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Abstract. Normal pigmentation depends on the uni-
form distribution of melanin-containing vesicles, the
melanosomes, in the epidermis. Griscelli syndrome (GS)
is a rare autosomal recessive disease, characterized by
an immune deficiency and a partial albinism that has
been ascribed to an abnormal melanosome distribution.
GS maps to 15q21 and was first associated with muta-
tions in the myosin-V gene. However, it was demon-
strated recently that GS can also be caused by a muta-
tion in the Rab27a gene. These observations prompted
us to investigate the role of Rab27a in melanosome
transport. Using immunofluorescence and immunoelec-

tron microscopy studies, we show that in normal me-
lanocytes Rab27a colocalizes with melanosomes. In me-
lanocytes isolated from a patient with GS, we show
an abnormal melanosome distribution and a lack of
Rab27a expression. Finally, reexpression of Rab27a in
GS melanocytes restored melanosome transport to den-
drite tips, leading to a phenotypic reversion of the dis-
eased cells. These results identify Rab27a as a key com-
ponent of vesicle transport machinery in melanocytes.
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Introduction

Normal skin and hair pigmentation requires the synthesis
of melanin pigment by melanocytes in specialized intracel-
lular vesicles called melanosomes. Melanosomes are trans-
ported to dendrite tips of melanocytes and are transferred
to surrounding keratinocytes (Jimbow and Sugiyama,
1998). These events ensure a uniform pigmentation and al-
low melanin to play its vital photoprotective role against
the noxious effects of UV light. Little is known about the
molecular mechanisms of melanosome distribution in me-
lanocytes. However, important notions emerged from re-
cent studies of the dilute mouse and its human counter-
part, the Griscelli syndrome (GS).!

Dilute mice have a coat color dilution attributed to a
clumping of melanin granules in their hair and an abnormal
concentration of melanosomes in the cell body of melano-
cytes (Russell, 1971; Silvers, 1979b). It was demonstrated
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that dilute mutant phenotypes are caused by mutations in
the myosin-V gene (MYOVA) (Mercer et al., 1991).

GS is a rare autosomal recessive disease consisting of
a partial albinism of hair and skin, an immune deficiency
with episodes of hemophagocytic lymphohistiocytosis
(Griscelli et al., 1978; Klein et al., 1994). The immune
deficiency in GS is poorly characterized, but a defect in
cell-mediated cytotoxicity has been found consistently
(Klein et al., 1994). The pigmentary dilution in GS con-
sists of a striking silvery-metallic hair sheen and mild cu-
taneous depigmentation (Haraldsson et al., 1991; Man-
cini et al., 1998). Light microscopy examination of hair
in GS shows a typical pattern of uneven accumulation of
large pigment granules in the hair shaft instead of the
homogeneous distribution of small pigment granules in
normal hair. Fontana-Masson staining of melanin in skin
sections of patients with GS reveals large hyperpig-
mented melanocytes contrasting with poorly pigmented
adjacent keratinocytes, instead of the homogeneous dis-
tribution of melanin granules observed in melanocytes
and surrounding keratinocytes in a normal epidermis.
Electron microscopy of skin sections of GS patients
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shows that the cytoplasm of melanocytes is filled with
numerous melanosomes, whereas adjacent keratinocytes
are virtually devoid of these pigmented organelles (Gris-
celli et al., 1978; Kanitakis et al., 1991; Klein et al., 1994;
Mancini et al., 1998). Recently, GS was mapped to
15921, the region where MYOVA is located. Further,
MYOVA mutations were identified in several GS pa-
tients (Pastural et al., 1997), pointing to MYOVA as the
first gene involved in GS.

Myosin-V is an actin-based molecular motor involved
in intracellular vesicle transport (Cheney et al., 1993;
Mermall et al., 1998). In melanocytes, myosin-V binds to
melanosomes and participates in their transport to den-
drites (Provance et al., 1996; Nascimento et al., 1997; Wei
et al., 1997; Wu et al., 1997; Lambert et al., 1998). More
precisely, it seems that myosin-V captures melanosomes
in subcortical actin bundles at the periphery of dendritic
processes (Wu et al., 1998). Taken together, these obser-
vations suggest that the pigmentary dilution observed in
GS is due to a defective acto-myosin—-dependent docking
of melanosomes at dendrite tips of melanocytes, resulting
in a biased distribution of these organelles.

