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PRENATAL DIAGNOSIS OF RHABDOMYOMAS AND
CEREBRAL TUBEROUS SCLEROSIS BY MAGNETIC
RESONANCE IMAGING IN ONE FETUS OF A DI1ZzYGOTIC
TwIN PREGNANCY ASSOCIATED WITH A FRAMESHIFT
MUTATION IN THE TSC2 GENE
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A 28-year-old woman, gravida 3, para 0, was referred
to our hospital at 30 weeks of gestation for evaluation
of cardiac tumors in one fetus of a twin pregnancy. The
woman had not undergone any assisted reproductive
technology. She and her husband were healthy and had
no family history of tuberous sclerosis complex (TSC) or
cardiac tumors. Previous sonographic examination had
revealed a dichorionic and diamniotic twin pregnancy.
Detailed sonographic examination of the fetuses dem-
onstrated a normal heart in one male co-twin and mul-
tiple rhabdomyomas in the left ventricle (LV) in the
other male co-twin. The affected co-twin had six intra-
cardiac tumors, including three tumors measuring 1.87 x
1.42cm, 1.12x1.04cm and 0.84 x 1.00 cm, respectively
in the inlet of the LV, a 1.41 x 0.74-cm tumor in the apex
of the LV, and a 0.52x1.12-cm tumor in the LV side
of the interventricular septum near the apex. There was
no significant regurgitation and color Doppler mapping
showed adequate flow in the LV and right ventricle.
Ultrafast magnetic resonance imaging revealed small sub-
ependymal tubers (Figure 1A) and cardiac rhabdomy-
omas arising from the interventricular septum and the
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lateral wall of the LV (Figure 1B) in the affected co-twin.
Fetal growth and amniotic fluid volume were normal.
The unaffected co-twin (2,344 g) and affected co-twin
(2,818 g) were delivered uneventfully by cesarean section
at 37 weeks of gestation because of malpresentation.
Neonatal computed tomography scans of the affected
infant demonstrated small subependymal tubers (Figure
2A) and intracardiac rhabdomyomas in the LV (Figure
2B). The results of brain and renal ultrasound were un-
remarkable. The infant’s ventricular outlet was not
obstructed, and his cardiac function remained within
normal limits. Cytogenetic analysis of cord blood from
the twins revealed a karyotype of 46,XY. A zygosity test
showed dizygosity. Molecular analysis of cord blood
from the affected co-twin revealed a de novo frameshift
mutation in the TSC2 gene or TSC2 exon 33 c.4472_
4473delAA (Figure 3). No such mutation was detected
by DNA analysis in the parents or the unaffected co-twin.
The affected infant was doing well at 2 years of age, with
no episodes of seizures or cardiac discomfort. The car-
diac tumors persisted but became smaller in size.
Prenatal magnetic resonance imaging has been
shown to be a useful adjunct to ultrasound for the pre-
cise determination of the extent of cerebral involve-
ment in TSC [1-4]. TSC is caused by mutations in the
tumor suppressor genes TSCT and TSC2. The TSCT gene
(OMIM 605284) maps to chromosome 9934 and
encodes the protein hamartin, while the TSC2 gene
(OMIM 191092) maps to chromosome 16p13.3 and
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Figure 1. Ultrafast magnetic resonance imaging showing (A) small subependymal tubers and (B) intracardiac tumors in the

co-twin affected with tuberous sclerosis complex.

Figure 2. Neonatal computed tomography scan of the affected infant demonstrating (A) subependymal tubers and (B)

intracardiac rhabdomyomas in the left ventricle.

