, his two
older sisters (III-3 and II-4), and a paternal aunt (II-1) partic-
ipated in the study. The proband’s father recently died of car-
diac problems, and the remaining siblings did not participate
in the study.
All participants underwent physical and retinal examinations,

nonenhanced computed tomography of the brain, renal ultra-
sound, andelectrocardiogram.Significant findingswereobserved
in both sisters. The older sister had TSC with multiple bilateral
renal cysts and several calcified nodules in the lateral ventricles of
the brain.Multiple hepatic andbilateral renal cysts in the younger
sister led to a diagnosis of polycystic kidney disease. The paternal
auntwas found to havemultiple bilateral renal cysts, but no addi-
tional findings suggestive of TSC. No significant findings were
observed in the proband’s mother.
Lymphoblast DNA was obtained from the proband, both sis-

ters, and theproband’smother andpaternal aunt. Linkage studies
were performed using genetic markers on 16p13.3 (D16S525,
TSC2 5202T�C, KG8-located in the 3= untranslated region of
PKD1, D16S291, and SM7) and 9q34.3(GSN, ABL, ASS, and
D9S65, which are GT repeat polymorphisms).4,11 The results of
those studies suggested that the TSC phenotypes in the pro-
band and older sister segregated with the same inferred geno-
types of the markers for both chromosomes 16p13.3 and
9q34.3. We were able to determine that the proband and older
sister inherited the same copy of chromosome 16p13.3 from
their father, whereas the younger sister received the other copy
of the father’s chromosome 16p13.3. Direct sequencing of all
coding exons of the TSC1 and TSC2 genes revealed the TSC
disease-causing mutation to be on TSC1 exon 20, and con-
sisted of a four base-pair deletion of AACA at 2509-2512. This
mutation was only present in the proband and older sister.
Additional testing revealed a novel missense mutation

(R322Q) of the PKD2 gene on chromosome 4q21-q23 present in
the proband, both sisters, and the paternal aunt. The majority of
PKD2 mutations described to date are nonsense mutations or
frameshift mutations leading to premature stops.9,12 However,
anotherdisease-causingmissensemutationat the same site as that
observed in the familypresentedhere (R322W)hasbeen reported
among PKD2-linked families of both Czech and Chinese
ethnicities.12,13 In this mutation, the arginine is replaced with
tryptophan,whereas in the casepresented, the arginine is replaced
with glutamine. This arginine at codon 322 of the PKD2 gene on
chromosome 4q21-23 is remarkably conserved across species, in-
dicating its importance this position. Indeed, as Reiterova et al.
point out, this mutation occurs in a large extracellular loop of
polycystin 2, and is likely to be necessary for proper folding of the
protein, as well as interaction with other molecules.12

In summary, mutations in two genes, PKD1 on chromo-
some 16p13.3 and the less commonly seen mutation of PKD2

on chromosome 4q21-23, are known to cause ADPKD. In ad-
dition, mutations in two genes, TSC1 on chromosome 9q34
andTSC2 on 16p13.3, cause TSC.All reported cases of ADPKD
coexisting with TSC have been the result of a contiguous gene
syndrome inwhich both PKD1 andTSC2 (located very close to
each other on chromosome 16p13.3) have been deleted, caus-
ing severe, early-onset ADPKD in addition to TSC. We have
presented an unusual case of a family with both ADPKD and
TSC in which neither of the disease-causing mutations is on
chromosome 16p13.3. This family provides precedent for the
need to screen for subtlemutations on PKD1 and PKD2 as well
as TSC1 and TSC2 for patients who present with less severe
TSC phenotypes and late-onset ADPKD symptoms.
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