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Epidemiological aspects of scoliosis in a cohort of Japanese patients
with Prader-Willi syndrome

Yutaka Nakamura, MD®*, Toshiro Nagai, MD, PhDP, Takahiro lida, MD, PhD?,
Satoru Ozeki, MD, PhD?, Yutaka Nohara, MD, PhD°

®Department of Orthopaedic Surgery, Dokkyo Medical University Koshigaya Hospital, Koshigaya, Saitama 343-8555, Japan
*Department of Pediatrics, Dokkyo Medical University Koshigaya Hospital, Koshigaya, Saitama 343-8555, Japan
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Abstract BACKGROUND CONTEXT: The prevalence of scoliosis in Prader-Willi syndrome (PWS) is
high; however, the prevalence of PWS is rare, with one person in 10,000 to 20,000 affected. The
etiology and characteristics of scoliosis associated with PWS remain unidentified. In addition, it
is believed that the speedup of growth associated with growth hormone (GH) supplement treatment
may influence the deterioration of scoliosis in PWS.

PURPOSE: To investigate scoliosis in Japanese patients with PWS.

STUDY DESIGN: Retrospective observational study.

PATIENT SAMPLE: We investigated 101 patients (67 men, 34 women) who were followed up
from November 2002 to January 2008. All patients were diagnosed using fluorescence in situ hy-
bridization or the methylation test. Of the 101 patients, 80 had an inherited deletion of chromosome
15q11~13 (deletion) and 21 patients had no deletion, including those with uniparental disomy.
OUTCOME MEASURES: 1) Prevalence of scoliosis; 2) association of scoliosis with GH treat-
ments; 3) association of scoliosis with genotype; 4) clarification of PWS scoliosis characteristics;
and 5) analysis of severe PWS scoliosis patients (Cobb angle greater than 40°). Scoliosis for our
study was defined as scoliosis with a Cobb angle greater than 10°.

METHODS: To investigate PWS-associated scoliosis, we used spinal X-ray examinations. The
pattern of scoliosis was classified into three types: primary single lumbar or thoracolumbar curve
(Type 1), double curve (Type 2), and primary single thoracic curve (Type 3). For statistical analysis,
chi-square tests for the distribution of patients were used (p<.05).

RESULTS: 1) Scoliosis was found in 38.6% (39/101) of patients with PWS. 2) There was no statistical
difference in the prevalence of scoliosis between the GH treatment group (32.8%) and the GH nontreat-
ment group (group with no GH treatments) (46.5%) (p=.16, chi-square test). 3) There was no statistical
difference in the prevalence of scoliosis between the deletion group (38.8%) and the nondeletion group
(38.1%) (p=.84, chi-square test). 4) Scoliosis was classified into three types, according to single or dou-
ble curve scoliosis and position of scoliosis. The prevalence of these groups was 61.5% for Type 1 (pri-
mary single lumbar and thoracolumbar curve), 48.7% for lumbar curve convex on the left side, 28.2%
for Type 2 (double curve), and 10.3% for Type 3 (primary single thoracic curve). 5) Severe scoliosis was
found in nine patients (8.9%, 9/101). Type 2 was found in 66.7% (6/9) of patients with severe scoliosis.
During the follow-up period, two patients changed from Type 1 to Type 2.

CONCLUSIONS: Scoliosis in PWS can be classified into three types. A lumbar curve convex on
the left side was found in most patients. In addition, severe deterioration of scoliosis was found in
Type 2 patients. Therefore we recommend careful, ongoing observations for patients showing dou-
ble curve tendencies. © 2009 Elsevier Inc. All rights reserved.

Keywords: Prader-Willi syndrome; Scoliosis; Growth Hormone; Genotype; Severe spinal deformity; Surgery
FDA device/drug status: not applicable. * Corresponding author. Department of Orthopedic Surgery, Dokkyo
Author disclosures: none. Medical University Koshigaya Hospital, Koshigaya, Saitama 343-8555,
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Introduction

Prader-Willi syndrome (PWS) is caused by abnormali-
ties of chromosome 15 and is characterized by weakness
of muscle tension, imperfect function of the hypothalamus
and the pituitary gland, hypogonadism, overeating, and
obesity. Orthopedic characteristics include scoliosis, hip
dysplasia, and lower limb alignment abnormality. In addi-
tion, bone fracture because of osteoporosis is problematic.

