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Background. Diabetic retinopathy (DR) is a prevalent microvascular complication of diabetes, and the levels of chemerin were
associated with the severity of DR. However, there is no research on chemerin in the development of proliferative diabetic
retinopathy (PDR). ,erefore, our study aimed to explore the relationship between chemerin and PDR. Methods. ,e levels of
chemerin/chemokine-like receptor (CMKLR1), proinflammatory cytokines, and vascular endothelial growth factor (VEGF) in 90
cases of PDR and nonproliferative diabetic retinopathy (NPDR) patients and in high glucose (HG) stimulated human retinal
pigment epithelium cells (ARPE-19) were evaluated by ELISA. Moreover, chemerin was added into HG-induced ARPE-19 cells to
assess its effect on proinflammatory cytokines and VEGF. Results. ,e levels of chemerin/CMKLR1 were higher in PDR patients
than NPDR ones, and chemerin was positively correlated with CMKLR1 in PDR patients. Compared to NPDR, the secretions of
proinflammatory cytokines and VEGF were increased in PDR patients and positively correlated with chemerin/CMKLR1.
Additionally, chemerin activated CMKLR1 and aggravated HG-induced cell injury, inflammatory responses, and VEGF ex-
pressions in ARPE-19 cells.Conclusion. Our study demonstrated that chemerin/CMKLR1 axis aggravated the progression of PDR,
which suggested that inhibition of chemerin might serve as a new therapeutic approach to treat PDR.

1. Introduction

Diabetic retinopathy (DR) is a common diabetic micro-
vascular complication. Its morbidity takes up a large pro-
portion in a variety of diabetic microvascular diseases, and it
can eventually cause blindness in diabetic patients. DR can
be divided into two types: proliferative and nonproliferative
one based on the occurrence of angiogenesis. ,e patho-
genesis of DR remains largely unknown without systematic
conclusion. However, a body of studies demonstrated that
the onset of DR was associated with blood glucose control
and diabetic progression in diabetic patients. Moreover, DR
is also related with proinflammatory factors and lipid
metabolism disorders. Long-term hypoxia in the retina

upregulates the expressions of related factors, leading to the
overproduction of many factors, including vascular endo-
thelial growth factor (VEGF), stimulating the division of
endothelial cells, and eventually causing a mild inflamma-
tory response as well as proliferation in the blood vessels of
retina. During this process, a variety of cytokines will be
produced to stimulate neovascularization. ,ese new blood
vessels are fragile and are prone to fibrosis, hemorrhage, and
rupture, whichmay affect the retina, resulting in a severe loss
of vision.

Nowadays, current studies discovered that the expres-
sion of interleukin-1β (IL-1β) in the serum and vitreous of
patients with proliferative diabetic retinopathy (PDR) was
significantly higher than that of healthy people. Chemokine-
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like receptor 1 (CMKLR1) is an endogenous ligand of
chemerin. When CMKLR1 binds to chemerin, calcium ions
are released to regulate nuclear transcription factors, ex-
tracellular signal-regulated kinases-1 (ERK-1), and other
signaling pathways, which play an important role in the
development of cardiovascular diseases, metabolic diseases,
and inflammation. CMKLR1 mainly exists in vascular
smooth muscle cells, epithelial cells, endothelial cells, os-
teoclasts, leukocytes, and adipocytes. It interacts with IL-1β
to activate the inflammatory cascades. Based on these ob-
servations, in our study, we explored the role of chemerin/
CMKLR1 in the development of PDR.

2. Materials and Methods

2.1. Patients’ Samples. ,e study was approved by the Ethic
Committee of Cangzhou Central Hospital. 90 patients with
DR were recruited and were divided into experimental
group I (nonproliferative diabetic retinopathy, NPDR) and
experimental group II (PDR) according to the severity of
retinopathy (N� 45 cases for each group). Written consent
was derived from the participants.

Selected patients with ages between 40 and 72 were all
type II diabetes mellitus (T2DM) and agreed to our study.
,e patients with severe liver or kidney dysfunction, in-
flammatory diseases, innate immune system deficiency, or
eye diseases, such as cataracts and glaucoma were excluded.
Women during pregnancy and nursing or patients who used
immunosuppressive agents within the past 2 months were
also excluded.,ere was no statistically significant difference
in general information between the two groups (p> 0.05).
,e sample size in this study was determined using estab-
lished statistical power analysis (probability that it will reject
a false null hypothesis). Differences betweenmeans of NPDR
and PDR were divided by the standard deviation to deter-
mine the standardized effect size; then, using 5% as a sig-
nificant difference in Student t-test and 90% power, the
minimum required sample size was calculated.

