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Chemerin promotes microangiopathy in diabetic retinopathy via
activation of ChemR23 in rat primary microvascular endothelial
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Purpose: The correlation between chemerin and diabetic retinopathy (DR) has been demonstrated previously. We aimed
to investigate the potential inflammatory and angiogenic roles of chemerin in DR using rat primary retinal microvascular
endothelial cells (RRMECs:).

Methods: RRMECs were incubated in low- and high-glucose media, and stable chemerin receptor (ChemR23) knock-
down in RRMECs was established by lentiviral infection. Real-time quantitative PCR (RT-qPCR), enzyme-linked
immunosorbent assay (ELISA), and western blotting were employed to investigate the mRNA and protein expression
of intercellular adhesion molecule-1 (ICAM-1), vascular endothelial growth factor (VEGF), tumor necrosis factor-a
(TNF-a), and the interleukin-6 receptor (IL-6R) to explore the inflammatory and angiogenic effects of chemerin. A
scratch assay was employed to evaluate the effect of chemerin on RRMEC migration.

Results: Chemerin and TNF-a markedly increased the mRNA and protein expression of ICAM-1 in RRMECs (p<0.001).
ChemR23 knockdown may have decreased the ICAM-1 expression under low- and high-glucose conditions (p<0.001).
Even in the ChemR23-knockdown group, TNF-a significantly increased the mRNA and protein levels of ICAM-1
under low- and high-glucose conditions (p<0.001). Chemerin promoted VEGF expression under low- and high-glucose
conditions. ChemR23 knockdown markedly decreased VEGF levels under low- and high-glucose conditions (p<0.05)
and significantly decreased RRMEC migration (p<0.001).

Conclusions: Chemerin promotes the expression of ICAM-1, the secretion of VEGF, and the migration of RRMECs via

the activation of ChemR23.

Diabetic retinopathy (DR) is a common complication in
patients with diabetes mellitus. Almost all patients with type
1 diabetes and 60% of patients with type 2 diabetes develop
DR 15-20 years after diabetes onset [1]. Globally, in 2010,
2.6% of cases of blindness were caused by DR, and more than
70% of these cases involved moderate or severe vision impair-
ment [2]. Microvascular pathological changes can occur in the
early stages of DR, including the prediabetic stage [3]. Mild
DR was found in 8.2% of the prediabetic population [1].

The pathophysiological mechanism of DR is highly
complex and involves increased vascular endothelial growth
factor (VEGF) secretion, oxidative stress, and proinflam-
matory mediators [4]. Hyperglycemia can induce the
expression of chemokines, cytokines, and proangiogenic
and proinflammatory growth factors, as well as leukocyte
accumulation around the retinal capillary walls, resulting
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in chronic inflammation; this damages the tight junctions
between endothelial cells and leads to the breakdown of
the blood—retinal barrier (BRB). Chronic inflammation can
damage pericytes and increase serum leakage. The loss of
pericytes, damage of tight junctions, and thickening of the
endothelial basal membrane can increase vascular perme-
ability, capillary occlusion, retinal ischemia, hypoxia, angio-
genic factor release, and retinal neovascularization. The new
fragile retinal blood vessels cause vitreous hemorrhage and
retinal detachment [5,6]. The expression of many chemo-
kines, inflammatory cytokines, and growth factors increases
during the pathogenesis of DR. Hyperglycemia increases the
expression of fibronectin (an extracellular matrix protein),
collagen, and intercellular adhesion molecule-1 (ICAM-1)
[7,8]. Chronic and persistent inflammation occurs during
the early stages of diabetes mellitus. Proinflammatory
cytokines, such as interleukin-6 (IL-6) and tumor necrosis
factor-a (TNF-a), have been found in the retinas of humans
and animal models [9]. These cytokines and growth factors
promote the pathological changes in DR.
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Chemerin is an adipokine involved in adipogenesis,
glucose metabolism, inflammation, and angiogenesis [10].
ChemR23 is found in human endothelial cells, and the
chemerin/ChemR23 system is thought to be involved in
endothelial angiogenesis [11]. Jiang et al. [12] found that
chemerin/ChemR23 promotes the proliferation, adipogenesis,
and angiogenesis of preadipocytes by activating the protein
kinase B (AKT)/mammalian target of rapamycin (mTOR)
and extracellular signal-regulated kinase (ERK) pathways.
Kaur et al. [11] found that chemerin can promote the prolif-
eration, differentiation, and migration of endothelial cells
and the formation of capillary tubes; they also thought that
chemerin regulated angiogenesis through phosphoinositide
3-kinase (PI3K)/Akt and mitogen-activated protein kinase
(MAPK)/ERK signaling. Moreover, chemerin is associated
with many cytokines and growth factors that are involved
in the development of DR. The level of plasma chemerin is
elevated in chronic inflammatory diseases, and the expres-
sion of chemerin is correlated with that of proinflammatory
cytokines [13-15]. High expression of chemerin has been
associated with tumor angiogenesis and VEGF upregula-
tion [16,17]. Furthermore, chemerin regulates diabetic
microvascular complications. In previous studies, increased
serum chemerin levels were found in patients with diabetic
nephropathy [18]. Increased vitreous levels of chemerin have
also been found in patients with proliferative DR (PDR) [19].
The vitreous chemerin concentration has been positively
correlated with the vitreous VEGF concentration. We think
that chemerin plays a key role in the development of DR, but
its role has not been fully elucidated. Thus, this study aimed
to investigate the role of chemerin in DR development and
the interplay between chemerin and DR-associated cytokines.

