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mutated in leaden mice. We also show that an identical phenotype can result from the deletion of the MYO5A F-exon, an
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Introduction
Griscelli syndrome (GS; MIM 214450) is a rare auto-
somal recessive disorder that results in a character-
istic pigmentary dilution of the skin and the hair,
with the presence of large clumps of pigment in hair
shafts and an abnormal accumulation of end-stage
melanosomes in the center of melanocytes (1–4). So
far, two forms of GS have been described. Type 1
(GS1) associates characteristic albinism with a severe
primary neurological impairment. Patients exhibit
severe developmental delay and mental retardation
occurring early in life. These patients carry muta-
tions of the myosin 5A gene (MYO5A) (2), which
encodes an organelle motor protein, Myosin Va
(MyoVa), with a determining role in neuron function
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(5). The second type of Griscelli syndrome (GS2) is
characterized by the same hypopigmentation asso-
ciated with an immune defect, leading to episodes
of a life-threatening uncontrolled T lymphocyte and
macrophage activation syndrome known as acceler-
ated phase or hemophagocytic syndrome (HS) (6).
During HS, activated T cells and macrophages infil-
trate various organs (including the brain), leading
to massive tissue damage, organ failure, and death
in the absence of an immunosuppressive treatment.
Bone marrow transplantation is the only curative
treatment for this condition (6). Mutations in
RAB27A, encoding a small GTPase protein (Rab27a)
involved in the function of the intracellular-regu-
lated secretory pathway, cause GS2 (3). The immune
deregulation observed in GS2 patients is accounted
for by the absolute requirement of the Rab27a func-
tion in lymphocyte cytotoxic granule release and the
determining role of this cytotoxic pathway in
immune homeostasis (3, 7, 8). Both genes (MYO5A
and RAB27A) map to the same chromosome
15q21.1 region and are distant from each other by
less than 1.6 cM (3, 9).

Natural murine models of GS1 and GS2 have been
respectively described as dilute (Myo5a–) (10) and ashen
(Rab27a–) mice (11). These mutants present a pheno-
type close to that of their human counterparts,
although HS has not so far been described in ashen



mice (10–13). An identical pigmentary dilution and
melanosome transport defect has been described in
leaden mice, resulting from a mutation in melano-
philin (Mlph), which encodes a member of the Rab
effector family (14). The protein complex formed by
Rab27a, Mlph, and MyoVa has been recently shown to
be essential for the capture and local movement of
melanosomes in the actin-rich cell periphery of
melanocytes (15–17). Mlph belongs to the Slp (synap-
totagmin-like protein)/Slac2 (Slp homolog lacking
C2 domains) family. Several members of this family
have been reported to act as effectors of Rab27a. They
directly bind Rab27a via their N-terminal Slp homol-
ogy domain (SHD). In addition to this, biochemical
analyses have indicated that Mlph, via its C-terminal
domain, interacts with MyoVa (16).

In this report, we show, for the first time to our
knowledge, that homozygous missense mutation in
human melanophilin (MLPH), leading to defective
Rab27a-Mlph interaction, results in a third form of
GS (GS3), the phenotype of which is restricted to
hypopigmentation. In addition, we report that this
same pigment-dilution phenotype can also occur as
a result of MYO5A F-exon deletion. These findings
provide further insight into the understanding of
the expression spectrum of GS and further
strengthen the hypothesis that Rab27a acts in the
secretory pathway through different groups of
effectors in different cell types.

Methods
The clinical presentation of patients A and B (PA
and PB) has been previously reported (respectively,
P12 and P11 in ref. 18). PA and PB are unrelated;
both belong to consanguineous families. PA was
first referred at the age of 10 years with the com-
plaint of failure to gain weight, while PB was
referred at the age of 4 years because of recurrent
tonsillitis. In both patients, silver-gray hair, eye-
brows, and eyelashes were noticed. Microscopic
analysis of their hair shafts showed the characteris-
tic features of Griscelli syndrome, i.e., the presence
of large clumps of pigment in the hair shaft (Figure
1). A longitudinal follow-up of each patient (over 6
and 8 years, respectively) has revealed that pheno-
typic presentation in both cases was restricted to

hypopigmentation, without any immune or neuro-
logical manifestations. Growth was normal in PA.
Informed consent for the study was obtained from
the parents of the patients.

