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Nail patella syndrome: a review of the phenotype aided
by developmental biology
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Nail patella syndrome (NPS) is an autosomal dominant
condition affecting the nails, skeletal system, kidneys,
and eyes. Skeletal features include absent or
hypoplastic patellae, patella dislocations, elbow
abnormalities, talipes, and iliac horns on x ray. Kidney
involvement may lead to renal failure and there is also a
risk of glaucoma. There is marked inter- and
intrafamilial variability. The results of a British study
involving 123 NPS patients are compared with
previously published studies and it is suggested that
neurological and vasomotor symptoms are also part of
the NPS phenotype. In addition, the first data on the
incidence of glaucoma and gastrointestinal (Gl)
symptoms in NPS are presented. NPS is caused by loss
of function mutations in the transcription factor LMX1B at
9q34. The expansion of the clinical phenotype is
supported by the role of LMX1B during development.
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ail patella syndrome (NPS) (OMIM
N 161200), also known as hereditary osteo-

onychodysplasia (HOOD), Fong disease,
Turner-Kieser syndrome, and Osterreicher-Turner
syndrome, is a pleiotropic condition with a classi-
cal clinical tetrad involving the nails, knees,
elbows, and the presence of iliac horns. There are,
however, many other features that may be seen in
this condition and involvement of other body sys-
tems such as the kidneys and eyes is well
documented. In the skeletal system, tendons,
ligaments, and muscles can be affected as well as
bones. Clinical manifestations are extremely vari-
able in both frequency and severity and there is
inter- and also intrafamilial variability.' * Patients
may be severely affected by one aspect of NPS but
have much milder or no manifestations else-
where. Although the diagnosis may be made at
birth,’ it is very common for families to remain
undiagnosed for several generations despite hav-
ing been seen by doctors from a variety of
disciplines." NPS is an autosomal dominant
condition® * and there have been no reported cases
of non-penetrance or of germline mosaicism. The
frequency of NPS has not been determined accu-
rately. The incidence is widely reported at
approximately 1 in 50 000 but the basis for this
figure remains obscure.

NPS was one of the first disorders in humans
for which a linkage relationship was established,
in this case with the ABO blood group.” Localisa-
tion of the NPS gene was refined by molecular

J Med Genet 2003;40:153-162

genetic analysis to a 1 ¢cM interval on 9q34.1.°7
The NPS gene was identified as that encoding the
transcription factor LMXI1B subsequent to the
finding of phenotypic abnormalities in /mx15 null
mice’ ” and independently by positional cloning."
Subsequently, a series of studies have identified
83 mutations."* The nature of the mutations and
their distribution throughout the gene is consist-
ent with a heterozygous loss of function aetiology.
No genotype-phenotype correlation has been
identified.

This study was undertaken to reassess the phe-
notype of NPS following the identification of
LMXIB as the NPS gene and advances in molecu-
lar embryology illuminating its role in develop-
ment. It is the largest clinical study to date to pro-
vide data on the variability and severity of the
NPS phenotype.

METHODS

Ethical approval was obtained for the study from
the relevant ethics committees. Patients were
ascertained through clinical genetic departments
in England, Scotland, and Wales, through patient
contact groups, and through nephrologists. In-
formed consent was obtained from all participat-
ing patients.

All patients were visited at their home, with the
exception of a small number of patients who lived
locally to the Royal Liverpool Children’s Hospital,
who were seen in the clinical genetics depart-
ment. All patients were seen by ES and a history
was taken and examination performed. Each
knee and elbow joint was assessed separately
since the structural defects were often asym-
metrical. Photographs were taken of any notable
findings. A fresh urine sample was tested for the
presence of protein and blood using urine analy-
sis dipsticks. If abnormalities were found on urine
analysis, patients were advised to visit their GP
for repeat testing and, if necessary, further inves-
tigation and management by a local renal
physician. Renal involvement was assessed on the
basis of clinical history and on urine analysis.
During the course of the study the frequency of
back involvement and neurological and vasomo-
tor symptoms became apparent. Therefore not all
subjects were assessed in these areas. Adults who
had not been screened for glaucoma in the previ-
ous two years were offered a test to detect raised
intraocular pressure. This was done using a
Tonopen after proxymetacaine local anaesthetic
drops were instilled into the eyes. Patients with
readings over 21 mm Hg were advised to see their
opticians for a repeat test using an alternative
method of tonometry and, if necessary, referred
on to an ophthalmologist for further investigation
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Table 1  Patient measurements

Males Females

Mean birth weight in term babies (g)

Mean head circumference in term babies (cm)
Mean adult weight (kg)

Mean adult height (cm)

Mean adult head circumference (cm)

3370 (2650-5050) 3270 (2300-4140)
(50th centile) n=32 (50th centile) n=47

34.9 (33-3¢) 35.1(33.8-37)
(50th centile) n=8 (75th centile) n=5
6.9 (50.8-88) 55.7 (41-77.1)
(50th centile) n=29 (50th centile) n=60
170.9 (152-188) 158.5 (141-178)
(25th centile) n=29 (25th centile) n=60
57.9 (55-60.8) 55.5 (51.5-58.5)

(50th centile) n=23 (50th centile) n=60

and management. Where relevant and possible, patient
records and radiological investigations were reviewed.

