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Pulmonary alveolar proteinosis
R. Borie*,#, C. Danel", M-P. Debray+, C. Taille*,#,1, M-C. Dombret*,#, M. Aubier*,#,1,
R. Epaude,** and B. Crestani*,#,1

ABSTRACT: Pulmonary alveolar proteinosis (PAP) is a rare pulmonary disease characterised by

alveolar accumulation of surfactant. It may result from mutations in surfactant proteins or

granulocyte macrophage-colony stimulating factor (GM-CSF) receptor genes, it may be

secondary to toxic inhalation or haematological disorders, or it may be auto-immune, with anti-

GM-CSF antibodies blocking activation of alveolar macrophages. Auto-immune alveolar

proteinosis is the most frequent form of PAP, representing 90% of cases. Although not specific,

high-resolution computed tomography shows a characteristic ‘‘crazy paving’’ pattern. In most

cases, bronchoalveolar lavage findings establish the diagnosis. Whole lung lavage is the most

effective therapy, especially for auto-immune disease. Novel therapies targeting alveolar

macrophages (recombinant GM-CSF therapy) or anti-GM-CSF antibodies (rituximab and

plasmapheresis) are being investigated. Our knowledge of the pathophysiology of PAP has

improved in the past 20 yrs, but therapy for PAP still needs improvement.

KEYWORDS: Granulocyte macrophage-colony stimulating factor, macrophage, pulmonary
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P
ulmonary alveolar proteinosis (PAP) is
a rare disease characterised by alveolar
accumulation of surfactant composed of

proteins and lipids due to defective surfactant
clearance by alveolar macrophages. Diagnosis of
PAP is initiated by computed tomography (CT)
scan and confirmed by staining of broncho-
alveolar lavage fluid (BALF). Diagnosis of PAP
rarely requires lung biopsy. Three main cate-
gories of PAP have been defined depending on
the aetiology: auto-immune (previously named
primary or idiopathic), secondary and genetic.
Genetic PAP is seen especially in children,
and radio-clinical presentation depends on the
mutated gene. Adult forms are mostly auto-
immune (with anti-granulocyte macrophage-
colony stimulating factor (GM-CSF) antibodies)
and/or secondary to toxic inhalation or haemato-
logical disorders, without anti-GM-CSF antibodies.

This review summarises our knowledge of the cur-
rent pathophysiology of PAP and its three forms.

PATHOPHYSIOLOGY

Surfactant
Surfactant consists of a mixture of proteins and
lipids (mostly phosphatidylcholine) secreted by
type II pneumocytes. The four main surfactant
proteins are SP-A, -B, -C and -D and the
corresponding genes SFTPA, B, C and D [1].

Surfactant is cleared by type II pneumocytes and
alveolar macrophages. Surfactant decreases alveo-
lar surface tension and prevents end-expiratory
alveolar collapse. Surfactant is also involved in
the alveolar anti-infectious defence. Mutations
of surfactant protein genes are responsible for
quantitative and qualitative alterations of secreted
surfactant, thus leading to ineffective surfactant
and abnormal clearance. Non-secreted proteins
accumulate in type II pneumocytes and are toxic
to the cell. Cellular lesions may be involved in the
pathophysiology of interstitial pneumonia [2].

Abnormalities of surfactant clearance
GM-CSF is a key cytokine in PAP pathophy-
siology. In vitro, GM-CSF, a growth factor for
granulocytes and monocytes, stimulates differ-
entiation, proliferation and survival of myeloid
cells: monocytes, neutrophils and dendritic cells
[3, 4]. GM-CSF knockout (KO) mice show isolated
lung lesions reminiscent of PAP seen in humans
[4], probably secondary to defective clearance of
surfactant by alveolar macrophages. PU.1 is the
key transcription factor controlling the expres-
sion of GM-CSF in mouse alveolar macrophages.
PU.1 KO mice exhibit PAP, and re-expression of
PU.1 prevents the development of PAP [5, 6].

