
Epiretinal membranes (ERMs) involving the macular or 
perimacular regions can cause a reduction in vision, meta-
morphopsia, micropsia, or occasionally monocular diplopia. 
The incidence of ERMs increases with age and may approach 
20% of the total population by age 70 [1]. The presence of 
ERMs has been associated with various clinical conditions, 
including proliferative diabetic retinopathy (PDR) [2]. The 
prevalence of ERMs in PDR was reported to be 20% in type 
1 diabetes and 5% in type 2 diabetes [3,4]. Histopathological 
studies showed that ERMs were composed of various cell 
types such as glial cells, fibroblasts, and endothelial cells 
[1,5,6,7], but the pathogenic mechanisms are still unknown. 
However, different peptide factors, including cytokines and 
growth factors, have been detected in ERMs and vitreous 
fluid, coincident with ocular diseases such as PDR [5-9]. 
Because some peptide factors are soluble mediators of 

angiogenesis, diabetic neovascularization might be caused 
or aggravated by these factors [8].

In recent years, apelin signaling has been identified as 
an important contributor to angiogenesis [10-20]. Apelin 
is crucial for embryonic vascular development [10-12] and 
for the postnatal formation of retinal vessels [13-16]. Apelin 
promotes angiogenesis in vitro and vivo [16-20] and stimu-
lates endothelial cell proliferation, migration, and tube forma-
tion in vitro [15,17,18]. The expression of apelin was upregu-
lated during tumor neovascularization, and overexpression 
was reported to increase in vivo tumor growth [11,19,20]. 
Consequently, apelin signaling could represent an interesting 
new therapeutic target during pathological neovascularization 
[21-24]. Since apelin has been recognized in previous find-
ings as a factor contributing to angiogenesis, and its role has 
not been examined in PDR, in the present study we examined 
the expression of apelin and related factors in ERMs obtained 
from patients with PDR.
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Purpose: Formation of epiretinal membranes (ERMs) in the posterior fundus results in visual impairment. ERMs have 
been associated with numerous clinical conditions, including proliferative diabetic retinopathy (PDR), a neovascular 
disease. Apelin has been identified as a novel angiogenesis contributor. The aim of this study was to investigate the 
correlation between apelin and ERMs after PDR.
Methods: ERM samples were obtained by vitrectomy from 12 subjects with PDR (aged 57±6 years; duration of diabetes 
16±7 years), and 12 subjects with idiopathic ERM (aged 68±5 years). The samples were processed for immunohisto-
chemistry and reverse transcription–PCR (RT–PCR). We also analyzed samples from patients with PDR who received 
an intravitreal injection of bevacizumab (IVB) before vitrectomy.
Results: The mRNA expression of apelin was significantly higher in the PDR ERMs than in the idiopathic ERMs. Ac-
cordingly, immunohistochemical analysis revealed strong expression of apelin in all eight PDR ERMs without IVB, and 
was double-labeled with glial fibrillary acidic protein antibody (GFAP), platelet endothelial cell adhesion molecule-1 
(CD31), cytokeratin (CK) and vascular endothelial growth factor (VEGF) but not with fibronectin. They were mainly 
located in the adventitia. In contrast, the expression of apelin was lower in the PDR ERMs after IVB and the idiopathic 
ERMs.
Conclusions: The results showed that apelin was involved in the formation of ERMs and promoted the formation of 
adventitia, including glial, endothelial, and RPE cells. Bevacizumab blocked the expression of apelin and regressed 
gliosis and angiogenesis.
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METHODS

