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Abstract

Hermansky-Pudlak syndrome (HPS) is a rare heteroge-
neously inherited autosomal recessive group of disor-
ders presenting with oculocutaneous albinism, bleeding
diathesis and pulmonary disease. HPS is thought to oc-
cur as a consequence of disturbed formation or traffick-
ing of intracellular vesicles, most importantly, melano-
somes, platelet dense granules and lysosomes. The
latter finding, in particular, contributes much to the mor-
bidity associated with the disease, as ceroid lipofuscin
deposits in lysosomes affect many organ systems. This
is especially problematic in the lungs where it is often
associated with pulmonary fibrosis and premature death.
Currently, there are 7 known HPS genes in humans. In
the mouse, at least 16 known HPS genes produce HPS-
mutant phenotypes. The HPS gene mutation is consid-
ered to be one of the most prevalent single-gene disor-
dersin northwest Puerto Rico, home to the largest cohort
of known patients. In HPS, interventions addressing the
bleeding diathesis and pulmonary fibrosis are often dis-

appointingly ineffectual. Pirfenidone, a novel compound
with documented anti-inflammatory, antioxidant and
antifibrotic effects, appears to hold promise in delaying
or preventing fibrosis. To date, there has been one suc-
cessful lung transplant performed on a patient with HPS.
We present a patient with HPS and review the current
literature on our understanding of this rare disorder.
Copyright © 2006 S. Karger AG, Basel

Hermansky-Pudlak syndrome (HPS) was first de-
scribed in 1959 as a unique disorder occurring in 2 unre-
lated patients who presented with albinism, bleeding dia-
thesis and pulmonary disease [1]. The syndrome is cur-
rently recognized as a heterogeneously inherited auto-
somal recessive group of disorders affecting humans and
mutant mice. The latter were implicated in the early
1980s, when researchers proposed that non-allelic mutant
mouse strains, demonstrating lightly pigmented coat col-
or and bleeding tendencies, could serve as disease models
[2]. There are at least 7 HPS subtypes in man, HPS1
through HPS7, with well over a dozen genes linked with
its pathogenesis [3, 4].

HPS is thought to occur as a consequence of disturbed
formation or trafficking of intracellular vesicles, most im-
portantly, melanosomes, platelet dense granules and ly-
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sosomes resulting in the classic triad of oculocutaneous
albinism, platelet storage pool deficiency, and lysosomal
accumulation of ceroid lipofuscin [5-8]. The latter find-
ing, in particular, contributes much to the morbidity as-
sociated with the disease, as ceroid deposition affects
many organ systems and is especially problematic in the
lungs where it is often associated with pulmonary fibrosis
and premature death. We present a patient with HPS and
review the current literature on our understanding of this
rare disorder. Clinical recognition of HPS facilitates ge-
netic counseling, aids in prognostication, directs medical
management, and is critical given a significant risk for
intraoperative hemorrhage.

Case Report

A 28-year-old man of Mexican descent presented with exer-
tional dyspnea and chronic dry cough. He also complained of ar-
thralgia and morning stiffness. Clubbing of the extremities was not
present. He denied a history of fever, hemoptysis or smoking.

The patient’s medical history was notable for albinism diag-
nosed in childhood. He also had nystagmus and decreased visual
acuity, not completely corrected with eyeglasses for near-sighted-
ness. He gave a history of frequent nose bleeds, easy bruising and
several episodes of protracted hemorrhagic colitis commencing at
the age of 17. A 32-year-old albino sister also had a history of ec-
chymosis, but no pulmonary symptomatology. A paternal ‘great-
great’ grandmother was said to be albino, but any history of pulmo-
nary disease and age of death were unknown. The family history
was otherwise positive for diabetes mellitus and hypertension.

As far as the patient knew his father was of Mexican descent,
originally from Mexico City, and was unrelated to his Mexican
mother who was born in southwestern Texas. There were no other
relatives similarly affected, including the patient’s parents and 2
other siblings. The patient was married and childless. He worked
as a laborer in a warchouse.

A chest radiograph was abnormal showing diffuse reticulonod-
ular interstitial infiltrates. A follow-up high-resolution computed
tomographic (CT) scan demonstrated extensive bilateral diffuse
reticular opacities predominantly in the bases and right middle
lobe, but also involving the lingual and anterior portions of the up-
per lobes (fig. 1). Pulmonary function tests showed a restrictive
pattern. The patient underwent video-assisted thoracic surgery
where minimal pleural effusion and mild pleural adhesions were
noted. The lung parenchyma was pink and diffusely thickened. A
wedge resection of the lingula was obtained for cultures and histo-
pathologic evaluation. Cultures returned negative. Microscopic
sections showed advanced lung remodeling distinguished by archi-
tectural distortion and fibrosis (fig. 2). Chronic inflammatory cells
were numerous and peculiar patchy clusters of clear vacuolated
cells were distinctive (fig. 3, 4). Dual staining with thyroid transcrip-
tion factor (TTF) and CD68 (to identify type II pneumocytes and
macrophages, respectively) confirmed that the clear cells comprised
both of these cell types (fig. 5). A diagnosis of HPS was made.

By the age of 30, the patient’s pulmonary status had progres-
sively decompensated, with a requirement of low flow continuous

Pulmonary Fibrosis in HPS

el

Fig. 1. The CT scan findings in HPS are dramatic and character-
ized by diffuse reticular opacities.

