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Pulmonary alveolar proteinosis (PAP) is characterized by the accumulation of periodic acid-schiff stain-
positive lipoproteinaceous materials in the alveolar space due to impaired surfactant clearance by alveolar
macrophage. Autoimmune PAP is the most common form of PAP, but rarely accompanies collagen disease
or sarcoidosis. We report here a rare case of autoimmune PAP preceded by systemic sclerosis and
sarcoidosis. A 64-year-old woman was admitted to our hospital for blurred vision, muscle weakness of
extremities, Raynaud’s phenomenon, and exertional dyspnea. We diagnosed her as having systemic
sclerosis complicated with sarcoidosis. Chest computed tomography (CT) and transbronchial lung biopsy
showed the findings of pulmonary fibrosis without PAP. We treated her with corticosteroid and intravenous
cyclophosphamide therapy, followed by tacrolimus therapy. Thereafter, her symptoms improved except for
exertional dyspnea, and she began to complain of productive cough thirteen months after corticosteroid
and immunosuppressant therapy. On the second admission, a chest CT scan detected the emergence of
crazy-paving pattern in bilateral upper lobes. Bronchoalveolar lavage (BAL) fluid with milky appearance
and a lung biopsy specimen revealed acellular periodic acid-schiff stain-positive bodies. The serum titer of
anti-granulocyte macrophage colony stimulating factor (GM-CSF) antibodies was elevated on first
admission and remained high on second admission. We thus diagnosed her as having autoimmune PAP.
Reducing the dose of immunosuppressive agents and repeating the segmental BAL resulted in the
improvement of her symptoms and radiological findings. Immunosuppressant therapy may trigger the
onset of autoimmune PAP in a subset of patients with systemic sclerosis and/or sarcoidosis.
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Introduction

Pulmonary alveolar proteinosis (PAP) is a rare disease
that is characterized by the accumulation of periodic acid-
schiff (PAS) stain-positive lipoproteinaceous materials in
the alveolar space due to impaired surfactant clearance by
alveolar macrophage (Trapnell et al. 2003). PAP occurs in
three clinically distinct forms: congenital, autoimmune, and
secondary PAP. Autoimmune PAP is the most common
form of PAP, which consists of approximately 90% of PAP
(Trapnell et al. 2003). The anti-granulocyte macrophage
colony stimulating factor (GM-CSF) antibodies are specifi-
cally detected in serum and bronchoalveolar lavage (BAL)
from patients with autoimmune PAP (Kitamura et al. 1999,
2000). The autoantibodies neutralize the biological activity
of GM-CSF and impair the clearance of pulmonary surfac-
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tant by macrophages, leading to the accumulation of surfac-
tant proteins and cellular debris in the alveolar space and
disruption of gas exchange (Kitamura et al. 1999; Uchida et
al. 2004). Autoimmune PAP is a rare disease with the mor-
bidity of 0.5 per 100,000 (Inoue et al. 2006). The preva-
lence rate of autoimmune disease in autoimmune PAP is
reported to be 1.4-1.6% in the large cohort study (Seymour
and Presneill 2002; Inoue et al. 2008). Details were
reported in three cases of autoimmune PAP associated with
collagen disease (Nagasawa et al. 2013; Kinehara et al.
2014; Imura et al. 2016) in the literature. There is only one
case report of autoimmune PAP associated with sarcoidosis
(Boerner et al. 2016). Herein, we reported a rare case of
autoimmune PAP associated with systemic sclerosis and
sarcoidosis. The serum level of anti-GM-CSF antibodies
had been elevated two years before the onset of autoim-
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mune PAP. Immunosuppressant therapy would trigger the
development of autoimmune PAP in a patient with co-
existed systemic sclerosis and sarcoidosis. The reduction
of immunosuppressant therapy and repeated segmental
BAL resulted in the remission.

