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Abstract
e AIM: To investigate the candidate microRNA (miRNA),

miR-221 as a novel biomarker for diabetic retinopathy (DR)
in patients associated with type 2 diabetes (T2D).

e METHODS: The subjects involved were divided into
four groups: healthy control (HC), no diabetic retinopathy
(NDR), non-proliferative diabetic retinopathy (NPDR) and
proliferative diabetic retinopathy (PDR) group. Serum
miR-221 was validated by real-time quantitative reverse-
transcription polymerase chain reaction (QRT-PCR). Also,
serum angiotensin Il (Ang Il) and vascular endothelial
growth factor (VEGF) were examined by enzyme-linked
immunosorbent assay. In addition, receiver operating
characteristic (ROC) curve was performed to explore the
diagnostic accuracy of miR-221, Ang Il and VEGF for DR in
patients with T2D. Spearman’s rank correlation coefficient
was executed to estimate the correlations of serum miR-221
with metabolic parameters and serum markers in patients
with T2D.

e RESULTS: Primarily, serum miR-221, Ang Il and VEGF
were increased significantly in T2D patients compared to
HC participant respectively, and progressive up-regulated
in NDR, NPDR and PDR groups (P<0.001). Additionally,
miR-221 in serum was remarkably positively correlated

with metabolic parameters such as glycated hemoglobin
(r=0.310, P=0.002) and homeostasis model assessment
for insulin resistance (r=0.413, P<0.001), as well as serum
markers for instance Ang Il (r=0.667, P<0.001) and VEGF
(r=0.499, P<0.001). Furthermore, serum miR-221 (AUC,
0.894; 95%Cl, 0.833-0.955; P<0.001), Ang Il (AUC, 0.888;
95%Cl, 0.828-0.949; P<0.001) and VEGF (AUC, 0.785; 95%Cl,
0.695-0.875; P<0.001) had evidently diagnostic efficiency
in DR, and miR-221 is the most effective among them.

e CONCLUSION: Serum miR-221 as a potential biomarker
could be related to not only occurrence but also progression
for DR in patients with T2D. However, a prospective clinical
trial is warranted.

e KEYWORDS: microRNA-221; biomarker; diabetic
retinopathy; type 2 diabetes

DOI:10.18240/ijo.2018.12.02

Citation: Liu HN, Li X, Wu N, Tong MM, Chen S, Zhu SS, Qian W,
Chen XL. Serum microRNA-221 as a biomarker for diabetic retinopathy
in patients associated with type 2 diabetes. Int J Ophthalmol
2018;11(12):1889-1894

INTRODUCTION
‘ x J ith the increasing global morbidity of diabetes,
diabetic retinopathy (DR) is still the primary reason
for incurable blindness of diabetic patients, which is featured
as progressive microvascular complications owing to
chronically hyperglycemia from diabetes'". About 1/3 have
symptoms of DR in diabetic patients, moreover 1/3 of these
maybe have visual impaired retinal pathology, realized as
proliferative diabetic retinopathy (PDR)". Furthermore, the
manifestation of DR implies a dangerous factor of health-
threatening systemic vascular complications'.
Epidemiological and genetic researches have furthered our

4-6]

comprehension of the pathophysiology on DR, Moreover,
recent studies have unveiled an influential and unexpected
role of epigenectics, notably microRNAs (miRNAs) in
main biological processes, providing a unique perspective
opportunity to translate this theoretical hypothesis into the
clinical practice in the form of miRNA-based pathogenesis,
diagnosis, treatment and prognosis for DR miRNAs

are short (about 22 nucleotides long) and highly conserved
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sequences of endogenous RNA that do not encode for
any protein and represent a new powerful class of gene
modulators”. They are expressed in all human cell-types and
are involved in the main biological processes including cell
growth, differentiation, and apoptosis''”.

Previous studies focusing on miR-221, suggested that the
expression of miR-221 were significantly upregulated and may
involve in the physiopathology of diabetes and macrovascular
complications associated with type 2 diabetes (T2D) via

11-13

specific target genes!'"'¥. To validate the hypothesis based
on previous studies, a cross-sectional study was conducted
to identify whether serum miR-221 as a novel biomarker
with high sensitivity and specificity for genetic diagnosis
and biologic therapy in patients with DR according to the
epigenetic methodology.

SUBJECTS AND METHODS

The current study was conformed to the contents of the
Declaration of Helsinki, meanwhile was authorized by the
Institutional Review Board/Ethics Committee of Shengjing
Hospital, China Medical University. All subjects had written
the informed consent before enrollment.

