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Abstract

Tuberous sclerosis complex (TSC) is an autosomal dominant disorder with multi-system involvement and variable
manifestations. There has been significant progress in TSC research and the development of technologies used to
diagnose this disorder. As a result, individuals with mild TSC are now being diagnosed, including many older adults
who have not developed seizures or cognitive abnormalities. We conducted a statistical analysis of the frequency of
TSC manifestations in a population of Japanese adults and children, comparing our findings with historical data. The
chi-square test was used to examine the frequency of each manifestation by age. A total of 166 outpatients at the
Department of Dermatology of Osaka University Hospital during the period from January 2001 to March 2011 were
included in the study. Compared to previous reports, the frequency of neurologic manifestations (excepting autism)
was lower in this cohort, and the frequency of skin manifestations (excepting hypomelanotic macules) was higher in
this cohort. The frequencies of pulmonary lymphangioleiomyomatosis and renal manifestations were not significantly
different from those previously reported. Regarding the association of each manifestation with age, the frequency of
neurologic manifestations (excepting subependymal giant cell astrocytoma) was significantly higher in younger patients
than in older patients. The frequency of skin manifestations and renal angiomyolipoma were significantly higher in
older patients than in younger patients. Because of their high frequency and visibility, skin manifestations are useful in
the diagnosis of TSC. Moreover, uterine perivascular epithelioid cell tumor was also characterized as a new findings
associated with TSC.
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Introduction identified mutations in 7SC/ and 2 [5,9]. Thus, a precise analysis
) ) ) of the recent epidemiological data concerning TSC manifestations
Tuberous sclerosis complex (T'SC) is an autosomal dominant is necessary. Although there have been reports on the epidemi-

genetic disorder with a birth incidence of 1:6000 [1]. TSC can ology of TSC [10,11,12,13,14], most of these reports focus on
affect nearly every organ system, with various manifestations

occurring at various times throughout the individual’s lifetime.

Classically, TSC was identified by the triad of facial angiofi-
bromas, intellectual disability, and epilepsy. Two responsible
genes, 7SCI [2] and TSC2 [3], which encode hamartin and
tuberin, respectively, were discovered in the 1990s, improving the
diagnosis of TSC. Mildly affected individuals are now being
diagnosed, including many older adults who do not have seizures

younger subjects, with few studies including patients 20 years of
age and older. TSC is a heterogeneous disease with a highly
variable clinical presentation, which also varies with the age of the
patients. The prevalence of each manifestation differs depending
on the age composition of the study population. Therefore, an
epidemiologic survey including both adults and children is
required to understand the current manifestations and natural

£ g ‘ : - : i history of the disease; these results will support the appropriate
or intellectual disabilities. This evolution of diagnostic testing has management of TSC patients.

resulted in changes in the prevalence of each manifestation of TSC
over the past two decades. Genetic testing has recently become
available, suggesting relationships among subependymal nodule
(SEN), epilepsy [4], intellectual disability [5], forehead plaque,
renal angiomyolipoma [6] and 7SC2 genotypes [7,8,9]; however,
many factors modify individual phenotypes, and the use of
genotyping to predict the manifestations of TSC in individuals is
difficult. Furthermore, 10-15% of TSC patients do not have

In this study, we analyzed the frequency and characteristics of
the clinical symptoms of 166 Japanese TSC patients treated in
the Department of Dermatology, Osaka University Hospital,
including patients 20 years of age and older, to elucidate the
current trends in TSC manifestations. The aim of this study was
to elucidate the epidemiology of TSC manifestations in Japan
and to examine the prevalence of each manifestation by age.
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Methods

Study Population

A total of 166 outpatients treated in the Department of
Dermatology of Osaka University Hospital during the period
from January 2001 to March 2011 were enrolled. The subjects
were diagnosed with TSC according to Roach’s clinical
diagnostic criteria, which were devised in 1998 at the Tuberous
Sclerosis Complex Consensus Conference in Annapolis, Mary-
land, USA [15]. Patients with probable TSC were excluded.
Upon their enrollment in the study, the most recent data for all
the patients were recorded. Although the 166 patients visited
our hospital from all over Japan and had various types of TSC,
as no public health data about Japanese TSC patients was
available, it is not known whether these data are representative
of TSC patients in Japan.

Manifestations

The neurological clinical manifestations analyzed included
subependymal giant cell astrocytoma (SEGA), subependymal
nodule (SEN), epilepsy and neurodevelopmental psychiatric/
cognitive symptoms. SEN and SEGA were identified in the TSC
patients using brain magnetic resonance imaging (MRI) and
computed tomography (CT). The presence of SEGA indicates a
growing SEN with a diameter greater than 10 mm. Three levels of
epilepsy were identified: no seizures, seizures without refractory
epilepsy (slight epilepsy) and refractory epilepsy. Refractory
epilepsy was defined as the occurrence of uncontrolled seizures
at least twice per week despite the administration of more than two
different anti-epileptic drugs. The neurodevelopmental and
psychiatric/cognitive symptoms were difficult to assess precisely
because they comprise many issues, each of which influences the
others; therefore, we focused on only two issues: autism/ASD and
intellectual disability (mental retardation). Autism and ASD were
diagnosed in specialized facilities in pediatric or psychiatric
departments, as there is no diagnostic criteria-based consensus in
Japan. Intellectual functioning was divided into four grades:
normal and levels 1 to 3. Level 1 functioning indicates that a social
life is possible. Level 2 indicates that patients can conduct their
daily lives without assistance, and level 3 indicates that care is
required in daily life.

