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Abstract
Pulmonary alveolar proteinosis (PAP) is a rare lung disease where there is
accumulation of surfactant in the alveoli. It can be classified based on the underlying
aetiology into three categories: primary, secondary and congenital. Autoantibodies to
granulocyte-macrophage colony-stimulating factor (GM-CSF-Ab) are a key diagnostic
feature of autoimmune PAP. High intensity occupational exposure and inhalation of
toxic particles such as silica can cause a form of secondary PAP called acute silicopro-
teinosis. We describe a 26-year-old stone benchtop fabricator with silicoproteinosis
following daily exposure to high levels of silica who had elevated serum GM-CSF-Ab.
We discuss the role of GM-CSF-Ab in cases of PAP with occupational inhalational
exposure and the challenges in its interpretation.
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INTRODUCTION

Pulmonary alveolar proteinosis (PAP) is a rare diffuse lung
disease characterized by the accumulation of surfactant
lipids and proteins in the alveoli and terminal airways due
to defective clearance by alveolar macrophages.1,2 Three
main categories of PAP have been identified: primary,
secondary and congenital.3

Autoimmune PAP (aPAP), a primary form of PAP that
is the most common type in adults3 is driven by the
presence of antibodies to granulocyte-macrophage colony-
stimulating factor (GM-CSF). Secondary PAP is less com-
mon and is associated with a range of clinical conditions
that impair alveolar macrophage function and include
malignancy, blood dyscrasias, immune deficiency syn-
dromes, toxic dust inhalation as well as certain infections.2–4

Congenital PAP affects children and is due to genetic muta-
tions affecting surfactant production.2,3

We describe a case of silicoproteinosis in a young male
who tested positive for serum GM-CSF autoantibodies

(GM-CSF-Ab) after working for nearly a decade as a stone
benchtop fabricator.

CASE REPORT

A 26-year-old stone benchtop fabricator was referred with a
3-year history of increasing shortness of breath on exertion,
chest discomfort and bilateral crazy paving pattern on
high-resolution CT (HRCT) chest (Figure 1A). He had a
significant history of atopy with lifelong asthma that was
well controlled with low dose inhaled corticosteroid/long-
acting beta agonist therapy, allergic rhinitis, eczema and
multiple food and flora allergies. He was an ex-smoker with
a 3-pack year history and had been working in the stone
benchtop fabrication industry for the past 8 years, dealing
mainly with high silica content artificial stone.

He reported daily exposure to high levels of silica dust in
his role of grinding and cutting artificial stone without water
dust suppression. He did not use respiratory protection in
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the first 6 years and only started wearing a cartridge respira-
tor intermittently in recent years.

Clinical examination was unremarkable with clear lung
fields on auscultation, no evidence of cyanosis, clubbing or
lymphadenopathy and normal oxygen saturations.

Initial lung function tests revealed a forced expiratory vol-
ume in 1 s (FEV1) of 92% predicted, forced vital capacity
(FVC) of 93% predicted and single breath carbon monoxide
diffusion (DLCO) of 22.9 ml/min/mmHg (60% predicted)
(Figure 2). The bronchoalveolar lavage (BAL) fluid had a
translucent and mucoid appearance. Microscopy identified
granular proteinaceous material, pulmonary macrophages
(84%) and acute (7%) and chronic (11%) inflammatory cells
and was reported as benign. A subsequent open lung biopsy
revealed alveoli filled with Periodic Acid-Schiff stain positive
proteinaceous material consistent with PAP (Figure 3A,B).

Within the regions of PAP, areas of mild interstitial pneumo-
nitis with foci of birefringent foreign material under polarized
light were seen – highly suggestive of secondary PAP.

A second opinion was sought revealing elevated serum
GM-CSF-Ab and low signal transducer and activator of
transcription 5 (STAT5) phosphorylation levels. These find-
ings were consistent with a diagnosis of aPAP but could not
exclude secondary PAP.