Participants Participants were consecutively recruited from
Shengjing Hospital, China Medical University between
January 2015 and January 2016, afterwards divided to four
study groups in accordance to Diabetic Retinopathy Disease
Severity Scale based on fundus fluorescein angiography:
healthy control (HC) group, HC participants; no diabetic
retinopathy (NDR) group, T2D patients without DR; non-
proliferative diabetic retinopathy (NPDR) group, T2D
patients with NPDR; PDR group, T2D patients with PDR".
Exclusion criteria were other serious ocular and systemic
diseases. Clinical history and medications were evaluated. All
participants experienced ophthalmologic examination.
Samples Collection Serum samples were collected and stored
according to our previous study until further processing'”.
miRNA Quantification The expression level of serum
miRNA was quantified by real-time quantitative reverse-
transcription polymerase chain reaction (QRT-PCR) according
to our previous study'”. All the experiments were run in
triplicate.

Serum Factor Quantification The expression levels of serum
factors were quantified by enzyme-linked immunosorbent
assay (ELISA). Serum concentration of angiotensin II (Ang II)
was measured by using ELISA kit for Ang II (Wuhan USCN
Business Co., Ltd., Wuhan, China) according to manufacturer
protocol. Serum level of vascular endothelial growth factor
(VEGF) was assessed by using Human Vascular Endothelial
Cell Growth Factor ELISA Kit (CUSABIO Technology LLC,
Houston, TX, USA) following manufacturer instruction. All
the values obtained were in the expected range.
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Statistical Analysis SPSS 22.0 (IBM Corp, Armonk, NY,
USA) was used to calculate data. Values were expressed as the
meantstandard deviation (SD) for normally distributed values
and median (interquartile range) for abnormal distribution
values. Continuous variables were evaluated by analysis of
variance, followed by Fisher’s least significant difference
(LSD) test for Gaussian distribution and Kruskal-Wallis test for
non-Gaussian distribution. Categorical variables were assessed
by Chi-squared test. Correlations were performed by either
Pearson correlation coefficient or Spearman’s rank correlation
coefficient. The diagnostic efficiency was detected by receiver
operating characteristic (ROC) curve. P<0.05 was considered
statistically significant.

RESULTS

Baseline Characteristics No significant differences were
found in age, gender, body mass index, diastolic blood
pressure, systolic blood pressure, total cholesterol, triglyceride,
high-density lipoprotein, low-density lipoprotein, serum
creatinine and blood urea nitrogen among these four groups
(P>0.05). However, diabetes duration, fasting blood glucose
(FBG), glycated hemoglobin (HbAlc) and homeostasis
model assessment for insulin resistance (HOMA-IR) in
patients with T2D were increased significantly compared
to HC group (P<0.001). Additionally, of patients with T2D,
diabetes duration, HbAlc and HOMA-IR in PDR and NPDR
group were increased significantly compared to NDR group
(P<0.05). Furthermore, diabetes duration and HbAlc in PDR
group were increased significantly compared to NPDR group
(P<0.05). Baseline characteristics of the recruited subjects are
listed in Table 1.

Relative Expression of Serum miR-221 There was a
significantly difference in serum miR-221 level among four
groups (P<0.001; Figure 1). The serum miR-221 in patients
with T2D were significantly increased compared to HC group
(Pyc vsnor=0.015, Pyc o nppr<0.001, Py, ppr<0.001). Moreover,
in patients with T2D, the serum miR-221 in NDR, NPDR
and PDR groups were gradually increased, respectively
(Prpr v nepr=0-025, Pypg 1 ppr<0.001, Pyppg s ppr=0.001).
Relative Expression of Serum Makers There was a
significant difference in serum Ang II level among the four
groups, respectively (P<0.001; Figure 2). The serum Ang II
in patients with T2D were significantly increased compared
to HC group, respectively (Pyc v nor<0.001, Pyc o nppr<0.001,
Pyic s ppr<0.001). Furthermore, in patients with T2D, the serum
Ang II were stepwise increased in NDR, NPDR and PDR
groups (Pxpg v xpor<0-001, Pypg s ppr<0.001, Pyppg 1 ppr<0-001).
There was a significant difference in serum VEGF level
among the four groups, respectively (P<0.001; Figure 2).
The serum VEGF in patients with T2D were significantly
increased compared to HC group, respectively (Pyyc s npr<0.001,
Pric v nepr<0.001, Py, ppr<0.001). Furthermore, in patients
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Table 1 Baseline characteristics of the recruited participants in the cross-sectional study

