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Abstract

Hermansky–Pudlak syndrome (HPS) is a rare autosomal recessive
genetic disorder characterized by oculocutaneous albinism and a
bleeding diathesis due to platelet dysfunction. More than 50% of
cases worldwide are diagnosed on the Caribbean island of Puerto
Rico. Genetic testing plays a growing role in diagnosis; however, not
all patients with HPS have identified genetic mutations. In Puerto
Rico, patients with HPS are often identified shortly after birth by
their albinism, although the degree of hypopigmentation is highly
variable. Ten subtypes have been described. Patients with HPS-1,
HPS-2, and HPS-4 tend to develop pulmonary fibrosis in Puerto
Rico; 100% of patients with HPS-1 develop HPS-PF. HPS-PF
and idiopathic pulmonary fibrosis are considered similar entities
(albeit with distinct causes) because both can show similar
histological disease patterns. However, in contrast to idiopathic
pulmonary fibrosis, HPS-PF manifests much earlier, often at

30–40 years of age. The progression of HPS-PF is characterized by
the development of dyspnea and increasingly debilitating
hypoxemia. No therapeutic interventions are currently approved by
the U.S. Food and Drug Administration for the treatment of HPS
and HPS-PF. However, the approval of two new antifibrotic
drugs, pirfenidone and nintedanib, has prompted new interest
in identifying drugs capable of reversing or halting the progression
of HPS-PF. Thus, lung transplantation remains the only
potentially life-prolonging treatment. At present, two
clinical trials are recruiting patients with HPS-PF to identify
biomarkers for disease progression. Advances in the diagnosis and
management of these patients will require the establishment of
multidisciplinary centers of excellence staffed by experts in this
disease.
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Pulmonary fibrosis is characterized by the
accumulation of fibroblasts and the
unrestrained chaotic expression and
deposition of connective tissue matrices
leading to effacement of the pulmonary
architecture with loss of lung function.
Environmental factors (e.g., asbestos and
silica exposure), genetic factors (e.g.,
surfactant-related proteins and telomerase),
and viral factors (herpesvirus) have been
associated with the development of lung
fibrosis, and other factors are believed to
contribute to its progression (e.g., allergens,
tobacco). However, pulmonary fibrosis
often occurs in subjects where a cause
cannot be identified (1–6).

Despite the growing association of
genetics with pulmonary fibrosis, the
mechanisms by which abnormalities in
these genes lead to alterations in cellular
functions; extracellular matrix expression,
deposition and degradation; production of
profibrotic growth factors; and, ultimately,
disruption of lung homeostasis and
pulmonary fibrosis remain poorly
understood.

One genetic disorder associated with a
high prevalence of pulmonary fibrosis is the
Hermansky–Pudlak syndrome (HPS), a
rare autosomal recessive disorder
characterized by oculocutaneous albinism,
bleeding diathesis, granulomatous colitis,

and, in many cases, pulmonary fibrosis.
HPS affects approximately 500,000 to
1,000,000 people worldwide, and has been
reported in individuals from India, Japan,
China, the United Kingdom, Western
Europe, Pakistan, Canada, and the United
States (7, 8). The international HPS
Network registry also includes patients
from Israel, Australia, Hungary, Mexico,
Brazil, Peru, Qatar, and Bolivia, among
others.

Although HPS is a rare disease, it is
relatively common in Puerto Rico, where
the prevalence of HPS-1 is estimated to be
about 1 in 1,800 people in the northwest
region of the island, accounting for
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approximately 50% of all cases globally (9).
Unfortunately, the average life expectancy
of patients with HPS is 40–50 years.
There are currently no effective treatments,
with more than 70% of patients dying of
complications directly related to the
disease (10).

Here, we summarize the current
understanding of the pathogenesis of HPS
and its clinical manifestations and
management, while discussing discoveries
that might lead to the identification of
potential targets for intervention and
effective therapies in the future. This review
is intended to raise awareness about
pulmonary fibrosis in HPS, and to prompt
interest in further research in this syndrome,
research that could also hold the key for
understanding more common pulmonary
fibrosing disorders.