The renal manifestations of TSC include angiomyolipomas
(AML), renal cysts and, rarely, carcinomas. CT, MRI or
ultrasonography (US) were used to examine 153 of the 166
patients. Of the 13 patients who were not examined, 11 (85%)
were younger than 20 years of age.

Lymphangioleiomyomatosis (LAM) and multifocal micronodu-
lar pneumocyte hyperplasia (MMPH) are the pulmonary mani-
festations of TSC. The diagnosis of LAM and MMPH depends on
the use of high-resolution C'T (HRCT). Of the 166 TSC patients,
95 individuals were examined using HRCT. The 58 individuals
(82%) who were not examined using this method were younger
than 19 years of age. Of the 95 examined patients, 67 (71%) were
female, and 28 (29%) were male.

The observed skin manifestations included facial angiofibromas
(AFs), forehead plaques, hypomelanotic macules, shagreen patches
and ungual fibromas. The AFs were divided into three classes:
slight, mild and severe. Slight AF indicates that the AFs numbered
less than 50, and all of the lesions were solitary and not fused. In
addition, each tumor had a diameter smaller than 2 mm or
telangiectasis. Severe AF indicates that the total area of the lesions
covered more than two-thirds of the face and that some of the AFs
had fused to create plaques or tumors thicker than 10 mm and
with a major axis longer than 70 mm. Mild AF indicates that the
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seriousness of the AFs was between slight and severe. Forehead
plaques included facial and scalp plaques. Both types of ungual
fibroma, i.e., periungual and subungual fibromas, were included.
A longitudinal groove without a visible fibroma was also classified
as an ungual fibroma.

Cardiac manifestations were investigated using echocardiogra-
phy and electrocardiography in 106 patients (45 males and 61
females). All patients with histories of cardiac rhabdomyoma were
examined, although the majority of these patients had no current
symptoms.

The uterus was examined in 51 of 66 female patients over 20
years of age using abdominal C'T and MRI. Three patients had
already undergone radical hysterectomies because of multiple
uterine leiomyomas, perivascular epithelioid cell tumor (PEComa)
and carcinomas. The ovaries were examined in 39 female patients
over 20 years of age using abdominal ultrasonography, MRI and
CT.

Low-density areas on the thyroid gland were often observed
during investigations of the patients’ pulmonary prognosis via
thoracic C'T. The 26 patients who had this abnormality were
thoroughly examined using ultrasonography of the thyroid gland
and histological analyses of needle-biopsy specimens.

Genetic Analysis

Genomic DNA was extracted from whole blood using a Sepa
Gene Kit (Sanyo Junyaku, Tokyo, Japan). PCR amplification of all
exons in the 7SC! and TSC2 genes was performed [16] using
previously published primers. The PCR products were applied to
a denaturing high performance liquid chromatography (DHPLC)
machine, a WAVE® Nucleic Acid Fragment Analysis System
equipped with a DNASep® cartridge (Transgenomic, Omaha,
NE, USA). The PCR products that displayed heteroduplex peaks
in the DHPLC chromatogram were then directly sequenced using
an ABI Prism® 310 Genetic Analyzer (Applied Biosystems, Foster
City, CA, USA). When a deletion or insertion mutation was
suspected through direct sequencing analysis, we sequenced
subcloned fragments in pGEM T-Easy Vector Systems (Promega,
Madison, WI, USA) to identify the mutation.

Statistics

To examine the trends in each manifestation, the frequencies
of each manifestation in our population were statistically
compared with data from the recent literature (Table 1). The
frequency of each manifestation is presented as a percentage
with a 95% confidence interval (CI). The prevalence of each
manifestation was compared with recent literature using the chi-
square test. The prevalence and severity of each TSC symptom
differ depending on the age composition of the study
population. Therefore, we also stratified the results by 10-year
age groups. The frequency of the manifestations in each age
group was also compared using the chi-square test. The
variables influencing intellectual disability, refractory epilepsy
and autism/autism spectrum disorder (ASD) were compared
using the chi-square test. Then, these data were analyzed using
a generalized logistic model. A statistical analysis of the age
difference between males and females was conducted using the
Wilcoxon test. The 95% CI and p value were reported for
significant  predictors. A p value <0.05 was considered
statistically significant. All statistical analyses were conducted
in SAS for Windows 9.3 software (SAS Institute, Cary, NC,
USA).