In view of his inhalational history, lung function, radio-
logical and histological findings, he was diagnosed with sili-
coproteinosis and discussed at a multi-disciplinary meeting
for consideration of treatment. However, as repeat lung
function tests performed 4 months after baseline demon-
strated stable results, the recommendation was to observe
and monitor. The patient was advised to avoid further silica
exposure and consequently left the stone benchtop industry.

F I G U R E 1 (A) Initial CT chest at diagnosis. (B) CT chest 2 years after eliminating silica dust exposure

F I G U R E 2 Patient’s lung function test results over time. Last known occupational exposure to silica was in December 2018. FVC, forced vital capacity;
FEV1/FVC, forced expiratory volume in 1 s/forced vital capacity; DLCO – single breath carbon monoxide diffusion capacity
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A follow up HRCT chest 2 years following diagnosis
demonstrated spontaneous reduction in crazy-paving pat-
tern particularly in the left lower lobe (Figure 1B). Lung
function tests remained unchanged with reduced DLCO
(Figure 2). He reported persistent, but not worsening, func-
tional limitation with difficulty walking uphill and beyond
two flights of stairs. Given the radiological improvement
and stable physiological lung function, further intervention
was not indicated, and he continues to undergo clinical,
physiological and radiological surveillance.

DISCUSSION

Secondary PAP is rare, accounting for 5%–10% of all cases
of reported PAP.5,6 It is predominantly associated with hae-
matological disorders but has also been found to be associ-
ated with malignancy, chronic inflammatory disease and
toxic inhalation.2–5 Of all the inhalable toxic agents, silica
was found to be the most common inhaled particle in
workers who developed secondary PAP.7 This form of PAP
following exposure to high concentrations of respirable crys-
talline silica is called acute silicoproteinosis.2,8,9 It was first
recognized in the 1930s and named due to its histological
resemblance to PAP.8

Secondary PAP is linked to a relative deficiency of GM-
CSF leading to either reduction in the number or function
of alveolar macrophages, or both.2,3,10 Inhalation of high
levels of toxic particles such as silica impair alveolar macro-
phage function through direct toxicity.11,12 Acute exposure
to extremely high levels of silica has also been found to lead
to excess production of surfactant and proteinaceous
exudate from type II alveolar epithelial cells and may also
contribute to the development of acute silicoproteinosis.11

GM-CSF is a key cytokine and colony stimulating factor
involved in pulmonary homeostasis and host defence. It is
produced by multiple cell types including alveolar epithelial
cells, macrophages and lymphocytes.2,10 As a colony
stimulating factor it maintains adequate production and dif-
ferentiation of granulocytes and macrophages via phosphor-
ylation of STAT5 and subsequent activation of multiple

intracellular signalling pathways.5 GM-CSF also has addi-
tional effects on immunity through enhancing neutrophil
bactericidal function and macrophage function through
increased antigen presentation and phagocytosis.10

It has additional roles in host defence by promoting
leukocyte migration via the production of numerous pro-
inflammatory cytokines.2,10

In relation to PAP, GM-CSF promotes the differentia-
tion of alveolar macrophages in the human lung which serve
to clear pulmonary surfactant and debris from the alveoli.10

Reduced numbers and function of alveolar macrophages
from low GM-CSF results in surfactant accumulation within
alveoli.2 Low levels of GM-CSF lead to reduced levels of
PU.1, a transcription factor in alveolar macrophages. Reduc-
tion of PU.1 levels affect macrophage function by impairing
catabolism of surfactant by alveolar macrophages causing
surfactant accumulation.2,13 These lowered levels of GM-
CSF and the build-up of surfactant result in impaired host
defences through loss of GM-CSF mediated immunomodu-
lation, reduced numbers of pulmonary granulocytes and
macrophages, impaired leukocyte function, and physical
effects of surfactant filled alveoli limited leukocyte migration
and alveolar clearance.8,10