Case Report

In January 2014, a 64-year-old woman was admitted
to our hospital for blurred vision, muscle weakness of
extremities, Raynaud’s phenomenon, and exertional dys-
pnea continuing since December 2012. She had a past
medical history of reflux esophagitis. Her temperature was
36.7°C, pulse rate 84 beats/min, respiratory rate 22 breaths/
min, and SpO, 96% at room air. An ophthalmologist diag-
nosed her as having bilateral uveitis which was suggestive
of ocular sarcoidosis. We could observe sclerodermatous
changes on facial and hand skin, and telangiectasia on buc-
cal region of face and finger pads. Manual muscle testing
(MMT) of proximal muscles of bilateral extremities was
decreased to 4/5 in bilateral deltoid muscles and in both
quadriceps muscles, and to 3/5 in both adductors muscles.
Fine crackles were also heard in bilateral lower fields. The
serum level of aspartate aminotransferase (AST), alanine
aminotransferase (ALT), creatine phosphokinase (CPK),
and aldolase were elevated to 70 IU/L, 33 IU/L, 763 IU/L,
and 10.3 IU/L, respectively. The serum level of angiotensin
converting enzyme (ACE) was within normal range (17 1U/
mL/37°C). The serum lysozyme and soluble interleukin-2
receptor (sIL-2R) were elevated to 19.5 ug/mL and 1,233
IU/L, respectively. The serum levels of antinuclear anti-

bodies (ANA) and anti-RNA polymerase III antibodies
(ARA) were elevated to x 640 and x 714, respectively. The
serum level of CEA was within normal range (1.4 ng/mL).
The serum level of KL-6 was elevated to 7,353 U/mL (cut
off value < 500 U/mL, Fig. 1). Bronchoalveolar lavage
(BAL) against the right B revealed increased percentage
of lymphocytes (41.5%) and CD4/CD8 ratio of 7.2. The
appearance of bronchoalveolar lavage fluid (BALF) was
normal. An arterial blood gas analysis showed a normal
value of PaO, (81 torr at room air). Pulmonary functional
test (PFT) showed a decrease of %DLco to 49.6%. Within
normal range were %VC and %FEV1: 88.2% and 79.5%,
respectively. A computed tomography (CT) scan showed
esophageal dilation, bilateral hilar and mediastinal lymph-
adenopathy, and reticular opacity in the bilateral lower
lobes (Fig. 2a-c). Gallium-67 (“’Ga) scintigraphy detected
abnormal “’Ga accumulation in bilateral hilar and mediasti-
nal lymph nodes, liver, and bilateral upper arms (Fig. 3).
Biopsy specimens of mediastinal lymph nodes, the muscle
of the left upper arm, and the liver showed non-caseating
epithelioid cell granulomas consistent with sarcoidosis (Fig.
4a-c). Trans-bronchial lung biopsy specimens of right
upper and lower lobes revealed thickening of alveolar inter-
stittum with inflammatory cells infiltration without non-
caseating epithelioid cell granulomas (Fig. 4d). The PAS-
positive lipoproteinaceous material was not observed in the
alveolar space. The biopsy specimen of the left finger skin
showed increased amounts of collagen fiber in the dermis
and atrophy of sweat glands, which were consistent with
scleroderma (data not shown). The patient met the 2013
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Fig. 2. Chest computed tomography (CT) findings.

A chest CT image on first admission detected esophageal dilation (a) (arrow), bilateral hilar and mediastinal lymphade-
nopathy (a) (arrow head), and reticular shadow, which is predominant in bilateral lower lobes (b) compared with bilater-
al upper lobes (c). After the steroid and immunosuppressant therapy, CT scan showed improvement of bilateral hilar
and mediastinal lymphadenopathy (arrow head); however, esophageal dilation was not improved (d) (arrow). (e) A
chest CT image on second admission revealed the emergence of crazy-paving appearance in the bilateral upper lobes.
(f) A chest CT image, one month after treatment, showed improvement of the crazy-paving appearance.

Classification Criteria for Systemic Sclerosis (American
College of Rheumatology/ European league against rheu-
matism collaborative initiative) (van den Hoogen et al.
2013): sclerodermatous change of skin, telangiectasia,
Raynaud’s phenomenon, and elevated serum level of ARA;
total 12 points/over 9 points. She also met the criteria of
sarcoidosis described in the statement on sarcoidosis by
ATS, American Thoracic Society, ERS, the European
Respiratory Society and WASOG, the World Association of
Sarcoidosis and Other Granulomatous Disorders (1999):
compatible clinical picture, histologic demonstration of
non-caseating granulomas, and exclusion of other diseases
capable of producing similar histologic or clinical picture.