Interestingly, in several GS patients no mutation was
found in MYOVA, suggesting the existence of a second
GS gene also located in 15g21 (Pastural et al., 2000). In-
deed, it was demonstrated very recently that GS can also
be caused by a mutation in the Rab27a gene (RAB27A,;
Menasché et al., 2000). It should be noted that Rab GTP-
ases have been involved previously in the control of intra-
cellular vesicle trafficking by regulating the interactions
of vesicles with the cytoskeleton and molecular motors
(Echard et al., 1998; Nielsen et al., 1999). Taken together,
these observations lead us to investigate the role of
Rab27a in melanosome transport in melanocytes.

Materials and Methods

Patient

The patient was a 3-mo-old Turkish boy born from consanguineous par-
ents. He was referred to the hospital for hemophagocytic lymphohistiocy-
tosis. Silvery hair and white eyelashes were noted on admittance. The di-
agnosis of GS was confirmed by microscopic examination of the hair
showing typical melanin clumps in the hair shaft.

Cell Culture

After informed consent, a 4-mm punch biopsy was taken from the patient.
Melanocyte cultures were established as described previously (Aberdam
et al., 1993). Control cultures of normal melanocytes from the foreskin of
a normal infant were established simultaneously. Cultures up to the fourth
passage were used for the following experiments.

Immunofluorescence Study

Cells were fixed for 20 min in 3% paraformaldehyde, incubated for 10 min
in 50 mM NH,C], and permeabilized for 2 min with 0.1% Triton X-100.
Cells were then labeled with the following antibodies: a polyclonal anti-
myosin-V antibody (Cheney et al., 1993) at 1:100 dilution, a monoclonal
anti-Rab27a antibody raised against amino acids 45-211 (Transduction
Laboratories) at 1:100 dilution, a polyclonal antibody against the COOH
terminus of the murine tyrosinase-related protein 1 (TRP-1) both at 1:100
dilution (Jimenez et al., 1989). The secondary antibodies were an FITC-
conjugated goat anti-rabbit antibody and a Texas red—conjugated goat
anti-mouse antibody (Molecular Probes) at 1:1,000 dilution. Cells were
mounted on glass slides and viewed either with an Axiophot fluorescent
microscope (ZEISS) or a TCS SP confocal microscope (Leica).

The Journal of Cell Biology, Volume 152, 2001

Electron Microscopy

Melanocytes were fixed in wells with 2% glutaraldehyde, postfixed in os-
mium tetroxide, and embedded in epoxy resin. Ultrathin sections were
stained with uranyl acetate and lead citrate and examined with a Philips
CM12 electron microscope.

Immunoelectron Microscopy

Immunoelectron microscopy was performed basically as described previ-
ously (Busca et al., 1996). Ultrathin sections of melanocytes embedded in
Lowicril K4M were labeled with the antibody to Rab27a at 1:200 dilution
and gold-labeled protein A (15-nm particles), or with the antibody to TRP-1
at 1:200 dilution and gold-labeled protein A (5-nm particles). For double
immunolocalization, after Rab27a immunogold labeling the singly labeled
sections were put successively through PBS, 1% glutaraldehyde in PBS (10
mn), PBS, PBS/0.02% glycine, and PBS/1% BSA, before starting the anti—
TRP-1 incubation (Slot et al., 1991). This procedure prevents any binding
of 5-nm gold particle-labeled protein A to Rab27a antibody. The sections
were contrasted with 0.3% uranyl acetate in methyl cellulose for 10 min on
ice. Grids were examined with a Hitachi 600AB electron microscope.