The human receptor of GM-CSF (CSFR) has two
subunits, a and b. The mutations of CSF2RA and
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CSF2RB, the coding genes of the a and b subunits, prevent
GM-CSF signalling and induce PAP with intra-alveolar
surfactant accumulation without interstitial infiltration. In
these patients, alveolar and serum concentrations of GM-CSF
are elevated and anti-GM-CSF antibodies are absent [7, 8]. In
PAP secondary to haematological disorders, alveolar macro-
phages are thought to be quantitatively or functionally unable
to clear the surfactant. A transient defect of expression of the
GM-CSF receptor on macrophages has been described in three
patients with PAP secondary to acute myeloid leukaemia, with
those macrophages being hyporeactive after stimulation with
GM-CSF or interleukin (IL)-3 [9]. After therapy for leukaemia,
the receptor expression returned to normal [9].

Auto-immune PAP specifically shows a high concentration of
neutralising anti-GM-CSF immunoglobulin (Ig)G antibodies
[10, 11]. Anti-GM-CSF antibodies bind GM-CSF with high
affinity, thus blocking its activity [12]. Because of reduced or
absent GM-CSF stimulation, alveolar macrophages are unable
to clear the surfactant and are also less efficient for anti-
infectious defence [13, 14]. Furthermore, neutrophils and
lymphocytes are functionally modified, which explains some
of the opportunistic infections occurring during PAP [15].
Anti-GM-CSF antibodies are thought to be pathogenic as, in
vitro, anti-GM-CSF antibodies reproduce on myeloid cells from
healthy subjects, abnormalities seen on myeloid cells of PAP
patients [12], and, in vivo, perfusion of human anti-GM-CSF
antibodies in a non-human primate induced PAP indistin-
guishable from human PAP, with diminished mRNA expres-
sion of PU-1 and peroxisome proliferator-activated receptor-c,
as well as blood neutrophil dysfunction [16]. Renaming
idiopathic PAP to auto-immune PAP has been suggested.

AUTO-IMMUNE PAP
Epidemiology
Auto-immune PAP represents ,90% of all PAP cases [17, 18]. The
prevalence varies among countries, from four to 40 cases per
million, and the incidence is estimated at almost 0.2 cases per
million. Three main studies are available to evaluate the
epidemiology and evolution of the disease. In 2001, in an
exhaustive review of the literature, SEYMOUR and PRESNEILL [13]
found descriptions of 410 patients. In France, a 2002 GERMOP
retrospective study described 41 patients [19]. Finally, a report of
a large cohort of 248 Japanese patients was published in 2008 [18].
Although PAP is auto-immune in 90% of cases, auto-immune
PAP is rarely associated with another auto-immune disease.
Indeed in the study by SEYMOUR and PRESNEILL [13], only seven
(1.7%) out of 410 patients had another auto-immune disease.

In Japan, PAP is distributed equally among the regions, with a
2:1 ratio of males to females. The mean age of patients is 51 yrs,
but PAP may occur from newborns to 72 yr olds [19]. About
half of the patients (56%) are smokers, and 85% of the male
patients are smokers, which may explain the 2:1 sex ratio.
Indeed, the sex ratio is 1:1 in nonsmoker patients [13, 18].

Clinical presentation
Symptoms are not specific, and almost one-third of patients are
asymptomatic [18]. Dyspnoea is present in 39% of cases and
cough, productive or not, in 21% [18, 19]. Chest pain, loss of
weight, fatigue and fever are rare. Haemoptysis is rare, of mild
volume and should suggest pulmonary infection [19].

Clinical examination results are often normal. Cyanosis or
digital clubbing may be present in up to 30% of cases, and
auscultation may reveal crackles [19]. Older patients could
present the most severe form of PAP.

Complementary examinations

Chest radiography

Chest radiography reveals symmetric, bilateral alveolar opa-
cities, without air bronchogram (fig. 1), showing a peri-hilar
and basal distribution. Opacities are more rarely asymmetric or
with an apical predominance. The pattern resembles acute
pulmonary oedema; however, cardiomegaly and pleural effu-
sion are absent [17, 19]. The level of opacities and symptoms
are often discrepant [13]. In less severe forms opacities might
appear as ground-glass opacities.

