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Abstract Birt-Hogg-Dubé syndrome (BHD) is a rare,
autosomal dominant disorder characterized by the development of hair follicle tumors, renal tumors and pulmonary
cysts. BHD is caused by heterozygous, predominantly
truncating mutations in the folliculin (FLCN) gene located
on chromosome 17, which encodes a highly conserved
tumor suppressor protein. Although management of renal
tumors of low malignant potential is the primary focus of
longitudinal care, pulmonary manifestations including cyst
formation and spontaneous pneumothorax are among the
most common manifestations in BHD. Due to the lack of
awareness, there is commonly a delay in the pulmonary
diagnosis of BHD and patients are frequently mislabeled as
having chronic obstructive lung disease, emphysema or
common bullae/blebs. A family history of pneumothorax is
present in 35 % of patients with BHD. Certain imaging
characteristics of the cysts, including size, basilar and
peripheral predominance, perivascular and periseptal
localization, and elliptical or lentiform shape can suggest
the diagnosis of BHD based on inspection of the chest CT
scan alone. Recurrent pneumothoraces are common and
early pleurodesis is recommended. A better understanding
of role of FLCN in pulmonary cyst formation and long term
studies to define the natural history of the pulmonary
manifestations of BHD are needed.
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Introduction
Birt-Hogg-Dubé syndrome (BHD) is an autosomal dominant disorder characterized by the development of hair
follicle tumors, renal tumors and pulmonary cysts (Online
Mendelian Inheritance in Man # 135150). Hornstein and
Knickenberg [1] were the first to report the syndrome in
two siblings with ‘perifollicular fibromatosis cutis with
polyps of the colon’ and skin lesions, bilateral renal cysts
and unilateral pulmonary cysts in their father. Hornstein
published two additional manuscripts on the subject in
1976 [2, 3] before Birt et al. [4] in 1977 reported a family
with fibrofolliculomas, trichodiscomas and achrochordons,
suggested an autosomal dominant pattern of inheritance for
these findings, and named the disorder.
Pulmonary manifestations are a common finding in this
group of patients, but the disorder is rare and unfamiliar to
many physicians, so the diagnosis is frequently delayed. In
this review we focus on the lung cysts and pneumothoraces
that occur in BHD.
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BHD is caused by mutations in the folliculin (FLCN) gene
which encodes the protein FLCN. In 2001, Khoo et al. [5]
performed a genome-wide linkage analysis using polymorphic microsatellite markers on a large Swedish family
with BHD and mapped the BHD locus on chromosome
17p12-q11.2. At about the same time, Schmidt et al. [6]
reported a genome-wide scan in a large kindred with BHD
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and localized the BHD locus to pericentromeric region of
chromosome 17p. In 2002, Nickerson et al. [7] did
recombination mapping in families with BHD, localized
the susceptibility locus to 700 kb on chromosome 17p11.2
and identified a novel gene encoding a protein called
FLCN. Schmidt et al. [8] further analyzed 30 families with
BHD and found germline FLCN mutations in 84 %. The
majority of BHD mutations were predicted to truncate
FLCN, suggesting a loss-of-function mechanism for phenotype development. Based on their results, they suggested
that FLCN may act as a tumor suppressor gene. In 2008,
Toro et al. [9] studied 50 new families with BHD and found
an 88 % detection rate of germline mutations in the FLCN
gene. Most of these patients had truncating mutations as
well. Kunogi et al. [10] studied the FLCN gene for mutations in 36 Japanese patients presenting with pulmonary
cysts and found germline mutations in the FLCN gene in