This study adhered to the tenets of the Declaration of 
Helsinki (human subjects) and to the ARVO Statement on 
human subject research. We received institutional approval 
from the review committee of the People’s Hospital affili-
ated with Peking University. Informed consent was obtained 
from each patient to collect samples. Inclusion criteria 
included (1) younger than 70 years old, (2) absence of renal 
or hematological diseases or uremia, (3) no administration 
of chemotherapy or life-support measures, and (4) the fewest 
possible chronic pathologies other than diabetes. Exclusion 
criteria included (1) systematic or ocular historical treatment 
with anti-VEGF therapy, (2) previous ocular surgery, (3) a 
history of tumor, and (4) a history of other neovascular ocular 
diseases. The ERMs were surgically removed from consecu-
tive eyes with secondary PDR and idiopathic ERMs as the 
control subjects, who underwent pars plana vitrectomy and 
membrane peeling. Samples derived from 12 patients with 
PDR (aged 57±6 years, duration of diabetes 16±7 years) and 
12 patients with idiopathic ERM (aged 68±5 years) were 
processed for reverse transcription (RT)–PCR and immuno-
fluorescence staining.

In addition, according to the previous treatment in the 
reported articles [25-29] and our experience [30,31], 1.25 
mg/0.05 ml of bevacizumab (Avastin; Genentech, South San 
Francisco, CA) was injected into the vitreous cavity in eight 
samples (aged 51±8 years, duration of diabetes 14±7 years) 
from patients with PDR as preoperative adjunctive therapy 
7 days before vitrectomy. A topical antibiotic was prescribed 
3 days before the bevacizumab injection. Anesthetic drops 
were instilled followed by standard surgical preparation with 
0.5% povidone-iodine solution and insertion of a sterile lid 
speculum. Bevacizumab was injected with a sharp 30-gauge 
needle through pars plana 4.0 mm from the limbus supertem-
porally or supernasally. All eyes were examined 1 day after 
injection particularly for the anterior chamber and posterior 
segment reaction. Topical antibiotic was prescribed to use for 
7 days after IVB.

RNA extraction and amplification with reverse transcrip-
tion–PCR: Total cellular RNA was prepared using an extrac-
tion reagent (TRIzol; Invitrogen), and 2 μg of retina RNA 
was converted into cDNA in a total reaction volume of 25 µl, 
containing 1 µg Oligo (dT), 5µl M-MLV 5× reaction buffer, 
1.25 µl dNTP, 25 units Recombinant RNasin Ribonuclease 
Inhibitor, and 200 units M-MLV reverse transcriptase. The 
mixture was incubated for 60 min at 42 °C and terminated by 
heating at 95 °C for 5 min. RT–PCR analysis was performed, 
as previously described [32]. A volume of 1 μl of each cDNA 
product from the reverse transcription procedure was used 

as the template for PCR amplification in a reaction mixture 
containing PCR buffer (10 mmol/l Tris-HCl, pH 8.3, 50 
mmol/l KCl, 1.5 mmol/l MgCl), 0.2 mmol/l dNTPs, a 0.2 
mmol/l set of oligonucleotide primers, and 2.5 units Taq 
DNA polymerase in a final volume of 50μl. cDNA reverse-
transcribed from total RNA was amplified by using primers 
specific for human apelin (sense, 5′-CAC CTC GCA CCT 
GCT GTA-3′; anti-sense, 5′-GAA CGG GAA TCA TCC 
AAA C-3′; 119 bp) and human GAPDH (sense, 5′-TTG ACG 
CTG GGG CTG GCA TT-3′; anti-sense, 5′-TGG AGG CCA 
TGT GGG CCA TGA-3′; 117 bp). PCR was performed after 
initial denaturation at 95 °C for 3 min. Each cycle consisted 
of a heat-denaturation step at 95 °C for 20 s, annealing of 
primers at either 63 °C (apelin and GAPDH) for 15s, and 
then polymerization at 72 °C for 15 s. Negative controls for 
PCR were performed using “templates” derived from RT 
reactions lacking either reverse transcriptase or total RNA. 
After 35 cycles, 15 μl of each reaction mixture were electro-
phoresed on a 10% Tris-borate-EDTA agarose gel and stained 
with ethidium bromide. Results of mRNA were quantified 
indirectly using Glyko BandScan (ProZyme, version 5.0, San 
Leandro, CA) to analyze the grayscale image.