The prevalence of scoliosis in PWS is 15% to 86% [1-5];
however, the prevalence of PWS is rare, with 1 person in
10,000 to 20,000 affected. The etiology of scoliosis in PWS
is not well defined. Recently, growth hormone (GH) supple-
ment treatment has been used worldwide. GH treatment has
contributed to improvements in height, body composition,
bone density, and breathing function [6,7]; however, the pos-
sibility that increased rates of growth because of GH treat-
ment can adversely affect scoliosis is a concem.

In this report, scoliosis in PWS was examined. We inves-
tigated 1) the prevalence of scoliosis; 2) the association of
scoliosis with GH treatments; 3) the association of scoliosis
with genotype; 4) the clarification of PWS scoliosis charac-
teristics; and 5) the characteristics of severe PWS scoliosis
patients.

Methods

We investigated 101 patients (67 men, 34 women), who
had been followed up by the pediatric department in our
hospital from November 2002 to January 2008. All patients
were diagnosed for PWS using fluorescence in situ hybrid-
ization or the methylation test. The median age was 13
years (range 1-51 years). Of the 101 patients, 80 patients
had an inherited deletion of chromosome 15q11-13 (hence-
forth referred to as “deletion”), and 21 patients had no

deletion, including those with uniparental disomy. Patients
were investigated using spinal X-ray examinations.

Standing posteroanterior radiographs were taken of chil-
dren who were able to stand. Patients with scoliosis were
followed up by spinal X-ray examination in our orthopedic
surgery department every 6 months. Patients with early pro-
gression, defined as progress of greater than 10°, were
examined every 3 months. The same senior spinal surgeon
evaluated the Cobb angle of the scoliosis, with angles
greater than 10°, and rotation of the vertebrae defined as
scoliosis. Cobb angles greater than 20° required brace treat-
ment. Patients with Cobb angles greater than 40° were
defined as having severe scoliosis. The age of onset of sco-
liosis was determined as the age at first diagnosis.

We focused on 1) the prevalence of scoliosis in Japanese
patients with PWS, with respect to age distribution; 2) the
association of GH treatments with the prevalence of PWS
scoliosis and the association of GH treatments with the pro-
gression of PWS scoliosis; 3) the association of PWS with
genotype and the prevalence of scoliosis with respect to
genotype; 4) analysis of PWS scoliosis characteristics, as
classified into three types; and 5) the analysis of severe
PWS scoliosis patients (Cobb angle greater than 40°).
“1” and “2” were classified by the age criteria: infants
(younger than 3 years), juveniles (ages from 3 to 10 years),
and adolescents/adults (aged 10 years and older). For “4,”
scoliosis was divided into single and double curve scoliosis,
using the following classification, based on standing whole
spinal X-rays:

Type 1: Primary single lumbar or thoracolumbar curve
Type 2: Double curve (thoracic curve and lumbar or
thoracolumbar curve)

Type 3: Primary single thoracic curve

Patients were investigated according to age, gender,
genotype, position of the apex of the scoliosis, Lenke clas-
sification system [8], average Cobb angle, thoracic kyphotic
angle (T1-T12), lumbar lordosis angle (L1-S1), progres-
sion of scoliosis, and the severity of scoliosis.

For “5,” scoliosis type, presence of surgery, surgical
method, fusion level, age at surgery, change in Cobb angle
(during follow-up in our hospital), and any change between
types were assessed.

For statistical analysis, chi-square tests for the distribu-
tion of patients were used. p Values less than .05 were con-
sidered as statistically significant.

Results
Prevalence of scoliosis

Scoliosis was found in 38.6% (39/101) of patients with
PWS: 27 men and 12 women. The average follow-up period
was 4 years 5 months (from 6 months to 12 years 9 months).



Y. Nakamura et al. / The Spine Journal 9 (2009) 809-816 811

35
n=31

30 H

A scoliosis(-)
scoliosis(+)

Ne. of patients

1~5 6~10 11~158 16~20

21~25

26~30 31~ 41~ 51~

age

Fig. 1. The prevalence of scoliosis with respect to age distribution. pts, patients.