69.4 % patients. They also suggested a potential racial
difference in clinical manifestations of BHD as their
patient population had a very low incidence of skin and
renal involvement. To date, 142 unique DNA mutations of
the FLCN gene have been implicated in the pathogenesis of
BHD [11] and its role as a tumor suppressor gene is well
established.
Function of folliculin and tumorigenesis
The exact function of FLCN gene and the mechanism of its
tumor suppressor actions, however, is still unclear. It is
most likely involved in energy, metabolism, and nutrient
sensing through the mammalian target of rapamycin
(mTOR) pathway. Baba et al. [12] identified a FLCNinteracting protein (FNIP1) and demonstrated its interaction with 50 AMP-activated protein kinase (AMPK), a key
molecule for energy sensing that negatively regulates
mTOR activity. Inactivating mutations in this pathway
result in dysregulated cell growth and protein synthesis,
thus providing potential insights into the molecular mechanisms for the BHD phenotype. Two years later another
FNIP1, FNIP2, was identified and revealed to be a homologue of FNIP1 [13, 14]. Similarly, other studies have
explored the mechanism by which activation of the mTOR
pathway leads to development of renal tumors and cysts
[15, 16]. The involvement of mTOR pathway in the pathogenesis of BHD is also suggested by its phenotypic similarities with tuberous sclerosis complex (TSC), which is
known to be caused by dysregulation of the mTOR pathway. This association was explored in a number of different studies [17, 18].
However, regulation of mTOR activity is not the only
signaling pathway implicated in the tumor suppressor
action of FLCN gene. Hong et al. [19] demonstrated a role
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for FLCN in the regulation of key TGF-beta signaling,
suggesting a potentially important role for the pathway in
tumorigenesis in BHD syndrome. Hong et al. [20] have
also demonstrated that inactivation of FLCN leads to
activation of the transcription factor TFE3, which might
also lead to development of renal tumors in patients with
BHD. Other investigators have described a model in which
FLCN acts as a mitochondrial regulator, and reduced FLCN
function leads to overexpression of nuclear mitochondrial
gene expression [21, 22]. Nookala et al. [23] showed that
FLCN is distantly related to differentially expressed in
normal cells and neoplasia (DENN) domain proteins, and
may play a role in vesicle membrane trafficking.
The role of FLCN in development of pulmonary cysts is
poorly understood. While flcn ± mouse models have proven to be useful for studying the renal tumors associated
with BHD, they have been less informative with respect to
development of pulmonary cysts [18]. The expression of
FLCN gene has been consistently found in renal tumors as
well as skin fibrofolliculomas, but has not been characterized in pulmonary cysts. Warren et al performed fluorescent in situ hybridization to measure the expression of
BHD mRNA in normal and neoplastic human tissues. They
were able to demonstrate strong expression of BHD mRNA
in the stromal cells within the connective tissue of lung and
a weak expression in type I pneumocytes [24]. Furuya et al.
[25] studied the lungs of 11 patients from 9 families of
BHD. They found that the cells constituting the cysts
stained positively for phospho-S6 ribosomal protein
expression, suggesting activation of the mTOR pathway.
Based on these results, they proposed that pulmonary cysts
associated with BHD are a distinct entity and can be considered as a hamartoma-like lesion associated with deranged mTOR signaling. Further studies are needed to
understand the molecular mechanisms leading to the
development of pulmonary cysts in BHD. This is especially
important as there are phenotypic variants of BHD in
which patients present with either isolated or predominantly pulmonary manifestations [10, 26–28].

