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Hermansky-Pudlak Syndrome Interstitial Pneumonia
It’s the Epithelium, Stupid!

Hermansky-Pudlak syndrome (HPS) is a rare inherited disease pri-
marily affecting the intracellular biogenesis of lysosome-related
organelles (1). The clinical spectrum of this disease includes ocu-
locutaneous albinism, a bleeding diathesis, colitis, and lung fibro-
sis resembling idiopathic pulmonary fibrosis (IPF) in some. HPS
interstitial pneumonia (HPSIP) shares the same aggressive course
of lung fibrosis with IPF, resulting in progressive dyspnea, reduced
exercise capacity, loss of life quality, and eventual death or need
for lung transplantation (2, 3). HPSIP also shares the usual inter-
stitial pneumonia histopathology with IPF, but, in contrast, it is
characterized by giant lamellar body formation in alveolar epithe-
lial cells type II (AECII), resulting in AECII swelling (2). Of note,
lung fibrosis has only been observed in HPS-1, HPS-4 (4, 5), and
HPS-2 (6) subtypes, which are associated with defects in the Bio-
genesis of Lysosome-Related Organelles Complex-3 or the Adap-
tor Protein-3 Complex. Interestingly, although HPS mono-mutant
mice do not spontaneously develop lung fibrosis, HPS-1 and HPS-2
mice are highly susceptible to bleomycin-induced lung fibrosis (7),
and mice with a combined HPS1 and HPS2 defect develop spon-
taneous pulmonary fibrosis (8, 9).

AECII are highly active cells, as they secrete pulmonary sur-
factant, which is stored in lamellar bodies. Lamellar bodies are
lysosome-related organelles in AECII. Thus, it is not surprising
that murine and human HPSIP are associated with defective sur-
factant processing and transport, causing lysosomal and endo-
plasmic reticulum stress in AECII (8, 10).

It is also known that alveolar macrophages are activated in
patients with HPS-1 (11), HPS-1 and HPS-2 mono-mutant mice
(12), and HPS1/2 double-mutant mice (13). In addition, the en-
hanced cytokine secretion by alveolar macrophages of patients
with HPS-1 is down-regulated by pirfenidone (11). These data
suggest a putative role for alveolar macrophages in driving lung
fibrosis in patients with HPS-1.

Despite these findings, evidence indicating a prominent role
of AECII in the pathogenesis of HPSIP is mounting. It is re-
ported that lung fibrosis in several mono- and double-mutant
mice only occurred in mice with extensive AECII apoptosis (7,
8). Likewise, an association between the dysregulation of AECII
and macrophage activation via S-nitrosylated surfactant protein D
demonstrates that a secretory product of AECII can contribute to
lung inflammation in HPSIP (14).

In this issue of the Journal, Young and colleagues (pp. 1014–
1024) add further experimental evidence to the conceptional view

that the alveolar epithelium is centrally involved in the devel-
opment of HPSIP (15). For this work, the authors focused on
HPS-1 and HPS-2 murine models. Although they do not de-
velop spontaneous pulmonary fibrosis, these murine models
are highly susceptible to bleomycin-induced pulmonary fibrosis
and, thus, are models for human HPS pulmonary fibrosis.
Young and coworkers generated bone marrow chimeric mice
and report that, in spite of transplanting HPS-1 and HPS-2
mutant mice with healthy wild-type bone marrow cells, these
mice continued to develop a similarly severe lung fibrosis in
response to bleomycin challenge. Furthermore, wild-type mice
receiving bone marrow cells from HPS-1 or HPS-2 mutant mice
did not show impressive fibrotic changes. However, epithelial-
specific correction of the HPS2 defect largely prevented develop-
ment of bleomycin-induced lung fibrosis, normalized cytokine
concentrations, and corrected AECII lamellar body size. These
observations are highly important as they show that AECII have
a central role in the pathogenesis of HPSIP, and this publication
adds to the growing body of literature that demonstrates the
significant contribution of the alveolar epithelium to the initiation
and development of pulmonary fibrosis.

