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Abstract
● AIM: To investigate the content of serum microRNA-126 
(miR-126) and its role in screening retinal endothelial injury 
and early diagnosis of proliferative diabetic retinopathy.
● METHODS: The study included 184 serum samples, 59 
samples from healthy individuals, 44 samples from diabetes 
mellitus (DM) patients without diabetic retinopathy (NDR), 
42 from non-proliferative diabetic retinopathy (NPDR) 
patients and 39 samples from proliferative diabetic 
retinopathy (PDR) patients. The expression of miR-126 was 
evaluated using a real-time quantitative polymerase chain 
reaction.
● RESULTS: The serum content of miR-126 declined as the 
damage degree in the retina. There was significant difference 
between the two retinopathy groups (P<0.001). No 
difference was observed in miR-126 content between 
healthy individuals and NDR patients (P>0.05). Receiver 
operating characteristic curve (ROC) analyses indicated 
that serum miR-126 had significant diagnostic value for 
PDR. It yielded an area under the curve (AUC) of ROC 
of 0.976 with 81.21% sensitivity and 90.34% specificity 
in discriminating PDR from healthy controls, and an 
AUC of ROC of 0.919 with 84.75% sensitivity and 94.41% 
specificity in discriminating NDR and NPDR from healthy 
controls. When the diagnostic threshold was greater than 
or equal to 8.43, there was an increase in the possibility 
of NPDR. When the content of miR-126 was less than or 
equal to 5.02, the possibility of the occurrence of PDR 
increased.
● CONCLUSION: Serum miR-126 can serve as a non-invasive 
biomarker for screening retinal endothelial injury and early 
diagnosis PDR.
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INTRODUCTION

D iabetic retinopathy (DR), one of the most common and 
typical microvascular complication of diabetes mellitus, 

is the major cause of blindness or serious loss of vision in adults 
in China[1-2]. In the early stage of the disease, characterised by 
small intraretinal haemorrhages and microaneurysm formation, 
is clinically referred to as non-proliferative diabetic retinopathy 
(NPDR)[3-4]. Severe retinal ischaemia and abnormal retinal 
angiogenesis can progresse and eventually develop vitreous 
haemorrhage, fibrosis or tractional retinal detachment[5-6]. These 
retinal neovascularization and its proliferation are clinically 
referred to as proliferative diabetic retinopathy (PDR). For 
NPDR, laser treatment has a comparative good visual acuity 
in result[7-9]. As for the treatment of PDR was difficult and its 
prognosis was worse.
Fundus fluorescence angiography (FFA) is the gold standard 
for diagnosing different stages of DR[10]. It is an invasive 
procedure, and causes discomfort to patients, which is hard to 
use in clinical experiences generally. The endothelial injury 
has been considered as one of the causes involved in the 
the initiation and development of DR[11-12]. To diagnose and 
interfere serious degree of endothelial injury resulted in a good 
functional outcome. But it is difficult to carry out FFA in a 
wide range.      
It has been reported that miR-126 provides protecting vascular 
endothelial cell[13-14] and its function in DR. So, we wonder 
there will be different serum content of miR-126 in the varied 
lesions in the different periods of the development of DR. In 
this study, we evaluated whether serum miR-126 could serve 
as a novel biomarker for the diagnosis and prognosis of DR 
patients.
SUBJECTS AND METHODS
Subjects  This study has received the approval from the 
Ethics Committee of the Third Affiliated Hospital of Southern 
Medical University, and all patients had complete clinical 
data information and have signed an informed consent. 
Between January 2014 and June 2015, 125 patients who 
finally diagnosed diabetes (61 males and 64 females; mean 
age: 64.92±15.52y) and 59 healthy controls (33 males and 26 
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females; mean age 65.49±15.04y) were recruited. All subjects 
excluded from myocardial infarction, coronary artery bypass 
surgery, peripheral vascular disease, liver or renal dysfunction, 
and cancer. FFA was made to determine the condition of fundus 
in diabetes group and divided themselves into three groups: 
44 cases from DM patients without diabetic retinopathy (NDR 
group), 42 cases in NPDR group and 39 cases in PDR group. 
The consensus diagnoses for DR patients were made by at 
least two physicians according to the Chinese Guidelines on 
the Diagnosis and Treatment of Diabetic Retinopathy (2014).
Samples Processing and RNA extraction  The peripheral 
blood samples (3 mL per participant) were collected from 
antecubital vein after 12h fast in EDTA anticoagulant tubes. 
The blood samples were centrifuged at 3000 g for 10min at 
8℃ , and the supernatants were transferred into Eppendorf 
tubes frozen at -80℃  pending RNA extraction. All blood 
samples were processed not more than 4h after they were 
collected. Total RNA including small RNA was extracted 
from 500 μL of serum using a miRNeasy Mini Kit (Qiagen, 
Carlsbad, California, USA) according to the kit brochures for 
liquid samples. DNase treatment (Qiagen, Carlsbad, California, 
USA) was carried out to remove any containing DNA. The 
final elution volume was 20 μL. All serum RNA preparations 
were quantified by NanoDrop 1000 (Nanodrop, Wilmingtion, 
Delaware, USA).
MicroRNA Quantification by Real-time Quantitative 
Polymerase Chain Reaction  Quantitative polymerase chain 
reaction (qPCR) was carried out using the SYBR Premix Ex 
Taq kit (Takara, Dalian, China) according to the kit brochures 
using qPCR primers. U6 snRNA was sed as the endogenous 
control and the comparative. Table 1 presented the primers 
used for qPCR. The PCR amplification protocol was as 
follows: 95℃  for 2min, 45 cycles of denaturation at 95℃  
for 10s, then 34s of annealing/extension at 60℃ . Ct method 
was used to quantify target genes relative to their endogenous 
control. Each reaction was performed in triplicate. The relative 
amount of miRNAs was calculated using the equation 2-ΔΔCT.
Statistical Analysis  A one-way ANOVA and χ2 test were 
used to compare demographic characterization of subject 
population. The expression levels of serum miR-126 were 
determined by Student’s t-test. The sensitivity and specificity 
were calculated on basis of the standard formulas. Analysis 
was made by using sensitivity and specificity, and the best 