Hematoxylin and eosin staining and immunofluorescence 
staining: These samples were embedded in optimum cutting 
temperature compound (Miles Laboratories, Naperville, 
IL), f lash-frozen in liquid nitrogen, and then stored at 
−80 °C. Routine hematoxylin and eosin (H&E) staining 
was performed and examined with light microscopy. Frozen 
sections (6 µm thick) were cut with a cryostat, mounted 
on 3-aminopropyltriethoxysilane-coated glass slides, and 
air-dried overnight at room temperature. The sections were 
fixed sequentially with 4% paraformaldehyde /4% sucrose 
in PBS (1X; 137 mM NaCl, 2.7 mM KCl, 4.3 mM NaH2PO4, 
1.47 mM KH2PO4, pH 7.4; 20 min), washed (3×, PBS), 100% 
methanol (10 min), and 0.2% Triton-X100 (10 min). Blocking 
was performed with 10% goat serum/PBS (1 h, 23 °C) to 
block nonspecific staining. Primary antibodies were diluted 
into 10% goat serum/PBS and incubated overnight at 4 °C. 
The following antibody was used: rabbit polyclonal anti-
apelin antibody (1:200, No. ab59469; Abcam, Cambridge, 
MA). For double-labeling immunofluorescence studies, the 
antibodies were then incubated with a monoclonal mouse 
antiglial fibrillary acidic protein antibody (GFAP; 1:150 
dilution; Zhongshan Goldenbridge Biotechnology, Beijing, 
China), a monoclonal mouse anti-PECAM-1 (platelet endo-
thelial cell adhesion molecule-1, CD31) antibody (1:150 
dilution; Zhongshan Goldenbridge Biotechnology), a mono-
clonal mouse anti-cytokeratin (CK) antibody (1:150 dilution; 
Zhongshan Goldenbridge Biotechnology), a monoclonal 
mouse anti-fibronectin (FN) antibody (extracellular matrix, 
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ECM), (1:150 dilution; Zhongshan Goldenbridge Biotech-
nology), and a monoclonal mouse anti-VEGF antibody (1:100; 
No. sc-7269; Santa Cruz, CA). After blocking, the sections 
were washed (3×, PBS) and then incubated with secondary 
antibodies diluted in 20% FBS, 10% goat serum, and PBS, 
respectively (1 h, 37 °C). Secondary antibodies used fluores-
cein isothiocyanate–conjugated goat anti-mouse-tetramethyl 
rhodamine isothiocyanate (1:200; No. ZF-0312; Zhongshan 
Goldenbridge Biotechnology) and cyanogen (CY) 3-conju-
gated goat anti-rabbit-fluorescein isothiocyanate (1:200 dilu-
tion; No. BA1032, Sigma, Carlsbad, CA). The samples were 
counterstained with 4’, 6-diamidino-2-phenylindole (DAPI; 
1:1,000; No. D9542, Sigma) and then covered with a non-
fluorescent sealant. Immunofluorescence was viewed using 
a fluorescence microscope (DS-Ri1-U2, Nikon, Japan) and 
images acquired using a DS-U2u camera with NIS-Elements 
Imaging Software.

Statistical analysis: The results were expressed as the 
means±standard error of the mean (SEM), except as noted. 
The χ2 test was used to test for significance of the difference 
between genders in the PDR group and the idiopathic group. 
Differences between the PDR group and the idiopathic group 
were estimated with the nonparametric Mann–Whitney rank-
sum test and the Student t test when appropriate. The statis-
tical analysis was performed using a commercially available 
statistical software package (SPSS for Windows, version 
17.0, SPSS, Chicago, IL). p<0.05 was considered statistically 
significant. Experiments were performed at least three times.