There were no patients who had congenital spinal anomalies.
The prevalence of PWS patients with scoliosis with respect to
age was 25.8% (8/31) for 1- to 5-year olds, 31.3% (5/16) for 6-
to 10-year olds, 50.0% (10/20) for 11- to 15-year olds, and
37.5% (6/16) for 16- to 20-year olds. The prevalence of sco-
liosis was highest in 11- to 15-year olds (Fig. 1). In addition,
the prevalence of infants with scoliosis was 44.4% (4/9), juve-
niles was 27.3% (9/33), and adolescents/adults was 44.8%
(26/58). Scoliosis with a Cobb angle of greater than 20° was
found in 23.8% (24/101) of patients: 17 men and 7 women.
The brace treatment was used in nine patients, which
excluded patients who had mental retardation.

Association of GH treatments with the prevalence of
scoliosis

The prevalence of scoliosis in the GH treatment group
was 32.8% (19/58) and in the GH nontreatment group
was 46.5% (20/43). There were no statistically significant
differences between these groups (p=.16, chi-square test)
(Table 1). Analyzing the GH treatment and nontreatment
groups with respect to age, the frequency was 44.4%
(4/9) in the infant GH treatment group, 30.4% (7/23) in
the juvenile GH treatment group, and 30.8% (8/26) in the
adolescent/adult GH treatment group. In GH nontreatment
groups, scoliosis was absent in infants but was 18.2% (2/
11) in the juvenile group and 56.3% (18/32) in the

Table 1
The association between GH treatment and the prevalence of scoliosis*

adolescent/adult group. There were no statistically signifi-
cant differences in prevalence between treatment and non-
treatment groups at juvenile and adolescent/adult ages
(Table 2).

Association of GH treatments with the progression of
scoliosis

In the GH treatment group, scoliosis deteriorated in
61.5% (8/13) of patients and in the GH nontreatment group
in 38.5% (5/13) of patients. In the GH treatment group, no
change was seen in 44.0% (11/25) of patients and in the GH
nontreatment group in 56.0% (14/25) of patients. The con-
dition of one patient in the GH nontreatment group
improved (Table 3). There were no statistically significant
differences in the progression of scoliosis deterioration
between GH treatment and nontreatment groups (p=.47,
chi-square test).

Association of scoliosis with genotype

With respect to genotype, the prevalence of scoliosis
was 38.8% (31/80) for the deletion group and 38.1%
(8/21) for the nondeletion group. There were no statistically
significant differences between groups (p=.84, chi-square
test; Table 4).

Table 2
The association of GH treatment with the prevalence of scoliosis, with
respect to age

Scoliosis + - GH therapy (+) (=) Test*

GH use 19 (32.8%) 39 (67.2%) Infants 4/9 (44.4%) 0/0  (0%)

GH nonuse 20 (46.5%) 23 (43.4%) Juveniles 7123 (30.4%) 2/11 (18.2%) p=.12
Total 39 (38.6%) 62 (63.2%) Adolescent/adults 8/26 (30.8%) 18/32 (56.3%) p=.38

GH, growth hormone.
* There was no significant difference between the two groups (p=.16,
chi-square test).

GH, growth hormone.
* There was no significant difference between the two groups (chi-
square test).
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Table 3
Patients with scoliosis

