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Hermansky-Pudlak Syndrome-type 3 (HPS-3) is a rela-
tively mild subtype of HPS with minimal cutaneous and
ocular depigmentation. The HPS-3 gene encodes a novel
protein of unknown function with a predicted molecu-
lar weight of 114 kd. To assess the role of the HPS3
protein in melanization, cultured melanocytes devel-
oped from HPS-3 patients were evaluated biochemically
and histologically for activity and localization of mela-
nocyte-specific proteins. Endogenous tyrosinase activ-
ity of HPS-3 melanocytes was substantial, but tyrosinase
activity and melanin synthesis was suppressed in intact
melanocytes. However, the level of suppression, as well
as extent to which up-regulation by isobutylmethylxan-
thine and cholera toxin was muted, was less that in
HPS-1 melanocytes. Ultrastructurally, HPS-3 melanocytes
contained morphologically normal melanosomes, pre-
dominantly of stage I and II with minimal stage III and
few stage IV melanosomes. Dihydroxyphenylalanine
(DOPA) histochemistry demonstrated an increase in
melanization of melanosomes. Unique to HPS-3 melano-
cytes were numerous DOPA-positive 50-nm vesicles and
tubular elements present throughout the cell body
and dendrites. Tyrosinase, tyrosinase-related protein-1
(Tyrp1), dopachrome tautomerase (Dct), and LAMP1
and 3 localization in HPS-3 melanocytes, as evaluated by
immunocytochemistry and confocal microscopy, dem-
onstrated a fine, floccular distribution in contrast to the
coarse, granular distribution characteristic of control
melanocytes. The localization profile of other proteins
expressed by melanocytes (ie, Silver/Pmel17, Melan-A/
MART-1, LAMP2, Rab 27, transferrin, c-kit, adaptin-3,

and the HPS1 protein) appeared normal. These results
suggest that a specific subset of melanocyte proteins are
aberrantly trafficked throughout the HPS-3 melanocyte
and may be responsible for the reduction in melanin
synthesis. (Am J Pathol 2005, 165:231–240)

Hermansky-Pudlak Syndrome (HPS [MIM203300]) is a
congenital disorder that presents initially with oculocuta-
neous albinism and a bleeding diathesis.1–3 The oculo-
cutaneous albinism results from the reduced ability of
cutaneous and ocular melanocytes to synthesize a pig-
mented melanosome due to mistrafficking of melanocyte-
specific proteins to this organelle.2 The bleeding diathe-
sis results from the absence of dense bodies within
platelets that subsequently compromises clotting effi-
ciency.4,5 Patients with some subtypes of HPS can de-
velop a ceroid storage disease and pulmonary fibrosis
that may result from impairment of the lysosomal system
in stromal cells of various tissues of the body.6,7 Defec-
tive biosynthesis of the melanosome, the platelet dense
body, and the lysosome in HPS suggest that these or-
ganelles are derived via a common mechanism.

HPS is a genetically heterogeneous disease. To date,
seven genetic subtypes of HPS have been identified in
humans.2,8 All but one of these seven causative genes
encodes novel proteins with functions that have yet to be
discerned.9–13 However one type of HPS, ie, HPS2, en-
codes the �3A subunit of the heterotetrameric AP-3 com-
plex.14,15 Adaptin-3 is a member of the adaptin family of
proteins that function to recruit cargo proteins into clath-
rin vesicles for transport away from a donor membrane
within either the Golgi apparatus, plasma membrane,
and/or endosomal compartments.16 Although the spe-
cific functions of the novel HPS proteins are unknown,
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they appear to also participate in trafficking events within
the target cells. In mice, there are approximately 15 mod-
els for HPS.2,17 Functions for several of the murine HPS
genes have been identified and the gene products also
appear to regulate trafficking events. Specifically, the
murine HPS gene products include several adaptin sub-
units,18,19 Rab27a,20 the vacuolar protein sorting 33a
molecule,21 and the � subunit of a Rab geranylgeranyl
transferase.22

Hermansky-Pudlak Syndrome type 1 (HPS-1) was the
first genotype to be identified, initially in a genetic isolate
of patients residing in northwest Puerto Rico.9,23,24 Sub-
sequently, Hermansky-Pudlak Syndrome type 3 (HPS-3)
was identified initially in a genetic isolate of patients
residing in central Puerto Rico.25,26 Patients with HPS-3
have since been ascertained throughout the globe.27

