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Abstract
● AIM: To characterize the ophthalmic clinical phenotype 
of a family with retinitis pigmentosa (RP) and closed-angle 
glaucoma and to detect pathogenic genes and mutation 
sites causing RP in this family. 
● METHODS: Ophthalmic clinic performance was 
examined in detail in 8 enrolled family members. Genomic 
DNA was extracted from the peripheral blood of 4 family 
members for whole-exome sequencing (WES) to select 
potential genetic mutations whose structures were identified 
by bioinformatics analysis. Then, Sanger sequencing was 
used in 12 family members and control group members to 
validate and confirm the disease-causing mutation loci, and 
we analyzed the genotype-phenotype relationships.
● RESULTS: The known c.512C>T (p.P171L) mutation 
in the rhodopsin (RHO) gene was only found in afflicted 
family members and was confirmed by WES and Sanger 
sequencing as the pathogenic mutation in this family. In 
addition to being diagnosed with RP, family member III:4 
was found to have bilateral closed-angle glaucoma, high 
myopia, and concurrent cataracts, and family members 
II:2 and II:4 had pathological changes of anterior chamber 
angle narrowing. Family members IV:3 and IV:4 were found 
to have retinoschisis.
● CONCLUSION: Glaucoma and related pathological 
changes, such as retinoschisis, in family members are 
preliminarily considered RP complications caused by RHO 
mutation. 
● KEYWORDS: retinitis pigmentosa; glaucoma; whole-
exome sequencing; RHO
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INTRODUCTION

R etinitis pigmentosa (RP), the most common form of 
inherited retinal dystrophy (IRD), affects more than 

1.5 million people worldwide. RP is characterized by the 
degeneration of photoreceptor cells and pigment epithelial cells 
and can lead to severe vision impairment or blindness[1]. The 
typical clinical symptom at the initial stage is impaired dark 
vision due to the loss of rod photoreceptor cells[2], followed 
by progressive loss of the peripheral visual field. However, 
during the pathophysiologic process of RP, macular function 
is usually retained relatively well until the late stage of the 
disease. Fundus examination generally does not detect any 
abnormal symptoms until RP has progressed to an advanced 
stage at which the retinal fundus image shows retinal vascular 
stenosis, waxy color of the optic papilla and osteocyte-like 
pigmentation deposition in the periphery of the retina.
Primary nonsyndromic RP has significant genetic heterogeneity, 
and autosomal dominant retinitis pigmentosa (ADRP) is the 
most common type of hereditary RP, accounting for 20%–25% 
of cases[3]. Mutations in 25 ADRP genes and an additional 
related gene, RP63, including more than 1000 dominant 
or nondominant mutations, have been reported to account 
for 50%-75% of ADRP[4]. Among them, mutations in the 
rhodopsin (RHO) gene are the most common cause of ADRP 
worldwide. Since Dryja et al[5] first discovered that a C>A 
transversion (Pro23His) in codon 23 of RHO can lead to RP 
in 1990, more than 200 point mutations in RHO have been 
identified (https://sph.uth.edu/Retnet).
Vision loss in primary nonsyndromic RP is caused by gradual 
loss of photoreceptors and development of complications 
such as cystoid macular edema (CME), epiretinal membrane 
(ERM) and cataracts[6]. Acute attack or chronic progression 
of glaucoma has also been shown to be a risk factor for rapid 
visual deterioration in patients with RP[7-8]. Nevertheless, the 
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causes of retinoschisis in some patients with RP need to be further 
explored. The purpose of this study was to detect the mutated gene 
in an ADRP family from Fujian Province, China, and to explore 
the relationship between gene mutation and clinical phenotype.
SUBJECTS AND METHODS
Ethical Approval  This research was carried out in strict 
accordance with the Helsinki Declaration. All subjects signed 
an informed consent form, and the research was approved by 
the Ethics Committee of the Ophthalmic Hospital affiliated 
with Nanchang University (No.202012011), Nanchang, China.
Participants  A 30-person, four-generation Han-Chinese 
pedigree was recruited in Fujian Province in China. Sixteen 
patients with RP in this pedigree (among them, family 
members Ⅱ:8 and Ⅲ:11 are known to have RP based on their 
medical history inquiry). The pedigree was consistent with 
autosomal dominant inheritance (Figure 1A). The proband 
(Ⅲ:4) was diagnosed with binocular RP, binocular chronic 
angle-closure glaucoma, high myopia and cataracts at the 
Affiliated Eye Hospital of Nanchang University in November 
2019. After acquiring the medical history of the proband, 
comprehensive clinical data were obtained from 8 affected 
members of the family (Ⅱ:2, Ⅱ:4, Ⅱ:6, Ⅲ:2, Ⅲ:3, Ⅲ:4, Ⅲ:6, 
Ⅲ:8). We performed whole exome sequencing (WES) on the 
proband (III:4) and three members of the family (III:6, III:8, 
IV:4). The selected candidate mutation sites were validated 
by Sanger sequencing on 12 members of the family (II:2, II:3, 
II:4, II:5, II:6, III:2, III:3, III:5, IV:1, IV:2, IV:3, IV:5).
Clinical Examination  The vision and intraocular pressure 
(IOP) of all participants were checked in the outpatient 
department. All participants underwent visual acuity testing 

by E decimal charts and optometry. The subjects also 
underwent detailed ocular examination, which included slit 
lamp biomicroscopy, best corrected visual acuity (BCVA), 
A-ultrasound, B-ultrasound, fundus photography, ultrasound 
biomicroscopy (UBM), optical coherence tomography (OCT) 
and electroretinography (ERG).
The diagnostic criteria of primary RP are as follows[9]. 1) A 
history of night blindness: unable to see or not clear in weak 
light or complete darkness, a lower ability to perceive weak 
light than that of normal people, and a longer adaptation 
time in darkness than that of healthy people. 2) Visual acuity 
gradually decreases. 3) Fundus manifestation: the retinal 
vascular wall was narrowed and thinned, and the optic disc was 
normal in the early stage. With the progression of the disease, 
the color of the optic disc can be white or waxy yellow. 
Needle-like or irregular pigmentation of patchy osteocytes 
appeared in the equatorial part or the middle periphery of the 
retina. In the late stage of the disease, atrophy of the retina and 
anterior scleral choroid can be seen in a wide range (or limited 
to a certain quadrant). 4) Visual field changes: punctate or 
patchy loss of the peripheral visual field in the early stage and 
concentric narrowing in the late stage. 5) ERG: the function of 
rod cells decreases in the early stage, and cone cells decrease 
slightly. The functions of cone and rod cells both decrease 
in the late stage. The amplitudes of the a wave and b wave 
decline abnormally and even disappear in the late stage. 
Primary RP can be diagnosed when patients meet two or more 
of the above diagnostic criteria, with exclusion of RP with 
other systemic abnormalities, syndromes and RP secondary to 
other diseases.