Table 1. Triad of classic findings in HPS

Findings

Oculocutaneous albinism
Bleeding diathesis
Pulmonary disease

Other significant findings include visual
impairment and systemic ceroid lipofuscin
deposition.

oxygen supplementation. However, he was hopeful of becoming a
lung transplant recipient. Unfortunately, he succumbed to his dis-
ease before that was made possible. His sister continues to be with-
out pulmonary symptoms, but is considering enrollment in a clini-
cal study investigating the use of pirfenidone, a novel compound
reported to deliver anti-inflammatory, antioxidant and antifibrotic
effects.

Discussion

Findings

HPS is a rare congenital disorder characterized by a
triad of clinical manifestations including oculocutaneous
albinism, bleeding diathesis and deposition of ceroid li-
pofuscin, a lipid-protein complex of unknown etiology
[9]. Findings are listed in table 1. Seemingly disparate,
these findings are presumably related to a common dys-
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Fig. 2. Tissue sections show advanced lung remodeling with fibro-
sis, typically without an easily characterized distribution.

Fig. 4. Collections of foamy type II pneumocytes and alveolar his-
tiocytes laden with ceroid, an insoluble lipoprotein substance, are
distinctive in this example of HPS.

Fig. 3. At higher magnification, prominent clear vacuolated type II
pneumocytes, patchy zones of fibrosis with an apparent bronchi-
olocentric distribution, and some evidence of constrictive bronchi-
olitis are seen.

function in biosynthesis of membrane-bound organelles:
melanosomes in oculocutaneous albinism, platelet dense
bodies in bleeding dysfunction, and lysosomes in ceroid
lipofuscin deposition [6]. Melanosomes are cytoplasmic
lysosomal-related organelles, most specific to melano-

384 Respiration 2006;73:382-395

Fig. 5. Dual positive staining with TTF to identify type II pneu-
mocytes and CD68 to validate histiocytic lineage show that the
individual and clusters of clear vacuolated cells are comprised of
both cell types.

cytes and retinal pigment epithelial cells that synthesize
and store melanin pigment. Melanosomes can also be
transferred to keratinocytes by poorly understood mech-
anisms. Platelet dense bodies, thought to be derived from
lysosomal lineage, comprise a platelet-specific network of
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membrane-bound organelles that regulate platelet activa-
tion and store serotonin, calcium, ATP, ADP, and pyro-
phosphates.

Lysosomes are membrane-bound organelles, housing
at least 50 acid-dependant hydrolases that participate in
intracellular degradation [10]. In HPS, there is variable
impairment of the lysosomal system with subsequent ce-
roid deposition affecting many tissues of the body. This
deposition is particularly toxic to the lungs, where it is
associated with the highest morbidity and mortality. Ap-
parently, not only are pulmonary macrophages dysfunc-
tional, but there is also disruption of type II pneumocytes,
which normally store surfactant in lamellar bodies [5].
Lamellar bodies, by histochemical and biochemical stud-
ies, are also considered to be lysosome-related organelles
storing newly produced and recycled surfactant, thereby
functioning in both intracellular secretory and endosom-
al pathways [11, 12]. Ultrastructural studies in HPS show
type II pneumocytes distorted by giant lamellar bodies,
reflecting the fusion of smaller organelles distended with
surfactant.

The ‘experiment in nature’, that is HPS, is helpful in
emphasizing our limited knowledge of the mechanisms
involved in secretory and endocytic lysosomal pathways.
Much of our understanding of these mechanisms has
been gleaned from in-depth investigation of genetic
screens done on yeast. In spite of this, some molecular
components of human proteins required for functioning
lysosyme and lysosyme-related organelles are not con-
served in yeast and share no homology with any proteins
of known function. Consequently, study of the protein
products central to HPS have contributed greatly to the
understanding of the obscure biogenesis of lysosomes and
their related organelles [3, 13].

Interestingly, given their omnipresence, research sug-
gests that the products of HPS genes may play more gen-
eral functions than that of adjusting the biogenesis of me-
lanosomes, platelet dense granules and lysosome secre-
tions. Many lysosome-related organelles, in addition to
the aforementioned, are now known to be derived from
HPS gene associations. These include, but are not limited
to, lytic granules of cytotoxic T-cell lymphocytes (CTL)
and natural killer cells, mast cell basophilic granules, Wei-
bel-Palade bodies of endothelial cells, and renin granules
of juxtaglomerular cells [14, 15]. What role any of these
organelles play in the pathogenesis of HPS, and to what
extent, is unclear and under investigation. The only HPS
subtype that has demonstrated any dysfunction of CTLs
is HPS2, where lytic granule secretions have been docu-
mented to be decreased [16, 17].

Pulmonary Fibrosis in HPS

Many studies using HPS animal mouse models have
concentrated on melanocyte-specific proteins and their
role in trafficking patterns in melanosome maturation.
Analyzing the data from two studies, Nguyen et al. [4, 18]
showed that HPS gene products were required at precise
steps of melanosomal biogenesis in all but 1 of 15 HPS
strains studied. A variety of abnormal findings in differ-
ent subtypes were identified, including defective melano-
somal maturation, melanin retention within melano-
somes, and uptake of immature melanosomes by kerati-
nocytes [4].