Genotype analysis and mutation detection. Genomic
DNA was extracted from peripheral blood cells (19),
and genotype analysis was performed as previously
described (9), using known chromosome 15q21
markers spanning the RAB27A/MYO5A locus (3, 9),
as well as markers neighboring the MLPH gene 
locus on chromosome 2q37.3 (D2S2348, D2S338,
D2S125, and D2S140) (20).

Mutational analysis of RAB27A (GenBank accession
no. U38654; http://www.ncbi.nlm.nih.gov/Genbank/)
and MYO5A (accession no. U90942) was performed as
previously described (3, 9). Each exon of MLPH (acces-
sion no. NM024101) was amplified on genomic DNA
and sequenced directly using the ABI PRISM dye ter-
minator (Applied Biosystems, Courtaboeuf, France).
Sequence was determined from both strands. Primer
sequences are available on request.

Molecular cloning of WT and mutants of Mlph. Cloning
of WT human RAB27A in pFLAG-CMV-4 has been
previously reported (21). A cDNA encoding the first
146 amino acids of human Mlph, termed Slp homol-
ogy domain (SHD) (22), was cloned in frame into
pcDNA3.1/Myc-His (Invitrogen, Cergy Pontoise,
France), which adds the Myc epitope to the C termi-
nus of the cloned cDNA, as previously described (21).
For mutant MLPH constructs, site-directed mutagen-
esis (in boldface in the sequences) of MLPH was per-
formed using a double-PCR strategy (23). The primers
used are as follows: 5′-CGAAGGAAAGAAGAGGAATG-
GCTAGAGGCGTTGAAG-3′ (R35W primer, sense), 5′-
CTTCAACGCCTCTAGCCATTCCTCTTCTTTCCTTCG-3′
(R35W primer, antisense), 5′-CGAAGGAAAGAAG-
AGGAAAAGCTAGAGGCGTTGAAG-3′ (R35K primer,
sense), 5′-CTTCAACGCCTCTAGCTTTTCCTCTTCTTTC-
CTTCGGAGGTCAAAATCTCG-3′ (R35K primer, anti-
sense), 5′-CGAAGGAAAGAAGAGGAAGTGCTAGAGGC-
GTTGAG-3′ (R35V primer, sense), 5′-CTTCAACGCCT-
CTAGCACTTCCTCTTCTTTCCTTCGGAGGTCAAAAT-
CTCG-3′ (R35V primer, antisense), 5′-CGAAGGAAAGA-
AGAGGAATTGCTAGAGGCGTTGAAG-3′ (R35F primer,
sense), 5′-CTTCAACGCCTCTAGCAATTCCTCTTCTTTC-
CTTCGGAGGTCAAAATCTCG-3′ (R35F primer, antisense).
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Figure 1
Light microscopy of patients’ hair shafts. Typical features of GS are the large clumps of pigment irregularly distributed along the hair shaft,
as shown for a GS1 patient and a GS2 patient. The same aspect is observed in the hair shafts of PA and PB. In contrast, a fine, evenly dis-
tributed pigment is observed in the control hair shaft.
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Cell culture, transitory transfection, and functional assay.
The immortal control mouse melanocyte cell line
Melan-a was kindly provided by Dorothy Bennett (St.
George’s Hospital Medical School, London, United
Kingdom). Melan-a cells were cultured in RPMI 1640
supplemented with 10% FCS and 200 nM PMA (Sigma-
Aldrich, Saint Quentin Fallavier, France) at 37°C with
10% CO2. For microscopic analysis, cells were grown on
coverslips for 24 hours and cotransfected using the
liposomal transfection reagent FuGENE 6 (Roche
Diagnostics, Meylan, France), with 2.5 µg pEGFP-C2
(Clontech; distributed by Ozyme, St. Quentin Yvelines,
France), GFP-Mlph, and GFP-R35W. Cells were fixed
24 hours later in 3.7% paraformaldehyde for 15 min-
utes, washed extensively, and mounted in a medium
containing Mowiol antifading agent (Calbiochem-Nov-
abiochem Corp., San Diego, California, USA). Cells
were observed using an Axioplan 2 microscope (Carl
Zeiss SA, Le Pecq, France). The 293T cell line was cul-
tured in DMEM with 10% FCS at 37°C with 5% CO2

and transfected by electroporation at 250 V, 900 µF
(EquiBio Ltd., Ashford, United Kingdom).

