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Novel HPS6 mutations identified by whole-exome
sequencing in two Japanese sisters with suspected
ocular albinism
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Hermansky–Pudlak syndrome (HPS) is an autosomal recessive disorder characterized by oculocutaneous albinism, platelet

dysfunction and ceroid deposition. We report suspected ocular albinism in two Japanese sisters, caused by mutations in

the HPS6 (Hermansky–Pudlak syndrome 6) gene. Trio-based whole-exome sequencing (WES) identified novel compound

heterozygous mutations in HPS6 (c.1898delC: mother origin and c.2038C4T: father origin) in the two sisters. To date,

10 associated mutations have been detected in HPS6. Although we detected no general manifestations, including platelet

dysfunction, in the sisters, even in long-term follow-up, we established a diagnosis of HPS type 6 based on the HPS6 mutations

and absence of dense bodies in the platelets, indicating that WES can identify cases of HPS type 6. To the best of our

knowledge, this is the first report of HPS6 mutations in Japanese patients.
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Hermansky–Pudlak syndrome (HPS) is an autosomal recessive
disorder characterized by oculocutaneous albinism (OCA), platelet
dysfunction and ceroid deposition.1 Most HPS patients are Puerto
Rican,2 with an estimated incidence of 1 in 1800 in Puerto Rico3 and
an incidence of 1 in 500 000–1 000 000 worldwide. A diagnosis of HPS
is made based on the decreased visual acuity, nystagmus, hypopig-
mentation and the absence of platelet-dense bodies. Genetic testing
can confirm the diagnosis. Nine genes (HPS1, AP3B1, HPS3–6,
DTNBP1, BLOC1S3 and BLOC1S6) have been identified as causative
genes in HPS.3–9 HPS types 1 and 3 (HPS-1 and HPS-3) are common
subtypes of HPS, and HPS-1 is the relatively more common subtype in
the Japanese population.10 In this study, we examined two sisters
presenting with symptoms resembling ocular albinism (OA) or
non-syndromic OCA and not HPS. They were previously analyzed
for all exons and surrounding areas of five genes (TYR, OCA2, TYRP1,
SLC45A2 and GPR143) that are causative for OA and non-syndromic
OCA by Sanger sequencing, with no mutations detected.11 Recently,
exome sequencing has been used for the genetic diagnosis of ocular
disorders at the molecular level.12,13 Adoption of a whole-exome
sequencing (WES) approach is a particularly powerful strategy that has
contributed to the identification of many new disease-causing genes.14

We carried out WES and identified novel deleterious mutations in
HPS6 that are associated with syndromic OCA.
The proband was a girl aged 3 years and 11 months; she was of

Japanese descent and had poor vision. Visual acuity in the right and
left eyes was 20/100 and 20/70, respectively. In addition, we examined
her younger sister—a 6-month-old girl—who also had impaired
vision (see Supplementary Information and Figure 1 for more clinical
details). We reviewed hospital records, including clinical data from
biochemical and genetic analyses, ultrasound imaging, whole-mount
electron microscopy imaging (JEM-1220; JEOL, Tokyo, Japan), and
general medical and ophthalmologic examinations such as slit-lamp
examination, indirect ophthalmoscopy, fundus photography and optic
coherence tomography (Cirrus HD-OCT; Carl Zeiss, Wetzlar,
Germany).
Genomic DNA was extracted from peripheral lymphocytes of the

two sisters and their parents using standard procedures. Trio samples
(one affected individual and both parents) were analyzed by WES as
previously described.15 Given that there were two affected female
children from the same healthy parents, autosomal recessive inheri-
tance was presumed; therefore, homozygous and compound hetero-
zygous variants were hypothesized as being causative mutations after
filtering out variants with a minor allele frequency ⩾ 0.005 using ExAC

1Department of Ophthalmology, Hamamatsu University School of Medicine, Shizuoka, Japan; 2Department of Pediatrics, Hamamatsu University School of Medicine, Shizuoka,
Japan; 3Department of Pediatrics, Tokyo Medical University, Tokyo, Japan; 4Department of Human Genetics, Yokohama City University Graduate School of Medicine, Kanagawa,
Japan and 5Department of Ophthalmology, Juntendo University Faculty of Medicine, Tokyo, Japan

Correspondence: Dr D Miyamichi, Department of Ophthalmology, Hamamatsu University School of Medicine, 1-20-1 Handayama, Hamamatsu-shi, Higashi-ku, Shizuoka
431-3192, Japan.
E-mail: DK0033@hama-med.ac.jp

6These authors contributed equally to this work.

