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Abstract

Purpose—Hemophilia B, an X-linked disease, manifests with recurrent soft tissue bleeding
episodes. Hermansky-Pudlak syndrome, a rare autosomal recessive disorder, is characterized by
oculocutaneous albinism and an increased tendency to bleed due to a platelet storage pool defect.
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We report a novel mutation in #PS6in a Caucasian man with hemophilia B and oculocutaneous
albinism.

Results—The patient was diagnosed with hemophilia B at age 4 months due to recurrent soft
tissue bleeding episodes, and he was also diagnosed with Hermansky-Pudlak syndrome at 32 years
of age due to unexplained oculocutaneous albinism. His factor IX level was markedly reduced at
13%; whole exome and Sanger sequencing showed the Durham mutation in £9(NM_000133.3).
The diagnosis of Hermansky-Pudlak syndrome subtype 6 was established by demonstrating
absence of platelet delta granules on whole mount electron microscopy, an abnormal secondary
wave in platelet aggregation studies, and a novel homozygous ¢.1114 C>T (p.Arg372*) mutation
in HPS6 (NM_024747.5) on exome analysis and Sanger sequencing. Clinical phenotyping
revealed no evidence of recurrent or unusual infections, interstitial lung disease or pulmonary
fibrosis, or neurological disorders. The patient was treated with fresh frozen plasma, recombinant
factor 1X, and aminocaproic acid. Treatment with desmopressin was added to his regimen after he
was diagnosed with Hermansky-Pudlak syndrome. Treatment of bleeding episodes results in
effective hemostasis, and the patient has not required platelet or blood product transfusions.

Conclusions—This report highlights the need to consider Hermansky-Pudlak syndrome as an
etiology of oculocutaneous albinism even in patients with known hematologic disorders associated
with bleeding. Identification of a novel mutation in /PS6in an individual with hemophilia B
shows that, although quite rare, patients may be diagnosed with two independent inherited
bleeding disorders. No evidence of lung disease was found in this adult patient with Hermansky-
Pudlak syndrome subtype 6.
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1.1 INTRODUCTION

1.2 Hemophilia B (Christmas disease or Factor IX deficiency) is an X-linked bleeding
disorder that is diagnosed by identifying mutations in F9and low levels of factor IX.
Hemophilia B has an estimated incidence of one in 25,000-30,000 male births and has no
ethnic or geographic predilection [1]. Deficiency of factor 1X predisposes affected
individuals to recurrent hemorrhage, especially potentially serious soft tissue bleeding and
hemarthroses. Oculocutaneous albinism is not a feature of hemophilia B. Morbidity and
mortality are related to life-threatening bleeding episodes, joint damage from recurrent
hemarthroses, exposure to blood-borne pathogens, and hypersensitivity reactions to factor
IX. Clinical management is aimed at prevention of serious bleeding episodes and their
complications by treating patients with virus-inactivated plasma-derived factor concentrates,
recombinant factor IX, tranexamic acid, and/or aminocaproic acid [1].

1.3 Hermansky-Pudlak syndrome, a rare autosomal recessive disorder characterized by
defective biogenesis of lysosomal-related organelles, is associated with easy bruising and a
tendency to bleed due to a platelet storage pool deficiency [2]. Ten genetically distinct
subtypes with phenotypic variability have been reported, but they share certain core
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manifestations, including oculocutaneous albinism and a qualitative platelet disorder [3-5].
The hypopigmentation results from impaired function of melanosomes in melanocytes,
while the bleeding occurs due to the absence of platelet dense bodies; both melanosomes
and dense bodies are lysosome-related organelles [3]. Patients with certain Hermansky-
Pudlak syndrome subtypes (1, 2, and 4) develop a fatal pulmonary fibrosis [6-8].
Hermansky-Pudlak syndrome is diagnosed by demonstration of dense body deficiency on
whole mount electron microscopy of platelets or by genetic testing. Platelet dysfunction due
to a lack of dense granules confers a life-long bleeding risk, which although mild, can be
severe with trauma, surgery, or childbirth. Platelet aggregation studies typically show deficits
in the secondary aggregation wave with possible impairment of collagen, adenosine
diphosphate, and epinephrine responses. The recommended treatment for the bleeding
diathesis is intravenous infusion of desmopressin or transfusion of leukoreduced single-
donor platelets for significant bleeding [9].