HPS-3 is a relatively mild form of the disease in that both
the oculocutaneous albinism and the bleeding diathesis
are mild and pulmonary fibrosis generally does not de-
velop.27 The HPS3 gene is located on chromosome 3q24
and has 17 exons and a 3015-bp open reading frame.
The molecule encoded by the HPS3 locus is a 114-kd
protein with no apparent homologies with other pro-
teins.25,26 However, the HPS3 protein does contain a
putative clathrin binding region and an ER-retention sig-
nal,25,26 again suggesting participation in trafficking.

In this report we describe the biochemical and cellular
features unique to melanocytes cultured from several
patients with HPS-3. Some of the identified features are
distinct to this form of HPS and clearly differentiate it from
HPS-1 and HPS-2.

Materials and Methods

Cell Culture

Separate cultures of melanocytes were developed from
individual neonatal foreskins or forearm skin biopsies.
Normal human neonatal foreskins [from dark (NHMD) and
light (NHML) skin infants] were obtained from the nursery
of University Hospital in Cincinnati after routine circumci-
sion. An OCA-1 individual (age � 6 months) was enrolled
in a protocol approved by the University of Cincinnati
Institutional Review Board to study the cellular and mo-
lecular aspects of albinism and a written informed con-
sent obtained before obtaining a 4-mm punch biopsy.
HPS-1 (n � 3; ages � 3, 6, and 7) and HPS-3 (n � 3;
ages � 5, 8, and 12) patients were enrolled in a protocol
approved by the National Institute of Child Health and
Human Development and the National Human Genome
Research Institute Institutional Review Boards to study
the clinical and molecular aspects of HPS.

Two of the three HPS-1 individuals (patients 1 and 3)
were of Puerto Rican ancestry and represent the geno-
type with the 16-bp duplication in the HPS1 gene9 and
one patient (2) of Caucasian ancestry was either homozy-
gous or hemizygous for S396 del C, ie, a cytosine dele-
tion in serine codon 396.28 Both mutations result in loss of
expression of HPS1.29 For HPS-3, patients 1 and 2 were
homozygous for the 3.9-kb deletion encompassing exon

1 and its surrounding introns in the HPS3 gene that arose
in central Puerto Rico.25 Patient 3 was compound het-
erozygous for the 3.9-kb deletion and a I243insA muta-
tion. These mutations result in undetectable levels of the
4.4-kb HPS3 mRNA in affected cells.25,27

After written informed consent was obtained, a 2-mm
punch biopsy was taken from each HPS patient, placed
immediately in melanocyte growth medium with 2X anti-
biotic/antimycotic solution, and shipped by express mail
to Cincinnati, OH. All skin samples were placed in trypsin
(2.5 mg/L) and incubated for 2 hours at 37°C. The trypsin
was replaced with MCDB-153 medium, and the tissue
was gently vortexed for 30 seconds to separate the der-
mis as a single piece and to produce an epidermal cell
suspension. The epidermal cells were seeded in a T-25-
cm2 flask (for foreskins) or a 2-cm2 well (for skin biopsies)
in MCDB-153 medium (Irvine Scientific, Santa Anna, CA)
as previously described.30 The MCDB-153 growth me-
dium was supplemented with 0.6 ng/ml basic fibroblast
growth factor, 8 nmol/L 12-O-tetradecanoylphorbol-13-
acetate (TPA), 5 �g/ml insulin, 5 �g/ml transferrin, 1.0
�g/ml �-tocopherol, 30 �g/ml crude pituitary extract (Clo-
netic Laboratories, San Diego, CA), 0.5 �g/ml hydrocor-
tisone, 20 �g/ml catalase from bovine liver, and 10%
heat-inactivated fetal calf serum. Cultures were fed with
fresh medium twice weekly. Catalase was omitted from
the medium after day 6. Fibroblasts were eliminated by
incubating cultures for 3 to 4 days in the presence of 100
�g/ml geneticin (G418 sulfate).31 Cultures from the sec-
ond to the fifth passage were used for the experiments
described herein.