Figure 1 Pedigree data and gene mutation  A: Pedigree data for an ADRP family. Pedigree of a large Chinese family with ADRP. Solid squares 

and circles denote affected males and females, respectively (black denotes RP, and red denotes suspected retinoschisis). Healthy individuals 

are represented by empty symbols. The proband is indicated by an arrow. Peripheral blood sampling for whole exon sequencing is indicated 

by a red asterisk. Peripheral blood sampling for Sanger sequencing is indicated by a black asterisk. B: Conservation analysis of the rhodopsin 

p.P171 amino acid residue, which is drawn by the software Clustalx. C: Sanger sequencing results of the normal people, II:3, II:5, III:5, IV:5. D: 

Sequencing results of the RHO gene showed a missense mutation from C to T at exon 2 [c.512C>T (p.P171L), red arrow] of II:2, II:4, II:6, III:2, 

III:3, IV:1, IV:2, IV:3. ADRP: Autosomal dominant retinitis pigmentosa; RP: Retinitis pigmentosa; RHO: Rhodopsin.
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Molecular Genetic Methods  In total, 3–5 mL peripheral 
venous blood samples anticoagulated with ethylenediamine 
tetraacetic acid (EDTA) were collected from all participants. 
DNA (≥20 ng/μL, QIAamp DNA Blood Midi Kit, Qiagen, 
Hilden, Germany) was extracted by the silica gel modeling 
technique and rapid centrifugation column operation. Genomic 
DNA with qualified purity was detected by ultraviolet 
spectrophotometry and agarose gel electrophoresis. WES was 
performed by MyGenostics Incorporation, Beijing, China, 
using gDNA from the proband (III:4) and three members of the 
family (III:6, III:8, IV:4). The cDNA database after PCR linear 
amplification, the database was checked and sequenced. The 
original imence by base recognition analysis, called RawData, 
RawData were finely filtered to obtain CleanData. CleanData 
were compared to the reference genome, and the sequencing 
depth and coverage of the target region were calculated. Then, 
CleanData were compared to the human genome by Burrows-
WheelerAligner software. Single nucleotide variants (SNVs) 
and Insertions and deletions (InDels) were detected by GATK 
software and VarScan software, and multiple databases (mainly 
ExAC, dbSNP, 10 000 genome, GnomAD, InterPro, ClinVar, 
OMIM, HCMD, etc.) were used with ANNOVAR software 
to annotate the results. Before follow-up analysis, necessary 
emission sample filtering and pedigree analysis filtering were 
carried out on the variant data set. 
Primers were designed for the mutant loci screened, PCR 
amplification was carried out, configuring the PCR amplification 
reaction system using the Beckman automated workstation 
preset program, and amplify using an A&B PCR instrument: 
98℃ for 2min; 98℃ for 10s, 65℃ for 30s, and 72℃ for 10s, 
a total of 10 cycles; 98℃ for 10s, 55℃ for 30s, and 72℃ for 
10s, a total of 25 cycles; 72℃ 1min; cool and store at 4℃. 
The products were sequenced by Sanger sequencing. PCR 
amplification and Sanger sequencing primer sequences were 
as follows: 5’-AAGCTCTCTCCTTCCCCAAG-3’ and 
5’-CCAGCCCTTGTAGCAACATT-3’. Cosegregation of 
mutant gene loci was verified in selected family members to 
determine the mutant gene loci that led to RP in the family.
RESULTS
Pedigree Clinical Characteristics  There were 16 individuals, 
including 6 males and 10 females, diagnosed with RP in this 
30-person, four-generation pedigree. Of sixteen individuals 
diagnosed with RP, 8 (Ⅱ:2, Ⅱ:4, Ⅱ:6, Ⅲ:2, Ⅲ:3, Ⅲ:4, Ⅲ:6, 
Ⅲ:8) were included in the analysis. The affected individuals 
exhibited typical symptoms, including nyctalopia, progressive 
visual impairment, color vision deficiency and central visual 
field sensitivity loss, followed by progressive peripheral 
vision loss. The ophthalmic clinical data for eight patients are 
summarized in Table 1. The eye sight of the eight patients was 
poor, with an average visual acuity of 0.045±0.06 and BCVA of 

0.22±0.15. The average axial length was 24.58±0.83 mm, which 
is slightly longer than that of healthy people. All eight patients 
had refractive errors. Residual central tubular field of vision 
was detected in the eight patients. No obvious abnormalities 
appeared in the macula and optic disc of the eight patients, but 
typical fundus changes, such as bone spicule-like pigmentation, 
were found. ERG showed significant abnormalities, even with 
no waveform. The probands (Ⅲ:4), Ⅱ:2, Ⅱ:4, Ⅲ:2, Ⅲ:3, and 
Ⅲ:6 had shallow anterior chambers to varying degrees, and 
their IOP appeared to be normal (Table 1).
The proband (Ⅲ:4) was a 32-year-old woman with biliary 
pain, vision loss and night blindness for two years. She was 
diagnosed with binocular RP, chronic angle-closure glaucoma, 
high myopia and complicated cataract. The proband developed 
bilateral vitreous opacity, and her BCVA was recorded as 0.15 
in the right eye and 0.5 in the left eye. Fundus appearance 
showed a waxy yellow optic disc and attenuated retinal 
vessel, and bone spicule-like pigmentation could also be 
found in fundus photography (Figure 2A). Bilateral vitreous 
opacity appeared in both eyes. The visual field was defective 
in the peripheral area and displayed a tubular aspect (Figure 
2D). ERG revealed an unrecordable scotopic and a photopic 
response (Figure 3). OCT showed atrophy in the outer layer of 
the retina and choroid and an elliptical area of choroidal vessels 
(Figure 2B). UBM examination revealed that the central depth 
of the anterior chamber became shallow. The iris was close 
to the anterior chamber angle and blocked the scleral process 
(Figure 2C), which is a sign of angle-closure glaucoma.
Whole-Exome Sequencing and Sanger Sequencing  To 
identify pathogenic variants, WES was performed for the 
proband (Ⅲ:4) and three other family members (Ⅲ:6, Ⅲ:8, 
Ⅳ:4). The average sequencing depth of the target region was 
103.98×, and a large proportion of the region, 98.7%, was 
covered by the target sequence at 20×. Possible candidate loci 
of mutation verified by Sanger sequencing were detected in the 
peripheral blood samples of 12 family members: 8 (Ⅱ:2, Ⅱ:4, 
Ⅱ:6, Ⅲ:2, Ⅲ:3, Ⅳ:1, Ⅳ:2, Ⅳ:3) were RP patients, but the 
other 4 (Ⅱ:3, Ⅱ:5, III:5, Ⅳ:5) were not diagnosed with RP.
The testing and verification results are shown in Figure 1C, 
1D. In the proband (III:4) and three other family members 
(III:6, III:8, IV:4) who underwent WES sequencing, one 
heterozygous variant, c.512C>T (p.P171L), in exon 2 of 
the RHO gene was suspected to be a pathogenic variant, 
whereby cosegregating gene mutation in the pedigree might 
lead to autosomal dominant/recessive RP type 4. Of the 12 
participants for whom Sanger sequencing was performed, 
eight family members with RP were confirmed to carry this 
mutation (Ⅱ:2，Ⅱ:4, Ⅱ:6，Ⅲ:2, Ⅲ:3, Ⅳ:1, Ⅳ:2, Ⅳ:3), but 
the remaining four unaffected family members (Ⅱ:3, Ⅱ:5, Ⅲ:5, 
Ⅳ:5) did not harbor the relevant variant.
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The proline at position 171 (p.P171) of RHO is highly 
conserved across different species (Figure 1B), indicating that 
the missense mutation at this site is pathogenic. The three-
dimensional structure of the rhodopsin protein is illustrated 
in Figure 4. SIFT analysis and PolyPhen-2 prediction suggest 
that the mutation is harmful. According to the criteria and 
guidelines for the classification of ACMG genetic variation, 
this variation conforms to the suspected pathogenic variation, 

which strongly demonstrates the pathogenicity of p.P171L 
variants.
DISCUSSION
Nathans and Hogness[10] first identified and sequenced the 
gene encoding human rhodopsin in 1984. The RHO gene is 
located at chromosome 3q22.1 (build GRCh38.p10; http://
www.ensembl.org/) with a span of 5 kb and encodes the 
rhodopsin protein composed of 348 amino acid residues[11]. 