METHODS

Cell culture: Rat primary retinal microvascular endothelial
cells (RRMECs) were procured from Procell Life Science &
Technology Co., Ltd. (catalog no. CP-R114; Wuhan, China)
and cultured in non-essential amino acid (minimum essential
medium-MEM) with 10% fetal bovine serum (FBS; Gibco
BRL, Rockville, MD), 100 U/ml of penicillin G, and 0.1 mg/
ml of streptomycin in low (5.5 mM) and high (30 mM)
concentrations of glucose. Cells at passages 3—4 were used in
this study. RRMECs were stimulated with chemerin (10 nM;
Nearshore Protein Technology Co., LTD, Shanghai, China)
for 24 h and with TNF-a (30 ng/ml) for 6 h.

ChemR23 knockdown by lentivirus-mediated shRNA: Stable
knockdown of ChemR23 in RRMECs was generated using
a lentiviral construct. The vector used in this study was
pHBLV-U6-MCS-CMV-ZsGreen-PGK-PURO (Hanbio
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Biotechnology, Shanghai, China). In this study, the siRNA
sequence was “T CGC CTG GTC AAT GCT CTA AGT
GAA,” and the lentiviral ShRNA sequence was as follows:
Top strand: GAT CCG TCG CCT GGT CAA TGC TCT
AAG TGA ATT CAA GAG ATT CAC TTA GAG CAT TGA
CCA GGC GAT TTT TTG; Bottom strand: AAT TCA AAA
AAT CGC CTG GTC AAT GCT CTA AGT GAATCT CTT
GAA TTC ACT TAG AGC ATT GAC CAG GCG ACG.
The ChemR23-knockdown sequence was inserted into the
lentiviral vector to knock down the expression of ChemR23.
RRMECs were infected with viral supernatants containing
ChemR23-knockdown lentiviral constructs and the corre-
sponding negative control (NC) following the manufacturer’s
instructions. Knockdown of ChemR23 in RRMECs was
confirmed by western blotting using the corresponding anti-
body (1:1000; Abcam, Cambridge, MA). Cells were infected
for 48 h before further treatment.

RT-qPCR: Total RNA was extracted from the RRMECs using
an RNA purification kit (SBS, Beijing, China) according to
the manufacturer’s protocol. Add 1ml of Redzol (SBS) to
RRMEC:s, dispersing the pellet and mixing well. Incubate
samples at 15 to 30 °C for 5 min. Add 0.2 ml of chloroform
(SBS) to the lysate, shake and mix well and incubate for 5
min. Centrifuge at 12,000 x g for 15 min at 4 °C. Transfer the
aqueous phase to a fresh tube. Use 0.5 ml of isopropyl alcohol
(SBS) per 1 ml of Redzol used for the initial homogenization.
Incubate samples at 15 to 30 °C for 10 min and centrifuge
at 12,000 xg for 10 min at 4 °C. Remove the supernatant.
Wash the RNA pellet once with 75% ethanol. Mix the sample
and centrifuge at 7,500 xg for 5 min at 4 °C. Air-dry the
RNA pellet for 5-10 min. Dissolve the RNA in 50 ul H,O
treated with diethypyrocarbonate (SBS) and incubate at 55-60
°C for 10 min to completely dissolve the RNA. RNA was
used to synthesize cDNA using moloney murine leukemia
virus (M-MLV) reverse transcriptase (Promega, Madison,
WI). The relative expressions of chemerin, ChemR23,
TNF-a receptor (TNFR), IL-6 receptor (IL-6R), ICAM-1,
VEGF, and pigment epithelium-derived factor (PEDF) were
measured using SYBR® Premix Ex Taq™ (Takara, Dalian,
China) following the manufacturer’s instructions. A real-time
quantitative PCR (RT-qPCR) system (Applied Biosystems,
Foster City, CA) was used. The specific primers used in this
study are listed in Table 1. Actin was used as the internal
control. Relative fold changes of each targeted mRNA were
calculated using the 2724 method.

