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Abstract
Birt–Hogg–Dubé syndrome (BHD) is an inherited autosomal dominant condition
caused by germline mutations in the FLCN gene, mapped to chromosome 17p11.2.
Typical manifestations include pulmonary cysts, spontaneous pneumothorax, fibrofol-
liculomas, and kidney neoplasms. This report details the case of a 56-year-old female
non-smoker diagnosed with multiple pulmonary cysts, presenting with a history of
recurrent spontaneous pneumothorax. A computed tomography (CT) scan of her
daughter revealed similar pulmonary cysts, raising suspicion of BHD. Further abdomi-
nal enhanced CT revealed a left renal tumour and cutaneous fibrofolliculomas on her
daughter’s neck. Consequently, whole-exome sequencing confirmed an FLCN germ-
line mutation in the patient and three relatives, establishing a diagnosis of BHD. This
case highlights the importance of familial pulmonary cysts as a clue for diagnosing
BHD, providing crucial insights into comparable clinical presentations.
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INTRODUCTION

Birt–Hogg–Dubé syndrome (BHD) is an inherited autosomal
dominant condition characterized by pulmonary cysts,
spontaneous pneumothorax, fibrofolliculomas and kidney
neoplasms.1,2 The tumour suppressor gene FLCN is the only
confirmed pathogenic gene in BHD. A definitive diagnosis of
BHD is established when a pathogenic germline heterozygous
variant of FLCN is detected. As of 2017, the BHD Syndrome
Foundation has reported more than 600 pedigree cases of
BHD worldwide. In China, 287 patients from 143 families were
identified.3 Despite continuous reporting of BHD cases, missed
diagnoses and misdiagnoses of BHD are common owing to the
diversity of its clinical manifestations. Savatt et al. analysed the

exomes of 136,000 individuals. They identified 35 patients with
pathogenic or potentially pathogenic variants of the FLCN gene
(1 in 3885). Of these, only four cases (11.4%) had a prior diag-
nosis of BHD.4 Compared with Caucasian populations, Asians
typically exhibit pulmonary cysts and/or recurrent spontaneous
pneumothorax as the earliest and most frequently occurring
symptoms of BHD.5

Here, we present a case of a patient with BHD present-
ing with pulmonary cysts, repeated spontaneous pneumo-
thorax, left renal tumour, and confirmed germline FLCN
mutations. Noteworthy, her daughter also presented with
concurrent pulmonary cysts; these findings served as a clue
for genetic testing for FLCN mutations and the eventual
diagnosis of BHD. We emphasize the importance of familial
pulmonary cysts as a clue for diagnosing BHD, thus
prompting early diagnosis and screening.Jinrui Miao, Qian Gao, and Zilin Wang have contributed equally.
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CASE REPORT

A 56-year-old female non-smoker presented with dyspnea
for 2 months. She was diagnosed with pulmonary cysts and
pneumothorax at another hospital following a chest
computed tomography (CT) examination (Figure 1A).
Additionally, she had a 15-year history of repeated sponta-
neous pneumothorax. The CT scan revealed multiple
diffuse thin-walled lung parenchyma. According to the algo-
rithmic approach to cystic lung diseases, the differential
diagnoses for multiple parenchymal cysts included BHD,

lymphangioleiomyomatosis (LAM), pulmonary Langerhans
cell histiocytosis (PLCH), lymphocytic interstitial pneumo-
nia (LIP). These parenchymal cysts on this patient’s CT scan
varied in size, predominantly distributed in the peripheral
and basal regions of the lung, with normal intervening
parenchyma. Her daughter also showed her chest CT scan
of annual health check-ups, which indicated the presence of
pulmonary cysts as well (Figure 1B). Taken together, BHD,
a rare autosomal dominant disorder, was primarily consid-
ered. Furthermore, an abdominal enhanced CT scan of the
patient revealed a left renal tumour (Figure 1C, red arrow)

F I G U R E 1 (A, B) Chest computed tomography (CT) scans of the patient and her daughter reveal multiple thin-walled parenchymal cysts. (C) Enhanced
abdominal CT of the patient indicates a left renal tumour, referred by a red arrow. (D) Shows cutaneous fibrofolliculomas observed in the daughter’s neck.
(E) Pedigree chart of the patient’s family in three generations.
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with a heterogeneous enhancement pattern. Cutaneous
fibrofolliculomas were observed on the neck of the daughter
(Figure 1D). Subsequently, we obtained a family history and
acquired their chest CT scans and blood samples for whole-
exome sequencing. We noted that the patient had a frame-
shift mutation in exon 4 of the FLCN gene (c.57-58del), three
additional family members were also detected with the same
mutation and were diagnosed with BHD (Figure 1E).

DISCUSSION

BHD was first described in 1977 and is caused by germline
mutations in the tumour suppressor gene, FLCN. Patients
with BHD are predisposed to develop multiple pulmonary
cysts and/or spontaneous pneumothorax, fibrofolliculomas,
and renal neoplasms. Among these, the respiratory system is
the most frequently affected in China, with 92.4% of the
cohort manifesting lung cysts,6 consistent with prior reports
in Japanese and Korean families.7 A study by Furuya et al.
investigated the clinicopathological features of 19
Asian families and reported that 89% had pulmonary cysts,
29% had fibrofolliculomas, and 20.0% had renal cell carcino-
mas. An analysis of 51 American families with BHD
revealed that 90.2% of patients had fibrofolliculomas, and
88.2% had pulmonary cysts. A study involving 89 patients
with diffuse cystic lung disease reported a 93% diagnosis of
BHD by proficient radiologists based solely on imaging fea-
tures on high-resolution computed tomography (HRCT),
indicating a better detection of BHD by HRCT.8 The advent
of HRCT has provided a significant adjunct for the differen-
tial diagnosis of diffused cystic lung diseases and distin-
guishing them from emphysema.