Population Genetics

The HPS gene mutation is considered to be one of the
most prevalent single-gene disorders in northwest Puerto
Rico, home to the largest cohort of known patients. In
this region, HPS is thought to occur in about 1 in 1,800
persons with a carrier frequency estimated at 1 in 21 per-
sons [19-21]. HPS in this locale personifies the founder
effect, an evolutionary phenomenon, associated with rare
alleles in populations that are relatively isolated, either
geographically or culturally. The founder effect also ap-
pears to play a role in a remote area in central Puerto Rico
and in an isolated mountain village in the Swiss Alps [22].
Given the geographical isolation of Puerto Rico, specula-
tors have proposed a common ancestry. In fact, HPS in
Puerto Rico and rare cases in Holland have been suppos-
edly traced to a district of southern Spain. How the genes
came to originate in Puerto Rico is unknown but possi-
bilities include transfer by either British invasion in 1595,
Dutch attackers in 1625, or even slave traders [22].

HPS is extremely rare in other nationalities, occurring
with a prevalence of 1 in 500,000-1,000,000 persons [23,
24]. In fact, it is likely to occur in all ethnic groups, as
sporadic cases have been described in a variety of back-
grounds such as Sri Lankan, Japanese, and Finnish to
name a few [5]. A case from Mexico has also been previ-
ously described [25]. In the United States, over 100 pa-
tients have been identified. This number is probably un-
derestimated due to a generally low threshold of clinical
suspicion. HPS should be considered in the differential
diagnosis of any patient with diffuse lung disease and in-
flammatory bowel disease, especially in the setting of al-
binism and bleeding tendencies [23, 26].

Molecular Genetics

Currently, there are 7 known HPS genes in humans
[8, 14, 27-30]. In the mouse, at least 16 known HPS
genes produce HPS-mutant phenotypes, whereas 14 of
these have been cloned with 7 of those orthologous to the
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Table 2. HPS gene mutations in humans and rodent models

Gene symbol Rodent model' Human disease

HPS1 pale ear HPS1
AP3B1 pearl HPS2
HPS3 cocoa HPS3
HPS4 light ear HPS4
HPS5 ruby-eye 2 HPS5
HPS6 ruby-eye HPS6
DTNBPI sandy HSP7
AP3DI1 mocha

PLDN pallid

MUTED muted unknown
CNO cappuccino

BLOCI1S3 reduced pigmentation

VPS33 buff

RAB38 ruby (rat)

! Mouse model unless otherwise specified.

Table 3. Overview of subtype characteristics of HPS

Human disease Characteristic

HPS1 prevalent northwest Puerto Rico

associated with severe pulmonary fibrosis
rodent model shares features' with HPS4 rodent
model

mild immunodeficiency symptoms with HPS
morphologic features

prevalent central Puerto Rico

rodent model shares features with HPS5 and
HPS6 rodent models

associated with severe pulmonary fibrosis
rodent model shares features with HPS1 rodent
model

screen positive in a 3-year-old Turkish boy with
HPS features

lacks pulmonary symptoms to date

rodent model shares features with HPS3 and
HPS6 rodent models

screen positive in a 39-year-old Belgian female
lacks pulmonary symptoms to date

rodent model shares features with HPS3 and
HPSS5 rodent models

screen positive in a 48-year-old Portuguese
woman

pulmonary symptoms of exertional dyspnea;
negative CT changes

rodent model shares features with Pallid and
Muted rodent models

HPS2

HPS3

HPS4

HPS5

HPS6

HSP7

I Rodent features include coat color and melanosome number
and distribution.
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known human genes [4, 29, 31-33]. The HPS gene muta-
tions in humans and rodent models are listed in table 2.
Human disease has not been clearly described in associa-
tion with any of the remaining 7 mouse clones (Mocha,
Pallid, Muted, Cappuccino, Reduced pigmentation, Buff,
and Ruby-rat). The genes are lacking in the HPS code for
proteins that function in organelle biogenesis and trans-
port of lysosomes and lysosome-related organelles [4, 13,
15, 27].

Cloned mice are raised on an identical background
control mouse (C57BL/6J). Therefore, coat color varia-
tion has functioned as a means for discriminating and
directing investigation of melanosome development and
transport, especially as it pertains to subtypes. Early re-
searchers noted that several mouse clones shared similar
coat color, suggesting stage-specific functions in protein
complexes. Polypeptides known to be integral to the
structure of at least three protein complexes identified as
lacking in HPS are designated as ‘biogenesis of lysosome-
related organelles complexes’ (BLOC-1, BLOC-2 and
BLOC-3) [3]. Mutants within a given BLOC show similar
pathology. For example, all subtypes that are BLOC-1
mutants demonstrate very lightly colored coat colors re-
flecting a marked reduction in melanosome number.
Likewise, ultrastructural examination of retinal pigment
from BLOC-2 mutants has not only revealed a decreased
melanosome number, but also distinctive grouping of me-
lanosomes. In addition, mutants of BLOC-3, besides dis-
playing reduced melanosomes, are distinguished by
macromelanosomes in the retinal pigment, which are
most likely fused smaller melanosomes [27, 33, 34].

A simplistic overview of some features associated with
different HPS subtypes follows. These features are delin-
eated in table 3. The interested reader is encouraged to
refer to some excellent review articles on the molecular
interactions in HPS for more in-depth discussion [2, 14,
35].