GM-CSF-Ab neutralize the effects of GM-CSF by inter-
fering with the differentiation and maturation of alveolar
macrophages resulting in the development of PAP.2 While
high GM-CSF-CSF-Ab levels of >5.0 μg/ml6,13 have a sensi-
tivity and specificity of 100% for aPAP,6,14 the presence of
GM-CSF-Ab itself is not pathognomonic for aPAP. In fact,
low levels of GM-CSF-Ab may be present in healthy individ-
uals, those with other interstitial lung disease and those with
lung cancer.2,5,6

The presence of GM-CSF-Ab may be seen in some cases
of secondary PAP. Borie et al. found that GM-CSF-Ab were
detected in a patient with PAP secondary to indium inhala-
tion.2 This suggests that toxic inhalation may be related to
the development of antibodies to GM-CSF.2 Certainly, silica
exposure has been associated with autoimmune conditions
such as rheumatoid arthritis, scleroderma and systemic
lupus erythematosus (SLE).9,15,16 Studies have found that
silica-exposed individuals had high levels of circulating

F I G U R E 3 Alveolar proteinosis seen as alveolar spaces contain eosinophilic granular material (haematoxylin and eosin). (A) That is periodic-acid Schiff
(PAS) positive (B), in association with scant interstitial lymphocytes �200 actual magnification
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antibodies (IgA, IgG), anti-nuclear antibodies (ANA) and
anti-neutrophil cytoplasmic antibodies (ANCA).9,15,17 While
the mechanisms linking silica exposure and the development
of autoimmune conditions remains unknown, it has been
postulated that the strong immune response in the lung to
respirable crystalline silica can induce an autoimmune
reaction.14,15,17

GM-CSF-Ab levels also do not appear to correlate with
disease duration, disease severity score, pulmonary function
(FEV1, FVC, DLCO) or serum biomarkers (LDH, CEA,
SP-A, SP-D)13 of PAP. Inoue et al. reported that GM-CSF-
Ab concentrations were less than 35 μg/ml in most study
patients but even in the top 13% of individuals with GM-
CSF-Ab levels greater than 35 μg/ml, no correlations were
observed in any of the parameters.13

Current knowledge about silicoproteinosis is limited and
based on case reports and series. Unlike aPAP where spon-
taneous improvement is possible in 17%–25% of cases,6 the
prognosis for secondary PAP is unpredictable and strongly
influenced by the underlying disease.2 The progressive
nature of silicoproteinosis makes its prognosis unfavourable,
with most reports documenting mortality within months of
diagnosis.18–20 A case report published by Ordonez-Gomez
et al. described a patient who clinically improved after
removal from further silica exposure and who remained
radiologically and physiologically stable 4 years after diagno-
sis.21 Similarly, Hemvimon et al. reported a patient who
improved clinically after discontinuing silica exposure.22 As
far as we are aware, our patient is the third reported case
with documented clinical improvement following elimina-
tion of further silica exposure.

Treatment options for silicoproteinosis are limited and
generally supportive.2,8,9 Aside from discontinuing further
exposure, whole lung lavage (WLL) has been reported as a
promising intervention as it clears the accumulated surfac-
tant from the airspaces.3,9 Several case reports suggest some
utility of WLL in silicoproteinosis, but the clinical benefit
remains unclear due to the lack of large cohort or random-
ized trial data.3,23,24

In the case of our patient, we found no other known
aetiological reason for PAP than occupational exposure to
silica dust. The relevance of elevated GM-CSF-Ab in the set-
ting of silica exposure is not clear. It may be related to a
degree of autoimmunity or alternatively explained by their
presence in a proportion of the population, or a non-specific
or cross-reactive antibody result. The diagnosis of silicopro-
teinosis, a secondary form of PAP, is supported by the histo-
logical findings on lung biopsy, and the improvement in
radiological features and stable lung function following
avoidance of silica dust exposure.

