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difficult. Fortunately, some progress has been made, 
including the creation of a series of diagnostic algo-
rithms; however, they are complicated and often involve 
invasive lung biopsy [1–3].

Birt-Hogg-Dubé syndrome (BHDS, MIM 135,150), 
or Hornstein-Knickenberg syndrome, is an autosomal 
dominant hereditary disorder associated with a germline 
pathogenic variant folliculin (FLCN), which increases risk 
of benign cutaneous fibrofolliculomas, pulmonary cysts, 
spontaneous pneumothorax, and multiple, mainly malig-
nant, bilateral and multifocal renal neoplasias. More than 
80% of those with BHDS with lung involvement have pul-
monary cysts, and DCLD and spontaneous pneumotho-
rax can occur [4]. Among an East Asian BHDS cohort, 
the incidence of multiple pulmonary cysts was 87.3% 
(100/162), with 74.7% (124/162) of patients having a his-
tory of at least one pneumothorax [5]. A literature review 
of studies performed in China revealed that surround-
ing multiple pulmonary cysts was higher (195/221) than 
the Caucasians, and family history of pneumothorax was 
84.7% [6].

Introduction
Diffuse cystic lung disease (DCLD) is a group of hetero-
geneous diseases with different pathophysiological mech-
anisms involving the production of many spherical or 
irregular thin-walled inflatable spaces in the lung paren-
chyma. However, because of the many causes of DCLD 
(including pulmonary Langerhans cell histiocytosis and 
lymphangioleiomyomatosis) and its nonspecific mani-
festation, diagnosing the cause of the disease is relatively 
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Abstract
We report a rare case of Sjogren’s syndrome complicated with Birt-Hogg-Dubé syndrome (BHDS) not previously 
mentioned in the literature. Further, there is insufficient evidence linking the two diseases. Here, we review existing 
diagnostic algorithms for diagnosing diffuse cystic lung disease and provide new insights. The patient initially 
complained of thirst and dry eyes for ten years, and gradually developed shortness of breath. After admission, 
physical examination showed five missing teeth, decreased respiratory sounds in both lower lungs, and Velcro rales. 
Computed tomography showed multiple thin-walled cystic lesions in both lungs. Initial xerophthalmia and labial 
gland biopsy seemed to reveal a pulmonary cystic change associated with Sjogren’s syndrome. Before discharge, a 
rash suspected to indicate a fibrofollicular tumor in the neck was observed, and then FLCN variant has been found. 
The challenges how to clarify the diagnosis of DCLD causes are discussed.
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Sjogren’s syndrome (SS) is an autoimmune disorder 
characterized by lymphocytic infiltration of salivary and 
lachrymal glands, leading to sicca syndrome. Although 
subclinical lung abnormalities occur in > 50% of patients, 
clinically meaningful lung involvement affects only about 
10-20% [7–10]. The mechanism of SS-associated pulmo-
nary cystic degeneration is unknown. However, discrep-
ancies exist in the literature concerning the frequency 
and clinical significance of cystic lung disease in patients 
with SS. In one study, 90 patients with SS followed up at 
the department of internal medicine underwent a sys-
tematic chest computed tomography (CT) scan, reveal-
ing twenty-one (23.3%) with lung cysts [11].

No literature reports of the coexistence of BHDs with 
SS are available. Since there is no effective treatment for 
DCLD, it is very important to accurately diagnose the eti-
ology of DCLD. We share a case of BHDs with Sjogren’s 
syndrome and provide new insights into the diagnostic 
process.