Chest CT scan

A chest CT scan is a major tool in the diagnosis of PAP. Indeed,
the pattern observed is highly suggestive of the disease,
although not pathognomonic, and should prompt the specific
evaluation of BALF. Major abnormalities are ground-glass
opacities, septal reticulations and parenchymal consolidation
(fig. 2). Reticulations are frequently superimposed on ground-
glass opacities, thus forming a ‘‘crazy paving’’ pattern
characteristic of PAP. Opacities have a typically geographic
distribution, with juxtaposition of healthy and sick zones. The
zonal distribution is usually not specific; however, lower zone
predominance might be present in 22% of cases [20]. Large
focal parenchymal consolidation is rare and should lead to the
search for an opportunistic infection [20]. Mediastinal adeno-
pathy and pulmonary nodules are absent [20].

Correlation of histology and radiology findings reveals that
ground-glass opacities correspond to a lipoproteinaceous

FIGURE 1. Chest radiograph of a patient with auto-immune pulmonary

alveolar proteinosis showing diffuse alveolar opacities with a peri-hilar and basal

distribution.
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alveolar accumulation. Correlations with reticulation are less
unequivocal and could correspond to interstitial disease
(lipoproteinaceous interstitial accumulation, inflammation or
oedema) or lipoproteinaceous alveolar accumulation on the
edges of the lobules [21].

A crazy paving pattern is suggestive of, but not specific, to
PAP. A crazy paving pattern might be associated with lesional
or cardiogenic pulmonary oedema, alveolar haemorrhage,
pulmonary infection (mycoplasma, pneumocystis), exogenous
lipoid pneumonia or bronchioloalveolar carcinoma [21].

The extent of opacities seen on CT scan seems to be associated
with impaired pulmonary function on testing (fig. 2) [22].

BALF

BALF staining is required for the diagnosis of PAP [23]. When
performed in a diseased lung area, BALF typically has a milky
appearance (fig. 3) but might appear abnormal or normal if
performed in a healthy zone with a weak amount of
lipoproteinaceous material.

Cytological examination and periodic acid-Schiff (PAS) stain-
ing are mandatory for diagnosis. In one study, BAL cellularity
was increased (330,000 cells?mL-1) with increased proportion
of lymphocytes (mean 57%) [24]. Careful examination reveals
large, foamy macrophages containing eosinophilic granules,
with extracellular globular hyaline material found homo-
geneously positive on PAS and negative on Alcian blue
staining (fig. 4).

If performed, ultrastructural analysis of BALF reveals numer-
ous lamellar bodies with a structural resemblance to myelin
(fig. 5) [13].

Anti-GM-CSF antibodies

Anti-GM-CSF antibodies are specific to auto-immune PAP.
Two methods of dosages are available, an ELISA (the gold
standard) and a functional assay which uses the capacity of
serum containing anti-GM-CSF antibodies to inhibit the
proliferation of the TF1 cell line, a cell line very sensitive
to GM-CSF activity [16]. Anti-GM-CSF antibodies may be
detected at low concentration in healthy subjects and could
participate in the regulation of myeloid cells [25]. Anti-GM-
CSF antibodies of IgG, IgA or IgM isotypes have been detected
in sera from patients with acute myeloid leukaemia, with their
concentration being associated with disease activity [26]. A
concentration .19 mg?mL-1 is specific to auto-immune PAP,
and a concentration ,10 mg?mL-1 has a good negative pre-
dictive value [27].

