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Abstract
Griscelli syndrome (GS), a rare autosomal recessive disorder characterized by partial albinism and
immunological impairment and/or severe neurological impairment, results from mutations in the
MYO5A (GS1), RAB27A (GS2), or MLPH (GS3) genes. We identified a Hispanic patient born of a
consanguineous union who presented with immunodeficiency, partial albinism, hepatic
dysfunction, hemophagocytosis, neurological impairment, nystagmus, and silvery hair indicative
of Griscelli syndrome type 2 (GS2). We screened for point mutations, but only exons 2–6 of the
patient’s DNA could be PCR-amplified. Whole genome analysis using the Illumina® 1M-Duo
DNA Analysis BeadChip identified a homozygous deletion in the patient’s DNA. The exact
breakpoints of the 47.5-kb deletion were identified as chr15q15-q21.1: g.53332432_53379990del
(NCBI Build 37.1); the patient lacks the promoter and 5’UTR regions of RAB27A, thus confirming
the diagnosis of GS2.
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Introduction
Griscelli syndrome (GS, MIM 214450]) is a rare autosomal recessive disorder caused by
mutations in the MYO5A (GS1), RAB27A (GS2), or MLPH (GS3) genes [1]. All GS patients
present with hypomelanosis of the skin due to abnormal melanosomal trafficking in
melanocytes and silvery gray hair due to the presence of large clumps of pigment in hair
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shafts. In addition, GS1 patients present with severe central nervous system dysfunction,
while GS2 patients develop hemophagocytic lymphohistiocytosis (HLH) with or without
neurological involvement. HLH manifests as episodes of uncontrolled activation of T
lymphocytes and macrophages and, without a bone marrow transplant, is typically fatal in
early childhood for patients with GS2 [2–7]. For GS3 patients, the clinical phenotype is
restricted to hypomelanosis of the skin; the same is true for GS1 patients with mutations in
exon F of MYO5A [5].

Located on 15q21, RAB27A encodes the small GTPase, Rab27A, which has distinct
functions in vesicular trafficking [8,9]. Similar to other Rab proteins, Rab27A cycles
between the guanosine triphosphate (GTP)-bound active state and the guanosine
diphosphate (GDP)-bound inactive state [10]. Rab27A is subject to prenylation at two
conserved cysteine residues within its C-terminus. This modification anchors Rab27A to
membranes during vesicle transport [11,12]. Previous studies have shown that Rab27A
colocalizes with mature melanosomes, where it functions in concentrating melanosomes in
the dendritic tips of normal melanocytes by forming a tripartite complex with melanophilin
and Myosin 5A. Consequently, Rab27A defects result in perinuclear localization of
melanosomes, and explain the albinism in patients with GS2 [13–15]. Rab27A also
functions in lytic granule release from cytotoxic T lymphocytes [16,17] as well as from
natural killer cells [18,19]; defects that underlie the immunological problems seen in GS2.

To date, mutations in RAB27A account for the largest portion of the around 50 reported GS
patients [20,21]. RAB27A mutations have been identified in numerous ethnicities including
Turkish, Iranian, German, North African, and Brazilian patients; the identified genetic
RAB27A alterations are largely frameshift or nonsense mutations [4,20–27]. Previously, only
two unique large scale deletions were identified in Palestinian and German patients [6,25].
Here we report another unique 47.5-kb deletion on chromosome 15q15-q21.1 that removes
the promoter region and exon 1 of RAB27A in a child from a consanguineous union of
Hispanic individuals.