Figure 2 Fundus photography, OCT, UBM and perimetry of the proband  A: Fundus photographs of the proband; B: Macular OCT of the 

proband; C: UBM of the proband; D: Perimetry of the proband. OD: Right eye; OS: Left eye; OCT: Optical coherence tomography; UBM: 

Ultrasound biomicroscopy.

Table 1 Clinical data of eight pedigree members with the RHO c.512C>T (p.P171L) variant

Patients Age 
(y) Sex Yes/

no Diagnose OD/
OS UCVA BCVA Spherical

(D)
Cylindrical

(D)
Axial length 

(mm)
IOP

(mm Hg)
10-2MD

(dB)
10-2PSD

(dB)
AMT
(µm)

ARNFL
(µm)

Cup-disc 
ratio

0.01ERG 
b wave

0.01ERG b 
amplitude

ACD
(mm)

Ⅲ:4 32 F Yes RP OD 20/2000 0.15 -2.75 -2.00 24.18 12.5 - - 234 111 0.62 17.50 71.9 1.82

OS 20/125 0.50 -2.25 -0.75 24.01 17.0 - - 222 106 0.61 17.30 73.1 1.86

Ⅱ:4 52 F Yes RP OD 0.05 0.10 -4.75 -1.00 24.95 12.0 -26.02 8.13 278 123 0.71 13.50 17.3 2.09

OS 0.01 0.05 -3.00 0 25.04 11.5 -27.27 7.13 259 94 0.71 12.40 17.3 1.99

Ⅱ:2 56 F Yes RP OD 0.01 0.15 -5.50 0 25.14 10.0 -19.73 5.17 196 111 0.62 68.50 16.1 2.28

OS 0.01 0.15 -12.00 0 23.88 10.5 -19.11 4.58 163 116 0.67 0 16.1 2.41

Ⅱ:6 49 F Yes RP OD 0.2 0.30 -1.75 -0.75 23.16 12.0 -23.15 5.26 246 119 0.52 7.57 30.2 -

OS 0.05 0.10 -3.00 0 23.31 12.5 -28.21 5.37 254 108 0.39 4.15 94.5 -

Ⅲ:8 26 F Yes RP OD 0.01 0.50 -9.25 -2.25 25.46 16.5 -15.92 8.47 201 115 0.57 22.50 16.0 3.13

OS 0.01 0.40 -9.50 -2.25 25.38 17.5 -15.94 7.95 210 112 0.63 0 0 3.11

Ⅲ:6 29 M Yes RP OD 0.02 0.20 -5.50 -1.25 25.54 14.5 -22.42 5.79 147 104 0.49 0 16.1 2.43

OS 0.01 0.30 -8.00 -0.75 25.63 13.5 -22.88 5.98 144 112 0.63 14.10 16.1 2.43

Ⅲ:2 29 M Yes RP OD FC/30 cm 0.05 -11.00 -2.50 23.97 9.5 -31.67 5.10 205 130 0.60 133.00 29.9 2.35

OS 0.05 0.10 -11.50 -1.50 24.52 10.0 -29.71 4.16 199 131 0.60 42.50 29.9 2.57

Ⅲ:3 36 M Yes RP OD FC/5 cm FC/5 cm - - - 10.9 -35.92 0.74 278 - - 16.40 64.0 2.09

OS FC/30 cm 0.01 - - - 11.0 -26.4 7.51 304 - - 0.78 32.0 2.21

Mean 38.60 - - - - 0.05 0.22 -6.41 -1.07 24.58 12.58 -24.59 5.81 221.20 113.70 0.59 23.13 33.78 2.34

SD 11.80 - - - - 0.06 0.15 3.70 0.92 0.83 2.55 5.84 2.02 47.10 9.92 0.08 34.26 26.95 0.39

RP: Retinitis pigmentosa; OD: Right eye; OS: Left eye; FC: Finger count; UCVA: Uncorrected visual acuity; BCVA: Best corrected visual acuity; IOP: 

Intraocular pressure; MD: Mean deviation; PSD: Pattern standard deviation; dB: Decibels; ARNFL: Average retinal nerve fiber layer thickness; 

AMT: Average macular thickness; ACD: Anterior chamber depth.
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Rhodopsin is composed of opsin covalently linked to 11-cis-
retinaldehyde through Lys296[12]. It is a G-protein-coupled 
receptor with seven transmembrane α helices and belongs to 
class A G-protein-coupled receptor[13]. Rhodopsin has an outer 
segments targeting signal located in the cytoplasmic tail of the 
C-terminus, namely, the VXPX motif. Lack of the VXPX motif 
leads to dislocation of rhodopsin through mistransport and rod 
cell degeneration[14-15]. The integrity of VXPX-COOH, a highly 
conserved outer segments targeting signal at the C-terminus of 
rhodopsin, is of great importance for photoreceptor cell survival, 
and mutation of VXPX-COOH can cause severe RP[16].
RP has a high degree of genetic and clinical heterogeneity, 
including autosomal recessive inheritance, autosomal 
dominant inheritance, X-linked recessive inheritance and 
double gene inheritance[3]. RHO is the most studied RP gene, 
and the most common mutations are Ⅱ mutations. The Ⅱ 
mutations in RHO are characterized by protein misfolding 
and can result in stress caused by retention in the endoplasmic 