PATIENT DEMOGRAPHICS

One hundred and twenty-four patients were initially recruited
into the study. One patient was excluded as not having NPS.
She had been diagnosed with NPS owing to the presence of
iliac horns on pelvic x ray. She had no external signs of NPS,
no family history, and on reviewing the pelvic x rays there
were no iliac horns, only a non-specific flaring of the iliac
bones laterally. Patients were recruited from 44 families. How-
ever, later it was discovered that two of these families were
related. The study group therefore consisted of 123 patients
from 43 families. There were 70 females and 53 males. The
average age of patients in the study was 32.6 years (4
months-80 years). NPS had been inherited in 87.5% of
patients (105/120) and had occurred sporadically in 12.5%
(15/120). Three patients did not know whether their parents
had been affected. As in previous studies, there was a wide
degree of intrafamilial variability in the NPS phenotype
although there were no incidences of non-penetrance or
germline mosaicism.

PATIENT ASCERTAINMENT AND DIAGNOSIS

The majority of families (28/43) were ascertained through
clinical genetic departments. Thirteen families were contacted
through the NPS patient support group and two families
through nephrologists.

In 18 families, the diagnosis had been made by orthopaed-
ics, followed by clinical genetics in six families, paediatrics in
five families, and dermatology in four families. One family
was diagnosed by a radiologist while a family member was
having an intravenous pyelogram for the investigation of
nephrotic syndrome, and another family by a general surgeon.
Six families did not know who had originally made the diag-
nosis and two families had made the diagnosis themselves.

GENERAL APPEARANCE

It was evident that there was a lean body habitus associated
with NPS and patients often have difficulty putting on weight
(particularly muscle) despite adequate dietary intake and
exercise. There is a particular decrease in muscle mass in the
upper arms (fig 1) and upper legs. One patient was thought to
have some form of muscular dystrophy in the past because of
having almost absent biceps and triceps muscles with full
development of the deltoids and forearm muscles. Some
female patients described poor breast development and one
patient had had cosmetic surgery for this. The tendency to be
very lean was most evident in adolescents and young adults
and became less apparent after middle age. The increased
lumbar lordosis that was frequently present tended to make
the buttocks appear prominent. Also, the legs often appeared
short compared to the torso. No data were gathered during
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Figure 1 Abnormal muscle
distribution in upper arms.

this study to confirm any subjective assessment of dispropor-
tion, but this is planned for a future study. The head may
appear large compared to the body. This appearance is
supported by the data on height and head circumference
(table 1). The high forehead and hairline, particularly at the
temples, resembled a receding male pattern hairline when
seen in women (fig 2). Some patients also reported that they
had poor hair growth as a child and were apparently bald for
quite some time in infancy. When their hair did grow it had a
tendency to be fine.

NAIL AND DIGITAL CHANGES

Nail changes are the most constant feature of NPS. Nails may
be absent, hypoplastic, or dystrophic, ridged longitudinally or
horizontally, pitted, discoloured, separated into two halves by
a longitudinal cleft or ridge of skin, thin or, less often,
thickened. Nail changes may be observed at birth and are most
often bilateral and symmetrical. The thumbnails are the most
severely affected, and the severity tends to decrease towards
the little finger. Each individual nail is usually more severely
affected on its ulnar side. The nail changes may be limited to
triangular lunules (or lunulae), a characteristic feature of
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Figure 2 High, broad forehead and male pattern hairline.

Figure 3 Thumbnails showing the most severe dysplasia on the
ulnar border of the thumbnail.

NPS. Dysplasia of the toenails is usually less marked and less
frequent than that of the fingernails, but if the toenails are
involved, it is often the little toenail which is affected.

In this study, nail changes were seen in 98% (120/123) of
patients (figs 3, 4, and 5). The thumbnails were the only nails
to be involved in 42% (52/123) of patients; 26% (32/123) of
patients had involvement of their thumbs and index
fingernails only, whereas 29% (36/123) had more extensive
nail involvement. Nail involvement could be very subtle with
the only manifestation being the presence of just one triangu-
lar lunula or a slightly smaller ulnar border of thumbnail. Tri-
angular lunulae (fig 6) were seen in 88% of patients (106/121)
but were not necessarily seen on all nails. The toenails were
involved in 67% (82/122) of patients. The most common
toenail finding was a small, dystrophic little toenail (a finding
also common in the general population), but other toenails
could also be thickened, discoloured, thin, dystrophic, or
hypoplastic (fig 7).