Therefore, we diagnosed her as having both sarcoidosis and
systemic sclerosis. We started the oral prednisolone (PSL)
therapy with the dose of 25 mg/day and intravenous cyclo-
phosphamide (IVCY) with 500 mg/4 weeks from February
2014. Her symptoms gradually improved including blurred
vision, muscle weakness, and Raynaud’s phenomenon,
whereas exertional dyspnea was not improved. The abnor-
mal CT findings were also improved, except for esophageal
dilation (Fig. 2d) and interstitial pneumonia in the bilateral
lower lobes. We gradually tapered the dose of PSL by 5
mg/day every four weeks and administered six courses of
IVCY. The dose of PSL was maintained with 7.5 mg/day,
and tacrolimus with the dose of 3 mg/day was started after
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Fig. 3. Gallium-67 scintigraphy findings.
Gallium-67 (’Ga) scintigraphy on first admission detect-
ed abnormal “’Ga accumulation in bilateral hilar and me-
diastinal lymph nodes, liver, and bilateral upper arms (ar-
row head).

IVCY. Her symptoms were stable for a while; however,
exertional dyspnea worsened and she began to complain of
productive cough in March 2015.

She was admitted to our hospital again for close exam-
ination. Her temperature was 36.7°C, pulse rate 112 beats/
min, respiratory rate 20 breaths/min, and SpO, 93% at room
air. MMT was almost normal. The sclerodermatous
changes of the skin were observed. Raynaud’s phenome-
non and telangiectasia had disappeared. Fine crackles were
also heard in bilateral lower fields. Serum levels of AST,
ALT, and CPK were normal: 30 IU/L, 14 IU/L, and 53 IU/
L, respectively. The serum level of KL-6 was elevated to
11,309 U/mL (Fig. 1). The serum level of ANA was ele-
vated to x160. The other specific auto-antibodies were not
elevated. Serum levels of ACE, sIL-2R, and lysozyme
were within normal range. The serum level of CEA was
elevated to 6.6 ng/mL. Blood tests for infectious disease
were all negative, including serum f-D-glucan, Aspergillus-
galactomannan antigen, Cryptococcus-antigen, Mycobacterium
avium-complex-glycopeptidolipid antibodies, and inter-
feron-gamma release assays. The arterial blood gas analy-
sis detected the decrease of PaO, to 48 torr at room air.
PFT revealed the decrease of %VC and %DLco to 72.8%
and 25.0%, respectively. %FEV1 was within normal range
(70.5%). A chest CT scan detected a newly-emerged crazy-
paving appearance in the bilateral upper and middle lobes
(Fig. 2e) and a small nodule with the diameter of 12 mm in
the left S°. The appearance of BALF from the left B® was
milky. A microscopic examination of BALF revealed large

and foamy macrophages and acellular PAS stain-positive
bodies in a diffuse background of granular material (Fig.
4e). A cytological examination of the BALF did not detect
any malignant cells, bacteria, or fungi. A cultivation test of
the BALF also did not detect any bacteria or fungi. The
titer of anti-GM-CSF antibodies measured by ELISA
method (Schoch et al. 2002; Uchida et al. 2007) was 10.8
ug/mL (cut off value < 1.0 ug/mL, Fig. 1). Retrospective
measurement of serum anti-GM-CSF antibodies, using
stocked serum, showed the elevated level of 35.1ug/mL on
first admission (Fig. 1). We thus diagnosed her as also hav-
ing autoimmune PAP according to the following diagnostic
criteria: cytological analysis of BALF or pulmonary histo-
pathological findings, chest CT findings, and elevation of
serum anti-GM-CSF antibodies levels (> 1.0 ug/mL)
(Kitamura et al. 2000; Uchida et al. 2014). Six months
after the diagnosis of autoimmune PAP, we administered
the wedge resection of the left lower lobe for the enlarge-
ment of a small nodule with the diameter of 17 mm in the
left S°, which was first detected by a chest CT scan on sec-
ond admission. Pathological findings demonstrated the
small nodules as adenocarcinoma. Acellular PAS stain-
positive bodies were observed within alveolar spaces,
which is consistent with PAP (Fig. 4f).

