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Abstract: Lowe syndrome, also known as oculocerebrorenal syndrome of Lowe (OCRL), is a rare X-linked recessive
genetic disease characterized by multisystem involvement including congenital cataracts, infantile hypotonia, men-
tal retardation and renal tubular dysfunction. Lowe syndrome is caused by mutation of OCRL1 gene localized at
Xq25-26.1, which encodes a phosphatidyl inositol 4,5 biphosphate phosphatase. We report a 4-month-old boy with
congenital cataracts, hypotonia, delayed motor developmental milestone, tendon hyporeflexia, proteinuria and ami-
noaciduria. OCRL1 gene mutation analysis showed a novel frame shift mutation, ¢.2441-2442delCT, p. (Ser814fs),
in exon 21. This pathogenic mutation was predicted to cause the presence of premature termination codons and
produce truncated OCRL1 protein. The mother of this patient was a heterozygous carrier.
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Introduction

Lowe syndrome, also known as oculocerebrore-
nal syndrome of Lowe (OCRL, OMIM309000), is
an X-linked multisystem disorder affecting the
eyes, the nervous system and the kidneys [1]. It
is a rare disease. It is estimated that the pre-
valence of the general population is about
1/200000-1/500000 [2]. Cataract is the most
common ocular abnormalities. It develops in
the fetal period. Ocular abnormalities also in-
clude microphthalmos, glaucoma and decrea-
sed vision. Proximal tubulopathy and psycho-
motor retardation are common.

OCRL1 gene mutations lead to the occurrence
of Lowe syndrome. OCRL1 gene is located on
chromosome Xq25-26.1. OCRL1 protein is a
type Il inositol polyphosphate 5-phosphatase
involved in the Pl (4, 5) P2 homeostasis [3-5].
We report a novel OCRL1 gene mutation in a
Chinese boy with Lowe syndrome.

Case report

The patient was a boy of four months old. He
was a healthy Chinese couple’s first child. The
boy was born at 38-weeks’ gestation via vagi-

nal delivery. His mother had no pregnancy com-
plications. His birth weight was 3680 g and
birth length was 51 cm. No neonatal asphyxia
and pathologic jaundice were recorded. His
mother and grandmother were suffered from
bilateral cataracts. He was admitted for an exa-
mination because of white pupil and protei-
nuria.

Physical examination revealed body weight of
the patient was 7200g (-1SD), length was 64
cm (-1SD) and head circumference was 43.5
cm (+1SD). He had frontal bossing, bilateral con-
genital cataracts, hypermobility of the joint and
decreased muscle tone. He couldn’t raise his
head and couldn’t roll over till admission. His
knee tendon reflex couldn’t be drawn out.

The patient had proteinuria, aminoaciduria and
lactaciduria. Urine routine examination were as
follows: specific gravity 1.010, urine pH 6.0,
protein (2+)~(3+), glucose (-). Urinary total pro-
tein was 1731.3 mg/L, urinary protein/urinary
creatinine was 793.2 g/mmol (0~50 g/mmol).
B,-microglobulin was 23.6 mg/L(0~0.3 mg/L),
o,-microglobulin was 44.1 mg/L (0~0.8 mg/L),
retinol binding protein was 4.6 mg/L (0~0.7
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proteinuria and aminoacid-
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uria, the patient was clinical
diagnosed as having Lowe
syndrome.

To confirm this clinical diagno-
sis, the blood samples of the
boy and his parents were sent
to genetic testing after infor-
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ed by chromosomal microar-
ray analysis (CMA). OCRL1
mutation analysis showed a
frameshift mutation, c.2441-
2442delCT, p. (Ser814fs), in
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dicted to cause a premature
stop codon in OCRL1 and re-
sultin the OCRL1 protein trun-
cation. The mother of this pa-
tient was a heterozygous car-
rier. His father was normal.
This is a novel frameshift mu-
tation in the OCRL1 gene. Ge-
netic analysis is summarized

in Figure 1.

Figure 1. Genetic analysis of OCRL1 in the patient and his parents. A: Pa-

tient, a novel frameshift mutation in exon 21 (c.2441-2442delCT). B: The

Discussion

father of the patient, exon 21 was normal. C: The mother of the patient, a het-
erozygous mutation in exon 21. Down arrow indicates the site of mutation.

mg/L) and albumin 360.7 mg/L (0~30 mg/L).
Creatinine clearance was normal according to
his age (70.5 ml/min/1.73 m?2). Moderately ele-
vated Gly, Ser, Thr and lactate in the urine were
detected by gas chromatography mass spec-
trometry (GC-MS). Renal ultrasound showed
no abnormalities. Aspartate aminotransferase
and alkaline phosphatase activities were mildly
elevated (69 U/L and 328 U/L respectively).
Electrolytes, serum creatinine and blood urea
nitrogen were within their normal ranges. IgM
antibodies of epstein-barr virus and TORCH
(toxoplasmosis, rubella, cytomegalovirus, her-
pes simplex virus) in sera were all negative.
Metabolic acidosis was not detected. The cra-
nial magnetic resonance imaging (MRI) was
normal.

