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ABSTRACT
Birt‐Hogg‐Dubé syndrome is a rare, mul ‐system gene c disorder. The diagnosis consists of a triad of findings;
dermatologic, pulmonary, and renal. This ar cle aims to increase awareness of this rare syndrome and the
need to consider Birt‐Hogg‐Dubé syndrome in pa ents with fibrofolliculomas or tricodiscomas, pneumothorax
or lung cysts, and renal tumors. Early diagnosis allows for management and screening of the associated lung
and renal findings, which benefits pa ents with this autosomal dominant condi on as well as their families.
CASE:
A 59 year old woman presented to her dermatologist
(B.S.) with a history of mul ple flesh colored papules of
the face (Figure 1). The papules were clinically felt to be
angiofibromas and a shave biopsy was performed. The
dermatologic diagnosis was confirmed on a superficial
biopsy. As angiofibromas can be associated with several
gene c syndromes, including mul ple endocrine
neoplasia, type I (MEN1) and tuberous sclerosis, gene c
consulta on was recommended.

daughter had a history of 2 episodes of pneumothorax of
unknown cause in college. The brother, sister, and father
of the pa ent were all reported to have similar facial
growths to those of the pa ent.

Figure 2a. Skin Tags (Acrochordons)
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Figure 1. Flesh Colored Facial Papules
The pa ent was noted to have a medical history
significant for a re nal tear with “thin re nas”,
hypertension, arthri s, 20 to 30 facial lesions that she
no ced over the previous 10 years, as well as 24 skin tags
located under the inner thighs, arms and breasts (Figure
2). Gene c consulta on (J.H., N.V.) revealed a family
history significant for a paternal cousin diagnosed with
renal cell carcinoma at 52 years of age. The pa ent had 3
children, aged 35, 33, and 29 years. The 35 year‐old
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Figure 2b. Skin Tags (Acrochordons)
Physical examina on was significant for mul ple, small,
flesh colored papules in the infraorbital regions
extending over the cheeks and neck as well as mul ple
skin tags on the neck and under the breasts. A renal
ultrasound revealed a single simple cyst (G.S).
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DISORDERS

Due to the family history of flesh colored papules,
pneumothorax, and renal carcinoma, Birt‐Hogg‐Dubé
syndrome (BHDS) was considered. A second evalua on
of the skin histopathology (A.S.) showed a dome shaped
lesion with small vellus hair follicles and columns of
epithelial cellsresembling the mantleof normal follicles
that extended from preexis ng follicles (Figure 3).
Sebocytes were present within the follicles. A myxoid
stroma at the peripheral aspects of these follicles
contained thin, oval, spindle‐shaped fibrocytes. The
findings were consistent with fibrofolliculoma (Figure 4)
and not angiofibroma, as originally diagnosed. Complete
sequencing of the FLCN gene was performed revealing a
heterozygous muta on in exon 11, c.1252delC (at the
mea previously unreported muta on), predicted to
cause frameshi and a premature stop codon.

Figure 4. Fibrofolliculoma. The peripheral stroma con‐
tains thin and oval spindle‐shaped fibrocytes. Focal se‐
baceous diﬀeren a on is noted within the follicle
(hematoxylin and eosin x400).
noted to have many on physical examina on. This
daughter reported 2 episodes of pneumothorax, 3
episodes of lung collapse and required surgery for
pleurodesis. She was found to have lung cysts on
computed tomography (CT). A renal MRI was normal.
She also tested posi ve for BHDS. The younger daughter
aged (29 years) was examined and found to have no skin
lesions. She tested nega ve for BHDS.

