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A Japanese Family with Multiple Lung Cysts and
Recurrent Pneumothorax: A Possibility of
Birt-Hogg-Dubé Syndrome
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Abstract

We herein report a Japanese family lineage, possibly demonstrating Birt-Hogg-Dubé (BHD) syndrome. A
29-year-old nonsmoking woman was admitted to our hospital due to spontaneous pneumothorax. A chest CT
showed multiple lung cysts, and breast cancer was simultaneously detected that needed priority surgical treat-
ment. In the family history, the patient’s father and half brother also experienced recurrent pneumothorax,
and both had similar findings in their chest CT. In a genetic analysis of her half brother, the mutation of the
BHD gene was identified. BHD syndrome is a rare autosomal and dominantly inherited disorder, which has
three characteristics: multiple lung cysts that may be associated with pneumothorax, skin fibrofolliculomas,
and renal neoplasm. For multiple-cystic disease of the lungs with an unknown etiology, or pneumothorax, as
seen in a family history, it is necessary to consider the possibility of BHD syndrome.
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Introduction

Birt-Hogg-Dubé (BHD) syndrome, an inherited autosomal
genodermatosis characterized by benign tumors of the hair
follicle, has been reported to be associated with renal neo-
plasia, lung cysts, and spontaneous pneumothorax. The pre-
sent syndrome was first reported as a hereditary skin disor-
der in 1977 (1), and the responsible gene was later identi-
fied in 2001 (2, 3). This gene is identified in the short arm
of chromosome 17 (17p11.2), consists of 14 exons, and en-
codes folliculin proteins (FLCN) (3, 4). With the discovery
of the mutation of this BHD gene (FLCN), genetic research
has further advanced (5-9), and in association with this, the
number of reports has also been increasing in the respiratory
field (10-14). Most of these reports are from the U.S., and it
is believed that the recognizability of the present syndrome
in Asia is still low. In Japan, 5 cases in which gene abnor-
mality was first identified were reported by Gunji, et al. in

2007 (15). They noted that there were differences from the
perspective of genetics and clinical differences between ex-
isting reports and the cases of Japanese.

We encountered a Japanese family lineage possibly dem-
onstrating BHD syndrome, according to the findings of ge-
netics in one of the family members, in addition to the chest
CT findings and the histories of recurrent pneumothorax in
three family members.

Case Report

In 2006, a 29-year-old nonsmoking single woman was ad-
mitted to our hospital due to spontaneous pneumothorax.
She did not have any previous medical history including
epilepsy or mental retardation and had never any abnormal-
ity pointed out in previous medical checkups. No signs of
respiratory or collagen-vascular diseases were present before
the onset of peumothorax. At the onset of pneumothorax, no
crackles were heard on auscultation, and no other abnormal
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Chest CT, showing multiple thin-walled cysts of varying sizes, which are predomi-

nantly distributed in the basilar and mediastinal regions of the lungs (29 yo/female after the treat-

ment for pneumothorax in Fig. 1a, 72 yo/male in Fig. 1b, 40 yo/male in Fig. 1c).

findings were observed in physical examination of chest, ab-
domen and skin. Her laboratory findings including inflam-
mation markers, autoantibodies, tumor markers, the liver and
kidney functions, the serum protein fraction, a blood gas
analysis, A chest CT
showed multiple cysts with different sizes in the lung field
(Fig. 1a), and therefore it was determined that surgery for
pneumothorax and a surgical lung biopsy would be neces-
sary in order to differentiate these from cystic lung diseases
including lymphangioleiomyomatosis (LAM). However, the
pneumothorax improved after only advising the patient to
rest. Bronchoalveolar lavage fluid, transbronchial biopsy
specimens obtained from the lung that were free of the cysts

and urinalysis were also normal.

in order not to develop iatrogenic pneumothorax, and an ab-
dominal CT did not show any abnormalities. In addition,
breast cancer was simultaneously detected by the chest CT,
and therefore priority was given to treat the breast cancer. In
2007, she developed a second pneumothorax, but this also
improved with rest. As of 2009, although she has received
chemotherapy for the recurrent breast cancer, the lung cysts
on a chest CT have not changed since 2006.

In the family history, it was found that the patient’s 72-
year-old father and a 40-year-old half brother also experi-
enced recurrent pneumothorax (Fig. 2). We obtained a chest
CT of her father from a medical checkup in 2006. He had a
previous history of two surgeries for pneumothorax in his
youth. He was a current smoker who smoked 20 cigarettes
per day for 50 years. The number of lung cysts in his chest
CT (Fig. 1b) was clearly higher than that of his daughter,
however, some kind of cystic lung disease rather than typi-
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Figure 2. Family pedigree of the present patients.

cal pulmonary emphysema was suggested. He had never had
skin lesions, renal tumors, or any other diseases pointed out.

Subsequently, in a chest CT of her half brother who was
a never smoker but had a history of two surgeries for pneu-
mothorax at ages of 25 and 28, similar multiple lung cysts
were detected (Fig. 1c). He did not have any previous medi-
cal history and had never any abnormality pointed out in
previous medical checkups. No signs of respiratory or
collagen-vascular diseases were present. His laboratory find-
ings including ol-antitripsin, inflammation markers, autoan-
tibodies, tumor markers, the liver and kidney functions, the
serum protein fraction, a blood gas analysis, and urinalysis
were all normal. There were no abnormal skin findings, and
no abnormal findings in the abdominal radiological images.
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Figure 3.