Western blotting: The RRMECs were lysed using radioim-
munoprecipitation assay (RIPA) buffer (Beyotime, Shanghai,
China), and the protein concentration was detected using
a bicinchoninic acid (BCA) protein assay kit (Thermo,
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Rockford, USA). The proteins were subjected to sodium
dodecyl sulfate—polyacrylamide gel electrophoresis (SDS-
PAGE) before being transferred to a nitrocellulose membrane
(Millipore, Bedford, MA). After blocking with 5% nonfat
dry milk, the membranes were incubated with the primary
antibodies chemerin (Abcam), ChemR23 (Abcam), TNF-a
(Abcam), ICAM-1 (Proteintech, Rosemont, IL), NF-kB
(Proteintech), inhibitor of nuclear factor kappa-B alpha
(Ix-Ba; Proteintech), and IL-6R (Proteintech) overnight at
4 °C. The nitrocellulose membranes were incubated with
secondary antibodies for 2 h at room temperature. Densitom-
etry was used to detect the protein bands. Tubulin was used
as an internal control.

ELISA: VEGF levels in low and high concentrations of
glucose were measured using a rat VEGF enzyme-linked
immunosorbent assay (ELISA) kit (Kenuodi biotechnology
Co., Ltd, Quanzhou, China) according to the manufacturer’s
protocol. A microplate reader (Rayto RT6100, Shenzhen,
China) was used to determine the optical density at 450 nm.

Cell migration assay: The effect of chemerin on cell migra-
tion was evaluated using a scratch test. RRMECs were
seeded in a 24-well plate (2x10° cells/well). RRMECs were
grown to 90% confluence and transfected with the vector and
shChemR23 for 48 h. A 10 pl sterile pipette tip was used to
scratch a linear cell-free zone along the diameter of the well.
The 24-well plate was washed three times with PBS (1X; 20
mM KCl, 120 mM NaCl, 5 mM KH,PO,, 10 mM Na,HPO,,
pH 7.4), and 500 pl of MEM was added. Cell-free zones were
photographed after 0 h and 24 h. The migrated area was
measured using ImagelJ software (Media Cybernetics). Cell
migration assays were performed in triplicate.

Statistical analyses: All data are presented as the mean +
standard deviation (SD). SPSS version 20.0 (IBM Corp.,
Chicago, IL) for Windows was used for statistical analyses.
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post hoc analysis was performed to compare multiple groups.
Statistical significance was set at p<0.05.

RESULTS

Expression of ChemR23 and receptors of inflammatory
factors in RRMECs after high glucose stimulation: We inves-
tigated the expression of ChemR23 in RRMECs under low-
and high-glucose conditions. No significant difference was
found in the expression of ChemR23 between low- and high-
glucose conditions by western blotting (F = 3.268, p = 0.066;
Figure 1A,B) and RT-qPCR (F =2.641, p = 0.104; Figure 1C).
High-glucose conditions significantly increased the mRNA
expression of chemerin in RRMECs; stimulation with 20 nM
and 30 nM glucose increased chemerin mRNA expression
by 1.34 + 0.09-fold and 1.52 + 0.24-fold, respectively (F =
18.752, p<0.001; Figure 1D). High-glucose conditions mark-
edly increased the protein (F = 19.588, p<0.001) and mRNA
(F = 168.75, p<0.001) expression of ICAM-1 (Figure 1E,E]I).
TNF-a and IL-6 play key roles in the inflammatory process in
DR. We found that the high-glucose conditions significantly
increased the protein (F = 36.839, p<0.001) and mRNA (F =
63.869, p<0.001) levels of TNFR (Figure 1E,G,J); stimula-
tion with 20 nM and 30 nM glucose increased the mRNA
expression of TNFR by 2.02 + 0.17-fold and 2.32 + 0.33-fold,
respectively (Figure 1J). However, no significant change was
observed in the protein (F = 1.423, p = 0.272) or mRNA (F =
0.797, p = 0.469) levels of IL-6R (Figure 1E,H,K).