The medium used to up-regulate melanin synthesis
consisted of the above-described MCDB-153 growth me-
dium with the following modifications: TPA was omitted,
basic fibroblast growth factor was increased twofold (1.2
ng/ml), and cholera toxin (CT) at 2.0 ng/ml and isobutyl
methylxanthine (IBMX) at 0.1 mmol/L were added.32,33

Assays

To quantitatively measure melanin content, 10 �g of pro-
tein (as determined by the bicinchoninic acid protein
assay; Pierce Chemical Company, Rockford, IL) from cell
lysates was solubilized in 0.5 ml of 0.1 N NaOH. The
optical density of supernatant at 475 nm was compared
with a standard curve by using known concentrations of
synthetic melanin, and results were expressed as micro-
grams of melanin/milligram of protein.

To quantitatively measure and compare endogenous
versus functional tyrosinase activity, two assay protocols
were performed.34 In intact cells, melanocytes were in-
cubated in medium containing 1 �Ci/ml [3H] tyrosine
(specific activity, 54.2 Ci/mmole) for 24 hours. In cell
lysates, solubilized melanocytes were incubated in 250
�l of reaction mixture containing 10 to 25 �g of protein,
0.08 mmol/L L-DOPA, 0.08 mmol/L tyrosine, and 8 �Ci/ml
of [3H] tyrosine at 37°C for 1 hour. Duplicate aliquots of
medium (1 ml) or lysate/reaction mixture (250 �l) were
mixed with an equal volume of 10% (w/v) solution of
activated charcoal in 0.2 N citric acid. The samples were
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centrifuged at 2500 rpm, and the supernatants were
passed over a Dowex ion-exchange column followed by
a wash of 0.1 N citric acid. Radioactivity of the eluate was
counted in a Packard 1900 CA liquid scintillation ana-
lyzer. Tysosinase activity was expressed as dpm/protein.

DOPA Histochemistry and Electron Microscopy

Established cultures of melanocytes from three control
and the three HPS-3 individuals, maintained in regular
MCDB-153 growth medium, were seeded into Lab-Tek
chamber slides (Nunc, Inc., Naperville, IL) coated with
1% pig gelatin and grown to 90% confluence. Cultured
melanocytes were fixed in wells with half-strength Kar-
novsky’s fixative35 in 0.2 mol/L sodium cacodylate buffer
at pH 7.2 for 30 minutes at room temperature. For DOPA
histochemistry, fixed cells were incubated in a 0.1% so-
lution of L-DOPA twice for 2.5 hours. The cells were
washed three times in buffer and treated with 1.0% os-
mium tetroxide containing 1.5% potassium ferrocya-
nide36 for 30 minutes. The cells were washed, stained en
bloc with 0.5% uranyl acetate for 30 minutes, dehydrated,
and embedded in Eponate 12. Areas of the Epon cast
were cut out and mounted on Epon pegs and sectioned
on an RMC MT 6000-XL ultramicrotome. Ultra-thin sec-
tions were then stained with aqueous solutions of uranyl
acetate (2%) and lead citrate (0.3%) for 15 minutes each
and then viewed and photographed in a ZEOL 1230
transmission electron microscope. All tissues processing
supplies were purchased from Ted Pella, Inc., Tustin, CA.

Immunofluorescence

Established cultures of melanocytes from three control
and the three HPS-3 individuals, maintained in regular
MCDB-153 growth media, were plated on gelatin-coated
Lab-Tek (Nunc, Inc.) chamber slides at 2.5 � 104 cell/0.9
cm2 well and processed for indirect immunofluorescence
the next day. The cells were fixed in 2% formaldehyde in
phosphate-buffered saline (PBS) for 10 minutes at room
temperature, blocked in 1% bovine serum albumin (BSA)
in PBS for 5 minutes at room temperature, and incubated
in primary antibody solution diluted in 0.2% Saponin in
PBS containing 0.1% BSA for 60 minutes at room tem-
perature. The primary antibodies used in this study in-
cluded rabbit polyclonal antiserum to human tyrosinase
provided by R. King and W.S. Oetting (hPEP7; University
of Minnesota, MN) [1:300],37 mouse monoclonal antibody
to Tyrp1 (Mel-5; Signet Laboratories, Dedham, MA),
[1:50], rabbit polyclonal antiserum to Dct provided by V.
Hearing (PEP8; National Institutes of Health), [1:200],
mouse monoclonal antibody to the Silver protein (HMB45;
DAKO Corp., Santa Barbara, CA) [1:100], mouse mono-
clonal antibody to Melan-A/MART-1 (NeoMarkers, Inc.,
Fremont, CA) [1:100], mouse monoclonal antibodies to
LAMP1 (H4A3), LAMP2 (H4B4), and LAMP3 (H5C6) (De-
velopmental Studies Hybridoma Bank, Iowa City, IA)
[1:300], rabbit polyclonal antiserum to the HPS1 protein10

