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Abstract

Background: Hermansky-Pudlak syndrome (HPS) is an autosomal recessive disorder that is associated with
oculocutaneous albinism, bleeding diathesis, granulomatous colitis, and highly penetrant pulmonary fibrosis in
some subtypes. Homozygous or compound heterozygous pathological variants in HPS1, HPS3, HPS4, and several
other genes lead to clinical manifestation of the disease.

Case presentation: A 57-year-old female was admitted with congenital oculocutaneous albinism,
thrombocytopathy and late-onset accelerated pulmonary fibrosis (first symptoms from age 50 onwards). Chest
high-resolution computed tomography identified thickening of peribronchovascular interstitium, bronchiectasis,
reticulations, honeycombing, ground glass opacities and lung parenchyma consolidations. HPS was clinically
suspected. We performed whole exome sequencing (WES), a form of massive parallel sequencing, of proband-
parents trio. Whole exome libraries were processed using KAPA Hyper Prep Kit, SeqCap EZ MedExome Enrichment
Kit and HyperCap Bead Kit according to the SeqCap EZ HyperCap Workflow. The paired-end 2 X 75 bp sequencing
was performed on the lllumina NextSeq 500 Sequencer (lllumina Inc,, USA). Furthermore, obtained variants by WES
were evaluated using a virtual panel of genes: HPS1, AP3B1, HPS3, HPS4, HPS5, HPS6, DTNBP1, BLOC1S3, and PLDN.
We identified a compound heterozygous genotype in HPST gene in the proband. We identified a pathogenic
frameshift variant ¢.1189delC; p.(GIn397Serfs*2), resulting in a premature stop codon. This variant has been
previously associated with HPS. Furthermore, we characterized previously undescribed nonsense variant c.1507C > T;
p.(GIn503*), resulting in a premature stop codon and mRNA degradation through nonsense-mediated decay.
Sanger sequencing validated the presence of both variants and simultaneously confirmed the heterozygous carrier
status of parents. Unfortunately, the patient died due to fulminant progression of pulmonary fibrosis 2 months after
diagnostics.

Conclusions: Compound heterozygous mutations in HPST in the proband lead to disruption of HPST gene and
clinical manifestation of HPS with severe pulmonary fibrosis. This case illustrates the need to consider HPS in
differential diagnostics of pulmonary fibrosis. Pulmonary fibrosis is a common cause of death in HPS patients. Earlier
diagnosis may enable better treatment for these patients.

Keywords: Exome sequencing, Hermansky-Pudlak syndrome, Pulmonary fibrosis

* Correspondence: michaeldoubek@hotmail.com

“Department of Internal Medicine, Hematology and Oncology, University
Hospital and Faculty of Medicine, Jihlavska 20, 625 00 Brno, Czech Republic
3Central European Institute of Technology, Masaryk University, Brno, Czech
Republic

Full list of author information is available at the end of the article

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12890-019-0941-4&domain=pdf
http://orcid.org/0000-0002-1269-6282
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:michaeldoubek@hotmail.com

Doubkova et al. BMC Pulmonary Medicine (2019) 19:178

Background

Hermansky-Pudlak syndrome (HPS) is an autosomal
recessive disorder associated with oculocutaneous albin-
ism (or some degree of hypopigmentation), decreased
visual activity generally accompanied by horizontal nys-
tagmus, bleeding diathesis, granulomatous colitis, and
highly penetrant pulmonary fibrosis in some subtypes.
The HPS spectrum includes ten disorders (HPS-1 to
HPS-10). Homozygous or compound heterozygous
mutations in HPSI, HPS3, HPS4, and several other genes
lead to clinical manifestation of the disease [1-3]. The
disease was described by two Czech hematologists
Franti$ek Hefmansky and Pavel Pudldk in 1959 [4].

Case presentation

A 57-year-old Caucasian female (proband), teacher, with
oculocutaneous albinism (Fig. 1) was admitted for dry
cough and rapid worsening of dyspnea. A thorough ana-
lysis of the medical history revealed that the patient had
eye problems since childhood and that from the age of
45, her vision was significantly worse. Furthermore, it
was found that she had several episodes of prolonged
bleeding: after appendectomy, after minor injuries (in-
cluding hemartros) and after childbirth. At the age of 50,
she was examined by a hematologist. Platelet aggregation
was performed, showing slightly prolonged PFA-100
time in the presence of collagen/ADP. No definite con-
clusion has been made regarding this finding. The first
mild lung problems occurred at the age of 53. She was
followed with diagnosis of bronchial asthma by a
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Fig. 1 Albinism in the Hermansky-Pudlak syndrome patient
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regional pneumologist. There was no family history of
these symptoms. She was a non-smoker.

Physical examination revealed clubbing fingers and
bilateral end-inspiratory fine crackles in the lower and
middle lung areas. The posteroanterior chest X-ray
showed bilateral diffuse reticular opacities.