reticulum. The P171L mutation in RHO is a class II mutation 
characterized by a missense mutation from C to T at exon 
2 of the gene (512C>T). The codon changes from CCA to 
CTA, corresponding to a change from proline to leucine at the 
fourth transmembrane site of the rhodopsin protein (P171L)[17]. 
Antiñolo et al[18] reported a Spanish family with the Pro171Qln 
mutation leading to ADRP. In this RP pedigree, the tertiary 
structure of opsin was destroyed due to codon 171 changing 
from CCA to CAA, and the patient showed onset of the disease 
at the age of 20 and developed a tubular visual field at the age 
of 40; the ERG waveform disappeared at the age of 30.
Taking the proband as an example, the patients with RP in 
this family were diagnosed with RP in infancy and exhibited 
relevant symptoms such as nyctalopia, visual acuity and 
progressive visual field reduction after 30 years of age. This 
is very similar to the clinical manifestations of a patient in an 
ADRP family with the P171L mutation reported by Wang et 
al[19], in which the presence of RP symptoms at an average age 
of 4–6y and night blindness appeared as the initial sign. After 
20 years of age, the visual field gradually shrank, with even 
bilateral tubular central vision and visual impairment. Wang et 
al[19] speculated that the molecular mechanism of RP caused 
by the P171L mutation is that a nonpolar hydrophobic residue 
in the fourth transmembrane region of the rhodopsin protein 
changes the charge of residues in the lipid bilayer, resulting 
in instability. As proline is very important for the bending of 
peptide chains, the tertiary structure of mutant opsin may be 
disordered[17]. In addition, the mutation is close to the binding 
site of the disulfide bond, which can cause the protein to be 
unstable. Mutations at the transmembrane site and around the 
disulfide bond usually cause a severe phenotype[20], which is 
consistent with the clinical phenotype observed for P171G[21].
In this RP family, the proband (III:4) was diagnosed with 
chronic angle-closure glaucoma. II:2, II:4, III:2, III:3, and 
III:6 had shallow anterior chambers to varying degrees, and 
II:2 and II:4 had narrow anterior chamber angles to varying 
degrees. The proband exhibited high IOP and other typical 
glaucomatous pathological changes, such as iris bombe, 
shallow anterior chamber and long eye axis. However, the mild 
optic disc damage and the normal cup-disc ratio (C/D) were 
not consistent with the ocular hypertension of chronic angle-
closure glaucoma. These clinical manifestations are similar to 
previous descriptions of patients with RP with glaucoma[7,22]. 
The findings contribute to the phenotypic range of RP associated 
with glaucoma, which is helpful for clinical diagnosis in the 
future. Additionally, we analyzed the possibility of glaucoma 
susceptibility and family aggregation in this family.
Although clinical cases of RP combined with glaucoma are not 
common, the present study does show a correlation between 
these two diseases. In this study, we collected comprehensive 

Figure 3 ERG of the proband  Nonrecordable ERG results were observed 

in the proband’s right eye (A) and left eye (B). ERG: Electroretinography.

Figure 4 Three-dimensional model structure of rhodopsin protein  

A: Overall structure of the protein; B: Amino acids, proline, at position 171.
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clinical data from 8 RP patients and found that 12.5% had 
glaucoma and 75% had anatomical features of glaucoma. Ko 
et al[23] conducted a retrospective analysis of 382 RP patients in 
Taiwan, China. The incidence of acute angle-closure glaucoma 
in RP patients was 3.64 times higher than that in normal 
controls. Wang et al[24] found that the prevalence of primary 
angle-closure glaucoma (PACG) in patients with RP was 
2.88%, which was higher than the prevalence in the general 
population. Pradhan et al[25] concluded that the prevalence of 
PACG in RP patients over 40y was higher than that found in 
the general population of a similar age (3.8% vs 0.8%). In our 
cohort of RP patients, 5.9% had primary angle-closure disease 
(PACD). The above data suggest a close relationship between 
RP and glaucoma. Acute attack or chronic development of 
glaucoma can lead to rapid deterioration of vision in RP 
patients, but glaucoma associated with RP is more likely to be 
missed in clinical diagnosis. The main reason is that there is no 
pain or other symptoms except in the acute attack period, and 
because RP will also lead to changes in vision, glaucoma is not 
easy to diagnose, which delays the best treatment. Therefore, 
it is of great significance to study the relationship between 
these two disorders, which will useful in clinical diagnosis and 
treatment as well as early intervention measures.
In addition, the triad with nanophthalmos, RP and angle-
closure glaucoma as the main clinical manifestations has 
been reported[26-28], and this rare triad has been regarded as 
a recessive genetic syndrome. Furthermore, many studies 
have reported direct genetic evidence that RP-related gene 
mutations, such as in RPGRIP1[29], PRPF8[30], and RHO[8,28], 
are associated with glaucoma. The RHO mutation found in 
this study provides a relevant basis for the genetic connection 
between RP and glaucoma. It is worth mentioning that in the 
clinical study of Wang et al[19] regarding the analysis of RHO 
gene mutation in an RP family, the same RHO mutation site, 
c.512C>T (p.P171L), was detected. Of particular interest, 
there were two RP patients with glaucoma in the study as well. 
Although there was a lack of further research, the similarities 
in clinical phenotype between these two studies indicate that 
P171L-mutant RHO is associated with glaucoma. There was 
only one proband diagnosed with glaucoma in our study; Ⅱ:2, 
Ⅱ:4, Ⅲ:2, Ⅲ:3, and Ⅲ:6 had anatomical characteristics of 
angle-closure glaucoma to different degrees, but glaucoma had 
not yet occurred. We presume that our findings support the 
view that RP-related gene mutations can increase glaucoma 
susceptibility. To prevent missed diagnosis, IOP measurements 
should be routinely carried out for RP patients, and the 
atrial angle should be checked for early diagnosis, early 
treatment and to delay blindness. In addition, if peripheral 
retinal examination cannot be performed with mydriasis for 
glaucoma, especially angle closure glaucoma, it is necessary 

to investigate whether the patient has night blindness and an 
RP family history to judge whether there is any impact on the 
visual field caused by RP. Once RP combined with glaucoma is 
diagnosed, it is recommended that the patient undergo a family 
survey and genetic counseling.
According to the results of clinical examination, all the 
patients in this family, including the proband, had varying 
degrees of myopia, and the BCVA of the proband, which was 
0.15 in the right eye and 0.01 in the left eye, attracted our 
interest. The incidence rate of myopia among Chinese adults 
is approximately 50%, and some studies have shown that the 
incidence rate of high myopia is 0.55%[31]. However, in the 
clinical data collected in this study, all patients had refractive 
errors, and the proportion of high myopia reached 42.86%. 
Myopia is one of the common ocular diseases associated with 
RP. Current studies show that moderate and high myopia can 
often be secondary to the RP phenotype in patients with RP 
or RP-related gene carriers[32-34]. However, RP cases with high 
myopia are mostly associated with X-linked inheritance, and 
over 80% of X-linked RP cases are caused by RPGR gene 
mutations[34-35]. Although it has been reported that there is a 
close relationship between RHO mutation-induced RP and 
myopia[36-37], the underlying mechanism between RP and 
myopia is not yet clear and must be investigated based on more 
similar clinical cases. On the other hand, Ⅲ:6 and Ⅳ:3 were 
diagnosed with cataracts in this pedigree. In previous studies, 
cataracts were recognized as the most common anterior 
segment complication of RP[38], and the prevalence rate of 
autosomal dominant genetic subtypes was higher than that of 
other genetic subtypes[39]. Although the pathogenic mechanism 
of cataract associated with RP is not fully understood, Fujiwara 
et al[40] noted that the Tyndall phenomenon is the key factor for 
cataract formation, and abnormal nutritional metabolism of the 
lens may be related to chronic inflammation.
In this pedigree, Ⅳ:3 and Ⅳ:4 were diagnosed as having 
retinoschisis associated with RP (Figure 5). In addition to 
typical RP symptoms such as progressive visual field damage 
and bone spicule-like pigmentation, they also had retinoschisis 
symptoms of abnormal splitting of the retinal layer and 
macular neuroepithelial bulging. Although the proband was 
not diagnosed with retinoschisis, she had thinning of the 
macular thickness, a common symptom found in patients 
with retinoschisis. According to the sequencing results of IV:3 
and IV:4, no mutant genes related to congenital retinoschisis 
were found. Acquired retinoschisis mostly occurs in elderly 
individuals, which was not consistent with the age of the 
affected members in this pedigree. Therefore, we consider that 
there may be a certain concomitant relationship between RP 
and retinoschisis, and this finding has significance for clinical 
diagnosis and treatment.
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At present, the following are conjectures about the mechanism 
of RP associated with retinoschisis. 1) The internal environment 
of rod cells and cones in RP patients changes during degeneration, 
which can result in abnormal expression, modification and 
secretion of RS1 protein and prevent it from performing 
adhesion functions, leading to retinoschisis. 2) The connection 
between retinal layers of RP patients is weakened due to 
atrophy and degeneration. In this case, external traction caused 
by eye axis changes or introverted traction induced from the 
vitreous cortex, inner limiting membrane and retinal artery are 
likely to cause retinoschisis[41]. 3) Microglial reactivity exists 
widely in retinal degeneration or degenerative diseases such 
as RP and retinoschisis[42]. Therefore, high levels of TNFα, 
MCP1, CCL2 and other factors in the outer nuclear layer of 
the retina lead to optic nerve cell apoptosis[43-44], resulting 
in thinning of the outer nuclear layer and weakening of the 
connection between the layers of the retina[45]. Macular atrophy 
can also contribute to retinoschisis associated with RP to a 
certain extent[46-47].
As there are no reports and data supporting the concomitant 
relationship between RP and retinoschisis, our study on 
family members with RP and retinoschisis in this pedigree 
is important. The findings can broaden the phenotypic 
characteristics of the disease and indirectly suggest that there 
may be a certain degree of pathological relationship between 
RP and retinoschisis; however, the underlying mechanisms still 
need to be further explored.