Genetic and Functional
Abnormalities

HPS was first described in 1959 by
Dr. Frantisek Hermansky and Dr. Paulus
Pudlak, who identified two patients with
oculocutaneous albinism and bleeding
diathesis in Czechoslovakia (11). HPS is a
non–sex-linked autosomal recessive
disorder with no known disease
manifestations in carriers. Nine types of
HPS have been defined on the basis of nine
unique genes (Table 1) and distinguished
by their signs, symptoms, and genetic
cause; and in most cases, each subtype has
more than one variant (8, 12–14); a tenth
HPS type has also surfaced. HPS-1 is the
most common and generally severe

subtype. HPS-2 and HPS-4 also have severe
manifestations and HPS-10 has
neurological changes, while patients with
the other variants (HPS-3, HPS-5–HPS-9)
generally manifest somewhat milder
symptoms (15).

In Puerto Rico, HPS-1 and HPS-3 are
the most common subtypes. This is because
certain populations in Puerto Rico were
established by a small number of individuals
who carried the silent gene (founder effect)
(9). One in 21 Puerto Ricans in the
northwest of the island are carriers of the
gene mutation (.160,000 people) (16).
Thus, it is estimated that seven or eight
children with HPS will be born on the
island each year (9). In Puerto Rico, HPS-1
arises mainly as a result of a duplication/
frameshift (16 base pairs) on exon 15 of the
HPS1 gene, accounting for 45% of all HPS
cases globally and most cases on the island
(9, 17). Outside of Puerto Rico, HPS-1 is
caused by various mutations within the
HPS1 gene loci (18). Another 25% of HPS
cases on the island occur from a deletion
(3,904 base pairs) in HPS3. HPS3 is
believed to have developed in the 1880s–
1890s in the central mountainous region
of Puerto Rico (9, 17, 19). Consistent
with the genetic drift expected over
hundreds of years, more recent studies
have suggested that carrier frequencies for
HPS1 and HPS3 are similar across Puerto
Rico (9, 20).

Exactly how the genetic mutations in
HPS genes lead to all manifestations of the
disease is unknown. HPS genes encode HPS
proteins, which form complexes termed
biogenesis of lysosome-related organelles
complexes (BLOCs) (Figure 1) (21–23).

Lysosome-related organelles (LROs)
perform specialized functions in the sorting
and trafficking of specific cargo. BLOC-3, a
complex that includes the HPS1 and HPS4
proteins and others, functions as a Rab32/
38 guanine nucleotide exchange factor;
these are proteins capable of activating
small GTPases, thereby affecting
intracellular signaling and downstream
targets.

HPS mutations impair the biogenesis
and function of LROs, which explains some
disease manifestations. For example, LRO
dysfunction affecting pigment-producing
cells (termed melanocytes) is responsible for
albinism. Specifically, in melanocytes,
activated Rab32/38 is needed for the
transport of tyrosinase and tyrosinase-
related protein 1 (TYRP1) from early
ribosomes to melanosomes; this likely
represents a key step and its disruption has
been shown to lead to the oculocutaneous
manifestations of HPS-1 (24). In more than
80% of patients with HPS, this is
manifested by lentigines, while a small
percentage of patients may also develop
solar keratosis, squamous cell, or basal
cell carcinomas (16). Decreased
pigmentation in the eyes causes legal
blindness in most patients, as well as
photophobia, impaired dark adaptation,
and nystagmus.

Similarly, defects in platelet LROs lead
to bleeding diathesis due to inhibition of the
formation of platelet-dense bodies (25). In
type II alveolar epithelial cells of the lung,
Rab38 helps maintain lamellar body
morphology and surfactant homeostasis
(24). The role of this defect in the
development of pulmonary fibrosis is not
known, but it is intriguing to note that
abnormalities in surfactant proteins have
been identified in idiopathic pulmonary
fibrosis and related interstitial lung
disorders (24, 26, 27). Disease mechanisms
remain uncertain for the occurrence of
granulomatous colitis, which has also been
reported in approximately 15% of patients
with HPS, not necessarily tracking with the
occurrence of subtype risk for pulmonary
fibrosis.

