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Infantile nystagmus syndrome (INS), also known 
as congenital nystagmus (CN), is an oculomotor control 
disorder. INS is characterized by involuntary, periodic, rapid 
to-and-fro oscillations of the eyes. This disease appears at 
birth or develops after approximately 3–6 months. The preva-
lence of INS in the general population has been estimated 
to range from 0.03% to 0.24% [1,2]. Some patients develop 
abnormal head position (AHP) to reduce nystagmus and 
obtain better vision [2]. INS has been divided into two types: 
congenital motive nystagmus (CMN) or isolated nystagmus, 
and congenital sensory nystagmus (CSM). While CMN is 
not accompanied by ocular abnormalities, CSM is accom-
panied by other ocular disorders, including ocular albinism, 
congenital cataract, congenital corneal leukoma, strabismus, 
aniridia, achromatopsia, Leber congenital amaurosis, retinitis 
pigmentosa, cone–rod dystrophy, macular coloboma, and 
optic nerve hypoplasia [2,3]. According to the literature, there 
seems to be no cure for INS. Extraocular muscle surgery, 

optical therapy, and drug therapy have been used to improve 
visual acuity, reduce nystagmus, and correct AHP [4,5].

Various modes of inheritance of INS have been reported, 
including X-linked inheritance, autosomal dominant inheri-
tance, and autosomal recessive inheritance [6]. The gene 
GPR143, also known as OA1, is one of the causative genes of 
X-linked INS. GPR143 is located in Xp22.2 and encodes G 
protein-coupled receptor 143 (GPR143), which is the receptor 
for tyrosine, Levadopa, and dopamine. GPR143 is enriched 
in melanocytes and iris and retinal pigment epithelium and 
is involved in melanosome biogenesis, organization, and 
transport mechanisms. However, despite more than 100 
mutations in GPR143 being recorded in the human gene 
mutation database (HGMD), the pathogenic mechanism of 
GPR143 has not been confirmed. It is known, however, that 
GPR143 mutations cause ocular albinism type 1 (OA1), which 
is a special type of INS. People with OA1 exhibit reduced 
vision, nystagmus, foveal hypoplasia, iris hypopigmentation, 
and albinistic fundus. OA1 affects only the eyes; it does not 
affect the pigmentation of hair and skin. Iris hypopigmenta-
tion and albinistic fundus tend to be more atypical or mild in 
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Chinese patients, and Chinese OA1 patients are often simply 
misdiagnosed with isolated nystagmus [7-11].

In this study, we aimed to explore the genetic spectrum 
of INS and the genotype–phenotype correlation. We enrolled 
98 families from Southeast China who had been initially 
diagnosed with X-linked INS. We then performed Sanger 
sequencing of all coding exons and splicing sites of GPR143. 
A total of seven novel mutations and four known mutations of 
GPR143 were found in 11 unrelated Chinese families.

METHODS

Ethics statement and study subjects: The study was approved 
by the review board of Wenzhou Medical University and was 
in accordance with the tenets of the Declaration of Helsinki. 
All participants and their parents received information about 
the study and signed an informed consent document before 
their enrollment in the study.

The patients participated in the study within the 
Strabismus and Amblyopia Clinic of the Eye Hospital of 
Wenzhou Medical University from 2014 to 2020. A total 
of 98 Chinese probands who were diagnosed with INS, as 
well as their parents, were recruited for this study. All the 
recruited patients were male. A group of 100 racially and 
geographically matched controls were also enrolled. All 
the recruited controls were free of other ocular diseases or 
systemic diseases. The medical records of those controls who 
had undergone surgery were excluded from our study.