Parent

Unaffected co-twin

TSC2 exon33 c. 4472_4473delAA

Affected co-twin

Wild type

Figure 3. Molecular analysis shows a de novo frameshift muta-
tion of TSC2 exon 33 c.4472_4473delAA in the affected infant.
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encodes the protein tuberin. Cardiac rhabdomyomas
are more frequent in cases with TSC2 mutations than in
those with TSC7 mutations; the clinical manifestations
are also more severe in the TSC2 group than in the TSC7
group [5]. The present case was associated with a
frameshift mutation in the TSC2 gene and manifested
prenatally with both cerebral subependymal tubers
and intracardiac rhabdomyomas in the third trimester.
In a mutational analysis of the TSC7 and TSC2 genes in
Taiwanese TSC families, Hung et al 6] found that TSC2
mutations were more frequent than TSCT mutations and
that diseases arising as a result of TSC7 mutations were
less severe than those associated with TSC2 mutations.
The present case had a frameshift mutation in TSC2
exon 33 associated with a de novo deletion. Frameshift
mutations in TSC2 exon 33 as a result of deletions have
previously been documented in Chinese patients [4,6,7].
TSC is an autosomal dominant disorder; parents and
siblings of affected infants may have the same TSC dis-
orders, but exhibit reduced penetrance with no signi-
ficant external manifestations. Prenatal diagnosis of
rhabdomyomas and cerebral involvement of TSC should
include molecular genetic analysis of the TSC7 and TSC2
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genes in the index fetuses and the parents to exclude
polymorphisms and familial inheritance [8-11].

Acknowledgments

This work was supported by research grants NSC-
96-2314-B-195-008-MY3 and NSC-97-2314-B-195-
006-MY3 from the National Science Council, and
MMH-E-98004 from Mackay Memorial Hospital, Taipei,
Taiwan.

References

1. Mirlesse V, Werner H, Jacquemard F, et al. Magnetic reso-
nance imaging in antenatal diagnosis of tuberous sclerosis.
Lancet 1992;340:1163.

2. Kivelitz DE, Mihler M, Rake A, Scheer |, Chaoui R. MRI of
cardiac rhabdomyoma in the fetus. Pediatr Radiol 2004;14:
1513-6.

3. Chen CP, Liu YP, Huang JK, et al. Contribution of ultrafast
magnetic resonance imaging in prenatal diagnosis of sono-
graphically undetected cerebral tuberous sclerosis associated
with cardiac rhabdomyomas. Prenat Diagn 2005;25:523-4.

Taiwan | Obstet Gynecol - September 2010 - Vol 49 - No 3

10.

11.

Twin Pregnancy With Tuberous Sclerosis

Chen CP, SuYN, ChangTY, et al. Prenatal MRI and ultrasound
imaging findings of concomitant rhabdomyomas and cere-
bral tuberous sclerosis. Taiwan J Obstet Gynecol 2009;48:
327-31.

Jézwiak S, Kotulska K. Are all prenatally diagnosed multiple
cardiac rhabdomyomas a sign of tuberous sclerosis? Prenat
Diagn 2006;26:867-9.

Hung CC, Su YN, Chien SC, et al. Molecular and clinical
analyses of 84 patients with tuberous sclerosis complex.
BMC Med Genet 2006;7:72.

Zhao XY, Yang S, Zhou HL, et al. Two novel TSC2 muta-
tions in Chinese patients with tuberous sclerosis complex
and a literature review of 20 patients reported in China.
BrJ Dermatol 2006;155:1070-3.

Chen CP, Su YN, Hung CC, et al. Molecular genetic analysis
of the TSC genes in two families with prenatally diagnosed
rhabdomyomas. Prenat Diagn 2005;25:176-8.

Chen CP, Su YN, Hung CC, Shih JC, Wang W. Novel muta-
tion in the TSC2 gene associated with prenatally diagnosed
cardiac rhabdomyomas and cerebral tuberous sclerosis.
| Formos Med Assoc 2006;105:599-603.

Milunsky A, Shim SH, Ito M, et al. Precise prenatal diagnosis
of tuberous sclerosis by sequencing the TSC2 gene. Prenat
Diagn 2005;25:582-5.

Milunsky A, Ito M, Maher TA, Flynn M, Milunsky JM. Pre-
natal molecular diagnosis of tuberous sclerosis complex.
Am | Obstet Gynecol 2009;200:321.e1-6.

389



