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Background: This study aimed to investigate differentially expressed proteins in the vitreous humor (VH) 
of pathological myopia (PM) and normal eyes.
Methods: VH samples were collected from patients undergoing surgical treatment for rhegmatogenous 
retinal detachment (RRD), idiopathic epiretinal membrane (ERM), myopic retinoschisis (MRS) or macular 
hole (MH). A label-free quantitative proteomic analysis was performed to detect the differentially expressed 
proteins, and expression of three differentially expressed proteins was confirmed by ELISA. 
Results: In PM patients (MH-PM, MRS-PM and RRD-PM), the expression of prostaglandin-H2 
D-isomerase (PGDS) and glutathione peroxidase 3 (GPX3) was significantly lower than in controls 
(MH, ERM, and RRD). The versican core protein expression decreased in the PM group. The vitreous 
concentrations of PGDS and GPX3 in patients with axial length (AL) of 26.5–29.0 mm were higher than 
in patients with AL >29.0 mm or AL <26.5 mm. NRF-2 expression was the lowest in patients with AL  
>29.0 mm.
Conclusions: Our study provides new evidence on the molecular changes in the VH of PM patients, and 
these molecules have the potential to become new targets for the therapy of PM.
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Introduction

Pathological myopia (PM) is a major cause of irreversible 
vision impairment due to its complications, such as 
chorioretinal atrophy, choroidal neovascularization and 
macular atrophy (1,2), especially in East Asia (3). Even the 
global prevalence of myopia and high myopia is increasingly 
at an alarming rate in the past five decades (4), the definition 
of PM is still controversial (5). In a published meta-analysis, 
diffuse chorioretinal atrophy or chorioretinal atrophy 

more severe than diffuse atrophy is included as one of the 
required signs for the diagnosis of PM (6).

Older age, higher myopic spherical equivalent refractive 
error (SRE), longer axial length (AL) as well as posterior 
staphyloma have been found as an important risk factors 
for more severe myopic maculopathy (7,8). Posterior 
staphyloma, which can be detected by ultrasonography 
(7,8), may cause serious mechanical damage to both 
retinochoroidal tissues and optic nerve, resulting in myopic 
maculopathy. With the increasing age and continuous 
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extension of the eye axis, scleral staphyloma increases 
and then the degenerative processes are accelerated in 
the posterior segment of the eyes, including the thinning 
of photoreceptor layers and retinal pigment epithelium 
(RPE), some of which can even disappear completely (9). 
The irreversible atrophy of the RPE and photoreceptor 
layers may cause untreatable visual impairment. PM also 
frequently predisposes patients to other eye diseases such 
as macular hemorrhage, cataracts, open angle glaucoma, 
peripapillary atrophy and retinal detachment.

The progressive prolongation of the eyeball AL and 
increasing age are the main causes of the functional 
deterioration associated with PM. Oxidative stress has been 
proposed as a pathophysiological mechanism underlying 
the pathogenesis of PM (10). In vivo study shows oxidative 
stress initiates the degenerative process of neural retina (11).  
However, few studies have focused on the underlying 
pathophysiological mechanisms of myopic retinopathy, and 
many issues remain to be resolved. The vitreous humor (VH) 
is an accessible compartment adjacent to the retina and may 
therefore represent the microenvironment of the retina. 
Our previous study showed that matrix metalloproteinase 2 
(MMP-2) expression in the VH of high myopia patients was 
significantly higher than in controls, supporting the practice 
that the VH can be used to investigate the intraocular 
pathological changes associated with PM (12). Proteomics 
is a useful approach to investigate the total proteins, which 
together with a robust statistical analysis can identify the 
proteins associated with a specific ophthalmological disease 
(13,14). Therefore, a label-free quantitative proteomic 
analysis was performed in this study to investigate the 
differentially expressed proteins in the VH of PM and 
normal eyes.

Methods

Patients and grouping

This was a cross-sectional, observational study which 
was approved by the Institutional Review Board of the 
EYE & ENT Hospital of Fudan University. Our study 
was conducted according to the ethical principles of the 
Declaration of Helsinki. VH samples were collected 
from patients who underwent surgical treatment for 
rhegmatogenous retinal detachment (RRD), idiopathic 
epiretinal membrane (ERM), myopic retinoschisis (MRS), 
and macular hole (MH) in the EYE & ENT Hospital of 
Fudan University between August 2015 and May 2017. 