Knockdown of ChemR23 has no effect on the expression
of TNFR and IL-6R: The knockdown of ChemR23 was
confirmed by western blotting (F = 156.03, p<0.001; Figure
2A,C) and RT-qPCR (Figure 2B) under low- (F = 537.35,
p<0.001) and high-glucose conditions (F = 1175.34, p<0.001).
The mRNA levels of ChemR23 were markedly decreased
under low- and high-glucose conditions in the ChemR23-
knockdown group (F =53735,P <0.001; F
= 117534, P

low glucose low glucose high

One-way analysis of variance (ANOVA) followed by Tukey’s

glucose

high glucose

TABLE 1. THE PRIMERS USED FOR THE REAL-TIME QUANTITATIVE POLYMERASE CHAIN REACTION.

Gene symbol Gene ID Forward primers (5'-3") Reverse primers (5'-3')

Actin 81,822 GTGTTGTCCCTGTATGCCTCTGGT CTCTTTAATGTCACGCACGATTTCC
Chemerin 297,073 TACAATCAAACCAAATGGGAGGAA AGGGAAGAAGTAGATGCGGGAGT
ChemR23 60,669 AGGAGACACGCCTGGAGCCTTTG TGGAGACTGTGCAGCATGTTTGG
TNFR 25,625 TGCGATGCTGTATGCTGTGGTGG GGACGAGTGGGCAGGGCTTTCTA
IL-6R 24,499 GCGAGGAGTAAAGCATGTGGTGC TAGCCAAGGAGTGCCTGTGACCT
PEDF 287,526 TATCACCTTAACCGACCGTTCATCT TTTCTGTAGCGCACTGGGACATT
VEGF 83,785 GAGGAGACTCTTCGAGGAGCACTTT TGTCTACAGGAATCCCAGAAACAAAA
ICAM-1 3383 AAGTCTGTCAAACGGGAGATGAATGG TAAATGGACGCCACGATCACGAA
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Figure 1. High concentrations of glucose increased chemerin expression, intercellular adhesion molecule-1 (ICAM-1), and tumor necrosis
factor-a receptor (TNFR), whereas they had no effect on ChemR23 or interleukin-6 receptor (IL-6R). A,B: Western blot analysis of the
expression of ChemR23 under different glucose concentrations. C: Real-time quantitative PCR (RT-qPCR) showed the mRNA expression
of ChemR23 under different glucose conditions. D: RT-qPCR showed the mRNA expression of chemerin under different glucose conditions.
E-H: Western blot analysis of ICAM-1, TNFR, and IL-6R proteins, normalized to tubulin. I: The expression of ICAM-1 in rat primary
retinal microvascular endothelial cells (RRMECs) detected by RT-qPCR. J: The expression of TNFR in RRMECs detected by RT-qPCR. K:
The expression of IL-6R in RRMECs detected by RT-qPCR. Data are shown as mean + standard deviation (SD) of six replicates. **p<0.01,

##4p<0.001.

differences were noted in the protein levels of TNFR between
low- and high-glucose in the control, NC, and ChemR23-
knockdown groups (p<0.05; Figure 2D). No significant
difference was observed in the protein levels of IL-6R under
low- and high-glucose conditions (p>0.05; Figure 2E).

Chemerin and TNF-o. increased the expression of ICAM-1
via the activation of ChemR23 and NF-xB: To investigate
the role of the chemerin/ChemR23 pathway in DR, we
used a lentiviral construct to block the chemerin/ChemR23
pathway. RRMECs were cultured with chemerin for 24
h in two groups—the ch group, where RRMECs were

stimulated with chemerin (10 nM) for 24 h before the start
of the experiment, and the ch/sh group, where RRMECs
were transfected with shRNA targeting ChemR23 and were
stimulated with chemerin (10 nM) for 24 h before the start of
the experiment. As shown in Figure 3A,D, chemerin signifi-
cantly increased the protein levels of ICAM-1 under low- and
high-glucose conditions (anwgzm-ose = 60.94, le‘,gluww<0.001;
F o atucose = 259:65, P 1c0se<0-001). The mRNA levels of
ICAM-1 increased by 1.41 £ 0.22-fold and 1.33 + 0.12-fold
with chemerin stimulation (10 nM for 24 h) under low- and
high-glucose conditions, respective, compared with the
=2337,P <0.001; F =69.93,

control (F high glucose

low glucose low glucose
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Figure 2. The expression of tumor necrosis factor-a receptor (TNFR) and interleukin-6 receptor (IL-6R) was not affected by ChemR23
knockdown in rat primary retinal microvascular endothelial cells (RRMECSs). A and C-E: Western blot analysis of ChemR23, TNFR,
and IL-6R proteins, normalized to tubulin under low- (5.5 mM) and high-glucose (30 mM) conditions. B: The expression of ChemR23 in
RRMEC:s detected by real-time quantitative PCR (RT-qPCR). Data are shown as mean =+ standard deviation (SD) of six replicates. *p<0.05,
**p<0.01, ***p<0.001. Abbreviations: NC, RRMECs transfected with empty vector; shChemR23, RRMECs transfected with siIRNA

targeting ChemR23.