(a) Thoracoscopic view (40 yo/male) shows the cysts on the surface of the lung (white

arrows). (b) Microscopic finding of the resected lung specimen shows a bulla (arrow head) and a

bleb (arrow) consisting of collection of air within the pleura (Hematoxylin and Eosin staining, x40).
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Figure 4. Sequence chromatogram of exon 6 of the BHD gene shows the deletion of 10 nucleo-

tides from intron 5 to exon 6 of the BHD gene compared with control.

He was married but did not have any children (Fig. 2). In
2007, he was admitted to our hospital because of the spon-
taneous pneumothorax. During thoracoscopic surgery, multi-
ple cysts on the surface of the lung were macroscopically
observed (Fig. 3a). No LAM cells, proliferation of smooth
muscle, or any other findings that indicated specific dis-
eases, were microscopically detected in the resected speci-
men, and they were diagnosed to be pathologically nonspe-
cific bulla and blebs (Fig. 3b). According to the results of a
genetic analysis that was performed after obtaining consent,
he was suspected to have BHD syndrome because a 10 nu-
cleotide deletion was detected from intron 5 to exon 6 of
the BHD gene (Fig. 4). This genetic examination was ap-
proved by the ethics committees of Juntendo University, and
performed at the same university as described previously

(15) using isolated genomic DNA from peripheral leuko-
cytes. Unfortunately, we have not been able to obtain per-
mission from the other two patients or their relatives for ge-
netic testing. The other 2 half sisters (Fig. 2) had no previ-
ous history of pneumothorax. However, a chest CT for them
was not actually performed.

Discussion

BHD syndrome is a rare autosomal and dominantly inher-
ited disorder, which has three characteristics: multiple lung
cysts that may be associated with pneumothorax; skin fibro-
folliculomas; and renal neoplasm. The development of the
clinical features of BHD syndrome is thought to be age de-
pendent. Skin fibrofolliculomas are reported to occur after
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the age of 25-35 years (9, 10, 16), while renal neoplasms
predominantly develop after the age of 40 years (10, 16). In
2007, the results of a large-scale study of 198 people (89
families, 51 family lines) with BHD syndrome were re-
ported by Toro et al in the U.S. (14). According to that re-
port, skin lesions were observed in most of the cases, and
multiple lung cysts were detected at a high rate of 84%, but
a previous history of pneumothorax was seen in only 24%.
Renal tumors were detected in 25 family lineages, and 13
family lineages showed all of the three characteristics. The
progression of the development of lung cysts in BHD syn-
drome is gradual and it rarely reaches respiratory insuffi-
ciency without specific treatment, but it is believed that
smoking worsens this condition (13).

In a report by Gunji et al (15) in 2007 from Japan, the
mutation of the BHD gene was observed in 5 of 8 cases
with multiple lung cysts with an unknown etiology, but no
skin or renal lesions were detected in any of the patients. In
addition, all detected mutations were insertions or deletions,
including one splice donor site mutation, and four of them
were novel (15). There is a possibility that these patients, in-
cluding the present cases, may develop renal neoplasms in
the future, but according to the above observations, BHD
syndrome seems to be increasingly recognized as a consid-
erable heterogeneous disease.

BHD syndrome should be considered in the differential
diagnosis for spontaneous pneumothorax, especially in pa-
tients with a family history (6, 11) and those with cystic
lung diseases, such as LAM, Langerhans cell histiocytosis,
and lymphoproliferative lung diseases. Gunji et al (15) noted
that LAM, particularly in the early stages, needs to be care-
fully distinguished from BHD syndrome because it may
have several clinical features in common with BHD syn-
drome: facial skin lesions, renal tumors and recurrent pneu-
mothorax, even in the early stage when the number of lung
cysts is still limited (17). However, in patients with LAM,
especially those associated with tuberous sclerosis complex,
facial skin lesions and renal tumors are usually angiofibro-
mas and angiomyolipomas, respectively (16). In addition,
BHD syndrome appears to have no gender difference (10,

18), whereas LAM occurs entirely in womans (16). In the
previous reports, chest CT in patients with BHD syndrome
showed thin-walled cysts of varying sizes with normal inter-
vening lung parenchyma (19), and the predominant distribu-
tion of cysts is in the basilar and mediastinal regions of the
lungs (8). We confirmed these findings in the present three
patients (Fig. 1). Moreover, the pathological findings of the
lung lesions in BHD syndrome are nonspecific (20), which
also was true in the half brother (Fig. 3b).

According to the family history of a woman patient with
multiple lung cysts, we discovered that her father and half
brother had a previous history of recurrent pneumothorax.
Because the half brother demonstrated a BHD gene muta-
tion in a genetic analysis and other possible cystic lung dis-
eases were serologically, radiologically or pathologically ex-
cluded in one to three of the family members, this family
was thus suggested to possibly demonstrate BHD syndrome.
As an interesting genetic feature of BHD syndrome, a re-
duced penetrance has been cited, whereas a relatively late
age of onset of the disease has also been noted (5). There-
fore, in the present family lineage, it is necessary to be
aware of the complications of skin fibrofolliculomas and re-
nal neoplasm in addition to the development of pneumotho-
rax, and it is desirable to advise such individuals to quit
smoking and to provide genetic counseling.

In conclusion, pulmonologists should be aware that BHD
syndrome can occur as an isolated phenotype with pulmo-
nary involvement. Furthermore, in patients with multiple
lung cysts that show characteristic findings in a CT as well
as patients with familial pneumothorax, it is recommended
to consider the possibility of BHD syndrome and to perform
a genetic analysis.
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