Follow-up Lenke Change of Cobb
Age (y) Gender Genotype period (mo) GH classification angle (°) Progression
Type 1: Primary single lumbar and thoracolumbar scoliosis
1 M Deletion 41 Use SA T8-L2:11-12 No change
1 F Deletion 32 Use 5A L1-L5:11—11 No change
2 F UPD 42 Use 5A T11-L4:11—12 No change
2 F Deletion 75 Use 5C T4-T11:30— ope— 34 Deterioration*
3 F UPD 41 Use _ T9-L3:14—21 Deterioration
4 M UPD 28 Use SA T9-L3:15—18 No change
4 F Deletion 58 Use 5B Ti11—L4:14—10 No change
6 M Deletion 44 Use 5B Tii-L4:12—14 No change
13 F Deletion 44 Use — T9-L5:25—37 Deterioration
14 M Deletion 127 Use 5A T11-L4:24—22 No change
14 M Deletion 37 Use SA T11-L5:20—21 No change
15 M UPD 120 Use 5C T9-L3:31—38 No change
17 M Deletion 105 Use 5C T8-L2:46—55 Deterioration
38 F Deletion 45 Use 5C L1-L5:16—18 No change
8 F Deletion 153 Nonuse 5C T8-L3:70->ope— 30 Deterioration*
11 F Deletion 25 Nonuse 5B T12-L5:13 -6 improvement
13 M Deletion 45 Nonuse 5C T10-L5:50— ope — 38 Deterioration
16 M Deletion 24 Nonuse SA T12-L5:10—13 No change
19 M Deletion 44 Nonuse SA T12-L5:11-13 No change
22 M Deletion 47 Nonuse — T7-14:18—-20 No change
22 M Deletion 79 Nonuse 5B T12-L5:11—10 No change
23 M Deletion 25 Nonuse 5C T12-L5:23—-26 No change
24 M Deletion 54 Nonuse 5B T12-14:16— 13 No change
50 M Deletion 54 Nonuse SA T12-L5:10—13 No change
Type 2: double curve
5 M Deletion 40 Use 2A T11-L5:23-26 No change
9 M UPD 32 Use 3C T6-T12:49 — ope — 45 Deterioration
9 F Deletion 21 Use 3C T4-T11:49 — ope— 55 Deterioration
12 M Deletion 24 Use 3B T4-L1:39—59 Deterioration
16 F uUpPD 7 Use 2C T9-L2:13—ope—27 Deterioration
9 M UpPD 45 Nonuse 3A T11-T5:18—22 No change
11 M Deletion 72 Nonuse 2A T11-L5:14— 18 No change
15 M Deletion 46 Nonuse 3A T5-1.2:35—39 Deterioration
20 M Deletion 53 Nonuse 3A T7-T11:28-31 No change
37 M Deletion 50 Nonuse 2C T4-T11:36—38 No change
42 M Deletion 89 Nonuse 2B T6-1L1:35—-32 No change
Type 3: primary single thoracic curve
12 Deletion 26 Nonuse - T2-T11:23—22 No change
16 M Deletion 24 Nonuse — T8-L2:46—55 Deterioration
27 M UPD 6 Nonuse — T3-T11:52—57 Deterioration
28 M Deletion 85 Nonuse — T3-T12:12-11 No change

GH, growth hormone; M, Male; F, Female; UPD, uniparental disomy.
Change of Cobb angle indicates the level of scoliosis and the difference between the first X-ray and the final X-ray during follow-up.
* Case changed from Type 1 to Type 2 during the follow-up period.

Clarification of the characteristics of PWS scoliosis

Type 1 (primary single lumbar or thoracolumbar curve)

(Fig. 2) was found in 61.5% (24/39) of patients, 15 men
and 9 women (Table 3). The median age of the patients was
13 years (range, 1-50 years), with the inherited deletion form
found in 20 patients and the nondeletion form found in 4 pa-
tients. In 23 patients, scoliosis was convex on the left side
(T12, 3 patients; L1, 2 patients; L2, 12 patients; L3, 6 pa-
tients), and in only one patient, scoliosis was convex on the
right side (L.3). Lenke classification system indicated 5A in
nine patients, 5B in five patients, 5C in seven patients, and

three other patients were not distinguishable because of along
C curve. Lumbar curve convex on the left side was seen in
48.7% (19/39) of patients, which was the most common
PWS presentation seen. The average Cobb angle was 21.3°,
the average thoracic kyphosis (T1-T12) angle was 34.6°,
and the average lumbar lordosis angle (L1-S1) was 34.7°.
Scoliosis deteriorated in 5 patients, 18 patients showed no
change, and 1 patient showed improvement. Severe scoliosis
was found in one patient and in two additional patients, who
changed from Type 1 to Type 2 during the follow-up period.

