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The oculocerebrorenal syndrome of Lowe is a rare X-linked disease characterized by congenital 
cataracts, proximal renal tubulopathy, muscular hypotonia and mental impairment. This disease 
is caused by mutations in the OCRL gene encoding membrane bound inositol polyphosphate 
5-phosphatase OCRL1. Here, we examined the OCRL gene of two Lowe syndrome patients 
and report two new missense mutations that affect the ASH domain involved in protein-protein 
interactions. Genomic DNA was extracted from peripheral blood of two non-related patients and 
their relatives. Exons and flanking intronic regions of OCRL were analyzed by direct sequencing. 
Several bioinformatics tools were used to assess the pathogenicity of the variants. The three-
dimensional structure of wild-type and mutant ASH domains was modeled using the online server 
SWISS-MODEL. Clinical features suggesting the diagnosis of Lowe syndrome were observed in 
both patients. Genetic analysis revealed two novel missense variants, c.1907T>A (p.V636E) and 
c.1979A>C (p.H660P) in exon 18 of the OCRL gene confirming the clinical diagnosis in both cases. 
Variant c.1907T>A (p.V636E) was inherited from the patient's mother, while variant c.1979A>C 
(p.H660P) seems to have originated de novo. Analysis with bioinformatics tools indicated that both 
variants are pathogenic. Both amino acid changes affect the structure of the OCRL1 ASH domain. In 
conclusion, the identification of two novel missense mutations located in the OCRL1 ASH domain 
may shed more light on the functional importance of this domain. We suggest that p.V636E and 
p.H660P cause Lowe syndrome by disrupting the interaction of OCRL1 with other proteins or by 
impairing protein stability.

1. Introduction

The oculocerebrorenal syndrome of Lowe (OMIM 
#309000) is a rare X-linked disorder characterized 
by congenital cataracts, intellectual impairment, and 
progressive renal tubular dysfunction (1,2). Other 
features include muscular hypotonia, severe growth 
retardation and behavioral problems. Cataracts and 
muscular hypotonia are evident at birth whereas the 
proximal tubulopathy is frequently diagnosed later in 
life. The tubular dysfunction involves low-molecular-
weight proteinuria, aminoaciduria and hypercalciuria, 
and usually results in progressive renal failure leading 
to end-stage renal disease in adulthood (1,3). The disease 
is caused by mutations in the OCRL gene encoding a 
membrane bound inositol polyphosphate 5-phosphatase 

(OCRL1), which dephosphorylates the 5' position of 
the inositol ring in membrane phospholipids (4). The 
OCRL gene is located on chromosome Xq26.1 and is 
expressed in nearly all tissues (5). It contains 24 exons 
including exon 18a, which is alternatively spliced 
and mostly expressed in brain (4,6). Lowe syndrome 
affects almost exclusively males, although a few female 
carriers with the clinical symptoms of the disease have 
been reported (7,8). Interestingly, some mutations of the 
OCRL gene cause Dent-2 disease (OMIM #300555), 
which presents a similar proximal tubule dysfunction 
but only mild or no additional clinical defects (9-11). 
There seems to be a continuous range of symptoms, 
varying from very severe features of Lowe syndrome to 
mild forms of Dent-2 disease that are mostly restricted 
to the kidney (1).  In most cases, genotype–phenotype 
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correlations have not been established.
 OCRL1 is a multi-domain protein that is comprised 
of an N-terminal pleckstrin homology (PH) domain 
followed by a 5-phosphatase catalytic domain, an 
ASPM-SPD-2-Hydin (ASH) domain, and a C-terminal 
RhoGAP-like domain that is catalytically inactive 
(12-14). The PH domain, ASH domain and RhoGAP-
like domain specify the subcellular localization 
and function of the enzyme. The OCRL1 protein 
localizes predominantly at the trans-Golgi network 
and early endosomes, and is also present at the 
plasma membrane, endocytic clathrin-coated pits and 
vesicles, intercellular junctions of polarized cells, and 
primary cilium (2). This wide subcellular distribution 
is mediated by its interactions with different proteins, 
such as clathrin heavy chain, the clathrin adaptor AP-
2, several Rab and Rho GTPases, and the endocytic 
proteins APPL1, Ses1 and Ses2. The ASH-RhoGAP 
module regulates the interactions of OCRL1 with many 
proteins. In connection with its diverse cellular locations 
and interactions, OCRL1 is involved in different 
functions including endocytic trafficking, cell migration 
and polarity, actin polymerization and ciliogenesis 
(2). However, its precise role in disease is not fully 
comprehended.
 Lowe syndrome has been described in all ethnicities 
and its prevalence in the general population has been 
estimated to be between 1:500,000 and 1:1,000,000 
(1,2,15). Approximately 63% of OCRL mutations 
identified in patients with Lowe syndrome are nonsense, 
frameshift, or splice site mutations that lead to 
premature termination of the OCRL1 protein or mRNA 
decay, while missense mutations comprise about 33% 
(16-18). Most mutations causing Lowe syndrome are 
located in exons 9-23, and affect the 5-phosphatase, 
the ASH and the RhoGAP-like domains (2). Missense 
mutations in the ASH and RhoGAP domains usually 
abolish interactions with other proteins and affect 
OCRL1 targeting (19-23).
 Here, we report the identification of novel missense 
variants affecting the ASH domain of OCRL1 in two 
patients with Lowe syndrome. The potential pathogenic 
consequences of these two variants were evaluated using 
bioinformatics tools and protein modeling.