Clinical report
A 55-year-old man from Pingxiang City, Jiangxi Province, 
China, complained of thirst and dry eyes for the last 10 
years, and repeated cough, expectoration, and shortness 
of breath for the last 7 years. In 2015, he was diagnosed 

with ‘chronic obstructive pulmonary disease’ and treated 
with tiotropium bromide inhalation. From 2016 to 2020, 
CT showed multiple thin-walled cystic lesions in both 
lungs. Lung function tests showed FEV1/FVC:74.02% 
and FEV1/pred:69.0% in 2020. In April 2022, the patient 
developed a cough after catching a cold, yellow-green 
phlegm, and shortness of breath after strenuous activity. 
He had obvious symptoms of dry mouth, thirst, and dry 
eyes throughout the past ten years, reportedly drinking 
about 3–4  L of water daily, even waking at 3–4 am for 
water due to thirst and occasionally using drops to relieve 
eye dryness. On physical examination, he said he had 
tooth loss in the last three years (Fig.  1), and we found 
several dental caries. In the lower lungs, Velcro rales were 
heard. Pulmonary function tests revealed mild obstruc-
tive pulmonary ventilation dysfunction with small air-
way dysfunction (FEV1/FVC:78.13%, FEV1/pred:77.6%). 
Lung CT showed multiple thin-walled cystic lesions 
in both lungs (Fig.  2). Abdominal ultrasound indicated 
a right renal cyst. Left lower lip gland biopsy revealed 
nearly normal salivary gland tissue structure, with inter-
stitial foci infiltration with increased lymphocytes (about 
50/focus) (Fig. 3). Tear film breakup time was abnormal. 
Schirmer test results showed the following: right eye, 
0 mm; left eye, 0 mm. Immunologic examination showed: 

Fig. 1 Physical examination findings are shown. (A-B) The proband had normochromic papules in the back of his neck and in his nose. (C) He had lost 
five teeth successively due to caries in the last three years, with several dental caries remaining. (D) His brother’s normochromic nose papules are shown
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ANA (-), ENA (-), anti-SSA(60 KD)(-), anti-Ro antibody 
(52 KD) (-), ANCA (-). Using international diagnostic 
standard for SS in 2016 criteria, the patient scored > 4 
points [12]. SS was considered after a consultation with 
the rheumatic immunology department. Our senior 
doctor observed normochromic papules in the back of 
the neck suspected to be fibrofolliculoma. Although the 
patient had no family history of pneumothorax, we com-
pleted genetic testing to rule out BHDS prior to hospital 
discharge.

Genomic DNA of the patient and his relatives was iso-
lated using a QIAamp DNA Blood Mini Kit in accordance 
with the manufacturer’s instructions. cDNA of FLCN was 
amplified using GoldenStar® T6 Polymerase (TSE101, 
Tsingke), with primers designed using the NCBI primer 
blast tool (https://www.ncbi.nlm.nih.gov/tools/primer-
blast/). Polymerase chain reaction (PCR) and Sanger 
sequencing identified an FLCN variant (NM_144997.7: 
c.1522_1524del p.(Lys508del)) (Fig.  4). The variant was 
considered potentially pathogenic via ClinVar (www.ncbi.

Fig. 3 Left lower lip gland biopsy. Salivary gland tissue structure was normal, with interstitial foci infiltration into increased lymphocytes (about 50/focus) 
revealed via immunohistochemistry: LCA (+). These are typical pathological manifestations of Sjögren’s syndrome

 

Fig. 2 Imaging findings. (A-B) Lung HRCT shows multiple thin-walled cystic lesions throughout the lung bilateral diffuse thin walled cystic changes with 
a wide variation in cyst size and distribution (the biggest one > 50 mm). (C) Frontal plane reconstruction showing multiple cysts adjacent to blood vessels, 
fissures and visceral pleura, with predominantly basal and paramediastinal location. (D) Abdominal ultrasound indicates a right renal cyst
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nlm.nih.gov/clinvar/) and the variant site was reported 
previously [13]. No variants were in the other thirteen 
exons of FLCN. Therefore, the patient had BHDS accord-
ing to 2009 diagnostic criteria. A patient with the same 
variant was previously reported to have fibrofolliculo-
mata and family history of spontaneous pneumothorax 
but no renal tumor [13]. Family analysis showed that 
although the proband’s younger brother did not undergo 
genetic testing and lung HRCT, he likely has the same 
variant because he had a typical rash on the nose and 
his son had the variant. We believe that the proband’s 
brother and nephew fulfill the diagnostic criteria of 
BHDS. Other family members had no variant (Fig. 4). A 
discussion of multidisciplinary treatment (MDT) regard-
ing the above comprehensive tests prompted a diagnosis 
of BHDS complicated with SS.