Other biological examinations

Results of routine biological tests are normal. Increased serum
lactate dehydrogenase (LDH) may be elevated in half of the

a)

a)b)

FIGURE 2. Chest computed tomography scan of a patient with auto-immune

pulmonary alveolar proteinosis. Reticulations are superimposed on ground-glass

opacities forming a ‘‘crazy paving’’ pattern with a geographic distribution: juxtaposition

of healthy and sick zones. a) A horizontal section and b) a coronal section.

a) b)

FIGURE 3. Bronchoalveolar lavage fluid with a milky appearance in a) normal

saline compared to b) pulmonary alveolar proteinosis.
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cases and then between two and three times the normal range
in half of the cases. The serum levels of carcinoembryonic
antigen and KL-6 could be higher than those for other diffuse
interstitial pneumonia and could be associated with disease
severity [18]. However, these markers are not useful for
diagnosis and do not help in the therapeutic decision.

The serum levels of the surfactant proteins SP-A, -B and -D are
increased and could be associated with disease severity [18].
However, levels of SP-A and -B do not change with therapy
[28]. In contrast, the level of SP-D in nonhuman primates was
helpful in screening PAP development after injection of anti-
GM-CSF antibodies. Determining the level of SP-D could help
monitor human disease [16].

Pulmonary function tests and exercise capacity

Pulmonary function and exercise capacity tests are important
for therapeutic decisions. Spirometry frequently shows a
restrictive pattern but may give normal results in 10–30% of
cases. Smoking patients may show an obstructive pattern. The
most constant and significant modifications are hypoxaemia
and reduced diffusing capacity of the lung for carbon
monoxide (DL,CO) (40–50%) with increased alveolar–arterial
gradient [17, 19]. Therapy may be introduced in patients with
desaturation results on the 6-min walking test.

Open lung biopsy

Special attention to BALF, associated with clinical and CT-scan
typical presentation, is often sufficient for diagnosis and open-
lung biopsy is not necessary for diagnosis [17]. Transbronchial
biopsy may be helpful. In the Japanese cohort of 203 auto-
immune PAP, open-lung biopsy was performed for diagnosis
in 8% of cases and transbronchial biopsy in 42% of cases [18].

Prognosis and evolution
From spontaneous remission to death, disease evolution is
unpredictable. Indeed, among the 39 asymptomatic, untreated
patients from the Japanese cohort (17%), 11 (28%) showed

spontaneous improvement, three (7%) had worsened disease
and symptoms, and 25 (64%) had stable disease. In the French
cohort of 41 patients, 10 out of the 15 untreated patients
showed spontaneous improvement [18, 19]. However, among
11 patients with spontaneous improvement in the pre-
inclusion phase of a therapeutic trial, nine patients secondarily
worsened [29]. Since the wide use of therapeutic lavage, 5-yr
survival with auto-immune PAP is almost 95% [18].

Approximately 5% of patients with auto-immune PAP, mostly
untreated patients, may present with opportunistic infec-
tions. Pulmonary infection with Aspergillus, mycobacteria and
Nocardia has been reported. Furthermore, pulmonary fibrosis
secondary to PAP was reported before the description of anti-
GM-CSF antibodies and genetic PAP. Indeed fibrosis secondary
to PAP could be genetic PAP and not be associated with anti-
GM-CSF antibodies. Non-haematological cancers have been
reported, but these associations may be a coincidence [18].

Therapy
The standard of care is symptomatic whole lung lavage.
Numerous therapies targeting an enhancement of the surfac-
tant clearance have been investigated either targeting alveolar
macrophages with exogenous GM-CSF or aiming at reduc-
ing levels of anti-GM-CSF antibodies with plasmapheresis
or rituximab.

Whole lung lavage

Numerous techniques have been reported. The first method
reported in 1961 is no longer used. Saline was blindly injected
through a percutaneous transtracheal endobronchial catheter.
The fluid was re-aspirated through the catheter and evacuated

FIGURE 4. Periodic acid-Schiff (PAS) staining of bronchoalveolar lavage fluid

with pulmonary alveolar proteinosis showing extracellular globular hyaline material

homogeneously PAS positive with large, foamy macrophages containing eosino-

philic granules. Magnification 400x.

