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ABSTRACT

Background Hermansky—Pudlak syndrome is char-
acterized by oculocutaneous albinism, a storage-
pool deficiency, and lysosomal accumulation of
ceroid lipofuscin, which causes pulmonary fibrosis
and granulomatous colitis in some cases. All identi-
fied affected patients in northwest Puerto Rico are
homozygous for a 16-bp duplication in exon 15 of a
recently cloned gene, HPS. We compared the clinical
and laboratory characteristics of these patients with
those of patients without the 16-bp duplication.

Methods Forty-nine patients — 27 Puerto Ricans
and 22 patients from the mainland United States
who were not of Puerto Rican descent — were given
a diagnosis on the basis of albinism and the absence
of platelet dense bodies. We used the polymerase
chain reaction to determine which patients carried
the 16-bp duplication.

Results Twenty-five of the Puerto Rican patients
were homozygous for the 16-bp duplication, where-
as none of the non-Puerto Rican patients carried this
mutation. Like the patients without the duplication,
the patients with the 16-bp duplication had a broad
variation in pigmentation. Nine of 16 adults with the
duplication, but none of the 10 without it, had a dif-
fusing capacity for carbon monoxide that was less
than 80 percent of the predicted value. High-resolu-
tion computed tomography in 12 patients with the
16-bp duplication revealed minimal fibrosis in 8,
moderate fibrosis in 1, severe fibrosis in 1, and no fi-
brosis in 2. Computed tomography in eight patients
without the duplication revealed minimal fibrosis in
three and no fibrosis in the rest. Inflammatory bowel
disease developed in eight patients (four in each
group) between 3 and 25 years of age.

Conclusions The 16-bp duplication in exon 15 of
HPS, which we found only in Puerto Rican patients,
is associated with a broad range of pigmentation
and an increased risk of restrictive lung disease in
adults. (N Engl J Med 1998;338:1258-64.)
©1998, Massachusetts Medical Society.

ERMANSKY-PUDLAK syndrome, an
autosomal recessive disorder, consists of
oculocutaneous albinism, a storage-pool
deficiency, and lysosomal accumulation
of ceroid lipofuscin.1* The albinism causes congenital
nystagmus, a visual acuity approximating 20,/200,*
transillumination of the iris, and mild-to-striking di-
lution of skin and hair pigmentation. The storage-
pool defect arises from the absence of platelet dense
bodies, whose contents (adenosine diphosphate, aden-
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osine triphosphate, calcium, and serotonin) trigger
the secondary aggregation response of platelets.2 Pa-
tients with Hermansky—Pudlak syndrome have easy
bruisability of soft tissues and prolonged bleeding
after dental extraction and surgical procedures; pro-
phylaxis with desmopressin can be effective,® and
avoidance of aspirin products is essential. The accu-
mulation of ceroid lipofuscin, an amorphous lipid—
protein complex, is associated with pulmonary fi-
brosis®” and granulomatous colitis.® The pulmonary
disease begins with a restrictive component and pro-
gresses inexorably to death, usually in the fourth or
fifth decade.?

Most information concerning Hermansky—Pudlak
syndrome has been obtained from the study of pa-
tients in northwest Puerto Rico, where the gene fre-
quency approximates 1 in 18 and more than 300
persons are affected.® Linkage analysis of Puerto
Rican families mapped a gene causing Hermansky—
Pudlak syndrome to chromosome 10q23.19 The gene,
HPS, has 20 exons coding for a 79.3-kd protein of
700 amino acids whose function is unknown and
that is not homologous to any known proteins.!'!
Thus, the actual gene product is not known. In the
report describing HPS!M all Puerto Rican patients
who were studied were homozygous for a 16-bp du-
plication in exon 15, reflecting a founder effect. A
Japanese patient whose parents were consanguine-
ous had a single-base duplication in codon Ala441,
and six Swiss patients and one Irish patient were ho-
mozygous for a single-base duplication in codon
Pro324.1

The availability of molecular genotyping has en-
abled us to document the phenotype associated with
homozygosity for the 16-bp duplication. We also
determined its frequency among non—Puerto Rican
patients and compared the clinical and laboratory
characteristics of patients with the 16-bp duplica-
tion and those without the duplication.
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METHODS
Patients

Forty-nine patients ranging in age from 3 to 54 years were en-
rolled in the study, which was conducted between November
1995 and February 1997. Hermansky—Pudlak syndrome was di-
agnosed on the basis of oculocutaneous albinism and a storage-
pool deficiency (the absence of platelet dense bodies on electron
microscopy)!? in all but two patients. These two patients had
albinism and were siblings of a patient who met the diagnostic
criteria. In the case of 41 patients, electron microscopy of the
platelets was performed by Dr. James G. White (University of
Minnesota) before the study. Documentation of ceroid lipofus-
cinosis was not required for the diagnosis.