HPS1 Subtype

The most common HPS gene, HPS1 located on chro-
mosome 10, was identified in 1996 [28]. It has been found
in well over 400 affected individuals from northwest
Puerto Rico where it overwhelmingly presents with ho-
mozygosity for a 16-base pair duplication in exon 15 [19-
21]. Conversely, a frameshift at codon 322 is frequently
seen in Europeans. Additionally, at least 18 different
HPSI1 gene mutations have been identified in non-Puerto
Ricans exampled by establishment of a splice site type in
Japanese patients [30]. The HPS1 gene is thought to dem-
onstrate locus heterogeneity, the phenomenon observed
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when identical clinical symptoms in different patients are
explained by defects at two or more genetic loci [36]. Phe-
notypic variation is also believed to result from different
HPS1 frameshift mutations causing non-uniform poly-
peptide truncation and subsequent divergent subcellular
function [28].

The mouse model for HPS1 is ‘pale ear’ (ep). Interest-
ingly, homozygous ep mutant mice show phenotypic fea-
tures of both HPS and Chediak-Higashi syndrome (CHS),
intimating a relationship between the two. Patients with
CHS, who typically die at an early age, manifest with
marked immune deficiency, partial oculocutanoeus albi-
nism and bleeding dyscrasias secondary to abnormal in-
tracellular protein transport. Huge granulocytic cytoplas-
mic granules, not seen in HPS, are a feature of CHS [37-
39].

The HPSI1 protein is comprised of 400 amino acids
with a putative molecular weight of 79.3 kDa [8, 28]. In
all probability, the HPS1 product, a transmembrane pro-
tein, serves as an important element of several cytoplas-
mic organelles. Its specific function, similar to most HPS
subtype proteins, is unknown. Similar cellular mecha-
nisms appear to play a role between HPS1 and HPS4
subtypes as mutant mice in both subtypes share indistin-
guishable coat colors and their protein products are
known to be components of the BLOC-3 complex [40-
42].

HPS1 patients characteristically develop severe pul-
monary fibrosis, often commencing in their thirties. Coli-
tis occurs in about 15% of the cases [43]. There do not
appear to be reportable differences in clinical manifesta-
tions between HPS1 Puerto Rican versus HPS1 non-
Puerto Rican patients [9].

HPS?2 Subtype

The HPS2 subtype is unique for two reasons. First,
mild immunodeficiency symptoms accompany its pheno-
type, and second, it is the only HPS subtype whose gene
product has an identified function. First described in
1999, the HPS2 gene (AP3B1) is located on chromosome
5 and codes for a 140-kDa subunit (33A) of adaptor com-
plex 3, a protein mediating vesicle formation and traffick-
ing [17, 44, 45]. The HPS2 mutant mouse analogue is
pearl.

The adaptor complex 3 is a ‘coat’ protein situated in
the cell membrane. It is a merged collection of four dif-
ferent peptides that participate in recruitment of other
membrane elements to form a newly formed vesicle, such
as a melanosome or platelet dense body. In the case of
HPS2, it includes lysosomes from the immune system

Pulmonary Fibrosis in HPS

[46]. CTLs demonstrate disrupted microtubule-mediated
transport of lytic granules to the immunological synapse
resulting in disordered secretion. This results in notably
enlarged and aberrantly distributed lytic granules, which
are easily visualized with electron microscopy [5, 17].

Only 4 HPS2 patients have been reported. Features of
oculocutaneous albinism and bleeding tendency were de-
scribed, as well as recurrent respiratory tract and sinus
infections. Pulmonary disease in these few cases was
mild.

HPS3 Subtype

In 2001, the first report of the HPS3 mutation was
published after investigation of a 6-family kindred from
central Puerto Rico. It has since been documented in oth-
er populations. The mutation is a large deletion located
on chromosome 3q24 comprising 17 exons. The protein
product is 113.7 kDa and is composed of 1,004 amino
acids, but with no specific known function. The mouse
model for the HPS3 subtype is cocoa [7, 19]. The mouse
mutant for HPS3 shares similar phenotypic features, such
as coat color, with HPS5 and HPS6 mutants supporting
a shared association with the BLOC-2 protein complex
[34, 47, 48].

Patients with HPS3 mutations typically present with
mild phenotypic features. In fact, a few have been mis-
takenly thought to have ocular albinism rather than ocu-
locutaneous albinism [23, 49]. Given this element of de-
creased expressivity, clinical recognition of HPS in this
subtype may be even more under-recognized than the al-
ready classic type, especially in non-Puerto Rican indi-
viduals.

HPS4 Subtype

‘Discovery’ of the HPS4 subtype in 2002 followed
scrutinization of the HPS4 [ight ear (le) mouse mutant.
Suspicion that /e might have a human homolog stemmed
from the fact that /e mice were identical in phenotype to
HPS1 ep mice, who had human HPS1 homologues. Be-
sides sharing typical HPS morphological features, /e and
ep mice both possessed discernibly enlarged lysosomes in
the kidneys. The le/le:ep/ep double homozygotes also had
phenotypes that were no different than the two homozy-
gous single mutants. These findings implied that HPS1
and HPS4 proteins operated in the same biologic path-
way [30, 50].

Localization of the HPS4 gene to chromosome
22ql1.2-q12.2 was undertaken. At least two possible
spliced mRNA transcripts were found to originate from
this region producing proteins with as of yet no known
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function. Researchers were then able to successfully
screen non-Puerto Rican patients with HPS phenotypes
for HPS4 gene mutations [50].