Mlph-binding experiments. Flag-RAB27A WT or
mutant 1-146MLPH-Myc was coexpressed in 293T cells.
One day after electroporation, cells were lysed as pre-
viously described (21). Anti–C-Myc (9E10; Santa Cruz
Biotechnology Inc.; distributed by Tebu SA, Le Perray
en Yvelines, France) and anti–Flag-M2 (Sigma-Aldrich)
were used for immunoprecipitation. Immune com-
plexes were collected with protein G.

Results
Mlph gene mutation in a patient with a GS restricted to
hypopigmentation. The segregation analysis of the poly-

morphic markers linked to the 15q21.1 GS locus (per-
formed in PA’s family) excluded the known GS genes
(RAB27A and MYO5A) as related to the GS phenotype
in the family (Figure 2). Because of the similar dilut-
ed pigmentation observed in leaden, ashen, and dilute
mice, we hypothesized that the GS phenotype in PA
was the result of an Mlph defect. The homozygous
haplotype segregation of the polymorphic markers
from the 2q37.3 chromosomal region encompassing
the MLPH locus (24) in PA was compatible with this
hypothesis (Figure 2). Mutation screening of the
MLPH gene was thus carried out on PA’s genomic
DNA. A homozygous C103T transition was identified
in exon 1 of the patient’s DNA, resulting in a putative
R35W substitution. The mutation of each allele was
inherited from each of his parents (Figure 3a). Com-
bination of standard and single-base sequence analy-
ses of 110 control chromosomes did not find the
C103T mutation, indicating that this mutation is not
a common polymorphism. The C103T mutation falls
within the SHD of Mlph, which directly binds to
Rab27a, whereas the C-terminal domain of Mlph
interacts with MyoVa (15, 25). In leaden mice, R35 is
one of the seven deleted residues of Mlph (14) (Figure
3b). This residue is also highly conserved among all
known members of the Slp family, including
Rabphilin-3A (Figure 3b), which is also able to inter-
act with Rab27a. It participates in several intramolec-
ular interactions, which stabilize the folding of Mlph.
In Rabphilin-3A, this residue makes direct contact
with the small G protein Rab3A, as evidenced by crys-
tal structure analysis of the protein complex (26).

Figure 2
Linkage analysis in PA’s family tree. PA’s family tree and haplotype
analysis of polymorphic markers spanning the GS locus (with
MYO5A and RAB27A) on chromosome 15q21.1, and the MLPH
locus on chromosome 2q37.3. Haplotype segregation in PA’s fam-
ily shows an absence of linkage of the GS to the MYO5A/RAB27A
locus, whereas a homozygous haplotype segregates in the patient
at the MLPH locus.

Figure 3
MLPH missense mutation in PA. (a) Detection of MLPH mutation in
PA’s family by fluorometric sequencing. DNA sequence analysis of
exon 1 shows a C-to-T transition resulting in an R35W substitution
in PA. The mutations of the mother and father are heterozygous for
R35W. (b) Sequence alignment of the SHD1 domain of human Mlph
(MLPH) and mouse Mlph (Mlph) as well as of mouse Rabphilin-3A
(mRabphilin-3A). The residue R35 substituted by W in PA is indicat-
ed by an arrow, and the seven residues deleted in the leaden mutant
are indicated by italics highlighted in gray. The Rabphilin-3A residues
mediating the contact with Rab3A (26) are indicated by asterisks.
Amino acid numbers are indicated at the right end of each line.



constraint of the interaction. The specificity of the
R35 residue (as well as the biochemical basis of the
Mlph-Rab27a functional interaction) was then fur-
ther investigated by the analysis of additional sub-
stitutions at this very same position. Three substi-
tutions (V, F, and K in place of R) were chosen
because they would not disrupt protein folding but
rather would introduce either a similar lateral chain
size (V and F) or both a similar size and charge (K) as
compared with the arginine residue. When tested in
the same conditions as WT Mlph, none of these
mutant constructs, including the most closely relat-
ed (K) substitution, could restore Mlph-Rab27a
interaction (Figure 4b). These results highlight the
specific requirement of the conserved R residue at
position 35 for Rab27a/Mlph binding and confirm
the deleterious effect of R35W mutation on Mlph-
Rab27a interaction.