In conclusion, in this study, we identified the missense 
mutation c.512C>T (p.P171 L) in exon 2 of RHO responsible 
for ADRP in a large Han Chinese family. We also discussed 
the relationship between RP and some ocular diseases in 
this pedigree, including glaucoma, myopia, retinoschisis, 
and cataracts. Our present findings support the existing 
view between RP and some ocular diseases and expand the 
genotype-phenotype relationship between RHO c.512C>T 
(p.P171L) and ADRP clinical findings and enrich the 
phenotypic range of RP-associated ocular diseases. The results 
will provide guidance for family genetic counseling and RP 
target gene therapy strategies in the future.
ACKNOWLEDGEMENTS
Foundations: Supported by the National Natural Science 
Foundation of China (No.81271425; No.81860170); 
the Natural Science Foundation of Jiangxi Province 
(No.20181ACG70010).
Conflicts of Interest: Luo HD, None; Pei SN, None; Wang 
AJ, None; Yu XQ, None; Hu HJ, None; Zeng L, None; 
Wang FF, None; Jin M, None; Zhang X, None.
REFERENCES

1 Verbakel SK, van Huet RAC, Boon CJF, den Hollander AI, Collin RWJ, 

Klaver CCW, Hoyng CB, Roepman R, Klevering BJ. Non-syndromic 

retinitis pigmentosa. Prog Retin Eye Res 2018;66:157-186.

2 Liu WQ, Liu SS, Li P, Yao K. Retinitis pigmentosa: progress in 

molecular pathology and biotherapeutical strategies. Int J Mol Sci 

2022;23(9):4883.

3 Tsang SH, Sharma T. Autosomal dominant retinitis pigmentosa. 

Advances in Experimental Medicine and Biology. Cham:Springer 

International Publishing, 2018:69-77.

4 Daiger SP, Bowne SJ, Sullivan LS. Genes and mutations causing 

autosomal dominant retinitis pigmentosa. Cold Spring Harb Perspect 

Med 2014;5(10):a017129.

5 Dryja TP, McGee TL, Hahn LB, Cowley GS, Olsson JE, Reichel E, 

Sandberg MA, Berson EL. Mutations within the rhodopsin gene in 

patients with autosomal dominant retinitis pigmentosa. N Engl J Med 

1990;323(19):1302-1307.

6 Liew G, Strong S, Bradley P, Severn P, Moore AT, Webster AR, 

Mitchell P, Kifley A, Michaelides M. Prevalence of cystoid macular 

oedema, epiretinal membrane and cataract in retinitis pigmentosa. Br J 

Ophthalmol 2019;103(8):1163-1166.

7 Xu JG, Ouyang ZK, Yang YF, Cai XY, Wang ZH, Lin MK, Zhang XL, 

Liu X, Yu MB. Ocular biometry in primary angle-closure glaucoma 

associated with retinitis pigmentosa. J Ophthalmol 2017;2017:1-5.

8 Liu X, Li JL, Lin SF, Xiao XS, Luo JY, Wei W, Ling YL, Fang L, 

Xiao H, Chen LM, Huang JJ, Zhong YM, Zhang QJ. Evaluation of 

the genetic association between early-onset primary angle-closure 

glaucoma and retinitis pigmentosa. Exp Eye Res 2020;197:108118.

9 Fahim A. Retinitis pigmentosa: recent advances and future directions in 

diagnosis and management. Curr Opin Pediatr 2018;30(6):725-733.

Figure 5 Fundus and OCT photographs of participants  A: IV:3; B: IV:4. 

OCT: Optical coherence tomography; OD: Right eye; OS: Left eye.

Pathogenic genes of retinitis pigmentosa



1969

Int J Ophthalmol,    Vol. 16,    No. 12,  Dec. 18,  2023      www.ijo.cn
Tel: 8629-82245172     8629-82210956      Email: ijopress@163.com

10 Nathans J, Hogness DS. Isolation and nucleotide sequence of 

the gene encoding human rhodopsin. Proc Natl Acad Sci U S A 

1984;81(15):4851-4855.

11 Nathans J, Thomas D, Hogness DS. Molecular genetics of human color 

vision: the genes encoding blue, green, and red pigments. Science 

1986;232(4747):193-202.

12 Daruwalla A, Choi EH, Palczewski K, Kiser PD. Structural biology of 

11-cis-retinaldehyde production in the classical visual cycle. Biochem 

J 2018;475(20):3171-3188.

13 Tsai CJ, Pamula F, Nehmé R, Mühle J, Weinert T, Flock T, Nogly P, 

Edwards PC, Carpenter B, Gruhl T, Ma P, Deupi X, Standfuss J, Tate 

CG, Schertler GFX. Crystal structure of rhodopsin in complex with a 

mini-Go sheds light on the principles of G protein selectivity. Sci Adv 

2018;4(9):eaat7052.

14 Tam BM, Moritz OL, Hurd LB, Papermaster DS. Identification of an 

outer segment targeting signal in the COOH terminus of rhodopsin 

using transgenic Xenopus laevis. J Cell Biol 2000;151(7):1369-1380.

15 Sung CH, Makino C, Baylor D, Nathans J. A rhodopsin gene mutation 

responsible for autosomal dominant retinitis pigmentosa results in 

a protein that is defective in localization to the photoreceptor outer 

segment. J Neurosci 1994;14(10):5818-5833.