ngh glmme<0.001; Figure 3E,F). However, inhibition of the
chemerin/ChemR23 pathway markedly decreased the protein
levels of ICAM-1 under low- and high-glucose conditions. In
the ChemR23-knockdown group with chemerin stimulation
(10 nM for 24 h), the protein of ICAM-1 decreased signifi-
cantly under low- and high-glucose conditions (F, glucose
60.94, P, 1cose 0001 F, s = 25965, P, 100 <0.001). In
the ChemR23-knockdown group with chemerin stimulation,
the mRNA levels of [ICAM-1 decreased by 0.78 = 0.07-fold (p
=0.019) and 0.59 + 0.09-fold (p<0.001) under low- and high-
glucose conditions, respectively (Figure 3E,F). Chemerin
did not affect TNFR expression under low- and high-glucose
conditions (p>0.05; Figure 3A,C).

To investigate the role of the TNF-a/TNFR pathway in
DR, RRMEC:s were cultured with TNF-a (30 ng/ml) for 6 h.

TNF-a significantly increased the protein levels of ICAM-1
under low- and high-glucose conditions compared with that
in the NC group (p<0.001; Figure 4A,B). In the ChemR23-
knockdown group, the protein levels of ICAM-1 markedly
decreased under low- and high-glucose conditions compared
with that in the TNF-a group (P, glucose<0.001, Pigh gincose —
0.001); however, the ICAM-1 protein levels were higher in
the ChemR23-knockdown group than they were in the NC
ow elucose <0-00L, P . <0.001; Figure 4A,B). TNFR
ow glucose high glucose

expression was upregulated under high-glucose conditions in
the three groups (p<0.001; Figure 4A,C).

group (P,

The expression of Ik-Ba, NF-xB, and intranuclear
NF-kB (n-NF-«B) was evaluated using western blotting to
investigate the biologic function of TNF-a. Compared with
the NC group, TNF-a stimulation decreased the expression
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of Ix-Ba (p<0.001; Figure 4A,D) and significantly increased
the expression of NF-kxB (p<0.001; Figure 4A,E) in the
ChemR23-knockdown group compared with the NC group.
TNF-a also increased the expression of n-NF-«B in the
ChemR23-knockdown group compared with that in the NC
group (p<0.001; Figure 4A,F).

Effect of chemerin on VEGF in RRMECs: RRMECs were
cultured with chemerin (10 nM) for 24 h in the ch and ch/sh
groups, as described above. High-glucose levels upregulated
VEGF expression (Figure 5A). The RT-qPCR results showed
that in the presence of chemerin, the mRNA levels of VEGF
were upregulated by 1.78 + 0.23-fold and 1.33 + 0.28-fold
under low- and high-glucose conditions, respectively (P,

© 2021 Molecular Vision

glmse<0.001, Phigh glmse<0.001). After ChemR23 knockdown,
the mRNA levels of VEGF were downregulated by 1.01 +
0.042-fold and 0.78 + 0.10-fold under low- and high-glucose
conditions, respectively (P >0.05, P =0.008;

Figure 5B,C).

low glucose high glucose

To examine whether the change in VEGF transcription
led to the change in translation, ELISA was used to measure
the protein expression of VEGF. RRMECs were cultured
with chemerin (10 nM) for 24 h in the ch and ch/sh groups,
as described above, before ELISA was conducted. Chemerin
treatment increased the secretion of VEGF under low-glucose
conditions (VEGF elucose chemerin — 10290 £ 14.38 pg/ml,
VEGF =158.47 £ 12.18 pg/ml), and no significant

low glucose control
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5.5mM 30mM
Con NC sh ch chish Con NC sh ch ch/sh
ChemRZ3 - — . o — e -
% s