Twenty-two of the patients (from 17 families) lived in the
mainland United States and were neither native Puerto Ricans
nor of Puerto Rican descent; two of these patients have been de-
scribed previously.!314 The other 27 patients (from 22 families)
were Puerto Ricans and included children who were similar in age
to the non—Puerto Rican children. Some of the Puerto Rican pa-
tients could not travel to the National Institutes of Health Clin-
ical Center for testing because of severe pulmonary disease. We
have previously described 2 of the Puerto Rican patients!s; as
many as 19 others were identified by the late Dr. Carl Witkop and
may have been described previously.+6

The protocol was approved by the institutional review board
of the National Institute of Child Health and Human Develop-
ment, and all patients or their parents provided written informed
consent.

Clinical and Laboratory Evaluations

The best corrected visual acuity of patients six years old or old-
er was measured with the Early Treatment Diabetic Retinopathy
Study chart and recorded as the Snellen equivalent. Photographs
of the transillumination of the fundus and iris were taken in each
patient to show the degree of pigmentation.

Glomerular function was estimated according to the equation
of Schwartz et al.’¢: 0.55 X height (in centimeters) +serum cre-
atinine (in milligrams per deciliter) = creatinine clearance (in mil-
liliters per minute per 1.73 m?). Urine samples were also obtained
from 45 patients, and the clearance values calculated on the basis
of urine and serum creatinine concentrations supported the find-
ings calculated with the use of this equation.

Renal tubular dysfunction was quantified with the Fanconi’s
syndrome index. In this index the daily urinary excretion of 21
amino acids is measured by ion-exchange chromatography!” and
expressed as micromoles per kilogram of body weight per day.
The greater the index, the more severe the defect in tubular re-
absorption. At least two 24-hour urine collections of reasonable
volumes were used to calculate the index. Plasma lipids were as-
sayed with the Gilchem reagent system (Gilford Diagnostics,
Cleveland) in blood obtained from the patients after an overnight
fast.l”

Molecular Studies

To assess samples for the 16-bp duplication, DNA was extract-
ed from lymphocytes.!8 A 269-bp fragment spanning exon 15 of
HPS was amplified by the polymerase chain reaction (PCR) in a
50-ul reaction mixture containing 50 mM potassium chloride,
1.5 mM magnesium chloride, 5 mM TRIS (pH 8.3), 200 mM of
cach deoxynucleoside triphosphate, 0.01 percent gelatin, 0.6 mM
primers (5'GATGGTCCACAAAGGACGAG3’ and 5'GCGTGA-
AGGAAGTACGGGCC3'), 2.5 U of Tng polymerase, and 500 ng
of template DNA. After an initial period of denaturation at 94°C
for 2 minutes, amplification was performed for 30 cycles consist-
ing of 1 minute of denaturation at 94°C, 30 seconds of annealing
at 60°C, 1 minute of extension at 72°C, and a final 10-minute
period of elongation at 72°C. PCR products were subjected to
clectrophoresis on 2 percent agarose gel and stained with ethidi-
um bromide.

Statistical Analysis

Student’s t-test with two-tailed P values, Fisher’s exact test with
a chi-square distribution, and the Wilcoxon rank-sum test were
used to analyze the data.!?

RESULTS
The 16-bp Duplication

Of the 49 patients, all 25 who were homozygous
for the 16-bp duplication in exon 15 of the HPS
gene (Fig. 1) were from northwest Puerto Rico. The
other 2 Puerto Rican patients!s as well as all 22 of
the non—Puerto Rican patients, had no alleles con-
taining the duplication. The two groups of patients
were analyzed separately. Of the 25 patients with the
16-bp duplication, 13 were male and 12 were female
(mean [ =SD] age, 24+ 15 years). Of the 24 patients
without the duplication, 11 were male and 13 were
female (mean age, 19+13 years).