Pulmonary manifestations of BHD
The pulmonary manifestations of BHD are mainly related
to the formation of pulmonary cysts and development of
pneumothoraces. Cystic lung lesions likely develop in early
to mid adulthood (30–40 years) [10, 27], but have been
described in patients ranging in age from 20 to 85 years
[29]. There is no gender predilection and there is no
information about the role of cigarette smoking in cyst
development.

Pulmonary manifestations

Radiologic findings in BHD
There is evidence that pulmonary cysts occur with nearly
complete penetrance in BHD. Toro et al. [30] studied a
cohort of 198 patients with BHD and found that on CT
examination, 89 % of patients with BHD had lung cysts. In
a study by Furuya et al. [25], all patients with BHD who
underwent thoracic CT (n = 11) had pulmonary cysts. The
cysts in patients with BHD are frequently mislabeled as
common bullae or blebs. The location of cysts in cases of
BHD is different from the typical apical location seen in
cases of primary spontaneous pneumothorax or emphysema [30, 31]. Tobino et al. [31] reviewed thin section
thoracic CT scans of 12 patients with BHD and conducted
a comprehensive analysis of the radiologic characteristics
of pulmonary cysts. They found that majority of the cysts
are located in the basilar medial regions (58 %), followed
next by the basilar lateral regions (27 %) of the lungs. The
number of cysts in each patient was variable (range
29–407). The cyst size was also quite variable but small
cysts (\1 cm) were seen most commonly (75.6 %). Most
of the cysts (76.6 %) were irregularly shaped. Almost 40 %
of the cysts abutted the pleural surfaces. Similar findings
were also reported in another study by Tobino et al. [32].
Based on these reports, the characteristic chest CT findings
of patients with BHD can be summarized as multiple,
irregularly-shaped, thin-walled pulmonary cysts of various
sizes, predominantly distributed to the lower medial and
subpleural regions of the lung.
Histology of pleuropulmonary lesions in BHD
Although the pathology of renal and cutaneous manifestations of BHD has been well described, there are very few
reports of the histological characteristics of pulmonary
cysts in BHD. Butnor et al. [33] described the histopathological findings in 2 patients with BHD who had
undergone bleb resection following a spontaneous pneumothorax and found that the histology was consistent with
typical emphysematous changes. They suggested that the
major distinguishing factor is the basilar localization of
cysts rather than the typical apical localization seen in
other causes of spontaneous pneumothorax. The validity of
the histological findings has been questioned as they were
based on examination of ruptured cystic lesions in patients
who had suffered pneumothorax. Only fragmented pleural
walls were resected in these cases and detailed microscopic
examination of these specimens was not available [34].
Furuya and Koga et al. [25, 35] have described histopathological findings of unruptured BHD cysts. They found
that the inner surface of cysts was lined by epithelial cells,
sometimes with a predominance of type II pneumocyte-like
cuboidal cells, without evidence for neoplastic

proliferation, inflammation, fibrosis or atypical morphology. The cysts occasionally contained internal septa consisting of alveolar walls or showed an ‘‘alveoli within an
alveolus’’ pattern. Thus the authors concluded that the
histopathology of BHD pulmonary cysts differs from that
of common blebs or bullae. Examination of ruptured cysts
can be misleading, since post-rupture remodeling can result
in mesothelial invagination and fibrosis, which can be
virtually indistinguishable from bullous changes [25].
Based on these findings, they suggested that surgeons
performing pulmonary wedge resections in patients suspected of having BHD should also sample unruptured
cystic areas [34]. Further studies are needed to determine if
the histological characteristics of BHD are sufficiently
distinctive to allow an expert pathologist to distinguish
them from those of emphysema.
Clinical features of pleuropulmonary involvement
in BHD
The most common presentation of pulmonary involvement
with BHD is the occurrence of a spontaneous pneumothorax. Zbar et al. [36] found a 50-fold increase in the rate
of development of pneumothorax in patients with BHD
after adjusting for age. They also found that age is inversely correlated with development of pneumothorax. In a
study of 198 patients with BHD, Toro et al. found that
while 89 % (177/198) of patients had cystic lesions, only
24 % patients with BHD had a history of pneumothorax.
The median age of development of pneumothorax was
38 years (range 22-71 years). There were no gender differences with regards to development of pneumothorax.
The majority of the patients (75 %) had recurrent pneumothoraces. Further risk factor analysis done by Toro et al.
[30], revealed that the presence of lung cysts was significantly associated with pneumothorax. Other parameters
that were positively associated with pneumothorax included cyst size and cyst volume. Interestingly, age and
smoking status were not found to be associated with
pneumothorax in this cohort.
Another interesting aspect of the syndrome which warrants further investigation is the possibility of increased
risk of pulmonary malignancies. Hartman et al. [18] found
incidental development of pulmonary adenoma and adenocarcinoma in FLCN heterozygous mice. Ayo et al. [37]
found a small focus of low-grade adenomatous hyperplasia
as an incidental finding in a biopsy from a patient with
BHD. Recently, there was a report of a patient with BHD
who was found to have a 1.2 cm pulmonary histiocytoma
[29]. Furuya et al. [34] also published a case of bronchoalveolar cell carcinoma in a patient with BHD. Whether
haploinsufficiency in FLCN predisposes to lung cancer is
unclear but further studies are warranted.
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Pulmonary function studies (PFTs) in patients
with BHD
Little data is available about the results of pulmonary
function tests (PFTs) in patients with BHD. In spite of the
presence of multiple cysts, pulmonary mechanics and gas
exchange are typically well preserved or only mildly
abnormal in this patient population [38]. Among 14
patients with BHD a study by Tobino et al. [32], the mean
spirometric values (FEV1, FVC and FEV1/FVC) were
found to be within the normal range. However, diffusion
capacity for carbon monoxide (adjusted for alveolar volume) was found to be mildly decreased in patients with
BHD (73.6 ± 10.4 %). They also showed that absolute
FEV1 was inversely correlated with the cyst area measured
by CT scan. Further studies are needed to evaluate lung
function in patients with BHD, especially longitudinal
studies to better define the natural history of lung function
decline in this disorder.