- _
Tubulin
C D

TNFR/Tubulin

I

ICAM-1/Tubulin
ok

Ratio of protein expression

Ratio of protein expression

5.5 mM

30 mm

5.5 mMm

30 mM

Concentration of Glucose Concentration of Glucose

ChemR23/Tubulin

0.4

0.35

0.3
m Con
oNC
Osh
Och

R chish

0.25

0.2

Ratio of protein expression

=

5.5 mM 30mM

Concentration of Glucose

e —
N

>

Relative mRNA expression
Relative mRNA expression

5.5mM 30mMm

Figure 3. Chemerin/ChemR23 pathway—mediated intercellular adhesion molecule-1 (ICAM-1) expression. A-D: Western blot analysis of
ChemR23, tumor necrosis factor-a receptor (TNFR), and ICAM-1 proteins with/without chemerin stimulation (10 nM for 24 h) or ChemR23
knockdown under low- and high-glucose conditions, normalized to tubulin. E: The expression of ICAM-1 in RRMECs detected by real-time
quantitative PCR (RT-qPCR) under low-glucose condition (5.5 mM). F: The expression of ICAM-1 in rat primary retinal microvascular
endothelial cells (RRMECsS) detected by RT-qPCR under high-glucose conditions (30 mM). Data are shown as mean + standard deviation
(SD) of six replicates. *p<0.05, ***p<0.001. Abbreviations: NC, RRMECs transfected with empty vector; sh, RRMECs transfected with
shRNA targeting ChemR23; ch, with chemerin stimulation (10 nM for 24 h); ch/sh, RRMECs transfected with shRNA targeting ChemR23
and chemerin stimulation (10 nM for 24 h).
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difference was found between the ch group and the control
group (p = 0.955). However, under high glucose conditions,
VEGEF expression was elevated in the presence of chemerin
compared to that in the control (VEGF high glucose chemerin — 209-0
+ 11.69 pg/ml, VEGF,\ coce comror = 217:91 £ 13.46 pg/ml,
p<0.001). ChemR23 knockdown decreased the expression of
VEGEF under low-glucose conditions compared with that in
the chemerin group (VEGF elucose chemerin— 102-90 £ 14.38 pg/
ml, VEGF, | glucose ChemR 23 knockdown group 143.41 % 6.42 pg/ml, p =
0.038). Under high-glucose conditions, ChemR23 knockdown

significantly decreased the expression of VEGF compared

© 2021 Molecular Vision

Effect of chemerin on cell migration: A scratch test was used
to investigate the effect of the chemerin/ChemR23 pathway
on the migration of RRMECs. High-glucose conditions
significantly inhibited cell migration. RRMECs migrated
markedly faster under low-glucose conditions than they did
under high-glucose conditions (Migrated area,, . = 66.02%
+ 0.010%, Migrated area,, . = 42.23% + 0.18%, Migrated
area, = 40.31% + 0.20%, p<0.001; Figure 6A,B). Under
low-glucose conditions, ChemR23 knockdown inhibited
the migration of RRMECs. Cell migration was significantly

lower in the ChemR23-knockdown group compared with

with that in the chemerin group (VEGF =259.50

high glucose chemerin -
+ 11.69 pg/ml, VEGF = 207.72 + 10.11 pg/ml,

the control and NC groups (Migrated area, . = 65.49%
+ 0.036%, Migrated area . = 62.92% =+ 0.027%, Migrated

high glucose control

p<0.001; Figure 5D). area, . - .= 25.96% =+ 0.045%, p<0.001; Figure 6C,D). The
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Figure 4. Chemerin and tumor necrosis factor-o (TNF-a) both increased intercellular adhesion molecule-1 (ICAM-1) expression via the
activation of ChemR23 and nuclear factor-kB (NF-kB), respectively. A-C: Western blot analysis of TNF-a receptor (TNFR) and ICAM-1
proteins with/without TNF-a (30 ng/ml for 6 h) stimulation or ChemR23 knockdown under low- and high-glucose conditions, normalized
to tubulin. A,D,E,F: Western blot analysis of inhibitor of nuclear factor kappa-B alpha (Ix-Ba) and intranuclear NF-xB (n-NF-kB) proteins
with/without TNF-a stimulation or ChemR23 knockdown under low- and high-glucose conditions. The protein expression of Ix-Ba and
NF-kB was normalized to tubulin, whereas the protein expression of n-NF-kB was normalized to His-H3. Data are shown as mean =+ standard
deviation (SD) of six replicates. **p<0.01, ***p<0.001. Abbreviations: NC, RRMECs transfected with empty vector; shChemR23, RRMECs
transfected with shRNA targeting ChemR23.
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Figure 5. Chemerin promotes vascular endothelial growth factor (VEGF) expression via the activation of ChemR23 in RRMECs. A: The
expression of VEGF detected by enzyme-linked immunosorbent assay (ELISA) under different glucose conditions (5.5, 20, and 30 mM). B,C:
RT-gPCR detected VEGF expression with/without chemerin stimulation (10 nM for 24 h) or ChemR 23 knockdown under low- (5.5 mM) and
high-glucose (30 mM) glucose conditions. D: VEGF expression detected by ELISA with/without chemerin stimulation (10 nM for 24 h) or
ChemR23 knockdown under low- (5.5 mM) and high-glucose (30 mM) conditions. Data were shown as mean + standard deviation (SD) of
six replicates. *p<0.05, **p<0.01, ***p<0.001. Abbreviations: NC, RRMECs transfected with empty vector; sh, RRMECs transfected with
shRNA targeting ChemR23; ch, with chemerin stimulation (10 nM for 24 h); ch/sh, RRMECs transfected with shRNA targeting ChemR23