Received 10 February 2016; revised 24 March 2016; accepted 10 April 2016; published online 26 May 2016

Journal of Human Genetics (2016) 61, 839–842
& 2016 The Japan Society of Human Genetics All rights reserved 1434-5161/16
www.nature.com/jhg

http://dx.doi.org/10.1038/jhg.2016.56
mailto:DK0033@hama-med.ac.jp
http://www.nature.com/jhg


(http://exac.broadinstitute.org/), Exome Variant Server (http://evs.gs.
washington.edu/EVS/), Human Genetic Variation Database
(http://www.genome.med.kyoto-u.ac.jp/SnpDB/), and in-house exome
data (n= 575) and synonymous variants. The identified potential
pathogenic mutations were confirmed to be co-segregated with the
disease within this family by Sanger sequencing. Platelets were
separated by centrifugation from blood samples. Grids were viewed
on an electron microscope.16

WES data of the proband (II-1 in Figure 2) and parents
(I-1 and I-2) were analyzed based on the autosomal recessive model

(Supplementary Tables 1 and 2). We identified two homozygous
missense variants (c.1181C4A in TRIM49 [NM_020358.2] and
c.3955A4C in LRRC37A [NM_014834.4]) and one compound
heterozygous truncating variant (c.[1898delC];[2038C4T] in HSP6
[NM_024747.5]) (Supplementary Tables 1–3). The missense variant of
TRIM49 was predicted to be non-pathogenic by SIFT and Mutation-
Taster; 12 individuals with this homozygous variant are registered
in the 1000 Genome project (http://browser.1000genomes.org;
Supplementary Table 3). The missense LRRC37A variant was
also predicted to be benign by three software programs

Figure 1 Fundus photography and optic coherence tomography (OCT) imaging. (a) Fundus photograph of the elder sister’s (proband) right eye. (b) Fundus
photograph of the younger sister’s right eye. (c) OCT imaging of the elder sister’s right eye. (d) OCT imaging of the younger sister’s right eye. Fundus
hypopigmentation and lack of macular ring reflexes were observed by fundus photography, whereas OCT imaging revealed foveal hypoplasia with an absence
of plexiform layer extrusion, foveal pit, outer segment lengthening and outer nuclear layer widening. (e) Electron microscopy imaging of platelet from a
normal control with dense bodies (arrow). (f) Electron microscopy imaging of platelet from patient II-1 (elder sister/proband). (g) Electron microscopy imaging
of platelet from Patient II-2 (younger sister). Grids were viewed on a JEM-1220 transmission electron microscope at an accelerating voltage of 100 kV. The
absence of dense bodies is an important manifestation in Hermansky–Pudlak syndrome. Scale bar, 1 μm.
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(Supplementary Table 3). Thus, these two homozygous variants were
excluded from the candidates, and the compound heterozygous
variants of HPS6 remained: c.1898delC (p.P633Lfs*76) and
c.2038C4T (p.Q680*), which were inherited from the mother and
father, respectively (Figure 2; Table 1). HPS6 mutations are known
to cause HPS (MIM #614075). According to the Human Gene
Mutation Database (https://portal.biobase-international.com/cgi-bin/
portal/login.cgi), 10 associated mutations have been registered to date;
the two potential pathogenic mutations identified in this family have
not been previously described. The two mutations were confirmed
using Sanger sequencing (Supplementary Figure 1).
Optic coherence tomography imaging revealed an absence of

plexiform layer extrusion, foveal pit, outer segment lengthening and
outer nuclear layer widening (Figure 1). Electron microscopy analyses
of platelets revealed absence of dense bodies (Figure 1).
The 10 HPS6 mutations, including a variety of mutation types

(frameshift, nonsense and missense), that have been detected to date
show phenotypic variations. It is difficult to establish a clear
genotype–phenotype correlation because of the limited number of
HPS-6 patients. In this study, the proband and her sister with novel
HPS6mutations had no early bleeding manifestations in the 66-month
follow-up period, despite the absence of dense bodies in their platelets.
The fact that they were non-syndromic and their skin color was fair
suggested that they had OA. However, we diagnosed them with HPS6.