Diagnosis and screening in BHD
The diagnosis of BHD should be suspected in a young
patient presenting with spontaneous pneumothorax, especially those with a personal or family history of pneumothorax, skin lesions or renal tumors. Menko et al. [38] have
suggested a set of diagnostic criteria for diagnosing BHD
(Table 1). In the study by Toro et al. [30], 93 % of patients
with BHD in his cohort were ascertained through a kidney
tumor protocol had characteristic skin fibrofolliculomas.
Trichodiscomas and angiofibromas (rarely) are also found
in patients with BHD. Achrochordons (also known as skin
tags) are very common skin lesions and are not specific for
BHD, although fibrofolliculomas can occasionally be
found hidden in these lesions. It is important to perform
punch biopsies rather than shave biopsies, because it can be

Table 1 Diagnostic criteria for BHD
Diagnostic Criteria for BHD
Major
criteria

1. At least five fibrofolliculomas or trichodiscomas, at
least one histologically confirmed, of adult onset
2. Pathogenic FLCN germline mutation

Minor
criteria

1. Multiple lung cysts: bilateral basally located lung
cysts with no other apparent cause, with or without
spontaneous primary pneumothorax
2. Renal cancer: early onset (\50 years) or multifocal
or bilateral renal cancer, or renal cancer of mixed
chromophobe and oncocytic histology
3. A first-degree relative with BHD