May 2013 | Volume 8 | Issue 5 | 63910



The Prevalence of TSC Manifestations in Japan

Table 1. Frequency of each manifestation compared with historical data.

Manifestations of TSC Frequency (%) 95% CI Reference p-value Result
Neurological manifestations
SENs(including SEGA) [7,9,10,14] 77 70-84 50-100 1.00 ND
SEGA [7,9,10,14,17] 2 0-5 10-35 <0.0001 L
Epilepsy [4,7,8,9,10,18,19,20,21,22] 63 56-70 75-95 0.0005 L
Refractory epilepsy [4] 20 14-26 50 <0.0001 L
Interectual disability [7,9,12,14,31,32,33] 42 34-49 65-75 <0.0001 L
Level 3 3.6 1-6.
Level 2 21 15-27
Level 1 17 11-23.
Autism [22,24,25,26] 21 15-27 25-50 0.24 ND
Renal manifestations [6,7,8,9,34,35,36] 71 64-78 64-78
Angiomyolipomas [6,7,8,9,36] 61 53-69 45-55 1.00 ND
>4 cm 29 22-36
Cysts [6,7,8,9,36] 28 21-35 15-32 0.65 ND
Renal cell carcinomas [6,7,8,9,36] 2.6 0-5 2 0.59 ND
Pulmonary manifestations 79 71-87
LAM [14,39,40,41,42,43] 39 29-49 2-40 0.92 ND
MMPH 71 62-80
Skin lesions 98.8 97-100
Facial angiofibromas [7,14,45,46,48,49] 93 89-97 75-80 <0.0001 H
Fiorehead plaques [7,8,9,12,14,34,45,46,49,50] 46 38-54 12-40 0.13 ND
Hypomelanotic macules (>3) [44,46,47,48,51] 65 58-72 >90 <0.0001 L
Shagreen patches [14,44,45,46,47,48] 83 77-89 20-57 <0.0001 H
Ungual fibromas [14,45,46,48,54] 64 57-71 15-80 1.00 ND
Cardiac manifestations 49 39-59
Cardiac rhabdomyomas [7,8,9,12,14] 46 37-55 40-60 0.90 ND
Reproductive (female older than 20)
Uterine manifestations (>20 years old) 57 43-71
Ovarian cyst 28 14-42
Endocrine organ
Thyroid 27 18-36
Genotype [5,7,89]
TSC1 28 18-38 20 0.08 ND
TSC2 32 21-43 66 <0.0001 L
No mutation identified (NMI) 39 30-52 20 <0.0001 H

SEN : subependymal nodule.

SEGA : subependymal giant cell astrocytoma.

LAM : lymphangioleiomyomatosis.

MMPH : multifocal micronodular pneumocyte hyperplasia.
Cl : confidence interval.

H : significantly higher.

L : significantly lower.

ND : no significant difference.
doi:10.1371/journal.pone.0063910.t001

Ethical Considerations

This study was approved by the ethics committee of the Osaka
University Faculty of Medicine. Written informed consent was not
needed because this study retrospectively collected available
medical records in the hospital. The ethics committee of the
Osaka University Faculty of Medicine approved this consent
procedure.
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Genetic analysis was performed by another inspection institu-
tion under the approval of the ethics committee of the Osaka
University Faculty of Medicine. Written informed consent from
the participants or the guardians on the behalf of the minors/
children for genetic analysis was obtained at each institution where
the analysis was performed. The ethics committee of the Osaka
University Faculty of Medicine approved the genetic analysis of
TSC patients at other institutions. We were permitted to use the
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database of the results of genetic analysis by the ethics committee
of the Osaka University Faculty of Medicine.

Results and Discussion

Patient Characteristics

There were 70 males and 96 females in the study group. Their
ages ranged from 0 to 78 years of age, with a mean of 26.6 years.
The mean age of the males was 18.5 years, and the mean age of
the females was 28.0 years. The age distribution by decade is
shown in Figure 1. Eighty percent of the patients were younger
than 50 years of age, and 52% of the patients were older than 20
years of age. Of the 166 individuals (145 families), 36 (10%; 15
families) were familial cases, and 130 (90%) were sporadic cases.
The shape of the prevalence with age differs between the male and
female patients to a significant degree (p=0.01). The prevalence
peak lies between 10-19 years old for males and 30-39 years old
for females.

Neurological Manifestations

The frequency of SEGA (2%) among our patients was
significantly lower in this study than in previous reports
[7,9,10,14,17] (Table 1). There was no significant association
between SEGA and age (Fig. 2 B). In contrast, the frequency of
SEN showed a significant association with age such that as age
increases, the occurrence of SEN decreases (Fig. 2A).