5ml fasting elbow vein blood samples from patients were
collected and analyzed using an automatic biochemical
analyzer to detect fasting plasma glucose (FPG), hemoglobin
A1c (Hba1c), high-density lipoprotein cholesterol (HDL-C),
total cholesterol (TC), and triglycerides (TG). LDL-C (mg/
dL)� total cholesterol–HDL-C—(triglycerides/5).

2.2. ELISA. Blood samples from patients were centrifuged at
1500 rpm for 15mins to acquire serum. ,e levels of
CMKLR1, chemerin, IL-1β, tumor necrosis factor-α (TNF-
α), and VEGFwere determined using commercially available
ELISA kits, respectively (Abcam, USA), according to the
manufactures’ instructions.

2.3. Cell Culture. Human retinal pigment epithelium cell
line (ARPE-19) was purchased from the Shanghai Institute
for Biological Sciences of the Chinese Academy of Sciences.
Cells were cultured in Dulbecco’s Modified Eagle Medium
(DMEM) containing 10% fetal bovine serum (FBS, HyClone,
Logan, USA), 1% PS (100 units/ml penicillin and 100mg/ml

streptomycin) and GlutaMAX (Gibco, USA), incubated in
an incubator with 5%CO2 at 37°C and passaged every 3 days.
When reaching approximately 80% confluence, the cells
were seeded in a 6-well plate at 1.5×104 cells and treated
with different doses of D-glucose (0, 5, 10, 20, 30, 50, 75,
100mM) for 24 h (Sigma, USA).

After starving for 24 hours, cells were stimulated with
30mM D-glucose and different doses of recombinant hu-
man chemerin (R&D System, USA) for another 24 hours.

2.4. Cell Viability Assay. A colorimetric 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay
was used to assess the cell viability [1]. Cells were seeded into
a 96-well plate and then treated as mentioned above. MTT
solution (Sigma-Aldrich, USA) was added into each well and
incubated for 2-3 hours. ,en, 150ml of solution was re-
moved from each well followed by the supplement of 100ml
isopropanol with 0.04M HCl. After mixing thoroughly,
plates were placed on the shaker at room temperature for 1 h.
,e absorbance was determined at 590 nm by a plate reader
(BMG LABTECH, Germany). ,e cell viability was analyzed
as the ratio of the average optical density of treated cells over
control cells. IC50 was calculated from log concentration
curves using nonlinear regression analysis in GraphPad
Prism.

2.5. Western Blot. Cells were lysed in radio-
immunoprecipitation buffer containing cocktail inhibitors,
and then supernatant was collected after centrifugation at
12,000 g for 15mins. Protein concentration was determined
by bicinchoninic acid kit, and the same amounts of protein
were loaded into sodium dodecyl sulfate-polyacrylamide gel
electrophoresis gels. Western blot was performed as pre-
viously described [2].

2.6. RT-PCR. Total RNA was extracted from ARPE-19 cells
and transcripted into cDNA. RT-PCR was performed as
previously described [3]. β-Actin was used as control.

,e sequences of the PCR primers:

CMKLR1 F: 5′-GCCAACCTGCATGGGAAAATA-3′
and R: 5′-GTGAGGTAGCAAGCTGTGATG-3′
TNF-α: F: 5′-AGCCCCCAGTCTGTATCCTT-3′ and
R: 5′-CTCCCTTTGCAGAACTCAGG-3′
IL-6: F: 5′-GCCCAAACACCAAGTCAAGT-3′ and R:
5′-TATAGGAAACAGCGGGTTGG-3′
IL-1β: F: 5′-CAGAAGTACCTGAGCTCGCC-3′ and
R: 5′-AGATTCGTAGCTGGATGCCG-3′
β-Actin: F: 5′-CGTGCGTGACATCAAAGAGAAG-3′
and R: 5′-CCAAGAAGGAAGGCTGGAAAA-3′
VEGF: F: 5′-AGGGCAGAATCATCACGAAGT-3′
and R: 5′-AGGGTCTCGATTGGATGGCA-3′

2.7. Statistical Analysis. Data were represented as mean-
s± standard deviation (SD). Experiments were repeated
independently for at least three times. p values for each
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group were derived from unpaired t’ test. Chi-square test
was used for assessing distribution of observations between
two groups. One-way ANOVA followed by Dunnett’s T3
multiple comparisons test for multiple groups. p< 0.05 was
regarded as significant difference.