Figure 3. Fibrofolliculoma. A column of epithelial cells
that resembles mantle of a normal follicle extends from
a pre‐exis ng vellus follicle. (hematoxylin and eosin
x200).
Further Details About the Proband’s Family:
The family of our pa ent was asked to complete a survey
regarding their past medical history and BHDS tes ng
status a er Tu s University Ins tu onal Review Board
approved informed consent.
The proband’s son aged (33 years) reported 3 to 5 skin
tags of the face and underarm. He reported no facial
papules but was noted to have many on physical
examina on. He tested posi ve for the BHDS muta on
detected in his mother. The older daughter aged (35
years) reported 10 to 12 skin tags around the neck and 1
on the stomach. She reported no papules but was also
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The proband’s sister reported 50 to 100 facial papules
and ~ 75 skin tags of the face, neck, stomach, and below
the breasts. She tested posi ve for BHD. She was found
to have vaginal, uterine, and colon polyps. The proband’s
father reported hyperpigmented spots and dozens of
papules, and required removal of malignant lesions of
the nose and cheek. An X‐ray for pneumonia did not
reveal lung cysts, but more recent chest CTs showed
blebs. The proband’s brother reported 2 skin tags of the
neck.
A paternal uncle reported cataracts, chest skin lesions,
several papules on the face and nose, and a history of
bladder cancer at 80 years of age. Another paternal
uncle reported cataracts and a history of colon cancer in
his late 60s.
A female paternal first cousin reported having ≥ 400
facial papules, appearing in her late 30s and 2 skin tags
(neck and shoulder). Her 3 daughters did not report signs
of BHDS. Another female paternal first cousin reported
pressure in the right upper abdomen and a “pto c” right
kidney was found; she also had hypothyroidism. Yet
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another paternal cousin had a benign thyroid nodule. He
was diagnosed with 2 renal cell carcinomas of the le
kidney at 52 years of age and also had a basal cell
carcinoma as well as melanoma of the face at age 58.
Tes ng of the rela ves for the familial BHDS muta on is
on‐going.
INTRODUCTION:
Birt Hogg Dubé syndrome is an autosomal dominant
gene c syndrome that has been reported in ~100
families to date. The cardinal signs of BHDS include (1)
skin findings such as fibrofolliculomas, (2) pulmonary
cysts and suscep bility to pneumothorax, and (3)
increased risk for renal tumors. This syndrome was first
described in 1977.1
Skin Findings:
Greater than 90% of all people with BHDS develop
fibrofolliculomas, which are 1 to 5mm white or
skincolored papules. At the microscopic level,
fibrofolliculomas appear as hair follicles surrounded, at
the level of infundibulum, by a stroma composed of
loose connec ve ssue containing fine collagen, excess
hyaluronic acid and no elas c fibers. Fine epithelial
cords, usually with a thickness of 2 to 4 cells, originate
from the infundibulum.2,3
As fibrofolliculomas are not seen solely in BHDS,
diagnosis usually includes >5 lesions, 1 of which is
histologically confirmed. As a shave biopsy may be too
superficial to allow for histologic diagnosis, a punch is
the preferred method of sampling.4
Other lesions occurring with BHDS include
trichodiscomas, which are benign hamartomatous
prolifera ons of the mesodermal component of the hair
disk (haarscheibe). Trichodiscomas usually contain a
collare e, and the tumor is predominantly composed of
connec ve
ssue including collagen and myxoid
contents. Thin cords of undiﬀeren ated epithelial cells
extend from the infundibulum into the stroma.
Trichodiscomas can closely mimic angiofibromas, a
finding commonly observed in tuberous sclerosis
complex 1 and 2. Perifollicular fibromas, prolifera ons
surrounding a hair follicle, can also be seen.3,5 Although
fibrofulliculoma and trichodiscoma may significantly vary
in their histomorphologic features, currently they are
considered as a single tumor in its diﬀerent evolu onal
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stages that can be collec vely referred to as fibro‐
folliculoma trichodiscoma.
Acrochordons (skin tags), are o en seen on the neck and
intertriginous region of people with BHDS. It is important
to note these are fibrofolliculoma/trichodiscomas that
clinically appear as achrocordons and are not considered
conven onal skin tags.6,7
Skin lesions usually appear in the third to fourth decades
of life. They increase in size and number with age. A later
onset usually indicates a milder skin phenotype.
“ Birt Hogg Dubé syndrome (BHDS) is an autosomal
dominant genetic syndrome that has been
reported in ~ 100 families to date.”
Pulmonary Findings:
On CT, bilateral, mul focal lung cysts are observed in
77% to 89% of people with BHDS8,9. The lesions
predispose to pneumothoraces, which occur in ~32% to
38% of pa ents with BHDS and are more likely to occur
in individuals with a posi ve family history of this
complica on.8,9
Lung cysts and pneumothorax may be asymptoma c or
cause dyspnea. Cysts are o en discovered as an
incidental finding on chest CT. The risk of pneumothorax
in BHDS is 50 fold that of the general popula on.10
Renal Findings:
Bilateral, unilateral and/or mul focal renal tumors are
seen at increased frequency in BHDS. A Na onal
Ins tutes of Health study found a 23% to 34% risk,
while previous studies showed a 6.5% to 7% risk.8,9 The
mean age of onset of these tumors is 48 years (range 20‐
71 years), with a 7 to 9 fold risk over the general
popula on.10 These tumors tend to be slow growing,