Epilepsy has been reported in 75-95% of patients with tuberous
sclerosis complex [4,7,8,9,10,18,19,20,21,22], and 62.5% of these
epilepsy patients develop refractory epilepsy [4]. As shown in
Table 1, 37% of the TSC patients did not have epilepsy, 43% had
slight epilepsy and only 20% had refractory epilepsy. The
frequency of both epilepsy and refractory epilepsy was significantly
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lower than in previous reports (Table 1). There was a significant
association between epilepsy, refractory epilepsy and age. The
frequency of both decreased in the older groups (Fig. 2C, D).
There were 54 male patients (77%) and 51 female patients (53%)
with epilepsy. The incidence was significantly higher in males
(p=0.0159) than in females (p =0.0395).

Autism and ASD are strongly associated with TSC. The
prevalence of autism/ASD 1s 1% in the general population [23]
and 25-50% among children with TSC [22,24,25,26]. The
frequency of autism/ASD in our patients (21%) was at the lower
end of the range observed among children with TSC but higher
than that in the general population. There was no significant
frequency difference in our cohort compared to the previously
reported prevalence (Tablel). Autism/ASD was significantly
associated with age, and the frequency decreased as age increased
(Fig. 2E). The 35 patients with autism/ASD included 20 (29%)
males and 15 (16%) females. The frequency of autism/ASD was
significantly higher in males than in females (p = 0.04).

Intellectual disabilities have traditionally been considered a
hallmark of TSC [27,28,29,30], with a high occurrence among
these patients, but 58% of the studied patients had no intellectual
disabilities. The rates of severe intellectual impairment were low
(3.6%). The frequency of intellectual disability observed here,
42%, was significantly lower than in previous reports
[7,9,12,14,31,32,33] (Tablel). Recently, a low prevalence of
intellectual disabilities among T'SC patients has also been reported
[8,32]. The frequency of intellectual disabilities decreased
significantly with increasing age (Fig. 2F).

The three neurologic symptoms of TSC, refractory epilepsy,
autism/ASD and intellectual disabilities, were interrelated. The
relationship of intellectual disability with refractory epilepsy and
autism/ASD is shown in Figure 3. All patients with severe (level 3)

40-49 50-59 60-69 70-79

mmale mfemale

Figure 1. Age and gender of the 166 individuals in the study population. The rates indicate the percentages of patients in each age group.

The bars indicate the confidence interval (Cl).
doi:10.1371/journal.pone.0063910.g001
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Figure 2. Frequency of neuronal manifestations in each age group. The rates of A) subependymal nodule (SEN: blue), B) subependymal giant
cell astrocytoma (SEGA; light blue), C) epilepsy (orange), D) refractory epilepsy (purple), E) autism/ASD (red) and F) intellectual disabilities (green) in
each age group are shown. Intellectual disabilities include any degree of disability. SEGA and refractory epilepsy were defined as described in the text.
The rates indicate the percentages of patients with each manifestation in each age group. The bars indicate the confidence interval (Cl).

doi:10.1371/journal.pone.0063910.9g002

intellectual disabilities had refractory epilepsy. In contrast, no
patients without intellectual disabilities had refractory epilepsy.

Regarding the relationship between refractory epilepsy, autism/
ASD and intellectual disabilities, the rate of refractory epilepsy and
autism/ASD increased as the severity of the intellectual disability
increased (Fig. 3). The rates of refractory epilepsy and autism/
ASD were significantly associated with severe intellectual disabil-
ities (Fig. 3).

Renal Manifestations

The renal manifestations of TSC include renal angiomyolipo-
mas (AML), renal cysts and, rarely, carcinomas. The rate of renal
lesions observed in our patients overall (71%) was similar to the
previously reported prevalence (Table 1) [6,7,8,9,34,35,36]. The
frequency of renal AML (61%), cysts (28%) and renal-cell
carcinoma (2.6%) among our subjects were also similar to those
observed in previous reports [6,7,8,9,36] (Table 1). Considering
the progression of the frequency of renal AML and cysts, renal
AML might grow rapidly during the teen years of age as reported
previously [37], although the frequency of renal cysts did not
change during the patients’ lifetimes (Fig. 4B, C). Among the 92
AML-positive patients, 44 (48%) had AMLs larger than 4 cm in