Western Blotting

Cells were scraped and homogenized in 1% Triton X-100 in Tris buffer
(50 mM, pH 7.6) containing 150 mM NaCl, 1 mM PMSF, 10 pg/ml aproti-
nin, and 5 pg/ml leupeptin. Solubilized protein (40 pg) was separated by
SDS-PAGE (6 and 12.5% acrylamide gels) and transferred to nitrocellu-
lose membranes (Hybond+; Amersham Pharmacia Biotech). Membranes
were probed with the following antibodies: a polyclonal antimyosin-V an-
tibody (Cheney et al., 1993) at 1:1,000 dilution; monoclonal anti-Rab8 and
anti-Rab27a antibodies (Transduction Laboratories) at 1:1,000 and 1:250
dilution, respectively; a polyclonal antibody against the COOH terminus
of the murine TRP-1 at 1:1,000 dilution (Jimenez et al., 1989); and a mono-
clonal antibody against tubulin (Amersham Pharmacia Biotech) at 1:2,000
dilution. The secondary antibodies were a peroxidase-conjugated goat
anti-mouse antibody and a peroxidase-conjugated swine anti-rabbit anti-
body (Dako) at 1:4,000 dilution. The antigen—antibody complex was de-
tected with the ECL kit (Amersham Pharmacia Biotech).

Construction of Expression Plasmids and Transfection

A cDNA encoding the RAB27A product was isolated by reverse tran-
scription of human fibroblast RNA and amplified by PCR using the fol-
lowing primers: P1, 5'-GAAAATCATAACAAGCGGTTCTCTACCC-
3’, and P2, 5'-GCCATGTATCAATCATAGAGAAGATCCC-3'. The
PCR product (793 bp) was cloned into the pcDNA3 expression vector (In-
vitrogen) downstream from the cytomegalovirus promoter. A clone that
was found to be 100% identical to the published sequence was used for
the transfection experiments. Green fluorescent protein (GFP)-Rab7,
kindly provided by A. Galmiche (INSERM U452, Nice, France), was ob-
tained by fusing Rab7 to the COOH terminus of the enhanced GFP in the
EcoRI site of pPEGFP-C1 (CLONTECH Laboratories, Inc.). Melanocytes
from the patient with GS were plated on glass coverslips and transfected
with Transfast® (Promega) as recommended by the manufacturer. 24 h af-
ter transfection, cells were fixed and labeled with anti-Rab27a and anti—
TRP-1 antibodies.

Results

Rab27a Colocalizes with Melanosomes and Myosin-V
in Normal Human Melanocytes

First, we performed immunofluorescence studies to visual-
ize Rab27a expression and localization. Normal human
melanocytes were labeled with a monoclonal antibody to
Rab27a and with a polyclonal antibody to TRP-1, an inte-
gral membrane protein of melanosomes (Fig. 1 A). Rab27a
was strongly expressed throughout the cell with a granular
pattern (Fig. 1 A, a). Interestingly, Rab27a accumulated at
the extremity of the dendrites, as observed for TRP-1 (Fig.
1 A, b). When viewed at higher magnification, confocal mi-
croscopy images showed that the antibody to Rab27a la-
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beled individual vesicular structures within the cell cyto-
plasm (Fig. 1 A, c). Most of these vesicular structures were
also labeled by the antibody to TRP-1 (Fig. 1 A, d) and ap-
peared in yellow on the merged image (Fig. 1 A, e), indi-
cating that Rab27a colocalizes with TRP-1. Then, human
melanocytes were labeled with both antibodies to Rab27a
and myosin-V, a molecular motor involved in melanosome
transport that was previously reported to be associated
with melanosomes (Nascimento et al., 1997). Rab27a and
myosin-V showed a similar expression pattern in normal
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Figure 1. Rab27a colocalizes with
melanosomes and myosin-V in normal human me-
lanocytes. (A) Immunofluorescence microscopy of
normal human melanocytes labeled with a monoclonal
antibody to Rab27a (a) and with a polyclonal antibody
to TRP-1 (b). Confocal immunofluorescence micros-
copy of normal human melanocytes labeled with a
monoclonal antibody to Rab27a (c) and with a poly-
clonal antibody to TRP-1 (d). Image overlay (e). Ar-
rowheads indicate the colocalization of Rab27a and
melanosomes. (B) Immunofluorescence microscopy
of normal human melanocytes labeled with a mono-
clonal antibody to Rab27a (a) and with a polyclonal
antibody to myosin-V (b). Confocal microscopy im-
ages of normal human melanocytes labeled with a
monoclonal antibody to Rab27a (c) and a polyclonal
antibody to myosin-V (d). Image overlay (e). Arrow-
heads indicate the colocalization of Rab27a and myo-
sin-V. (C) Immunogold labeling of normal human
melanocytes with the anti-Rab27a antibody (15-nm
gold particles) (a). Immunogold labeling of normal hu-
man melanocytes with the anti-Rab27a antibody (15-
nm gold particles) and the anti-TRP-1 antibody (5-nm
gold particles) (b, c, and d). Black arrows indicate
Rab27a and white arrows indicate TRP-1. Bars: (A, a