After the informed consent was obtained, each patient 
received comprehensive preoperative eye examinations, 
including slit-lamp examination, indirect ophthalmoscopy, 
visual acuity test, SRE evaluation, AL (IOLmaster 500, 
ZEISS), ophthalmic ultrasonography and fundus optical 
coherence tomography. The clinical characteristics of these 
patients (such as age, sex, and systemic diseases) were also 
recorded.  

The surgically treated eyes that had SRE less negative 
than −6.0 D, AL longer than 26.5 mm and chorioretinal 
degeneration fundus were included in the PM groups. 
The signs of chorioretinal degeneration included fundus 
tessellation, macular atrophy, and diffuse or patchy 
chorioretinal atrophy, with or without lacquer cracks and 
Fuchs spot. Meanwhile, the surgically treated eyes that 
had SRE >−6.00 D and AL <26.5 mm but had no any 
chorioretinal degeneration were included in the control 
group (6). Exclusion criteria were as follows: autoimmune 
retinal diseases, history of ocular surgery, multiple 
intravitreal injections, and a history of use of drugs that 
may affect the VH. The severity of cataract in each patient 
was graded with the Lens Opacities Classification System, 
version III (LOCS III) and the myopic degeneration was 
graded according to previously reported (6,15). Patients 
were subdivided into six subgroups: MH, MH-PM, ERM, 
MRS-PM, RRD and RRD-PM.

VH collection

VH samples were collected according to previously  
reported (16). Briefly, the valve of the vitrector aspiration 
line was connected to a sterile syringe (5 mL). Under the 
closure of the aspiration line, undiluted core VH (500– 
1,000 μL) was aspirated into the syringe by active vitrector 
cutting and syringe suction (25G; Constellation; Alcon 
Instruments, USA). All VH samples were snap-frozen and 
then stored at −80 ℃ until assay.

Sample processing

VH samples were processed according to previously 
reported (14). First, each VH sample was centrifuged 
at 4 ℃ for 15 min at 21,000 g to remove cells and cell 
debris. Second, the total protein concentration of each 
VH sample was determined with the Pierce BCA Protein 
Assay Kit (Thermo Scientific, MA USA) according to the 
manufacturer’s instructions. Then, 100 μL of vitreous 
sample was collected for further proteomics analysis. 
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Liquid chromatography-mass spectrometry (LC-MS)

Two hundred μg of protein in each sample was used for the 
LC-MS. The extracted protein was reduced with 10 mM  
dithiothreitol, alkylated with 20 mM iodoacetamide, and 
then digested with sequencing-grade modified trypsin 
(Promega, Madison, WI, USA) in the presence of 1 M 
urea. The resultant peptides were purified by using the C18 
microspin column (Nest Group, Southborough, MA, USA).

Data acquisition

The data of LC-MS/MS were obtained according to 
previously reported (16). After separation by nano-high-
performance LC (Eksigent Technologies), the peptides 
were eluted with linear gradient from 5% to 45% of buffer 
B (98% acetonitrile with 0.1% formic acid) for 5–70 min 
at a flow rate of 300 nL/min. The electrospray voltage was 
2.3 kV for the MS inlet. Under the data-dependent mode, 
the Triple TOF 4600 MS altered automatically between 
MS and MS/MS mode. The MS spectra were obtained in 
the mass range of 350–1,250 m/z, and the cumulative time 
of each spectrum was 250 ms. The tandem MS scans were 
obtained by rolling the collision energy setting in the mass 
range of 100–1,250 m/z. The 20 most intense precursors 
were selected to fragment per cycle, and the dynamic 
exclusion time was 9 s.

Label-free quantification

The MaxQuant software (version 1.5.3.30) was applied to 
process all raw data. The Andromeda search engine was 
used for protein identification. The enzymatic cleavage 
was done with trypsin/P, and up to two missed cleavages 
were allowed. The mass tolerance of the fragment ions was  
20 ppm. Cysteine carbamidomethylation was selected as 
fixed modification while protein N-terminal acetylation and 
methionine oxidation as variable modifications. The false 
discovery rate was set to 0.01 for both peptide and protein 
identification. The iBAQ values calculated with MaxQuant 
were used to quantify the expression of proteins in the VH.

Confirmation by enzyme-linked immunosorbent assay 
(ELISA)

The expression of selected differentially expressed proteins 
in the VH was further confirmed by using commercially 
available ELISA kits according to the manufacturers’ 

instructions. The prostaglandin D synthase (lipocalin-
type; human) ELISA Kit (No. 10007684; Cayman 
Chemical, Cambridge, MA, USA), GPX3 (human) ELISA 
Kit (AdipoGEN Life Sciences, Liestal, Switzerland), and 
human NRF2 ELISA kit (RayBiotech, Norcross, GA, USA) 
were used in the present study.