RESULTS

Samples derived from 12 patients with PDR ERMs (four 
women, aged 57±6 years, duration of diabetes 16±7 years) 
and 12 patients with idiopathic ERM (six women, aged 68±5 
years) were processed for RT–PCR and immunofluorescence 
staining. Age and gender did not vary significantly between 
the PDR group and the idiopathic group (p>0.05, p>0.05). In 
addition, 1.25 mg/0.05 ml of bevacizumab was injected into 
the vitreous cavity as preoperative adjunctive therapy 7 days 
before vitrectomy in eight samples (aged 51±8 years, duration 
of diabetes 14±7 years) of the PDR group.

Expression of apelin in ERMs was examined with 
RT–PCR analysis (Figure 1). mRNA encodings were highly 
expressed as apelin in patients with PDR. The expression of 
apelin was detected in 12 of 12 (100%) patients with PDR, 
but in only four of 12 (33%) control subjects (p<0.001; Figure 
1). Semi-quantitative analysis was performed based on the 
gray scale ratio, which revealed that apelin in the PDR group 
was 7.81±0.54 versus 0.42±0.30 in the idiopathic group, 
and showed statistically difference between the two groups 
(t=4.338, p<0.001).

Histopathological examinations: The ERMs from patients 
with PDR were composed of densely cellular tissue (Figure 
2A) or highly vascularized tissue (Figure 2B) and consisted of 
cellular components, such as retinal pigment epithelial cells, 
glial cells, fibroblasts, myofibroblasts, endothelial cells, and 
other cells. The specimens from control subjects showed 
the crimped nature of the collagen fibers and the sparse 
cellular components (Figure 2C).

Figure 1. RT–PCR analysis of 
apelin in proliferative diabetic 
ret inopathy (PDR) epiretinal 
membranes (ERMs) and idiopathic 
epiretinal membranes. Lanes 1–12 
are samples from the PDR group, 
and lanes 13–24 are samples from 
the idiopathic group. Results 
were quantified indirectly using 
BandScan to analyze the grayscale 
image. Semi-quantitative analysis 
was performed based on the gray 
scale ratio, which revealed that the 

apelin in the PDR ERMs group was 7.81±0.54 versus 0.42±0.30 in idiopathic ERMs group, and showed statistically difference between the 
two groups (t=4.338, P<0.001).
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Immunofluorescence staining in epiretinal membranes: 
Immunohistochemical analysis was performed to identify the 
apelin protein expression in the PDR ERMs and idiopathic 
ERMs (Figure 3, Figure 4). Strong staining of apelin was 
detected in the specimens of all fibrovascular membranes 
from patients with PDR (Figure 3A,D,G, and Figure 4A). 
No apelin was detected in the idiopathic ERMs (Figure 4D) 
and weak staining of apelin in the membranes from patients 
with PDR after intravitreal injection of bevacizumab (Figure 
4G); meanwhile, we also found large-caliber vessels and 
fibroglial tissue in ERMs regressed after intravitreal injection 
of bevacizumab. In addition, we examined whether apelin is 

coexpressed with the glial cell-specific marker GFAP. The 
ERMs after PDR contained a large area composed of glial 
cells (Figure 4B), and many cells in that area were labeled 
with anti-GFAP and antiapelin (Figure 4C). Similar results 
were obtained in experiments with vascular endothelial 
marker CD31 (Figure 3F), RPE cell maker cytokeratin (CK; 
Figure 3C), and VEGF (Figure 3I), but anti-fibronectin did 
not label sites reactive with antiapelin. The antibodies were 
not expressed in these tissues. No immunostaining was 
observed in the negative controls, which were performed by 
substituting the primary antiserum with PBS (Figure 5).

Figure 2. Histopathologic findings 
in fibrovascular membranes of 
proliferative diabetic retinopathy 
(PDR; A, B) and in idiopathic 
epiretinal membranes (ERMs; C). 
A: H&E staining shows densely 
cellular tissue in ERMs from PDR 
patients (arrow). B: H&E staining 
shows highly vascularized tissue 

and large-calibre vessels and gliosis in ERMs from patients with PDR (arrow). C: H&E staining shows sparse cellular tissue in idiopathic 
ERMs derived from the control subjects.