Type 2 (double curve [thoracic curve and lumbar or thor-
acolumbar curve]) (Fig. 3) was found in 28.2% (11/39) of
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Table 4

Association between genotypes and the prevalence of scoliosis*
Scoliosis + -

Deletion 31 (38.8%) 49 (61.2%)
Nondeletion 8 (38.1%) 13 (61.9%)
Total 39 (38.6%) 62 (61.4%)

* There was no significant difference between the two groups (p=.84,
chi-square test).

patients, 9 men and 2 women. The median age of the pa-
tients was 12 years (range, 5-42 years). The inherited dele-
tion form was found in eight patients and the nondeletion
form was found in three patients. The apex of scoliosis in
all patients was convex on the left side of the lumbar or
thoracolumbar curve (T11, two patients; L1, two patients;
L2, five patients; L3, two patients) and convex on the right
side of the thoracic curve (T6, one patient; T7, one patient;
T8, one patient; T9, eight patients). Lenke classification
system indicated 2A in two patients, 2B in one patient,
2C in two patients, 3A in three patients, 3B in one patient,

Fig. 2. A case of Type 1. The patient is an 18-year-old man. There was an
apex of scoliosis in L2 and a lumbar curve convex on the left side. The
Cobb angle was 47° (T11-L4).

and 3C in two patients. The average Cobb angle was 38.6°
for the lumbar or thoracolumbar curve and 33.6° for the
thoracic curve. The average thoracic kyphosis angle (T1-
T12) was 30.3°, and the average lumbar lordosis angle
(L1-S1) was 33.3°, Scoliosis deteriorated in five patients,
and six patients showed no change. Severe scoliosis of Type
2 was found in six patients, including two patients who
changed from Type 1 to Type 2 during the follow-up
period.

Type 3 (primary single thoracic curve) (Fig. 4) was
found in 10.3% (4/39) of patients, three men and one
woman. The median age of the patient was 16 years (range,
12-28 years). The inherited deletion form was found in
three patients and the nondeletion form in one patient.
The apex of scoliosis in all patients was convex on the right
side (T8, two patients; T9, one patient; T11, one patient).
There were no cases found that fit the Lenke classification
system. The average Cobb angle was 33.3°, the average
thoracic kyphosis angle (T1-T12) was 45.0°, and the aver-
age lumbar lordosis angle (1.1-S1) was 48.0°. Scoliosis

Fig. 3. A case of Type 2. The patient is a 17-year-old male. There was
a lumbar curve convex on the left side with the apex at L2 (the Cobb angle
was 58° between T12 and L4), and a thoracic curve convex on the right
side with the apex at T7 (the Cobb angle was 65° between T1 and T12).
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Fig. 4. A case of Type 3. This patient is a 27-year-old man. There was an
apex of scoliosis at T8 and a thoracic curve convex on the right side. The
Cobb angle was 57° (T2-T11).

deteriorated in two patients and two patients showed no
change. Severe scoliosis was found in two patients.

Analysis of severe PWS scoliosis patients

Severe scoliosis was found in nine patients (8.9%, 9/
101). Of these, 66.7% (6/9) were Type 2, 11.1% (1/9) were
Type 1, and 22.2% (2/9) were Type 3. Spinal correction and
fusion was performed in six patients (anterior method in
two patients, posterior method in two patients, and a com-
bined method in two patients). Three patients did not
undergo surgery. Two patients were juvenile and four
patients were older than adolescent at surgery. Change from
Type 1 to Type 2 was found in two patients after evaluation
of scoliosis progression (Table 5).

Discussion

Scoliosis is an important component of PWS that requires
monitoring for possible progression. In this study, the

prevalence of scoliosis in PWS was 38.6% (39/101). Preva-
lence of scoliosis in PWS has been reported at 15% to 86%
[1-5]. de Lind van Wijngaarden et al. [S] studied 96 patients,
reporting a 37.5% prevalence and a median age of 6.9 years.
Kroonen et al. [3] studied 31 patients, reporting a 58% prev-
alence and an average age of 22 years. We studied 101 pa-
tients and found a 38.6% prevalence and a median age of
13 years. One reason for the different frequencies observed
in these studies is the difference in patient age distribution.