16 Deretic D, Williams AH, Ransom N, Morel V, Hargrave PA, Arendt A. 

Rhodopsin C terminus, the site of mutations causing retinal disease, 

regulates trafficking by binding to ADP-ribosylation factor 4 (ARF4). 

Proc Natl Acad Sci U S A 2005;102(9):3301-3306.

17 Yang QH, Li JL, Zeng SC, Li Z, Liu X, Li J, Zhou W, Chai YJ, Zhou 

D. Retinal organoid models show heterozygous Rhodopsin mutation 

favors endoplasmic reticulum stress-induced apoptosis in rods. Stem 

Cells Dev 2023. Online ahead of print.

18 Antiñolo G, Sánchez B, Borrego S, Rueda T, Chaparro P, Cabeza 

JC. Identification of a new mutation at codon 171 of rhodopsin gene 

causing autosomal dominant retinitis pigmentosa. Hum Mol Genet 

1994;3(8):1421.

19 Wang SY, Zhang RZ, Shi ZL, Ren LL, Ren JH. A recurrent rhodopsin 

gene missense mutation in a Chinese family with autosomal 

dominant retinitis pigmentosa. Zhonghua Yi Xue Yi Chuan Xue Za Zhi 

2005;22(2):192-194.

20 Sandberg MA, Weigel-DiFranco C, Dryja TP, Berson EL. Clinical 

expression correlates with location of rhodopsin mutation in dominant 

retinitis pigmentosa. Invest Ophthalmol Vis Sci 1995;36(9):1934-1942.

21 Sung CH, Davenport CM, Nathans J. Rhodopsin mutations responsible 

for autosomal dominant retinitis pigmentosa. Clustering of functional 

classes along the polypeptide chain. J Biol Chem 1993;268(35): 

26645-26649.

22 Li RP, Liu TC, Li SX. Chen XF, Dai AA, Gao XH. Genotype-phenotype 

analysis in a family with retinitis pigmentosa and concomitant 

angleclosure glaucoma. Aca J Chin PLA Med Sch 2018;39(02):155-160.

23 Ko YC, Liu CJ, Hwang DK, Chen TJ, Liu CJ. Increased risk of acute 

angle closure in retinitis pigmentosa: a population-based case-control 

study. PLoS One 2014;9(9):e107660.

24 Wang DD, Gao FJ, Hu FY, Cao WJ, Xu P, Huang Y, Sun XH, Wu JH. 

Clinical and genetic analysis of retinitis pigmentosa with primary 

angle closure glaucoma in the Chinese population. Curr Eye Res 

2022;47(9):1339-1345.

25 Pradhan Z, Shroff S, Bansod A, Poornachandra B, Shetty A, Devi 

S, Rao DS, Puttaiah N, Rao H. Prevalence of primary angle-closure 

disease in retinitis pigmentosa. Indian J Ophthalmol 2022;70(7):2449.

26 Buys YM, Pavlin CJ. Retinitis pigmentosa, nanophthalmos, and optic 

disc drusen. Ophthalmology 1999;106(3):619-622.

27 Venkatesh R, Odayappan A. Commentary: primary angle-closure 

disease in retinitis pigmentosa. Indian J Ophthalmol 2022;70(7):2452.

28 Yu YX, Xia XB, Li HB, Zhang YZ, Zhou XY, Jiang HB. A new 

rhodopsin R135W mutation induces endoplasmic reticulum stress 

and apoptosis in retinal pigment epithelial cells. J Cell Physiol 

2019;234(8):14100-14108.

29 Fernández-Martínez L, Letteboer S, Mardin CY, et al. Evidence for 

RPGRIP1 gene as risk factor for primary open angle glaucoma. Eur J 

Hum Genet 2011;19(4):445-451.

30 Micheal S, Hogewind BF, Khan MI, Siddiqui SN, Zafar SN, Akhtar F, 

Qamar R, Hoyng CB, den Hollander AI. Variants in the PRPF8 gene 

are associated with glaucoma. Mol Neurobiol 2018;55(5):4504-4510.

31 Cao K, Hao J, Wang NL. Incidence and its risk factors of high myopia 

in Chinese rural adults: a population-based six-year cohort study. Eur 

J Ophthalmol 2023;33(6):2139-2145.

32 Li HP. Myopia with X-linked retinitis pigmentosa results from a 

novel gross deletion of RPGR gene. Int J Ophthalmol 2020;13(8): 

1306-1311.

33 Kurata K, Hosono K, Hayashi T, Mizobuchi K, Katagiri S, Miyamichi 

D, Nishina S, Sato M, Azuma N, Nakano T, Hotta Y. X-linked retinitis 

pigmentosa in Japan: clinical and genetic findings in male patients and 

female carriers. Int J Mol Sci 2019;20(6):1518.

34 Wang J, Zhou C, Xiao YY, Liu HQ. Novel splice receptor-site mutation 

of RPGR in a Chinese family with X-linked retinitis pigmentosa. 

Medicine (Baltimore) 2018;97(41):e12779.

35 Tsang SH, Sharma T. X-linked retinitis pigmentosa. Advances in 

Experimental Medicine and Biology. Cham: Springer International 

Publishing, 2018:31-35.

36 Smirnov VM, Marks C, Drumare I, Defoort-Dhellemmes S, Dhaenens 

CM. Severe retinitis pigmentosa with posterior staphyloma in a family 

with c.886C>A p.(Lys296Glu) RHO mutation. Ophthalmic Genet 

2019;40(4):365-368.

37 Vilela MA, Menna Barreto RK, Menna Barreto PK, Sallum JM, 

Mattevi VS. Novel codon 15 RHO gene mutation associated with 

retinitis pigmentosa. Int Med Case Rep J 2018;11:339-344.

38 Hong YY, Li HZ, Sun Y, Ji YH. A review of complicated cataract in 

retinitis pigmentosa: pathogenesis and cataract surgery. J Ophthalmol 

2020;2020:6699103.

39 Heckenlively J. The frequency of posterior subcapsular cataract in 

the hereditary retinal degenerations. Am J Ophthalmol 1982;93(6): 

733-738.



1970

40 Fujiwara K, Ikeda Y, Murakami Y, et al. Risk factors for posterior 

subcapsular cataract in retinitis pigmentosa. Invest Ophthalmol Vis Sci 

2017;58(5):2534.

41 Ji HF, Song JK, Zhang H. Wen Y. Bi HS. Research progress of myopic 

retinoschisis. Guoji Yanke Zazhi (Int Eye Sci) 2021;21(8):1394-1398.

42 Xu HP, Chen M, Forrester JV. Para-inflammation in the aging retina. 

Prog Retin Eye Res 2009;28(5):348-368.

43 Sterling JK, Adetunji MO, Guttha S, Bargoud AR, Uyhazi KE, 

Ross AG, Dunaief JL, Cui QN. GLP-1 receptor agonist NLY01 

reduces retinal inflammation and neuron death secondary to ocular 

hypertension. Cell Rep 2020;33(5):108271.

44 Zeng HY, Zhu XA, Zhang C, Yang LP, Wu LM, Tso MOM. 

Identification of sequential events and factors associated with 

microglial activation, migration, and cytotoxicity in retinal 

degeneration in rd mice. Invest Ophthalmol Vis Sci 2005;46(8):2992.