HPS5 and HPS6 Subtypes

Capitalizing on HPS hypopigmented mice models,
ruby-eye 2 (ru2) and ruby-eye (ru), and utilizing genetic
mapping techniques, isolation of HPS5 and HPS6 genes
was possible and reported in 2003 [51]. Subsequent
screening of 20 non-Puerto Rican HPS patients whose
subtypes were unknown yielded one 3-year-old Turkish
boy with the HPS5 gene mutation on chromosome 11p15-
p13 and one 39-year-old Belgian woman with the HPS6
gene mutation on chromosome 10q24.32 [34]. Both indi-
viduals presented with oculocutaneous albinism and
bleeding dyscrasia, but no pulmonary symptomatology.
Given these isolated cases and the young age of the HPS5
patient, extrapolations on a ‘generalized’ phenotype as-
sociated with either of these subtypes is not possible.

Further evidence that protein products of both HPS5
and HPS6 genes interact in a common pathway has been
established from examination of ru2/ru2 and ru/ru cho-
roidal tissue. Nearly indistinguishable clumping of mela-
nosomes suggests that these genes affect a closely related
if not the same pathway. These subtypes also share a re-
lationship with the HPS3 mouse mutant and the
BLOC-2 protein product [34].

HPS7 Subtype

Study of the mouse mutant Sandy localized a mutation
to chromosome 13, where an inframe deletion of the gene
Dtnbpl was found to cause loss of dysbindin expression.
In this context, dysbindin, a component of the BLOC-1
complex, was further investigated and found to be inte-
gral to the trafficking of lysosome-related organelles [33].
Loss affected coat color, as well as platelet dense granule
and melanosome biogenesis. This ubiquitous protein
binds to a- and B-dystrobrevins, elements of the dystro-
phin-associated protein complex present in both muscle
and non-muscle cells.

Screening for the human ortholog DTNBPI1 to the
mouse Dtnbpl in 22 unrelated non-Puerto Rican HPS
persons has yielded one 48-year-old Portuguese woman,
who is the daughter of first cousins. She exhibits oculocu-
taneous albinism, bleeding tendencies, and mild exer-
tional dyspnea. However, work-up with high-resolution
CT scans of the chest at this stage of her life is normal
[33].
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Tyrosinase-Positive Oculocutaneous Albinism

A disruption in the integrity of melanosomes and the
synthesis and storage site of pigments results in different
degrees of tyrosinase-positive oculocutaneous albinism in
HPS patients. Tyrosinase, the enzyme essential for the
oxidation of tyrosine via dopa to dopaquinone in the
pathway of melanin formation, is present, but not in the
usual amounts. The difference between oculocutaneous
albinism not associated with HPS and HPS is that the
former only affects the make-up and mechanisms of me-
lanosomes as lysosome-related organelles, while the latter
involves more types of lysosome-related organelles [35].
Ofthe syndromes occurring in albinism, HPS occurs with
the highest frequency [23]. HPS patients are particularly
susceptible to solar damage with reports of melanoma,
actinic keratoses, squamous and basal cell carcinomas in
the literature. About 80% of HPS individuals have freck-
les or lentigines [27, 52, 53].

Partial albinism is not always recognized as such in
HPS, with some patients presenting with dark hair and
more obvious ocular albinism, while others are discerned
by their conspicuous creamy white complexion and
blonde to white hair [3]. Generally, skin coloring is a
shade lighter than in non-affected family members [23].
The iris color is usually blue, but shades of green or brown
have also been reported. Our patient’s skin tone was sim-
ilar to his affected sister’s coloring; several shades lighter
than the coloring of the other family members. Both our
patient and his affected sister also displayed dark blonde
hair and brown eyes.

Visual Impairment

All HPS patients have some type of visual impairment,
as normal melanin production is mandatory for healthy
retinal and neural development between the eye and
brain. Ophthalmologic findings are quite variable, even
in patients homozygous for the same mutation, and range
from mild decreased acuity to legal blindness, commonly
not ameliorated by corrective lenses [46]. Horizontal nys-
tagmus is often the rule, but strabismus and other mani-
festations are common [49]. This was also the case with
our patient who, although lacking strabismus, showed
nystagmus with poor vision despite the use of eye-
glasses.

Bleeding Diathesis
Not uncommonly, a striking symptom of HPS is a
variable bleeding diathesis, which can present as ecchy-
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mosis, epistaxis, gingival bleeding, menorrhagia, or post-
partum bleeding, being a reflection of unbalanced dense
body assemblage and function. Some degree of mucocu-
taneous hemorrhage has been reported in practically all
HPS patients [54]. Notably, an estimated 40% of HPS
patients are vulnerable to life-threatening hemorrhage
with an approximate 10% supposedly succumbing to
bleeding complications [55-57]. Not surprisingly then,
severe anemia is a problem to young and old alike.

The bleeding diathesis stems from dysfunction occur-
ring in the second phase of platelet aggregation, which is
dependant on ATP, calcium and serotonin stored in
dense bodies. In a hypopigmented patient, the current
absolute prerequisite for a diagnosis of HPS is absence or
marked diminishment in number or size of platelet dense
bodies by electron microscopy, although in actual clinical
practice, the combined presence of albinism and abnor-
mal results of platelet aggregation studies usually serve as
sufficient corroborating evidence of disease [23, 58]. The
bleeding time is often prolonged in HPS, but the platelets,
prothrombin and activated partial thromboplastin times
are normal.