Pulmonary cysts are seen in a broad spectrum of disor-
ders. Usually, when a patient presents with pulmonary
cysts, differential diagnosis based on chest CT scans
involves four steps, referring to their location (sub-pleural
or parenchymal), number (solitary or diffuse), and associ-
ated CT findings (nodules or ground glass opacities).9 In
brief, sub-pleural cysts are usually caused by bullae and
paraseptal emphysema; solitary parenchymal cysts could
be incidental cysts, pneumatoceles, or bronchogenic cysts;
multifocal or diffuse lung parenchymal cysts are differenti-
ated among BHD, LAM, PLCH; Cysts associated with dis-
crete lung nodules may be seen with LIP, amyloidosis, or
light chain deposition disease (LCDD) and PLCH. Cysts
associated with diffuse ground glass are often caused by
desquamative interstitial pneumonia (DIP) and pneumo-
cystis jirovecii pneumonia (PJP). In addition, cystic metas-
tasis should be suspected in patients presenting with
multiple pulmonary cysts with a known malignancy, espe-
cially head and neck primary squamous carcinoma.9,10

This patient reported here presented with multifocal or
diffuse cysts detected in lung parenchyma on her chest CT
scan, which need to be differentiated among BHD, LAM,
PLCH, and LIP. Radiologic characteristics, including the
cystic wall, distribution and size, and associated findings,

help narrow down the differential diagnosis.9,10 LAM appears
with thin-walled cysts distributed evenly without lobar pre-
dominance, the size is usually 2–10 mm in diameter. Nodules
are seen in the early stages of PLCH and then cavitate to thin-
or thick-walled cysts, featuring irregular cystic spaces of vary-
ing sizes (2 mm or larger than 2 cm), relatively sparing in bases
and costophrenic angles of the lung. LIP also presents with
randomly distributed thin-walled cysts, but may also be associ-
ated with ground-glass attenuation and nodules.11 Cysts caused
by BHD are thin-walled, distributed in peripheral and lower
lung zones and along the mediastinum, with variable shape
and size.12 The typically characterized lung parenchymal cysts,
incorporating repeated spontaneous pneumothorax, familial
pulmonary cysts, and non-smoking history, lead to BHD as
our primary diagnosis.

Approximately 25%–35% of patients with BHD develop
renal tumours, typically characterized by slow, bilateral, and
multifocal growth. The median age for tumour diagnosis
ranges from 46 to 50 years.1,13 The risk of bilateral and mul-
tifocal tumours is elevated up to sevenfold in individuals
with BHD.14 The most prevalent histological types include
mixed chromophobe oncocytic tumours (50%), chromo-
phobe carcinomas (34%), and oncocytomas (9%). Less com-
mon variants include clear cell carcinoma and papillary
renal cancer.14–16 Renal cancer surveillance commencing at
the age of 20 years is advisable for individuals with BHD to
preserve their renal function, with lifelong follow-up every
3–4 years.1 Magnetic resonance imaging (MRI) is the pre-
ferred screening modality for minimizing radiation expo-
sure.11 No routine surveillance is commended for lung cysts
and fibrofolliculoma, but a full skin examination could be
conducted every 6–12 months for the potential risk of mela-
noma. Moreover, patients with LAM may also be affected by
renal angiomyolipomas, around 30%–40% of women with
sporadic LAM and almost 90% of women with LAM and
underlying tuberous sclerosis complex.17,18

FLCN is currently recognized as the sole pathogenic
gene responsible for BHD. Despite racial differences in
mutation spots between Asians and Caucasians, the FLCN
hotspot mutation c.1285dup/del in exon 11 remains consis-
tent across ethnicities.19 A retrospective study comprising
221 cases from 120 families with BHD in the Chinese popu-
lation reported c.1285dup/del in exon 11 as a mutation hot-
spot, accounting for 17.4% of 144 cases reported in detail,
consistent with that reported in Caucasian populations.6,20

The FLCN mutation detected in the patient reported here
was c.57-58del in exon 4, which is a rare mutation and was
previously reported only in two Asian families and a few
Caucasian families.3,14,21,22 As for the autosomal dominant
inherited manner of BHD, when a pathogenic mutation is
detected in an index patient, FLCN-mutation surveillance
is recommended in at-risk family members including par-
ents, sibs, and offspring of a proband, other family members
depend on whether proband’s parents are affected. Usually,
genetic counselling commences at age 20.23 Consequently,
clinical information was not collected from the paediatric
individuals in the BHD-affected family reported here.1
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In conclusion, BHD should be considered when patients
with familial cystic lung disease, especially in non-smokers.
FLCN mutation should be evaluated. Renal cancer surveil-
lance is also recommended in patients with BHD beginning
at the age of 20 years.
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