Figure 3. Immunof luorescence 
staining for apelin, cytokeratin 
(CK), platelet endothelial cell 
adhesion molecule-1 (CD31), and 
vascular endothelial growth factor 
(VEGF) in proliferative diabetic 
retinopathy (PDR) epiretinal 
membranes. Cryosections were 
double-probed with antibodies 
against apelin (A, D, G) and (B) 
CK, (E) CD31, and (H) VEGF and 
detected using fluorochrome-conju-
gated secondary antibodies. Nuclei 
were labeled using 4’, 6-diamidino-
2-phenylindole (DAPI). Merged 
images (C, F, I) contain three colour 
channels representing apelin (red), 
CK, CD31, and VEGF (green), and 
DAPI (blue). The arrow in C, F, I 
showed apelin was co-expressed 
with CK, CD31, and VEGF in in 
ERMs from patients with PDR, 
respectively. Scale bar represents 
50 μm.
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We also found adventitia in the PDR ERMs, which 
were consistent with other experiments previously reported. 
Many cell components that highly expressed apelin closely 
surrounded the newly formed vessels in the ERMs from 
patients with PDR (Figure 3F). Furthermore, we detected 
several related factors with dual-color immunofluorescence 
staining in these specimens. Our results showed that many 
cell types surround the new vessels, such as retinal pigment 
epithelial cells (Figure 3C), glial cells (Figure 4C), fibroblasts, 

and myofibroblasts. Furthermore, ECM with the cell types 
participated in constituting adventitia (Figure 6). All cells 
and ECM protein closely surround new vessels to form a 
microenvironment in which cells secrete growth factors or 
cytokines that promoted vascular formation, such as VEGF 
in ERMs from patients with PDR.

Figure 4. Indirect immunof luo-
rescence evaluation of apelin and 
glial f ibrillary acidic protein 
distribution in human epiretinal 
membranes (ERMs) derived from 
patients with proliferative diabetic 
retinopathy (PDR; A, B, C). Apelin 
and glial fibrillary acidic protein 
(GFAP) distribution in idiopathic 
epiretinal membranes (ERMs) 
from the control subjects (D, E, 
F). ERMs from patients with 
proliferative diabetic retinopathy 
(PDR) after intravitreal injection 
of bevacizumab (G, H, I). Cryo-
sections were double-probed with 
antibodies against apelin (A, D, G), 
GFAP (B), and GFAP (E, H), and 
were detected with fluorochrome-
conjugated secondary antibodies. 
Nuclei were detected using 4’, 
6 - d ia m id i no -2-phenyl i ndole 
(DAPI) (C, F, I). The arrow in C 
showed apelin was co-expressed 
with GFAP. The arrow in F and I 

showed apelin was not expressed in idiopathic ERMs and ERMs from PDR patients after intravitreal injection of bevacizumab, respectively. 
Scale bar represents 100 μm.

Figure 5. Fluorescence immu-
nostaining of human epiretinal 
membranes (ERMs) in negative 
controls. No immunostaining 
was observed in negative controls 
(arrow), which were performed by 
substituting the primary antiserum 
with phosphate buffered saline. 

