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Abstract
Background: Diabetic retinopathy (DR) is a retinopathy resulting from diabetes mellitus (DM) 
which was classified into non-proliferative DR (NPDR) and proliferative DR (PDR). Without an 
early screening and effective diagnosis, patients with PDR will develop serious complications. 
Therefore, we sought to identify special serum microRNAs (miRNAs) that can serve as a novel 
non-invasive screening signature of PDR and test its specificity and sensitivity in the early 
diagnosis of PDR. Methods: In total, we obtained serum samples from 90 PDR cases, 90 mat-
ched NPDR patients and 20 controls. An initial screening of miRNA expression was performed 
through TaqMan Low Density Array (TLDA). The candidate miRNAs were validated by individu-
al reverse transcription quantitative real-time PCR (RT-qPCR) arranged in an initial  and a two-
stage validation sets. Moreover, additional double-blind testing was performed in 20 patients 
clinically suspected of having DR to evaluate the diagnostic value and accuracy of the serum 
miRNA profiling system in predicting PDR. Results: Three miRNAs were significantly increa-
sed in patients with PDR compared with NPDR after the multiple stages. The areas under the 
receiver operating characteristic (ROC) curves of the validated three-serum miRNAs signature 
were 0.830, 0.803 and 0.873 in the initial and two validation sets, respectively. Combination of 
miR-21, miR-181c, and miR-1179 possessed a moderate ability to discrimination between PDR 
and NPDR with an area under ROC value of 0.89. The accuracy rate of the three-miRNA profile 
as PDR signature was 82.6%. Conclusions: These data provide evidence that serum miRNAs 
have the potential to be sensitive, cost-effective biomarkers for the early detection of PDR. 
These biomarkers could serve as a dynamic monitoring factor for detecting the progression 
of PDR from NPDR.
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Introduction

Diabetic retinopathy (DR) is resulting from diabetes mellitus (DM), one of the major 
complications of DM and nearly all people with type 1 and more than half with type 2 diabe-
tes develop retinopathy [1]. It remains the leading cause of legal blindness in the working-
age population in Western societies [2] and is a result of multiple pathogenetic processes 
caused by hyperglycemia and abnormalities of insulin signaling pathways [3], leading to 
retinal microvascular defects and neuroretinal dysfunction and degeneration [4]. DR is clas-sified into non-proliferative DR (NPDR) and proliferative DR (PDR) [5]. NPDR is characte-
rized by microaneurysms and hemorrhages, vascular changes such as venous beading and loops, intraretinal microvascular abnormalities (IRMA), and cotton-wool spots [6]. PDR is 
characterized by neovascularization on the disc or elsewhere and can lead to severe visual 
loss through vitreous hemorrhage, tractional retinal detachment and neovascular glaucoma [7]. Although significant progress has been made, molecular mechanisms underlying the pa-thogenesis of PDR are still not fully understood; current treatments have resulted in only a partial reduction in this risk .There is still no efficient prevention or treatment.Although some studies have sought to identify risk factor for the development of PDR in the early stages [8, 9], no clinically significant single parameter has been identified. New methods to identify NPDR patients at risk to develop PDR are needed. It is quite essential to explore novel biomarkers with more high sensitivity and specificity for the early detection of PDR for preventing visual loss.MicroRNAs (miRNAs) are a class of highly conserved 19-25 nucleotide noncoding RNAs that regulate gene expression at the posttranscriptional level [10, 11]. Recently, miRNAs 
have been  demonstrated to play an important role in diabetes and its  complications [12], 
regulating multiple biological pathways closely related to DR [13] .Although current studies have revealed a link between the expression of miRNAs and the development of DR, these studies mainly focused on miRNAs expressed in tissues of animals model. No studies have specifically examined the role of miRNAs in DR patients. The global miRNA pattern in the sera of DR patients has not been determined. The expression of miRNAs in serum, serum, se-men, and other body fluids, particularly serum miRNAs, are abundant, quiet stable [14]. Mo-
reover, serum-based screening is easier, non-invasive and more affordable. Recent studies have demonstrated that miRNAs are closely related to various diseases including Cancers, Male Infertility, Gestational Diabetes Mellitus, Idiopathic Nephrotic Syndrome, etc. Circula-ting miRNAs can serve as biomarkers for various diseases [15, 16]. These findings indicate that there may be one or more special serum miRNAs expression pattern in PDR that could serve as a novel non-invasive approach for early detection of PDR.In order to study the relationship between serum miRNA and the occurrence and de-velopment of PDR, we compared the levels of miRNAs in serum of NPDR patients and PDR patients. We analyzed circulating miRNA expression differences of the two groups through RT-PCR-based TaqMan low density Array (TLDA). This undoubtedly laid a solid foundation for further research of warning effect of circulating miRNA for PDR’s occurrence and deve-
lopment. 