3. Results

3.1. Chemerin Was Positively Correlated with CMKLR1 in
PDRPatients. We first analyzed the general information of
patients, and there was no significant difference (p> 0.05)
on gender, age, body mass index (BMI), HbA1c, HDL-C,
and TC between NPDR and PDR patients (Table 1). Not
surprisingly, PDR patients underwent longer duration of
diabetes than NPDR patients, with higher fasting blood
glucose, low-density lipoprotein cholesterol (LDL-C), and
TG.

To explore the role of chemerin in the development of
PDR, we evaluated the levels of chemerin in the patients
with PDR. PDR patients displayed increased expressions
of chemerin and CMKLR1 in comparison with NPDR
patients (Figures 1(a) and 1(b)). Furthermore, Pearson
correlation showed that chemerin was positively corre-
lated with CMKLR1 in the serum of PDR patients
(Figure 1(c)).

3.2. Proinflammatory Cytokines Were Positively Correlated
with Chemerin and CMKLR1 in the Serum of PDR Patients.
Next, we explored the relationship between inflammation
and chemerin in the PDR. Compared to that of NPDR
patients, proinflammatory cytokines, including IL-1β and
TNF-α, were both induced in the serum of PDR patients
(Figures 2(a) and 2(b)). VEGF production was also higher in
PDR patients than NPDR ones (Figure 2(c)). Furthermore,
we also found that IL-1β, TNF-α, and VEGF were positively
correlated with the levels of chemerin (Figures 3(a)–3(c))
and CMKLR1 (Figures 3(d)–3(f)), respectively, in the serum
of PDR patients. ,us, these data suggested that either
chemerin or CMKLR1 was positively correlated with the
severity of inflammation in PDR patients.

3.3. Chemerin Activated CMKLR1 and Aggravated High
Glucose-Induced Cell Injury in ARPE-19 Cells. To further
assess the role of chemerin in the PDR, we first stimulated
ARPE-19 cells with different doses of D-glucose (0–100 nM)
and measured high glucose (HG) induced cell injury. MTT
assay identified that the IC50 of cell viability was 33.28mM
(Figure 4(a)). ,erefore, we used 30mM D-glucose for the
following studies. Next, ARPE-19 cells were stimulated with
30mM glucose and different concentrations of recombinant
chemerin for 24 hours, and HG-induced cell injury was
further aggravated by chemerin in a dose-dependent way
(Figure 4(b)) and 10 nM chemerin was determined for the
following experiments. As expected, both mRNA and
protein levels of CMKLR1 induced by high glucose could be
further upregulated by the stimulation of chemerin in
ARPE-19 cells (Figures 4(c)–4(e)).

3.4. Chemerin Aggravated High Glucose-Induced Inflamma-
tory Responses in ARPE-19 Cells. Consistent with our pre-
vious data that chemerin was correlated with inflammation
in the serum of PDR patients, high glucose-induced in-
flammation could also be further aggravated by chemerin in
ARPE-19 cells as reflected by the increased mRNA and
protein levels of proinflammatory cytokines, such as IL-1β
(Figures 5(a) and 5(d)), TNF-α (Figures 5(b) and 5(e)), and
IL-6 (Figures 5(c) and 5(f)). ,ese data further confirmed
the relationship between chemerin and inflammatory re-
sponse in HG-induced ARPE-19 cells.

Furthermore, we also discovered that high glucose sig-
nificantly increased the mRNA and protein levels of VEGF
in ARPE-19 cells, which could be further upregulated by
chemerin (Figures 6(a) and 6(c)).,us, chemerin aggravated
high glucose-induced VEGF activation in ARPE-19 cells,
which suggested the role of chemerin/CMKLR1 in the de-
velopment of PDR.

4. Discussion

Diabetic retinopathy, a well-recognized consequence of
poorly controlled diabetes, contributes to severe vision loss
and even blindness in the working age of diabetic patients.
Nowadays, DR affects around 150 million people globally,
and this number is estimated to double by the year 2025
according to the report of World Health Organization [4].

DR is divided into two classes: nonproliferative and
proliferative, depending on whether there is neo-
vascularization. DR without neovascularization is called
NPDR, which may progress into PDR. Long-term duration
of diabetes and poorly controlled hyperglycemia cause the
lack of oxygen as hypoxia in the retina, which leads to the
formation of new abnormal fragile blood vessels to grow
along the retina [5]. Angiogenesis as well as relentless ab-
normal fibrovascular proliferation with bleeding and retinal

Table 1: Demographic and clinical characteristics of the study
participants.