A sensitive sign of digital involvement in NPS is loss of the
creases in the skin overlying the distal interphalangeal (DIP)
joints of the fingers (fig 5). This sign follows the same gradient
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Figure 4 Thumbnails showing increased dysplasia on the ulnar
border of each thumbnail.

- . "

Figure 5 Decreased severity of nail dystrophy towards the fifth
finger and loss of skin creases over the distal interphalangeal joints.

Figure 6 Triangular lunules.

Figure 7 Dystrophic toenails.

of involvement as is seen in the nails so that the most
frequently affected fingers are the index fingers. This loss of
DIP skin creases was seen in 96% of patients (114/119). In
addition to loss of skin creases there was often an associated
reduction in flexion of the DIP joints and, again, this followed
the same pattern of distribution (fig 8). Occasional patients
also had decreased flexion of the proximal interphalangeal
(PIP) joints, an inability to actively extend their DIP joints,
fixed flexion of the DIP joints, and fixed flexion of the PIP
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Figure 9 Swan necking of the fingers.

joints of the middle and ring fingers. Hyperextension of the
PIP joint and flexion of the DIP joints, resulting in “swan
necking”, was seen in 58% (69/118) of patients (fig 9). Fifth
finger clinodactyly was seen in 35% (42/119).

KNEE INVOLVEMENT

The patellae may be small, irregularly shaped, or absent and
patella involvement may be asymmetrical.”' Recurrent
subluxation or dislocation of the patella is common in NPS
and may be associated with poor development of the vastus
medialis muscle. The displacement of the patella is lateral and
superior, and the hypoplastic patella is often located laterally
and superiorly even when not actually dislocated. There may
be prominent medial femoral condyles, hypoplastic lateral
femoral condyles, and prominent tibial tuberosities. Together
with a hypoplastic or absent patella, this gives the knee joint a
flattened profile (fig 10). Tight hamstring muscles may cause
flexion contractures of the knees. There may also be
osteochondritis dissecans, synovial plicae, and absence of the
anterior cruciate ligament. Early degenerative arthritis is not
uncommon.

Symptoms associated with knee abnormalities in NPS
included pain, giving way, a feeling of instability, locking,
clicking, patella dislocation, and the inability to straighten the
knee joint. In this study, knee symptoms were reported in 74%
of patients (89/120). Of these, nearly half were assessed
subjectively as being mild. Patellae were clinically of normal
size in 16% (37/237), were hypoplastic in 75% (179/237), and
undetectable by palpation in 9% (21/237). Patella dislocations
had been experienced by 25% (30/118) of patients, often
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Figure 10 Skyline view of knees showing subluxed patellae on
knee flexion.

Table 2  Low frequency findings

Knees
Genu recurvatum
Genu valgum
Genu varum
Leg length discrepancy
Rotational deformities of the legs
Osgood-Schlatter’s disease
Osteochondritis dissecans of the lateral femoral condyle
Prominent medial femoral condyles
Underdeveloped lateral femoral condyles
Widening or deepening of the intercondylar femoral notch
Absence or hypoplasia of the anterior cruciate ligaments
Presence of an abnormal band dividing the supra patella pouch
Pelvis
Narrow iliac wings
Flared iliac wings
Small iliac bones
Square iliac blades
Relative overgrowth of ischium
Scalloped margin of the iliac bone
Spine
Spondylolisthesis
Spondylolysis
Spina bifida occulta (cervical and lumbar)
Lumbosacral segmentation defect
An extra lumbar vertebra
Fused sacroiliac joints
Fusion of the fifth lumbar and first sacral joint
Dural ectasia
Degenerative changes of the spine
Ankles and feet
Metatarsus adductus
Metatarsus valgus
Supination of the forefoot
Fusion of cuboid and navicular bones
Prominent medial malleoli
Shoulders
Narrow sloping shoulders
Dislocatable shoulders
Small scapulae
Raised and abnormally orientated scapulae
Thick lateral margins of the scapulae
Prominent acromioclavicular joints
Inferiorly subluxed humeral heads
Hypoplastic glenoid with a flattened humeral head

recurrently. It was not uncommon for patients to be unable to
extend the knee joint fully, which seemed to be because of
tight hamstrings. Fixed flexion deformities of up to 90 degrees
were observed. Some patients had unexpected, abnormal
anatomy at operation, including ectopic muscle attachments.
Low frequency findings are listed in table 2.
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Figure 11 X ray of elbow showing a dysplastic, dislocated radial
head and hypoplasia of the capitellum.

