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A 45-year-old woman with a long-standing diagno-
sis of tuberous sclerosis (TSC) is presented. She has
multifocal micronodular pneumocyte hyperplasia
(MMPH) and lymphangioleiomyomatosis (LAM) of
the lung, together with the detection of TSC2 gene
mutation. During surgery for spontaneous pneu-
mothorax, an open-lung biopsy was performed. Mi-
cronodules were well defined, measuring approxi-
mately 4 mm in diameter. These MMPHs were
histologically composed of papillary proliferation of
Type II pneumocytes, with positive immunoreactiv-
ity of keratin and surfactant apoprotein. The cyst-
like spaces, with dilatation and destruction of air
spaces, were diffusely formed, and the walls were
composed of the spindle cells. Such LAM showed
positive immunoreactivity for HMB-45 (a monoclo-
nal antibody specific for human melanoma) and
tuberin (the gene product of TSC2). On germline
mutation analysis using leukocytes of the present
patient, a TSC2 gene mutation was confirmed as a
deletion of G (or g) on Exon 9 by polymerase chain
reaction–single-strand conformational polymor-
phism. However, no mutation was detected in her
son. With microdissection analysis using paraffin-
embedding lung tissues, LOH of the TSC2 gene pre-
liminarily was detected in a LAM lesion but not in
MMPH. It is suggested that MMPH, in addition to
LAM, could be another pulmonary lesion in TSC

patients and that the detection of TSC2 and/or TSC1
gene could essentially be useful for the pathogenesis
of MMPH and LAM in TSC patients.
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Tuberous sclerosis (TSC) is an autosomal-dominant
disorder with a relatively high penetrance (90 –95%)
and an incidence of 0.58~1.0 per 10,000 births (1).
Known as the Bourneville-Pringle syndrome, it was
described on the basis of hamartomatous lesions in
the cerebral cortex and categorized as a phacoma-
tosis including Von Recklinghausen disease and
Von Hippel-Lindau disease. TSC is clinically char-
acterized by classic Vogt’s triad, including adenoma
sebaceum of skin, mental retardation, and epilepsy,
but is currently diagnosed by using the criteria of
Gomez (2). The criteria were composed of three
major categories: primary features such as sub-
ependymal nodes, astrocytic retinal hamartomas,
fibrous forehead plaques and facial angiofibroma;
secondary features such as renal angiomyolipoma
and pulmonary lymphangioleiomyomatosis (LAM);
and tertiary features such as hypomelanotic mac-
ules. Those diagnostic criteria provide a definite
clinical diagnosis of TSC under the basis of hamar-
tomatous lesions in organs, chiefly including the
brain, retina, skin, heart, kidney, and lung, although
incomplete symptom types of TSC have been
pointed out. Recently, two predisposing genes have
been found in TSC, and it has been reported that
there are almost equal percentages of genetic link-
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age to TSC1 at 9q34 and TSC2 at16p13.3 and that up
to 60% of cases are sporadic (3).

It has been reported by Popper et al. (4) that
multifocal micronodular pneumocyte hyperplasia
(MMPH) in TSC patients might be a new and rep-
resentative pulmonary lesion, in addition to LAM.
Although Kimura et al. (5) reported that the tissue
expressions of tuberin in the hamartomas of lung
were negative, there are few data on the LAM and
MMPH in TSC.

In the present paper, we report a case of a 45-
year-old woman who demonstrated both MMPH
and LAM under a long-standing diagnosis of TSC,
and we confirmed the detection of a germline mu-
tation of the TSC2 gene and loss of heterozygosity
(LOH) in LAM.

CASE REPORT

A 32-year-old woman (who had one son) was
admitted to the Department of Thoracic Surgery via
Internal Medicine in Hoshigaoka Koseinenkin Hos-
pital for chest pain due to left-sided pneumothorax.
She had been diagnosed as TSC because of facial
angiofibroma without obvious epilepsy or mental
retardation when she was 13 years old. Moreover,
abdominal ultrasound echograms and computed-
tomography scans had radiographically demon-
strated multiple angiomyolipomatous lesions in
both kidneys and liver. Chest radiograph on admis-
sion showed a left-sided pneumothorax, and inter-
costal suction drainage was performed. Because of
the air leakage, a surgical operation (left axillar tho-
racotomy) and open-lung biopsies (two specimens,
about 3 3 2 3 2 cm, from the apex of left upper lobe
(S112) and left lower lobe (S6)) were conducted,
appearing as a gross bulla formation and multiple
small, cystlike spaces of approximately 5 mm in
size. Simultaneously, skin biopsies were taken from
face and foot. Serum a-fetoprotein and carcinoem-
bryonic antigen (CEA) values were within the nor-
mal range at 4 and 1.3 ng/mL, respectively. She was
discharged with left lung fully expanded 2 weeks
after surgery, and sometimes consulted our hospi-
tal. Twelve years thereafter, the patient (at 44 years
of age) reconsulted our hospital because of left
anterior chest and back pain. A chest radiograph
showed diffusely radiolucent and slight reticular
shadows, similar to those seen formerly. A chest
computed-tomography scan demonstrated marked
dilatation and destruction of air spaces and also
showed cyst-like spaces. Lung function test yielded
an FEV1.0 of 1.94 L (67.1%), %VC of 109.9%, a flow
of V25/HT of 0.32 l/s/m, and %DLco of 58.6%,
corresponding to obstructive disturbance. For
germline mutation analysis, blood samples from
the patient and her son were taken. She is now 45