and chemerin stimulation (10 nM for 24 h).

same result was observed under high-glucose conditions
(Migrated area. = 40.44% =+ 0.031%, Migrated area . =
39.80% + 0.027%, Migrated area ., ... = 31.96% = 0.013%,
PContro] VS.shChemR23 0.006, PNC VS.shChemR23 0.009; Figure 6E,F).
Cell migration was significantly decreased after ChemR23
knockdown.

DISCUSSION

In the present study, chemerin significantly increased the
expression of ICAM-1 via the activation of the chemerin/
ChemR23 pathway. Leukostasis plays a key role in

microvascular injury in DR [20]. ICAM-1 has been associated
with the adherence of activated leukocytes to the retinas of
patients with diabetes and in rat models. The ICAM-1 anti-
body has been found to markedly inhibit leukostasis in rats
[8,21,22]. Moreover, elevated chemerin expression is posi-
tively correlated with renal inflammation and fibrosis [23,24].
Chemerin can increase the expression of inflammatory
factors, such as TNF-a, IL-6, and IL-1p, in nucleus pulposus
cells [25]. Our previous study observed elevated serum and
vitreous levels of chemerin in patients with diabetes and PDR
[19]. In a study by Lu et al. [26], chemerin was positively
associated with ICAM-1 expression in patients with diabetes.
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In this study, chemerin was shown to increase ICAM-1 oxygen species and BRB breakdown. Previous studies have
expression via the chemerin/ChemR23 pathway during the ~ shown that TNF-a increases the expression of ICAM-1 in
processes of microvascular injury and inflammation in DR. endothelial cells [29-31]. However, chemerin levels were
positively associated with ICAM-1 in rat models of diabetes
and in patients with type 2 diabetes [26,32]. A recent study
showed that chemerin upregulated the expression of ICAM-1

We found that blocking the chemerin/ChemR23 pathway
markedly decreased the expression of ICAM-1, even with

TNF-a stimulation. TNF-o is a biomarker of inflammation,  via the chemerin/ChemR23 signaling pathway in human

which is associated with vascular complications in patients ~ umbilical vein endothelial cells [33]. Based on these results,
with early stage DR [27,28]. TNF-a induces the adhesion ~ both TNF-a and chemerin may participate in regulating
of leukocytes to the endothelial cells and increases reactive ICAM-1 expression.
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Figure 6. Chemerin promotes the migration of rat primary retinal microvascular endothelial cells (RRMECs) via activation of ChemR23.
A,B: The effects of different glucose concentrations (5.5, 20, and 30 mM) on RRMEC migration. C,D: The effect of the chemerin/ChemR23
pathway on RRMEC migration under low-glucose condition (5.5 mM). E,F: The effect of the chemerin/ChemR23 pathway on RRMEC
migration under high-glucose condition (30 mM). The representative images were photographed and quantitative analysis of the scraping
area was performed at 0 and 24 h after scraping. The experiment was conducted in triplicate. **p<0.01, ***p<0.001. Abbreviations: NC,
RRMEC:s transfected with empty vector; shChemR23, RRMECs transfected with shRNA targeting ChemR23.
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Our results showed that stimulation with a high concen-
tration of glucose increased the expression of TNFR and
NF-xB and promoted the nuclear translocation of NF-xB
in RRMECs. Previous studies have also shown that high
concentrations of glucose increase the expression of TNF-a
[34]. The binding of TNF-a to TNFR promotes the phos-
phorylation of Ik-Ba and the nuclear translocation of NF-«kB,
which upregulates the expression of E-selectin, VCAM-1,
and ICAM-1 [35-37]. Hyperglycemia increases the activity of
the TNFR-mediated NF-kB pathway and increases ICAM-1
expression.