Materials and Methods
Patient

Written, informed consent by the patient’s parents was obtained for enrollment in a protocol
for the diagnosis and treatment of patients with inborn errors of metabolism, approved by
the National Human Genome Research Institute (NHGRI) Institutional Review Board. The
female patient presented with hypopigmentation (lightly pigmented, much lighter than her
mother), silvery hair, nystagmus, and a history remarkable for immunodeficiency, hepatic
dysfunction, hemophagocytosis, and developmental delay. The patient was treated according
to the HLH-2004 protocol [28]. Her parents are second cousins (Fig. 1A) and are of
Hispanic descent. At 1.5 years of age, the girl had an episode of leptomeningeal encephalitis
with hydrocephalus that was treated with a ventriculoperitoneal shunt. Three months later,
she suffered from a spinal cord hemorrhage and disseminated intravascular coagulation. At
2.5 years, she failed to recover from a rapidly progressive respiratory infection, and became
hypoxic and septic with Clostridium sordellii; fatal disseminated intravascular coagulation
ensued. Post-mortem analyses identified erythrophagocytosis in the bone marrow,
hepatomegaly, splenomegaly, thymic atrophy, and numerous central nervous system
anomalies including severe brain atrophy with necrosis, cyst formation, hydrocephalus, and
gliosis. The patient’s hair was obtained for visualization under light microscopy.
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Molecular analysis
Given the clinical phenotype, the patient’s genomic DNA was screened for mutations in
exons 1–6 of RAB27A (GenBank NM_004580) as previously described [6,29]. It should be
noted that the gene structure of RAB27A has been recently reviewed [27] and alternative
transcripts indicated the presence of additional exons that contribute to the 5’untranslated
region (UTR) in other RAB27A transcripts; however, amplification of these alternative exons
were not attempted in this study.

After failure to amplify exon 1 using the patient’s DNA, we performed whole genome
analysis using the Illumina® 1M-Duo DNA Analysis BeadChip (Illumina Inc., San Diego,
CA), which contains informative markers approximately every 1.5-kb. The boundaries of
the deletion were further narrowed by spanning the flanking regions with short PCR
amplicons (~200–400bp) in areas without repetitive elements (Amplicon primer sets are
available upon request). Subsequently, one final set of primers, 5’-
CTCTGCCAACCAGTTTGAAA-3’ and 5’-GTAAGTCAAGAAACACCCTCCC-3’, was
used to amplify across the breakpoints. The resultant amplicon was subjected to sequencing
using BigDye® Terminator v3.1 chemistry and ABI 3130×l Genetic Analyzer (Applied
Biosystems (ABI), Foster City, CA).

Results
The patient’s hypopigmentation (light tan), perinuclear accumulation of melanosomes
within melanocytes, silvery hair, and nystagmus prompted analysis of her hair, which
showed the characteristic clumping of pigmentation throughout the shaft (Fig. 1B) when
compared to normal hair. This evidence and the patient’s extensive medical history
suggested GS, so we screened the patient’s genomic DNA for mutations in RAB27A. Exons
2–6 amplified in both the patient and control DNA and showed no mutations in the patient;
however, exon 1 only amplified in the control, not the patient.

Subsequently, we utilized the Illumina® 1M-Duo DNA Analysis BeadChip to examine the
entire genomic region surrounding RAB27A. This revealed 16 informative markers,
spanning ~62.0-kb, that were homozygously deleted (Fig. 2A). The boundaries of the
deletion were further assessed by placing small amplicons between the first diallelic single
nucleotide polymorphism (SNP) and the first homozygously deleted SNP in each region
encompassing the breakpoints, followed by a primer set that amplified across the deletion
(Fig. 2B).