45 Yoshida N, Ikeda Y, Notomi S, Ishikawa K, Murakami Y, Hisatomi 

T, Enaida H, Ishibashi T. Laboratory evidence of sustained chronic 

inflammatory reaction in retinitis pigmentosa. Ophthalmology 

2013;120(1):e5-e12.

46 Jayasundera T, Branham KE, Othman M, Rhoades WR, Karoukis 

AJ, Khanna H, Swaroop A, Heckenlively JR. RP2 phenotype and 

pathogenetic correlations in X-linked retinitis pigmentosa. Arch 

Ophthalmol 2010;128(7):915-923.

47 Tsang SH, Vaclavik V, Bird AC, Robson AG, Holder GE. Novel 

phenotypic and genotypic findings in X-linked retinoschisis. Arch 

Ophthalmol 2007;125(2):259-267.

Pathogenic genes of retinitis pigmentosa


	_Hlk138842481
	OLE_LINK119
	OLE_LINK120
	_Hlk141994889
	_Hlk149212659
	_Hlk85751328
	_Hlk149464922
	_Hlk141035055
	_Hlk141035072
	OLE_LINK3
	_Hlk149230317
	_GoBack
	OLE_LINK55
	_Hlk91268773
	_Hlk91268756
	_Hlk90061687
	_Hlk90061740
	_Hlk91271193
	_Hlk91277122
	_Hlk91277098
	_Hlk103511401
	_Hlk103509971
	_Hlk91530374
	OLE_LINK36
	OLE_LINK40
	_Hlk125143863
	_Hlk147149598
	_Hlk149230317
	OLE_LINK2
	_Hlk125124798
	_Hlk124369820
	OLE_LINK7
	_Hlk125183722
	_Hlk125190237
	_Hlk125189680
	_Hlk125190148
	OLE_LINK3
	_Hlk147147616
	_Hlk147400311
	_Hlk147400528
	_Hlk149837571
	_Hlk10105297
	OLE_LINK67
	OLE_LINK69
	_Hlk142899008
	OLE_LINK43
	OLE_LINK54
	OLE_LINK19
	_Hlk32259577
	_Hlk32259610
	_Hlk32259623
	OLE_LINK20
	OLE_LINK45
	OLE_LINK51
	OLE_LINK46
	OLE_LINK41
	OLE_LINK12
	OLE_LINK24
	OLE_LINK37
	_Hlk149230317
	OLE_LINK48
	OLE_LINK4
	OLE_LINK1
	OLE_LINK2
	OLE_LINK65
	_Hlk535998111
	OLE_LINK6
	OLE_LINK7
	OLE_LINK9
	OLE_LINK10
	OLE_LINK17
	OLE_LINK8
	_Hlk536000257
	OLE_LINK13
	OLE_LINK14
	OLE_LINK39
	OLE_LINK40
	OLE_LINK15
	OLE_LINK16
	translation_sen_id-4
	translation_sen_id-1
	translation_sen_id-3
	OLE_LINK21
	OLE_LINK35
	OLE_LINK52
	OLE_LINK56
	OLE_LINK59
	OLE_LINK62
	OLE_LINK31
	OLE_LINK3
	OLE_LINK29
	OLE_LINK32
	OLE_LINK33
	OLE_LINK34
	_Hlk148605665
	PositionBeforeFormat
	OLE_LINK1
	OLE_LINK46
	OLE_LINK13
	OLE_LINK20
	OLE_LINK23
	OLE_LINK24
	OLE_LINK10
	OLE_LINK14
	OLE_LINK16
	OLE_LINK15
	OLE_LINK17
	OLE_LINK27
	OLE_LINK19
	OLE_LINK30
	OLE_LINK32
	OLE_LINK29
	OLE_LINK3
	OLE_LINK26
	OLE_LINK9
	OLE_LINK34
	OLE_LINK35
	OLE_LINK36
	OLE_LINK4
	OLE_LINK21
	OLE_LINK5
	_Hlk137221880
	OLE_LINK6
	OLE_LINK12
	OLE_LINK11
	OLE_LINK37
	OLE_LINK7
	OLE_LINK28
	OLE_LINK84
	OLE_LINK39
	OLE_LINK38
	OLE_LINK47
	OLE_LINK64
	OLE_LINK61
	OLE_LINK8
	OLE_LINK65
	OLE_LINK74
	OLE_LINK71
	OLE_LINK72
	OLE_LINK85
	OLE_LINK70
	OLE_LINK73
	OLE_LINK77
	OLE_LINK42
	OLE_LINK44
	OLE_LINK76
	OLE_LINK89
	OLE_LINK91
	OLE_LINK92
	_Hlk142676516
	_Hlk142676531
	OLE_LINK100
	OLE_LINK97
	OLE_LINK101
	OLE_LINK81
	OLE_LINK102
	OLE_LINK103
	OLE_LINK43
	OLE_LINK45
	OLE_LINK48
	OLE_LINK63
	OLE_LINK58
	OLE_LINK55
	OLE_LINK56
	OLE_LINK53
	OLE_LINK59
	OLE_LINK52
	OLE_LINK98
	OLE_LINK99
	OLE_LINK68
	OLE_LINK69
	_Hlk137221912
	_Hlk124004506
	_Hlk124004279
	_Hlk149055863
	_Hlk124016688
	OLE_LINK16
	OLE_LINK13
	_Hlk16518107
	_Hlk97195352
	_Hlk67576982
	OLE_LINK1
	_Hlk88747580
	_Hlk150440374
	_Hlk108183234
	OLE_LINK3
	OLE_LINK2
	OLE_LINK4
	_Hlk88748841
	OLE_LINK18
	OLE_LINK21
	_Hlk83730683
	_Hlk133177996
	OLE_LINK19
	_Hlk88748625
	OLE_LINK20
	OLE_LINK22
	OLE_LINK23
	OLE_LINK24
	OLE_LINK5
	Dynamic tear meniscus parameters in complete blinking: insights into dry eye assessment
	Ying-Huai Zhang1,2, Jun Feng3, Chen-Yuan Yi1,2, Xian-Yu Deng1,2, Yong-Jin Zhou1,2, Lei Tian3, Ying Jie3

	Effects of diquafosol sodium in povidone iodine-induced dry eye model
	Can Zhang1, He Wang2, Dong-Yan Chen3, Kai Zhao1, Wei Wang2, Ming-Xin Li2

	Morroniside ameliorates lipopolysaccharide-induced inflammatory damage in iris pigment epithelial cells through inhibition of TLR4/JAK2/STAT3 pathway 
	Wen-Jie Li1,2, Lin Liu2, Hong Lu1,3 

	Role of reactive oxygen species in epithelial­—mesenchymal transition and apoptosis of human lens epithelial cells
	Rui-Hua Jing1, Cong-Hui Hu2, Tian-Tian Qi2, Bo Ma2

	Electroacupuncture alleviates ciliary muscle cell apoptosis in lens-induced myopic guinea pigs through inhibiting the mitochondrial signaling pathway
	Zhao-Hui Yang1, Jia-Wen Hao1, Jin-Peng Liu1, Bo Bao1, Tu-Ling Li1, Qiu-Xin Wu2, Ming-Guang He3, Hong-Sheng Bi2,4, Da-Dong Guo4