[1:300], rabbit polyclonal antiserum to � adaptin-3 pro-
vided by M.S. Robinson (Cambridge Institute for Medical

Research, Cambridge, UK) [1:300], rabbit polyclonal an-
tiserum to Rab27 (610595; BD Transduction Laborato-
ries, Lexington, KY) [1:300], rabbit polyclonal antiserum
to transferrin (0061; Dako Corp.) [1:300], and mouse
monoclonal antibody to c-Kit (CD117; Novocastra Labo-
ratories Ltd, Newcastle on Tyne, UK) [1:50]. Cells were
then washed and incubated in secondary antibody solu-
tion diluted in 0.2% Saponin in PBS containing 0.1% BSA
for 60 minutes at room temperature. The secondary an-
tibodies consisted of Cy-2-conjugated donkey anti-
mouse and Cy-3-conjugated donkey anti-rabbit (Jackson
Immunoresearch, West Grove, PA). After washing, cov-
erslips were applied to the slides using Fluoromount G
(Southern Biotechnologies, Birmingham, AL) and ob-
served with a LSM 510 confocal microscope (Zeiss,
Oberkochen, Germany).

Statistics

Data were analyzed statistically by Student’s t-test.

Results

Melanin Synthesis in Cultured Melanocytes

Melanocyte cultures from all three HPS-3 patients ex-
pressed endogenous tyrosinase activity levels, as as-
sessed for cell lysates, that were intermediate between
melanocytes cultured from light skin Caucasian (NHML)
and dark skin African-American (NHMD) individuals (Fig-
ure 1a). This is consistent with the intermediate skin pig-
mentation of individuals of Puerto Rican ancestry.25 For
comparison, cultures of melanocytes from three individ-
uals with HPS-1 were assessed for tyrosinase activity.
Interestingly, the two HPS-1 Puerto Rican individuals (see
Materials and Methods) expressed endogenous tyrosi-
nase activity similar to that of the three HPS-3 Puerto
Rican individuals while the HPS-1 Caucasian expressed
tyrosinase activity that was significantly less than that of
the HPS-1 and HPS-3 Puerto Rican patients and similar to
that of normal Caucasian individuals (NHML) (Figure 1a).
This is also consistent with the skin coloration of the
respective ancestry.

In contrast, endogenous melanin synthesis as as-
sessed for intact melanocytes cultured from the three
HPS-3 patients was relatively suppressed and resembled
that of melanocytes cultured from normal Caucasian in-
dividuals (NHML) (Figure 1b). However, the reduction in
melanin synthesis exhibited by HPS-3 melanocytes was
not as marked as that of HPS-1 melanocytes (Figure 1b).
This correlates with the severity of the disease, and spe-
cifically, the cutaneous manifestations of HPS-1 and
HPS-3. HPS-1 patients exhibit a severe bleeding diathe-
sis and pulmonary fibrosis with marked skin hypopigmen-
tation whereas HPS-3 patients manifest a less severe
bleeding diathesis, no pulmonary fibrosis, and minimal
skin hypopigmentation.

In contrast to the endogenous tyrosinase activity, the
functional tyrosinase activity of intact HPS-3 melanocytes
was significantly reduced compared to that of Caucasian
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melanocytes, but not as reduced as that exhibited by
HPS-1 melanocytes (Figure 1c). This demonstrates that
HPS-3 melanocytes, unlike and in comparison with nor-
mal melanocytes exemplified by the NHML line, express
a relatively high endogenous amount of tyrosinase activ-
ity (ie, significantly greater than NHML) that is reduced/
suppressed in intact cells (ie, insignificantly different that
NHML), and results in less melanin synthesis than ex-
pected for the level of endogenous tyrosinase that exists
(ie, comparable to or significantly lower than NHML as
assessed in lysates or intact cells, respectively). Melano-
cytes were also tested for their response to the melano-
genic/mitogenic agents isobutyl methylxanthine (IBMX)
and cholera toxin (CT) (Figure 1d). Both HPS-3 and
HPS-1 melanocytes exhibited a suppressed response for
functional tyrosinase activity (not shown) and melanin
synthesis (Figure 1d). In contrast, melanocytes from both
HPS subtypes exhibited a normal proliferative response
to IBMX/CT as indicated by similar increase in protein
level as observed for NHM (not shown).