1.4 Here we report the identification of a novel mutation in HPS6and clinical phenotyping
results in an interesting patient with excessive bleeding, hemophilia B, and oculocutaneous
albinism.

2.1 MATERIAL AND METHODS

2.2 Patient Consent and Ethics Approval

The patient and his mother provided written informed consent to protocol 95-HG-0193,
“Clinical and Basic Investigations into Hermansky-Pudlak Syndrome,” which was approved
by the Institutional Review Board of the National Human Genome Research Institute.

2.3 Pulmonary Function Testing and High-resolution Computed Tomography Scan

Testing was performed at the National Institutes of Health Clinical Center in Bethesda,
Maryland. Pulmonary function tests were performed in accordance with guidelines from the
American Thoracic Society as described8. High-resolution computed tomography scan
images were obtained without intravenous contrast in the prone position as described [10].

2.4 Genetic Sequencing

Genomic DNA was isolated from peripheral blood, and whole exome sequencing was
performed by the National Institutes of Health Intramural Sequencing Center and analyzed
for mutations as described [11]. To confirm results from whole exome sequencing, DNA was
amplified by PCR, and PCR products were sequenced using a genetic analyzer (Applied
Biosystems 3130x; Foster City, CA) in accordance with manufacturer’s instructions. The
patient’s mother’s genomic DNA was also sequenced and analyzed for mutations in HPSE6.

2.5 Platelet Aggregation Testing

Platelet aggregation was measured in 0.105 M sodium citrate-anticoagulated whole blood
samples via impedance aggregometry, and platelet dense granule adenosine triphosphate
release was measured by chemiluminescence on a Chronolog 700 lumiaggregometry
instrument (Havertown, PA). Agonists included collagen at 1 and 5 micrograms/ml,
adenosine diphosphate at 10 and 20 micromolar, thrombin at 1 unit/ml, arachidonic acid at
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0.5 micromolar, and ristocetin at 0.25 and 1 micrograms/ml. Aggregation and release of
adenosine triphosphate from dense granules by epinephrine at 7 and 20 micromolar
concentrations were studied in platelet rich plasma using impedance measurements and
chemiluminescence.

3.1 RESULTS

3.2 The patient is a 32-year-old Caucasian man with oculocutaneous albinism and
hemophilia B, which was diagnosed at four months of age after surgery. Throughout
childhood he suffered recurrent, severe bleeding episodes, including hemarthroses and soft
tissue bleeding following trauma. There was no history of recurrent or unusual infections,
developmental delay, or neurological disease.

3.3 The patient was born full-term to non-consanguineous parents of French and Scottish/
Irish descent (Figure 1A); neither parent has albinism. His mother had a history of
occasional epistaxis. No information was available on his maternal grandfather. His brother
died at seventeen days of life from a cerebral hemorrhage and, thus, was suspected to have
hemophilia B; he was not known to have Hermansky-Pudlak syndrome. Two male second
cousins once removed have hemophilia B, and a female first cousin once removed, never
evaluated for Hermansky-Pudlak syndrome, has albinism.

3.4 Physical examination revealed an obese male with hypopigmented skin, blond hair, and
light-colored eyes (Figure 1B). Ophthalmologic examination revealed conjugate nystagmus,
exotropia, iris transillumination, foveal hypoplasia with absence of a formed umbo, an
albinotic poorly pigmented fundus, reduced visual acuity (20/100 bilaterally), and high
myopic astigmatism (Figure 1C). Optical coherence tomography scan confirmed foveal
hypoplasia (Figure 1D). His chest was clear to auscultation, and his cardiac examination was
normal. There was no lymphadenopathy, organomegaly, or neurological deficit. Bruises in
various stages of healing were noted; there were no petechiae or hemarthroses.