Variable HC group NDR group NPDR group PDR group P

Participant (n) 33 37 34 30 NA
Age (y) 63.52+4.91 66.14+3.96 63.50+4.99 64.67+5.17 0.067
Gender (M/F) 23/10 24/13 20/14 16/14 0.560
BMI (kg/m”®) 27.73+£3.82 26.16+3.72 27.06+4.15 27.43+£2.70 0.308
DBP (mm Hg) 84.58+8.02 88.70+9.35 86.56+9.38 89.83+7.64 0.077
SBP (mm Hg) 131.58+11.90 137.03+11.15 135.74+12.07 139.50+10.84 0.051
Diabetes duration (y) NA 5.19+2.88 8.44+3.69° 11.77+4.09> 0.000
FBG (mmol/L) 4.75+0.85 9.01+1.16" 9.14+1.76" 8.77+1.42° 0.000
HbAlc (%) 5.19+0.84 7.31+1.18° 7.95+1.05° 8.51+1.22%"° 0.000
HOMA-IR 1.39+0.81 4.86+1.15" 5.58+1.25% 6.80+1.13* 0.000
TC (mmol/L) 4.55+0.62 4.37+0.66 4.70+0.60 4.41£0.56 0.101
TG (mmol/L) 1.71+0.93 1.58+0.76 1.92+0.81 1.49+0.77 0.179
HDL-C (mmol/L) 1.27+0.19 1.34+0.16 1.22+0.14 1.29+0.18 0.052
LDL-C (mmol/L) 2.78+0.46 2.96+0.57 3.06+0.58 2.93+0.40 0.155
Scr (umol/L) 56.18+13.83 59.14+12.32 53.74+11.23 61.40+10.38 0.061
BUN (mmol/L) 5.25+1.45 5.30+1.03 5.13+1.08 5.62+1.15 0.416

BMI: Body mass index; BUN: Blood urea nitrogen; DBP: Diastolic blood pressure; FPG: Fasting plasma glucose; HbAlc: Glycated hemoglobin;

HC: Healthy control; HDL-C: High-density lipoprotein cholesterol; HOMA-IR: Homeostatic model assessment of insulin resistance; LDL-C:

Low-density lipoprotein cholesterol; NA: No available; NDR: No diabetic retinopathy; NPDR: Non-proliferative diabetic retinopathy; PDR:

Proliferative diabetic retinopathy; SBP: Systolic blood pressure; Scr: Serum creatinine; TC: Total cholesterol; TG: Triglyceride. “P<0.05 versus

HC group; °P<0.05 versus NDR group; °P<0.05 versus NPDR group.
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Figure 1 Relative expression of serum miR-221 in HC, NDR,
NPDR and PDR groups “P<0.05 versus HC group; "P<0.05 versus
NDR group; “P<0.05 versus NPDR group.

with T2D, the serum VEGF were stepwise increased in NDR,
NPDR and PDR groups (Pxpg vs nppr=0-027, Pxpg vs ppr<0.001,
Prpor s ppr<0.001).

Correlations of Serum miR-221 with Metabolic Parameters
and Serum Markers There was a significant positive
correlation of serum miR-221 with metabolic parameters
(Figure 3), including HbAlc (=0.310, P=0.002) and HOMA-
IR (r=0.413, P<0.001). Meanwhile, serum miR-221 were
also found to be significantly positive correlated with serum
markers (Figure 3), involving Ang II (+=0.667, P<0.001) and
VEGF (=0.499, P<0.001).

Diagnostic Accuracy of Serum miR-221 and Serum Makers
ROC curves, the AUC values of miR-221, Ang II and VEGF
were 0.894 (95%CI, 0.833-0.955; P<0.001), 0.888 (95%CI,
0.828-0.949; P<0.001) and 0.785 (95%CI, 0.695-0.875;
P<0.001), respectively, with significantly diagnostic accuracy
for patients with DR, in which miR-221 is the most powerful
(Figure 4).

DISCUSSION

This cross-sectional study yielded almost consentaneous results
that serum miR-221 was remarkably gradually increased
with the severity of DR in T2D patients compared with HC
subjects, and positive correlated with serum Ang II and VEGF
in DR associated with T2D, moreover with a strong diagnostic
efficiency for DR, give rise to identical recommendation
with regard to miR-221 as a novel biomarker for on-set and
development of DR associated with T2D.

The pathogenesis of DR is a multifactorial affected by genetic
and environmental factors' . Hyperglycemia-related pathways
have been proposed to initiate a cascade of interactions
between physiological and pathological alterations, ultimately
leading to retinal microvascular functional disorder, which
was implied in the occurrence or progression of DR,
Epidemiological studies, clinical trials and experimental
researches have indicated that previous experience in
hyperglycemia has long-lasting outcomes, and DR continues to
develop even after the euglycemia is initial, therefore implying
a novel biomarker is necessary to identify individuals with
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Figure 2 Expression of serum Ang IT and VEGF in HC, NDR, NPDR and PDR groups ‘P<0.05 versus HC group; "P<0.05 versus NDR
group; “P<0.05 versus NPDR group.
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Figure 3 Correlation of serum miR-221 with metabolic parameters including HbAlc and HOMA-IR, as well as serum markers
involving Ang II and VEGF in patients with T2D.
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Figure 4 ROC curves of miR-221, Ang II and VEGF for DR in patients with T2D.
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high risk of progressive sight-threatening DR in patients with
T2D".