2. Materials and Methods

2.1. Patients and genetic analysis

The study included two non-related affected male 
patients who fulfilled the classically recognized 
criteria of Lowe syndrome diagnosis including mental 
retardation, bilateral congenital cataract, congenital 
hypotonia, and tubulopathy. One child originated from 
Brazil and the other one from Spain. Neither of them 
had a family history of the disease. Written informed 
consent for the genetic analysis was obtained from the 

patient's parents. The Ethics Committee of Hospital 
Universitario Nuestra Señora de Candelaria (Santa Cruz 
de Tenerife, Spain) approved the protocols of this study, 
which was conducted according to the Declaration of 
Helsinki.
 We performed a mutational analysis of the affected 
patients and their relatives by direct DNA sequencing. 
Genomic DNA was extracted from peripheral blood 
samples using the Gen Elute Blood Genomic DNA 
kit (Sigma-Aldrich, St. Louis, MO, USA) following 
the manufacturer's instructions. Coding exons and 
intronic flanking regions of OCRL were amplified by 
polymerase chain reaction (PCR) using intronic primers 
previously described (9). PCR products were purified 
with the NucleoSpin Gel and PCR Clean-up (Macherey-
Nagel, Düren, Germany). Purified products were sent 
out to Macrogen Spain Inc. (Madrid, Spain) for DNA 
sequencing. Mutations were confirmed by sequencing 
additional independent amplification products. Variant 
position was based on the cDNA sequence (Ensembl 
OCRL transcript ID: ENST00000371113.9) using 
the first coding ATG of exon 1 as initiation codon. 
We examined several databases, including Human 
Gene Mutation database (HGMD, http://www.hgmd.
cf.ac.uk/ac/index.php), ClinVar (https://www.ncbi.
nlm.nih.gov/clinvar/), 1000 Genomes Project (http://
www.1000genomes.org/) and gnomAD database (https://
gnomad.broadinstitute.org/), to verify that the variants 
detected were not common polymorphism and to 
confirm that they were novel.