Patients should fulfill one major or two minor criteria for diagnosis.
Adapted from Menko et al. [38], Lancet Oncology 2009
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very difficult to differentiate angiofibromas from the hair
follicle tumors (fibrofolliculomas and trichodiscomas) with
shallow samples. The presence of renal or abdominal
tumors on CT or MRI is also a useful diagnostic clue. The
presence of fat is consistent with an angiomyolipoma,
which is common in TSC or LAM and rare in BHD. Serum
VEGF-D is elevated in patients with LAM and not in
patients with BHD [39]. Not all patients with BHD will
have characteristic skin and/or renal findings. Kunogi et al.
[10] studied 36 patients with lung cysts and found germline
mutations in FLCN gene in 69.4 % patients, but their
subgroup of patients had very low prevalence of skin and
renal involvement. Similar findings have been reported in
other pulmonary-based studies as well [26–28]. Painter
et al. [26] studied a Finnish family with a dominantly
inherited tendency to develop spontaneous pneumothoraces. They identified the causative mutation to be a 4 base
pair deletion in the FLCN gene, and also found that it led to
the development of bullous lesions with 100 % penetrance.
No evidence of fibrofolliculomas or renal tumors was
found in this family. Gunji et al. [27] studied 8 patients
with lung cysts, without skin or renal involvement, and
found germline mutations in the BHD gene in 5 out of
those 8 patients. Graham et al. [28] studied 12 families with
a family history of spontaneous pneumothorax and identified nonsense mutations in the FLCN gene in 2 out of the
12 families. None of the members from these 2 families
had any known skin or renal manifestations of BHD. Thus,
there are large differences in the prevalence of skin
involvement based on mode of ascertainment. It is
important that physicians maintain a high index of suspicion for BHD in young patients presenting with a spontaneous pneumothorax.
High resolution CT scan of the chest is the modality of
choice for the diagnosis of BHD. The differential diagnosis
of cystic lung disease includes lymphangioleiomyomatosis
(LAM), pulmonary langerhans cell histiocytosis (PLCH),
lymphocytic interstitial pneumonia (LIP), follicular bronchiolitis, light chain deposition disease, Sjogren’s syndrome and amyloidosis [40]. A proposed diagnostic
algorithm for BHD is presented in Table 2. Perhaps, the
most difficult to differentiate from BHD amongst the above
mentioned diseases is LAM, especially when associated
with tuberous sclerosis with renal and cutaneous involvement. Important clinical and radiological differences
between these two diseases are summarized in Tables 3
and 4. [33]. The presence of a fat containing renal tumor on
abdominal MRI or CT is suggestive of an angiomyolipoma,
which is more typical for LAM than BHD. BHD, on the
other hand, can cause a variety of renal tumors ranging
from benign oncocytomas and chromophobe adenomas to
renal cell carcinoma. Furthermore, the clinical features,
especially, the cyst characteristics on high resolution CT

Pulmonary manifestations
Table 2 Proposed diagnostic criteria for BHD
Definite
pulmonary BHD

1. Characteristic or compatible lung HRCT, and
skin biopsy positive for fibrofolliculoma or
trichodiscoma
2. Characteristic or compatible lung HRCT, and
confirmed family history of BHD in first or
second degree family member
3. Characteristic or compatible HRCT and tissue
confirmation of renal chromophobe adenoma
or oncocytoma
4. Characteristic or compatible HRCT and tissue
confirmation of genetic testing positive for
BHD

Probable
pulmonary BHD

1. Characteristic HRCT, exclusion of TSC and
LAMa, and personal or family history of
pneumothorax
2. Compatible HRCT, exclusion of TSC and
LAM, and any of the following:

Table 4 Cyst characteristics of BHD versus LAM
BHD

LAM

Distribution

Basilar/peripheral/
subpleural

Diffuse

Size

75 % \1 cm

2 mm–2 cm

Shape

Elliptical, lentiform

Round

Epithelial lining

Continuous

Discontinuous

Smooth muscle
infiltration

No

Yes

Relationship to vessels

Abut proximal arteries
and veins

No
relationship

Relationship to pleura

Abut pleural surfaces

No
relationship

HMB-45

Negative

Positive

Pathological examination
diagnostic

No

Yes

a. Family or personal history of renal tumors
b. Skin angiofibroma
c. Renal angiomyolipomab
Possible
pulmonary BHD

Compatible or characteristic HRCT

Characteristic lung HRCT findings: Multiple thin-walled round,
elliptical or lentiform well-defined air-filled cysts, without internal
structure, in a basilar, medial and subpleural predominant distribution,
with preserved or increased lung volume, and no other significant
pulmonary involvement (specifically no interstitial lung disease)
Compatible HRCT findings: Thin walled cysts without the more
typical elliptical shape or subpleural distribution