Ultrastructure of HPS-3 Melanocytes

The cell body and dendrites of HPS-3 melanocytes (�30
cells from each of the three HPS-3 individuals) exhibited
normal ultrastructural morphology (Figure 2). The only
apparent difference between the HPS-3 and control
(NHML and NHMD) melanocytes was in the maturation of
melanosomes. HPS-3 melanocytes exhibited relatively
few mature stage IV melanosomes in both the cell body
and the dendrites compared to normal human melano-

cytes. The structure of stage I premelanosomes and the
melanofilament assembly within stage II melanosomes
was normal (insets to Figure 2).

DOPA histochemistry was performed on cultured
HPS-3 melanocytes to assess cytoplasmic sites of func-
tional tyrosinase. In normal human melanocytes (from
both NHML and NHMD), the extra-melanosomal tyrosi-
nase activity identified by DOPA histochemistry was re-
stricted to the trans-most cisternae of the Golgi apparatus
and to 50-nm vesicles in the vicinity of the Golgi (Figure
3a) while absent from lateral areas of the cell body (Fig-
ure 3a) and the dendrites (Figure 3d). In HPS-3 melano-
cytes, DOPA treatment created abundant stage IV mela-
nosomes, indicating the presence of sufficient enzyme
activity to convert the exogenous supplied substrate into
melanin. In addition, numerous DOPA-positive 50-nm
vesicles and short tubular elements were present periph-
eral to the Golgi zone (Figure 3, b and c) as well as within
the dendrites (Figure 3e). On occasion, some of the
DOPA-positive short tubular elements appeared to be
continuous with melanosomes (Figure 3, b and c).

Localization of Melanocyte Proteins in HPS-3

Tyrosinase was immunolocalized in cultured HPS-3 and
control (both NHML and NHMD) melanocytes (Figure 4).
In control melanocytes, tyrosinase exhibited a granular
staining pattern predominant within the cell body as well
as throughout the dendrites, indicative of melanosomal
localization (Figure 4, a and c). In addition, minimal inter-
granular fluorescence was detected (Figure 4e). In con-
trast, tyrosinase in HPS-3 melanocytes exhibited a fine,
floccular staining pattern in both the cell body and the
dendrites (Figure 4, b and d). With higher magnification,
the floccular pattern within HPS-3 melanocytes consisted
of a large granular component similar to control melano-
cytes (Figure 4e) plus fine intergranular staining (Figure
4f). This is consistent with the ultrastructure of the DOPA
histochemistry of HPS-3 melanocytes, by which tyrosi-
nase is localized within both melanosome organelles as
well as 50-nm vesicles and tubules dispersed throughout
the melanocyte. Tyrosinase-related protein-1 (Tyrp1), an-
other regulatory enzyme in melanin synthesis, also exhib-
ited a granular staining pattern in normal human melano-
cytes and a fine, floccular pattern in HPS-3 melanocytes
(Figure 5). In addition, co-localization between tyrosinase
and Tyrp1 was not as distinct in all HPS-3 melanocytes
(ie, HPS-3-#1 (Figure 5f), -#2 and -#3 (not shown) as in
control melanocytes).