Accumulation of amorphous lipid–
protein complexes called ceroids, which
increase with age in patients with HPS, has
been speculated to be a potential trigger for
the development of tissue inflammation,
possibly contributing to some of the
multiorgan manifestations of HPS
(16, 23, 28, 29).

Table 1. Human Hermansky–Pudlak syndrome variants

Human
Type

Gene NCBI RefSeq Human
Chromosome Location

Protein
Complex

HPS1 HPS1 NM_000195 10q24.2 BLOC-3
HPS2 AP3B1 NM_003664 5q14.1 AP-3
HPS3 HPS3 NM_032383 3q24 BLOC-2
HPS4 HPS4 NM_022081 22q12.1 BLOC-3
HPS5 HPS5 NM_0181507 11p15.1 BLOC-2
HPS6 HPS6 NM_024747 10q24.32 BLOC-2
HPS7 DTNBP1 NM_032122 6p22.3 BLOC-1
HPS8 BLOC1S3 NM_212550 19q13.32 BLOC-1
HPS9 BLOC1S6 NM_012388 15q21.1 BLOC-1
HPS10 AP3D1 NM_003938 19p13.3 AP-3

Definition of abbreviations: AP-3 = adaptor protein complex-3; BLOC-1, 2, 3 = biogenesis of
lysosome-related organelles complex-1, 2, 3, respectively; HPS =Hermansky–Pudlak syndrome;
NCBI RefSeq = National Center for Biotechnology Information Reference Sequence database.
Adapted by permission from References 12 and 14.
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Pulmonary Fibrosis:
Clinical Features

Only HPS-1, HPS-2, and HPS-4 are
associated with the development of
pulmonary fibrosis. In a joint statement of
the American Thoracic Society and
European Respiratory Society, HPS-related
pulmonary fibrosis (HPS-PF) and idiopathic
pulmonary fibrosis (IPF) are considered
similar entities (albeit with distinct causes)
because both can show similar histological
patterns (30). IPF occurs spontaneously in
most patients, but research has uncovered
some genetic mutations in surfactant
proteins, mucins, and telomerases that are
considered relevant (1, 3–6). In contrast,
100% of patients with HPS-1 develop
HPS-PF (29).

Both HPS-PF and IPF are characterized
by irreversible and progressive fibrosis of the
lung parenchyma and interalveolar septa,
ultimately leading to death from respiratory
failure. Similar symptoms are found in
HPS-PF and IPF, including increased dyspnea
initially manifested as exercise intolerance
that progresses to dyspnea at rest and the need
for supplemental oxygen over time.

One intriguing, but important
difference between IPF and HPS-PF is the
age at which pulmonary fibrosis is detected.
Spontaneous IPF manifests in patients
mostly over age 50 years (this is not the case

for familial IPF), whereas HPS-PF occurs
much earlier (at age 30–40 yr). Another
major difference is that the average survival
time after diagnosis differs with IPF,
carrying a dismal 3-year survival rate of
50%, whereas patients with HPS live
approximately 10 years after diagnosis (31,
32); this might reflect earlier ascertainment
and not differing natural history.

Pulmonary Fibrosis:
Pathogenesis

Current understanding of the pathogenesis
of pulmonary fibrosis points to epithelial cell
dysfunction as the inciting cause of the
disease. Several intracellular trafficking
processes might be affected, leading to
endoplasmic reticulum stress and apoptosis
caused by environmental exposure to
injurious agents (e.g., viral infection,
recurrent aspiration of gastric contents)
or through genetic abnormalities
(e.g., surfactant proteins). Injured or
dysfunctional epithelial cells are proposed to
promote the accumulation of fibroblasts that
are responsible for the excessive deposition
of extracellular matrices (33).