PLOS ONE | www.plosone.org

diameter. In contrast, among the patients younger than 9 years of
age, all AMLs were smaller than 4 cm. The frequency of AMLs
larger than 4 cm was 24% for teenaged patients and 50% for
patients in their twenties. The frequency of renal AMLs larger
than 4 cm peaked in patients aged 20-29 years of age and then
decreased. This association was also significant (Fig. 4 D). One
reason for this result was that the TSC patients with slight renal
manifestations over 30 years of age were newly diagnosed.
Another reason might be due to treatment. Because being larger
than 4 cm and rich in blood vessels or aneurysms increases the risk
of rupture in AMLs [38], AMLs larger than 4 cm were treated in
our hospital to prevent rupture (Fig. 4B, D). The complications of
both AML and cysts occurred in 18% of patients. In the 24
patients younger than 9 years of age, 63% had no renal
manifestations ($<<0.0001), 33% had cysts, 12% had AML, and
only 8% had both AML and cysts. In contrast, of the 34 teenaged
patients, 65% had AML (p<<0.0001), 36% had renal cysts, and
21% had no manifestations. Complications of both AML and cysts
tended to increase in the second decade; however, there was no
significant association between age and complications of AML and
cysts.
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Figure 3. Association of refractory epilepsy and autism/ASD with intellectual disabilities. Frequency (%) of patients with refractory
epilepsy (red column) and autism/ASD (blue column) at each intellectual level are shown. The statistical analyses of refractory epilepsy and autism/
ASD in relation to intellectual disability were examined using the chi-square test, and the generalized logistic models showed significance at p<<0.001.
The bars indicate the CI.

doi:10.1371/journal.pone.0063910.g003
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Figure 4. Frequency of renal manifestations, different-sized renal angiomyolipomas and cysts in each age group. The frequency (%)
of patients with A) renal manifestations (blue), B) renal AML (angiomyolipomas: light blue), C) renal cysts (yellow) and D) renal AML larger than 4 cm
(purple), as stratified by age. Renal manifestations include any renal symptom. Renal AML includes any sized renal AML. The frequency (%) of patients
with each manifestation in each examined age group. The bars indicate the Cl.

doi:10.1371/journal.pone.0063910.9g004
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Pulmonary Manifestations

LAM and MMPH are the pulmonary manifestations of TSC.
Among the 95 patients examined, 75 patients (79%) experienced
pulmonary manifestations, with 37 (39%) having LAM, 67 (71%)
having MMPH and 29 (31%) having both LAM and MMPH
(Table 1). The reported prevalence of LAM varies from
approximately 2% in early reports [39,40,41] to 40% in several
recent reports [14,42,43]. The frequency of LAM in our patients
who had been diagnosed with HRCT was 39%, which is similar to
recent studies (Table 1). Among the 67 female patients, 36 (54%)
had LAM, 48 (72%) had MMPH, and 28 (42%) had both. Among
the 28 male patients, 1 (3.6%) had LAM complicated with
MMPH, 19 (67.9%) had MMPH, and the remaining 9 (32%) did
not have any pulmonary manifestation (Fig. 5). The frequency of
LAM in females was significantly higher than in males
(p=0.0015). The rate of LAM tended to increase after 20 years
of age and was highest in the group in their forties; however,
contrary to many previous reports, the prevalence of LAM had no
association with age (Fig. 5A). MMPH, which is another
pulmonary manifestation of TSC, had no association with age
and gender (Fig. 5C). Because 78% of the LAM patients had
complications with MMPH and only 8 of the 37 LAM patients
(21%) had LAM alone, the ratio of TSC-LAM with MMPH is
significantly higher than that of TSC-LAM without MMPH
(p<<0.001). As we could not find any reports about sporadic-LAM
with MMPH, the complications with MMPH might be charac-
teristic of TSC-LAM and the difference between sporadic-LAM.
Of the 37 LAM patients who were diagnosed with HRCT and
precise lung function tests, only 7 patients (18.8%) became severe
during a subsequent 10-year observation period, and the
remaining 30 patients remained in stable condition (data not
shown).

Skin Manifestations

Skin lesions are the most frequently observed manifestations of
TSC [14,44,45,46,47] The skin manifestations of TSC include
AFs, forehead plaques, hypomelanotic macules, shagreen patches
and ungual fibromas. In our study, among the 166 patients
studied, 99% of the patients had some type of skin symptom
(Table 1). Only 2 patients (1.2%), a 3-year-old female and a 38-
year-old male, had no skin lesions. Both patients had familial TSC,
and the male patient, who had a son with typical TSC, was
diagnosed by genetic analysis.

AT is the most emblematic symptom of TSC because of its
prominent location on the face. Among our patients, 93% were
affected by AFs. This frequency was significantly higher than in
previous reports [7,14,45,46,48,49] (Table 1). AFs appeared in
patients younger than 9 years as small papules or telangiectasis.
Although the frequency of AF among the patients younger than 9
years was slightly low (77%), the frequency of AF was greater than
87% for all the other age groups (Fig. 6A). The frequency of severe
to mild AF increased as patients aged; it was the highest in the
fourth decade and decreased after the fifth decade (Fig. 6B).

The reported prevalence of forehead plaques varies from 12 to
40% [7,8,9,12,14,34,45,46,49,50]. The frequency of forehead
plaques was 46% in our patients, which is a little higher than in
previous reports; however, the difference was not significant
(Table 1). All patients with a forehead plaque had AFs. Usually,
forechead plaques appeared at birth as flat, purplish brown-red
macules that rose gradually to form plaques. Well-vascularized
plaques are sometimes difficult to distinguish from severe AFs. The
plaques occasionally appeared at sites other than the forehead.