DOPAchrome tautomerase (Dct), the enzyme respon-
sible for a later step in melanin synthesis, also exhibited
a fine, floccular pattern of distribution within HPS-3 me-
lanocytes (Figure 6, a and b). Two of the three lysosomal-
associated membrane proteins, LAMP1 and LAMP3, also
exhibited a granular staining pattern in normal human
melanocytes and a fine, floccular pattern in HPS-3 mela-
nocytes (Figure 6, c to f). In contrast, the HPS 1 and 2
gene products (HPS1p and � adaptin-3) (Figure 6, g to j),
as well as the Silver protein (also known as Pmel17 and

Figure 1. Melanocytes cultured from patients with HPS-3 exhibit suppressed
tyrosinase activity and mild hypomelanosis. Cultures of melanocytes derived
from a Caucasian individual (NHML), an African American individual
(NHMD), an individual with oculocutaneous albinism type 1 (OCA1), and
three individuals with either HPS-1 or HPS-3 were tested in triplicate for (a)
tyrosinase activity in cell lysates [shown separately are each HPS-1 (bars
from left to right represent patients 3, 1, and 2, respectively) and HPS-3 (bars
from left to right represent patients 1, 2, and 3, respectively) melanocyte line],
(b) melanin content in cell lysates (data from each HPS-1 and 3 melanocyte
line is grouped by genotype, as for c to d also), (c) tyrosinase activity in
intact cells, and (d) percent increase in melanin after treatment of cultured
melanocytes with isobutyl methylxanthine and cholera toxin for 10 days as
described in Materials and Methods. Data are expressed as means � SEM. *,
P � 0.05 for each line compared to the NHML lines.
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gp100), Melan-A/MART-1, LAMP2, RAB27, transferrin,
and c-kit (data not shown), exhibited normal staining
patterns in HPS-3 melanocytes. Normal human melano-
cytes derived from both light and dark skin individuals
were used throughout these immunolocalization studies
and demonstrated similar staining pattern between the
two complexion coloration types for all protein assessed.

Discussion

Hermansky-Pudlak syndrome is a multi-system disorder
with genetic heterogeneity. Patients present with cutane-
ous and ocular hypopigmentation, a bleeding diathesis,
and various organ disorders including pulmonary fibrosis
and granulomatous colitis. These physical disorders re-
sult from the defective biogenesis of the pigmented mela-
nosome, the platelet dense body, and lysosomes. To
date, seven human genes and approximately 15 murine
genes have been identified that can result in HPS when
expressing a mutation in both alleles. Most of the HPS
gene products encode novel proteins that appear to
function at specific and varied sites along trafficking
pathways commonly used in the biogenesis of the func-
tional melanosome, platelet dense body, and lysosome.2

Cultured melanocytes have provided an illustrative sys-
tem for unraveling the multi-step cellular trafficking pro-
cesses responsible for creating the specific organelles
affected by different HPS gene mutations.

Reported herein is the identification of the cellular ab-
normality of the HPS-3 subtype involving trafficking of
melanosome-destined proteins out of the Golgi appara-
tus. Specifically, the major melanocyte-specific enzymes,
tyrosinase, Tyrp1, and Dct, in addition to reaching the
target melanosome, are uniquely maintained in 50-nm
vesicles that are distributed throughout the HPS-3 cell
body and dendrites. Of significance is the localization of
these tyrosinase-related proteins to the melanosome in
some amount. This may suggest that alternate or promis-
cuous HPS-3-independent pathways may co-exist with
the HPS-3-dependent pathway in melanocyte trafficking.
The aberrant distribution of tyrosinase appears on elec-
tron microscopy as an abundance of DOPA-positive ves-
icles and tubules beyond the Golgi area and on immuno-
confocal microscopy as a fine, floccular pattern of
staining. The latter pattern was also observed for Tyrp1,
Dct, LAMP1 and LAMP3. We suggest that these aberrant
morphological patterns represent the untargeted and un-
directed delivery of these cargo proteins to the melano-

Figure 2. HPS-3 melanocytes exhibit morphologically normal melanosomes with diminished melanin synthesis. As demonstrated by electron microscopy, the
Golgi (G) area (a) and dendritic (D) area (c) of normal human melanocytes (a and c represent NHMD and NHML, respectively) contain melanosomes ranging
from the early (I) to the mature (IV) stage. In contrast, the Golgi (G) area (b) and dendritic (D) area (d) of melanocytes of patients with HPS-3 (b and d represent
patients 1 and 2, respectively) contain melanosomes representing stages I to III only, with no stage IV melanosomes apparent. Insets demonstrate that the
melanofilament arrangement within the stage II melanosomes of the HPS-3 melanocytes appears normal. N � nucleus. Bars: a–d, 2 �m; insets, 1 �m.
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some in the immediate vicinity of the trans-Golgi network
in the absence of the HPS-3 protein. The 50-nm vesicles
represent trafficking vesicles carrying cargo to the mela-
nosome that are unable to recognize, dock, and/or fuse
to the premelanosome efficiently and subsequently be-
come waywardly distributed throughout the cell. How-

ever, some cargo enzymes do successfully become depos-
ited in melanosomes, as demonstrated by the innate
production of moderately pigmented melanosomes (ie,
stage III melanosomes) and by the increase in pigmentation
resulting from DOPA incubation. The incorporation of these
melanosomal proteins may occur either inadvertently (ie,