In this study, the prevalence of scoliosis was 31.3% (5/16)
at ages 1-5 years, 50.0% (10/20) at ages 11-15 years, and
37.5% (6/16) at ages 1620 years. Holm and Laurnen [2] re-
ported in a study of 32 PWS patients with scoliosis, “the
scoliosis is present from an early age and remains stable dur-
ing childhood, but progresses in 15 to 20 per cent of the
cases.” As patients age, general long-term muscle weakness,
paravertebral muscular weakness, obesity, and congenital
soft-tissue abnormality worsen. We consider PWS character-
istics, such as low height, osteoporosis, hip dysplasia, and
bone maturity imperfections, including imperfections of
the vertebral end plate, as factors in the etiology of scoliosis
in PWS.

GH therapy corrects osteopenia and improves lean body
mass, physical strength, and agility. There has been a con-
cern that the speedup of growth with GH treatment can ex-
acerbate scoliosis. Whether GH treatment does indeed
contribute to the progression of scoliosis remains arguable.
Docquier et al. [9] reported that GH may increase the risk
of scoliosis progression and, furthermore, that this progress
is frequently rapid. However, there are reports indicating
that scoliosis in PWS was not affected by GH treatment
[10] and that Turner syndrome can be treated with GH, in-
dicating the safety of GH treatment {11]. Nagai et al. [4]
reported in 2006 that GH therapy increases the height ve-
locity of patients with PWS and also that the scoliosis in
these patients does not necessarily progress. Moreover,
our current data showed no statistical differences between
the frequency of scoliosis and GH treatment or nontreat-
ment. In addition, no meaningful statistical difference was
found, in juvenile and adolescent/adult groups, between
the prevalence of scoliosis and the presence or absence of
GH treatment; the prevalence of scoliosis increased in juve-
nile and adolescent/adults regatdless of GH treatment.

There were also no statistically significant differences in
the progression of scoliosis deterioration between the GH
treatment and nontreatment groups. In the present study,
the number of cases increased with age, but no correlation
was found between GH treatment and the prevalence and
progression of scoliosis. However, because GH treatment
has only been used for 7 years, the effects of long-term
GH treatment are not yet known. Until such effects are bet-
ter understood, caution is necessary.

There have been few reports documenting inherited PWS in
Japanese patients, so this study of 101 Japanese patients with
PWS is significant. Lin et al. {12] reported that PWS with de-
letion, characterized by hypogonadism, small hands and feet,
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and hypopigmentation, was more prevalent than PWS with
uniparental disomy. In this study, the prevalence of PWS sco-
liosis with genotype was examined, but we found no signifi-
cant difference between deletion and nondeletion groups.

It has been frequently reported that thoracic convex
curve to the right side is a characteristic of idiopathic sco-
liosis [13]. In our study, however, there was a prevalence of
lumbar convex curve to the left side, 48.7% (19/39); we
recognize this type of scoliosis as a characteristic of scoli-
osis in PWS, The cause of these clear differences is
unknown, but the etiology of PWS is general muscle weak-
ness, suggesting that paravertebral muscle weakness more
easily influences the lumbar vertebrae compared with the
thoracic vertebrae, which are surrounded by the 1ib cage.

It is important to monitor scoliosis in PWS to determine
whether the scoliosis will progress over time. First, a classi-
fication scheme is necessary to evaluate the characteristics
of progressive scoliosis in PWS. Holm and Laurnen [2] rec-
ommended spinal X-ray examination of patients with PWS
during follow-up, but only one X-ray of the whole spinal
anterior-posterior orientation is acceptable because of the
effects of X-rays on younger patients. The standard evalu-
ation is thus necessarily based on one X-ray, but to judge
correctly a compensation curve and a construction curve
using only one X-ray is difficuit.