Another common skin lesion in TSC patients is hypomelanotic
macules. Hypomelanotic macules are thought to be present in
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more than 90% of TSC patients [44,46,47,48,51]. Only 65% of
our patients had three or more hypomelanotic macules, which was
a significantly lower frequency than previously reported (Table 1).
The frequency of three or more hypomelanotic macules among
patients younger than 19 years was greater than 80% and
decreased with age (Fig. 6C). This trend was significant.
Hypomelanotic macules appeared in the younger subjects and
faded or disappeared as these patients became older (Fig. 6C). A
total of 109 patients (66%) had three or more hypomelanotic
macules, 17 (10%) had two hypomelanotic macules, 11 (6%) had
one hypomelanotic macule, and 31 (18%) had no hypomelanotic
macules. According to previous reports that examined 423 healthy
individuals, the prevalence of one hypomelanotic macule is 16
(3.8%), that of two hypomelanotic macules is 3 (0.7%) and that of
three or more hypomelanotic macules is 1 (0.24%) in the general
population; no healthy individuals with more than four hypome-
lanotic macules have been reported [52]. Considering these
results, the frequency of hypomelanotic macules was higher among
TSC patients than in the healthy population, and the frequency of
three or more hypomelanotic macules was significantly higher
than in the healthy population ($<<0.0001) and was characteristic
of TSC.

The frequency of shagreen patches in our study (83%) was
higher than that in previous reports [14,44,45,46,47,48] (Table 1).
Shagreen patches were observed in 63% of the patients younger
than 9 years of age, and the frequency increased with age, and the
increasing tendency was significant (Fig. 6D). Shagreen patches
exhibit various atypical appearances. Some patients are misdiag-
nosed with verrucas (warts). Other atypical shagreen patches
appear similar to huge collagen hamartomas as reported by
Torrelo et al. [53]. Among the 166 patients in our study
population, 8 had huge protuberant collagen hamartomas
(4.8%). One of these patients had been misdiagnosed as having
a desmoid. The prevalence of shagreen patches may have been
underestimated due to misdiagnosis. Misdiagnosis may also be one
reason for the low prevalence of shagreen patches reported in the
literature.

The reported prevalence of ungual fibromas in TSC patients
varies from 15 to 80% [14,45,46,48,54]. Most of this variability
appears to be attributable to differences in the age compositions of
the study populations. In the present study, the frequency of
ungual fibromas was 64% and was similar to that in previous
reports (Table 1). In this work, ungual fibromas appeared during
the teenage years. The frequency increased with age, reaching
approximately 85% in the fourth decade and 100% in the sixth
decade (Fig. 6E). In the 106 patients with ungual fibroma, the rate
of having three or more ungual fibromas, two ungual fibromas,
and one ungual fibroma were 76% (80), 13% (14) and 11% (12),
respectively. There were no patients younger than 10 years of age
with more than one ungual fibroma. Seventy-six percent of the
patients with ungual fibromas had more than three, and this
proportion was significant (p<<0.001). Although ungual fibroma is
mmportant for the diagnosis of TSC [55], as acquired ungual
fibromas are uncommon [56,57], the presence of more than three
ungual fibromas is a stronger indicator of a T'SC diagnosis.

Cardiac Manifestations

Echocardiography was used to examine 106 patients (45 males
and 61 females), including all patients with histories of cardiac
rhabdomyoma. Fifty-four patients (51%) had no current symp-
toms. Forty-nine patients (46%) had ongoing rhabdomyoma
(Table 1). Only 3 patients (2.8%) had cardiac manifestations
without cardiac rhabdomyoma; 2 of these had electrocardio-
graphic abnormalities (WPW syndrome and atrial extrasystoles).
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The third patient had a ventricular septal defect (VSD). In our
study, as in previous reports [38], 46% of the TSC patients had
cardiac rhabdomyomas (Table 1), and almost all had no current
symptoms. The prevalence of cardiac rhabdomyoma was 50% in
the patients younger than 10 years of age. The prevalence peaked
in the teens (77%) and then decreased. This transition was
significant (Fig. 7). The frequency of cardiac rhabdomyoma
decreased in women older than 30 years of age compared with the
groups younger than 29 years of age (p=0.006). Cardiac
rhabdomyomas have been reported in 40-60% of TSC patients
[7,8,9,12,14] and are more common among patients younger than
2 years of age [58]. This tumor develops prenatally, can be
visualized at 22-28 weeks of gestation, is clinically silent in many
cases and tends to regress [59]; however, cardiac rhabdomyomas
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may appear de novo or may grow in some cases [58]. The relatively
large number of female patients who had cardiac rhabdomyomas
in their twenties in our study indicates the growth or de novo
appearance of cardiac rhabdomyomas in this group, as described
above.