Pigmentation

Both groups of patients had hypopigmentation,
with skin color ranging from tan to light and hair
color from brown to white (Fig. 2, top panels). The
degree of iris pigmentation, as assessed by transillu-
mination (Fig. 2, middle panels), and retinal and
choroid pigmentation (Fig. 2, bottom panels) corre-
lated poorly with the degree of skin and hair pig-
mentation. The extent of pigmentation of the iris
and fundus varied considerably. One of the Puerto
Rican patients without the 16-bp duplication had
nearly complete pigmentation of the iris with negli-
gible transillumination; the other had substantial
pigmentation of the iris with diffuse, irregular trans-
illumination.’s

Ophthalmic Findings

The median visual acuity was similar in the two
groups (Table 1). The poorest acuity of the better
eye was 20/250 in the 21 patients with the 16-bp
duplication in whom it was measured and 20,200
in 20 patients without the duplication. In 12 pa-
tients, 8 of whom were homozygous for the 16-bp
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Figure 1. Representative Agarose Gel Showing the 16-bp Du-
plication in Exon 15 of HPS.

PCR amplification yielded a normal 269-bp fragment in control
DNA from a subject who did not have Hermansky—Pudlak syn-
drome (lane 2) and from two patients with the syndrome but
without the 16-bp duplication (lanes 5 and 6). A 285-bp frag-
ment was identified in two other patients with the 16-bp dupli-
cation (lanes 3 and 4). Lane 1 shows a size marker.
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Patient with the 16-bp Duplication

Patient without the 16-bp Duplication

Figure 2. Variability in Pigmentation in Three Patients with Hermansky-Pudlak Syndrome.

The top panels show skin and hair pigmentation, the middle panels iris transillumination, and the bottom panels choroid and retina
pigmentation. Two of the patients are homozygous for the 16-bp duplication (Panels A and C), and one patient does not have the
duplication (Panel B). The degree of pigmentation varied widely in both types of patients and did not distinguish members of one
group from those of the other. In normal persons, pigment prevents transillumination of the iris and light appears only through
the pupil. In patients with Hermansky—Pudlak syndrome, light transilluminating the iris appears orange and the areas of residual

pigmentation are black.

duplication and 4 of whom did not have the muta-
tion, visual acuity in both eyes was 20,/200 or less.
Visual acuity of the better eye was between 20,100
and 20/80 in eight patients with the 16-bp duplica-
tion (38 percent) and nine patients without the du-
plication (45 percent). Visual acuity was similar in
adults and children.

All patients had nystagmus at the primary position
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except one three-year-old girl who had neonatal nys-
tagmus that decreased over time. All patients had
horizontal nystagmus, and 18 also had a rotatory
component.

Bleeding

All 49 patients reported excessive bruising in in-
fancy; it generally began when they learned to walk.
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Patient with the 16-bp Duplication
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Three patients with the 16-bp duplication and seven
patients without the duplication had frequent (more
than twice per month) or prolonged (more than one
hour) episodes of epistaxis. A major bleeding event
— one that was life-threatening, lasted more than 12
hours, or required a transfusion, treatment with des-
mopressin, cautery, or hospitalization — had oc-
curred in 12 patients with the 16-bp duplication
(5 patients after dental extractions) and 8 patients
without the duplication (2 after dental extractions).
Two women in each group had had increased men-
strual bleeding that required medical intervention.
Two of the women with the 16-bp duplication had
borne a total of four children; one had had postpar-
tum bleeding. Two of the women without the du-

plication had borne a total of six children without
bleeding complications. Four patients with the 16-bp
duplication and five patients without the duplication
had required a transfusion of either platelets or whole
blood.

The mean platelet counts, prothrombin times, and
partial-thromboplastin times were normal in both
groups of patients (Table 2).