The origins of these fibroblasts are
unclear, but combinations of mechanisms
are hypothesized, including the
transdifferentiation of epithelial cells

(epithelial–mesenchymal transformation),
the differentiation of fibrocytes and stem
cells, and the proliferation of resident
fibroblasts (34). Regardless of their
source of origin, the interplay between
dysfunctional epithelial cells and activated
fibroblasts (also termed myofibroblasts
because of their expression of smooth muscle
cell markers) seems to drive unrestrained
collagen deposition and tissue scarring.
Underlying amplifying factors such as aging
and epigenetic changes are thought to further
perpetuate the progressive nature of
pulmonary fibrosis (33).

There is a growing body of work
dissecting the mechanisms of pulmonary
fibrosis in HPS. HPS gene products are
ubiquitously expressed and thus many cell
types have been potentially implicated as
contributors to the pathogenesis of HPS-PF.
First, there is strong evidence that
macrophage-mediated inflammation
precedes pulmonary fibrosis in patients with
HPS. Bronchoalveolar lavage fluid of patients
with HPS-PF contained increased total cell
counts and alveolar macrophages (35), at a
time when patients still had relatively
preserved lung function. Furthermore,
alveolar macrophages from patients with
HPS have been shown to be constitutively
activated, expressing excess cytokines and
chemokines when studied ex vivo (35).

Bronchoalveolar lavage fluid from
patients with HPS contains elevated levels of
several cytokines, including chemokine
(C-C motif) ligand 2 (CCL2/monocyte
chemotactic protein [MCP]-1), macrophage
colony-stimulating factor (M-CSF), and
granulocyte-macrophage colony-
stimulating factor (GM-CSF) (35).
Interestingly, elevation of CCL2 levels was
directly associated with the progression of
HPS-PF; a similar association has been
observed in IPF and animal models of
pulmonary fibrosis (36, 37).

Abnormalities in fibroblasts have
also been reported, including increased
expression of galectin-3, a b-galactoside–
binding lectin with profibrotic effects (38).
In addition, patients with HPS-PF have
been found to have increased numbers of
circulating CXCR4-positive fibrocytes
compared with subjects with HPS without
lung disease or healthy control subjects
(39). Increasingly, as suggested for IPF,
studies point to the type II alveolar
epithelial cell as central in the pathogenesis
of HPS pulmonary fibrosis. Lamellar bodies
(responsible for producing surfactant

LysosomeLRO

Golgi

Endosomes

Phagosome

Endoplasmic
Reticulum

Early/Recycling
Endosome

Figure 1. Lysosome-related organelles (LROs) are a group of cell type–specific subcellular
compartments that share some features with endosomes and lysosomes, but also develop unique
properties as they harbor specialized cargoes. Many of the clinical manifestations of Hermansky–
Pudlak syndrome (HPS) are explained by abnormalities in the formation and trafficking of LROs,
including albinism (melanosomes), bleeding (platelet-dense granules), and pulmonary fibrosis (likely
related at least in part to abnormal lamellar body genesis in type II alveolar epithelial cells).

FOCUSED REVIEW

Focused Review 1841



proteins) are a type of LRO (27), making
alveolar epithelial cells a good candidate
for dysfunction in HPS.

Murine Models

As HPS lung tissue is limited in availability
for research because of disease rarity and
contraindication to lung biopsy because of
the bleeding diathesis, much HPS research
to date has been conducted in murine
models, which also afford opportunities for
access to cells and tissues, and genetic
manipulations not possible in humans.
Murine models of HPS reliably share
many aspects of the human disease
including hypopigmentation, deficiency of
platelet-dense granules, and abnormalities
of type II alveolar epithelial cells and alveolar
macrophages (Tables 2 and 3). Mice
have more than 16 different genes with
HPS-like phenotypes (40), although many of
the gene functions are unknown. At least six
mouse models have the orthologous
mutations to the human genes (41–46).