with a low risk of metastasis. Renal tumors are more
likely in individuals with a posi ve family history.
Tumor types include oncocy c hybrid tumor (67%),
chromophobe renal cell carcinoma (23%), and benign
renal oncocytoma (3%).11 Clear cell renal cell carcinoma
and papillary renal carcinoma have been rarely reported;
however both have caused early demise.
Other Findings:
Although no sta s cal increase for other tumors or
cancers has been established, cancers reported in
pa ents with BHDS include colon, thyroid, breast,
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uterine, prostate, Hodgkin’s lymphoma, chondrosarcoma
(personal report J.H.), and squamous cell carcinoma of
the head, neck, and cervix.9
Other growths reported include collagenoma, cutaneous
neurothekeoma (benign myxoma of cutaneous nerve
sheath origin), meningioma, oral papules, paro d
oncocytoma, lipoma/angiolipoma, mul nodular goiter,
parathyroid adenoma, ovarian cyst, rhabdomyoma, and
adrenal mass.
Gene cs:
BHDS is due to muta ons in the FLCN gene,12 located at
17p11.2, that encodes the folliculin protein.13,14 This
gene is highly expressed in skin and skin appendages,
type 1 pneumocytes, stromal cells, and distal nephrons
of the kidney.15 Folliculin likely has a role in tumor
suppression, as loss of heterozygosity is observed in
sporadic cases of renal cell carcinoma. Folliculin is known
to par cipate in the AMP‐ac vated protein kinase
(AMPK) and mammalian target of rapamycin (mTOR)
signaling pathways.16
Approximately half of the FLCN muta ons detected to
date are dele ons or duplica ons located at c.1285
nucleo de C in a polycytosine tract in exon 11.8 Other
muta ons have been frameshi and nonsense in nature.
Complete sequencing of the FLCN gene is posi ve for a
muta on in 88% of clinically diagnosed cases.9 At this
me there is no other known molecular e ology.
Variable expression has been noted within families with
the same muta on. The sporadic muta on rate of this
gene is also currently unknown.
Diﬀeren al Diagnosis:
Because of the diverse medical issues associated with
BHDS, the diﬀeren al diagnosis encompasses condi ons
that may include an individual feature of BHDS, but none
of the condi ons to follow include the whole triad of skin
findings, lung disease, and renal growths seen in BHDS.
Skin findings
As men oned previously, angiofibromas are seen in
tuberous sclerosis and MEN1. Superficial biopsy of
fibrofolliculomas may lead the clinician to consider these
syndromes ini ally. Although due to FLCN muta ons,
Hornstein‐Knickenberg syndrome, characterized by
familial mul ple perifollicular fibromas, is a condi on
that does not seem to encompass the lung and renal
findings of BHDS. It is not yet clear why some muta ons
result in the complete syndrome, while others do not.
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Lung cysts/pneumothorax
Connec ve ssue disorders such as Marfan syndrome
and vascular Ehlers Danlos syndrome can cause familial
and recurrent pneumothorax. Pneumothorax and lung
cysts can also be seen in tuberous sclerosis complex,
cys c fibrosis, and α‐1‐an trypsin deficiency. Inherited
spontaneous pneumothorax has been a ributed to
muta ons in FLCN without the accompanying findings of
BHDS.17,18
Renal neoplasia
Renal tumors have been noted in Von HippelLindau
syndrome, hereditary papillorenal cancer syndrome, and
hereditary leiomyomatosis and renal cell carcinoma
syndrome. Muta ons in FLCN have been found in
pathology samples of renal tumors, likely due to soma c
damage to DNA.19
Management:
As the skin findings of BHDS are generally not believed to
be problema c from a medical perspec ve, no
treatment is needed. For those pa ents with aesthe c
concerns, temporary improvement with laser abla on
has been reported for fibrofolliculomas, but can reoccur.
Acrochordons can be easily removed. New skin lesions
tend to occur over me.
“ Due to the increased risk for renal tumors, most
patients with BHDS are followed carefully by an
oncologist.”
For those who are aware of their diagnosis of BHDS,
avoidance of cigare e smoke and sudden changes in
air pressure may be warranted. Screening for lung cysts
is not necessary, as no interven on is required for
the cysts themselves and standard treatment is
recommended for acute pneumothorax.
Because of the increased risk for renal tumors, most
pa ents with BHDS are followed carefully by an
oncologist. There is currently no evidence‐based
screening protocol for renal tumors. Some specialists
recommend an ini al CT or MRI at the me of diagnosis
with screening for renal tumors at least every 1 to 3
years (ultrasound is used by some, CT by others). Some
specialists recommend yearly screening, especially in
families with a history of renal tumors. Repeated CT may
result in too much radia on over me,20 but ultrasound
may not be sensi ve enough,21 while MRI is prohibi vely
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expensive, leaving no defini ve best prac ce for
screening at this me. If a tumor is iden fied, nephron
sparing surgery may be considered for the more common
renal tumors of BHDS, as metastasis is rare.
CONCLUSIONS:
Birt‐Hogg‐Dubé syndrome is an easily iden fiable
syndrome due to the dis nc ve triad of skin findings,
lung cysts and pneumothorax along with renal tumors.
Screening for renal tumors may expedite diagnosis and
treatment of this serious aspect of BHDS.
Early
iden fica on of people with BHDS can shorten the
diagnos c odyssey for the individual as well as family
members, elimina ng the need for unnecessary studies
and incorrect diagnoses.
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