Pulmonary Function

Pulmonary function was assessed in all patients
over the age of nine and in 8 of the 15 patients
under the age of nine. Although the patients with
the 16-bp duplication had lower mean values for
cach pulmonary-function test, the absolute and age-
adjusted differences between groups were not signif-
icant (Table 1). However, because of the poor reli-
ability of pulmonary-function tests in children, the
data on the 16 adult patients with the 16-bp dupli-
cation (50 percent of whom were women) and the
10 adult patients without the duplication (60 per-
cent of whom were women) were analyzed separate-
ly. The mean ages of the two groups (33.5 and 31.7
years, respectively) were similar, and no patient was
employed in a profession associated with pneumoco-
niosis. The adults with the 16-bp duplication had
lower mean (=SD) values for forced vital capacity
(82£20 vs. 100x13 percent of the predicted value,
P=0.02), forced expiratory volume in one second
(86£20 vs. 104x16 percent of the predicted value,
P=0.01), total lung capacity (8519 vs. 9610
percent of the predicted value, P=0.07), and dif-
fusing capacity for carbon monoxide (82*23 vs.
108*12 percent of the predicted value, P<<0.001).
Nine of the 16 adults with the 16-bp duplication, as
compared with none of the 10 adults without the
16-bp duplication, had values for the diffusing ca-
pacity for carbon monoxide that were less than 80
percent of the predicted value, indicating significant-
ly impaired gas exchange (P=0.004 by Fisher’s exact
test). The diffusing capacity for carbon monoxide
did not correlate with visual acuity, frequency of
bleeding, or age.

Pulmonary fibrosis was assessed in 20 adult pa-
tients by thin-section, high-resolution computed to-
mography of the lung by a physician who was un-
aware of the patients’ conditions.2021 Three smokers
(one with the duplication and two without it) were
excluded from the analysis. Normal lung was as-
signed a score of 0. A score of 1 indicated a ground-
glass appearance or mild fibrosis; a score of 2 a
ground-glass or reticular pattern, or moderate fibro-
sis; and a score of 3 a reticular pattern, or severe
fibrosis. Twelve patients with the 16-bp duplication
(mean [=SD] age, 37+10 years) had a mean score
of 1.08+0.79, as compared with a score of 0.38
+0.52 (P=0.02) for cight patients without the du-
plication (mean age, 3112 years). Eight of the 12
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TABLE 1. CLINICAL CHARACTERISTICS OF 49 PATIENTS WITH HERMANSKY-PUDLAK SYNDROME.*

PATIENTS WITH THE
16-bp DupLICATION

CHARACTERISTIC (N=25)
Age (yr) 24.3+15.2
Best corrected visual acuityt
Median 20/125
Range 20,/250-20,/80

Pulmonary function (% of predicted)

Forced vital capacity} 88+21
Forced expiratory volume in 1 second} 89+19
Total lung capacity§ 88+21
Carbon monoxide diffusing capacity§ 8022
Creatinine clearance (ml/min/1.73 m?)q 101+23

PATIENTS WITHOUT
THE DuPLICATION

(N=24) P VaLUE
ADJUSTED
UNADJUSTED FOR AGE
18.7+13.3 0.17 —
20,/100 0.35 —
20,/200-20/50
97+19 0.13 0.21
94+22 0.45 0.32
96*16 0.23 0.41
9125 0.19 0.06
113+28 0.11 0.22

*Plus—minus values are means =SD. All patients who were homozygous for the 16-bp duplication in the HPS gene
were Puerto Rican. There were four sets of siblings. The patients without the 16-bp duplication were of Irish, German,
Polish, Russian, English, Swiss, Ukrainian, Italian, Dutch, French, Swedish, Greek, Indian, Hungarian, Lithuanian, Ro-
manian, Scotch, and Puerto Rican descent. There were five sets of siblings.

tData were missing for four patients in each group. The Wilcoxon rank-sum test was used to calculate the unadjusted

P value.
fData were available for 21 patients in each group.

§Data were available for 18 patients in each group.

9Y[Creatinine clearance was calculated according to the method of Schwartz et al.'¢ To convert values to milliliters per

second per 1.73 m2, multiply by 0.01667.

patients with the 16-bp duplication had mild fibro-
sis, 1 had moderate fibrosis, 1 had severe fibrosis,
and 2 did not have fibrosis; 3 of the 8 patients with-
out the duplication had mild fibrosis, and the rest
did not have fibrosis. In the seven patients with no
fibrosis the mean (*=SE) forced vital capacity was
100=*8 percent of the predicted value. Mean forced
vital capacity was 95+7 percent of the predicted val-
ue in the 11 patients with mild fibrosis, 67 percent
of the predicted value in the patient with moderate
fibrosis, and 37 percent of the predicted value in the
patient with severe fibrosis.