cutoff point was determined by the receiver operating 
characteristic (ROC) curve. All data were processed through 
GraphPad Prism 5 software. All tests were two-sided test and 
P<0.05 was considered as statistically significant. Statistical 
analyses were performed with SPSS 13.0. 
RESULTS
Characteristics of Subjects  A total of 125 diabetes patients 
including 44 patients without DR, 42 patients with NPDR, 39 
patients with PDR and 59 healthy controls were recruited in 
this study. Table 2 presented the characteristics of all enrolled 
subjects in this study. No significant difference in age, gender, 
smoking status, and other conditions was observed between 
diabetes patients and controls.
Expression of Serum miR-126  qRT-PCR analysis was 
applied to analyze serum miR-126 expression levels in NDR, 
NPDR, PDR, and healthy controls groups. Serum miR-126 
levels were significantly reduced in disease group compared 
with healthy control (P<0.001) (Figure 1). The levels of serum 
miR-126 in healthy control group were 13.07±4.72, which 
were drastically higher than those in NDR group (4.46±2.51), 
NPDR group (4.71±2.22) and PDR group (2.76±1.34) 
respectively with P<0.001. However, the relative expression 
level of miR-126 found no evident difference between patients 
with NDR and NPDR (P=0.715). Therefore, these two groups 
were combined to one group in further analyses. Meanwhile, 
the levels of serum miR-126 in NDR and NPDR group were 
4.58±2.36, which were obviously higher than those in PDR 
group (2.76±1.34, P<0.001). 

Table 1 The primers for qPCR

Primer Homo-U6 has-miR-126
Forward primer CTCGCTTCGGCAGCACA GCGGCGGTCGTACCGTGAGTAA
Reverse primer AACGCTTCACGAATTTGCGT CAGTGCAGGGTCCGAGGTATT

RT primer CTCAACTGGTGTCGTGGAGTCGGCAATT
CAGTTGAGAAAAATATG

GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCA
CTGGATACGACGCATTA

qPCR: Quantitative polymerase chain reaction.