Another important event in HPS lung fibrosis addressed by
Young and colleagues is AECII apoptosis, a persistent finding
in human HPSIP, HPS1/2 double-mutant mice developing lung
fibrosis (8), and other forms of fibrotic lung disease (16). Young
and colleagues report early AECII apoptosis in HPS-2 mice
in response to bleomycin challenge. When treated with a pan-
caspase inhibitor, these mice displayed decreased lung fibrosis
and AECII apoptosis, which provides additional proof that ep-
ithelial apoptosis has a central role in HPSIP. Although no
evidence of endoplasmic reticulum stress was found, the ob-
served AECII apoptosis may be a result of lysosomal stress,
which was not analyzed in this study.

The study by Young and colleagues strengthens the pathome-
chanistic concept that, like in familial and sporadic IPF, dysfunc-
tion of AECII underlies the development of lung fibrosis in HPS
(16–18). The comprehensive and provocative data presented in
this publication raise several additional questions and open the
door for novel therapeutic concepts. For example, would trans-
genic correction of the HPS1 epithelial defect in HPS-1 mice be
associated with findings similar to those presented in this publi-
cation? Is correction of lamellar body morphology in these HPS-2
mice associated with normalization of defective surfactant
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secretion? Would transgenic correction of the HPS-2 epithelial
defect in HPS1/2 double-mutant mice prevent the development
of spontaneous pulmonary fibrosis? Is epithelial-specific correc-
tion of the underlying genetic defect or inhibition of AECII
apoptosis a potential therapy for HPS pulmonary fibrosis? Fur-
ther research is indicated to answer these questions and improve
the understanding of HPS pulmonary fibrosis and fibrotic lung
disease in general.
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Poornima Mahavadi, Ph.D.
Universities of Giessen and Marburg Lung Center
Justus-Liebig University
Giessen, Germany

Andreas Guenther, M.D.
Universities of Giessen and Marburg Lung Center
Justus-Liebig University
Giessen, Germany
Agaplesion Lung Clinic Waldhof-Elgershausen
Greifenstein, Germany
and
German Center for Lung Research
Giessen, Germany

Bernadette R. Gochuico, M.D.
National Human Genome Research Institute
National Institutes of Health
Bethesda, Maryland

References

1. Di Pietro SM, Dell’Angelica EC. The cell biology of Hermansky–Pudlak

syndrome: recent advances. Traffic 2005;6:525–533.

2. Nakatani Y, Nakamura N, Sano J, Inayama Y, Kawano N, Yamanaka S,

Miyagi Y, Nagashima Y, Ohbayashi C, Mizushima M. Interstitial pneumo-

nia in Hermansky-Pudlak syndrome: significance of florid foamy swelling/

degeneration (giant lamellar body degeneration) of type II pneumocytes.

Virchows Arch 2002;437:304–313.

3. Raghu G, Collard HR, Egan JJ, Martinez FJ, Behr J, Brown KK, Colby TV,

Cordier JF, Flaherty KR, Lasky JA, et al.; ATS/ERS/JRS/ALAT Com-

mittee on Idiopathic Pulmonary Fibrosis. An official ATS/ERS/JRS/ALAT

statement: idiopathic pulmonary fibrosis: evidence-based guidelines for di-

agnosis and management. Am J Respir Crit Care Med 2011;183:788–824.

4. Brantly M, Avila NA, Shotelersuk V, Lucero C, Huizing M, Gahl WA.

Pulmonary function and high-resolution CT findings in patients with an

inherited form of pulmonary fibrosis, Hermansky-Pudlak syndrome,

due to mutations in HPS-1. Chest 2000;117:129–136.

5. Anderson PD, Huizing M, Claassen DA, White J, Gahl WA. Hermansky-

Pudlak syndrome type 4 (HPS-4): clinical and molecular characteristics.

Hum Genet 2003;113:10–17.

6. Gochuico BR, Huizing M, Golas GA, Scher CD, Tsokos M, Denver SD,

Frei-Jones MJ, Gahl WA. Interstitial lung disease and pulmonary fi-

brosis in Hermansky-Pudlak syndrome type-2, an adaptor protein-3

complex disease. Mol Med 2012;18:56–64.

7. Young LR, Pasula R, Gulleman PM, Deutsch GH, McCormack FX.

Susceptibility of Hermansky-Pudlak mice to bleomycin-induced type

II cell apoptosis and fibrosis. Am J Respir Cell Mol Biol 2007;37:67–

74.