3.5 Baseline laboratory tests, including complete blood counts, were normal, and activated
partial thromboplastin time was mildly prolonged (Table 1). Pulmonary function tests were
normal, and high resolution chest computed tomography scan showed no evidence of
interstitial lung disease or pulmonary fibrosis (Figure 1E).

3.6 Testing was performed to evaluate for hemophilia B and Hermansky-Pudlak syndrome.
The factor IX level was 13% (Table 1); whole exome and Sanger sequencing revealed a
hemizygous ¢.316 G>A (p.Gly106Ser) variant (rs137852233) in £9 (Durham mutation)
confirming hemophilia B (Figure 2A) [12]. Given his oculocutaneous albinism and easy
bruisability, a diagnosis of Hermansky-Pudlak syndrome was considered. Hence, we
performed whole mount platelet electron microscopy, which revealed no dense bodies
(Figure 2B). Platelet aggregation studies in this patient showed poor responses to adenosine
triphosphate and no secondary aggregation wave. His platelets responded to desmopressin,
indicating that desmopressin may be effective in prevention or treatment of his bleeding
secondary to Hermansky-Pudlak syndrome [13]. Furthermore, to determine the patient’s
subtype of Hermansky-Pudlak syndrome, we performed exome analysis and Sanger
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sequencing, and we identified a novel homozygous ¢.1114 C>T (p.Arg372*) mutation
(rs776754431) in HPS6 (Figure 2C). Consistent with this result, a heterozygous ¢.1114 C>T
mutation in HPS6 was identified in the patient’s mother (Figure 2D). No genetic data are
available from his father, and no deletions were identified in the patient’s exome data.

3.7 The patient was treated with fresh frozen plasma infusions, recombinant factor IX, and
aminocaproic acid for hemophilia B and with desmopressin for Hermansky-Pudlak
syndrome. Treatment of bleeding episodes results in effective hemostasis, and the patient has
never received a platelet or blood transfusion.

4.1 DISCUSSION

4.2 We report a hemizygous mutation in ~9, located on chromosome Xg27.1-g27.2, and a
novel homozygous mutation in HPS6, located on chromosome 10¢24.32, in a 32-year-old
man with bleeding and oculocutaneous albinism. Taken together, the patient’s clinical
findings and molecular studies indicate that he has both hemophilia B and Hermansky-
Pudlak syndrome-6. Consistent with these diagnoses, factor IX levels were low, platelet
aggregation was deficient, and platelet dense bodies were absent.

4.3 Patients with Hermansky-Pudlak syndrome-6 typically exhibit a relatively mild
phenotype with minor degrees of hypopigmentation and visual acuity deficits. In addition,
patients with Hermansky-Pudlak syndrome-6 have not been reported to develop pulmonary
fibrosis, which is a leading cause of mortality in patients with certain Hermansky-Pudlak
syndrome subtypes (1, 2, and 4) [6-8]. Given the high penetrance of pulmonary fibrosis in 3
of 10 subtypes of Hermansky-Pudlak syndrome, identifying a patient’s genotype has
important prognostic implications. Our patient, whose evaluation shows an absence of
pulmonary fibrosis and whose phenotype is similar to other cases of Hermansky-Pudlak
syndrome-6, had a homozygous ¢.1114 C>T (p.Arg372*) mutation in HPS6, which has not
been reported [14].

4.4 Hemophilia B is due to mutations in £9, and more than a thousand sequence alterations
in F9have been identified ranging from single point mutations to complete deletions [1].
Genotype-phenotype associations have been reported, with some severe 9 mutations
resulting in much lower levels of factor 1X activity compared to other mutations. Our patient
has a hemizygous ¢.316 G>A (p.Gly106Ser) variant in a highly conserved glycine residue of
F9, known as the Durham mutation, which is associated with a mild phenotype [12].