	De novel heterozygous copy number deletion on 7q31.31-7q31.32 involving TSPAN12 gene with familial exudative vitreoretinopathy in a Chinese family
	Shuang Zhang, Hai-Ming Yong, Gang Zou, Mei-Jiao Ma, Xue Rui, Shang-Ying Yang, Xun-Lun Sheng

	A pedigree with retinitis pigmentosa and its concomitant ophthalmic diseases
	Hong-Dou Luo, Shao-Nan Pei, Ai-Jia Wang, Xue-Qing Yu, Hai-Jian Hu, Ling Zeng, Fei-Fei Wang, Ming Jin, Xu Zhang 

	Clinical significance of episcleral venous fluid wave in gonioscopy-assisted transluminal trabeculotomy
	Liu-Zhi Zeng1, Yu He1, Xiao-Qin Wang1, Yi-Ping Xian1, Han-Ying Fan1, Lin Jing1, Jing Shu1, Qin Li1, Ning-Li Wang2

	Retinal microvascular and microstructural alterations in the diagnosis of meibomian gland dysfunction in severely obese population: a new approach
	Hai Huang1, Xiao-Yu Wang2,3, Hong Wei4,5, Min Kang4,5, Jie Zou4,5, Qian Ling4,5, San-Hua Xu4,5, Hui Huang4,5, Xu Chen6, Yi-Xin Wang7, Yi Shao4,5, Yao Yu2

	Ocular surface microbiota in patients with varying degrees of dry eye severity
	Xin-Rong Zou1,2, Pei Zhang3,4, Yuan Zhou1,2, Yao Yin1,2

	Symmetrical femtosecond laser arc incision in correcting corneal astigmatism in cataract patients
	Zun-Xia Hu1, Jing Sima1, Jia-Guo Cao1, Yan Ke1, Ying-Ying Zhang1, Qiong-Tian Guo1, Yu-Ping He1, Hong-Xia Liao1, Xiao Tan1, Bo Qin1, Li Li1,2

	Surgical outcome comparisons of multifocal IOLs of Lentis Comfort LS-313 MF15 and Tecnis Eyhance DIB00V
	Kyohei Sugawara, Ryosuke Ito, Hiroshi Horiguchi, Kei Mizobuchi, Satoshi Katagiri, Hisato Gunji, Tadashi Nakano

	Effect of low dose laser cycloplasty on deepening anterior chamber in chronic angle-closure glaucoma
	Xuan-Li Zheng1, Hai-Shuang Lin1, Xiao-Jie Wang1, Jia-Qian Li1, Yan-Qian Xie2,3, Shao-Dan Zhang2,3, Yuan-Bo Liang2,3

	Peripapillary and macular vascular densities in healthy, ocular hypertensive, and different stages of glaucomatous eyes
	Caner Öztürk1, Sirel Gür Güngör2, Ümit Ekşioğlu2, Almila Sarıgül Sezenöz2, Meriç Çolak3

	Optical coherence tomography angiography characteristics of exudative and non-exudative treatment-naïve pachychoroid neovasculopathy
	Chun Yang, Zu-Hua Sun, Ting-Ye Zhou, Wei-Wei Zheng, Xiao-Ling Liu, Bing Lin

	Risk factors and prognosis of pediatric rhegmatogenous retinal detachment in Egypt: a university hospital based study
	Mohamed Gaber Eissa, Mohamad Amr Salah Eddin Abdelhakim, Tamer Ahmed Macky, Hassan Aly Mortada

	Retinal laser photocoagulation and intravitreal injection of anti-VEGF for hemorrhagic retinal arterial microaneurysm
	Ying Huang, Wei-Wei Zheng, Ying-Zi Li, Zu-Hua Sun, Bing Lin

	Optical coherence tomography angiography for macular microvessels in ischemic branch retinal vein occlusion treated with conbercept: predictive factors for the prognosis
	Li Tang, Guang-Li Sun, Yue Zhao, Ting-Ting Yang, Jin Yao 

	How long does the recovery of corneal sensitivity in different corneal regions take after LASEK?
	Ali Mirzajani1, Aria Bouyeh1, Fatemeh Khezri1, Ebrahim Jafarzadehpur1, Farid Karimian2 

	Peripapillary intrachoroidal cavitation at the crossroads of peripapillary myopic changes
	Adèle Ehongo1, Zaki Hasnaoui1, Nacima Kisma1, Yassir Alaoui Mhammedi1, Artemise Dugauquier1, Kevin Coppens2, Eloïse Wellens3, Viviane de Maertelaere4, Françoise Bremer1, Karelle Leroy5

	Quality of life and depression among patients with high myopia in Nigeria–a cross sectional study
	Uchechukwu Levi Osuagwu1,2, Kelechukwu Enyinnaya Ahaiwe3, Nnaemeka Meribe4, Elizabeth Dennis Nkanga5, Bernadine Nsa Ekpenyong6, Affiong Andem Ibanga5, Piwuna Christopher Goson7, Dennis George Nkanga5

	Observation of peripheral refraction in myopic anisometropia in young adults
	Yu-Qin Du1,2, Yue-Hua Zhou1,2, Ming-Wei Ding1,2, Ming-Xu Zhang1,2, Yu-Juan Guo1,2, Shan-Shan Ge1,2

	Evaluation of macular choroidal and microvascular network changes by activity scores and serum antibodies in thyroid eye patients and healthy subjects
	Mehmet Erkan Dogan1, Ibrahim Basol2, Hatice Deniz Ilhan1, Yusuf Ayaz1, Olgar Ocal3 

	Agreements’ profile of Scheimpflug-based optical biometer with gold standard partial coherence interferometry
	Sara Sardari1,2, Akbar Fotouhi3, Ebrahim Jafarzadehpur4, Mehdi Khabazkhoob5

	Different approaches for treating myopic choroidal neovascularization: a network Meta-analysis
	Ya-Jun Wu1,2,3, Yu-Liang Feng1,2,3, Jia-Song Yang1,2,3, Hua Fan2,3, Wen-Sheng Li1,2,3

	Visualized analysis of research on myopic traction maculopathy based on CiteSpace
	Heng-Di Zhang1, Ling Zhang2, Fei Han1, Ning Lin1, Wei Jiang1

	Glaucoma among Saudi Arabian population: a scoping review
	Ismail Abuallut1, Mohammed Khalid Arishi2, Ahmed Mustafa Albarnawi2, Sumayyah Ali Jafar2, Abdullah Mohammed Alamer2, Tahani Hassan Altubayqi2, Mohammed Ahmed Hadadi2, Mohand Abdullah Alasiri2

	Three siblings with gyrate atrophy of the choroid and retina: a case report
	Maamouri Rym1,4, Ferchichi Molka1,4, Ben Chehida Amel2,4, Hadj-Taieb Sameh3,4, Cheour Monia1,4

	Endoscopic transnasal optic canal decompression for pediatric traumatic optic neuropathy with no light perception
	Yuan Ning1, Chun-Xia Wang1, Zi-Yan Yu1, Yong Wang2


