Letters to the Editor

Two novel TSC2 mutations in
Chinese patients with tuberous
sclerosis complex

Sir,

Tuberous sclerosis complex (TSC, OMIM 191100) is
a rare autosomal dominant disorder characterized by
widespread hamartomas in several organs, including
the skin, brain, kidney and eye. The cutaneous

manifestations in TSC, including hypomelanotic
macules, facial angiofibromas, forehead fibrous
plaques, shagreen patches, ungual fibroma, and

molluscum fibrosum pendulum [Figure 1], are common
and typically the first clue to the diagnosis.!"

Mutations in either the TSC1 gene on chromosome
9q34 or the TSC2 gene on chromosome 16 p13.3 cause
TSC. The TSC1 and TSC2 gene products, hamartin
and tuberin respectively, interact to form a protein

Figure 1: Cutaneous features in TSC. (a) Hypomelanotic macule.
(b) Facial angiofibroma. (c) Shagreen patch. (d) Ungual fibroma.
(e) molluscum fibrosum pendulum

complex. The hamartin-tuberin complex inhibits the
mammalian target of rapamycin (mTOR) signaling
pathway, which controls cell growth and proliferation.?!
Until now, more than 500 TSC1 and nearly 1300 TSC2
unique allelic variants have been reported (http:/
chromium.liacs.nl/lovd/index.php?select db = TSC1
or db = TSC2), but there are no particular regions
within the TSC1 or TSC2 gene in which mutations
occur at a high rate.

Here, we performed a genetic investigation in six
sporadic Chinese TSC cases. For each case, the diagnosis
was confirmed by revised diagnostic criteria for TSC
and histopathological findings. After informed consent
and approval of human medical and ethics committee
of Shandong Provincial Institute of Dermatology and
Venereology, genomic DNA was extracted from the
peripheral blood of the six cases and one hundred normal
healthy Chinese people. All encoding exons of TSC1
and TSC2 gene, including intron—-exon boundaries,
were amplified by polymerase chain reaction using the
previous primers.?! After amplification, products were
purified and directly sequenced on ABI 3130XL Genetic
analyzer. Two novel mutations of TSC2 were identified
by comparing with the reported cDNA reference
sequence (GenBank accession number: X 75621.1) and
not found in one hundred controls [Table 1].

The novel missense mutation (c.1583 T >C, p.L528P)
of TSC2 has led to the change from leucine to proline,
which is particularly significant for proline providing
a unique conformational property which was not
found in any other residues [Figure 2B]."! The other
novel single nucleotide substitution (¢.975 + 1 G >T)
occurred attheconserved 5’splicingdonorsiteof intron 9
[Figure 2a], which could result in the generation
of abnormal mRNA including exon skipping, a
combination of exon skipping and use of cryptic splice

Table 1: Summary of clinical information and mutations of the patients

NO Age Sex Skin lesion Neurological Others Mutation loci  Nucleotide Coden Mutation Reported
findings change change type (times)*
AF UF HM SP Seizures MR Gene Location
3S) 6yr M + - + + + Renal cysts TSC2 Exon26 3094C >T R1032X NM R (8)
48) 15yr F + + + + + Brain tumor TSC2 ISV9  975+1G >T - SP N
58) 20yr M + + - - + Brain tumor TSC2 Exon16 1831C >T R611W MM R (17)
6(S) 18yr M + - + - - TSC2 Exon16 1583T >C  L528P MM N
7(S) 5yr F + - - - - TSC1 Exon8 965T >C  M322T SNP R (24)
9(S) 8yr F + - + - - - TSC1 Exon15 1726T>C  L576L SNP R (9)
Nucleotide numbering using A of initiator ATG as +1. "+": positive screening; "-": negative screening. S: Sporadic case, AF: Angiofibroma, UF: Ungual fiboroma, HM:

Hypopigmented macule, MR: Mental retardation, NM: Nonsense mutation, MM: Missense mutation, SP: Splice mutation, SNP: Single nucleotide polymorphism,
R: Reported, N: novel, ": the frequency of variants reported from the TSC database ((http://chromium.liacs.nl/lovd)
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Figure 2: Two novel mutations. (a) ¢.975 + 1 G >T in intron 9.
(b) ¢.1583 T >C in exon 16. (c) The structure of tuberin

sites or the inclusion of intronic sequences in the
mature mRNA.B ' The most likely type is the inclusion of
intronic sequences in the mature mRNA which would
introduce a premature stop codon (TAG) at nucleotide
position ¢.975 + 109 _111, resulting in the premature
truncation of the tuberin protein which lacks two coiled-
coil domains (C-C) for protein-protein interactions
with hamartin, two transcription-activating domains
(TAD), GAP homology, and calmodulin (CaM)-binding
domains [Figure 2¢]. As these domains are functionally
important and the patient exhibited no mutation except
c.975 + 1 G >T, the splice site mutation was regarded
as a causative mutation.

Moreover, we also found two recurrent mutations
(p.R611W; p.L576L) in TSC2, which were firstly
detected in the Chinese Han patients, and two SNPs
(p.M322T; p.L576L) in TSC1 [Table 1]. We failed to find
any relationship between the phenotype and genotype.

In summary, we have identified two novel mutations
of TSC2 gene involved in Chinese TSC patients, which
were predicted to be pathogenic mutations, and four
recurrent variants. The cases reported supplement the
available clinical and genetic data for TSC worldwide
and this study can be useful for genetic counseling
and prenatal diagnosis for affected families.
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