5.1 CONCLUSIONS

In summary, we report an unusual patient with two inherited bleeding diatheses affecting
primary and secondary hemostasis. Although Hermansky-Pudlak syndrome has been
associated with low von Willebrand factor antigen levels, this is the first reported case of a
patient with Hermansky-Pudlak syndrome and hemophilia B [15]. The clinical management
of these disorders differs, so that diagnosing both Hermansky-Pudlak syndrome and
hemophilia B enables this patient to receive effective prophylaxis and treatment for bleeding.
Furthermore, identification of a mutation in HPS6in this patient is clinically relevant,
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because his prognosis is generally favorable compared to patients with mutations in
Hermansky-Pudlak syndrome genes that are associated with pulmonary fibrosis.
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Highlights
. Two independent inherited bleeding disorders can occur in the same
patient.
. Whole exome and Sanger sequencing identify a novel mutation in
HPSE.
. Hermansky-Pudlak syndrome subtype 6 is diagnosed in an adult with
hemophilia B.

Mol Genet Metab. Author manuscript; available in PMC 2017 November 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

O’Brien et al. Page 9

A

Natural Natural
causes causes

—O

ilia B hilia B Ibinism ~ History of Prostate Emphysema ~ Cancer
apietasis disease  Heart failure

e

Cerebral ’ HP5-6
hemorrhage  Hemophilia B

-

Figure 1.
Pedigree and clinical images of patient with Hermansky-Pudlak syndrome-6 and hemophilia

B.

(A) Pedigree shows proband (arrow) with Hermansky-Pudlak syndrome-6 (HPS-6) and
hemophilia B and his relatives.

(B) Facial photograph reveals a mild pigmentation defect with fair skin and light colored
hair and eyes. Exotropia of the right eye is present.

(C) Left eye photograph shows an albinotic poorly pigmented fundus.

(D) Foveal hypoplasia is demonstrated by optical coherence tomography scan.

(E) Representative high-resolution computed tomography scan image of the chest reveals no
interstitial lung disease, pulmonary fibrosis, or ground glass opacification.
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Figure 2.
Genetic sequencing and platelet images of patient with Hermansky-Pudlak syndrome-6 and

hemophilia B.

(A) F9chromatogram showing a ¢.316G>A; p.G106S mutation (arrow).

(B) Representative photomicrograph of platelets imaged by whole mount transmission
electron microscopy reveals an absence of dense bodies in this patient with HPS (left panel).
Imaging of a normal platelet demonstrates dense bodies (arrows) (right panel).

(C) HPS6 chromatogram revealing a ¢.1114 C>T; p.Arg372* mutation (arrow) in the patient.
(D) HPS6 chromatogram revealing a heterozygous ¢.1114 C>T mutation in the patient’s
mother.
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Hematology test results of patient with Hermansky-Pudlak syndrome-6 and hemophilia B

Laboratory Test Result Reference Range
Platelet count 177 161-347 K/uL
Prothrombin time 12.9 11.6 - 15.2 sec
aPTT 44.6 25.3-37.3 sec
Thrombin time 15.3 13.2-20.5sec
Fibrinogen 478 177 — 466 mg/dL
aPTT mixing study Immediate - 37.1 | 25.3-37.3sec

1 hour - 36.8
Lupus anti-coagulant | Negative Negative
VWEF activity 89 52 - 156 IU/dL
VWEF antigen 75 50 - 197 IU/dL
Factor V111 activity 69 41 - 184 1U/dL
Factor IX 13 67 -179 %
Factor XI activity 76 74 - 157 %
Factor XII activity 93 52-172%

aPTT = activated partial thromboplastin time

VWEF = von Willebrand factor
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