We tapered the dose of oral PSL to 5 mg/day and
stopped the administration of tacrolimus. We repeated seg-
mental BAL (using 500 mL/time of saline, every 3 day-1.5
week) for five courses against the right upper lobe, middle
lobe, left superior segment, left lingular segment, and right
S, because the patient refused to receive a whole lung
lavage (WLL) under general anesthesia. Her productive
cough and exertional dyspnea improved gradually. A chest
CT scan showed the improvement of the crazy-paving
appearance (Fig. 2f). The serum level of KL-6 decreased to
5,436 U/mL (Fig. 1). The arterial blood gas analysis
detected the improvement of PaO, to 66 torr at room air.
PFT showed improvement of %DLco to 45.2%. The %VC
and %FEV1 did not change: 75.2% and 69.7%, respec-
tively.

Discussion

Autoimmune PAP rarely accompanies collagen disease
or sarcoidosis (Seymour and Presneill 2002; Inoue et al.
2008). However, similar to our case, two patients with col-
lagen disease developed autoimmune PAP during the
immunosuppressant therapy (Nagasawa et al. 2013; Imura
et al. 2016). On the other hand, two patients developed
autoimmune PAP without immunosuppressant therapy, fol-
lowed by collagen disease or sarcoidosis (Kinehara et al.
2014; Boerner et al. 2016). These results suggest that
immunosuppressant therapy could trigger the development
of autoimmune PAP in a subset of patients with collagen
disease.

Measurement of serum anti-GM-CSF antibodies is
used for the diagnosis of autoimmune PAP (Kitamura et al.
2000; Uchida et al. 2014). Serum KL-6 could be the useful
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Fig. 4. Pathological findings.

(a) An endobronchial needle aspiration biopsy specimen of the mediastinal lymph node showed non-caseating epitheli-
oid cell granulomas (hematoxylin and eosin stain, x 200, arrow). (b) A biopsy specimen of the left upper arm muscle
showed non-caseating epithelioid cell granulomas (hematoxylin and eosin stain, x 200, arrow). (c) A percutaneous liver
biopsy specimen showed non-caseating epithelioid cell granulomas (hematoxylin and eosin stain, x 400). (d) A trans-
bronchial lung biopsy specimen of the right lung showed alveolar interstitium thickening with inflammatory cells infil-
tration without non-caseating epithelioid cell granulomas on first admission (hematoxylin and eosin stain, x 400).
(e) Periodic acid-schiff (PAS) stain of bronchoalveolar lavage fluid cells on second admission revealed large and foamy
alveolar macrophages (arrow head) and acellular PAS stain-positive bodies (arrow) in diffuse background of granular
material (PAS stain, x 400). (f) A wedge resection specimen of the left lung S’, six months after diagnosis of autoim-
mune pulmonary alveolar proteinosis, also revealed acellular PAS stain-positive bodies within alveolar spaces (PAS

stain, x 400, arrow).

marker for not only the disease activity of pulmonary fibro-
sis (Kohno et al. 1989), but also for the monitoring of auto-
immune PAP (Inoue et al. 2006; Lin et al. 2008; Bonella et
al. 2013). In our case, at the time of the diagnosis of sar-
coidosis and systemic sclerosis, the chest CT scan, BAL,
and trans-bronchial lung biopsy could not show the exis-
tence of autoimmune PAP; however, serum KL-6 and anti-
GM-CSF antibodies levels were already highly elevated.

After the immunosuppressant therapy, the serum KL-6 level
was further elevated and serum anti-GM-CSF antibodies
decreased but remained still high. The chest CT, BAL, and
the surgical lung specimen demonstrated the existence of
autoimmune PAP. Autoimmune PAP might be in the poten-
tial state to develop at the time of diagnosis of sarcoidosis
and systemic sclerosis, and immunosuppressant therapy
could trigger the onset of autoimmune PAP. Nara et al.
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(2006) reported a spontaneously remitted case of autoim-
mune PAP whose serum KL-6 level normalized, whereas
serum anti-GM-SCF antibody levels remained high after
remission. These results would suggest that the serum anti-
GM-SCF antibody is a useful marker for the diagnosis, but
not for follow-up of the clinical course; on the other hand,
serum KL-6 is an excellent disease activity marker to moni-
tor disease activity of autoimmune PAP. Moreover, serum
anti-GM-CSF antibodies should be measured in the case of
collagen disease with a very high level of serum KL-6 to
exclude the possibility of development of autoimmune PAP
during the treatment of steroid or immunosuppressant ther-
apy.