d and b) 30 pm; (A, c—¢) 3 pm; (B, a and b) 30 pm; (B,

P c—e) 3 pm; (C, a) 0.6 pm; (C, b-d) 0.2 pm.

human melanocytes with an accumulation at dendrite tips
(Fig. 1 B, a and b). Higher magnification confocal micros-
copy images showed that the antibody to myosin-V (Fig. 1
B, d) labeled vesicular structures that were also labeled by
the anti-Rab27a antibody (Fig. 1 B, c¢). These structures ap-
peared in yellow on the merged image (Fig. 1 B, e). Analy-
sis of numerous cells indicates that there is no Rab27 label-
ing at the plasma membrane. The labeling at the edge of
the cell instead reflects the accumulation of melanosomes
near the plasma membrane. Thus, Rab27a colocalizes with
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both TRP-1 and myosin-V, indicating that Rab27a is asso-
ciated with melanosomes. This was confirmed by electron
microscopy after immunogold labeling of Rab27a and
TRP-1. Indeed, labeling with the antibody to Rab27a
showed that gold particles were associated with dense cy-
toplasmic structures (Fig. 1 C, a) that were identified as
melanosomes by double labeling with both antibodies to
TRP-1 (5-nm gold particles) and Rab27a (15-nm gold par-
ticles) (Fig. 1 C, b-d). These results, demonstrating that
Rab27a is associated with melanosomes, strengthen the
case for a role of Rab27a in melanosome transport.

Melanosome Distribution Is Markedly Impaired in
GS Melanocytes

To verify this hypothesis we established melanocyte cul-
tures from a skin biopsy of a patient with typical features of

The Journal of Cell Biology, Volume 152, 2001

Figure 2. Melanosome distribution is
markedly impaired in GS melanocytes.
(A) Phase—contrast microscopy images
of a normal (a) and GS (b) melanocyte.
(B) Confocal immunofluorescence mi-
croscopy images of a normal (c) and GS
(d) melanocyte labeled for melano-
somes with an anti-TRP-1 antibody.
(C) Electron microscopy images of a
dendritic extension of a normal (e) and
GS (f) melanocyte. Note that despite
the reduction of melanosome number,
both partially (white arrowheads) and
fully pigmented (black arrowheads)
melanosomes are found in the dendrite
of the GS melanocyte. Bars: (A) 25 pm;
(B)5 pm; (C) 1 pm.

GS. Phase—contrast analysis of normal melanocytes showed
an even distribution of pigment throughout the cell, with a
marked accumulation at dendrite tips (Fig. 2 A, a). How-
ever, in all GS melanocytes, despite the presence of normal-
looking dendrites, pigment accumulated massively in the
perinuclear region (Fig. 2 A, b). Immunofluorescence stud-
ies with an anti-TRP-1 antibody confirmed the biased dis-
tribution of melanosomes in GS melanocytes and evidenced
the absence of accumulation of melanosomes at their den-
drite tips (Fig. 2 B, c and d). Western blotting of whole cell
extracts showed that this difference was not caused by a re-
duction in the total expression of TRP-1 (not shown). Elec-
tron microscopy showed a reduction of melanosome num-
ber in the dendrites of GS melanocytes. However, the
structure and maturation of these melanosomes were not
different from those in normal cells (Fig. 2 C, e and f).
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Absence of Rab27a Expression and Normal Expression
of Myosin-V in GS Melanocytes