Table 5 Conditions
pneumothorax

b

familial

spontaneous

Gene

Clinical features

Marfan
syndrome

Fibrillin 1

Increased height,
disproportionately long limbs
and digits, subluxation of eye
lens and dilatation of aortic
root

Homocystinuria

Cystathionine
b-synthase

Same skeletal and ocular features
as Marfan along with mental
retardation and vascular
thrombosis

Ehlers-Danlos
syndrome

Various

Hyperextensible skin,
hypermobile joints, extensive
bruising and intestinal/uterine
rupture

Alpha-one
antitrypsin
deficiency

Alpha-one
antitrypsin

Lower lobe predominant
emphysema at a young age
(3rd–5th decade), liver
cirrhosis and necrotizing
panniculitis

Folliculin

Skin fibrofolliculomas, renal
tumors and pneumothorax

Radiographic diagnosis based on fat content by MRI or CT acceptable

Table 3 Clinical characteristics of BHD versus LAM

with

Disease

a

Failure to meet modified Gomez criteria for TSC. Other features
that may exclude TSC and LAM include absence of positive serum
VEGF-D, surgical lung biopsy negative for LAM, negative genetic
testing for TSC, CT or MRI of the head negative for tubers, subependymal nodules or subependymal giant cell astrocytomas

associated

BHD

LAM

Inheritance pattern

Autosomal
dominant

Autosomal dominant or
sporadic

Percent of patients with
cysts

About 90 %

Nearly 100 %

Birt-Hogg-Dubé
syndrome

Incidence of
pneumothorax

24 %

70 %

Adapted from Chiu et al. [41], Current Opinion Pulmonary Medicine
2006

Average age at first
pneumothorax

38

35

Rate of recurrent
pneumothorax

70 %

70 %

Exacerbation by
pregnancy

No

Yes

Gender

Women = men

Women [ men

scans can help differentiate between BHD and LAM. A
strong family history of pneumothoraces can be a helpful
clue to the diagnosis of BHD. Diseases such as Marfan

syndrome, homocystinuria, Ehler-Danlos syndrome, and
alpha-one antitrypsin deficiency can also present with a
history of familial spontaneous pneumothorax (FSP) [41].
Most of these conditions have other diagnostically useful
features and markers to assist clinicians who maintain a
high index of suspicion. A list of causes of FSP along with
their characteristic clinical findings is provided in Table 5.
Patients suspected of having BHD may be offered
genetic testing, which will not only confirm the diagnosis,
but also facilitate presymptomatic testing of at-risk family
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Pulmonary manifestations
b Fig. 1 Chest CT scans in patients with BHD showing lower zone

predominant cysts in various shapes and sizes. Note the elliptical/
lenticular shape of cysts seen commonly in BHD (a, f, g, h). BHD
cysts have a predilection for abutting the pleural surfaces (a, b, d, e, f,
g, h)