years old and living a normal daily life with slight
respiratory functional disturbance, 13 years after
the surgery for pneumothorax.

MATERIALS AND METHODS

The lung, skin and other tissues were fixed in 20%
neutral formaldehyde solution, embedded in paraf-
fin after routine processing, sectioned and stained
with hematoxylin and eosin (H&E), elastica van
Gieson (EVG), silver impregnation, and periodic ac-
id–Schiff solutions. Immunohistochemical staining
for keratin (wide, DAKO, Glostrup, Denmark; a di-
lution of 1/50), epithelial membrane antigen (EMA,
DAKO; 1/30), surfactant apoprotein (SAP, DAKO;
1/100), CEA (DAKO; 1/50), desmin (DAKO; 1/50),
smooth muscle actin (DAKO, 1/400), vimentin
(DAKO, 1/400), Ulex europaeus I agglutinin (UEA-1;
DAKO; 1/100), HMB-45 (Enzo Diagnostics, New
York; 1/10), proliferating cell nuclear antigen
(PCNA; Novocastra, Newcastle upon Tyne, UK,
1/25), p53 protein (mutant type, DO-7, DAKO,
1/40), estrogen and progesterone receptors (Nova-
castra, USA; 1/10) was also performed with the
L-SAB (DAKO), immunoperoxidase technique using
a manual method. Moreover, two polyclonal anti-
bodies for tuberins, TSC2 gene products, (one from
Santa Cruz Bio, Santa Cruz, CA [1/200] and the
other kindly provided by Dr. Mizuguchi, Jichi Med-
ical University, Oyama, Japan [1/300]), were used
with the Envision method (DAKO). Positive controls
such as normal kidney, lung, and skin were used for
each antibody. For germline mutation analysis of
the TSC1 and TSC2 genes, 30-mL blood samples
from the patient and her son were taken after in-
formed consent was obtained from them, and
genomic DNA isolated from leukocytes was used for
polymerase chain reaction–single-strand conforma-
tional polymorphism (PCR-SSCP) analysis according
to the procedure of Orita et al. (6). When a mobility
shift was detected by PCR-SSCP, direct DNA sequenc-
ing was performed. LOH with microdissection was
performed using paraffin-embedding lung tissues.

RESULTS

Histologic and Immunohistochemical Findings
In the skin, facial angiofibroma and ungual fi-

broma of bilateral foots were confirmed. In the
lung, multiple micronodule formations were found
in the dilatation and destruction of air spaces and
multiple cystlike background, the largest nodule
measuring approximately 4 mm in diameter (Fig.
1). The center of the micronodules showed papil-
lary or trabecular pattern. Within the micronodules,
degenerated thick elastic fibers and condensed col-
lagen fibers were seen on EVG-staining slides, to-
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gether with reticulin fibers demonstrating an alve-
olar pattern on silver impregnation. Their edges
were papillary along the surface of the alveoli with-
out any fibrous capsule (Fig. 2). With periodic acid–
Schiff, the epithelial cells of the micronodules dem-
onstrated a few intracytoplasmic eosinophilic
inclusions. Mitoses were not evident. The mi-
cronodules were composed of epithelial cells with
cuboidal or columnar shape and vesicular round
nuclei, sometimes with clear nucleolus.

The results of immunohistochemical studies are
summarized in Table 1. Immunohistochemically,
keratin (Fig. 3), EMA, SAP, and CEA were positive in
the cells of the micronodules, but vimentin,
desmin, actin, UEA-1, and HMB-45 were negative.
PCNA showed strongly positive reactivity in the
cells of MMPH (.90% of the cells), although PCNA
also reacted positively with normal pneumocytes
and bronchiolar epithelia. p53 and estrogen and

progesterone receptors were negative in the cells.
The micronodules were diagnosed as MMPH.