High-resolution computed tomography (HRCT) of the
chest identified thickening of the peribronchovascular
interstitium, bronchiectasis, reticulations, honeycomb-
ing, ground glass opacities and lung parenchyma con-
solidations. A comparison of HRCT images performed
at 3-month intervals showed fulminant progression of
pulmonary involvement (Figs. 2 and 3).

Pulmonary function testing revealed severe restrictive
ventilation impairment and a severe decline of diffusing
capacity of the lung for carbon monoxide (DLco 20%).
Arterial blood gas analysis showed hypoxemia (p02 7
kPa). Moderate pulmonary hypertension was found.
Blood count, serum biochemistry, and immunologic pa-
rameters were normal.

Based on these findings, HPS was suspected. The nega-
tive family history of symptoms suggested an autosomal-
recessive mode of inheritance. Therefore, whole exome
sequencing (a form of massive parallel sequencing) of the
proband-parent trio was carried out. Samples of peripheral
blood were collected and processed for genomic DNA
isolation using MagCore® Genomic DNA Whole Blood
Kit (RBC Bioscience). Whole exome libraries were proc-
essed using KAPA Hyper Prep Kit, SeqCap EZ MedExome
Enrichment Kit and HyperCap Bead Kit (Roche, USA)
according to the SeqCap EZ HyperCap Workflow v2.1 fol-
lowing the recommended protocols. Paired-end 2 x 75 bp
sequencing was performed on the Illumina NextSeq 500
Sequencer (Illumina Inc., USA). The raw sequencing reads
were aligned to the GRCh37 (hgl9) human reference
genome using the BWA-mem algorithm, version 0.7.15,
PCR duplicates were identified with the MarkDuplicates
tool from Picard. Germline single nucleotide variants
(SNV) and indels were detected by the GATK Haplotype-
Caller, version 3.7. Annotation of obtained variants/indels
was performed with Annovar. Furthermore, the proc-
essed variants/indels were matched to the virtual panel
of genes including HPSI, AP3BI1, HPS3, HPS4, HPSS,
HPS6, DTNBPI, BLOCIS3, and PLDN. The virtual
panel was created based on the literature review [1-3].
Exome sequencing identified a compound heterozygous
genotype in the HPSI gene (NM_000195.3) in the pro-
band: 1) pathogenic frameshift variant c.1189delC;
p.(GIn397Serfs*2), resulting in a premature stop codon,
associated with HPS; and 2) previously undescribed
nonsense variant, ¢.1507C > T; p.(GIln503*), resulting in
a premature stop codon, implying a loss of 197 amino
acids or more likely, nonsense-mediated decay of the
mRNA degradation (Fig. 4).
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Fig. 2 High-resolution computed tomography (axial plane) of the

chest showing worsening of lung fibrosis with thickening of
peribronchovascular interstitium, bronchiectasis, reticulations,
honeycombing, ground glass opacities and lung parenchyma
consolidations. Initial examination (a, b) and three-month follow-up (c, d)

The coverage range of the novel variant ¢.1507C > T in
the proband was 26 reads and variant allele frequency
range 38.5%.

Subsequently, the diagnosis has been verified using
PCR and Sanger sequencing of the amplicons in the pro-
band, and also the presence of heterozygous carrier sta-
tus of parents (Fig. 5). Primers were designed for exons
13 and 15, respectively (13F-primer: CTTAGGGTTG
GCACGTCTTC, 13R-primer: TGGGTCTCACCTGA
ATCTCC; 15F-primer: TTCTGCTGTAATGCCCTCCT,
15R-primer: GAAGTCCTTCCAGTCCGTCA). PCR was
performed with the annealing temperature 60 °C using
Q5 High-Fidelity DNA Polymerase (New England Biolabs
Inc,, England) according to the manufacturer’s protocol.
PCR products were purified using the Qiaquick PCR
purification kit (QIAGEN, Germany). Capillary sequen-
cing was performed using BigDye-terminator chemistry
on 3500 Genetic Analyzer (Applied Biosystems, USA).

We could not analyze the structural effect of the vari-
ant p.(GIn503*) “in silico” because the crystal structure
was not available. However, given the type of “nonsense”
variant, we can assume that the novel variant including
the nucleotide change C>T at the position 1507 leads
to a shortened protein which most likely results in mis-
folding of the protein and impaired function.

Treatment with corticosteroids, started before HPS diag-
nosis was confirmed, had no effect on pulmonary functions.
Therefore, lung transplantation began to be prepared. Un-
fortunately, 2 months after HPS diagnostics, the patient
died due to ongoing fulminant lung fibrotization.

Discussion and conclusions

HPS is rare and heterogenous autosomal recessive disease
characterized by abnormalities in both lysosomes and
lysosome-related organelles. The disease is rare in Cauca-
sians but is the most prevalent cause of albinism in Puerto
Rico [5]. Ten subtypes of HPS (HPS-1 to HPS-10) have
been reported; three HPS subtypes are associated with fi-
brotic lung disease: HPS-1, HPS-2, and HPS-4. HPS can
be caused by at least nine genes: HPSI, AP3B1, HPS3,
HPS4, HPS5, HPS6, DTNBPI1, BLOCI1S3, and PLDN.

