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To the Editor:

The small GTPase Rab27a regulates a number of exocytic processes. In melanocytes, 

Rab27a interacts with melanophilin to mediate melanosome transport required for 

pigmentation (1). In Natural Killer (NK) cells and cytotoxic T lymphocytes (CTL), 

degranulation and thereby cell mediated-cytotoxicity require interaction of the active form of 

Rab27a with Munc13-4 (2; 3). Mutations in the human RAB27A gene cause the autosomal 

recessive Griscelli Syndrome type 2 (GS2) with diluted pigmentation and immunodeficiency 

that can progress to hemophagocytic lymphohistiocytosis (HLH) (4). Recently, six patients 

with GS2 and normal pigmentation have been reported, identifying Rab27a mutations that 

selectively disrupt Munc13-4 binding when re-expressed in HEK293 cells (5). Here, we 
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present a new case of GS2 with no dilution of pigmentation and extend prior biochemical 

results through physiologic cell expression studies.

Death from HLH of two children of a first cousin consanguineous union led us to investigate 

the genetic background of the family (for clinical details see supplementary material). 

Targeted sequencing for the known HLH genes was unrevealing. Although pigmentation was 

normal, whole-exome sequencing identified a novel RAB27A mutation at c.244C>T 

(p.R82C) which was confirmed by Sanger sequencing and suggested the diagnosis of GS2. 

One of two deceased children for whom DNA was available (II.2) as well as two living 

siblings (II.4, II.5) were homozygous for c.244C>T. The other three living children (II.3, II.6 

and II.7) were heterozygous for the mutation (Figure 1A). All five living siblings had 

unremarkable courses prior to, and at the time of this report.

The atypical phenotype for GS2 prompted us to investigate the patients’ mutation further. 

Blood and hair samples were obtained with informed consent in compliance with the 

guidelines of the Institutional Review Boards of the Children’s Hospital of Philadelphia and 

Baylor College of Medicine. A GS2 patient with diluted pigmentation and progression to 

HLH (classical GS2) that had a homozygous RAB27A mutation (c.220G>C p.D74H) was 

included in this study (clinical details of this case to be reported elsewhere). We examined 

all patients’ hair using differential interference contrast (DIC) microscopy. The hair pigment 

of the typical GS2 patient was distributed irregularly in large clumps (Figure 1 B, D74H).

For all five homozygous and heterozygous R82C patients, hair pigmentation was more 

uniform with rare small clumps and not consistent with typical GS2 hair (Figure 1B). We 

studied the NK cell function of four out of the five living patients (II.3, II.4, II.5 and II.6) in 

detail in order to determine the effect of the Rab27a mutation on NK cell cytotoxicity. NK 

cell numbers in the patients were within low to normal ranges (Supplemental material). 

Standard 4h 51Cr release assays (performed as described previously (6) of peripheral blood 

mononuclear cells (PBMCs) against the human erythromyeloblastoid leukemia cell line 

K562 demonstrated that the NK cell mediated-cytotoxicity was reduced in all four siblings 

(Figure 1C). Both homozygous patients (II.4 and II.5) have normal NK cell numbers but 

reduced CD107a mobilization, which could explain the severely decreased cytotoxic NK cell 

function. The heterozygous siblings (II.3 and II.6) are less affected. The different cytotoxic 

responses observed for II.3 and II.6 could be caused by different percentages of NK cells 

detected for these patients (Supplemental material). In all four patients tested, the NK cell 

mediated cytotoxicity could be only partially rescued by IL-2 treatment (Figure E1). 

Impaired cytotoxicity without diluted pigmentation in the patients led to the hypothesis that 

the mutation in RAB27A at c.244C>T (p.R82C) differentially affects the downstream 

function of the protein in NK cells compared to pigment-producing cells. More specifically, 

this novel mutation would disrupt Rab27a binding to Munc13-4 but not affect interaction 

with melanophilin leading to impaired cytotoxic response with normal pigmentation as 

observed in the patients.