Statistical analysis

Statistical analysis was performed using Perseus software 
(Max Planck Institute of Biochemistry). iBAQ values of 
six subgroups (MH, MH-PM, ERM, MRS-PM, RRD and 
RRD-PM) calculated with MaxQuant were used to compare 
the signal intensity between PM patients and controls. 
Student’s t-test (two-tailed) was performed to compare the 
age, sex, SRE, AL, cataract grade, and signal intensity of 
differentially expressed proteins between PM patients and 
controls. One-way analysis of variance (two-tailed) was 
applied to compare the SRE, AL and protein concentrations 
among groups with different AL ranges. A value of P<0.05 
was considered statistically significant. 

Results

Characteristics of patients

A total of 132 VH samples were collected from 132 patients: 
22 from MH patients, 22 from MH + PM patients, 22 from 
MRS-PM patients and 22 from ERM patients, 22 from 
RRD patients, 22 from RRD + PM patients. The patients’ 
characteristics are shown in Tables 1,2 and supplementary 
Table 1 (available online: http://cdn.amegroups.cn/static/
application/e85cdd6984f2a1ca489da4f39f345520/10.21037a
tm.2020.01.63-1.pdf). 

Differentially expressed proteins in the eyes with and 
without PM

In PM patients (MH-PM, MRS-PM, and RRD-PM), the 
expression of prostaglandin-H2 D-isomerase (PGDS) 
and glutathione peroxidase 3 (GPX3) was significantly 
lower than in controls (MH, ERM, and RRD). Both 
PGDS and GPX3 are responsible for the scavenging of 
reactive oxygen species (ROS) (17). The expression of 
interphotoreceptor matrix proteoglycan 1, a component 
of basic macromolecular scaffold for the insoluble 
interphotoreceptor matrix, reduced in the PM patients (18).  
Versican core protein, a protein related to intercellular 
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Table 1 Characteristics of patients included in our study

Variables PM Non-PM P*

VH samples, n 66 66 –

Diagnosis (n) MH (n=22), RRD (n=22), MRS (n=22) MH (n=22), RRD (n=22), ERM (n=22) –

Gender (M/F) 28/38 18/48 0.06

Ages (years) 54.0±11.5 62.7±7.4 <0.001

SRE (D) −13.0±4.8 −0.4±1.1 <0.001

AL (mm) 29.79±2.00 23.51±1.00 <0.001

Cataract grade 9.7±3.1 9.9±1.8 0.695

Data are expressed as the number of patients, number (%) of patients, or mean (range). *, t-test. PM, pathological myopia; VH, vitreous 
humor; MH, macular hole; RRD, rhegmatogenous retinal detachment; MRS, myopic retinoschisis; ERM, epiretinal membrane; SRE, 
spherical equivalent refractive error; D, diopters; AL, axial length.

Table 2 Characteristics of PM patients based on fundus examination and ultrasonographic findings

Characteristics MH-PM (n=22) MRS-PM (n=22) RRD-PM (n=22)

Age (year), mean (SD) 57.7 (9.1) 58.6 (9.7) 45.7 (11.1)

Gender (M/F) 4/18 8/14 6/16

SRE (D), mean (SD) −14.0 (4.3) −14.1 (4.2) −10.8 (5.3)

AL (mm), mean (SD) 30.4 (1.7) 30.2 (1.9) 28.7 (1.9)

Grades of myopic degeneration* 

Category 0 0 eyes (0%) 0 eyes (0%) 0 eyes (0%)

Category 1 9 eyes (40.9%) 7 eyes (31.8%) 16 eyes (72.7%)

Category 2 6 eyes (27.3%) 5 eyes (22.7%) 5 eyes (22.7%)

Category 3 5 eyes (22.7%) 4 eyes (18.2%) 1 eye (4.5%)

Category 4 2 eyes (9.1%) 6 eyes (27.3%) 0 eyes (0%)

Posterior staphyloma 22 eyes (100%) 22 eyes (100%) 22 eyes (100%)

*, grade of myopic degeneration: 0, no macular lesions; 1, tessellated fundus; 2, diffuse chorioretinal atrophy; 3, patchy chorioretinal 
atrophy; 4, macular atrophy. PM, pathological myopia; MH-PM, macular hole with pathological myopia; MRS-PM, myopic retinoschisis 
with pathological myopia; RRD-PM, rhegmatogenous retinal detachment with pathological myopia; SD, standard deviation; SRE, spherical 
equivalent refractive error; D, diopters; AL, axial length.