Secondary antibodies were used cyanogen (CY) 3-conjugated goat anti-rabbit-fluorescein isothiocyanate (A) and FITC-conjugated goat 
anti-mouse-tetramethyl rhodamine isothiocyanate (B). Nuclei were detected using DAPI. Merged images (C), DAPI (blue). Scale bar 
represents 100 μm.
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DISCUSSION

The results of the present study showed that the expression 
of apelin mRNA was significantly higher in the PDR ERMs 
than in the idiopathic ERMs. In addition, the expression of 
apelin was strongly positive in ERMs from PDR and coex-
pressed with glial cell-specific markers, vascular endothelial 
cells markers, and RPE cell markers but not with FN. Recent 
findings showed that apelin was implicated in glial and vessel 
differentiation [14-20] and the expression of apelin was higher 
in the vascular system, particularly in vascular endothelial 
cells [18,21], and upregulated at the leading edge of vessel 
formation [13]. Furthermore, a recent report showed the 
angiogenic activity of apelin in Matrigel experiments, which 
indicated apelin was a novel angiogenic factor in retinal endo-
thelial cells [15]. Moreover, in our study, the coexpression 
of apelin and VEGF in ERMs from PDR suggested that two 
factors may work together synergistically in angiogenesis 
and gliosis. From the positive staining of apelin in the endo-
thelial cells, glial cells, and RPE cells, we might infer that 
the increased apelin was due to local production of apelin, 
presumably as an autocrine function of the retinal cells.

Recent evidence showed that diabetic retinopathy also 
affects the glial and neural cells of the retina [33,34]. Retinal 
glial cells might be associated with retinal dysfunctions such 
as PDR and DR [35-37]. Reactive changes in glial cells such 
as an upregulation of GFAP occur early during the course of 
the disease and precede the onset of overt vascular changes 
[38,39]. Müller cells are an important constituent of the 
fibroproliferative tissue formed during PDR [40] and produce 
growth factors, which activate vascular endothelial cells 
[41-43]. The occurrence of ERMs in PDR may contribute to 
the upregulation of growth factors secondary to the changes 
in Müller cell function [44,45]. Our study showed that apelin 
was colocalized with GFAP in ERMs from patients with PDR 
other than the control subjects. We believe our results indi-
cate that the formation of a mixed cellular microenvironment 

around the new vessels by glial cell proliferation is a conse-
quence of elevated apelin expression.

In our study, we also confirmed adventitia in the ERMs 
of PDR. Adventitia plays an important role in the neural 
network, endocrine system, metabolism, immune regula-
tion, damage repair, and regeneration of tissue. Adventitia 
participates not only in vascular oxidative stress, inflam-
mation, vascular remodeling, and homeostasis, but also as 
“initiating factors” in various vascular diseases [46-48]. 
Adventitia plays an important role in vascular biology, and 
can differentiate into endothelial cells, smooth muscle cells, 
and mesangial cells, participate in repairing vascular injury, 
and cause neointimal lesions [49,50]. Our studies showed that 
many cell types closely surrounded the new vessels, such as 
retinal pigment epithelial cells, glial cells, fibroblasts, myofi-
broblasts, and ECM, and these components highly expressed 
apelin. These phenomena implied a local microenvironment 
around new vessels, in which cells secrete angiogenic factors 
or cytokines, such as apelin, VEGF, promoting vascular 
formation and stimulating the vascular components released 
by angiogenic factors. Kidoya et al. [20] found that apelin 
upregulated the expression of adhesion molecules and 
promoted cell aggregation, and this function was not depen-
dent on cell expansion. Thus, we presumed that the formation 
of a microenvironment around a new vessel might be caused 
by the ability of apelin.

The mechanism of ERM formation in PDR is still 
unknown, but the first step is thought to be neovasculariza-
tion. In this process, many angiogenic factors play an impor-
tant role [5,7-9,51]. Previous studies have reported that apelin 
and VEGF have positive synergistic effects, where increased 
expression of one can contribute to the expression of the other 
[52]. In previous research, we found that apelin, GFAP, and 
VEGF mRNA and protein levels were significantly increased 
in the retinas of diabetic rats [53]. Moreover, apelin induced 
GFAP and VEGF expression. F13A, a specific antagonist of 
apelin, suppressed GFAP and VEGF expression in vivo. It is 