Formation of multiple small cystlike spaces was
widespread from the subpleural areas to alveolar
areas. In the large and small cystic walls, bundles of
the spindle cells were found in leiomyomatous or
fibromyomatous lesion, mainly along the alveolar
ducts to bronchiolar walls. Immunohistochemi-
cally, the spindle cells were positive for desmin,
smooth muscle actin, HMB-45 (Fig. 4), PCNA, vi-
mentin (partly), and both estrogen and progester-
one receptors but negative for p53. Bundles of the
spindle cells were diagnosed as LAM. Moreover,
tuberin was positive in LAM (Fig. 5) but negative to
slightly positive for MMPH, with renal tubules and
bronchial epithelia being positive as controls.

Molecular Findings
As a result, PCR-SSCP analysis of the TSC2 gene

using leukocytes of the present patient detected a
mobility shift on Exon 9 without any of PCR frag-
ments amplified from the TSC1 gene. But no mo-
bility shifts of either the TSC1 or the TSC2 gene
were detected in the sample from her son. With
direct DNA sequencing, superimposed sequencing
ladders confirmed one nucleotide deletion of G (or
g) between Exon 9 and the Intron 9 boundary of the
TSC2 gene (a deletion of nt 975G or nt 97511g; Fig.
6A–C). With microdissection using lung tissues,
LOH of the TSC2 gene was detected in a LAM le-
sion, but not MMPH, of the present patient as com-
pared with a control (Fig. 7).

DISCUSSION

In the present paper, we document pathologic
and genetic findings of a 45-year-old woman with
TSC whose diagnosis has been confirmed by meet-
ing Gomez’s diagnostic criteria (2), such as facial
angiofibroma, ungual fibromas, subependymal cal-
cifications, angiomyolipomas of kidneys and liver
(radiographically), and MMPH with LAM of lungs.
MMPH was first described in a TSC patient without
LAM by Popper et al. (4) in 1991. The MMPH (this
term was introduced by Guinee et al. (7) in 1995)
showed strong immunoreactivity for cytokeratin
and peanut agglutinin and Ulex europaeus I aggu-
lutin (UEA-1). It has also been in the same category
as adenomatoid proliferation of alveolar epithelium
(8), papillary alveolar hamartoma, multifocal alve-
olar hyperplasia, or multinodular pneumocyte hy-
perplasia (9). Since Popper’s paper, eight reports
covering 16 patient cases of evident MMPH in TSC
have appeared in the English literature (10, 11).
MMPH should be histologically distinguished from
papillary adenoma of Type II cells, atypical adeno-
matous hyperplasia (AAH), bronchioloalveolar carci-

FIGURE 1. Microscopic panoramic views of the open lung biopsy
from left S112. Multifocal micronodular pneumocyte hyperplasia
(arrows) and LAM (larger arrows) are apparent (elastica van Gieson
stain; original magnification, 13).

FIGURE 2. The border of the multifocal micronodular pneumocyte
hyperplasia shows a papillary pattern with irregular margin and
lymphocyte infiltration in the stroma (hematoxylin and eosin staining;
original magnification, 1003).
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noma, and several other pulmonary benign lesions,
such as sclerosing hemangioma (pneumocytoma),
chemodectoma, minute pulmonary meningothelial-
like nodules, and healing miliary inflammatory pro-
cess (focal pneumonitis). Previous authors indicated
that MMPH was distinctively a proliferative and epi-
thelial lesion of probably hamartomatous nature that

appeared to be highly associated with TSC and did
not possess malignant potential (4, 7–11). It has also
been reported that a patient with pulmonary angio-
myolipoma with MMPH (10) and another patient
with MMPH without LAM at a postmenopausal age
(11) were found among TSC patients.

The TSC2 gene is composed of 45 kb of genomic
DNA, contains 41 coding exons, and encodes a
message of 6 kb and a protein of 1741–1807 amino
acids (12). Yamashita et al. (12) conducted the TSC2
gene analysis of Japanese patients and found six
pathogenic mutations in sporadic cases but not
familial cases, including two frameshifts, one frame
deletion, and three missense mutations. Two of the
TSC2 mutations were expected to result in a trun-
cated tuberin gene product. Tuberin contains a re-
gion of limited homology to the catalytic domain of
rap1GAP (GTPase-activating protein), thought to be
a member of the ras superfamily of GTPases and
functioning in growth, motility, and intracellular
compartmentalization. The TSC1 gene product,
called hamartin, is not well known, but it might
function in the same complex with tuberin (12).