signaling process and cells connecting to the extracellular 
matrix, decreased in the PM patients [supplementary Table 2  
(available online: http://cdn.amegroups.cn/static/applic
ation/725d40393af83b66d6a7195f7728193b/10.21037a
tm.2020.01.63-2.pdf), Figure 1A,B,C,D]. Volcano plots 
were constructed to determine the fold change in the 
expression of each protein [X-axis = log2 (fold change: PM 
patients/controls), Y-axis = −log10 (P value)] (Figure 2A).  
Hierarchical clustering analysis was done for the 13 
differentially expressed proteins as shown in Figure 2B.

Confirmation of selected differentially expressed proteins

The patients were divided into three groups according to 
their AL and SER: nonmyopic patients with AL <26.5 mm,  
myopic patients with AL ≥26.5 mm but <29.0 mm, 
and myopic patients with AL ≥29.0 mm [detailed in 
supplementary Table 3 (available online: http://cdn.
amegroups.cn/static/application/f3be356d506aa195e60
c46a9cc81fcf1/10.21037atm.2020.01.63-3.pdf)]. ELISA 
was employed to confirm the expression of selected 
differentially expressed proteins. Eighteen VH samples 
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Figure 1 Comparison of PM patients and controls. (A) Signal intensity of prostaglandin-H2 d-isomerase; (B) signal intensity of glutathione 
peroxidase 3; (C) signal intensity of interphotoreceptor matrix proteoglycan 1; (D) signal intensity of versican core protein; Signal intensities 
were determined by label-free quantitative proteomics analysis. Student’s t-test was used to compare the signal intensities of differentially 
expressed proteins between 2 groups. PM, pathological myopia.

randomly selected from each subgroup were used to detect 
the vitreous PGDS concentration. Unfortunately, most of 
samples had run out, and thus, the concentrations of GPX3 
and NRF-2 were detected in the remaining VH samples. 
ELISA results are shown in Table 3 and supplementary 
Table 3 (available online: http://cdn.amegroups.cn/static/
application/f3be356d506aa195e60c46a9cc81fcf1/10.21
037atm.2020.01.63-3.pdf). The vitreous concentrations 
of PGDS and GPX3 were higher in patients with AL 
of 26.5–29.0 mm than in those with AL >29.0 mm  
or AL <26.5 mm. NRF-2, and they were the lowest in 
patients with AL >29.0 mm. 

Discussion

A recent study shows a remarkable increase in the 
prevalence of high and very high myopia among high 
school students in China (19). With the help of glasses or 
contact lenses as well as corneal or intraocular surgery, the 
optical defect of myopia can be compensated. However, 
no strategies have been developed to effectively prevent 
and treat the impaired vision caused by PM. Currently, 
the factors related to the occurrence and development of 
myopia are still unknown. The lack of an animal model 
that accurately simulates human pathological myopic 
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Figure 2 Differentially expressed proteins in the VH of PM patients and controls (label free quantitative proteomics analysis). (A) Volcano 
plot represents the differentially expressed protein. The −log10 (P value) is plotted against the difference of the means of two groups (PM 
and controls). Dots above the non-axial horizontal line are significantly differentially expressed proteins. Thirteen proteins were found to 
be significantly (P<0.002) downregulated in the PM samples (green plots), while none was upregulated (red plots), and the proteins with 
unchanged expression were marked with dark dots. (B) Hierarchical clustering analysis of 13 differentially expressed proteins between 
PM patients and controls. Protein names are listed on the right, group names are indicated at the top while the subgroups are listed at the 
bottom. The color key on the left of the heatmap indicates the expression level (red = up-regulation, blue = downregulation). VH, vitreous 
humor; PM, pathological myopia; ERM, epiretinal membrane; MH, macular hole; RRD, rhegmatogenous retinal detachment; MRS, myopic 
retinoschisis.