2.2. Bioinformatics analysis

The potential  functional effect  of amino acid 
substitutions generated by the variants on the OCRL1 
protein was assessed using several bioinformatics tools 
including SIFT (http://sift.bii.a-star.edu.sg/www/SIFT_
seq_submit2.html) (24), PolyPhen-2 (http://genetics.
bwh.harvard.edu/pph2/) (25), CADD (https://cadd.
gs.washington.edu/) (26), MutPred2 (http://mutpred.
mutdb.org/) (27), and MutationTaster (http://www.
mutationtaster.org/) (28). We also applied VarSome, an 
integrated search engine that allows accessing multiple 
pathogenicity prediction tools and databases (https://
varsome.com/) (29). In this case, variant pathogenicity 
is reported using an automatic classifier that evaluates 
the submitted variant according to the American 
College of Medical Genetics and Genomics (ACMG) 
guidelines (30). Protein stability modifications resulting 
from missense variants were assessed with web-based 
programs MUpro (http://mupro.proteomics.ics.uci.
edu/) (31) and INPS (https://inpsmd.biocomp.unibo.
it/inpsSuite) (32) using the OCRL1 protein sequence. 
These applications provide the calculated free energy 
change value (DDG). A DDG value below zero indicates 
that the stability of the protein has decreased, whereas 
a DDG higher than zero means it has increased. The 
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his mother had hypertension and polyhydramnios. His 
sister was healthy. Muscular hypotonia and congenital 
cataracts were diagnosed at the age of 1 month. Clinical 
tests showed proteinuria by the age of 9 months. He 
evolved with delayed development (cognitive deficit) 
and partial loss of vision due to bilateral congenital 
cataracts that were corrected surgically, glaucoma and 
nystagmus. The child presents typical facies of Lowe 
syndrome with front protrusion and deep eyes, and short 
stature (-2.3 SD). He also has attention deficit disorder 
and hyperactivity. Further examination revealed 
metabolic acidosis, hypercalciuria, hyperuricosuria 
and proteinuria (protein/creatinine ratios between 
8.7-4.4 mg/mg), and no nephrocalcinosis. His last 
estimated glomerular filtration rate is normal (111 ml/
min/1,73m2).

3.2. Identification of novel pathogenic OCRL variants 
and bioinformatics predictions

To confirm the clinical diagnosis of Lowe syndrome, 
we carried out a mutational analysis of the OCRL in the 
two patients and his relatives. The results revealed two 
novel hemizygous variants in exon 18 (Figure 1). These 
results were confirmed by bidirectional sequencing 
of independent PCR products. The variant identified 
in patient 1 consisted in the substitution of a T for an 
A in codon 636, which predicts the change of valine 
for glutamic acid in the OCRL1 protein (c.1907T>A; 
p.V636E; g.36496T>A; Chr23:128710321T>A; 
Ensembl transcript ID: ENST00000371113) (Figure 
1A). His mother and one of his sisters were healthy 
carriers of this mutation, while the father and the other 
sister showed the normal sequence (Figure 1A). The 
variant detected in patient 2 involved an A to C change 
in codon 660 that predicts the substitution of histidine 
for proline (c.1979A>C; p.H660P; g.36568A>C; 
Chr23:128710393A>C; Ensembl transcript ID: 
ENST00000371113) (Figure 1B). The mother of 
patient 2 was not a carrier of the variant, suggesting 
this mutation occurred de novo (Figure 1B). His father 
also displayed the normal sequence. Examination of 
the protein sequence indicates that both variants are 
located in the ASH domain of OCRL1 (Figure 2). The 
amino acid residues affected by these two variants are 
highly conserved among different species (human, 
mouse, pig, chicken, fish and frog) (Figure 2B), and, 
therefore, they are probably important for the structure 
and function of the protein. These OCRL variants, 
c.1907T>A (p.V636E) and c.1979A>C (p.H660P), 
had not been reported in the literature and were absent 
from population and clinical databases including 
gnomAD, ClinVar, 1000 Genomes Project, and Human 
Gene Mutation Database. Interestingly, the search in 
gnomAD retrieved variant p.V636M, found in only one 
allele (frequency in total population 5.46e-6), which 
has not been associated with disease. The novel variants 

protein sequence of human OCRL1 (901 amino acids) 
was obtained from the NCBI database (https://www.ncbi.
nlm.nih.gov/protein/; accession number NP_000267.2).

2.3. Protein modeling

The three-dimensional (3-D) structures of wild-type and 
mutant ASH domains were predicted using the online 
modeling server SWISS-MODEL (https://swissmodel.
expasy.org/) with the crystal structure of OCRL1 (amino 
acid residues 540-678) in complex with Rab8a:GppNHp 
(3qbt.3.B) as a template (21).