Materials and Methods

Study design,group subjectsThis study was approved by the Institutional Ethics Committee of The First Affiliated Hospital of Nan-

jing Medical University, and a written informed consent was also obtained from each participant. All 180 pa-

tients underwent ophthalmologic examination including visual acuity, slit lamp examination, fundus contact lens examination and fluorescein angiography. Another 20 volunteers from two independent group without DM or other malignant disease was included as the control group (each 10 samples defined as control1 and control2). A multi-stage, case -control study was designed to identify a serum miRNA profile as a signature for distinguishing PDR from NPDR (Fig. 1). In the screening stage, 5 PDR and 5 matched NPDR serum sam-

http://dx.doi.org/10.1159%2F000366374


Cell Physiol Biochem 2014;34:1733-1740
DOI: 10.1159/000366374
Published online: November 12, 2014

© 2014 S. Karger AG, Basel
www.karger.com/cpb 1735

Qing et al.: Serum miRNA Biomarker for PDR

Cellular Physiology 

and Biochemistry

Cellular Physiology 

and Biochemistry

ples were subjected for TLDA to identify the miRNAs that were differentially expressed between PDR and NPDR. Thereafter, we performed individual RT-qPCR in the training phase to further filter signals of the screened miRNAs. Subsequently, we perfected the number of serum miRNAs included as the PDR signature by a two-stage validation, including an internal and an external validation, to confirm the results computed by the front stage. For internal validation, 30 cases and 30 non-PDR controls (Group1) were tested, whereas the external validation phase used serum samples from an additional 30 PDR and 30 NPDR (Group2). We also analyzed another 10 PDR cases and 10 PDR (Group1) in a blinded fashion (the investigators performing the molecular analysis on the blood samples were blinded to the patients’ clinical diagnosis) to validation of the diagnostic capability of the candidate miRNAs. The protocols, including the diagnosis procedure and 
serum collection methods, were identical in the two hospitals. 

RNA isolation and RT-qPCR assayUp to 3 ml of whole blood from each fasting participant was collected with cases and non-PDR controls 
prior to any therapeutic procedures, the samples used in our study was obtained from the blood samples 

collected with non-anticoagulant tube. Each blood sample was immediately centrifuged at 3000g for 10 min at room temperature and then centrifuged at 10 000g for 5 min at 4 °C. MiRNAs were reverse-transcribed with the TaqMan MicroRNA Reverse Transcription Kit (Life Technologies) as described by the manufacturer. MiRNA-specific TaqMan MicroRNA Assays (Life Technologies) was used for the serum miRNAs. The 
data obtained were calculated by the △Cq method as described before [17]. The relative expression corre-

sponded to the 2△Cq value. For the analysis of the expression levels of miRNAs, both the internal reference 
(U6) and external normalization cel-miR-39 was applied for normalization.

TaqMan low density arrayMiRNA profiling was performed using TLDA (v2.0) according to the manufacturer’s recommended protocol (Life Technologies). 
Statistical analysisThe miRNA data were expressed as the median (interquartile interval), and other variables were ex-pressed as the mean (SD). Chi-square test analysis of variance was used to evaluate statistical differences 

in demographic and clinical characteristics. The nonparametric Mann–Whitney U-test was used to compare differences in serum miRNA expression which are presented as box plot of the median and range of log-
transformed relative expression level. The hierarchical cluster analysis (Average linkage) was applied by using Cluster software and Treeview. Risk score analysis was performed to investigate the effectiveness of the three-serum miRNA signature for PDR predicting. Frequency tables and ROC curves were then used to evaluate the diagnostic effect of the profiling, to find the appropriate cutoff point, and to validate the pro-cedure and cutoffs in the next validation sample set.ROC curves were then used to evaluate the diagnostic effects of the profiling and to find the appropriate cutoff point, and to validate the procedure and cutoffs in the next validation sample set. First, the risk score of each serum sample in the training set was calculated, 
as the basis of their risk scores and a set cut off, serum samples were then divided into a high-risk group, representing the possible PDR, and a low-risk group, representing the predicted NPDR. At the optimal cutoff 