8. Mahavadi P, Korfei M, Henneke I, Liebisch G, Schmitz G, Gochuico

BR, Markart P, Bellusci S, Seeger W, Ruppert C, et al. Epithelial

stress and apoptosis underlie Hermansky-Pudlak syndrome-associated

interstitial pneumonia. Am J Respir Crit Care Med 2010;182:207–219.

9. Wang L, Lyerla T. Histochemical and cellular changes accompanying the

appearance of lung fibrosis in an experimental mouse model for

Hermansky-Pudlak syndrome. Histochem Cell Biol 2010;134:205–213.

10. Guttentag SH, Akhtar A, Tao JQ, Atochina E, Rusiniak ME, Swank

RT, Bates SR. Defective surfactant secretion in a mouse model of

Hermansky-Pudlak syndrome. Am J Respir Cell Mol Biol 2005;33:

14–21.

11. Rouhani FN, Brantly ML, Markello TC, Helip-Wooley A, O’Brien K,

Hess R, Huizing M, Gahl WA, Gochuico BR. Alveolar macrophage

dysregulation in Hermansky-Pudlak syndrome type 1. Am J Respir

Crit Care Med 2009;180:1114–1121.

12. Young LR, Borchers MT, Allen HL, Gibbons RS, McCormack FX.

Lung-restricted macrophage activation in the pearl mouse model of

Hermansky-Pudlak syndrome. J Immunol 2006;176:4361–4368.

13. Lyerla TA, Rusiniak ME, Borchers M, Jahreis G, Tan J, Ohtake P,

Novak EK, Swank RT. Aberrant lung structure, composition, and

function in a murine model of Hermansky-Pudlak syndrome. Am J

Physiol Lung Cell Mol Physiol 2003;285:L643–L653.

14. Atochina-Vasserman EN, Bates SR, Zhang P, Abramova H, Zhang Z,

Gonzales L, Tao JQ, Gochuico BR, Gahl W, Guo CJ, et al. Early alveolar

epithelial dysfunction promotes lung inflammation in a mouse model

of Hermansky-Pudlak syndrome. Am J Respir Crit Care Med 2011;

84:449–458.

15. Young LR, Gulleman PM, Bridges JP, Weaver TE, Deutsch GH,

Blackwell TS, McCormack FX. The alveolar epithelium determines

susceptibility to lung fibrosis in Hermansky-Pudlak syndrome. Am J

Respir Crit Care Med 2012;186:1014–1024.

16. Korfei M, Ruppert C, Mahavadi P, Henneke I, Markart P, Koch M, Lang

G, Fink L, Bohle RM, Seeger W, et al. Epithelial endoplasmic retic-

ulum stress and apoptosis in sporadic idiopathic pulmonary fibrosis.

Am J Respir Crit Care Med 2008;178:838–846.

17. King TE Jr, Pardo A, Selman M. Idiopathic pulmonary fibrosis. Lancet

2011;378:1949–1961.

18. Tanjore H, Blackwell TS, Lawson WE. Emerging evidence for en-

doplasmic reticulum stress in the pathogenesis of idiopathic pul-

monary fibrosis. Am J Physiol Lung Cell Mol Physiol 2012;302:

L721–L729.

Copyright ª 2012 by the American Thoracic Society

DOI: 10.1164/rccm.201210-1771ED

CD141S100A91 Myeloid-derived Suppressor
Cells Portend Decreased Survival in Patients
with Advanced Lung Cancer

It has been clearly shown from multiple preclinical studies that
myeloid-derived suppressor cells (MDSC) serve as a target for
inhibiting tumor growth (1–3). Although studies in humans have
shown the presence of MDSC in different pathological con-
ditions, understanding their clinical significance in cancer re-
quires the full characterization of these cells. The characteristics
of MDSC have been described for several human malignancies,
including melanoma, colon cancer, and renal cell carcinoma, but
the identification of a unique set of markers for humanMDSC has

been challenging because MDSC gene expression varies in differ-
ent tumor types.

Feng and colleagues in this issue of the Journal (pp. 1025–1036)
describe the characteristics of the CD11b1CD141S100A91 mono-
cytic MDSC and their clinical relevance in patients with advanced
non–small cell lung cancer (NSCLC) (4). The identification of
markers for the characterization of MDSC in lung cancer is useful
because only limited data are available on specific markers. The
authors evaluated the characteristics of MDSC in the peripheral
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