Table 3 Expression of PGDS, GPX3 and Nrf-2 in the VH (ELISA)

Variables High PM group PM group Control group P*

Spherical equivalent refractive error (D) −13.5 (−20.5 to −6.5) −10.8 (−30 to 0) −1.1 (−3.25 to 0) <0.001

Axial length (mm) 31.1 (1.2) 27.6 (0.9) 23.7 (1.0) <0.001

PGDS (ng/mL) 2,071.6 (326.6) 2,702.4 (704.4) 2,179.2 (271.6) 0.001

GPX3 (ng/mL) 2,659.3 (1,277.5) 5,372.4 (1,694) 4,209.1 (1,819.8) 0.007

Nrf-2 (pg/mL) 39.0 (11.0) 41.8 (9.9) 53. 7 (14.1) 0.04

Refractive diopter is expressed as the mean (range) and the remaining data are expressed as the mean (standard deviation). *, one-
way analysis of variance. Control group, patients with axial length <26.5 mm; PM group, PM patients with 26.5 mm < axial length < 
29.0 mm; high PM Group, PM patients with axial length >29.0 mm; VH, vitreous humor; PM, pathological myopia; PGDS, prostaglandin-H2 
D-isomerase; GPX3, glutathione peroxidase 3; Nrf-2, nuclear factor erythroid 2-related factor. 
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retinopathy and the difficulties in obtaining human retinal 
specimens with various pathological changes significantly 
limit the investigation of pathogenic mechanisms underlying 
the pathogenesis PM. The changes in the VH may reflect 
the microenvironment changes in case of retinopathy. 
Therefore, label-free quantitative proteomics was employed 
to analyze the differentially expressed proteins in the VH of 
patients with and without PM. 

The downregulation of interphotoreceptor matrix 
proteoglycan 1 in PM patients suggests the vitreous 
structural change in the PM. PGDS, which catalyzes 
the production prostaglandin D2 (PGD2), is involved 
in  t ransport ing  the  l ipophi l ic  substances  in  the 
interphotoreceptor matrix, modulating the immune 
and inflammatory responses and inducing apoptosis and 
neuroprotection (20-23). There is evidence showing that 
retinopathy may influence the vitreous concentration of 
L-PGDS, and the L-PGDS expression has been found 
to increase in the human subretinal fluid during retinal 
detachment and in the VH during proliferative diabetic 
retinopathy (24-26). Furthermore, in vitro experiments 
have indicated that L-PGDS can potentially prevent the 
oxidative stress and apoptosis-related neurodegenerative 
diseases (27). The label-free proteomics and ELISA in 
the present study indicated that PGDS was differentially 
expressed in the VH of patients with different ALs (Table 3).  
Because RPE is the main source of intraocular PGDS, we 
speculate that the increased PGDS in patients with mild 
global extension (when the RPE functions normally) may 
exert protective effects by attenuating intraocular oxidative 
stress and inhibiting neuronal apoptosis; when the atrophy 
of the RPE reaches a threshold, the synthesis of PGDS 
decreases.

The ELISA showed that NRF-2 decreased as AL 
increased (Table 3). NRF-2, a major anti-oxidative protein, is 
involved in the pathogenesis of many diseases and provides 
a mechanism for cellular autonomic protection (28).  
It has been shown the pivotal role of NRF-2 in reducing 
inflammation and promoting PGDS expression, because 
the positive feedback by which PGD2 induces L-PGDS 
expression is the key mechanism by which NRF-2 regulates 
inflammation (29,30). We hypothesize that the decrease 
in the expression of PGDS and NRF-2 may be one of 
molecular mechanisms underlying the pathogenesis of 
pathological retinopathy.

As a member of the glutathione peroxidase family, GPX3 
catalyzes the reduction of organic hydroperoxides and 
hydrogen peroxide (H2O2) to protect cells from oxidative 

damage (17,31). The change in the GPX3 expression in case 
of PM is similar to that of PGDS: it increased in patients 
with mild global extension (26.5< AL <29.0 mm), but 
decreased in those with AL >29.0 mm. 

Conclusions

The expression of L-PGDS, NRF-1 and GXP3, all of 
which have strong antioxidative capability, decreases in 
the patients who have fundus chorioretinal degeneration 
with AL longer than 29.0 mm. The downregulation of 
PGDS, GPX3 and NRF-2 in patients with AL >29.0 mm 
may represent the severe oxidative stress. Our findings 
suggest that the oxidation/anti-oxidation imbalance is an 
important mechanism underlying the pathogenesis of PM-
related retinopathy. Our study provides new insights into 
understanding the molecular changes in the pathogenesis of 
PM and new targets for the therapy of PM. 

However, there were still limitations in the present study. 
The sample size was small, and only 132 vitreous samples 
were collected. Furthermore, the volume of each vitreous 
sample was too small to confirm the concentrations of all 
the differentially expressed proteins. Moreover, further 
investigation is needed to investigate the causal relationship 
between these differentially expression proteins in the VH 
and PM/PM-associated chorioretinal pathology. 
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