Figure 6. Indirect immunof luo-
rescence evaluation of apelin and 
fibronectin distribution in human 
epiretinal membranes (ERMs) 
derived from patients with prolif-
erative diabetic retinopathy (PDR). 
Cryosections were double-probed 
with antibodies against (A) apelin 

and (B) fibronectin. Nuclei were detected using 4’, 6-diamidino-2-phenylindole (DAPI). C: Merged images contain three color channels 
representing apelin (red), fibronectin (green), and DAPI (blue). The arrow showed apelin was not co-expressed with fibronectin in ERMs 
from PDR patients. Scale bar represents 100 μm.
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consistent with studies that showed knockout apelin or the 
APJ gene can inhibit hypoxia-induced cell proliferation; this 
inhibition is not dependent on the VEGF signaling pathway 
[54]. We also detected plasma and vitreous concentrations 
of apelin with and without IVB in patients with PDR [30]. 
No significant differences were found in vitreous or plasma 
apelin concentrations between the two groups. The results 
suggest that apelin may not be directly regulated by VEGF. In 
this study, we found that bevacizumab decreased the expres-
sion of apelin and induced vascular and gliosis regression. 
Our team also recently reported that apelin is suppressed by 
bevacizumab in central retinal vein occlusion [55]. There-
fore, based on the present findings, it is hard to say by which 
specific mechanism apelin and VEGF interacted. It seems 
reasonable to assume that apelin and VEGF may be mutually 
promoted during the development of DR.

In our experiment, the mRNA expression of apelin was 
detected in the 12 samples (100%) of the PDR group and in 
four samples (33%) of the idiopathic ERM group. Although 
a statistically significant difference (p<0.001) was observed 
between these two groups, the PCR results were not consis-
tent with the immunofluorescence staining results, which 
showed negative staining of apelin in the idiopathic ERM 
group derived from the control subjects and no staining in the 
negative controls. Negative immunocytochemistry controls 
used PBS to replace the primary antibody. It could exclude 
the non-specific staining of the tissues by the second stage 
reagents, but it could not eliminate the possibility that the 
primary antibody was bound by non-specific means. Since 
the tissues from the PDR patient samples varied in their 
affinity for non-specific antibodies, a proper control would 
be to replace the primary antibody with a preimmune rabbit 
or mouse immunoglobulin. The non-specific staining in the 
first-stage antibodies could influence the immunofluores-
cence staining results.

It has been reported that apelin plays a role in central 
and peripheral cardiovascular regulation in conscious rats 
[56]. Apelin lowers blood pressure via a nitric oxide (NO)-
dependent mechanism, and the effect of apelin on blood pres-
sure was abolished in the presence of a NO synthase inhibitor 
[57]. Many researchers indicated that NO, increased by NO 
synthase (NOS), played an important role in angiogenesis, 
which mediated endothelial cell survival, proliferation, 
migration, and interaction with the extracellular matrix 
[58,59]. Endothelial nitric oxide synthase (eNOS) is a key 
enzyme that induces endothelial cells to produce NO, which 
is regulated by the phosphatidylinositol 3-kinase/protein 
kinase B (PI3K/Akt) signal pathway, which stimulates angio-
genesis [60,61]. Recently, our research team found that apelin 

promoted proliferation, migration, and collagen I expression 
through the PI3K/Akt signaling pathways in RPE cells [62]. 
Therefore, NO may be downstream of apelin, and regulated 
via the PI3K/Akt signaling pathways.

In summary, we found high mRNA expression of apelin 
in ERMs after PDR. Moreover, immunofluorescence revealed 
the presence of apelin in the vascular and glial component 
of ERMs. In addition, intravitreal bevacizumab injections 
significantly reduced the expression of apelin and regressed 
vessels and fibroglial tissue in ERMs after PDR. Our results 
showed that apelin was involved in the formation of adventitia 
and promoted cell proliferation and angiogenesis of ERMs 
after PDR, and bevacizumab might be useful in preventing 
the development of ERMs after PDR.
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