The role of chemerin in cell migration has not been fully
elucidated. In the present study, we found that chemerin
promoted the migration of RRMECs via the activation of
ChemR23. Nakamura et al. [38] found that chemerin could
promote the differentiation of human umbilical vein endo-
thelial cells into capillary-like structures and induce their

© 2021 Molecular Vision

migration by activating the Akt and ERK pathways. Knock-
down of chemokine-like receptor 1 (CMKLR1) completely
suppressed the migration of human umbilical vein endothelial
cells. Another study showed that CMKLR1 siRNA effec-
tively inhibited the chemerin-induced migration of vascular
smooth muscle cells [39]. Carlino et al. [40] also found that
chemerin could stimulate the migration of human natural
killer cells through activation of the ERK pathway. However,
Li et al. [41] found that chemerin suppressed the migration
of hepatocellular carcinoma cells through the downregula-
tion of phospho-protein kinase B (p-Akt) via the CMKLRI-
phosphatase and tensin homolog deleted on chromosome ten
(PTEN) pathway. Together, these findings necessitate further
studies in different cells and tissues.

VEGEF plays a key role in the process of angiogenesis
in DR. In this study, chemerin stimulation upregulated the
expression of VEGF in RRMECs. Elevated levels of VEGF

ICAM-1

High Glucose

Secretion

TNF-a

High Glucose

T

1t ?Q.

VEGF mRNAs

.tm?! 1TTT?Q. .1TTT?9 tTTT?Q.

TNFR

Increases expression

«°

B

1 ?T?Q.

ICAM-1 mRNA

Figure 7. Schematic summary of chemerin/ChemR23 pathway in rat primary retinal microvascular endothelial cells (RRMECs). A high
concentration of glucose increases the secretion of vascular endothelial growth factor (VEGF) and chemerin in RRMECs. High concentration
of glucose increases the expression of tumor necrosis factor-a (TNF-a) receptor (TNFR) but has no effect on the expression of ChemR23.
Chemerin increases the mRNA and protein expression of VEGF and intercellular adhesion molecule-1 (ICAM-1) via chemerin/ChemR23
pathway. TNF-a can also increase the mRNA and protein expression of ICAM-1 via activation of TNFR and nuclear translocation of nuclear
factor-k B (NF-xB). TNF-a and chemerin both regulate ICAM-1 expression.
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increase vascular permeability and promote BRB breakdown
and retinal neovascularization [42,43]. Karthikkeyan et al.
[44] found that hyperglycemia can increase VEGF expression
in human retinal endothelial cells. Lin et al. [17] revealed
that the expression of both chemerin and VEGF increased
in rats with diabetic nephropathy and that chemerin and
VEGF were positively correlated with inflammatory factors
and renal function. Du et al. [45] found that VEGF was
positively correlated with the serum levels of chemerin in
patients with diabetes. Our previous study also showed that
the vitreous chemerin concentration was positively correlated
with the vitreous VEGF concentration in patients with PDR
[19]. Recent studies have found that chemerin upregulates
VEGEF through a different pathway. Huang et al. found that
chemerin promoted the expression of VEGF via the mater-
nally expressed gene 3- microRNA 217- Dickkopf-related
protein 3 (Meg3/miR-217/Dkk3) axis in three T3-L1 preadi-
pocytes [46]. Jiang et al. [12] found that chemerin increased
VEGF levels through the Akt/mTOR and ERK1/2 signaling
pathways in preadipocytes. Wang et al. found that chemerin-
induced VEGF protein expression via the mitogen-activated
protein kinase (MEK)/ERK pathway in gastric cancer cells
[47]. Therefore, further studies are required.

The roles of the chemerin/ChemR23 pathway in
RRMEC:s identified in this study are summarized in Figure
7. Retinal microvessels are composed of pericytes and endo-
thelial cells. DR is characterized by damage of the tight junc-
tions between endothelial cells, pericyte apoptosis, and BRB
breakdown. Secretion of proinflammatory mediators and
oxidative stress are also involved in the pathogenic process
of DR [4,5]. Only RRMECs were used in this study; since in
vitro cell experiments cannot perfectly simulate the compli-
cated in vivo microenvironment associated with DR, further
studies using animal models are required.

In conclusion, our study found that chemerin regulates
the expression of ICAM-1 via the chemerin/ChemR23
pathway. Both TNF-o and chemerin regulate ICAM-1
expression. Chemerin promoted the migration of RRMECs
and VEGF secretion. Therefore, we think that chemerin may
promote the angiogenic process in DR by regulating the
expression of VEGF. These results provide novel insights into
the pathophysiological mechanisms of DR.
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