Figure 12 Decreased extension of the elbows and bilateral
pterygia. Note also high hairline at the temples.

ELBOW INVOLVEMENT

Elbow abnormalities, like knee abnormalities, may be
asymmetrical. There may be limitation of extension, prona-
tion, and supination, or cubitus valgus. Typical radiological
findings include dysplasia of the radial head, hypoplasia of the
lateral epicondyle and capitellum and prominence of the
medial epicondyle. These abnormalities may result in disloca-
tion of the radial head, usually posteriorly (figure 11). Pterygia
may occur and are usually antecubital, but axillary pterygia
have also been described.

In this study, symptoms from the elbows were reported in
33% (39/120) of patients. Of these, most were subjectively
assessed as mild. Loss of elbow extension was found in 70% of
elbows (167/240). This was less than 15° in 36% of elbows (86/
240), between 15 and 45° in 27% (64/240), between 45 and 90°
in 5% (13/240), and over 90° in 2% (4/240) of elbows. When
present, elbow contractures were usually present from birth,
and the tendency was for the degree of contracture to remain
the same over time. Elbow pterygia were present in 12% of
patients (15/123) and could be bilateral or unilateral (fig 12).
When pterygia were present, the neurovascular bundles could
run superficially in the web, which made operative treatment
to extend the elbow difficult. Even if patients had full range of
extension, their ability to supinate their forearm was often
limited.

The prevalence of pterygia of the elbow in this study was
greater than that previously reported.” It is unclear how
detailed the clinical descriptions were in the papers reviewed
by Carbonara ef al.”” Rizzo et al'® had previously suggested that
the presence of pterygia was a predictor of renal involvement
in NPS and that all patients with pterygia had renal disease.
However, results from this study do not support this hypoth-
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Figure 13 X ray of pelvis showing iliac horns.

Figure 14 X ray of pelvis showing iliac horns in early childhood.

esis (data not shown) and from what is known about the vari-
ability and pathogenesis of this condition, it seems extremely
unlikely that the presence of pterygia would predict renal
disease.

ILIAC HORNS

Iliac horns are bilateral, conical, bony processes that project
posteriorly and laterally from the central part of the iliac bones
of the pelvis and are considered pathognomonic of NPS" "'
(figs 13 and 14). Large horns may be palpable®* but are
asymptomatic. They may be seen on third trimester ultra-
sound scanning,” on x ray at birth,' and in children there may
be an epiphysis at the apex.* " ** *

In this study, iliac horns were present in 68% (34/50) of the
pelvic x rays that were available for examination and could be
subtle. Seven women had required caesarean sections because
of a narrow pelvis.

INVOLVEMENT OF THE ANKLES AND FEET

Talipes was a feature in 19% (23/122) of patients and was
bilateral in 70% of these (16/23). Talipes equinovarus, calcano-
varus, calcaneovalgus, equinovalgus, and hyperdorsiflexion of
the foot were all reported. Severe bilateral talipes had been
detected at the 20 week scan in one patient. Tight Achilles
tendons were a common finding, contributing to talipes and to
toe walking, and Achilles tendon lengthening operations were
sometimes necessary. Pes planus was present in 64% of
patients (76/118). Other low frequency findings are listed in
table 2. The 19% frequency of talipes in this study contrasts
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Table 3  Frequency of types of renal involvement in different age categories

Patients overall

Over age 18 years Over age 40 years

No renal involvement  62.5% (75/120)
Pregnancy only 12.5% (15/120)
Proteinuria only 12.5% (15/120)

Haematuria only 0.8% (1/120)
Proteinuria + 10% (12/120)
haematuria

Transplant 1.6% (2/120)

56.8% (50/88) 54.5% (24/44)

17% (15/88) 18.1% (8/44)
10.2% (9/88) 9.1% (4/44)
1.1% (1/88) 2.2% (1/44)
12.5% (11/88) 13.6% (6/44)
2.2% (2/88) 2.2% (1/44)

with 50% of patients in the study by Guidera ef al/,” although
that study was biased as ascertainment was from orthopaedic
patients.

SPINAL AND CHEST WALL PROBLEMS

Back pain was a problem for 55% of patients (66/120). This
was subjectively assessed as moderate or severe in over half of
the patients. Back pain could start during childhood and was
the reason that several people had been registered disabled.
An increased lumbar lordosis was seen in 47.1% (41/87) of
patients. Scoliosis, which was usually mild, was a feature in
23% (8/35) patients. Pectus excavatum was seen in 36% of
patients (14/39) and one of these patients required operative
treatment for dyspnoea.