Mutational screening and genetic analysis: Peripheral blood 
samples were collected and stored in a freezer at −20 °C. 
DNA was then extracted from peripheral blood lympho-
cytes using standard protocols (Roche Biochemical, Inc.). 
Genetic testing was performed in the Gene Correction and 
Stem Cells Laboratory of Wenzhou Medical University. The 
DNA sequences encoding GPR143 were obtained from the 
GenBank database (NM_000273.2). Primers were designed 
to cover all coding exons and splice junctions of GPR143 
in the online program Exon Primer. Pathogenicity was 
evaluated using SIFT, Polyphen2 HDIV, Polyphen2 HVAR, 
Mutation Taster, and PROVEAN. Mutations with a minor 
allele frequency (MAF) were evaluated using the Genome 
Aggregation Database (gnomAD) and Exome Aggregation 
Consortium (EXAC). Co-segregation analysis was performed 
for mutations detected in patients and their parents.

Amino acid sequences were obtained from the National 
Center for Biotechnology Information. Multiple sequence 
alignments and the detection of conserved amino acid 
sequences were performed using Clustal Omega. The 
topological model of GPR143 was predicted using SMART. 

Three-dimensional crystal structures of wildtype and mutant 
GPR143 were predicted using Phyre2 and visualized using 
PyMol software (Version 1.5; DeLano Scientific, San Carlos, 
CA).

Clinical examination: All patients underwent a detailed clin-
ical examination. Ophthalmic examination included slit lamp 
examination, dilated fundus examination, ophthalmoscopic 
examination, and assessment of best corrected visual acuity 
(BCVA), refractive error, intraocular pressure, extraocular 
movements, and axial length using an IOLMaster, version 
5.0 (Carl Zeiss Meditec, Jena, Germany). We used ultrahigh-
resolution spectral-domain optical coherence tomography 
(SD-OCT; Spectralis OCT; Heidelberg Engineering, Heidel-
berg, Germany) to obtain tomograms from the affected 
family members.

RESULTS

Clinical features: In this study, we enrolled 98 families with 
X-linked INS. Among these 98 families, 24 families were 
found to have foveal hypoplasia, and 11.2% (11/98) of the 
families were found to carry GPR143 mutations (Figure 1). 
All patients with GPR143 mutations showed foveal hypo-
plasia, accounting for 45.8% (11/24) of the families with 
X-linked INS with foveal hypoplasia.

The clinical characteristics of the probands who were 
found to be carrying GPR143 mutations are described in 
Table 1. All the probands were male and exhibited different 
degrees of horizontal nystagmus combined with refractive 
errors. Two patients (18.2%, 2/11) had affected esotropia, 
and two patients (18.2%, 2/11) had affected exotropia. Eight 
patients (72.7%, 8/11) had compensatory head positions. The 
BCVA of all patients was less than 0.3 (Snellen E chart). Five 
probands (45.5%, 5/11) presented with mild iris pigmentation. 
Nine probands (81.8%, 9/11) had mild to moderate degrees of 
fundus hypopigmentation, which allowed the visualization of 
the choroidal vessels (Figure 2). None of the patients in this 
study reported having abnormal skin and hair color.

Mutation analysis: Eleven mutations, including seven novel 
mutations and four previously reported mutations, were iden-
tified in 11 unrelated families (Figure 3). All the mutations 
were absent from the gnomAD.

The mutation c.886–2 A>G is a novel splicing mutation 
that occurs in the 3′ consensus acceptor region for the splicing 
of introns 8–9. This splicing mutation (c.886–2 A>G) was 
predicted to cause a loss of the original splicing site and 
further affect the normal structure and function of GPR143.

Two missense mutations, c.899 C>T p.P300L and 
c.628C>A p.P210T, were found in the transmembrane 
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domain of GPR143. The pathogenicity of the two variants 
was further verified using a range of bioinformatics tools 
(Table 2), and both were found to be evolutionarily conserved 
(Figure 4). The structural modeling of p.P300L and p.P210T 
in GRP143 showed significant structural alterations, which 
probably influenced the normal function of GPR143 (Figure 
5). Another novel missense mutation, c.1A>G (p.M1V), was 
predicted to change the splice site and further affect the 
protein’s features.

Three novel frameshift variants (c.178_179insGGGTCCC/
P60Rfs*43, c.633_643del CCTGTTCCAAA/p.L212Dfs*10, 
and c.162_198delCGCGGGCCCCGGGTCCCCCGCGAC
GTCCCCGCCGGCC/p.A55Rfs20) in GRP143 were also 
detected. These mutations all introduced a frameshift and a 
premature stop codon, truncating the protein in the fourth 
transmembrane domain, which would markedly influence the 
function of GRP143.