Secondary PAP is caused by macrophage dysfunction
due to relative deficiency of GM-CSF that occurs as a con-
sequence of hematological disorders, inhalation injuries,
infection, autoimmune diseases, or pharmacologic immuno-
suppression (Carey and Trapnell 2010). If we did not mea-
sure the concentration of serum anti-GM-CSF antibodies,
we might diagnose this patient as having secondary PAP,
because of the underlying autoimmune disease and usage of
immunosuppressant therapy. One of the clinical differences
between autoimmune PAP and secondary PAP is a higher
frequency of the crazy-paving appearance in chest CT in
autoimmune PAP (Ishii et al. 2009). As well as in our case,
the finding of the crazy-paving appearance in chest CT
might be a clue to measure serum anti-GM-CSF antibodies
to distinguish autoimmune PAP from secondary PAP.

The mechanism of how the collagen disease or sar-
coidosis co-exists with autoimmune PAP is unknown. The
serum autoantibodies against GM-CSF are normally present
in healthy people at low levels, and more than 99% of the
GM-CSF were bound and neutralized by the GM-CSF auto-
antibodies (Uchida et al. 2009). In patients with autoim-
mune PAP, the levels of serum anti-GM-CSF antibodies
increase beyond the critical threshold (Carey and Trapnell
2010). Plasma GM-CSF levels were elevated from patients
with localized scleroderma (Torok et al. 2015). GM-CSF
production by alveolar macrophage in sarcoidosis patients
was significantly increased compared with controls
(Oltmanns et al. 2003). In our case, the co-existence of
systemic sclerosis and sarcoidosis could increase the pro-
duction of GM-CSF, and then anti-GM-CSF antibodies
level might be elevated to neutralize increased GM-CSF.
Immunosuppressant therapy decreased the serum anti-GM-
CSF antibodies level; however, the level was still high at
the onset of autoimmune PAP. Immunosuppressant therapy
also might decrease GM-CSF further than the decrease of
anti-GM-CSF antibodies. The imbalance between GM-CSF
and anti-GM-CSF antibodies might result in the develop-
ment of autoimmune PAP.

The therapeutic strategy for autoimmune PAP still is
not established. WLL is the traditional therapy for PAP
(Campo et al. 2016). According to the pathogenesis of
autoimmune PAP, we have other therapeutic options: inha-
lation or subcutaneous administration of GM-CSF (Tazawa

et al. 2010; Khan et al. 2012), Rituximab (Borie et al.
2009), and plasmapheresis (Luisetti et al. 2009). Further-
more, the therapeutic strategy against autoimmune PAP
associated with collagen disease or sarcoidosis is not totally
established. One case of autoimmune PAP associated with
systemic lupus erythematosus was successfully treated with
a combination of Rituximab, WLL, and the reduction of
immunosuppressant therapy (Nagasawa et al. 2013). The
other case of autoimmune PAP, followed by dermatomyosi-
tis, was successfully remitted only by the reduction of corti-
costeroid therapy (Imura et al. 2016). Our case could be
successfully treated with a combination of immunosuppres-
sant therapy reduction and repeated segmental BAL.
Immunosuppressant therapy could be the exacerbation fac-
tor in patients with autoimmune PAP (Akasaka et al. 2015).
Reducing the dose of immunosuppressant therapy would be
the first choice for the treatment of autoimmune PAP asso-
ciated with collagen disease to restore phagocytic activity
of alveolar macrophage and GM-CSF production from
GM-CSF-producing cells. The second choice would be the
alveolar lavage (WLL or repeated segmental BAL) or
immunomodulating therapy (subcutancous GM-CSF, inha-
lation of GM-CSF, Rituximab, or plasmapheresis). Further
experiences of cases are needed to understand the patho-
genesis and establish a therapeutic strategy from patients
with autoimmune PAP associated with collagen disease or
sarcoidosis.
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