According to the clinical manifestations of con-
genital cataracts, hypotonia, tendon hypore-
flexia, delayed motor developmental milestone,
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Lowe syndrome or OCRL was

first reported by Lowe et al. in
1952 [1]. The typical clinical manifestations of
this disease were congenital cataracts, proxi-
mal tubulopathy, mental retardation, and pro-
gressive growth failure. Cataract develops in
utero. Alimost all of the affected boys present
bilateral dense congenital cataract. It is due to
the change of crystalline embryonic epithelium
migration [6]. Glaucoma presents in 50% of
patients. It can be detected within one year of
age or even later [2]. Neurologic abnormalities
include serious hypotonia, psychomotor retar-
dation, absence of the deep tendon reflex, sei-
zures and stereotypic behavioral abnormalities,
etc [1, 2]. The dysfunction of proximal renal
tubule cells (Fanconi syndrome) is a major fea-
ture. Renal tubulopathy includes low molecular
weight proteinuria (LMWP), hypercalciuria, ami-
noaciduria, bicarbonaturia and hyperphospha-
turia [2, 7]. As the age increases, the severity
tends to be worse. Low molecular proteinuria
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may be the first to occur when the renal tubular
function is impaired [8]. Many children are
asymptomatic in renal involvement at birth. In
this case, white pupil was the earliest discov-
ered symptom. The parents took the child to
see an ophthalmologist. Before cataract sur-
gery, medical examination found proteinuria
and then transferred to pediatrics to continue
treatment.

Because Lowe syndrome is an X-linked reces-
sive genetic disease, probands are males and
they have typical manifestations of this dis-
ease. In this study, the patient presented with
congenital cataracts, hypotonia, motor retarda-
tion, tendon hyporeflexia and renal tubular dys-
function. The patient with the novel mutant
gene did not present special clinical character-
istics. The diagnosis age of this patient was 4
months old, so there was no obvious mental
retardation and vitamin- D resistant rickets.

Females with Lowe syndrome are rare. If this
happened, they were usually sporadic cases,
but they all manifested full phenotype. The
genetic basis will be discussed in later section.

Female carriers may have no clinical manifesta-
tion except of cataracts. About 95% of female
carriers with cataracts after puberty can be
found by slit lamp examination [9, 10]. In this
study, the eyes of the patient’'s mother and
grandmother were checked by slit lamp and
they were both suffer from mild cataracts. The
early detection of the female carrier state is
very important, for which can contribute to pre-
natal genetic counseling. Ophthalmological
evaluation (slit lamp examination) is considered
to be a reliable principal method to identify the
female carriers of Lowe syndrome, particularly
in women of reproductive age. But because
there are age-related opacities in the general
population, it is difficult to separate heterozy-
gous carriers from this group clearly, which is
the major limitation in using ophthalmological
evaluation to detect the carriers [9].

According to the clinical manifestation and lab-
oratory examination, we can make the correct
clinical diagnosis. Then we can use genetic
analysis of OCRL1 and enzyme examination to
confirm the diagnosis [11, 12]. Measurement
of the activity of the enzyme PIP2P 5-phospha-
tase in cultured skin fibroblasts can confirm the
diagnosis. The effected males may have less
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than 10% of normal activity of the enzyme [2].
At present, enzymology diagnosis is difficult in
most hospitals, but genetic diagnosis is feasi-
ble because commercial genetic testing is
available. In this case, we diagnosed the dis-
ease by typical clinical manifestations and
genetic analysis.

Clinicians may not think of this disease first
because of the low incidence of it. There are a
number of diseases that associated with con-
genital cataract, developmental delays, hypoto-
nia and proximal renal dysfunction in one or
several symptoms. Lowe syndrome needs to be
differentiated from these disorders, including
Dent disease, congenital infections (such as
TORCH infections), peroxisomal disorders, cys-
tinosis, galactosemia, hereditary fructose intol-
erance and congenital myopathies. The IgM
antibodies of TORCH in our patient were all
negative, so we can exclude the TORCH infec-
tions. The appearance of renal involvement can
exclude peroxisomal disorders and congenital
myopathies diagnosis within the first months of
life. The blood and urine metabolites screening
by GC-MS or genetic testing can rule out the
genetic metabolic disease.

