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ParsiMONY OR POOR LUCK: CONCURRENT BirT-HoGG- DUBE SYNDROME
AND SARCOIDOSIS

Brooks Kuhn, Priyanka 1eckchandani, Richart Harper
Department of Pulmonology and Critical Care, UC Davis Medical Center

AssTrACT. While sarcoidosis is notorious for myriad manifestations including cystic lung changes, we present
a case with both Birt-Hogg-Dubé syndrome (BHD) and pulmonary sarcoidosis. BHD is a rare, autosomal
dominant genetic disorder characterized by numerous thin-walled, irregular cysts, but lung function is typically
normal otherwise. We present a case with confirmed BHD syndrome and concurrent granulomatous lung dis-

ease consistent with sarcoidosis. (Sarcoidosis Vasc Diffuse Lung Dis 2017; 34: 194-196)
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Caske STupy

A Caucasian man in his 50’ initially presented
with a pneumothorax and multiple cystic lesions
on CT chest. He was subsequently diagnosed with
cystic sarcoidosis after surgical lung biopsy revealed
non-caseating granulomas in the mediastinal lymph
nodes and lung parenchyma and he was started on
prednisone. He was seen in our clinic several years
later due to worsening dyspnea after stopping immu-
nosuppressive therapy. Of note, he had two siblings
with cryptogenic cystic lung disease.

Significant physical exam findings included
multiple, flesh-colored small nodules covering most
of his face and fine rales at the bases of his lungs.
Pulmonary function tests demonstrated severe re-
striction and a severe decrease in diffusion capacity.
CT scan of the chest showed thin-walled, irregularly
shaped cysts predominantly in the lower lobes, peri-

Received: 3 May 2016

Accepted after revision: 6 September 2016
Correspondence: Brooks Kuhn, MD

4150 V Street, Suite 3400

Sacramento, CA 95818

United States of America

01 415-847-2172

bronchial thickening, and bulky hilar adenopathy
(figure 1). Complicated renal cysts were apparent in
the apical pole of the left kidney. Serologic testing
revealed an elevated angiotensin converting enzyme
of 133 units per liter. Complete blood count, meta-
bolic panel, and renal function were normal. Genetic
testing for mutations in the folliculin gene (FLCN)
was performed and was positive, confirming the di-
agnosis of Birt-Hogg-Dubé syndrome (BHD).
Given the unlikely possibility that this patient

would have two rare diseases, we obtained and re-

Fig.1. CT of the chest. Note the dense peribronchiolar consolida-
tions and irregularly shaped, peripheral cysts
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viewed the pathology slides from his previous surgi-
cal biopsy (figure 2), which confirmed the presence
of sarcoid-like granulomas. Mycobacterial, fungal,
and bacterial cultures from the biopsy specimens
were negative.

The patient was given both the diagnosis of
Birt-Hogg-Dubé syndrome and sarcoidosis.

Discussion

Birt-Hogg-Dubé syndrome (BHD) was first
described in 1977 as a series of related patients with
cutaneous fibrofolliculomas (1). Further characteri-
zation of these families revealed a clinical triad of fi-
brofolliculomas, premature renal cell carcinoma, and
lung cysts. In the lung, BHD manifests with multiple,
predominantly lower lobe, irregularly shaped, thin-
walled cysts which frequently lead to pneumothorax
in over 90% of cases (2-4). Uniquely, the cysts fre-
quently abut pulmonary vessels and the pleura, and
are additionally characterized by the lack of inflam-
mation (2,5). Kumasaka et al. analyzed pathology of
229 BHD cysts from 50 unique individuals, finding
a paucity of inflammation: 77.9% of intrapulmonary
BHD cysts and 31.9% of subpleural cysts showing no
inflammation (5). The majority of the inflammation
seen was peripheral, and they concluded that this was
likely secondary to pneumothoraces. Two individuals
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Fig. 2. Surgical biopsy of the left lower lobe. Numerous thin-walled cysts are seen adjacent to areas of consolidated, non-caseating granulo-
mas. The image on the right exemplifies the numerous granulomas

were noted to have granulomas, but without descrip-
tion of the location or burden of disease.

The incidence of sarcoidosis in white men in the
US is 10.9 per 100,000. BHD is a very rare disease
with approximately 100 families identified, therefore
prevalence is difficult to assess, but has been estimat-
ed at 1 per 200,000 (6). Reasonably assuming there
is no genetic linkage or shared pathophysiology, the
probability of concurrently having BHD and sar-
coidosis would be 1 in 9.5 billion.

The mechanism that leads to pulmonary cysts
in BHD remains unclear and is debated (5, 7, 8). A
genetic cause was long hypothesized to drive this
syndrome due to the autosomal dominant inherit-
ance, but it was not until 2002 when the gene FLCN
on chromosome 17p11.2, which encodes the protein
folliculin, was identified as the cause (9). Folliculin is
a tumor suppressor protein that is expressed in type
I pneumocytes, skin, and kidney (5, 7, 8). Dysregula-
tion of the mammalian target of rapamycin (mTOR)
has been implicated in development of non-neoplas-
tic pneumocyte proliferation contributing to cyst
formation. mTOR complex 1 (mTORC1) has been
found in increased concentration in BHD cysts (10).
Folliculin is known to complex with folliculin-in-
teracting proteins 1 and 2 (FNIP1/2), subsequently
regulating mTOR. Lack of folliculin in BHD leads
to dysregulated AMP kinase, mTORC1, hypoxia

inducible factor, and transforming growth factor-f3
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(TGF-B), which can lead to cell proliferation and
angiogenesis (8, 10, 11).

Alternatively, dysfunctional cell-cell adhesion
has been implicated through e-cadherin and adherin
junction protein p0071, leading to increased sus-
ceptibility to the shear stress of normal ventilation,
explaining the progressive enlarging and coalescence
of cysts, lower lobe predilection, and lack of inflam-
mation (5, 11, 12).

The likelihood of having both sarcoidosis and
BHD is exceptionally unlikely, so the observation
that at least three individuals have BHD and granu-
lomatous inflammation, suggests a shared patho-
physiology. However, our current understanding of
the pathophysiology of BHD does not immediately
suggest clear overlap with sarcoidosis. Abnormal
cell-cell adhesions are unlikely to lead to sarcoidosis.
In fact, intact e-cadherin is key in the formation of
multinucleated giant cells (13). Folliculin-FNIP1/2
complex-mediated mTORC1 pneumocyte type II
proliferation is unlikely, as this would likely lead to
proteolysis as in other diseases with this pathology
(e.g. lymphangioleiomyomatosis) (5).

Interestingly, mTOR also interacts with folli-
culin-independent pathways to form mTOR com-
plex 2 (mTORC2), a less-well defined complex in
the mTOR pathway. Delgofte e a/. has implicated
mTORC?2, in the formation of regulatory T cells
(14). The differential signaling from the two mTOR
complexes appears to regulate the decision between
naive T cells developing into effector cells or regula-
tory cells. As dysfunctional regulatory T cells have
been implicated in sarcoidosis, there is potential
overlap via this pathway (15).

In conclusion, this is a unique case of BHD syn-
drome and sarcoidosis. While conclusions cannot be
drawn from a single case report, the extreme rarity
of concurrence of granulomas and BHD and previ-
ous mention in other case series suggests a potential
common pathway in disease. Further understanding
of how mTORC?2 is regulated, the biologic process-
es that it controls, and how the two mTORC1 and
mTORC2 pathways communicate with each other
potentially will reveal important biological processes

that are highlighted by this case.
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