Ceroid Deposition

Ceroid, Latin for wax-like, is a complex chromolipid
of unknown etiology that can, but does not always collect
in organ systems. Brilliantly fluorescent under ultraviolet
light, ceroid can also be identified as a minute, granular
brown, acid-fast pigment [59]. Organs such as the lungs,
intestines and kidneys of HPS patients often demonstrate
variable degrees in severity of pulmonary fibrosis, granu-
lomatous colitis, and rarely, renal failure, secondary to
ceroid deposition [60]. Other sites of involvement in-
clude, but are not limited to, the bone marrow, heart,
spleen, liver and large intestines [53]. Dolichols, isopren-
oid compounds produced by the same metabolic route as
cholesterol, are also present in the urinary sediment of
affected individuals [61].

Inflammatory Bowel Disease

Our patient had a history of several episodes of hem-
orrhagic granulomatous colitis that first appeared at the
age of 17. Patients with HPS not uncommonly display a
Crohn-like colitis and do so at a younger age than pulmo-
nary disease, usually between the ages of 12 and 30. A
patient as young as 3 years old has even been described
[62-64]. Most cases have been of Puerto Rican descent,
perhaps reflective of the population investigated, and
were as a group relatively resistant to medical interven-
tion [64]. Approximately 13% of HPS patients die sec-
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ondary to complications from this type of inflammatory
disease [55].

Pulmonary Fibrosis

Ceroid, which accumulates in the lungs sporadically
and slowly even in ‘classic’ Puerto Rican patients, is not
crucial for a diagnosis of HPS, but primarily accounts for
the significant associated morbidity. Pulmonary fibrosis,
usually manifesting in the 3rd and 4th decades of life, ac-
counts for premature death in 50% of HPS patients, gen-
erally by the 5th decade [46, 62]. HPS1 and HPS4 indi-
viduals show the greatest degree of involvement with an
estimated 80% of HPS1 subtypes afflicted [7, 50]. How-
ever, studies evaluating pulmonary involvement in other
subtypes are lacking so any conclusions should be inter-
preted with circumspection [60]. Interestingly, pulmo-
nary findings are supposedly twice as common in females
compared with males [59].

Pathogenesis underlying the pulmonary fibrosis of
HPS is unclear. There is speculation that intracellular
disruption of type II pneumocytes by ceroid triggers a
cascade of inflammation, cytokine production and fibro-
blast proliferation, ultimately culminating with develop-
ment of fibrosis. Animal mouse models, homozygously
recessive for both HPS1 and HPS2 genes, synergistically
display pathologic findings similar to the HPS human
counterpart [31]. Type II pneumocytes normally store
surfactant in organelles called lamellar bodies, but these
mouse models showed ‘giant lamellar body degeneration’
with intracellular organelles demonstrating florid foamy
degeneration of surfactant material aberrantly produced
and secreted [12, 39, 44].

A substantial parenchymal inflammation is recognized
in mutant mice and is hypothesized to play a key role in
the development of pulmonary fibrosis and emphysema
in humans [65]. Other mechanisms and factors, such as
heightened apoptosis and action of metalloproteinase in-
hibitors, are also likely operatives given that disease pro-
gression does not always correlate with clinical measures
of inflammation in humans [66]. Mutant mice show a
marked increase in bronchoalveolar lavage macrophages
mimicking the amplified number of macrophages in
bronchoalveolar lavage fluid from HPS patients. In a
study of patients with HPS by Nakatani et al. [12], nu-
merous giant lamellar bodies were present in the macro-
phages and type II pneumocytes in lung specimens by
ultrastructural exam. Moreover, phospholipid material
in the vacuoles was weakly positive with antibodies di-
rected against surfactant apoprotein by immunohisto-
chemistry. In addition, lungs from HPS patients histori-
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cally show increased autofluorescence, conjectured to be
accrued ceroid deposition, as do mutant mice lungs, re-
flecting the most likely accumulation of surfactant and/or
its derivatives in type II pneumocytes.

Our patient was not recognized as having HPS until
microscopic sections of the lung biopsy were reviewed. A
preponderance of abnormally vacuolated cells was pres-
ent in a background of extensive pulmonary fibrosis. The
conspicuous clear cells were found to be type II pneumo-
cytes and macrophages, as verified by dual staining with
TTF and CD68, which were seemingly distended with
ceroidal material. Given the classic, albeit rare to actu-
ally encounter, histology and the patient’s young age led
us to believe that this was a case of possible HPS. Upon
further clinical inquiry, we learned that the patient also
had albino features and a bleeding tendency. He was sub-
sequently confirmed to have HPS and treated with sup-
portive care.

The relative early development of pulmonary fibrosis
in HPS has some researchers postulating that repeated
environmental or external insults, acting either alone or
coupled with abnormal repair mechanisms, play a prom-
inent role in the genetic disease predisposition. This hy-
pothesis was tested in mice with the HPS1 gene mutation
that did not develop pulmonary fibrosis overtly until
stimulated to do so after intratracheal instillation of silica
[67]. In this study, compared with controls, a marked in-
crease in macrophages immunohistochemically staining
for cathepsins L and B, potent fibrolytic enzymes found
in macrophage lysosomes, was documented. However,
despite the quantitative increase, a low ratio of enzymat-
ic activity to antigen was measured. These findings sug-
gest that the dysfunction was not in cathepsin transport
into lysosomes, but was more related to the enzymatic
activation process. Moreover, cathepsin L, which is as-
sociated with much greater collagen and elastin degrada-
tion activity compared with cathepsin B, was speculated
to play the more dominant role as a common causative
factor in pathogenesis [67, 68].