Four previously reported mutations (c.346T>C, c.488 
G>A, c.360+1G>C and c.733C>T) were uncovered in this 
study. The pathogenicity of the four previously reported vari-
ants was verified by multiple bioinformatics tools (Table 2).

Statistical analysis failed to identify any correla-
tion between genotype (including the type and position of 
the mutation) and phenotype (including degree of retinal 
hypopigmentation and BCVA).

Localization of GPR143 mutations in the Chinese population: 
As a final step in this study, we analyzed the localization 
of GPR143 splicing, missense, and nonsense mutations in 
Chinese OA1 patients. We included mutations reported 

previously and those identified in this study, and the results 
are shown in Figure 6. Interestingly, 88.9% of the mutations 
(24/27) were found to be located in or near the seven putative 
transmembrane domains of GPR143 [12].

DISCUSSION

A total of 98 families from Southeast China who had been 
initially diagnosed with X-linked INS were enrolled in this 
study. We identified seven novel mutations and four known 
mutations of GPR143 in 11 unrelated families. The probands 
with mutations all exhibited nystagmus, foveal hypoplasia, 
reduced visual acuity (BCVA less than 0.4), and normal skin 
and hair color. Most (81.8%, 9/11) of the patients had different 
degrees of fundus hypopigmentation, and 45.5% (5/11) of the 
patients had mild degrees of iris hypopigmentation.

Clinical features of OA1 vary among different ethnic 
groups. The most prominent signs in Caucasian patients with 
OA1 are iris translucency, foveal hypoplasia, and fundus 
hypopigmentation [13-16]. African American males with 
OA1 have non-albinotic, moderately pigmented fundi, and 
no translucency of the iris [16]. Japanese patients have fundus 
hypopigmentation at a level between that of Caucasian and 
African American patients [17,18]. Therefore, it has been 
widely acknowledged that the level of ocular hypopigmen-
tation is related to ethnic origin. Iris hypopigmentation 
and fundus hypopigmentation are usually mild in reported 
Chinese OA1 cases [19]. Due to the insidious and slight 
depigmentation of the iris and fundus, Chinese OA1 patients 
are prone to being misdiagnosed with isolated nystagmus.

Figure 1. Potentially causative mutations identified in this study.
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In this study, the GPR143 mutation detection rate was 
11.22% (11/98). However, the mutation detection rate in fami-
lies with foveal hypoplasia was significantly higher at 45.9% 
(11/24). Therefore, the application of genetic testing is crucial 
for the precise diagnosis of INS, especially in patients with 
foveal hypoplasia or cases of suspected clinical manifesta-
tions of albinism.

GPR143 consists of nine exons that span approximately 
40 kb on chromosome Xp22.2, and it encodes a protein 
comprising 404 amino acids (Figure 6). GPR143 is expressed 
exclusively in melanosomes, a type of intracellular organ-
elle, and is abundant in the retinal pigment epithelium (RPE) 
and melanocytes. However, the details of the molecular 
mechanism(s) associated with GPR143 mutations that cause 
ocular abnormalities are still unclear. A hypothesis has been 
proposed that L-DOPA (a precursor in melanin synthesis) is a 
ligand of GPR143 in melanosomal biogenesis [20]. Mutations 
in GPR143 could thus hinder melanin synthesis in the RPE 

and result in RPE hypopigmentation. This condition could 
then result in abnormal development of the retina and visual 
pathways, thereby causing nystagmus, misrouting of the optic 
fibers, foveal hypoplasia, and reduced visual acuity [7,21-24].

Three novel frameshift variants (c.178_179insGGGTCCC/
P60Rfs*43, c.633_643del CCTGTTCCAAA, and c.162_19
8delCGCGGGCCCCGGGTCCCCCGCGACGTCCCCGC-
CGGCC) in GRP143 were predicted to generate abnormal 
mRNA with a premature termination codon (PTC). These 
abnormal mRNAs with a PTC could be degraded under 
the nonsense-mediated mRNA decay (NMD) surveillance 
mechanism or generate defective truncated proteins that 
escape NMD surveillance.