FIGURE 5. Ultrastructural analysis of bronchoalveolar lavage fluid with

pulmonary alveolar proteinosis showing numerous lamellar bodies.
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by violent coughing [30]. Classical therapeutic bronchoalveolar
lavage is performed under general anaesthesia in an operating
room or an intensive care unit. The patient is intubated with a
double-lumen endotracheal tube and fibre-optic bronchoscopy
is performed to confirm the appropriate tube placement. The
patient under curarisation is placed in the dorsal or lateral
decubitus position, with the lung being lavaged in the
uppermost position. The non-lavaged lung is mechanically
ventilated. 1 L of warmed (37uC) saline is injected in the lung.
Fluid is then collected by gravity after opening the outflow
tube. Manual or mechanical chest percussion might be per-
formed to improve drainage. The process is repeated until the
fluid becomes less opaque; 15 L of saline are generally
necessary. The patient is extubated a few hours later depend-
ing on the clinical evolution. The controlateral lung may
be lavaged 24–48 h later [19, 31]. The most frequent complica-
tions are low oxygen saturation, convulsions, pneumothorax,
pleural effusion and fever, which may reveal infection.
Retrospective data suggest that whole lung lavage could
improve survival [13]. In 85% of cases, patients show symp-
tomatic, radiographic and functional improvement after
whole lung lavage: a mean improvement in forced expiratory
volume in 1 s of 0.26 L, in vital capacity of 0.5 L, in DL,CO of
4.4 mL?mmHg-1?min-1 and in arterial oxygen tension (Pa,O2) of
20 mmHg, and a mean reduction of alveolar–arterial gradient
of 30 mmHg. One procedure is enough for half the patients,
which suggests that presence of anti-GM-CSF antibodies is not
sufficient to maintain the disease. The other half of the patients
will need to repeat the whole lung lavage, on average only
one [13].

Successful lobar lavage with fibre-optic bronchoscopy under
local anaesthesia for patients with less severe disease has been
reported [19, 32, 33].

GM-CSF supplemental therapy
GM-CSF (Sargramostim1; Bayer AG, Leverkusen, Germany)
may be inhaled or subcutaneously administered [34, 35]. In an
open, uncontrolled prospective study 25 patients received
250 mg GM-CSF subcutaneously once a day [36]. If the drug
was well tolerated, the posology could be increased to
9 mg?kg-1?day-1. After 9 months, if the treatment was well
tolerated, the dose could be increased up to 18 mg?kg-1?day-1.
12 (48%) patients showed improvement with therapy. Side-
effects were considered minor and included injection-site
oedema, erythema, malaise and shortness of breath. In the
GM-CSF responder group improvement was slower than after
whole lung lavage. Improvement of Pa,O2 could be of the same
magnitude with both therapies, with an increase of 12–
19 mmHg with whole lung lavage [37, 38] and a mean increase
of 23 mmHg with GM-CSF therapy in GM-CSF-responder
patients, and 9.7 mmHg for all GM-CSF patients [34]. Factors
associated with response to subcutaneous GM-CSF therapy
were hypereosinophilia under therapy, longer delay since
diagnosis, higher vital capacity, normal serum LDH concen-
tration and increased serum SP-B concentration [34].

GM-CSF could be more effective when inhaled. Indeed, a
retrospective study reported on 12 patients treated with
inhaled GM-CSF, 250 mg?12 h-1 in 2 mL of saline; 11 (91%)
patients showed improvement [39]. Three other patients
described in case reports showed improvement with inhaled

GM-CSF [40, 41]. Results of a Japanese prospective study
were recently published [29]. The study design involved an
induction period and a maintenance period. In the induction
period of six 2-week cycles, patients inhaled 125 mg GM-CSF
twice a day from day 1 to day 8; a new cycle began on day 14.
In the maintenance period of six 2-week cycles, patients
received 125 mg GM-CSF once a day from day 1 to day 4; a new
cycle began on day 12. Of the 35 treated patients, 24 (68%)
showed improvement, 17 in the induction period and seven
more in the maintenance period. Serum anti-GM-CSF antibody
concentrations did not change with therapy. Two patients
experienced severe adverse events that may not have been
attributable to GM-CSF due to pulmonary infection and
pulmonary tuberculosis.