Figure 3. After DOPA histochemistry, HPS-3 melanocytes exhibit an extensive distribution of DOPA-positive vesicles and tubules. As demonstrated by electron
microscopy, normal human melanocytes (NHML) (a) exhibit DOPA-positive vesicles confined to the Golgi (G) area and notably absent from the lateral side of
the nucleus (arrowhead). In contrast, HPS-3 melanocytes (b and c represent patients 2 and 1, respectively) exhibit DOPA-positive vesicles (black arrows) and
tubules (white arrows) throughout the cell body peripheral to the Golgi (G) area as well as in the lateral side of the nucleus (arrowhead). Some of the
DOPA-positive tubular profiles appear to be continuous with melanosomes (white arrows with asterisks in c and inset to c). In addition, DOPA-positive
vesicles (black arrows) and tubules (white arrows) are absent from the dendrites of (d) normal human melanocytes (NHMD) but (e) prevalent in the dendrites
of HPS-3 melanocytes (patient 2). Bars: a–e, 2 �m; inset to c, 0.3 �m.
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non-specific fusion of trafficking vesicles with the melano-
some) or by a default mechanism (ie, independent of the
HPS3 protein). Regardless, insufficient amounts of enzymes
and regulatory proteins are incorporated into the melano-

somes so that insufficient melanin synthesis occurs and
oculocutaneous albinism subsequently results.

Although the specific function of most HPS gene
products is unknown, many of them interact within mod-

Figure 4. Tyrosinase distribution in HPS-3 melanocytes appears floccular and less granular than in normal human melanocytes (NHM). As demonstrated by
immunocytochemical staining of tyrosinase, normal human melanocytes (a and c represent NHMD) exhibit a granular staining pattern that is dense in the cell body
(arrow) and sparse in the dendrites (arrowheads). In contrast, HPS-3 melanocytes (b and d represent patients 1 and 2, respectively) exhibit a finer, more floccular
staining pattern, also more intense in the cell body (arrows) than in the dendrites (arrowheads). Higher magnification of NHM (e represents NHMD) demonstrates that
the granular pattern characteristic of NHM represents immunolabeling predominantly of 0.5 to 1.0 �m melanosomes (arrows) with lack of immunolabeling between
melanosomes (arrowheads). In contrast, higher magnification of HPS-3 (f represents patient 1) demonstrates that the floccular staining characteristic of HPS-3
melanocytes represents additional staining (arrowheads) between the immunolabeled melanosomes (arrows). This finer immunolabeling profile represents the
numerous DOPA-positive intermelanosomal vesicles and tubules observed with electron microscopy (Figure 3). Bars: a–d, 20 �m; e–f, 8 �m.
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ules or complexes thought to facilitate the trafficking of
cargo from donor to recipient site. For example, the gene
products of pallid (pa) and muted (mu), two murine mod-
els of HPS presently without human homologues, are
subunits of a protein complex termed biogenesis of lyso-
some-related organelle complex-1 (BLOC-1), which inter-

acts in vitro with the murine cappuccino (cno) gene prod-
uct,38 syntaxin-13 (a SNARE family member involved in
membrane fusion39,40), and the actin cytoskeleton.41

Yeast two-hybrid studies and co-immunoprecipitation
analysis have shown that the gene product of HPS-7,
dysbindin, interacts with pallidin suggesting that dys-