Interestingly, murine models of HPS-1
(Pale ear) and HPS-2 (Pearl) show activation
of alveolar macrophages in the lung, but not
in the blood or peritoneum (47, 48). Pale ear
HPS-1 mice do not develop spontaneous
fibrosis, but have higher baseline collagen
deposition and show increased
inflammation and collagen expression in
response to silica challenge (47, 49, 50). In
response to bleomycin, HPS-1 and HPS-2
mice developed fibrosis significantly earlier
and to a greater extent than wild-type mice
(48). Also, higher levels of transforming
growth factor (TGF)-b were detected in
bleomycin-treated HPS mice.

It is intriguing that spontaneous lung
fibrosis does not occur in these single-
mutant models, suggesting that other factors
and secondary hits are required to develop
the full manifestations of the disease. With
aging, spontaneous fibrosis has been
reported in an HPS double-mutant model,
generated by mating HPS-1 and HPS-2 mice
(51). Alveolar epithelial cell dysfunction in
HPS remains under study, but publications
implicate alveolar epithelial cell apoptosis
(51, 52), chitinase-3-like-1 and its receptors
(53), and autophagy (54) as potential
mechanisms. Macrophage-mediated
inflammation is also present in HPS mouse
models. However, murine bone marrow
transplant studies have demonstrated that
macrophage abnormalities and fibrotic

susceptibility are likely due to epithelial
dysfunction with type II alveolar cell death,
not intrinsic macrophage defects (52).
This is important because it suggests that
HPS-PF could be driven by more than just
macrophage mutations. Collectively, these
studies indicate the role of HPS mice as an
experimental model for HPS disease, and
identify mechanisms that are likely also
relevant for other fibrosing lung diseases.

Diagnosing HPS and HPS-
Related Pulmonary Fibrosis

The diagnosis of HPS includes the
documentation of oculocutaneous albinism
and platelet storage pool deficiency (29).
Patients with HPS are potentially identified

shortly after birth by their albinism,
although the degree of hypopigmentation
is variable. Other individuals are not
diagnosed until after experiencing other
disease complications such as excessive
bleeding after circumcision or easy bruising;
more than 75% of patients have bruises at the
time of clinical examination. Bleeding time is
often quite prolonged, but is not
recommended for diagnostic or screening
because of poor specificity and lack of
prognostic value (55). Ophthalmologists
might be the first to suggest testing for HPS
because of diminished vision, with
transillumination of the iris in addition to
nystagmus and strabismus.

Testing for HPS is currently limited by
complexity, expense, and availability of

Table 2. Mouse models of Hermansky–Pudlak syndrome

Mouse Model Mouse RefSeq Mouse Chromosome Location

Pale ear NM_019424 Chr19
Pearl NM_009680 Chr13
Cocoa NM_080634 Chr13
Light ear NM_138646 Chr5
Ruby eye-2 AF534396 Chr7
Ruby eye NM_176785 Chr19
Sandy NM_025772 Chr13
Zebrafish NM_001025476 Chr15
Pallid NM_019788 Chr2
Muted NM_139063 Chr13
Cappuccino NM_133724 Chr5
Mocha NM_007460 Chr10

Definition of abbreviation: RefSeq = Reference Sequence database.
Adapted by permission from Reference 14.

Table 3. Phenotype and cellular abnormalities in mouse models of Hermansky–Pudlak
syndrome

Physiology/Cellular Abnormality Mouse HPS Gene(s)

Hypopigmentation All
Prolonged bleeding All
Lung disease HPS1/HPS2 double mutant, Pldn
Decreased lysosomal enzyme secretion (kidney) Most
Decreased CTL granule secretion Rab27a
Dysregulated mast cell granule secretion HPS6
CD1d deficiency HPS2
NK cell dysfunction HPS1, Pldn, rp
Decreased proplatelet production Rabggta
Night blindness HPS2
Susceptibility to anesthetics Pldn, rp
Protection from atherosclerosis HPS4, HPS6
Increased emperipolesis Rabggta
Otolith deficiency Ap3d, Pldn, mu
Hippocampal granule deficiency Ap3d
Decreased life span Rabggta, HPS2, HPS3, Pldn

Definition of abbreviations: CTL = cytotoxic T lymphocyte; NK = natural killer.
Adapted by permission from Reference 12.
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specialized diagnostics required for
confirmation. The “gold standard” test for
the platelet abnormality in HPS is analysis
by whole-mount electron microscopy for
the absence of dense bodies (56). Testing
of platelet aggregation after platelet
stimulation with adenosine diphosphate or
epinephrine (using a platelet aggregometer)
(57) provides a less specific alternative.