Next, in GS melanocytes, we studied the expression of
myosin-V, the actin-dependent molecular motor impli-
cated in melanosome transport. Western blotting of whole
cell extracts with a specific antibody against the head do-
main of myosin-V showed a band at the expected size of
190 kD. The expression level of myosin-V was similar in
GS melanocytes and in normal melanocytes (Fig. 3 B).
The immunofluorescence study showed that the expres-
sion pattern of myosin-V was identical in GS melanocytes
and in normal melanocytes (Fig. 3 A, a and b). Unlike my-
osin-V, the immunofluorescence study failed to detect
Rab27a in GS melanocytes (Fig. 3 A, ¢ and d). Western
blotting of whole cell extracts with a monoclonal anti-
Rab27a antibody, raised against amino acids 45-211, de-
tected a band at 27 kD in normal melanocytes that was ab-
sent in GS melanocytes. On the other hand, the expres-
sion of Rab8, another Rab GTPase, was identical in
normal and GS melanocytes (Fig. 3 B). These results can
be explained either by a deletion of the epitope detected
by this anti-Rab27a antibody, or by a lack of Rab27a ex-
pression in GS melanocytes. However, by using three
other antibodies directed against Rab27a, which detected
a band at 27 kD in normal melanocytes, we failed to de-
tect Rab27a in GS melanocytes either by immunofluores-
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Figure 3. Absence of Rab27a ex-
pression in GS melanocytes. (A)
Immunofluorescence labeling of
myosin-V in normal (a) and GS
(b) melanocytes, and of Rab27a
in normal (c) and GS (d) melano-
cytes. For Rab27a labeling,
Hoechst staining was used to vi-
sualize the nuclei. (B) Western
blot analysis. Membranes were
blotted with a polyclonal antimyo-
sin-V antibody (top). Membranes
were blotted first with a mono-
clonal anti-Rab27a antibody (mid-
dle). After stripping, membranes
were reblotted with a monoclonal
anti-Rab8 antibody. Membranes
were blotted with a monoclonal
antitubulin antibody to control the
equal amount of protein in each
lane (bottom). Bars, 30 pm.

cence or by Western blotting (not shown). Therefore, we
conclude that Rab27a is not expressed in the melanocytes
of this patient. Taken together, the results show that these
GS melanocytes have an abnormal distribution of me-
lanosomes and a normal expression of myosin-V, but no
expression of Rab27a.

Reexpression of Rab27a Restores Melanosome
Transport to Dendrite Tips in GS Melanocytes

Finally, we transfected a plasmid encoding the normal
Rab27a cDNA in GS melanocytes. In cells reexpressing
Rab27a, immunofluorescence with an anti-Rab27a anti-
body showed a granular pattern and an accumulation at
dendrite tips, contrasting with the lack of Rab27a ex-
pression in surrounding cells (Fig. 4 A, a and b). In all
the cells reexpressing Rab27a, we also observed an accu-
mulation of melanosomes at dendrite tips that could not
be observed in GS melanocytes lacking Rab27a expres-
sion (Fig. 4 A, c—f), or in GS melanocytes transfected
with GFP-tagged Rab7 (Fig. 4 B). In addition, double
immunofluorescence labeling for Rab27a and melano-
somes showed the same type of colocalization in trans-
fected GS melanocytes (Fig. 4 A, g and h) as in normal
melanocytes (Fig. 1 A). Thus, reexpression of Rab27a in
GS melanocytes specifically restored melanosome trans-
port to dendrite tips.
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Figure 4. Reexpression of Rab27a restores melanosome trans-
port to dendrite tips in GS melanocytes. Immunofluorescence
labeling of two representative fields of GS melanocytes trans-
fected with the normal Rab27a cDNA. The cells were labeled
with a monoclonal antibody to Rab27a (a and b) and the me-
lanosomes with a polyclonal antibody to TRP1 (c—f). Higher
magnification of dendrite tips (e and f) clearly shows the accu-
mulation of melanosomes at dendrite tips of transfected cells
(white arrowheads) contrasting with the vacuity of dendrite ex-

tremities in untransfected GS melanocytes (white circles). Image overlay (g and h) shows the colocalization of transfected Rab27a with
melanosomes. (B) Representative field of GS melanocytes transfected with GFP-Rab7 cDNA (shown in red by artificial color) (a). The
cells were labeled for melanosomes with a polyclonal antibody to TRP-1 (b). Higher magnification of dendrite tips (c) clearly shows the
absence of melanosome accumulation at dendrite tips in both untransfected and transfected melanocytes (b and c). Bars: (A, a-d, g, and

h) 30 wm; (A, e and f) 8 um; (B, a and b) 30 um; (B, ¢) 8 pm.