3. Results

3.1. Clinical characteristics of patients

Patient 1, a 16-year-old boy from Spain, was the third child 
of a healthy mother. His father had hypercholesterolemia. 
The patient's medical history revealed that he was born 
at term after a normal pregnancy. His birth weight was 
3,200 g. Ophthalmological examination at the age of 2 
months revealed bilateral congenital cataracts, and he 
had cataract surgery at three months of life. He showed 
mild muscular hypotonia and mild psychomotor 
retardation, but the results of neuroimaging tests were 
normal. In the first years of life he also presented 
ocular nystagmus with horizontal wide-angle eye 
movements, a slight coordination impairment in rapid 
alternating movements of upper limbs, a distinctive 
facial expression, and initial rejection of solid foods due 
to difficulty in chewing that has improved with speech 
therapy treatment. Lowe syndrome was suspected, and 
a renal function study was performed that confirmed 
data of proximal tubulopathy with incomplete Fanconi 
syndrome (hypercalciuria and tubular proteinuria). 
Glycosuria, phosphaturia and metabolic acidosis were 
not observed. His clinical evolution was appropriate, 
with a normal estimated glomerular filtration rate 
(103 ml/min/1,73m2). He maintained a moderate 
hypercalciuria (calcium/creatinine ratio of 0.3-0.4 mg/
mg) until 10 years of age when it was normalized. The 
urinary elimination of citrate was adequate (citrate/
creatinine ratios > 300 mg/g), with some hypocitraturia 
in periods of higher calciuria. Ultrasound examination 
showed that he had not developed nephrocalcinosis.  
His tubular proteinuria is moderate, with protein/
creatinine ratios between 1-0.8 mg/mg at the expense of 
β2 microglobulin. In the psychometric assessment at age 
14, administration of the Wechsler Intelligence Scale 
for Children-IV, showed that his intelligence quotient 
was 67. The child is in school with curricular adaptation 
and psychoeducational support.
 Patient 2 was an 11-year-old boy from Brazil whose 
mother descends from a Spanish family. He was born 
with 37 weeks gestation. His birth weight and length 
were 3,120 g and 50 cm, respectively. During pregnancy 
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described here were submitted to ClinVar, National 
Center for Biotechnology Information (https://www.ncbi.
nlm.nih.gov/clinvar/) and were included with accession 
numbers VCV000689472.1 and VCV000689471.1 
for c.1907T>A (p.V636E) and c.1979A>C (p.H660P), 
respectively.
 Bioinformatics analysis of p.V636E with five 
different bioinformatics tools predicted that this variant is 
pathogenic (Table 1). In addition, the software VarSome 

classified this substitution as "likely pathogenic" 
because it met two moderate (PM1 and PM2) and three 
supporting (PP2, PP3 and PP5) pathogenicity criteria 
established by the ACMG. All thirteen algorithms 
included in VarSome inferred the conclusion of 
pathogenicity. Furthermore, variant p.V636E caused 
a decrease in OCRL1 protein stability according to 
programs that predict protein stability of mutated 
proteins including INPS (DDG in kcal/mol: -2.447) and 

Figure 1. Novel OCRL mutations identified in two patients with Lowe syndrome. (A) Partial DNA sequence of OCRL exon 18 in patient 
1 and his relatives, and family pedigree. Arrows indicate the altered nucleotide position and hemizygous mutation c.1907T>A, p.V636E in the 
patient. The patient's mother and one of his sisters are carriers of the mutation. The father and the other sister (WT, wild-type) show the normal 
sequence. (B) Partial sequence of exon 18 of OCRL in patient 2 and his parents, and family pedigree. Arrows indicate the affected nucleotide 
position and hemizygous mutation c.1979A>C, p.H660P in the patient. Both parents show the normal sequence suggesting the mutation was 
originated de novo. Circles and squares represent female and male individuals, respectively; black squares represent affected individuals; black 
circles within open frames denote heterozygous individuals; open circles and squares represent family members with the normal sequence.

Figure 2. Schematic representation of OCRL1 and location of mutations in the ASH domain. (A) The different protein domains are shown: 
Pleckstrin homology domain (PH), 5-phosphatase catalytic domain, ASPM, SPD-2, Hydin domain (ASH) and RhoGAP-like domain. The two 
missense mutations identified in this study, p.V636E and p.H660P, and three previously reported mutations, p.L634P, p.D655V and p.F668V 
(3,20,23) are indicated in black and grey, respectively. (B) Multiple sequence alignment analysis of the ASH domain showing evolutionary 
conservation of valine 636 and histidine 660 (yellow background) among OCRL1 proteins. These amino acid residues are located in β-sheets 7 (β7) 
and 8 (β8), respectively. Regular and bold letters represent fully conserved and non-conserved residues, respectively.
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MuPro (DDG in kcal/mol: -1.632). In silico analysis of 
the amino acid change resulting from p.H660P showed 
that this variant also has a deleterious effect on OCRL1 
protein function (Table 1). VarSome analysis classified 
this variant as likely pathogenic because it met two 
moderate (PM1 and PM2) and three supporting (PP2, 
PP3 and PP5) pathogenicity criteria established by the 
ACMG (30). The VarSome pathogenic outcome derived 
from predictions from eleven out of fourteen scores 
(versus 3 benign predictions). Furthermore, variant 
p.H660P caused a decrease in OCRL1 protein stability 
according to both INPS (DDG in kcal/mol: -1.022) and 
MuPro (DDG in kcal/mol: -0.924) programs.