Overexpression of Mlph R35 mutant does not modify
melanosome distribution. We then examined the intra-
cellular distribution of melanosomes as a function
of the expression of either the WT-SHD or the
R35W-SHD Mlph in melanocytes. Melan-a cells, a
WT mouse melanocyte cell line, were found to
exhibit evenly distributed melanosomes throughout
the cell body (Figure 5, a and b). Transitory trans-
fection of WT-SHD Mlph in Melan-a cells resulted
in a dramatic redistribution of the pigment gran-
ules, which, in the majority of the transfected cells,
became clustered in the perinuclear region. SHD
Mlph can interact with the endogenous Rab27a, but
truncation of the Mlph C-terminal part precludes
targeting of MyoVa to the melanosomes, thus lead-
ing to a dominant negative effect mediated by this
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Association of Mlph mutant proteins with Rab27a. The
protein complex formed by Rab27a-Mlph and -
MyoVa allows the melanosomes to connect to the
actin network (27). In this complex, Mlph interacts
with Rab27a through its N-terminal part (SHD) and
with MyoVa through its C-terminal part. To further
determine whether or not the R35W substitution
identified in PA is sufficient to impair Rab27a-Mlph
interaction, an SHD(R35W)-Mlph construct was
used to express the R35W mutant. It was tested in an
in vivo Rab27a-binding experiment. Although
SHD(WT)-Mlph coimmunoprecipitated with Rab27a
when both constructs were coexpressed in the 293T
cell line, the R35W mutation introduced in the SHD
of Mlph completely blocked interaction with Mlph
(Figure 4a). Since the arginine residue (R35) is
exposed to the interface of the Mlph-Rab27a interac-
tion, the replacement of this positively charged side
chain residue (R) by a residue with a bulky aliphatic
side chain (W) may have affected the stereochemical

Figure 5
Overexpression of WT-SHD Mlph but not R35W-SHD Mlph inter-
feres with melanosome transport. Melan-a cells were transfected
with plasmids encoding pEGFP-C2, which allows a soluble GFP
expression (a), or with GFP-WT-SHD-Mlph (c) or GFP-R35W-SHD-
Mlph (e). (b, d, and f) Images of transmitted light showing the
melanosome distribution. Bars: 20 µm.

Figure 4
Association of Mlph mutant proteins with Rab27a. (a) MLPH muta-
tion in PA affects Mlph-Rab27a interaction, as shown by coim-
munoprecipitation analysis. WT Mlph (the MLPH sequence encod-
ing the first 146 amino acids [SHD], cloned in pcDNA 3.1/Myc
vector) or the mutant Mlph R35W, and Rab27a (the entire sequence
encoding Rab27a, cloned in pFlag-CMV-4 vector), were cotrans-
fected into 293T cells, immunoprecipitated with an anti-Flag anti-
body, and revealed with an anti-Myc antibody (IP: anti-Flag; Blot:
anti-Myc). A similar amount of proteins was present (top and bot-
tom panels). The positions of the marker (× 10–3) are shown on the
left side. (b) None of the new substitutions introduced at position
35 of Mlph could restore Mlph-Rab27a interaction. The R35K,
R35V, and R35F mutants were introduced in the SHD of Mlph by
directed mutagenesis. Coimmunoprecipitated Flag-Rab27a detect-
ed by the anti-Flag antibody (IP: anti-Myc; Blot: anti-Flag) was only
observed with the WT Mlph. The same blot was then stripped and
reprobed with an anti-Myc antibody. The top panel indicates the
total amount of expressed Flag-Rab27a (1:100 volume of the reac-
tion mixture) used for immunoprecipitation. None of the mutant
constructs was able to restore binding to Rab27a.
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F-exon (9, 30). Thus, although patients’ cells were
not available to test the absence of the longest 
F-exon–containing MYO5A isoform, the deletion
identified in patient PB predicts an exclusion of the
F-exon in the final MyoVa product.