Discussion and conclusion
Here, we report a patient with DCLD as a primary dis-
ease manifestation who was initially diagnosed SS and 
later with SS with BHDS. For patients with DCLD, the 
treatment of the cause is indispensable. However, its 
cause may be diverse, multiple underlying diseases are 

possible. Although scholars summarize some diagnos-
tic algorithms, still may lead to missed diagnosis [1, 2]. 
Therefore, we provide new insights regarding the previ-
ous diagnostic algorithm used.

HRCT characteristic analysis is a good diagnos-
tic model, with literature suggesting that HRCT can be 
definitively diagnosed in 80% of patients with DCLD [14]. 
In 2016, researchers proposed an imaging-based diag-
nostic algorithm [2]; however, BHDS and SS can not be 
distinguished by pulmonary HRCT alone. It stated that 
there were more cysts at the base of the lung or adjacent 
to mediastinum blood vessel in BHDS, while the patients 
with SS had random distribution and large size hetero-
geneity [1]. Our patient has cysts located at the base of 
the lung and adjacent to mediastinum blood vessels but 
other lobes are also involved. Therefore, it is difficult to 
achieve an accurate diagnosis via the use of an imaging-
based diagnostic algorithm.

Another diagnostic from China is based initially on a 
patient’s complete medical history data and meaningful 
examinations, and finally involves genetic and pathologi-
cal examinations [3]. There was no doubt that our patient 
met diagnostic criteria of SS; therefore, we initially 
thought that it was the sole DCLD cause. However, it is 
worth noting that the patient also met diagnostic crite-
ria for BHDS, although he had no family history of pneu-
mothorax nor did other offspring lacked lung symptoms 
or DCLD. This diagnosis algorithm does not pay enough 
attention to DCLD patients with multiple causes. We 
consider that the etiological diagnosis should be as per-
fect as possible, because when the source of DCLD can 
not be excluded, the lack of multi-etiological secondary 
prevention is likely to affect the prognosis of patients.

Main causes of DCLD include LAM, Birt–Hogg–Dubé 
syndrome, pulmonary Langerhans cell histiocytosis, 
lymphoid interstitial pneumonia (including primary and 
secondary), amyloidosis, light-chain deposition disease, 
Sjögren syndrome, and primary or metastatic neoplasm. 
Since our patient has characteristic clinical features and 
investigations fitting into diagnostic criteria of Sjogren’s 
syndrome, a diagnosis of cystic lung disease secondary to 
Sjogren syndrome was entertained. However, secondary 
LIP, which is common in some rheumatic diseases, such 
as rheumatoid arthritis and Sjogren’s syndrome, can-
not be excluded. Lung biopsy is required for diagnosis. 
Because the patient worried the high cost and trauma, 
so the surgical biopsy was refused. At the same time, we 
considered even if the biopsy was completed, it would 
not helpful to the treatment. Lung cysts in LIP are typi-
cally small (< 3  cm), and usually located within areas of 
GGOs. The presence of ancillary parenchymal abnor-
malities, including bilateral GGOs and poorly defined 
centrilobular nodules, frequently in a subpleural distri-
bution, can reinforce the diagnosis of LIP but this case 

Fig. 4 Pedigree of the proband and Sanger sequencing. (A) A Pedi-
gree of the proband is shown. (B) Sanger sequencing findings of 
the proband and his nephew revealing a heterozygous FLCN variant 
(NM_144997.7:c.1522_1524del, p.(Lys508del)) are shown
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is characterized by a simple cyst in the lung [15]. At the 
same time, Spontaneous pneumothorax has also been 
reported in DCLD secondary to Sjögren syndrome and 
lymphoid interstitial pneumonia but less than BHDS and 
LAM [16]. SS and BHDS have similar changes in the pul-
monary function changes in long term and imaging fea-
tures [1, 11]. Our proband was diagnosed with ‘chronic 
obstructive pulmonary disease’ and underwent long-
term pulmonary function monitoring, with no significant 
decline in lung function observed. This is consistent with 
the description of such patients in the literature. Since 
symptoms of SS-related pulmonary cystic degenera-
tion are not obvious, treatment is mainly confined to the 
treatment of the primary disease.