OTHER SKELETAL MANIFESTATIONS

Bilateral congenital dislocated hips were reported in three
patients and others reported clicking in their hips or the abil-
ity to subluxate their hip joints. Fixed flexion deformities of
the hip occurred in three patients. Two patients were noted to
have coxa valga on x ray. Occasional patients described that
they had had rotational deformities of the leg, and this could
be up to 180° of external rotation. This seemed to be the result
of a combination of talipes, marked external rotation at the
hips, and tibial torsion. Other low frequency findings are listed
in table 2.

The joint contractures were of sufficient severity in two
patients that a description of arthrogryposis multiplex had
been used at birth. Generalised joint hyperextensibility could
also occur, most commonly in children, and particularly in the
fingers. In the study population five patients, all of them male,
had had inguinal herniae, four of them as children, and one
patient had an epigastric hernia.

Some patients described generalised muscular pains,
usually worse in cold, damp weather. Specific diagnoses that
had been made included fibromyalgia, polymyalgia rheu-
matica, and fibrositis. Two patients had been diagnosed with
chronic fatigue syndrome or myeloencephalomyalgia (ME).

The results of this study emphasise not only the variability
in severity of joint problems, but also the unpredictability of
the character of the joint abnormalities and anatomy of the
joints. Therefore, it is strongly advised that before any
treatment for joint abnormalities, particularly surgery, a mag-
netic resonance imaging scan (MRI) is undertaken to provide
the clinician with essential information about the anatomy of
the joint.

THE ROLE OF LMX1B IN DORSOVENTRAL
PATTERNING IN THE LIMB

A series of experiments in animal model systems have shown
a crucial role for LMXIB in determination of dorsoventral pat-
terning in the developing limb.*** Although the defects
observed in distal limb development in homozygous mutant
Imx1b-/- mice® are more severe than typically observed in NPS
patients, the parallels are clearly apparent. In addition, paral-
lels can be drawn between the expression pattern of lmxIb
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across the anterior-posterior axis of the distal limb and the
decreasing severity of nail dysplasia in NPS from thumb to
little finger.”* It has been shown that expression of Imx1b in the
distal limb mesenchyme is induced by dorsal ectoderm
expression of wnt7a and repressed by ventral ectoderm
expression of en1.” ' There are, therefore, marked similarities
between the distal limbs of wnt7a-/- and lmxIb-/- mice.®” It
should be noted, however, that abnormal development is more
severe in the proximal limbs of /mx1b-/- mice and can be com-
pared to the abnormal development of the proximal muscula-
ture observed in NPS patients.

RENAL INVOLVEMENT

It is the renal manifestations of NPS that influence mortality.
The main pathology involves a defect in the glomerular base-
ment membrane.” The first sign of renal involvement is usu-
ally proteinuria, with or without haematuria.” Proteinuria
may present at any age from birth onwards and may be inter-
mittent. Renal problems may present, or be exacerbated, dur-
ing pregnancy.”* Once proteinuria is present, it may remit
spontaneously,”* remain as asymptomatic proteinuria,
progress to nephrotic syndrome or nephritis, and occasionally
to renal failure. Progression to renal failure may appear to
occur rapidly or after many vyears of asymptomatic
proteinuria.” * The factors responsible for this progression are
yet to be identified. Death from renal failure has occurred in
patients as young as 8 years old.” When renal transplantation
takes place in NPS, results are usually favourable.” "
Ultrastructural (electron microscopy) abnormalities are the
most specific histological changes seen in NPS and are well
described elsewhere.” They include irregular thickening of the
glomerular basement membrane with electron lucent areas
giving a mottled “moth eaten” appearance, and the presence
of collagen-like fibres within the basement membrane and the
mesangial matrix. Structural renal tract changes have been
reported infrequently'’* **** and may be coincidental. The
main renal abnormality in NPS is a functional defect.

In this study, the incidence of renal involvement, including
that occurring in pregnancy only, was 37.5% (45/120) in the
patient group overall. When patients with involvement in
pregnancy only were excluded, renal involvement occurred in
25% (30/120) of patients overall and in 33% (12/44) of those
patients over the age of 40 years (table 3). The mean age that
renal involvement was detected was 21.7 years (1-51 years).
Renal failure had occurred in 3% (3/123) of patients. In those
women who had been pregnant, 29% (14/48) had had
pre-eclampsia, an increased incidence when compared with
the general population.*