Uterine and Ovarian Manifestations

Examinations of 51 female patients over 20 years of age
revealed that 29 patients (57%) displayed uterine manifestations of
TSC (Table 1). Of these patients, 24 (47%) had a uterine
leiomyoma, 2 had cysts, and the remaining 3 had carcinoma,
PEComa and uterine bleeding of unknown cause, respectively. A
previous study reported that Eker rats (TSC2+/EK) with a mutation
in 7SC2 developed uterine leiomyomas [60]. Recently, the
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increased expression of tuberin in human uterine leiomyomas has
been reported [61]. We investigated the incidence of uterine
leiomyomas among T'SC patients. The rate of uterine leiomyomas
in patients older than 20 years was 47%. The frequency of uterine
leiomyomas increased in patients older than 40 years of age (Fig. 8).
Human uterine leiomyoma is a benign smooth-muscle tumor, and
the incidence of this tumor in the general population reaches 25—
45% in females of reproductive age [62,63]. The frequency of
uterine leiomyomas in our TSC subjects tended to be greater than
that in general population (p=0.1493). This difference was not
significant, but the trend may suggest a need for further study.
Recently, relationships among TSC, LAM and PEComa have
been reported, including a uterine PEComa in a T'SC patient [64].
We also observed a case of uterine PECioma that had been initially
diagnosed as uterine leiomyoma with abdominal MRI and was
then diagnosed as uterine PEComa by histological examination. It
is difficult to differentiate uterine PEComa from uterine leiomy-
oma using MRI without a histopathological examination. Among
the 24 patients who were diagnosed with uterine leiomyomas using
abdominal MRI, 3 patients with unusually huge multilocular
tumors were considered to have PEComa. It may be important to
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investigate a possible association between uterine PEComa and
TSC.

Examinations of 39 female patients over 20 years of age
revealed that the frequency of ovarian cysts in this group was 28%
(Table 1) and had no relationship with age (Fig. 8).

Endocrine Manifestations

Recently, a relationship between endocrine tumors and TSC
has also been reported [65]. Of 95 examined individuals (28 males
and 67 females), 26 (27%) had an observable abnormality of the
thyroid gland. The numbers of thyroid-gland abnormalities among
male and female patients were 5 (18%) and 21 (31%), respectively.
Of the 26 patients with thyroid defects, 4 had functional
abnormalities, and the remainder had normal thyroid function.
Only 2 patients had cysts. Eighteen patients had adenomas of the
thyroid gland, and all patients who underwent needle biopsies
were diagnosed with an adenomatous goiter, although papillary
adenomas are known to be the most common thyroid lesions in
TSC patients [66].

Regarding other endocrine neoplasms, such as parathyroid
tumors, pancreatic tumors, pituitary tumors or adrenal tumors, 9
of the 95 examined individuals (10%) had pancreatic manifesta-
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tions, one patient had an adrenal tumor and the remaining patient
had a parathyroid tumor. Approximately nine patients had
pancreatic manifestations. Four patients had pancreatic tumors,
and two patients had dilatation of the main pancreatic duct. One
patient had calcifications, and one patient had cyst and pancreatic
enlargement each. In addition, six patients had mammary tumors.
No patients had more than two endocrine neoplasms. This result is
useful for differentiating TSC and multiple endocrine neoplasm
type 1 (MENT1) [65], which is associated with AF and collagenoma

and more than 2 endocrine tumors.

Genetic Analysis

Genetic analyses were performed for 75 patients (67 families),
and mutations were identified in 45 patients (60%). Mutations in
TSCI were found in 21 patients (28%), and mutations in 7SC2
were found in 24 patients (32%). In the 21 patients with 78C/
mutations, 3 familial cases (7 individuals) were included, and in the
24 patients with 75C2 mutations, 2 familial cases (5 individuals)
were included. No genetic mutations were identified in the
remaining 30 patients, including in 3 of the familial cases (5
individuals). Several researchers have searched for mutations in
the 78C7 and 7SC2 genes among TSC patients. Mutations in
these genes have been detected in approximately 80% of TSC
patients [5,7,8,9]. In our study, the rate (40%) of patients with no
identifiable mutations was significantly higher than the rate
obtained in previous reports ($<<0.001). Although many reports
have suggested that the prevalence of 7SC2 mutations is higher
than that of 7.SC/ mutations [7,8,9], we observed that these rates
were approximately equal (p=0.59). There was no significant
difference between the prevalences of three genotypes of 7S5CI,
TSC2 and the “no mutation identified” (NMI; p=0.35) genotype
in our data. The rates of intellectual disability in the TSC1, TSC2
and NMI groups were 26%, 46% and 63%, respectively. There
was no significant association between intellectual disability and
the 7SCI and TSC2 genotypes (p=0.16, p=0.77); however, the
NMI genotype was significantly associated with intellectual
disability (p=0.03). In particular, the rate of severe intellectual
disability (level 3) was 13% in the NMI group, and no patients with
severe intellectual disabilities were found in the TSC1 and TSC2
groups. The previously reported prevalences of the TSCI, TSC2
and NMI genotypes were 28%, 32%, and 15% [9]; 12.5%, 87%,
and 17% [7]; 17%, 50%, and 33% [8] and 15%, 66%, and 20%
[5], respectively. Compared with previous data, there was no
significant difference in the frequency of TSCI (Tablel). The
frequency of TSC2 was significantly low (Tablel), and the
frequency of NMI was significantly high (Tablel). The previously
reported prevalences of intellectual disability in each genotype
TSC1, TSC2, NMI were 49%, 83%, 36% [9]; 50%, 71%, 54% [7]
and 45%, 57%, 39% [8], respectively. Compared with the
previous data, the frequency of intellectual disability was
significantly lower for the 7SC7 and TSC2 genotypes (p=0.009,
p=0.02) and significantly higher for the NMI genotype (p = 0.02).