Our patient presented at a somewhat younger age of
pulmonary fibrosis onset compared with other HPS pa-
tients. Supposedly, he had no contact with pet birds and
had never used tobacco products. Unless his work in a
warehouse made him unwittingly vulnerable to some type
of air-borne contaminant, we had no clues as to why he
would manifest with pulmonary symptoms in the 2nd
decade of life.
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Table 4. HPS treatment modalities

Disease Treatment
Bleeding diathesis  platelet transfusion

DDAVP

levonorgestrel-releasing intrauterine system
Pulmonary disease  pirfenidone!

lung transplantation®
discourage smoking, pollutants

! Drug (anti-inflammatory antioxidant and antifibrotic effects)
used in recently approved phase III clinical trials.
2 One successful transplant to date.

Treatment

In HPS, interventions addressing at least two compo-
nents of the disease process are critical, but often disap-
pointingly ineffectual. First, bleeding with its subsequent
complications should ideally be prevented or at least min-
imized. This is not always achieved satisfactorily. The
second aspect, prevention and minimization of pulmo-
nary fibrosis, is even more problematic and perplexing.
Treatment options are listed in table 4.

Bleeding Diathesis

HPS, representative of a qualitative platelet defect dis-
order, is often treated with platelet transfusions and/or
desmopressin acetate (DDAVP). This is standard inter-
vention for many qualitative, as well as quantitative
bleeding disorders, such as von Willebrand disease, he-
mophilia A, various platelet disorders and uremic bleed-
ing [69, 70]. Unfortunately, indiscriminate platelet usage
increases risk of exposure to infectious agents. Perhaps
even more disconcerting is the probable chance of becom-
ing platelet refractory secondary to alloimmunization as-
sociated with repeated blood product exposure.

DDAVP is a synthetic antidiuretic analogue used in
the treatment of central diabetes insipidus. Its action is
to reabsorb water in the renal tubules. DDAVP also af-
fects a transient release of coagulant factor VIII complex,
von Willebrand factor and tissue plasminogen activator
from endothelial cell storage sites by poorly understood
mechanisms. As such, the drug is often used for bleeding
management in some of the aforementioned populations
[70, 71]. Uncommon but known risks of DDAVP include
water intoxication and hyponatremia [72].
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Conflicting information on the effectiveness of
DDAVP usage in HPS patients has been reported. While
some found merit, others were disappointed [56, 73, 74].
Although testing with DDVAP prior to intervention has
been recommended, at least 1 case demonstrates that ef-
fectiveness can be quite variable even within the same
individual [55]. Another study, employing molecular
characterization, showed that 15 of 19 Puerto Rican chil-
dren with HPS1 gene mutation (present in >50% of Puer-
to Ricans with HPS) and 2 of 4 without HPS1 gene mu-
tation failed to improve their bleeding times after test
doses of DDAVP. Previous bleeding studies in Dutch and
Belgian patients have been criticized for failing to iden-
tify mutation types, highlighting the complexity of deter-
mining effectual treatment [54, 73].

A novel approach to control bleeding in HPS patients
with menorrhagia is the levonorgestrel-releasing intra-
uterine system. This product suppresses endometrial and
spiral artery growth while concomitantly increasing capil-
lary thrombosis. Benefits include effective contraception
without systemic effects of progesterone and lack of re-
quired compliance [72]. Success has also been met with
administration of recombinant activated factor VII in 1
reported case [69].

Pulmonary Fibrosis

As stated above, abnormal host response to healing
tissue chronically insulted by ceroid deposition is the fac-
tor speculated to play the most prominent role in pulmo-
nary architectural distortion. Refinement of this hypoth-
esis recognizes that there is likely sequential injury to al-
veolar epithelial cells, as severity of giant lamellar body
degeneration of type II pneumocytes correlates with in-
terstitial inflammation [39]. Current treatment strategies
with drugs such as corticosteroids, cyclophosphamide,
azathioprine and cyclosporine generally fail to curtail this
disease progression and often subject patients to a host of
adverse effects, which include myelosuppression, onco-
genesis and even pulmonary toxicity.

In general, to date, treatment of idiopathic pulmonary
fibrosis and HPS, specifically, may even exacerbate the
inevitable pulmonary insufficiency associated with dis-
ease[62, 75]. A data analysis of HPS patients in one study
sorted two subpopulations, one group succumbing to
death around the age of 40 and another progressing to
demise within the following 2 decades. Individual varia-
tion of disease progression within subpopulations was
also reported [62]. These findings highlight the challenge
of attempting to evaluate the efficacy of treatment strate-
gies in this somewhat diverse group given different HPS

Pulmonary Fibrosis in HPS

subtypes, variable genetic inflammatory responses, com-
pliance issues, and individual superimposed environ-
mental exposures. However, the group as a whole is still
more discreet than the population of patients with the
more generic disease of idiopathic pulmonary fibrosis.