GM-CSF therapy is now considered an alternative to whole
lung lavage. However, Sargramostim1 (Bayer) was withdrawn
from several national markets and may require specific
authorisation from national health authorities according to
each country. No clinical or biological marker exists to predict
response to GM-CSF and to select patients that could benefit
from GM-CSF therapy. Indeed, concentration of anti-GM-CSF
antibody and evolution under therapy do not seem to be
associated with response [13, 34, 36].

Rituximab and plasmapheresis

Immunosuppressive therapy, particularly corticosteroids, does
not seem to be effective in PAP [13] and could increase the risk
of pulmonary infection. Theoretically, plasmapheresis should
be effective to decrease the concentration of anti-GM-CSF
antibodies and improve the disease as in Goodpasture disease
[42]. Only two cases have been reported in the literature: a
decrease of anti-GM-CSF antibodies was measured in both
cases, and one patient showed a striking improvement and the
other a mild improvement [43, 44].

Rituximab, a monoclonal antibody directed against the CD20
antigen of B-lymphocytes, could ameliorate PAP by decreasing
anti-GM-CSF antibody concentration. Preliminary results of a
prospective monocentric open-label study were presented at
the 2010 American Thoracic Society meeting [45]; eight out of
the 10 treated patients showed improvement with rituximab
without modification of serum anti-GM-CSF antibody concen-
tration. BORIE et al. [46] described a patient who refused whole
lung lavage and exhibited clinical, functional and radiographic
improvement 6 months after rituximab therapy. Another
group described a patient who was resistant to whole lung
lavage but showed marked improvement with rituximab
therapy [47]. Rituximab was well tolerated in all patients.

Although the exact place of these treatments is not well
defined at present, rituximab therapy could be an alternative
for whole lung lavage resistant disease.

SECONDARY PAP
Secondary PAP includes PAP secondary to cancer and
particularly haematological diseases and secondary to toxic
inhalation.

Immune deficiency
PAP has been rarely associated with immune deficiency, includ-
ing severe combined immunodeficiency, agammaglobulinaemia
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[48] or organ transplantation [13]. A few cases of connective
tissue diseases have been reported: dermatomyositis [49],
rheumatoid arthritis [50] and Behcet’s disease [51, 52]. One
study suggested that pulmonary pneumocystosis secondary
to HIV infection could induce PAP [53]. However, this
association has not been reported again. Most patients seem
to improve with whole lung lavage.

Cancer
The association of PAP and haematological disorders is well
established, mostly myelodysplastic syndromes and acute
myeloid leukaemia [52]. PAP could explain up to 10% of
pulmonary manifestations during these diseases [54]. Less
frequently, PAP has been associated with acute lymphoid
leukaemia [55], lymphoma [56] and myeloma [57]. In haema-
tological diseases, alveolar macrophages could be numerically
or functionally unable to clear the surfactant.

PAP is generally diagnosed during the evolution of haemato-
logical disease and may occur in the absence of detectable
tumour after bone marrow transplantation [58]. The diagnosis
of PAP and haematological disease may occur simultaneously;
in that case, the diagnosis of the haematological disease is
generally easy [52, 59].

The classical presentation is respiratory insufficiency with
fever in 24% of the cases, particularly in patients with
prolonged neutropenia secondary to chemotherapy [54].
Chest radiographs shows diffuse interstitial opacities [54].
Chest CT scans may show the typical crazy paving pattern. CT
scans may also be less suggestive by showing ground-glass
opacities mainly in the lower zone without subpleural sparing
or consolidations (fig. 6) [56, 60]. Fibre-optic bronchoscopy is
diagnostic. Interestingly, BALF analysis may reveal PAP and
an associated opportunistic infection. Pulmonary infection
with Nocardia, Pneumocystis, Acinetobacter, Aspergillus, Clados-
porium, or Mycobacerium tuberculosis or non-tuberculosis myco-
bacteria have been associated with PAP [56, 61]. Positive PAS
staining of intra- and extracellular material is sufficient for the
diagnosis of PAP and may negate a lung biopsy or autopsy [54,
62]. Indeed, in numerous case reports a diagnosis of PAP is
obtained only by autopsy [57].