Previous studies have estimated renal involvement to occur
in between 12% to 55% of patients with NPS' 7% * > * and
renal failure in between 5% and 14% of NPS patients.” ®
Renwick™ performed urine analysis in an unselected series of
75 patients from eight NPS families and found that only 12%
had evidence of renal involvement. Although this represents
an unselected series, the relatively low numbers involved
could lead to an inaccurate estimate of the frequency of renal
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involvement. Looij et al” combined the data from the family
they reported with those from other published reports and
found that nephropathy occurred in 48% (114/236) and renal
failure in 14% (33/239) of cases of NPS.” However, families in
which renal involvement did not occur were excluded from
the study of Looij ef al* because the authors felt that NPS was
heterogeneous, with one form being associated with renal
problems and another form not. Excluding the families who
did not have evidence of renal disease will have led to a con-
siderable overestimate of the incidence of renal involvement in
NPS. The highest reported frequency of renal involvement
originates from a paper by Bennett et al* who found renal
involvement in 55% (20/36) and death from renal failure in 5%
(2/36) of NPS patients from 11 families. Their method of clas-
sifying patients as having renal involvement could be consid-
ered rather oversensitive and non-specific. Ascertainment bias
in some studies and reviews may lead to the reporting of more
severely affected families and the over-representation of renal
disease. However, as renal involvement is an age dependent
finding, any cross sectional study will inevitably underesti-
mate the lifetime risk of renal problems. Reported frequencies
of renal involvement will also depend on the tests performed
to detect any renal dysfunction.

LmxIb mutant mice show renal changes similar to those
seen in humans with NPS. Ultrastructural examination of
mutant mice kidneys shows irregular thickening of the
glomerular basement membrane with occasional regions of
membrane discontinuity and abnormal podocytes with a lack
of foot processes and slit diaphragms,* an appearance which
correlates with the ultrastructural changes seen in the kidney
of an NPS patient. LMX1B is important in regulating type IV
collagen gene expression in the glomerular basement mem-
brane of the developing kidney" and also has a likely role in
regulating additional genes important in podocyte function
and maintenance.”* It seems, therefore, that abnormal
development of the podocyte foot processes and the slit
diaphragm are likely to contribute, along with reduced levels
of glomerular basement membrane collagens, to the neph-
ropathy of NPS.

OPHTHALMOLOGICAL FINDINGS

Glaucoma has recently been recognised as a feature of
NPS.">* Primary open angle glaucoma is the most frequent
abnormality, although ocular hypertension may also be
seen.”

The prevalence of glaucoma and ocular hypertension in this
study was 9.6% (8/83) and 7.2% (6/83) respectively. When
participants under the age of 40 were excluded, these figures
rose to 16.7% (7/42) and 11.9% (5/42). The mean age at which
glaucoma or ocular hypertension had been detected was 47.9
years (23-78 years). The presence of glaucoma or ocular
hypertension in 29% (12/42) of patients over 40 confirms that
these are significant features in NPS. However, this aspect of
NPS is treatable and therefore screening for glaucoma in NPS
patients should be strongly encouraged. There is also an earlier
onset of these problems in NPS patients than in the general
population. The pathogenesis of the ocular hypertension and
glaucoma in NPS is yet to be determined. While it is known
that /mx1b is expressed in the trabecular meshwork of the
developing eye,” there are no published reports describing
histological changes in the trabecular meshwork in NPS
patients. This would usually necessitate the study of postmor-
tem material, and therefore a limited availability of tissue. The
defect in collagen fibrillogenesis seen in the cornea of the
Lmx1b -/- mutant mice may suggest a role for LMXI1B in colla-
gen regulation, similar to that seen in the kidneys.

Lester’s sign consists of a zone of darker pigmentation
around the central part of the iris, which is roughly a cloverleaf
or flower shape (fig 15). This is most pronounced in blue eyes.
Lester’s sign was observed in 54% (64/119) of patients in this
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Figure 15 Lester’s sign of the iris.

study, usually bilaterally. Lester’s sign was no more frequent
among those with glaucoma or ocular hypertension than
those without. In one review, Lester’s sign was seen in 42% of
NPS patients.” Other authors have felt that Lester’s sign was
not a valid part of the syndrome and felt that the description
of the iris anomaly given by Lester was consistent with the
normal configuration of the collarette.” It is now widely
accepted that the iris configuration characteristic of Lester’s
sign is not pathognomonic of NPS and may be seen in the
general population, although at considerably lower
frequency.”” However, there are other iris appearances which
may be seen in the general population but are much more
common in particular syndromes, such as the stellate iris that
is commonly seen in Williams” syndrome.” The expression of
Imx1b in the anterior chamber of the developing eye, together
with the iris abnormalities seen in ImxIb -/- mutant mice,”
supports the suggestion that Lester’s sign is indeed a feature of
NPS, albeit a non-specific one.

GASTROINTESTINAL INVOLVEMENT

The frequency and spectrum of bowel symptoms in NPS have
not previously been assessed. Bowel symptoms were reported
in 31% (36/117) of patients in this study. Irritable bowel syn-
drome, characterised by alternating constipation and diar-
rhoea with cramping abdominal pain, was reported in 13% of
patients (15/117) and significant constipation requiring treat-
ment was reported in an additional 18% (21/117) and was
usually present from birth. Although these figures do not dif-
fer significantly from the general population,™” these data
together with case reports of NPS patients presenting with
abdominal pain,” the coincidence of a Hirschsprung-like phe-
notype in another patient,” and the known requirement for
Imx1b in the development of dopaminergic neurones™ suggest
that this is an area requiring further study.