These clinical findings can thus broaden the phenotypic definition
of HPS.
HPS subtype classification from genetic and diagnostic approaches

can be used to predict patient prognosis. HPS is a genetically
heterogeneous disorder characterized by intracellular vesicle biogen-
esis. Most causative genes for HPS, except for AP3B1, encode subunits
of three protein complexes, termed biogenesis of lysosome-related
organelles complexes (BLOC1–3). These proteins are involved in the
biogenesis of lysosome-related organelles such as melanosomes in
melanocytes and dense granules in platelets. BLOCs are required for
the production of specialized organelles of the endosomal-lysosomal
system.17 The complexes are ubiquitous structures of mostly unknown
function that exist in plasma membrane-anchored and soluble
cytoplasmic forms.18 BLOC-2 is composed of at least the HPS3,
HPS-5 and HPS6 proteins, and BLOC-3 is composed of at least the
HPS1 and HPS-4 proteins. Pathological effects are dependent on the
disrupted BLOC subtype. Patients with genetic alterations affecting
BLOC-2 have a mild HPS phenotype (that is, HPS-3, HPS-5 or
HPS-6) with minor clinical manifestations;19 life-threatening symp-
toms such as pulmonary fibrosis mainly occur in HPS-1 and HPS-4,
which are associated with BLOC-3. HPS-6 is not related to pulmonary
fibrosis;6,20 the reason for lung involvement is unclear, but likely
reflects the role of BLOC-3 in the biogenesis and function of
pneumocytic lamellar bodies.21 The fact that the two sisters were
diagnosed with HPS-6 proved useful in terms of genetic counseling in
this case.
In conclusion, we report novel HPS6mutations as the first report of

HPS6 mutations in the Japanese population. The clinical features
in the two sisters suggest OA. Although the patients in this study
showed no bleeding problem, we could establish a diagnosis of HPS-6
by WES.
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Table 1 The candidate list of the compound heterozygous variants

Gene

Accession

number

Mutation

type

Nucleotide

change

Predicted

effect MutationTaster Origin ExACa
Exome Variant

Serverb
Human Genetic Variation

Databasec
In-house exome

(n=575)

HPS6 NM_024747.5 Deletion c.1898delC p.P633Lfs*76 Disease

causing

Maternal

inherit

0 0 0 0

Nonsense c.2038C4T p.Q680* Disease

causing

Paternal

inherit

0 0 0.003 0

aExAC (http://exac.broadinstitute.org/).
bExome Variant Server (http://evs.gs.washington.edu/EVS/).
cHuman Genetic Variation Database (http://www.genome.med.kyoto-u.ac.jp/SnpDB/).

Figure 2 Pedigree of a family with suspected ocular albinism. Genotypes of
affected siblings (II-1 and II-2) and their parents (I-1 and I-2) are shown.
Nucleotide numbering reflects complementary DNA numbering, with +1
corresponding to A of the ATG translation initiation codon (designated as
codon 1) in the reference sequence NM_024747.5, according to the
nomenclature recommended by the Human Genome Variation Society
(www.hgvs.org/mutnomen). Square and circles indicate male and females,
respectively. Filled symbols indicate individuals affected by
Hermansky–Pudlak syndrome. This retrospective study was approved by the
Institutional Review Board of the Hamamatsu University School of Medicine
and Yokohama City University Graduate School of Medicine. The study
protocol adhered to the principles of the Declaration of Helsinki. Written
informed consent was obtained from the patients’ parents before any study
procedure or examination was performed.
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