Fig. 1. Systematic overview of the workflow.
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value with the value of sensitivity + specificity considered to be maximal. Statistical analysis was performed using STATA 9.2, and presented with GraphPad Prism 5.0 software. Results were considered statistically significant at P < 0.05.
Results

Selection and validation phaseIn order to gain an expression profile of serum miRNAs that is specific for PDR, the TLDA was used to identify the differentially expressed miRNAs in 5 PDR cases and 5 NPDR in the initial screening phase (Fig. 2A, B). Among 667 miRNAs analysed, 18 up-regulated miRNAs were identified which satisfy the threshold that at most 30 of CT value and at least 8 average fold change by TLDA in both two group for further individual validation (Table 1). The detailed data of the TLDA has been uploaded in the ArrayExpress database (www.ebi.ac.uk/arrayexpress) under accession number E-MTAB-2559.We further examined the18 candidate miRNAs by RT-qPCR in a training sample set (30 patients with PDR and 30 patients with NPDR). We have detected the all the 18 up-regula-tion miRNAs and the only down-regulation miRNA in the following stages, and found that the down-regulated miRNA indicated no difference between the PDR and NPDR. As the dif-ference in miR-21, miR-181c and miR-1179 expression level between PDR cases and NPDR 

Fig. 2. MiR-21, 181c and 1179 was confirmed as the candidate miRNAs according to the RT-PCR-based TLDA. A: The volcano plot of the aberrant expressed miRNAs detected in the RT-PCR-based TLDA. The red plot indicated the up-regulation miRNAs while the green indicated the down-regulated miRNAs. B: Cluster analysis of the different expression of the miRNAs. C-E: Increased level of miR-21, 181c and 1179 was con-firmed by RT-PCR in groups. Data were presented as box plot of the median and range of log-transformed relative expression level. The top and bottom of the box represent the seventy-fifth and twenty-fifth percen-tile. * indicated P<0.05. 
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was statistically significance which was consistent with the results of RT-PCR-based TLDA (Fig. 2C-D). To validate the accuracy and specificity of these miRNAs as a PDR potential signature, 
we also examined their expression levels though an internal and external individual samples (Group1, 30 PDR vs 30 NPDR, Group2, 30 PDR vs 30 NPDR). As shown in Fig. 2C-D, the ex-pression of three miRNAs in serum of PDR were all significantly higher than those in NPDR 
in the two groups, which agreed with the training set results. As a result of this multiphase testing and analysis, a profile of 3 miRNAs were considered to be the potential signature for PDR.

Risk score and ROC curve analysisTo assess the diagnostic value of the three-serum miRNA profiling system, we used a risk score formula to calculate the risk score function for cases and non-PDR control sam-ples. The diagnostic sensitivity and specificity of the miRNAs signature for PDR detection were 82% and 95%, and the positive predictive value and negative predictive value was 93% and 85% in the training set, respectively. Similarly, when the same cutoff was used to calcu-
late the risk score of samples from group1 and group2 validation sets, the diagnostic sensiti-vity and specificity were 82%, 84% (group1) and 86%, 89% (group2), respectively.ROC curves analyses were conducted to assess the diagnostic sensitivity and specificity of the three miRNAs signature for PDR by using risk score functions (RSFs). The areas under the curve (AUC) were 0.83 (95% confidence interval (CI), 0.79–1.00), 0.80 (95% CI, 0.81-

Table1. Different expression of the miRNAs detected according to the miRNA 
expression microarray 