Figure 5. Tyrosinase-related protein-1 (Tyrp1) in HPS-3 melanocytes also appears floccular and less granular and without uniform co-localization with tyrosinase.
As demonstrated by dual immunocytochemical staining, normal human melanocytes (NHM) derived from light skin (a–c) exhibit a granular staining pattern
relatively dense in the cell body (arrow) and sparser in the dendrites (arrowheads) for both tyrosinase (a, red) and Tyrp1 (b, green). Tyrosinase and Tyrp1
exhibit marked co-localization in the merged image (c). In contrast, HPS-3 melanocytes derived from patient 1 (d–f) exhibit a finer, more floccular staining pattern
also more intense in the cell body (arrows) than the dendrites (arrowheads) for both tyrosinase (d, red) and Tyrp1 (e, green). Merged images demonstrate that
tyrosinase and Tyrp1 exhibit less co-localization in HPS-3 melanocytes (f) than observed in NHM (c). Similar results were obtained using HPS-3-#2 melanocytes
(not shown) Bar, 15 �m.

Figure 6. HPS-3 melanocytes exhibit a staining pattern distinct from normal human melanocytes (NHML) for Dct and LAMP 1 and 3 but not for the HPS1 protein
or adaptin-3. Normal and HPS-3 melanocytes were immunolabeled for Dct, LAMP1, LAMP2, HPS1 protein, and adaptin-3 as described in Materials and Methods.
Dct (b versus a), LAMP1 (d versus c), and LAMP3 (f versus e) exhibit a finer, more floccular staining pattern in HPS-3 melanocytes, as opposed to the granular
pattern in NHM. Bar, 10 �m.
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bindin co-resides with BLOC-1.8 Similarly, the HPS1 and
HPS4 proteins were demonstrated to interact transiently
or indirectly in a BLOC-3 complex.42 Sedimentation-ve-
locity and co-immunoprecipitation experiments43,44 have
confirmed the interaction between HPS1 and HPS4 in
BLOC-3. The HPS5 and HPS6 proteins have been shown
to interact and comprise BLOC-2,13 which may include
the HPS3 protein.45,46 It is postulated that these BLOC
modules facilitate formation of cargo vesicles at donor
sites, translocation of cargo vesicles through the cyto-
plasm, and the ultimate recognition/docking/fusing of
cargo vesicles with receptor organelles.

Recently, the HPS3 protein was shown to co-immuno-
precipitate with the HPS5 and the HPS6 proteins sug-
gesting that it is a component of the 350-kd BLOC-2.45,46

In addition, the HPS3 protein contains a putative clathrin-
binding domain at residues 172–176 consisting of LL-
DFE25,26 that is essential for the accurate localization of
LAMP1 in fibroblasts.47 Therefore, BLOC-2 and its asso-
ciation with clathrin may be necessary for the efficient
incorporation of melanogenic cargo targeted to the mela-
nosome. We have recently demonstrated that early en-
dosomes and lysosomes appeared clustered in the pe-
rinuclear region of HPS-3 fibroblasts and did not extend
into the periphery of the cells as in normal fibroblasts.47 In
addition, we demonstrate herein that melanosome-tar-
geted cargo does not efficiently become incorporated
into melanosomes in the perinuclear region but are re-
tained in 50-nm vesicles that extend into the periphery of
the HPS-3 melanocyte. Preliminary localization of the
HPS3 protein demonstrates that it exists predominantly in
the perinuclear area, positioning it at sites that regulate
endosome/lysosome translocation and melanosome
cargo trafficking (R. Boissy, personal observation).

The morphological aberration in the trafficking of mel-
anocyte-specific proteins in HPS-3 melanocytes is dis-
tinct from that observed in HPS-1 and HPS-2 melano-
cytes. HPS-1 melanocytes are characterized by unique
large, membranous complexes containing tyrosinase,
Tyrp1, and LAMP3.29 HPS-2 melanocytes are character-
ized by the containment of tyrosinase within large vesi-
cles resembling endosome/multi-vesicular-sorting bod-
ies while Tyrp1 is normally trafficked to the
melanosome.48 The distinct morphological manifesta-
tions in melanocytes of HPS 1–3 suggest that the respec-
tive proteins regulate different sites in the trafficking path-
way of cargo from the Golgi to the melanosome.49 This is
consistent with the molecular distinction of these proteins
in that HPS1 is a component of BLOC-3, the HPS2 is a
component of the adaptin-3 complex, and HPS3 is a
component of BLOC-2. The specific function these dis-
tinct complexes serve in regulating in cellular trafficking
remains to be resolved.
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