To date, 61 variants in the HPSI gene have been
reported as disease causing or likely disease causing ac-
cording to the Human Gene Mutation Database (Table 1)
[7]. The most common pathogenic variants of HPSI
gene are nonsense/missense or small deletions. Pulmon-
ary fibrosis is seen in approximately one half of carriers
of HPS1 and HPS4 gene mutations [2, 3, 6]. However,
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Fig. 3 High-resolution computed tomography (sagital plane) of the chest showing worsening of lung fibrosis with thickening of
peribronchovascular interstitium, bronchiectasis, reticulations, honeycombing, ground glass opacities and lung parenchyma consolidations. Initial

other HPS1 gene variants are associated with milder
symptoms like albinism, nystagmus, hypopigmentation,
foveal hypoplasia or absent nails [7].

It has been described that the majority of HPS patients
are compound heterozygotes [8]. Our proband was also
a compound heterozygote carrying previously described
frameshift variant ¢.1189delC and novel nonsense
variant ¢.1507C > T. Theunissen et al. reported a patient
who was compound heterozygote with the same
€.1189delC variant as in our case and different nonsense
variant ¢.517C >T. This patient suffered from an

oculocutaneous albinism and “multisystemic disease”
since childhood [9]. Hermos et al. described four novel
HPSI variants in non-Puerto Rican patients suffered
from HPS, where small deletions of nucleotide C
(c.561delC) and nucleotide A (c.1581delA) of HPS1 gene
producing no RNA have been found. One of these pa-
tients developed pulmonary fibrosis, two patients had
granulomatous colitis [10]. So far eight disease-causing
variants of the nonsense type have been described. In
one Pakistani family, a nonsense variant p.(Gln686*) of
the HPS1 gene was segregating with the HPS phenotype.
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Fig. 4 Visualization of c.1507C > T variant (g.100183535C > T) (@) and of ¢.1189delC (g.100185444) variant (b) by Intergrative Genomics Viewer.
Variants are marked by red frames. Forward sequencing reads are in blue; reverse sequencing reads are in pink
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An absence of pulmonary fibrosis in these affected individ-
uals might be due to their relatively young age [11]. On the
other hand, Abouelhoda et al. detected nonsense HPSI
variant in exon 14 associated with absent nails only [12].

HPS subtypes with lung fibrosis have a poorer progno-
sis compared with other types of HPS. Clinical manifes-
tations of HPS-associated pulmonary fibrosis occur
usually in the fourth or fifth decade of life [1-3].

Radiological findings of HPS pulmonary fibrosis are
variable: reticular opacities, septal and pleural thicken-
ing, bronchiectasis, ground-glass opacities, loss of lung
volume, or honeycombing. Predominant radiographic
findings are found in the lung periphery and progress to-
ward the central portion of the lung [13].

Table 1 Phenotypes associated with various HPST gene variants
according to the Human Gene Mutation Database [6]

Variant type Total number Reported phenotype
of described
variants
Missense/ 22 Hermansky-Pudlak syndrome;
nonsense albinism; nystagmus;
hypopigmentation; foveal
hypoplasia; absent nails
Splicing 8 Hermansky-Pudlak syndrome
substitutions
Small deletions 17 Hermansky-Pudlak syndrome
Small 7 Hermansky-Pudlak syndrome
insertions/
duplications
Small indels 1 Hermansky-Pudlak syndrome
Gross deletions 5 Hermansky-Pudlak syndrome
Complete 1 Hermansky-Pudlak syndrome
rearrangements

The average life expectancy of patients with HPS is
40-50 years. Pulmonary fibrosis is a common cause of
death in HPS patients [13, 14]. There is no known cura-
tive therapy for HPS. Corticosteroids are not effective.
Pirfenidone, an antifibrotic agent, has been shown to
slow fibrosis progression, but only in patients who have
well-preserved residual lung volume [3, 7]. Thus, lung
transplantation remains the only means of prolonging
the survival of HPS patients with advanced pulmonary
fibrosis [15]. A potential contraindication to perform-
ing lung transplant is thrombocytopathy associated
with HPS. This condition can be managed by intra-
venous desmopressin administration and platelet
transfusions [16].

Compound heterozygous mutations in HPSI in our
proband led to the disruption of HPS1 gene and clinical
manifestation of HPS with severe pulmonary fibrosis.
This case illustrates the need to consider HPS in differ-
ential diagnostics of pulmonary fibrosis. Earlier diagnosis
of HPS may aid the timing of lung transplantation. Our
case also shows that progression of HPS-associated fi-
brosis may be fulminant. Therefore, an indication for
lung transplantation cannot be delayed.
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