Gastrointestinal Findings

Diarrhea was reported by 12 patients, 8 of whom
were given a diagnosis of inflammatory bowel dis-
ease. Four patients with the 16-bp duplication pre-
sented at the ages of 11, 22, 24, and 25 years with
disease confined to the large intestine. Three re-
quired cither a subtotal or total colectomy, resulting
in a colostomy. Four patients without the duplica-
tion had inflaimmatory bowel disease, with symp-
toms beginning at the ages of 3, 5, 8, and 14 years.
Two had colitis alone, and two had discase of both
the small and large intestines. None required sur-
gery. The remaining four patients (two in each
group) had symptoms of lactase deficiency. Breath
hydrogen testing was positive for lactose intolerance
in one of the patients with the 16-bp duplication
and for bacterial overgrowth in the two patients
without the duplication.
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Renal Function

The estimated mean (£SD) creatinine clearance
was 10123 ml per minute per 1.73 m? (1.68+0.38
ml per second per 1.73 m?) in the patients with the
16-bp duplication and 113+28 ml per minute per
1.73 m? (1.88%+0.47 ml per second per 1.73 m?) in
the patients without the duplication (age-adjusted
P=0.22) (Table 1). Creatinine clearance was below
normal (90 ml per minute per 1.73 m2 [1.50 ml per
second per 1.73 m?]) in seven of the patients with
the 16-bp duplication, as compared with two of the
patients without the duplication (P=0.08). The
mean serum creatinine concentration was 0.90+0.31
mg per deciliter (8028 umol per liter) in the pa-
tients with the 16-bp duplication and 0.78+0.26
mg per deciliter (7023 pmol per liter) in those
without the duplication (P=0.13).

The mean (*£SE) Fanconi’s syndrome index was
71£7 umol per kilogram per day in the 21 patients
with the 16-bp duplication in whom it was meas-
ured (normal, 95+45 umol per kilogram per day!?)
and 74*7 pmol per kilogram per day in 24 patients
without the duplication (P=0.77).

Other Laboratory Values

There were no significant differences between
groups in any of the laboratory variables examined
(Table 2). All values were within the normal range,
except the mean serum phosphate concentration,
which was slightly elevated in the patients without
the 16-bp duplication.
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TABLE 2. LABORATORY VALUES IN 49 PATIENTS WITH HERMANSKY-PUDLAK SYNDROME. *

PATIENTS WITH THE PATIENTS WITHOUT

16-bp DupLICATION THE DUPLICATION NoRMAL
VARIABLE (N=25) (N=24) RANGE
Platelet count (X10-3/mm?3) 271+13 270+19 162-380
Prothrombin time (sec) 12.1+0.1 12.3*0.1 11.2-12.8
Partial-thromboplastin time (sec) 30.1+0.7 30.9+0.8 23.7-35.0
Total cholesterol (mg/dl) 1757 186+8 100-200
Low-density lipoprotein cholesterol (mg/dl) 1166 117+7 65-129
Triglycerides (mg/dl) 759 89+11 <160
Hemoglobin (g/dl) 13.8+0.3 13.5+0.3 11.1-15.0
Leukocytes (X10-3/mm3) 7.0x0.4 6.3+0.6 34-9.6
Aspartate aminotransferase (U /liter) 24+1 28*2 9-34
Calcium (mmol/liter) 2.32+0.02 2.31+0.02 2.05-2.50
Phosphate (mg/dl) 4.0+0.2 45%+0.2 2.3-43
Ceruloplasmin (mg/liter) 38813 382x14 201-575
Erythrocyte sedimentation rate (mm,/hr) 19+3 17£3 0-42
Free thyroxine (ng/dl) 1.4+0.1 1.3+0.1 1.0-1.9
Vitamin A (ung/dl) 50*2 59+4 36-120
Carotene (ug/dl) 107+£8 101£10 48-200

*Plus—minus values are means =SE. To convert values for cholesterol to millimoles per liter, mul-
tiply by 0.02586; to convert values for triglycerides to millimoles per liter, multiply by 0.01129; to
convert values for phosphate to millimoles per liter, multiply by 0.3229; to convert values for free
thyroxine to picomoles per liter, multiply by 12.87; to convert values for vitamin A to micromoles
per liter, multiply by 0.03491; and to convert values for carotene to micromoles per liter, multiply by

0.01863.