BHDS is an autosomal dominant disorder. As the only 
gene known to underly BHDS, many pathogenic vari-
ants have been identified in every coding exon of FLCN. 
The FLCN variant c.1285dupC/delC in exon 11 has been 
most frequently observed in Asian patients [5]. Here, a 
germline heterozygous variant of FLCN was found, which 
corresponded to a deletion of three bases (1522–1524) 
FLCN bases, resulting in an mRNA without lysine 508 
(delK508). This variant decreases FLCN protein levels, 
leading to cystic degeneration. Patients with variants in 
exon 12 have a higher incidence of pneumothorax ver-
sus those with variants in other exons. Furthermore, 
those with variants in exon 9 had more cysts [17] and 
those with variants in exons 9 and 12 had the largest cyst 
diameter and volume [17]. Patients with these variants 
should be warned that they may develop pneumothorax 
in the future [18]. The variant site of our patient was not 
in exons 9 or 12. However, our proband had a substantial 
number of large pulmonary lung cysts; therefore, variants 
at this locus may indicate severe lung imaging changes. 
Alternatively, this manifestation may be unique to disease 
due to BHDS and SS. However, additional clinical data 
for validation are needed.

Lung cysts usually appear between the ages of 40 and 
50 years in those with BHDS [19]. Our proband reported 
that since pulmonary cystic lesions were accidentally 
discovered in his early twenties, no pneumothorax 
occurred. In contrast, > 80% East Asian patients have had 
a family history of spontaneous pneumothorax. Further, 
the presence, number, size, and total volume of lung cysts 
and family history of pneumothorax have been identified 
as risk factors for developing pneumothorax in BHDS 
[17]. Notably, the current patient had a large number of 
pulmonary cysts in both lungs, with a maximum size of 
about 40 mm. In previous literature, no gender difference 
was found between Europeans and Americans. However, 
our literature analysis revealed that East Asians and Euro-
peans and Americans with the same variant tend to have 
different clinical manifestations [5]. In studies in which 
this variant has been reported, patients typically had a 

familial history of pneumothorax and were all female. 
Lung cysts in patients with BHDS are mostly caused by 
loss-of-function FLCN variants. At present, there seems 
to be no special treatment for BHDS-related cystic lung 
disease. Lung involvement is limited to the prevention 
and treatment of pneumothorax. According to the previ-
ous literature, pleurodesis is recommended after the first 
attack of spontaneous pneumothorax [20]. There is cur-
rently no evidence of a clear association between renal 
cysts and renal malignancies. Because BHDS is highly 
likely associated with renal malignancy which is an indi-
cator of poor prognosis, we recommend annual renal 
imaging in carriers. Skin involvement is common in Cau-
casians but less common in Asians [1, 17, 21], with fibro-
folliculoma a characteristic lesion. The proband and his 
younger brother exhibited the typical rash. Surgical rash 
excision is performed only when necessary due to the low 
probability of transformation to a malignant lesion.

In conclusion, we report a patient with DCLD who 
was finally diagnosed with BHDS complicated with SS. 
According to the previous diagnostic process, when 
patients with diffuse pulmonary cystic lesions are 
encountered, based on general conditions and compre-
hensive auxiliary inspection, a relatively accurate diagno-
sis can be obtained. However, we propose that multiple 
causes of DCLD may be present the same patient and 
cause similar manifestations. Therefore, when all the 
symptoms or manifestations of the patient cannot be 
explained using a “monistic” diagnostic theory, a “dual-
istic” theory may be warranted. Multiple factors and 
diseases may cause lung cystic lesions, all with different 
treatments and prognoses. However, additional clini-
cal data is needed. We compared our patient with those 
with BHDS caused by the same variant or DCLD com-
bined with simple SS. We describe clinical manifestations 
derived from the overlap of both diseases for the first 
time to help guide the future diagnosis and treatment of 
DCLD.
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