de Lind van Wijngaarden et al. [5] distinguished two types
of scoliosis in children with PWS: long C-curve type scolio-
sis and scoliosis resembiing idiopathic scoliosis. In this
study, we classified scoliosis into three types, depending on
the location and the presence of a single or double curve.
Holm and Laurnen [2] reported two surgical patients with se-
vere Type 3 scoliosis, Gurd and Thompson [14] reported one
patient with severe Type 3, and Rees et al. [15] also reported
one surgical patient with Type 3. There have been many re-
ports of thoracic curve (Type 3) in severe scoliosis. However,
in this study, there was severe scoliosis in nine patients, with
11.1% (1/9) in Type 1, 66.7% (6/9) in Type 2, and 22.2% (2/9)
in Type 3. Type 2 had the highest rate of severe scoliosis. In
addition, the average Cobb angle in patients with Type 2 sco-
liosis was 33.6° for the thoracic curve and 30.3° for the lum-
bar or thoracolumbar curve. These curve angles were higher
than the 21.3° of Type 1 and similar to the 33.3° of Type 3.
During the follow-up, two patients were deteriorated from
Type 1 to Type 2. Previously reported Type 2 patients include
one surgical patient reported by Accadbled et al. {16}, one pa-
tient reported by Yamada et al. [17], and one surgical patient
reported by Rees et al. [15]. In this study, there were few cases
of Type 3. However, we considered that careful observation is
needed for patients showing a double curve tendency and that
this is an important factor in observing the progress of scoli-
osis in patients with PWS.

Severe scoliosis was found in nine patients (8.9%), and
two additional patients were confirmed to change from
Type 1 to Type 2 after a comparatively long follow-up
(Table 5). It was observed that in PWS, scoliosis in the lum-
bar spine progressed to the thoracic spine.

T8-L2:46 ~» 52— 5555

L1-L5: 37 —36-+33—33
T3-T11:52-57

No surgery

No surgery

No surgery

21 mo
6 mo

20 mo
ACF, anterior correction fusion; PCF, posterior correction fusion; M, male; F, female.

* Before surgery.
t After surgery

12
16
27
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Context: Cytochrome P450 oxidoreductase (POR) deficiency is a rare autosomal recessive disorder

characterized by skeletal dysplasia, adrenal dysfunction, disorders of sex development (DSD), and
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- ’é(’:"é?’iﬁ two frameshift mutation-poesitive cases examined. Genotype-phenotype correlations in-
dicated that skeletal features were definitely more severe, and adrenal dysfunction, 46,XY DSD,
and pubertal failure were somewhat more severe in group B than group A, whereas 46,XX DSD and
maternal virilization during pregnancy were similar between two groups. Notable findings also
included the contrast between infrequent occurrence of 46,XY DSD and invariable occurrence of
46,XX DSD and pubertal growth pattern in group A mimicking that of arematase deficiency.

Conclusions: The results argue against the heterozygote manifestation and suggest that the re-
sidual POR activity reflected by the R457H dosage constitutes the underlying facter for clinical
variability in some features but not other features, probably due to the simplicity and complexity
of POR-dependent metabolic pathways relevant to each phenotype. (J Clin Endocrinol Metab 94:
1723-1731, 2009)

ytochrome P450 oxideoreductase (POR) deficiency (PORD)

is a rare autosomal recessive disorder caused by muta-

tions in the gene encoding an electron donor for all microso-
mal P450 enzymes and several non-P450 enzymes (1-4). Sa-
lient clinical features of PORD include skeletal dysplasia
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referred to as Ansley-Bixler syndrome (ABS), adrenal dysfunc-
tion, 46,XY and 46,XX disorders of sex development (DSD),
and maternal virilizatien during pregnancy (3, 4). Such fea-
tures are primarily ascribed to impaired activities of POR-
dependent CYP51A1 (lanosterol 14a-demethylase) and SQLE

Abbreviations: ABS, Antley-Bixler syndrome; CHX, cycloheximide; DSD, disorders of sex
development; E,, estradiol; FISH, fluorescent in situ hybridization; hCG, human cho-
rionic gonadotropin; M, metabolite; NMD, nonsense-mediated mRNA decay; PCO,
polycystic ovary; POR, cytechrome P450 oxidoreductase; PORD, POR deficiency; 17-
OHP, 17a-hydroxyprogesterone; T, testosterone.
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(squalene monooxigenase) invelved in cholesterologenesis
and CYP17A1 (17a-hydroxylase and 17,20 lyase), CYP21A2
(21-hydroxylase), and CYP19A1 (aromatase) involved in ste-
roidogenesis (3, 4).