3.3. The 3-D structure of mutant ASH domains

To evaluate the structural impact of missense mutations 
p.V636E and p.H660P, we constructed 3-D models 
of the wild-type and mutants ASH domains using the 
SWISS-MODEL software (Figure 3). The protein 

sequence used contained, in addition to the ASH 
domain, α-helix 1 of the 5-phosphatase domain (amino 
acid residues 540-678). Amino acid residue V636 is 
at the C-terminal end of β-strand 7 that is buried in 
the core of the ASH domain (Figure 2 and Figure 3). 
The mutant residue in p.V636E has a larger and less 
hydrophobic side chain than the wild-type residue, 
which would cause loss of hydrophobic interactions 
in the ASH domain core. Additionally, the charge of 
the mutant residue is negative while the wild-type 
residue charge is neutral. These differences in amino 
acid properties could lead to disruptions in proper 
folding and function. Conversely, residue H660 is 
positioned close to the C-terminal end of β-strand 8, 
which is on the surface of the ASH domain (Figure 2 
and Figure 3). The mutant residue, proline, is smaller 
and more hydrophobic than the wild-type residue. The 
size difference between wild-type and mutant residues 
makes that the new residue is not in the correct position 
to create the same hydrogen bond as the original residue 
did. In addition, the difference in hydrophobicity will 
affect hydrogen bond formation causing a likely loss 
of external interactions. Also, the predicted 3-D of the 
mutant p.H660P ASH domain shows a displacement of 
β-strand 4 (Figure 3E).

4. Discussion

Patients with Lowe syndrome usually present in 
childhood with cataracts, progressive growth failure, 
hypotonia, and proximal tubulopathy, although a 
wide clinical variability among patients has been 
described (1). The clinical diagnosis can be confirmed 
by mutational analysis of the OCRL gene. More 
than two hundred OCRL variants associated with 
Lowe syndrome have been identified. Most of the 
missense variants modify conserved residues in the 
5-phosphatase domain, altering its folding, substrate 
specificity or catalytic activity (2,14). There are also 
several pathogenic missense mutations located in the 
ASH and RhoGAP domains, some of which abolish 
interactions with OCRL1 partners and alter the cellular 
localization of the OCRL1 protein (19-22). Fibroblasts 
derived from Lowe syndrome patients harboring some 

Table 1. Bioinformatics predictions of pathogenicity for OCRL mutations affecting the ASH domain

Mutation

p.V636E

p.H660P

SIFT
(score)

Affects function
(0.00)

Affects function
(0.00)

MutPred2
(score)

Pathogenic
(0.858)

Pathogenic
(0.915)

Amino acid substitutions with SIFT scores < 0.05 are predicted to be deleterious (scores closer to 0 are more confidently predicted to be 
deleterious). Variants with HumVar PolyPhen-2 scores in the range 0.85 to 1.0 are more confidently predicted to be damaging. CADD-PHRED 
scaled CADD score equal or higher than 15 indicates that the variant is damaging. The MutationTaster score is taken from the Grantham Matrix 
for amino acid substitutions and it ranges from 0.0 to 215. The general score of MutPred2 ranges from 0.0 and 1.0, with a higher score indicating 
a greater predisposition to be pathogenic.