AUTHOR CONTRIBUTION
Manuscript conceptualisation: Ryan F. Hoy and Robert
G. Stirling. Manuscript preparation: Shana N. S. Khan. Data
Collection: Shana N. S. Khan. Manuscript review & final
approval: Shana N. S. Khan, Robert G. Stirling, Ryan F. Hoy
and Prudence A. Russell.

CONFLICT OF INTEREST
None declared.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available
from the corresponding author upon reasonable request.

ETHICS STATEMENT
The authors declare that appropriate written informed con-
sent was obtained for the publication of this manuscript and
accompanying images.

ORCID
Shana N. S. Khan https://orcid.org/0000-0002-3973-6168
Robert G. Stirling https://orcid.org/0000-0001-9877-5450
Catriona A. Mclean https://orcid.org/0000-0002-0302-
5727
Prudence A. Russell https://orcid.org/0000-0001-5703-
9414
Ryan F. Hoy https://orcid.org/0000-0001-9150-9440

REFERENCES
1. Rosen SH, Castleman B, Liebow AA. Pulmonar alveolar proteinosis.

N Engl J Med. 1958;258:123–1143.
2. Borie R, Danel C, Debray MP, Taille C, Dombret MC, Aubier M, et al.

Pulmonary alveolar proteinosis. Eur Respir Rev. 2011;20(120):98–107.
https://err.ersjournals.com/content/20/120/98

3. Trapnell BC, Nakata K, Bonella F, Campo I, Griese M, Hamilton J,
et al. Pulmonary alveolar proteinosis. Nat Rev Dis Primers. 2019;
5(1):16.

4. Albogami SM, Touman AA. Viral pneumonia and pulmonary alveolar
proteinosis: the cause and the effect, case report. AME Case Rep.
2019;3:41.

5. Salvaterra E, Campo I. Pulmonary alveolar proteinosis: from classifi-
cation to therapy. Breathe. 2020;16(2):200018.

6. Jouneau S, Ménard C, Lederlin M. Pulmonary alveolar proteinosis.
Respirology. 2020;25(8):816–26.

7. Davidson JM, Macleod WM. Pulmonary alveolar proteinosis. Br J Dis
Chest. 1969;63(1):13–28.

8. Seymour JF, Presneill JJ. Pulmonary alveolar proteinosis progress in
the first 44 years. Am J Respir Crit Care Med. 2002;166(2):215–35.

9. Hoy RF, Chambers DC. Silica-related diseases in the modern world.
Allergy. 2020;75(11):2805–17.

10. Ataya A, Knight V, Carey BC, Lee E, Tarling EJ, Wang T. The
role of GM-CSF autoantibodies in infection and autoimmune pulmo-
nary alveolar proteinosis: a concise review. Front Immunol. 2021;
22:12.

11. Barnes H, Goh NSL, Leong TL, Hoy R. Silica-associated lung disease:
an old-world exposure in modern industries. Respirology. 2019;
24(12):1165–75.

12. Schraufnagel DE. The health effects of ultrafine particles. Exp Mol
Med. 2020;52(3):311–7. https://www.nature.com/articles/s12276-020-
0403-3

13. Inoue Y, Trapnell B, Tazawa R, Arai T, Takada T, Hizawa N, et al.
Characteristics of a large cohort of patients with autoimmune pulmo-
nary alveolar proteinosis in Japan. Am J Respir Crit Care Med. 2008;
177(7):752–62.

14. Uchida K, Nakata K, Suzuki T, Luisetti M, Watanabe M, Koch DE,
et al. Granulocyte/macrophage–colony-stimulating factor autoanti-
bodies and myeloid cell immune functions in healthy subjects. Blood.
2009;113(11):2547–56.