Discussion
A hallmark of Griscelli syndrome is hair hypopig-
mentation characterized by a silver-gray sheen and
the presence of large clusters of pigment unevenly
distributed in the hair shaft. Either a primary neu-
rological impairment or immune abnormalities are
associated with this GS phenotype. They result from
two different gene defects underlying GS1 and GS2,
respectively (2, 3). Mutations in the gene that
encodes the molecular motor protein MyoVa cause
GS1 and the dilute mutant phenotype in mice, where-
as mutations in the gene that encodes Rab27a are
responsible for GS2 and the ashen mouse model. We
show herein that, in addition to these two previouslyconstruct. In contrast to this, no effect on granule

positioning was observed when the SHD Mlph
mutant (R35W) was overexpressed in these cells
(Figure 5, e and f); this confirmed the inability of the
R35W mutant to interact with endogenous Rab27a.

GS with a pure albinism phenotype caused by F-exon
MYO5A gene mutation. Since PB displayed a GS phe-
notype identical to that of PA, i.e., disease expression
restricted to hypopigmentation, a similar genetic
analysis was undertaken. Using segregation linkage
analysis, the MLPH locus was excluded as a potential
candidate region in this family, while the RAB27A/
MYO5A locus was found compatible (data not
shown). Mutation screening of the two causative
genes of GS located in this region was thus under-
taken. No mutation could be identified in the RAB27A
gene, but sequencing of MYO5A in PB identified a
homozygous 2,439-bp genomic deletion (del
871–3310) spanning the whole F-exon, as well as
part of the flanking 5′ and 3′ intronic sequences
(Figure 6, a–c). Several isoforms of MYO5A have been
described, in both mice (28, 29) and humans (9, 30).
They result from different combinations of spliced
exons, along with the F-exon, which encode part of
the tail region of MyoVa (Figure 6, a and b). The
majority of MYO5A transcripts in melanocytes con-
tain the F-exon, whereas brain transcripts lack the 

Figure 6
Characterization of the MYO5A mutation in PB. (a) Schematic
representation of MyoVa with the details of the various domains
as previously reported (9) and of the alternatively spliced A–G
region. (b) Schematic representation of the alternative splice
forms expressed in melanocyte and brain tissues. (c) Deletion
871–3310 in PB’s MYO5A gene disrupts the F-exon as well as its
5′ and 3′ flanking intronic sequences. Number 1 of the base pair
corresponds to the first base of the 5′ F-intron sequence. PCR
amplification of the E- and F-exons in PB and control (C) is
shown. Primer pairs used (indicated by arrows for the F-exon)
were previously described (9).

Figure 7
Scheme of the heterotrimeric protein complex involved in human
melanosome transport. A defect in any of the proteins, MyoVa,
Rab27a, or Mlph, leads to identical pigmentary dilution, found in the
three forms of GS. The F-exon of MyoVa is required for MyoVa-Mlph
interaction and the SHD of Mlph for Mlph-Rab27a interaction. The
locations of the genetic defects identified in PA and PB are shown.



described GS forms, a third genetically defined GS
form (GS3) results from mutation in MLPH. Phe-
notypic expression of GS3 is restricted to the char-
acteristic hypopigmentation of this syndrome and
appears to be the human counterpart to the leaden
mutant in mice (14).