PolyPhen-2
(score)

Probably damaging
(0.999)

Probably damaging
(0.998)

CADD
(score)

Damaging
(27.9)

Damaging
(26.6)

MutationTaster
(score)

Disease causing
(121)

Disease causing
(77)

Figure 3. Protein structure modeling of wild-type and mutated 
ASH domains in ribbon-presentation. The figure shows the ASH 
domain and α-helix 1 of the 5-phosphatase domain (amino acid 
residues 564-678). The ASH domain of OCRL1 (residues 564-678) 
is composed of nine β-strands and a small α-helix. The β-sheets form 
two layers. Hydrophobic side chains from the two layers occupy 
the interior of the sandwich. (B and C) Close-ups showing wild-
type valine 636 and mutant glutamic acid 636, respectively. (D and 
E) Close-ups showing wild-type histidine 660 and mutant proline 
660, respectively. The black arrow indicates the β-strand 4 (β4) that 
appears shifted in the mutants ASH domain.
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of these mutations have reduced 5-phosphatase activity, 
suggesting that mutations in the ASH and RhoGAP 
domains somehow disturb OCRL1 activity (17,33). 
These two domains are widely interconnected and form 
a single folding module; therefore, the destabilization 
of one of them will affect the stability of the other (12). 
The ASH-RhoGAP module mediates the interactions of 
OCRL1 with protein partners that facilitate its targeting 
to different cellular locations such as early endosomes, 
Golgi complex, lysosomes and primary cilium (2,19). 
The ASH domain has a β-sheet structure similar to 
the immunoglobulin G domain and contains a Rab-
binding site that allows the interaction of OCRL1 with 
Rab GTPases (12,21,34). This interaction is needed 
for targeting of OCRL1 to the Golgi complex and 
endosomal membranes. Mutations in the Rab-binding 
site perturb the interaction between the OCRL1 protein 
and its partners, and result in membrane targeting defects. 
In the present study, we analyzed by DNA sequencing 
the OCRL gene of two unrelated patients with the 
clinical diagnosis of Lowe syndrome; both presented 
congenital cataracts, developmental delay (mild in one 
of them), muscular hypotonia and proximal tubulopathy. 
Two novel missense variants, c.1907T>A (p.V636E) 
and c.1979A>C (p.H660P) were identified, and both 
are located in the ASH domain. Variant c.1979A>C 
(p.H660P) seems to have originated from the patient's 
DNA or from his mother's germ cells. Genetic studies of 
mothers of affected males have shown the existence of 
de novo mutation in 30 to 37% of cases (17,18).
 The ASH domain is comprised of two layers of 
β-sheets forming a sandwich, and hydrophobic side 
chains from the two layers occupy the interior space. 
Amino acid residue valine 636 is located in β-strand 7 
of the ASH domain and its replacement for glutamic 
acid causes loss of hydrophobic interactions in the 
interior of the ASH domain. Therefore, we suggest 
that mutation p.V636E causes a folding defect in 
the ASH domain. Another Lowe syndrome-causing 
mutation, p.L634P, located very close to valine 636 on 
the same β-strand 7, seems also to disrupt the correct 
structure of the ASH domain and the ASH-RhoGAP 
module, and has been shown to abolish binding to the 
endocytic protein APPL1 (20,22). The histidine residue 
affected by mutation p.H660P is located on β-strand 8 
on the surface of the ASH domain. The substitution of 
histidine for proline could impair binding of OCRL1 
with other proteins, and, therefore, disturb its function. 
Furthermore, histidine 660 forms a hydrogen bond with 
the aspartic acid in position 666 on β-strand 9, which 
is involved in the interaction of the ASH domain with 
Rab8a (21). Therefore, mutation p.H660P could affect 
this interaction and OCRL1 membrane recruitment. Two 
known pathogenic mutations p.D655V and p.F668V, 
located in β-strands 8 and 9, respectively, on the same 
face of the ASH domain have been shown to abolish 
binding of OCRL1 to Rab proteins (21-23). We should 

also take into account that some missense mutations 
located in the ASH-RhoGAP module can destabilize 
OCRL1 (17), and in fact, both mutations describe in 
our study reduce the protein stability according to 
bioinformatics predictions.
 In conclusion, the identification of two novel 
missense mutations located in the ASH domain may shed 
more light on the functional importance of this domain. 
Our results extend the range of OCRL pathogenic 
mutations in patients with Lowe syndrome. Based on the 
results obtained with other patient mutations located in 
the ASH-RhoGAP-like domain of OCRL1, we suggest 
that p.V636E and p.H660P cause Lowe syndrome by 
disrupting the interaction between OCRL1 and some of 
its partners or by destabilizing de protein.
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