Evidence for a role for LMX1B in the gut is found in chick
and C elegans animal models. Chick Lmx! is expressed in the
presumptive gut endoderm® and the C elegans orthologue of
LMXI1B, lim-6, is involved in regulating the outgrowth and
differentiation of neurones controlling rhythmic enteric mus-
cle contractions.” Lim-6 mutants exhibit a bloated gut and
defective defecation behaviour.

NEUROLOGICAL PROBLEMS

Neurological problems have not previously been reported as
part of the phenotypic spectrum of NPS. During the course of
the study, several patients spontaneously reported peripheral
neurological symptoms and therefore other patients were
subsequently asked about these symptoms, which were
reported in 25% (28/110). The reported symptoms followed a
pattern consisting of intermittent episodes of numbness and
tingling and sometimes burning sensations in the hands and
sometimes the feet, with no obvious precipitant. The
symptoms did not follow the distribution of any particular
dermatome or peripheral nerve, the distribution being more
like a glove and stocking pattern. These symptoms could
spread to the elbows and calves and could last from minutes to
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Table 4  Differential diagnoses of NPS

Syndrome

Similarities

Differences References

Small patella syndrome
OMIM 147891
(ischiopatellar dysplasia,
coxo-podo-patellar syndrome,
Scott-Toar syndrome)

Patella aplasia-hypoplasia

OMIM 168860 PTLAH

Familial recurrent dislocation of the
patella

OMIM 169000

Meier-Gorlin syndrome

OMIM *224690

Small or absent patellae
Recurrent patella dislocations
Pelvic anomalies

Isolated aplasia or hypoplasia of the
patella

Familial tendency towards patella
dislocation

Absent patellae
Dislocation of the radial head

Genitopatellar syndrome
OMIM *606170

Absent patellae
Renal anomalies

Club foot

DOCOR syndrome
OMIM *220500

Absent or poorly formed nails

Absent or hypoplastic patellae
Limited elbow supination
Abnormal nails

Trisomy 8 mosaicism

Coffin-Siris syndrome
OMIM 135900 patellae

Elbow dislocation
RAPADILINO syndrome Radial defects, absent or hypoplastic
OMIM 266280 patellae

Dislocated joints
Senior syndrome Small nails
OMIM 113477

Flexion deformities of the knees and hips Facial dysmorphism

Absence or hypoplasia of the nails and

Defective ossification at the ischiopubic junction and  67-70
ischial hypoplasia

Infra-acetabular “axe-cut” notch

No nail changes

No elbow changes

No renal involvement

No ocular involvement

No nail changes 71-73
No elbow changes

No renal involvement

No ocular involvement

74

Microtia 75-78
Markedly short stature

Delayed bone age

Characteristic facial appearance

Autosomal recessive inheritance

Hypoplasia of the ischia and iliac bones 79
Genital anomalies

Microcephaly

Mental retardation

renal manifestations are structural (multicystic kidneys

or hydronephrosis) rather than functional

Long thumbs and big toes, often with triphalangism 80
Other fingers and toes are short owing to an absent or
hypoplastic distal phalanx

Bilateral ptosis

Short broad nose with a broad nasal tip and Large

nostrils

Structural renal tract abnormalities cataracts, optic

atrophy

Dandy-Walker malformation, seizures

Autosomal recessive inheritance

Significant learning difficulties and variable facial 53
dysmorphism camptodactyly and progressive joint
restriction usually of the fingers and toes

Nail hypoplasia usually affects the little finger nails 80
Facial dysmorphism

Developmental delay

Cleft palate, facial dysmorphism, short stature, radial 80
defects include absent or hypoplastic thumbs and radii
Autosomal recessive inheritance

Characteristic facial appearance, short stature, and 81
mild intellectual impairment

hours. There was no history of associated motor weakness.
Epilepsy was reported in 6% (7/123) of patients with a mean
age of onset of 29 years (range 17 months-66 years). Unfortu-
nately, available details of the particular types of epilepsy were
limited. The 6% prevalence of epilepsy in the NPS study popu-
lation was in contrast to the lifetime prevalence of epilepsy in
the United Kingdom of 0.4%.” Since relatively little infor-
mation about the character of the patients’ epilepsy was avail-
able from their hospital records, this area needs further atten-
tion in future research studies.