To test this hypothesis in physiological relevant settings, we overexpressed tGFP-tagged 

Rab27a wild-type, R82C or D74H in the NK cell line NK92 and the melanoma cell line 

mel1106. The Rab27a variants were immunoprecipitated using anti-tGFP-coated magnetic 
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beads and coimmunoprecipitation of melanophilin (mel1106) or Munc13-4 (NK92) was 

detected by immunoblotting. Rab27a R82C bound melanophilin, although to a lesser extent 

than the wild-type (Figure 2A). In contrast, no Munc13-4 was detectable in the Rab27a 

R82C precipitate (Figure 2B). Neither melanophilin nor Munc13-4 co-immunoprecipitated 

with Rab27a D74H (classical GS2 patient) (Figures 2A and 2B). Quantifying three 

independent experiments we detected that Rab27a R82C coprecipitated 2.7±1.4-fold more 

melanophilin than D74. The amount of Munc13-4 in the precipitate was comparable 

between the two Rab27a mutants (1.2±1-fold). The results supported the conclusion that the 

mutation at R82C inhibits interaction of Rab27a with Munc13-4, but only partially affects 

binding of Rab27a to melanophilin and that this selective effect causes the atypical GS2 with 

normal pigmentation.

Our data are consistent with a recent report of patients with biallelic RAB27A mutations and 

normal pigmentation with absent or reduced degranulation and cytotoxicity (5). Those 

authors identified Rab27a mutations that reduced binding to Munc13-4 but did not affect 

binding to melanophilin in HEK293 cells. Here we report another homozygous Rab27a 

mutation (R82C) that selectively binds melanophilin in melanocytes, but not Munc13-4 in 

NK cells. Using NK and melanoma cell lines we have investigated the binding activity of the 

mutations to the endogenously expressed interaction partners in comparison to wild-type 

Rab27a. Thus, we confirm the previously described biology in a truly physiological context 

using cells that have full ability to mediate the functions of cytotoxicity or pigmentation. Our 

data indicate that the absent binding of Rab27a R82C to Munc13-4 in NK cells causes the 

cytotoxic deficiency observed in the patient PBMC and that the residual binding activity of 

R82C to melanophilin is sufficient to allow normal pigmentation in melanocytes.

Overall, our study underscores the importance of unbiased genetic sequencing paired with 

biological and functional analysis to determine causes of atypical presentation of immune 

deficiency in order to allow for the most appropriate and timely treatment of patients. 

Exceptions to canonical phenotypes of primary immunodeficiency are becoming 

increasingly common owing to increasing access to genomic diagnosis. The ability to pursue 

the biology of these extended phenotypes is essential to provide the proof to advance the 

basic immunology as well as the diagnoses needed to advance clinical care with confidence.
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Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

CTL cytotoxic T lymphocyte

FHL familial hemophagocytic lymphohistiocytosis
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GFP green fluorescent protein

GS2 Griscelli syndrome type 2

HLH hemophagocytic lymphohistiocytosis

IL interleukin

NK Natural Killer

PBMC peripheral blood mononuclear cells
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Figure 1. 
Rab27a R82C does not alter hair pigmentation but decreases NK cell mediated cytotoxicity. 

(A) Family pedigree. Parents are first-degree cousins. Patients II.1 and II.2 died. (B) DIC-

images of hair from patients and a healthy donor (HD) (63×, scale bar is 25 μM). (C) NK 

cell cytotoxicity in PBMCs from patients and a healthy control measured in a standard 

4h 51chromium release assay against K562 target cells. (n=2)
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Figure 2. 
Rab27a mutation at R82C selectively disrupts binding to Munc13-4, but not melanophilin 

(MLPH). tGFP-tagged Rab27a wild-type (WT), D74H and R82C were expressed in 

mel1106 (A) and NK92 (B). Cells were lysed in CHAPS buffer and lysates incubated first 

with isotype control-coated beads (clone MPC-11) and subsequently with anti-tGFP-coated 

beads (clone 2H8). Whole cell lysates and precipitates were separated in SDS-PAGE 

(4-12%), proteins transferred onto nitrocellulose membrane and the membrane probed with 

anti-Rab27a (clone 1G7) and anti-MLPH (A) or anti-Munc13-4 (B) antibodies (n=3).
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