Pirfenidone, a novel compound with documented
anti-inflammatory, antioxidant and antifibrotic effects
has had the advantage of being investigated in a select
population of 21 adult HPS Puerto Rican patients, of
whom 20 demonstrated homozygous HPS1 gene muta-
tion. This was a randomized, placebo-controlled trial that
employed the rate of change of pulmonary function val-
ues as the outcome measure. The participants were eval-
uated every 4 months for up to 44 months. Outcome data
showed the pirfenidone group to have an approximate
8%/year slower decline of pulmonary function compared
with a control group [62].

Pirfenidone has specifically been shown to minimize
the production of collagen I and II and tumor necrosis
factor-a, and inhibits the synthesis of extracellular matrix
in animal mouse models [76-78]. In addition, it has been
shown to lessen pulmonary fibrosis by modulating the
fibroproliferative actions of transforming growth factor-3
in cultured human fibroblasts [79]. Encouraging results
have recently been reported from a double-blind, place-
bo-controlled study evaluating the treatment effect of pir-
fenidone in 107 patients with idiopathic pulmonary fibro-
sis. Preliminary findings showed that administration of
pirfenidone enhanced vital capacity and precluded acute
disease exacerbation in the intervention group through-
out 9 months of follow-up. Acute exacerbation of idio-
pathic pulmonary fibrosis has been shown to portend a
poor prognostic sign as these episodes have been shown
to be associated with progressive respiratory decompen-
sation and death in this population despite aggressive life
support measures [80-82]. Given this fact, an indepen-
dent data and safety monitoring board recommended
that the pirfenidone study be aborted earlier than antici-
pated, as it was unethical to have the compound unavail-
able to control group participants [83]. Likewise, end-
points of the study could not be assessed adequately and
final conclusions could not be drawn reliably. Adverse ef-
fects such as photosensitivity, vomiting, abnormal hepat-
ic function, and facial paralysis were associated with drug
usage, with photosensitivity being the most prevalent.
However, those effects ceased or were mitigated by de-
creasing the dose or temporarily discontinuing the medi-
cation [83].

Pirfenidone appears to hold promise in delaying or
preventing fibrosis, but its benefits in humans are not yet
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fully known, pending development and results of ongoing
clinical trials [84, 85]. Approval for a phase 111 drug trial
to study the effects of pirfenidone has recently been grant-
ed. Although pirfenidone appears to slow pulmonary dis-
ease progression, it does not eradicate it completely. Most
likely, this compound in combination with other drugs
will prove to be more beneficial in controlling fibrosis as-
sociated with HPS than used alone [43].

To date, there has been one successful lung transplant
performed on a patient with HPS, with at least 4 other
HPS patients under consideration for the procedure [86].
Successful outcomes, by optimizing patient selection and
providing for adequate hemostatic control during the sur-
gical and postsurgical period, and awareness that trans-
plantation is an achievable treatment goal will likely en-
courage management of HPS patients with this mo-
dality.

Ongoing development of safe and reliable vectors for
gene therapy is also intriguing, and hopefully, normal
gene delivery will be an option for HPS individuals in the
not so distant future [14].

Medical and Genetic Counseling

An accurate diagnosis of HPS, especially of HPS1 sub-
types, is beneficial in providing an opportunity for ge-
netic counseling. Current treatment is supportive, as HPS
is incurable. Ophthalmic evaluation is helpful in identify-
ing visual disturbances. Patients may benefit from protec-
tive sunglasses, telescopic lenses, high-contrast reading
materials, and font magnifiers. Knowledge of a hemato-
logic disturbance may prevent complications associated
with certain drugs such as aspirin. Avoidance of involve-
ment in contact sports and recognition of a possible bleed-
ing risk accompanying dental, obstetrical and surgical
procedures is advisable. Dermatologic care to include
skin protection education and monitoring for the devel-
opment of skin lesions is also warranted. Evaluation and
care of all body systems is not unreasonable, as ceroid
deposition is often widespread. Our patient initially pre-
sented with arthralgias and morning stiffness. He was told
that he had rheumatoid arthritis. As far as we know, joint
involvement in HPS has not been reported, but may need
to be investigated.

Information for patients and their families is available
through the Hermansky-Pudlak Syndrome Network Inc.
(http://www.hpsnetwork.org). This support group was
founded by the mother of the 3-year-old non-Puerto Ri-
can patient reported to present with Crohn-like colitis.
The Hermansky-Pudlak Syndrome Network Inc. is a not
for profit organization for individuals and families deal-
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ing with HPS and related disorders such as CHS. Their
stated mission is to gather and disseminate information,
promote awareness and research and provide support to
its members [87].

Summary

We reported a case of pulmonary fibrosis in a young
patient with HPS. Recognition of the existence of this
rare disorder is imperative for provision of much-needed
genetic counseling and supportive system-wide care. For
those with debilitating pulmonary involvement, lung
transplantation may be a treatment option. Although
long-term outcome of any prophylactic pharmaceutical
intervention is currently unclear, early trial results with
pirfenidone, an anti-inflammatory, antioxidant and anti-
fibrotic agent, appears to hold some promise in prevent-
ing or minimizing pulmonary fibrosis, either by itself or
in combination with other drugs. Futuristically, depend-
able vectors for gene therapy may provide the means for
HPS patients to benefit from normal gene delivery to dis-
ease-prone lungs. Lastly, HPS has and continues to serve
as an invaluable and dynamic model for studying mecha-
nisms involved in secretory lysosome functioning.
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