Discussion

In this report, we show that in normal melanocytes Rab27a
colocalizes with melanosomes and myosin-V. In melano-
cytes from a GS patient, we observed a lack of Rab27a ex-
pression that coincides with the absence of melanosome
accumulation at the dendrite tips. Sequencing of Rab27a
cDNA from this patient revealed a deletion of five nucle-
otides in the terminal exon. This deletion leads to a frame-
shift, a conversion Q172N, and the appearance of a prema-
ture termination codon in 173 (Menasché et al., 2000). At
the protein level, the termination codon in 173 implies that
49 COOH-terminal amino acids are deleted in the mutant
form of Rab27a. This deletion involves the hypervariable
domain of Rab GTPases that contains a geranylgeranyla-
tion motif (CXC) and structural elements that determine
the association of Rab proteins with their specific target
vesicles. In choroideremia, impairment of Rab27a gera-
nylgeranylation results in a decreased expression of the
protein (Seabra et al., 1993). Thus, the mistargeting of the
mutated Rab27a could lead to an increased degradation of

The Journal of Cell Biology, Volume 152, 2001

the protein in GS melanocytes. However, we cannot rule
out the possibility that the premature termination codon
results in Rab27a messenger destabilization. The role of
Rab27a in melanosome transport was clearly demon-
strated by the ectopic reexpression of Rab27a in GS me-
lanocytes, which leads to a normal accumulation of melano-
somes at the dendrite tips and to a phenotypic reversion of
diseased cells. In conclusion, we show that Rab27a is es-
sential for melanosome transport to dendrite tips in human
melanocytes, and that the absence of Rab27a causes a pig-
mentary dilution observed in GS patients.

In addition, these results raise interesting prospects con-
cerning the role of Rab27a. Indeed, in the mouse, muta-
tions at three different loci, dilute, ashen, and leaden lead
to a very similar coat color pigmentary dilution (Silvers,
1979a,b). Dilute encodes for the mouse homologue of my-
osin-V (Mercer et al., 1991). The protein encoded by ashen
and leaden has not yet been identified. Noteworthy, ashen
maps to mouse chromosome 9 (9.41 cM), very close to di-
lute (9.42 cM), in a region orthologous to the human 15g21
region (Moore et al., 1988). Considering the recent local-
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ization of human RAB27A in 15q21(Tolmachova et al.,
1999) and the implication of Rab27a in melanosome trans-
port in human melanocytes, RAB27A is an attractive can-
didate gene for ashen. (Since the submission of this work,
it was reported that the ashen locus corresponds to the
murine RAB27A gene [Wilson et al., 2000].)

Mutations at dilute and ashen locus cause the same
anomalies in melanocytes, and both mutations are cor-
rected by the murine dilute suppressor gene dsu (Moore et
al., 1988). In humans, defective expression of both myosin-
V and Rab27a leads to pigmentary dilution and defective
melanosome transport. These observations strongly sug-
gest that myosin-V and Rab27a function in the same path-
way and raise the possibility that Rab27a could interact
with myosin-V. In agreement with this hypothesis, an asso-
ciation of Myo2p, a yeast myosin-V, with Sec4p, a vesi-
cle-associated Rab protein, has been described recently
(Schott et al., 1999).

Finally, since immune deficiency is the other hallmark of
GS, Rab27a is expected to play an important role in the
human immune system. Considering the alteration of cell-
mediated toxicity observed in GS (Griscelli et al., 1978;
Klein et al., 1994; Dufourcq-Lagelouse et al., 1999) and the
implication of Rab27a in vesicle transport in melanocytes,
it is tempting to speculate that Rab27a could be involved
in the transport of cytotoxic granules.
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