NMI patients have also been reported to have milder
neurological features of TSC [7,9]; however, in our study, the
NMI cases had more severe intellectual disabilities compared with
the patients with 7SCI or 7SC2 mutations.

Conclusions

We examined the current frequency and characteristics of T'SC
manifestations in a Japanese population that included adults and
children to enhance our understanding of the current manifesta-
tions and natural history of TSC; these results will be used to
support the appropriate management of TSC patients. We
statistically analyzed the current frequency of TSC manifestations
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compared with historical data (Table 1). We also analyzed the
association of the frequency of manifestation with age (Figs. 1, 2, 4,
5, 6,7, 8). The frequencies of hypomelanotic macules and most of
the neurological symptoms of TSC (such as SEGA, epilepsy,
refractory epilepsy, intellectual disability) were lower in this study
than in other studies. These manifestations are present at high
frequency in younger patients and become less common with age
(Figs. 2, 6). In contrast, the frequency of TSC manifestations that
tend to increase with age, such as AF and shagreen patches, were
greater than in other studies. These results indicated that the
proportion of the patients who were overlooked in childhood and
newly diagnosed in adulthood had increased. For those patients,
careful attention must be paid to renal, pulmonary and skin
manifestations as proxies for neurological manifestations. Another
possibility is that the differences observed are related to some
patients secking dermatological treatment for T'SC skin lesions and
some patients seeking neurological symptoms such as epilepsy,
mental retardation and autism.

Another important manifestation is the rare disease LAM,
which is characterized by the proliferation of abnormal muscle-like
cells (LAM cells). There is currently no effective treatment for
LAM. The clinical signs and symptoms are dyspnea, recurrent
pneumothorax, hemoptysis and ultimately respiratory failure;
however, no symptoms appear during the early stages. HRCT
or precise lung-function tests are the only methods to evaluate
carly LAM. LAM is a relatively novel disease compared with the
other TSC manifestations. Although the frequency of LAM in this
study was high, it was the same as the frequency observed in a
previous report (Table 1). In this study, almost 40% of all
examined patients and 54% of female patients were suffering from
LAM. Although the frequency of LAM was high in patients with
TSC, the conditions of 19% of the LAM patients worsened
rapidly. The remaining 81% of the LAM patients did not progress
or worsened slowly and thus did not require treatment. Although
the proportion of patients with severe LAM might be smaller than
that of patients with a mild disease, there is no way to distinguish
severe LAM from mild LAM in the early stages of the disease.
Therefore, follow-up of all patients with LAM is necessary.
Although the prevalence of LAM was thought to be high in
women in their 30 s and older, in this study, the frequency of
LAM displayed no significant association with age (Fig. 5). In
addition, the youngest LAM patient among our cases was a 13-
year-old girl, and there was also one male LAM patient. Thus,
careful attention must be paid to both younger patients and male
patients. Unlike sporadic LAM, TSC-LAM may be associated
with MMPH.

Another finding in this study was the importance of skin disease.
Ninety-nine percent of T'SC patients had some type of skin disease.
As mentioned above, the frequency of hypomelanotic macules was
higher among TSC patients than in the healthy population, and
three or more hypomelanotic macules were a significant charac-
teristic of T'SC. Although hypomelanotic macules are not specific
to TSC, they are considered an important symptom in the early
diagnosis of TSC because of their higher frequency and early
appearance in TSC patients. The frequency of AF was high and
displayed no significant association with age (Fig. 6 1). Considering
these results, AF appeared earlier than predicted, but the picture
may be mild. Ungual fibroma was a characteristic skin manifes-
tation that appeared later than other skin manifestations and
increased in frequency with age (Fig. 6 E). More than three ungual
fibromas were significant indicators of TSC. Considering the
above results, the importance of skin manifestations as diagnostic
signs was reconfirmed. In addition, our data indicate a high
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frequency of uterine leiomyoma among T'SC patients and a need
to pay attention to the possibility of uterine PEComa.

This is the first epidemiological study of Japanese T'SC patients
to include a broad sampling of the population and various
manifestations. The frequency of the manifestations revealed in
this work reflects current trends among TSC patients in Japan.
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