Figure 1 Scatter plots of serum levels of miR-126 in healthy 
control and patients with different retina stages.
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Diagnosis Value of Serum miR-126  To find out whether 
serum miR-126 level could be used as a potential diagnostic 
marker for different stages of DR, ROC curve analysis was 
performed. The results showed that serum miR-126 levels 
differentiated DR patients from healthy controls, with an AUC 
of ROC curve of 0.932 [95% confidence interval (CI), 0.913 
to 0.951] (Figure 2A). The cut-off value was 8.43, which 
was associated with a sensitivity and a specificity of 84.75% 
and 93.60%, respectively. Next, we examined whether serum 
miR-126 levels could differentiate NDR and NPDR patients 
from healthy controls. The results indicated that serum miR-
126 levels differentiated NDR and NPDR patients from 

healthy controls, with an AUC of ROC curve of 0.919 (95%CI 
0.879 to 0.959) (Figure 2B). At the cut-off value of 8.43, 
suggested 84.75% sensitivity and 94.41% specificity. The 
results indicated that serum miR-126 levels differentiated PDR 
patients from healthy controls, with an AUC of ROC curve 
of 0.976 (95%CI 0.960 to 0.992) (Figure 2C). The cut-off 
value was 5.02, which was associated with a sensitivity and a 
specificity of 81.21% and 90.34%, respectively.
DISCUSSION   
DR is the most common and severe microvascular complication 
in patients with type 2 diabetes, which is the main cause of 
vision loss[15]. The occurrence of retinopathy is estimated to 

Table 2 Demographics and clinical features of the patients and healthy controls

Characteristic Control NDR NPDR PDR Ρ
Average age (a) 65.49±15.04 64.86±14.97 64.48±15.02 65.41±16.58 0.718a

Age (a)
≤60 25 19 17 16

0.093b

>60 34 25 25 23
Gender
M 33 20 23 18

0.281b

F 26 24 19 21
Diabetes duration (a)
≤5 - 21 19 14 0.058b

>5 - 23 23 25
Insulin use
Yes - 19 18 22

0.110b

No - 25 24 17
Smoking status
Ever and current 33 18 21 22

0.121b

Never 26 26 21 17
Alcohol consumption
Ever and current 27 21 23 24

0.065b

Never 32 23 19 15
Cardiovascular disease
Yes - 21 24 23

0.073b

No - 23 18 16
a One-way ANOVA; bChi-square test.

Figure 2 ROC curve analysis of serum miR-126 for discriminating  A: DM patients from healthy controls; B: NDR and NPDR patients from 
healthy controls; C: PDR patients from healthy controls.
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grow from 126.6 million to 191 million in a matter of only 
two decades in the world[16-17]. DR is initially asymptomatic, 
chronic hyperglycemia caused by insufficient insulin damages 
the retinal microvasculature. Half of all cases of blindness 
and vision impairment are avoidable through prevention, 
early diagnoses and management. As DR is a chronic disease, 
it is especially important to have early prevention and early 
diagnosis and early treatment. The gold standard assessment 
for the stage of DR is FFA. However, some districts suffer 
from poor health infrastructure, both in terms of medical 
equipment and professional technical staff, cannot carry out 
FFA. The cause of DR is unclear yet, but vascular endothelial 
cell injury, endothelial function changes may play important 
roles[18]. Once the endothelial cell damages accumulate to a 
stated point[19], the incidence of PDR has been found increasing 
obviously. It is urgent to screen for a sensitive, simple and 
feasible clinical diagnostic index of endothelial cell injury 
leading to PDR in early period.
Multiple studies have indicated that miRNAs in the occurrence 
and development of DR play important roles[20-21] so that 
analyzing miRNA levels in serum maybe a promising hot 
area for identifying biomarkers of diseases. Biomarkers can 
also reveal changes in a biological pathway that associated 
with disease progression, or even the risk of disease 
progression[22-23].
In the former study, it was found that serum miR-126 levels 
were obviously lower in patients with DM when compared 
to those in healthy control group, which was consistent with 
the previous reports of tests or experiments. From the above 
research, we found two special diagnostic thresholds. Firstly, 
when the content of miR-126 was lower than 5.02, there 
was an increased risk of developing PDR. Secondary, when 
the content is higher than 8.43, it’s more likely to be NPDR. 
When the content of miR-126 is in the range of 5.02-8.43, we 
consider this is a key stage in the development of PDR. At 
this stage, the endothelial cells are injured most severely and 
NPDR rapidly develop into PDR. So, that is the crucial point 
for early interventions of DR.
In this study, we show that plasma miR-126 can be used as a 
biomarker for screening retinal endothelial injury and early 
diagnosis PDR. However, one single biomarker is not enough 
sensitive or specific on its own for diagnosis and prediction of 
disease. Thus, joint detection of several markers may increase 
specificity or diagnostic ability. Further studies are needed to 
prove it.
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