When the mean total cholesterol concentrations
were expressed in terms of percentiles for age,?? the
mean (*=SE) percentile was 48+7 for the group
with the 16-bp duplication and 656 for the group
without the duplication (P=0.07). All 7 patients
over the age of 40 and 4 of 11 children (2 with the
16-bp duplication) who were under the age of 8 had
total cholesterol values of at least 200 mg per deci-
liter (5.15 mmol per liter). The total cholesterol
concentrations in three young patients without the
duplication, ages 4, 6, and 7, were greater than those
of their unaffected siblings (ages 6, 7, and 7) by 24,
31, and 70 mg per deciliter (0.62, 0.80, and 1.81
mmol per liter), respectively.

DISCUSSION

Among 49 patients with Hermansky—Pudlak syn-
drome, homozygosity for a 16-bp duplication in
exon 15 of HPS was a substantial risk factor for clin-
ically significant restrictive pulmonary disease in
adults. The onset and the rate of progression of pul-
monary fibrosis can be monitored by pulmonary-
function tests and high-resolution computed to-
mography of the lung. Renal reabsorptive capacity
was normal in the patients with the 16-bp duplica-
tion despite reports of the accumulation of ceroid
lipofuscin in tubular epithelial cells of patients with
Hermansky—Pudlak syndrome.23

The degree of pigmentation of skin, hair, iris, and

fundus differed enormously among the patients with
the 16-bp duplication (Fig. 2), indicating that other
gene products besides that of HPS affect melano-
genesis. However, a defective HPS protein could
cause variations in melanin production if it inter-
fered with the formation of melanosomes. A similar
mechanism may underlie the lack of platelet dense
bodies and lysosomal impairment that are character-
istic of Hermansky—Pudlak syndrome. These vesicles
share an integral membrane protein (referred to as
granulophysin,?* or CD63, in dense bodies; ME
49125 in melanosomes; and limp-1 or lamp-32¢ in ly-
sosomes), and their genesis may require a common
mechanism involving, for example, the protein prod-
uct of HPS.

There are scant data on Hermansky—Pudlak syn-
drome in non—Puerto Ricans. The mutation identi-
fied in a family in Valais, Switzerland?” — the inser-
tion of a C at codon Pro 324! — is reportedly
associated with normal life expectancy,?® but no
studies of pulmonary or renal function in persons
with the mutation have been published. Pulmonary
fibrosis has not been reported in most other patients
with Hermansky-Pudlak syndrome? but was de-
scribed in one of the original Czechoslovakian
patients,! a 34-year-old Japanese man,? a Belgian
family,3° and an English family.3! Colitis has been re-
ported in only one non—Puerto Rican child* (one
of the patients we studied), although pseudomel-
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anosis coli was diagnosed post mortem in a Japanese
patient.?®

None of the 22 non—Puerto Rican patients that
we studied carried the 16-bp duplication, and 2 Puer-
to Rican patients had no evidence of a mutation in
HPS!5 This apparent heterogeneity in the disease
locus is consistent with the finding that there are
many different loci that give rise to pigment dilution
and a storage-pool defect in mice.32 One mouse
gene, pale ear or ¢p, is homologous with the human
HPS,333* whereas another, pearl or pe, codes for the
B3A subunit of the adaptor-related protein complex
AP-3.35 This heterotetrameric complex3¢ comprises
part of the coat of transport vesicles that create in-
tracellular organelles.

Patients without the 16-bp duplication had the
same range of pigmentation as patients with the du-
plication (Fig. 2) and the same frequency of early
inflammatory bowel disease. The absence of pulmo-
nary fibrosis in adult patients without the duplica-
tion might reflect the presence of a mutation in HPS
that causes only a mild form of Hermansky—Pudlak
syndrome, as is presumed for the Swiss isolate,!! or
the presence of defects at entirely different loci. The
age at onset of pulmonary fibrosis may also be later
in these patients.