Genetic testing plays a growing role
in diagnosis, and it is important for
determining HPS subtype (and prognosis).
Such assessments are also essential to
determine the numbers of individuals
with distinct HPS subtypes in any given
community. Not all patients with HPS have
identified genetic mutations, however,
suggesting that there are additional HPS
disease–causing genes to be discovered.
Genetic testing has not been widely
implemented for HPS because of the cost of
next-generation sequencing (58). Genetic
testing could be used to help identify specific
mutations as the price of next-generation
sequencing decreases. In the absence of
genetic confirmation, patients with the
classic manifestations of the syndrome (e.g.,
albinism with bleeding disorder, colitis, or
pulmonary fibrosis) should be considered to
have HPS unless proven otherwise.

A high level of suspicion is required to
identify pulmonary fibrosis at an early age in
patients with HPS-1, HPS-2, and HPS-4.
Lung computed tomographic imaging is
helpful in patients known to have HPS and
who develop respiratory symptoms. The
most common abnormalities in cases of
minimal severity are interlobular septal
thickening, reticular opacities, ground-glass
opacities, and subpleural honeycombing.
Bronchoscopy has been used for research
purposes, but does not have proven benefits
for the diagnosis of HPS-PF. In contrast to
IPF, a lung biopsy is not recommended for
patients with suspected HPS-PF because of
the bleeding diathesis.

Monitoring Progression of
Pulmonary Fibrosis

The progression of HPS-PF is characterized
by the development of dyspnea and
increasingly debilitating hypoxemia. Thus, it
is recommended that all patients with HPS-1,
HPS-2, and HPS-4 be evaluated for lung
function during adolescence and yearly
thereafter (29). Pulmonary physiology is best
evaluated by pulmonary function tests,

including diffusing capacity of the lung for
carbon monoxide. Early evidence of
pulmonary fibrosis might be manifested by a
decrease in the FVC and lung volumes
(indicating a restrictive defect) and reduced
diffusing capacity of the lung for carbon
monoxide, which is typical of fibrosing
lung disorders. A 6-minute walk test, using a
portable oximeter, should also be considered
as hypoxemia may be detected only during
exertion in early stages of the disease.

The progression of HPS-PF is also
evaluated by high-resolution computed
tomography. As the disease progresses, the
predominant radiographic findings are seen
within the lung periphery and progress
toward the central portion of the lung.
Characteristic abnormalities include
ground-glass opacities, reticulation of
interstitial spaces, and, in advanced disease,
loss of lung volume, honeycombing, and
traction bronchiectasis (15, 59, 60).

As the disease advances, reticular
opacities and subpleural honeycombing are
present to a greater extent. In addition, a wider
range of findings including bronchiectasis,
peribronchovascular thickening, and pleural
thickening has been reported. In severe cases,
subpleural honeycombing and bronchiectasis
are more common, and subpleural reticular
opacities, ground-glass opacities, and
peribronchovascular thickening are also
present (23, 59, 61). Thus, although the
pattern of pulmonary fibrosis in HPS-PF may
be similar to that observed in IPF, several
findings are not consistent, such as ground-
glass opacification and pleural thickening
(Figure 2).

Clinical Management of
Pulmonary Fibrosis

At present, no therapeutic interventions are
specifically designated by the U.S. Food and
Drug Administration for the treatment of
HPS and HPS-PF. Similar to IPF,
corticosteroids have not shown clinical
efficacy and are not recommended. Thus,
until safe and effective treatment strategies are
developed, lung transplantation may remain
the only effective treatment (20, 59, 62).