It has been recently reported by Kimura et al. (5)
that in a autopsy case of TSC and LAM without

TABLE 1. Immunohistochemical Findings of MMPH and LAM in Tuberous Sclerosis

Cell Type Keratin EMA SAP CEA Desmin
Smooth Muscle

Actin
Vimentin UEA-1 HMB45 PCNA p53 EgR PgR Tuberin

MMPH 1 1 1 1 2 2 2 2 2 1 2 2 2 2
.90%

Normal
pneumocytes

1 1 1 1 2 2 2 2 2 1 2 2 2 2

50%
Alveolar macrophage 2 2 p1 p1 2 2 2 2 2 2 2 2 2 2
Endothelial cells 2 2 2 2 2 2 1 1 2 2 2 2 2 2
Spindle cells of LAM 2 2 2 2 1 1 p1 2 p1 p1 2 p1 p1 1

MMPH, multifocal micronodular pneumocyte hyperplasia; LAM, lymphangioleiomyomatosis; EMA, epithelial membrane antigen; SAP, surfactant
apoprotein; UEA-1, Ulex europaeus I agglutinin; EgR, estrogen receptor; PgR, progesterone receptor.

The reactivity was judged as positive (1), partly positive (p1), and negative (2).

FIGURE 3. Immunohistochemically, most of the proliferating cells of
multifocal micronodular pneumocyte hyperplasia are positive for
keratin (wide; L-SAB method; original magnification, 2003).

FIGURE 4. Immunohistochemically, some spindle cells of
lymphangioleiomyomatosis are patchily positive for HMB-45 (L-SAB
method, original magnification, 200x).

FIGURE 5. Immunohistochemically, the spindle cells of
lymphangioleiomyomatosis are partially positive for tuberin (Envision
method, original magnification, 40x).
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MMPH, immunoexpression of HMB-45 was ob-
served in the hamartomas of the lung and angio-
myolipomas of the kidneys but that tuberin, using
antituberin C20 antibody (amino acids 1765–1784),
was immunohistochemically negative or only very
weakly expressed but not positive. However, it has
been recently reported by Muir et al. (9) that in a
series of 14 patients with MMPH and/or LAM in
TSC, both TSC2 mRNA (in situ hybridization) and
immunoreactive positivity for tuberin was demon-
strated in the Type II pneumocytes of the MMPH
and the smooth muscle cells of LAM in several of
the cases examined. In our study, immunohisto-
chemical expression of tuberin (C 20 antibody and
another antibody [amino acids 1770 –1784] were
kind gifts by Dr. Mizuguchi) was positive in LAM
lesions but negative or only weakly positive in
MMPH. More studies are needed to clarify the de-
tails of tuberin expression in TSC patients with
TSC1 or TSC2 gene mutations.

In TSC, allelic loss or loss of heterozygosity (LOH)
was first reported in 1994 for the chromosome
16p13.3 region where the TSC2 gene is located.
LOH has now been reported in renal angiomyoli-
pomas of TSC patients (12). In our present case,
using a microsatellite marker (16p13.3, D16S291),
preliminary results demonstrated LOH in LAM le-
sions (3/3) but not in MMPH (0/2). This is consis-
tent with immunohistochemical expression in LAM,
suggesting TSC2 to be a tumor suppressor gene.

There is a long-standing debate whether sporadic
LAM and this type of lung lesion in TSC are the
same. LAM affects about 5% of women with TSC (8).

FIGURE 7. With microdissection using formalin-fixed lung tissues,
loss of heterozygosity of the TSC2 gene (a marker of D16S291) was
detected in a lymphangioleiomyomatosis lesion of the present patient
(lane 2) as compared with a control (lane 1) and multifocal
micronodular pneumocyte hyperplasia lesion (lane 3).

FIGURE 6. Germ line analysis of the TSC2 gene with leukocytes. A, polymerase chain reaction–single-strand conformational polymorphism
analysis detected a mutation on Exon 9 of the TSC2 gene in the present patient (lane 2, arrowhead) as compared with a control (lane 1) and her
son (lane 3). B, direct DNA sequencing shows a deletion of G or g between Exon 9 and Intron 9 of the TSC2 gene. C, schematic representation.
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It has been recently demonstrated by Carsillo et al.
(13) that somatic mutations in the TSC 2 gene occur
in the pulmonary LAM cells of women with spo-
radic LAM, suggesting a direct role of TSC2 gene in
the pathogenesis of sporadic LAM.

In conclusion, although LAM has already been
established as a pulmonary lesion of TSC, MMPH
can be found as a new pulmonary lesion in TSC
patients with and without LAM. Moreover, using
genetic and immunohistochemical analyses, the
histogenesis of hamartomatous lesions such as
MMPH and LAM in TSC patients could be clarified
in association with the TSC2 or TSC1 gene.
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