We are indebted to Dr. James White, Department of Laboratory
Medicine, University of Minnesota, for providing diagnoses of Her-
mansky—Pudlak syndrome based on electron microscopy for the past
two decades; to Dr. Mavia Turner of the National Cancer Institute
Sor providing excellent dermatologic care for our patients; to Donna
Appell and Carmelo Almodovar, presidents of the Hermansky—Pud-
lak Syndrome Network in the United States and in Puerto Rico, re-
spectively, for kindly arranging many patient admissions to the No-
tional Institutes of Health Clinical Center; to all the patients for
their cooperation; and to the nuvsing staffs of Clinical Center wards
OW and 8W for their outstanding work.

REFERENCES

1. Hermansky F, Pudlak P. Albinism associated with hemorrhagic diathesis
and unusual pigmented reticular cells in the bone marrow: report of two
cases with histochemical studies. Blood 1959;14:162-9.

2. Witkop CJ Jr, Quevedo WC Jr, Fitzpatrick TB, King RA. Albinism. In:
Scriver CR, Beaudet AL, Sly WS, Valle D, eds. The metabolic basis of in-
herited disease. 6th ed. Vol. 2. New York: McGraw-Hill, 1989:2905-47.
3. King RA, Hearing V], Creel DJ, Oetting WS. Albinism. In: Scriver CR,
Beaudet AL, Sly WS, Valle D, eds. The metabolic and molecular bases of
inherited disease. 7th ed. Vol. 3. New York: McGraw-Hill, 1995:4353-92.
4. Summers CG, Knobloch WH, Witkop CJ Jr, King RA. Hermansky-
Pudlak syndrome: ophthalmic findings. Ophthalmology 1988;95:545-54.
5. Van Dorp DB, Wijermans PW, Meire F, Vrensen G. The Hermansky-
Pudlak syndrome: variable reaction to 1-desamino-8D-arginine vasopressin
for correction of the bleeding time. Ophthalmic Paediatr Genet 1990;11:
237-44.

6. Harmon KR, Witkop CJ, White JG, et al. Pathogenesis of pulmonary
fibrosis: platelet-derived growth factor precedes structural alterations in the
Hermansky-Pudlak syndrome. J Lab Clin Med 1994;123:617-27.

7. Garay SM, Gardella JE, Fazzini EP, Goldring RM. Hermansky-Pudlak
syndrome: pulmonary manifestations of a ceroid storage disorder. Am J
Med 1979;66:737-47.

8. Schinella RA, Greco MA, Cobert BL, Denmark LW, Cox RP. Herman-
sky-Pudlak syndrome with granulomatous colitis. Ann Intern Med 1980;
92:20-3.

9. Witkop CJ, Babcock MN, Rao GHR, et al. Albinism and Hermansky-
Pudlak syndrome in Puerto Rico. Bol Asoc Med P R 1990;82:333-9.

1264 April 30, 1998

10. Wildenberg SC, Oetting WS, Almodovar C, Krumwiede M, White JG,
King RA. A gene causing Hermansky-Pudlak syndrome in a Puerto Rican
population maps to chromosome 10g2. Am ] Hum Genet 1995;57:755-
65.

11. Oh J, Bailin T, Fukai K, et al. Positional cloning of a gene for Her-
mansky-Pudlak syndrome, a disorder of cytoplasmic organelles. Nat Genet
1996;14:300-6.

12. Witkop CJ, Krumwiede M, Sedano H, White JG. Reliability of absent
platelet dense bodies as a diagnostic criterion for Hermansky-Pudlak syn-
drome. Am J Hematol 1987;26:305-11.

13. Schneider A, Steinberg L, White J, Hirsch B, King R. Atypical Jacob-
sen syndrome in a 3 year old female with Hermansky-Pudlak syndrome.
Am ] Hum Genet 1995;57:Suppl:A125. abstract.

14. Mahadeo R, Markowitz J, Fisher S, Daum F. Hermansky-Pudlak syn-
drome with granulomatous colitis in children. J Pediatr 1991;118:904-

6.

15. Hazelwood S, Shotelersuk V, Wildenberg SC, et al. Evidence for locus
heterogeneity in Puerto Ricans with Hermansky-Pudlak syndrome. Am J
Hum Genet 1997;61:1088-94.

16. Schwartz GJ, Haycock GB, Edelmann CM Jr, Spitzer A. A simple es-
timate of glomerular filtration rate in children derived from body length
and plasma creatinine. Pediatrics 1976;58:259-63.