Table 2. Correlation between patients of PDR and NPDR in clinicopa-

thological characteristics (n=90)
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0.98), 0.87 (95% CI, 0.86-0.99) and 0.89 (95% CI, 0.86-0.96) for the serum samples in vali-dation sets (Fig. 3). The results indicated that the three- serum miRNA signature can serve as a novel non-invasive approach for the early screening of PDR from NPDR.
Unsupervised cluster analysis
The unsupervised cluster method was also performed to analyze the differential ex-pression of miRNAs between the PDR and NPDR. The results of hierarchical cluster analysis showed a clear separation of the PDR patients from the NPDR patients on the basis of the three-serum miRNA signature. As shown in Fig. 4, in the total samples, only 15 out of 90 NPDR cases samples and 10 out of 90 PDR samples were incorrectly classified.
Double-blind testAnother 20 serum samples (10 PDR and 10 NPDR) were tested in a double-blind fa-shion to validate the predictive ability of the three miRNA-based signatures for PDR diagno-sis. We used the same risk score formula to analyze the expression of the 3 miRNAs in those serum samples and classifying them into a high-risk group and a low-risk group. On the basis of the pathologic diagnosis, the accuracy rate of the three-miRNA profile as PDR signature 

was 82.6% 

Fig. 3. ROC analysis of the three potential biomarker for PDR. 

Fig. 4. The unsupervised cluster for analyzing the differential expression of miRNAs between the PDR and NPDR. The results of hierarchical cluster analysis showed a clear separation of the PDR patients from the NPDR patients on the basis of the three- serum miRNA signature.
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DiscussionThis study demonstrates a new biomarker for detecting PDR in DR patients for the first time. We have validated the three miRNAs including miR-21, miR-181c and miR-1179 in pre-dicting PDR out of NPDR which is very important for detection the progression of patients with NPDR developing to PDR. 
DR is a leading cause of blindness in the world. which is the most common chronic 

microvascular complication associated with DM [18]. Abnormal retinal blood vessel growth 
and angiogenesis are the major causes of diabetes-related loss of vision. Vascular endotheli-al growth factor (VEGF) and pigment epitheliumderived factor (PEDF) are important factors for angiogenesis condition [19]. DR is a highly specific vascular complication and a sight-threatening problem related to diabetes. PDR is characterized by gradually progressive al-
terations in the retinal microvasculature, leading to retinal hypo perfusion, increased vas-
cular permeability, and pathologically intraocular proliferation of retinal vessels [20]. Thus, 
a novel factor to monitor the progression of the proliferation of vascular endothelial is very 
important for both the prevention and the updating of the therapy.It has been reported that the serum miRNA expression profiles for various diseases may serve as fingerprints for disease detection [21]. A serum miRNA–based signature would make it possible to comprehensively analyze PDR without or less used of other invasive pro-cedures. This is the first investigation that demonstrates the serum miRNA profile could be used as potential biomarker of PDR. We identified three PDR-associated miRNAs, including miR-21, miR-181c and miR-1179. Our results indicate that PDR is associated with a combi-nation of multiple serum miRNAs which is a more comprehensive indicator for the disease detection. In order to investigate the potential mechanism of miRNAs in the pathogenesis of PDR, we searched the target genes associated with miR-21, miR-181c and miR-1179. We found that miR-21 was reported inducing tumor angiogenesis through targeting PTEN, lea-ding to activate AKT and ERK1/2 signaling pathways, and thereby enhancing HIF-1α and VEGF expression [22], furthermore, miR-21 protected endothelial cell against high glucose-
induced endothelial cytotoxicity [23]. These indicated that miR-21 was highly associated with the angiogenesis with the microenvironment of high glucose. Besides, miR-181c has been confirmed with high level in vein endothelial cells treated in a diabetic-like environ-
ment indicating that miR-181c might be associated with vascular proliferation in high glu-
cose [24].From a clinical point of view, the miRNA biomarker selected in our study for the mo-nitoring of PDR might be useful for indicating the clinical typing of DR which is a great help to decide the way of the treatment. Furthermore, for as a single diagnostic method, the bio-marker in our study presented a high sensitivity and specificity, nevertheless, given that the express fluctuations of serum miRNA, analysis with a panel of multiple diagnosis methods might be a solution to the problem of PDR detection. In conclusion, we have identified a unique miRNA biomarker for early screening of PDR, 
which may serve as a novel non-invasive approach for diagnosis and dynamic monitoring of PDR. 
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