Serum miRNA is apparently steady both in vivo and in vitro
circumstance with multiple external conditions such as pH,
temperature and pressure!'”. Generally, DR was characterized
by microvascular structural and functional abnormalities,
involving occlusion and leakage of retinal vessels, resulting in
macular edema in the non-proliferative phase and angiogenesis
and to tufts of highly permeable vessels in the proliferative
phase. As a consequence, specific miRNAs could be selectively
excessively secreted into the circulatory system through
destroyed blood-retinal barrier via small membrane vesicles,
such as exosomes, that are released into the extracellular
environment'"”. Recently, there is growing evidence that the
expression patterns and levels of specific miRNAs could reveal
altered physiological and pathological conditions in both the
microvascular and macrovascular complications of patients
with T2D, and circulating miRNA is widely recognized to be
as an attractive novel biomarker''"”.

miR-221, that targets and binds to substantial genes and key
factors of insulin/insulin-like signaling pathway, has been
previously verified to be related to metabolic syndrome,
diabetes and its complications'”. Furthermore, under
hyperglycemic conditions, significantly up-regulated miR-
221 could induce cell proliferation, migration and apoptosis,
lead to facilitate retinal vascular endothelial dysfunction,
promote retinal vascular hyperplasia and occlusion to
pursue retinal ischemia as well hypoxia, and expedite retinal
neovascularization”. Consequently, aberrantly increased
miR-221 can be detected in serum of patients with T2D, then
gradually increased with the severity of DR could attributed
to exacerbate blood-retinal barrier breakdown to aggravate
casual retinal vascular damage and dysfunction exposed to
hyperglycemic environment. Therefore, it has been implied
that miR-221 may involve in angiogenesis, suggesting a new
theory for DR in patients with T2D.

The current quantitative results indicated that serum miR-
221, Ang II and VEGF was significantly increased in T2D
patients compared with HC subjects, and was regularly and
markedly up-regulated in NDR, NPDR and PDR groups as
well. The present qualitative results, ROC curves implied that
miRNA-221, Ang II and VEGF with reasonable sensitivity
and specificity have a promising diagnostic efficiency in DR
respectively, among which miR-221 is the more noteworthy
than others. The nowaday correlative results revealed that
a significant positive correlation between miR-221 and
metabolic parameters such as HbAlc and HOMA-IR, as well
as serum markers for instance, Ang Il and VEGF, respectively,
suggesting miR-221 may involve in pathogenesis mechanism
of DR in T2D patients.

Ang II, the main component in rennin-angiotensin system,
which is considered as modulating retinal vascular architecture
and function via role in vasoconstriction and angiogenesis has

21

been implicated in DR, VEGF, the pivotal angiogenic growth
factor, which is thought to regulate retinal vascular structure as
well as potence by effect on vasculogenesis and angiogenesis
has been referred to DR”?. Previous related studies could
establish hypothesis that endothelial dysfunction associated
with the development of DR is worsened by increased Ang
II, which was induced by hyperglycemia, leading to activate
JNK/c-Jun/mTOR signaling pathways, and thereby enhancing
miR-221 expression through targeting cyclin-dependent kinase
inhibitor 1B, furthermore, Ang II could potentiate the actions
of VEGF-induced endothelial cell proliferation and migration
via rennin-angiotensin system mediated mechanism, implying
that Ang Il may exacerbate or accentuate the expression
and effect of VEGF via NADPH oxidase on retinal vascular
220 These implicated that miR-221 was
highly associated with Ang Il and VEGF resulting in the retinal

endothelial cells!

vascular endothelial dysfunction under the hyperglycemia
condition.

The current study has certain limitations. First of all, the
study design is comparatively restricted, and the effect of
investigative biomarkers in the progression of DR is still
unknown due to lack of follow up. Second, the sample size
is relatively limited, and the obtained results should be
interpreted restrainedly and considered preliminary. Finally,
the methodology is somewhat unilateral, and the observed
correlation need to further validate via molecular mechanistic
experiments.

The current cross-sectional study implies that miR-221 as
a potential biomarker could be related to occurrence and
progression of DR in patients with T2D. Nevertheless, a
prospective, high-quality, large sample, long-term clinical trial
coincided with experimental research is warranted to be further
investigated.
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