A novel splicing mutation (c.886–2 A>G) was identified 
in the 3′ consensus acceptor region for the splicing of introns 
8–9. Another novel mutation (c.1A>G) was predicted to alter 
the splice site. Such splice site displacement may result in 
short abnormal mRNA sequences and further generate 

Figure 2. Images generated from the fundus camera and SD-OCT stack. Macular OCT images showing the fundus appearance in (A) patients 
with ocular albinism type 1 (OA1) and (B) healthy people.
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truncated or nonfunctional proteins. In addition, two missense 
mutations (c.899 C>T/p.P300L and c.628C>A/p.P210T) were 
found for the first time in Southeast Chinese patients, and 
these mutations were also absent from the gnomAD. The 
crystal structure modeling of P300L and P210T in GRP143 
showed significant structural alterations in the presence of 
the mutations, which might affect the quantity and quality of 
melanin in the tissues.

Four previously reported mutations were also detected 
in families recruited for this study. To our knowledge, in this 

study, two known missense mutations (c.346T>C, p.C116R 
and c.488 G>A, p.G163D) were identified for the first time in 
Chinese INS patients. The splicing mutation c.360+1G>C has 
been reported previously in Chinese patients with X-linked 
ocular albinism [25]. The phenotype of Chinese patients 
carrying the mutation c.360+1G>C was similar, with low 
visual acuity, macular dysplasia, INS, and fundus depigmen-
tation. The mutation c.733C>T was first reported in a Korean 
family with X-linked INS [26]. It was subsequently also 
found sporadically in Chinese patients [11] and in another 

Figure 3. Pedigrees of the families in which infantile nystagmus syndrome (INS) was found to follow an X-linked mode of inheritance. 
Arrows indicate probands. Squares and circles represent males and females, respectively. Dotted circles show female carriers. Filled symbols 
represent affected patients.
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unrelated Chinese family with X-linked INS [27]. The muta-
tion c.733C>T is likely to be a hotspot mutation in Chinese 
and East Asian INS populations.

The characteristics of GPR143 mutation sites found in 
the Chinese population were summarized for the first time in 
this study. Our findings show that up to 88.9% of identified 
mutations have been located in or near putative transmem-
brane domains. This finding suggests that the seven putative 
transmembrane domains of GPR143 are the most frequently 
mutated regions in Chinese OA1 patients and that the struc-
tural stability of the transmembrane domains is vital to the 
function of melanosomes.

In summary, we investigated 98 families from South-
east China with X-linked INS and identified 11 mutations in 

GPR143, including seven novel mutations and four previously 
described mutations. Identifying these mutations has deep-
ened our understanding of the gene spectrum in patients in 
Southeast China. Genetic analysis can effectively improve the 
diagnostic accuracy of unresolved OA1 patients and atypical 
OA1 phenotypes. More effort should be put into elucidating 
the pathogenic mechanism of and possible gene therapies for 
nystagmus in the future.
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Figure 4. Mutational analysis of three novel missense mutations identified in GPR143 gene. A: Evolutionarily conserved missense mutations 
of GPR143. B: Locations of identified missense mutations in GPR143.
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Figure 5. Simulated three-dimensional crystal structures of proteins. Predicted crystal structures of wildtype (left) and mutant (right) 
proteins. Yellow: wildtype (left) and mutant (right) residues. Green: residues that bind to wildtype (left) and mutant (right) residues.

Figure 6. Protein model of GPR143 proposed by Ghosh et al. Splicing, missense, and nonsense mutations in GPR143 found in Chinese ocular 
albinism type 1 (OA1) patients (including mutations reported previously and those identified in this study) are indicated with colors and 
shapes. Triangles: missense mutations; rhombuses: missense mutations; star-marks: splice-site mutations; red: with fundus hypopigmenta-
tion; blue: without fundus hypopigmentation.
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