The prognosis is poor and the median time of survival is
16 months. In a Japanese study the causes of death were
haematological disease (33%), infection (25%), respiratory
insufficiency (25%) and unspecified bleeding (13%). No re-
ported series has specifically evaluated haematological thera-
pies and whole lung lavage. Only two out of the 14 patients
who benefited from whole lung lavage showed improvement.
Four patients showed improvement after transplantation
(allogenic bone marrow n53, lung n51) [6, 63].

Haematological therapy alone, chemotherapy and/or bone-
marrow transplantation can cure PAP, particularly in cases of
acute leukaemia [54]. Some patients with respiratory insuffi-
ciency may show symptomatic improvement with whole lung
lavage [64]. Furthermore, a patient with myeloproliferative
syndrome with myelodysplasia showed decreased white blood
cell count after whole lung lavage [59]. Regardless, the
haematological disease must be controlled [59, 63]. Double
symptomatic and aetiological therapy is probably justified, and

numerous cases of recovery have been reported after this
double therapy [65].

PAP may be associated with non-haematological cancers, most
frequently lung cancers (squamous cell cancer n52, adeno-
carcinoma n52) and more rarely mesothelioma (n51), mela-
noma (n51) with lung metastasis and glioblastoma (n51) [66].
For at least one of these cases, anti-GM-CSF antibodies were
detected. This association could be a coincidence in view of the
frequency of lung cancer.

Inhalation of toxic particles
Numerous case reports or short series describe PAP after
inhalation of mineral particles (silica, talc, cement, kaolin),
metal particles (aluminium, titanium, indium), or more rarely
organic particles (fibres of cellulose) [13, 17, 67]. PAP may
occur after massive inhalation of silica and is then called acute
silicoproteinosis [13]. Clinical presentation is close to that of
auto-immune PAP.

a)

b)

FIGURE 6. Chest computed tomography (CT) scan of a patient with pulmonary

alveolar proteinosis secondary to myelodysplastic syndrome. The CT scan shows

ground-glass opacities and reticulations mainly in the lower zone with patchy, slightly

peripheral distribution. a) A horizontal section and b) coronal section.
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Numerous animal models demonstrated the development
of PAP after inhalation of nickel, silica, titanium, quartz,
fibreglass, indium or aluminium powder [17, 68, 69]. In a
French study reported by BRIENS et al. [19], 39% of patients
reported notable professional exposure to particles potentially
responsible for PAP: silica, paint, wood powder, zirconium,
epoxy resin, polyvinyl chloride (PVC), cereal powder, cement,
copper and welding smoke. Furthermore, in the Japanese
cohort of 248 patients with auto-immune PAP, 23% were
considered exposed to toxic inhalation [18]. More recently,
anti-GM-CSF antibodies were detected in a patient with PAP
secondary to indium inhalation [67]. This suggests that some of
the secondary PAP may be associated with anti-GM-CSF
antibodies and that toxic inhalation could be a trigger for an
auto-immune disease [70].

GENETIC PAP
Genetic PAP includes mutations of SFTPB, SFTPC, ATP-
binding cassette 3 (ABCA3), NK2 homeobox 1 (NKX2-1) and
GM-CSF receptor a or b subunit, as well as lysurinic protein
intolerance.