members [38]. The potential insurance and privacy consequences of a genetic diagnosis should be considered,
although the Genetic Information Nondiscrimination Act
protects subjects with genetic disease from discrimination
or harm. Referral to a qualified genetic counselor is recommended before BHD genetic studies are done.
Performance of screening chest CT scans on young
patients who present to emergency departments with
pneumothorax has the potential to identify patients with
BHD (Fig. 1). Hagaman et al. [42] have shown that when
employed in a targeted group of patients (nonsmoking
women aged 25–54 years), high resolution CT scans to
screen for LAM can be cost effective.
Another question with regards to screening is whether
we should perform CT chest on patients with BHD diagnosed based on skin/renal findings. With studies showing
80–100 % penetrance of cysts [25, 30, 36], we feel it is
prudent to perform a high resolution CT chest on all
patients diagnosed with BHD to characterize the pulmonary involvement and facilitate education of patients about
the risk of future pneumothoraces.
Management of pulmonary manifestations of BHD
The management of BHD from a pulmonary perspective is
largely focused on the approach to treatment of pneumothoraces. As mentioned previously, 24 % of patients in the
study by Toro et al. [30] had a history of pneumothorax. A
similar percentage rate of pneumothorax (29 %) in patients
with BHD has been recently reported by Houweling et al.
[43]. The management of pneumothorax in patients with
BHD differs from that recommended for primary spontaneous pneumothorax and is similar to that of LAM. In
patients with primary spontaneous pneumothorax, the initial pneumothorax is usually managed with conservative
measures (observation, aspiration, tube thoracostomy).
Measures such as video assisted thoracoscopy (VATS) and
mechanical or chemical pleurodesis are typically reserved
for recurrent or non-healing cases [44]. However, like
patients with LAM, patients with BHD are at very high risk
for recurrent pneumothoraces. In the study by Toro et al.
[30], 75 % patients had recurrent pneumothoraces. This is
similar to the 73 % recurrence rate in patients with LAM
[42, 45]. Almoosa et al. [45] have previously shown that
chemical pleurodesis or surgery is equally effective and

better than conservative therapy in preventing recurrence
of pneumothorax in LAM. The estimated reduction in costs
and morbidities of future hospitalizations and surgeries
associated with future pneumothoraces was considerable in
their analysis. These considerations led their group to
conclude that pleurodesis should be considered for the
initial pneumothorax in LAM patients, despite the potential
for increased bleeding with future lung transplant in
patients who suffer progressive respiratory failure. A
unique method to prevent recurrent pneumothorax without
adhesion to the chest wall, total pleural covering (TPC), is
reported [46] but success is heavily dependent on local
expertise.
Reassurance plays a key role in helping patients cope
with the pulmonary aspects of BHD. They should be
informed that BHD cystic lung disease typically does not
result in respiratory failure. Patients with lung function
impairment should be regularly followed by pulmonologists and periodic measurement of pulmonary function
should be performed.
Other issues related to pulmonary management of
patients with BHD relate to the question of air travel or
diving as changes in ambient atmospheric pressure could
predispose patients to develop pneumothoraces. While no
disease specific data is available for BHD, The British
Thoracic Society guidelines warn patients with lung cysts
or bullae about the risk of barotrauma with diving and
consider the presence of lung cysts a contraindication to
diving [47]. With regards to air travel, we recommend that
patients with lung function impairment, extensive cystic
change or prior pneumothorax be evaluated by a pulmonologist prior to undertaking air travel and that patients
should not board with unexplained chest pain or shortness
of breath. In general, most patients with BHD should be
able to undergo air travel safely. Exceptions may include
patients with a limited pulmonary reserve or a history of
multiple pneumothoraces.
Smoking is a known risk factor for development of
primary spontaneous pneumothorax. Although no clear
association has been found between smoking and the risk
of pneumothorax in patients with BHD [30], it seems
prudent to strongly discourage the use of tobacco in this
patient population. These patients should get regularly
immunized. Pneumococcal vaccination and annual influenza vaccination should be strongly encouraged in patients
with BHD.
Once the diagnosis of BHD is established, it is important
to screen patients for renal tumors. MRI and CT scanning
are more accurate than renal ultrasound for this purpose. A
proposed checklist of tasks to remember for patients with
suspected BHD is presented in Table 6.
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Table 6 Checklist of tasks for patients with suspected BHD
Diagnosis/baseline
evaluation

Detailed personal and family history for
skin lesions, pneumothorax, lung cysts
and renal tumors
Abdominal CT/MRI to screen for renal
tumors
Genetic counseling followed by genetic
testing for BHD, consider screening
family members
Skin exam and punch biopsy if lesions
present
Baseline pulmonary function testing
HRCT scanning and review of cyst
morphology and distribution by expert
radiologist