17. Charnas LR, Bernardini I, Rader D, Hoeg JM, Gahl WA. Clinical and
laboratory findings in the oculocerebrorenal syndrome of Lowe, with spe-
cial reference to growth and renal function. N Engl ] Med 1991;324:1318-
25.

18. Sambrook J, Fritsch EF, Maniatis T. Molecular cloning: a laboratory
manual. 2nd ed. Plainview, N.Y.: Cold Spring Harbor Laboratory Press,
1989.

19. Rosner B. Fundamentals of biostatistics. 2nd ed. Boston: Duxbury
Press, 1986.

20. Muller NL, Staples CA, Miller RR, Vedal S, Thurlbeck WM, Ostrow
DN. Disease activity in idiopathic pulmonary fibrosis: CT and pathologic
correlation. Radiology 1987;165:731-4.

21. Terriff BA, Kwan SY, Chan-Yeung MM, Muller NL. Fibrosing alveoli-
tis: chest radiography and CT as predictors of clinical and functional im-
pairment at follow-up in 26 patients. Radiology 1992;184:445-9.

22. 1990 Genetics test catalog. Rochester, Minn.: Mayo Medical Labora-
tories, 1990:105-6.

23. Kinnear PE, Jay B, Witkop CJ Jr. Albinism. Surv Ophthalmol 1985;
30:75-101.

24. Nishibori M, Cham B, McNicol A, Shalev A, Jain N, Gerrard JM. The
protein CD63 is in platelet dense granules, is deficient in a patient with
Hermansky-Pudlak syndrome, and appears identical to granulophysin.

J Clin Invest 1993;91:1775-82.

25. Hotta H, Ross AH, Huebner K, et al. Molecular cloning and charac-
terization of an antigen associated with early stages of melanoma tumor
progression. Cancer Res 1988;48:2955-62.

26. Hunziker W, Geuze HJ. Intracellular trafficking of lysosomal mem-
brane proteins. Bioessays 1996;18:379-89.

27. Lattion F, Schneider P, Da Prada M, et al. Syndrome d’Hermansky-
Pudlak dans un village valaisan. Helv Paediatr Acta 1983;38:495-512.
28. Schallreuter KU, Frenk E, Wolfe LS, Witkop CJ, Wood JM. Herman-
sky-Pudlak syndrome in a Swiss population. Dermatology 1993;187:248-
56.

29. Takahashi A, Yokoyama T. Hermansky-Pudlak syndrome with special
reference to lysosomal dysfunction: a case report and review of the litera-
ture. Virchows Arch A Pathol Anat Histopathol 1984;402:247-58.

30. Hoste P, Willems ], Devriendt J, Lamont H, van der Stracten M. Fa-
milial diffuse interstitial pulmonary fibrosis associated with oculocutaneous
albinism: report of two cases with a family study. Scand J Respir Dis 1979;
60:128-34.

31. Davies BH, Tuddenham EGD. Familial pulmonary fibrosis associated
with oculocutaneous albinism and platelet function defect: a new syn-
drome. QJM 1976;45:219-32.

32. Novak EK, Hui S-W, Swank RT. Platelet storage pool deficiency in
mouse pigment mutations associated with several distinct genetic loci.
Blood 1984,63:536-44.

33. Feng GH, Bailin T, Oh J, Spritz RA. Mouse pale ear (gp) is homolo-
gous to human Hermansky-Pudlak syndrome and contains a rare ‘AT-AC’
intron. Hum Mol Genet 1997,6:793-7.

34. Gardner JM, Wildenberg SC, Keiper NM, et al. The mouse pale ear
(ep) mutation is the homologue of human Hermansky-Pudlak syndrome.
Proc Natl Acad Sci U S A 1997,94:9238-43.

35. Seymour AB, Feng L, Novak EK, Robinson MS, Swank RT, Gorin
MB. A candidate gene for the mouse pearl (pe¢) mutation which aftects sub-
cellular organelles. Mol Biol Cell 1997;8:Suppl:227A. abstract.

36. Simpson F, Pedan AA, Christopoulou L, Robinson MS. Characteriza-
tion of the adaptor-related protein complex, AP-3. J Cell Biol 1997;137:
835-45.

Downloaded from www.nejm.org on November 12, 2009 . For personal use only. No other uses without permission.
Copyright © 1998 Massachusetts Medical Society. All rights reserved.