Dent disease needs to be identified specifically.
Dent disease is a rare X-linked recessive inher-
ited disease, mainly involving the proximal renal
tubules [13]. Dent disease has two genetic
backgrounds. According to the different genetic
background, the diseases were classified as
Dent-1 disease and Dent-2 disease. Dent-1 dis-
ease is caused by mutations in the voltage-gat-
ed chloride channel and chloride/proton anti-
porter 5 gene (CLCN5) [14] and Dent-2 disease
is caused by mutation in the OCRL1 gene [15].
Dent disease is characterized by LMWP, hyper-
calciuria and nephrolithiasis. However, the
patients with Dent disease don’t suffer from
congenital cataract which is a typical feature of
Lowe syndrome.

Lowe syndrome is caused by OCRL1 gene
mutations. OCRL1 gene contains 24 exons with
exon 1 being a non-coding exon and exon 18a
as an alternatively spliced exon. The coding
region includes exons 2-23 [11]. The OCRL1
gene encodes a 105-kD phosphatidylinositol 4,
5-bisphosphate-5-phosphatase. It was report-
ed that OCRL1 protein can be expressed in dif-
ferent tissues or cells including fibroblasts
except lymphocytes [3, 4]. The protein localized
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primarily in the lysosomes, the trans-Golgi net-
work and the endosomes [5]. Phosphoinositid-
es are phosphorylated metabolites of phospha-
tidylinositol and play an important role in cell
physiology, including signaling, cytoskeletal
regulation, and membrane trafficking [16]. It is
supposed that this enzyme deficiency makes
for transport dysregulation of Golgi vesicular,
causing ocular, neurological and renal dysfunc-
tion [17]. Up to now about 200 OCRL1 muta-
tions have been identified. Most mutations are
deletions, frameshifts and translation termina-
tors. Splice-site mutations and missense muta-
tions are less frequent.

The genetic basis of females with Lowe syn-
drome was lyonization in the heterozygous
females or de novo translocation that disrupted
the OCRL1 locus. In addition, there are somatic
mosaicism and germline mosaicism in 4-5% of
the women [18, 19].

In this study, we identified a novel mutation in
the OCRL1 gene (c.2441-2442delCT) p.(
Ser814fs) in exon 21, which has not been previ-
ously reported. This mutation was a frameshift
mutation which could cause the presence of
premature termination codons and predicted to
produce truncated OCRL1 protein. This frame-
shift mutation was identified in the C-terminal
RhoGAP-like domain spanning exon 20-23 [20-
24] and involved amino acids located in well-
conserved domains. The Rho-GAP domain la-
cks the catalytic arginine and is catalytically
inactive. This mutation does not affect the
inherent enzyme activity, but it may change the
intracellular localization and stability of OCRL1
protein, contributing to the disease manifesta-
tions [25].

Dent-2 disease and Lowe syndrome are both
harboring OCRL1 gene mutation, but they pres-
ent different clinical phenotypes. There are
some studies to explore this phenomenon.
Bokenkamp A et al. considered Dent-2 disease
was a mild variant of Lowe syndrome. They
charted review of data from 93 patients with
identified CLCN5 gene and Lowe syndrome of
OCRL1 gene mutations. They concluded that
there was a phenotypic continuum within
patients with Dent-2 disease and Lowe syn-
drome, which suggested that there were indi-
vidual differences in the ability to compensate
for loss of Lowe syndrome of Lowe gene func-
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tion [26]. Hichri H et al. reported two patients
harbored a same OCRL1 gene mutation, but
clinical phenotypes were different. One dis-
played severe Lowe syndrome phenotype and
the other displayed Dent-2 phenotype compris-
ing atypical forms of Lowe syndrome. They
thought that a possible explanation of this clini-
cal variability might be the presence of modify-
ing factors (compensatory phosphatases, inter-
acting proteins, etc.) whose expression would
depend on the genetic background of the dif-
ferent patients [7].

Because there is still no effective treatment for
Lowe syndrome, genetic counseling, including
female carrier detection and prenatal diagno-
sis, is advisable to avoid reoccurrence. Genetic
mutations in proband should be detected first
and be documented. The OCRL1 gene analysis
is a specific method for the diagnosis of female
carriers if the mutation is known in the pro-
band. If the mother is a carrier, her male off-
spring has a 50% chance of being normal, a
50% chance of being affected; her female off-
spring has a 50% chance of being normal, a
50% chance of being a carrier [2]. If the defined
OCRL1 gene mutations cannot be detected in
either parent of a proband, it is possible that
there is a germline mosaicism in a parent or a
de novo mutation in the proband. It is reported
that germline mosaicism is in 4.5% of males
affected with Lowe syndrome and De novo
mutation is in 32% of males affected with Lowe
syndrome [2, 7, 12]. It is necessary to take
everything into account for genetic counseling.

In conclusion, Lowe syndrome can be diag-
nosed by clinical manifestations and genetic
analysis. Genetic counseling can contribute to
avoid reoccurrence within the same family.
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