15. Steenland K, Goldsmith DF. Silica exposure and autoimmune diseases.
Am J Ind Med. 1995;28(5):603–8.

4 of 5 KHAN ET AL.

https://orcid.org/0000-0002-3973-6168
https://orcid.org/0000-0002-3973-6168
https://orcid.org/0000-0001-9877-5450
https://orcid.org/0000-0001-9877-5450
https://orcid.org/0000-0002-0302-5727
https://orcid.org/0000-0002-0302-5727
https://orcid.org/0000-0002-0302-5727
https://orcid.org/0000-0001-5703-9414
https://orcid.org/0000-0001-5703-9414
https://orcid.org/0000-0001-5703-9414
https://orcid.org/0000-0001-9150-9440
https://orcid.org/0000-0001-9150-9440
https://err.ersjournals.com/content/20/120/98
https://www.nature.com/articles/s12276-020-0403-3
https://www.nature.com/articles/s12276-020-0403-3


16. Blanco Pérez JJ, Arnalich Montiel V, Salgado-Barreira Á, Alvarez
Moure MA, Caldera Díaz AC, Melero Gonzalez R, et al. Prevalence
and clinical impact of systemic autoimmune rheumatic disease in
patients with silicosis. Arch Bronconeumol (Engl Ed). 2020;57(9):
571–6.

17. Mayeux JM, Escalante GM, Christy JM, Pawar RD, Kono DH,
Pollard KM. Silicosis and silica-induced autoimmunity in the diversity
outbred mouse. Front Immunol. 2018;9:874.

18. Buechner HA, Ansari A. Acute silico-proteinosis. Dis Chest. 1969;
55(4):274–84.

19. Xipell JM, Ham KN, Price CG, Thomas DP. Acute silicoproteinosis.
Thorax. 1977;32(1):104–11. https://thorax.bmj.com/content/32/1/104

20. Marchiori E, Souza CA, Barbassa TG, Escuissato DL, Gasparetto EL,
Souza AS. Silicoproteinosis: high-resolution CT findings in 13 patients.
Am J Roentgenol. 2007;189(6):1402–6.

21. Ord�oñez-G�omez PL, Carri�on-Valero F, Monclou-Garz�on EL, Saravia-
Flores MR. Silicoproteinosis pulmonar. Un caso con supervivencia
prolongada. Rev Clin Esp. 2013;213(1):E5–8.

22. Hemvimon S, Supawita S, Sriwichian P, Sakulchan A. Rare cause of
secondary pulmonary alveolar proteinosis. Am J Respir Crit Care

Med. 2018;197:A6476. https://doi.org/10.1164/ajrccm-conference.
2018.197.1_MeetingAbstracts.A6476

23. Stafford M, Cappa A, Weyant M, Lara A, Ellis J, Weitzel NS, et al.
Treatment of acute silicoproteinosis by whole-lung lavage. Semin
Cardiothorac Vasc Anesth. 2013;17(2):152–9.

24. Wilt JL, Banks DE, Weissman DN, Parker JE, Vallyathan V,
Castranova V, et al. Reduction of lung dust burden in pneumoconiosis
by whole-lung lavage. J Occup Environ Med. 1996;38(6):619–24.

How to cite this article: Khan SNS, Stirling RG,
Mclean CA, Russell PA, Hoy RF. GM-CSF antibodies
in artificial stone associated silicoproteinosis: A case
report and literature review. Respirology Case
Reports. 2022;10:e01021. https://doi.org/10.1002/
rcr2.1021

GM-CSF ANTIBODIES IN SILICOPROTEINOSIS 5 of 5

https://thorax.bmj.com/content/32/1/104
https://doi.org/10.1164/ajrccm-conference.2018.197.1_MeetingAbstracts.A6476
https://doi.org/10.1164/ajrccm-conference.2018.197.1_MeetingAbstracts.A6476
https://doi.org/10.1002/rcr2.1021
https://doi.org/10.1002/rcr2.1021

	GM-CSF antibodies in artificial stone associated silicoproteinosis: A case report and literature review
	INTRODUCTION
	CASE REPORT
	DISCUSSION
	AUTHOR CONTRIBUTION
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	REFERENCES