There are a number of reasons why patients with NPS could
have peripheral neurological symptoms, including trapped
nerve roots from spinal problems, peripheral nerve entrap-
ment, irritation around abnormal joints such as the elbow, or
after joint surgery. However, all of these would be expected to
cause symptoms in specific dermatomes or peripheral nerve
distributions. Only occasional patients described such clearly
demarcated neurological symptoms, which could clearly be
related to coexisting orthopaedic problems, and these patients
were not included in the data for neurological problems.
Indeed, many of the patients who reported peripheral neuro-
logical symptoms did not have significant local orthopaedic
problems.

The neurological symptoms reported by NPS patients are
particularly interesting in the light of what is known about the
role of Imx1b in neuronal migration in the mouse.*" Although
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the work by Kania et al** was based on the study of motor neu-
rones, it opens the possibility of a wider role of LMX1B in per-
ipheral nerve migration. There is a growing interest in the role
of LMX1B in the developing brain. Lmx1b is already known to
have an important role in the development of mesencephalic
dopamine producing cells in mice, is highly expressed in the
substantia nigra and ventral tegmental areas, and expression
is present from an early stage in development and is
maintained throughout life.® Recently, there has been a
suggestion that attention deficit disorder/attention deficit
hyperactivity disorder (ADD/ADHD) may be a feature of NPS,
as could depression,” and further studies in this area are
under way.

VASOMOTOR PROBLEMS

Vasomotor problems have not previously been associated with
NPS. During the course of the study several patients
spontaneously reported having symptoms related to a poor
peripheral circulation, such as having very cold hands and
feet, even in warm weather. Of those patients asked, 55% (12/
22) had these symptoms and two patients had specifically
been diagnosed with Raynaud’s phenomenon.

There are two possible reasons for the increased incidence of
peripheral circulatory problems seen in NPS. Firstly, there may
be a defect in neuronal migration affecting the digital cutane-
ous neurones. This hypothesis is supported by the role of
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Table 5 Recommendations for the care of patients
with NPS

¢ Annual screening for renal disease from birth. This should include
blood pressure and urine analysis. A urine albumin:creatinine
ratio on a first morning urine is preferable to urine analysis
dipsticks as it is a more sensitive measure and corrects for
concentration of the urine. If any abnormalities are detected the
patient should then be referred to a renal physician for further
investigation and follow up.

e Screening for glaucoma every two years in adulthood. This should
include measurement of intraocular pressure, examination of the
optic disc, and assessment of visual fields in order to detect
normal pressure glaucoma. If any abnormalities are detected,
patients should be referred to an ophthalmologist.

e Before freatment such as surgery or intensive physiotherapy is
considered for orthopaedic abnormalities, it is recommended that
information on possible abnormal anatomy of both bone and soft
tissue is acquired by magnetic resonance imaging (MRI).

e Genetic counselling should be offered to all patients with NPS.

Imx1b in neuronal migration in the developing limb."
Secondly, there may be a confounding connective tissue prob-
lem in NPS that may predispose to the development of
peripheral circulatory problems and Raynaud’s phenomenon.
Any involvement of Imx1b in the regulation of collagen gene
expression other than in the kidney remains to be determined.

DENTAL PROBLEMS

Dental problems were reported in 23% (27/117) of patients.
The most common problems were weak, crumbling teeth.
Some patients had been told they had very thin enamel. This
is an area that requires further study.

MOLECULAR ANALYSIS

A combination of SSCP and direct sequence analysis identified
mutations in LMXIB in 38/43 of the families studied. The
nature and distribution of the mutations were in keeping with
those described previously. Patients without a detectable
mutation did not differ significantly in their phenotype from
those in whom a mutation was found. Details of molecular
analysis will be presented in a separate paper.

DIFFERENTIAL DIAGNOSES AND FEATURES NOT
ASSOCIATED WITH NPS

The combination of features seen in NPS is very characteristic
and the condition should therefore be easy to distinguish from
other disorders. However, there are some conditions which
merit discussion owing to areas of overlap with NPS. Major
differentials are highlighted in table 4.

Although often quoted as being features of NPS, cleft lip
and palate have been reported in one NPS patient only” and
their absence in the large number of other published NPS
patients suggests that this association was purely coinciden-
tal. Similarly, the occurrence of NPS in association with
deafness,” cancer predisposition,” mental retardation, and
psychosis® are likely to be coincidental.

RECOMMENDATIONS FOR THE CARE OF PATIENTS
WITH NPS

Further research is required before truly evidence based
guidelines can be applied to the monitoring of NPS patients.
Until this is available the authors make recommendations
shown in table 5.

FUTURE RESEARCH
This study highlights the need for further research into the
NPS phenotype, including areas such as vasomotor, bowel,
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neurological problems, and depression and ADHD. A prospec-
tive cohort follow up study would help to delineate the natu-
ral history of the NPS phenotype, particularly in areas such as
the development of renal problems and glaucoma with
increasing age.
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