With respect to the RAB27A gene on the antisense strand of chromosome 15, the 5’ area
region containing the breakpoint was identified by the BeadChip to be between the 13.2-kb
of sequence spanning from reference SNP rs11636687 to rs12901464 (dbSNP
http://www.ncbi.nlm.nih.gov/projects/SNP/). The 3’ breakpoint region was narrowed to the
7.6-kb of sequence bound by rs8032859 and rs16976228. Informative amplicons were then
spaced approximately 1–3 kb apart in unique regions of this highly repetitive region as
annotated in the ensembl genome browser (www.ensembl.org). One of the four amplicons in
the 5’ breakpoint region and two of five in the 3’ region failed to amplify. A final set of
primers located at genomic positions 53380184–53380205 and 53332315–53332334 on
chromosome 15q15-q21.1 (NCBI Build 37.1) amplified across the breakpoint to form a 343-
bp amplicon. Sequencing of this amplicon (Fig. 2D) revealed that the deletion breakpoint
occurred within the nine base pairs: CCATGTTGG (Fig. 2C, D). The final deletion of
47,548-bp was found to lie between genomic positions 53332432 and 53379990 on
chromosome 15q15-q21.1 (NCBI Build 37.1).
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RAB27A has four GenBank transcripts: NM_004580.3, NM_183234.1, NM_183235.1, and
NM_183236.1. The large deletion in this patient removes the promoter region and exon 1 of
the major RAB27A transcript NM_004580.3. At least part of the 5’UTR portions of the
transcript are deleted in all of the four known transcripts. Although this mutation does not
remove any coding regions of the gene in any of the transcripts, it is predicted to remove the
elements required for the transcription of RAB27A. Cells and RNA were not available to
verify the absence of the transcript and protein.

Discussion
We identified what is to our knowledge the first Hispanic patient with Griscelli Syndrome,
type 2. The female infant presented with hypopigmentation (light tan, as described for other
Griscelli cases [21,30]), silvery hair (characteristic pigment clumps in the hair shaft),
nystagmus, hemophagocytosis and severe neurological impairment. She carried a
homozygous deletion (chr15q15-q21.1: g.53332432_53379990del (NCBI Build 37.1) that
included the promoter and 5’ UTR regions of the RAB27A gene. A homozygous deletion
was not surprising given the known consanguinity within the family.

The deletion breakpoints in this patient occurred within two Alu low copy repeat regions as
annotated in the Ensembl genome browser and identified by Repeat Masker
(www.repeatmasker.org). The Alu repeats span 294-bp at the 5’ and 1301-bp at the 3’
breakpoints relative to the RAB27A gene on the anti-sense strand of chromosome 15.
Interestingly, these two repeats share 83% sequence identity across 289-bp of contiguous
sequence. Alu repeats are genomic elements that can be transcribed by RNA polymerase III
and subsequently inserted back into a different location in the genome by retroposition [31].
Recombination events between Alu elements, which likely occurred in this case, have been
known to cause a wide range of diseases, including Duchenne’s muscular dystrophy, Fabry
disease and Tay-Sachs disease [32–34].

In conclusion, we identified a novel 47.5-kb deletion on chromosome 15q15-q21.1
containing critical elements of the RAB27A gene. We determined that this deletion was
likely the result of a recombination event on chromosome 15 that occurred between two Alu
elements. Other studies of large scale RAB27A deletions fail to acknowledge the potential
cause of the deletions in their patients [6,25]; however, this novel deletion appears to have
unique breakpoints unrelated to other known deletions in RAB27A.
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Fig. 1.
Clinical information of patient with Griscelli Type 2 Syndrome. (A) The pedigree of the
proband’s (P) family shows consanguinity arising from a marriage of second cousins. (p =
pregnancy; n = multiple siblings, number unknown) (B) The silvery hair of the patient with
GS2 shows characteristic pigment clumping (right) compared to a hair of an unaffected dark
haired person (left). Sizebar, 50 µm.
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Fig. 2.
Experimental and schematic representations of homozygous deletion in Rab27A gene of
patient with Griscelli Type 2 Syndrome.
(A) Illumina® 1M-Duo DNA Analysis BeadChip results illustrating a large scale deletion.
(B) Schematic basis of 47.5-kb deletion relative to the most abundant transcript of the
Rab27A gene (GenBank NM_004580). The deletion (shaded gray line) removes the first
exon, which is non-coding. The deletion does not contain any coding sequence. Cross-
hatched boxes indicate 5’-UTR of the transcript and the checkered box indicates 3’-UTR of
all transcripts. Black boxes indicate coding region of Rab27A.
(C) Two primers (block arrows) were used to amplify across the deletion that occurs within
the 9-bp stretch shared by the two regions.
(D) Sequence analysis of the breakpoint region. Diagrams are not to scale.
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