Health care
maintenance and
follow up

Studies and tests to rule out alternative
diagnoses, such as modified Gomez
criteria, CT/MRI head, serum VEGF-D,
and possible lung biopsy for LAM, SSA
and SSB for Sjogrens, a1 AT for
emphysema, etc.
Pneumococcal vaccination and annual
influenza vaccination
Periodic pulmonary function testing if
profusion of cysts sufficient to impair
lung function
Action plan for pneumothorax (Symptoms
to recognize, TPC/pleurodesis after first
event)
Advise regarding air travel and scuba
diving
Annual screen for renal tumor growth
Dermatologic consultation for disfiguring
skin lesions

Conclusion
There has been remarkable progress in our understanding
of the genetic and cellular basis of BHD in the 35 years
since the syndrome was first reported. As with many other
disorders, advances in our ability to manage the clinical
manifestations of the disease have lagged behind. Future
studies should aim to better define the natural history of
BHD pulmonary manifestations. Biomarkers that can be
used for diagnosis, and prediction of risk for pneumothorax
and lung function decline are needed. Understanding the
molecular mechanisms by which FLCN deficiency leads to
the development of pulmonary cysts may facilitate the
development of therapeutic agents to prevent formation of
the cystic pulmonary changes, and perhaps shed light on
the pathophysiology of more common disorders such as
pulmonary emphysema.
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Am J Hum Genet 76:1023–1033
9. Toro JR, Wei MH, Glenn GM, Weinreich M, Toure O, Vocke C,
Turner M, Choyke P, Merino MJ, Pinto PA, Steinberg SM,
Schmidt LS, Linehan WM (2008) BHD mutations, clinical and
molecular genetic investigations of Birt-Hogg-Dubé syndrome: a
new series of 50 families and a review of published reports.
J Med Genet 45:321–331
10. Kunogi M, Kurihara M, Ikegami TS, Kobayashi T, Shindo N,
Kumasaka T, Gunji Y, Kikkawa M, Iwakami S, Hino O, Takahashi K, Seyama K (2010) Clinical and genetic spectrum of
Birt-Hogg-Dube syndrome patients in whom pneumothorax and/
or multiple lung cysts are the presenting feature. J Med Genet Apr
47:281–287
11. Lim DH, Rehal PK, Nahorski MS, Macdonald F, Claessens T,
Van Geel M, Gijezen L, Gille JJ, Giraud S, Richard S, van
Steensel M, Menko FH, Maher ER (2010) A new locus-specific
database (LSDB) for mutations in the folliculin (FLCN) gene.
Hum Mutat 1:E1043–E1051
12. Baba M, Hong SB, Sharma N, Warren MB, Nickerson ML, Iwamatsu A, Esposito D, Gillette WK, Hopkins RF 3rd, Hartley JL,
Furihata M, Oishi S, Zhen W, Burke TR Jr, Linehan WM,
Schmidt LS, Zbar B (2006) Folliculin encoded by the BHD gene
interacts with a binding protein, FNIP1, and AMPK, and is
involved in AMPK and mTOR signaling. Proc Natl Acad Sci
USA 103:15552–15557
13. Hasumi H, Baba M, Hong SB, Hasumi Y, Huang Y, Yao M,
Valera VA, Linehan WM, Schmidt LS (2008) Identification and
characterization of a novel folliculin-interacting protein FNIP2.
Gene 415:60–67

Pulmonary manifestations
14. Takagi Y, Kobayashi T, Shiono M, Wang L, Piao X, Sun G,
Zhang D, Abe M, Hagiwara Y, Takahashi K, Hino O (2008)
Interaction of folliculin (Birt-Hogg-Dubé gene product) with a
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syndrome
and
lymphangioleiomyomatosis: quantitative analysis of pulmonary
cysts on computed tomography of the chest in 66 females. Eur J
Radiol 81:1340–1346
33. Butnor KJ, Guinee DG Jr (2006) Pleuropulmonary pathology of
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