GS3-associated albinism was found to be indis-
tinguishable from that described in GS. Absence of
linkage of this phenotype to the GS1-2 locus and its
compatibility with the human chromosome region
synthenic to the leaden locus designated MLPH as a
potential candidate gene. The missense mutation,
identified in PA’s MLPH gene, clearly affects the
function of the corresponding encoding protein.
The Mlph mutant protein is indeed unable to asso-
ciate with Rab27a, either transiently overexpressed
or endogenously expressed in melanocytes. The
absolute requirement of an arginine residue at posi-
tion 35 of the Mlph protein was also demonstrated
by the complete failure to restore Mlph-Rab27a
association when several residues, with molecular
characteristics similar to those of arginine, were
introduced at the same position. Mutation identi-
fied in this first GS3 case thus points to a critical
residue of Mlph involved in direct interaction with
Rab27a. In the absence of the tripartite protein
complex (Rab27a-Mlph-MyoVa) formation in
melanocytes (Figure 7), melanosomes cannot be
connected to the actin network and thus transport-
ed toward the melanocyte tips. A previous in vitro
study has shown that MyoVa interacts with Mlph
through its F-exon (15). The study performed with
cells from PB shows that this molecular interaction
also operates in vivo in humans and is essential for
melanosome transport. In contrast, the short F-exon–
negative isoform of MYO5A appears sufficient to
allow normal neurological development and func-
tion, since, unlike in previous patients identified
with null mutation of MYO5A, deletion of the F-exon
in PB did not result in any neurological manifesta-
tions. A previous study in mutant mice in which
Myo5a mutations failed to incorporate the F-exon
led to similar conclusions (29).

Three genetic forms of GS have thus been identi-
fied. They result from mutations in MYO5A,
RAB27A, and MLPH, respectively. The different phe-
notypes observed in each GS form are in accordance
with the functions and tissue expression of the
respective proteins (Figure 7): (a) The common pig-
mentary defect observed in GS1, GS2, and GS3
results from the absolute requirement and interac-
tion of the three encoded proteins for melanosome
transport, through the SHD of Mlph and the F-exon
of MyoVa. (b) Normal neurological development
and functions require the presence of MyoVa, at
least in its short F-exon–spliced isoform. Absence of
MyoVa accounts for the primary severe neurological
impairment observed in GS1. (c) The defective cyto-
toxic activity that characterized the GS2 phenotype

results from the crucial role of Rab27a in the exocy-
tosis of cytotoxic granules in T and NK lymphocytes
(3), while MyoVa and Mlph are not expressed in
cytotoxic cells (17). The severe and early immune
dysregulation known as HS, which invariably leads
to death in GS2 patients, most likely results from
this defective cytotoxic activity. We indeed previ-
ously demonstrated that perforin mutations, which
also impair this cytotoxic pathway, lead to the
occurrence of an identical HS in patients with famil-
ial hemophagocytic lymphohistiocytosis (7). It is
interesting to note that the same genetic defect in
ashen mice is not associated with such severe immune
manifestations. Although ashen mice exhibit a simi-
lar defective cytotoxic activity, their survival and fer-
tility are identical to those of WT mice in nonpro-
tected animal facilities, and they do not develop
spontaneous HS. Similarly, perforin-deficient mice
do not spontaneously develop HS (31). It will be
interesting to investigate whether or not ashen mice
develop HS when challenged with lymphocytic
choriomeningitis virus, as perforin-deficient mice
have been reported to do (32, 33).

Since the first description, by Griscelli et al., of a
syndrome associating partial albinism and immun-
odeficiency (1), various expressions and three genet-
ic causes have been associated with the typical
hypopigmentation. GS diagnosis thus depends on
the observation of this characteristic hypopigmenta-
tion in association with additional features. The
molecular understanding of GS conditions now
allows better prediction of the phenotypic conse-
quences of any new anomalies identified in these
three genes. Since prognosis, treatment, and genetic
counseling differ considerably among the various
forms, the performance of accurate genetic diagno-
sis, early in life, would be an important tool in med-
ical decision-making.

The various genetic defects associated with GS have
demonstrated that, although melanosome transport
in humans involves a Rab27a-dependent, Mlph-
dependent, F-exon–MyoVa–dependent pathway, nei-
ther Mlph nor the F-exon of MyoVa plays a significant
role in other functions. The existence of immune and
neuronal cell type–specific effectors for MyoVa and
Rab27a has thus been predicted. Forthcoming molec-
ular and functional studies should show new partners
of these proteins that are dedicated to organelle trans-
port in these tissues.
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