Characteristics
Study group

p
NPDR (n� 45) PDR (n� 45)

Gender
Male 28 (62.2%) 23 (51.1%) 0.395Female 17 (37.8%) 22 (48.9%)

Age (years) 56.74± 7.11 58.19± 8.67 0.386
BMI (kg/m2) 23.65± 3.92 24.81± 3.37 0.174
Duration of DM (years) 7.8± 3.5 12.2± 4.7 0.004
FPG (mmol/L) 6.34± 1.03 7.96± 1.25 0.013
HbA1c (%) 11.29± 0.96 12.61± 1.33 0.116
HDL-C (mmol/L) 1.19± 0.74 1.34± 0.58 0.482
LDL-C (mmol/L) 2.87± 0.69 3.85± 0.52 0.025
TC (mmol/L) 4.39± 0.76 4.96± 0.81 0.127
TG (mmol/L) 1.79± 0.81 2.47± 0.69 0.016
Values were expressed as n (%) or mean± SD. p values for each group were
derived from unpaired t test. Chi-square test was used for assessing dis-
tribution of observations between two groups. BMI: body mass index, DM:
diabetes mellitus, HbA1c: hemoglobin A1c, FPG: fasting plasma glucose,
HDL-C: high-density lipoprotein cholesterol, LDL-C: low-density lipo-
protein cholesterol, TC: total cholesterol, TG: triglycerides.

International Journal of Endocrinology 3



detachment results in blindness [6]. Due to the importu-
nateness of angiogenic factors, particular VEGF in the
retinal angiogenesis, inhibition of VEGF is identified as a
new approach to the management of PDR [7]. However,
some recent studies discovered that direct anti-VEGF agents
might be not as effective as expected [8]. ,erefore, in our
study, we explored the relationship between PDR and
chemerin/CMKLR1 and found that chemerin/CMKLR1
could promote the progression of PDR by indirectly regu-
lating the production of VEGF as well as proinflammatory
cytokines.

Recent publication revealed that increased ionic calcium
secretion was associated with increased ellipsoid zone dis-
ruption in DR patients with highHbA1c [9], which indicated
the important role of HbA1c in DR patients. ,erefore, we
also analyzed the relationship between chemerin levels and
HbA1c levels in the serum of patients, and the results in-
dicated that chemerin was not correlated with HbA1c in the
serum of neither NPDR nor PDR patients (p> 0.05, data not
shown).

Chemerin is a chemoattractant protein secreted in an
inactive form as prochemerin and cleavage the C-ter-
minus to be activated. Chemerin binds to the G protein-
coupled receptor CMKLR1 to activate its downstream

inflammatory pathways, such as nuclear factor kappa-
light-chain-enhancer of activated B cells (NF-kB) and
ERK-1. Chemerin was discovered to stimulate chemotaxis
of macrophages and dendritic cells [10]. Moreover,
chemerin was identified as a novel adipokine to regulate
adipocyte metabolism [11]. In addition, chemerin has
been implicated to play an important role in the patho-
genesis of obesity as well as diabetes [12–17]. As a che-
moattractant, adipocyte-secreted chemerin was associated
with insulin resistance [18]. ,erefore, chemerin was also
indicated to involve in revolutionizing the management of
diabetic complications, such as diabetic nephropathy and
DR [19]. Furthermore, the levels of chemerin were as-
sociated with the severity of diabetic retinopathy in T2DM
[20–23]. However, until now, there is no publication
about the relationship between chemerin and PDR.
,ereby, our current study discovered that the levels of
chemerin and CMKLR1 were increased in the PDR pa-
tients, and chemerin was positively correlated with
CMKLR1 in the PDR patients. Our study further eluci-
dated the role of chemerin and its receptor in the de-
velopment of DR, which provided new aspects to develop
the novel therapeutic approach of DR, and the small
inhibitors of chemerin or CMKLR1 might serve as
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potential candidate drugs for DR. Since chemerin exerts
its effect by binding to its receptor CMKLR1, in our study,
we evaluated both the expressions of chemerin and its
receptor CMKLR1 together. As a chemoattractant and
adipokine, chemerin mediated the productions of
proinflammatory cytokines; therefore, chemerin could be
involved in the inflammation-related diseases, including
diabetic retinopathy. Out study also demonstrated that
the levels of chemerin/CMKLR1 were also associated with
the secretions of proinflammatory cytokines, including
IL-1β, TNF-α, and IL-6, in the serum of PDR patients.

5. Conclusion

Our current study clearly demonstrated that the levels of
chemerin and its receptor CMKLR1 were higher in the
serum of PDR patients than that of NPDR ones. Moreover,
their productions were positively correlated with inflam-
matory responses and VEGF secretion in PDR patients.
,erefore, the inhibition of chemerin/CMKLR1 might serve
as a new therapeutic approach to manage the progression of
PDR.
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