PORD has been identified in muitiple patients (4), Mutations
are diverse, including missense, nonsense, frameshift, and splice
site mutations (4). Notably, however, A287P is the most com-
mon mutation in Caucasian patients, and R457H is the most
prevalent founder mutation in Japanese patients (1-8). In addi-
tion, there is no patient with two apparently null mutations,
suggesting that absence of a residual POR activity is incompat-
ible with life (4—6). Clinical features are also variable, with a
wide range of expressivity and penetrance. Indeed, ABS-com-
patible skeletal featuzes and DSD are severely manifested by
some patients and apparently absent in other patients (4—6). In
addition, adrenal crisis remains relatively rare {4, 6), and ma-
ternal virilization is not a consistent feature (5, 6, 9).
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line Web site at hetp://jcem.endojournals.org. After taking written
informed consent, peripheral blood samples were obtained from all
the patients and the parents of 19 sporadic cases and two familial cases
(families A and C). Subsequently, genomic DNA samples were sub-
jected to direct sequencing for the POR exons 1-16, together with
their flanking splice sites. To confirm a heterozygous mutation, the
corresponding PCR products were subcloned with a TOPO TA clon-
ing kit {(Invitrogen, Carlsbad, CA), and the two alleles were sequenced
separately,

When lymphoblastoid cell lines were available, fluorescent in situ
hybridization (FISH) analysis was performed with rwo leng PCR prod-
ucts spanning exons 4-7 (probe 1) and exons 8-12 (probe 2). The two
probes were labeled with digoxigenin and detected by rhedamine anti-
digoxigenin. A spectrum green-labeled probe for D7Z1 (CEP7) (Abbott,
Abbott Park, IL) was used as an internal control, For a case with a
probable microdeletion, RT-PCR was performed with a variety of prim-
ers, to determine the deletion size. Furthermore, to examine the occur-
rence of transcription failure in cases with apparent heterozygosity and
that of the nonsense-mediated mRNA decay (NMD) in cases with pre-
mature truncation mutations, the lymphoblastoid cell lines available
were incubated for 8 h with and without an NMD inhibitor cyclohexi-
mide (CHX; 100 ug/ml; Sigma, St. Louis, MO), and direct sequencing

% was %grformcdfor RT-PCR preducts (13, 14).
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Patients and Methods

Patients

This study consisted of 35 Japanese patients aged 0.1-23.8 yr (16
patients with 46,XY and 19 patients with 46,XX), including previously
reported 23 cases (6, 8, 9) (Table 1). Of the 35 patients, 25 were sporadic
cases and the remaining 10 were familial cases from families A-D. Twenty-
three sporadic cases and four probands (cases 10, 15, 30, and 35) were
ascertained by skeletal features and/or DSD, two sporadic cases {cases 1
and 5) by newborn mass screening for 21-hydroxylase deficiency, and the
remaining six cases by familial studies.

Molecular analysis

This study was approved by the Institutional Review Board Com-
mittee at National Center for Child Health and Development. The
primers used in this study are shown in supplementary Table 1, pub-
lished as supplemental data on The Endocrine Society’s Journals On-

[250ig/m? ( magimum 1) bolus iv; bloed sampling at 0 and 60
min] and by urine steroid profiles determined by the gas chromatog-
raphy/mass spectrometry using first morning urine samples in cases
aged older than 6 months {16) (several urine steroid metabolites can-
not be measured precisely during the first 6 months of age due to
interference of unknown steroids derived from the fetal adrenocor-
tex). DSD was clinically evaluated, as was pubertal develepment in
boys aged older than 14.3 yr (mean +2 $D age for pubic stage 2) and
in girls aged older than 12.8 yr (mean +2 sD age for breast stage 2)
(17). When possible, basal blood pituitary-gonadal hermone values
were also obtained as well as human chorionic gonadotropia (hCG)-
stimulated testosterone (T) values (3000 IU/m? per dose im for 3
consecutive days; blood sampling on d 1 and 4). In addition, clinical
records were surveyed for the data of 17-hydroxyprogesterone (17-
OHP) values at the newborn mass screening, adrenal crisis, maternal
virilization during pregnancy, polycystic evary (PCO) in female cases,
and body measurement.

Penile length, clitoral size, Tanner stage, testis size, age of menarche,
and statural growth were assessed by age- and sex-matched Japanese
reference data (17-20), as were hormone values {21-23), Because urine
steroid metabolites (Ms) expressed in a logarithm scale grossly followed
the normal distribution and shewed marked change with age in control
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