As is the case for IPF, treatment relies
on preventive care and support as needed.
Patients with hypoxemia should be provided
supplemental oxygen. Infection prophylaxis
is important; thus, influenza and 13-valent
and 23-valent pneumococcal vaccinations
are recommended, and administered with

caution to avoid intramuscular bleeding. In
addition, a 5-year polysaccharide booster
vaccine may be beneficial (63).

Avoidance of cigarette smoke and other
pulmonary irritants is critical, and daily
exercise is recommended to avoid
deconditioning. Patients with HPS should
avoid unprotected eye and skin exposure to
the sun because of their albinism.
Menometrorrhagia is common in women,
but can be lessened with medication
(16, 29). Further, patients with HPS
should avoid aspirin and nonsteroidal
antiinflammatory drugs, due to platelet
inhibition. Extensive injuries should
prompt a hospital visit and consultation
with a hematologist.

The approval of two new antifibrotic
drugs, pirfenidone and nintedanib, for
the treatment of IPF has prompted new
interest in identifying drugs capable of
reversing or, at the very least, halting the
progression of HPS-PF. It should be
emphasized that these drugs are not
curative, but instead appear to slow
down the decline of lung fibrosis in IPF.
Pirfenidone, a small molecule capable of
inhibiting TGF-b, showed success in
slowing pulmonary dysfunction in clinical
trials with patients with IPF (64, 65).

Interestingly, ex vivo, pirfenidone
showed significantly decreased
inflammatory cytokines in the alveolar
macrophages of patients with HPS (35). An
initial clinical trial of pirfenidone in
patients with HPS-1 showed no significant
slowing of fibrosis progression by serial
measurement of FVC (32). Secondary
analysis of this patient population
suggested that patients with an initial FVC
value greater than 50% of expected had a
significant decrease in the progression of
pulmonary fibrosis. Disappointingly, a
follow-up study of patients with HPS-1
and HPS-4 with milder disease showed
no significant benefit and was stopped
prematurely, but it was likely
underpowered (66). Future clinical studies
will be needed in HPS to identify effective
treatments.

Considering the genetic basis for the
development of HPS, one would predict
that gene transfer might be successful in
treating this disease. In fact, others have
used lentiviruses for the transfer of the
HPS1 gene into human dermal
melanocytes in vitro and shown correction
of the expression and function of the HPS1
gene in these cells (26). However,
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difficulties in gene transfer methods in the
lung, particularly to the alveolar epithelium,
hamper progress in this area, and much still
needs to be learned before gene therapy can
be considered for potential correction of
BLOC-3 dysfunction.

Recommendations for
Future Research

The epidemiology, natural history, clinical
heterogeneity, and best approach to

pulmonary monitoring in this population
remain insufficiently understood. Despite
significant scientific advances, additional
research is needed to identify the mechanisms
by which the genetic mutations responsible
for HPS result in the clinical manifestations of
the syndrome. In vitro and ex vivo studies
with tissue, cell, blood, bronchoalveolar
lavage fluid, and other samples collected
from patients, as well as in vivo studies in
animal models, hold promise for determining
relevant biological pathways for intervention.

Well-conducted placebo-controlled
and randomized clinical trials will
accelerate the evaluation of new
antifibrotic agents and other
interventions with therapeutic potential.
Undoubtedly, the small number of patients
affected by HPS will make large-scale
studies difficult.

At present, two clinical trials are
recruiting patients with HPS-PF to
develop (it is hoped) better biomarkers
for disease progression (NCT02368340,
NCT00001456). Such investigations may
lead to effective and safe therapies for HPS
and its manifestations, especially pulmonary
fibrosis. In the meantime, we must find ways
to address the clinical needs of these
patients.

The diagnosis, management, and
follow-up of patients with HPS require
the establishment of multidisciplinary
centers of excellence staffed with
experts in this area. In Puerto Rico, the
increased incidence of HPS warrants the
development of such a center. Considering
that centers with capabilities for lung
transplantation are not available in Puerto
Rico, connections with centers in the
United States with transplantation
capability are important because this
procedure is currently the only option
for a significant number of patients with
HPS-PF. n
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