Mutations of SFTPB, SFTPC, ABCA3 and NKX2-1
The term PAP has been widely used in patients with surfactant
mutation associated disorders [71]. Indeed, both entities share
similar clinical characteristics which probably explain the
confusion [72]. The radiological and histological presentations
are nonetheless different. In both children and adults, diffuse
ground-glass opacities and lung cysts are the common
radiological features observed in surfactant protein disorders
whereas septal reticulations and parenchymal consolidation,
usually described in auto-immune PAP, are less frequent
[73, 74]. The histopathological findings in infants with muta-
tions in the SFTPB, SFTPC, ABCA3 or NKX2-1 genes are
remarkably similar, demonstrating varying degrees of inter-
stitial thickening and a remodelling of the alveolar epithelium
with type II cell hyperplasia, as well as alveolar accumulation
of eosinophilic, lipoproteinaceous granular material [73–76].
These features contrast with the relative integrity of the
alveolar structure completely filled with granular, PAS-
positive material observed in children with genetic defect of
GM-CSF receptor [7].

Along with the preventive measures, corticosteroids are the
preferred therapy for SFTPC, ABCA3 or NKX2-1 associated
disorders [75, 77, 78]. In the absence of studies, the choice of
azithromycin and/or hydroxychloroquine in association with
steroid remains highly dependent on the habits and experi-
ences of the different centres. Lung transplantation may be
considered [73, 74, 79, 80].

Genetic defects in the GM-CSF receptor
The GM-CSF receptor is composed of the binding a chain
(CD116), coded by CSF2RA, and the common b chain (CD131),
coded by CSF2RB, which is also used by IL-3 and IL-5
receptors.

Mutations of CSF2RA have only been described in children,
and a series of eight patients aged 1.5–9 yrs was recently
reported [7]. Mutations of CSF2RA could correspond to 6% of
all PAP [7]. Transmission is autosomal recessive, but some
mutations have varying and incomplete penetrance and

disease was found in two asymptomatic children (aged 5 and
8 yrs) after the diagnosis of a familial index case. Some
mutations could be responsible for adult-onset PAP [81].
Except for a lower age at disease onset, patients with mutation
of CSF2RA present PAP close to auto-immune PAP. Indeed,
unlike mutations of surfactant proteins, interstitial cell infiltra-
tion is absent. However, alveolar and serum concentration of
GM-CSF is increased and anti-GM-CSF antibodies are absent.

Mutation of CSF2RB was suggested in three patients present-
ing neonatal PAP and was recently confirmed in a 36-yr-old
female and a 9-yr-old girl [8, 82, 83]. Both showed disease close
to auto-immune PAP without detectable anti-GM-CSF anti-
bodies but with high concentration of GM-CSF [8].

Whole lung lavage may be effective [84]. GM-CSF therapy does
not seem to be effective [82, 84, 85].

Lysinuric protein intolerance
Lysinuric protein intolerance is an autosomal-recessive disease
caused by mutation of SLC7A7 contributing to defective
transport of cationic amino acid at the membrane of epithelial
cells in the intestine and kidney. The disease seems to be more
frequent in Japan, Italy and Finland, where it was first
described. In Japan, the estimated prevalence is one out of
every 57,000 births. The clinical presentation is characterised
by failure to thrive and gastrointestinal symptoms. The most
frequent chronic manifestations are related to renal and
pancreatic insufficiency.

Lysinuric protein intolerance is diagnosed by the presence of
excessive amounts of dibasic amino acids (arginine, lysine,
ornithine) in the urine, particularly after protein ingestion,
and/or mutation of SLC7A7 [86, 87]. The treatment is based on
a low protein diet and oral supplementation with citrulline.

Pulmonary manifestations are variable and range from sub-
clinical interstitial lung disease to respiratory insufficiency.
PAP is frequently present. Indeed, expression of SLC7A7 is a
target of GM-CSF that could explain the reduced activities of
alveolar macrophages and peripheral blood monocytes in
patients with lysinuric protein intolerance [88]. Whole lung
lavage and nebulised GM-CSF therapy seem to be effective
[88]; however, PAP may lead to death and relapse after lung
transplantation [89, 90].

CONCLUSIONS
Our knowledge of the pathophysiology of PAP has greatly
improved in the past 20 yrs, although the mechanisms leading
to auto-immunity against GM-CSF are poorly understood.
Therapy of PAP is also in progress and the relative place of
whole lung lavage, GM-CSF supplemental therapy and anti-
body targeted treatments should be better defined.
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