Journal of Clinical Research and Medicine
Volume 1 Issue 2

Resecarch Open

Research Article

Intravitreal Injections of Melanocortin Receptor 1, 5
Agonists Prevents Neovascularization in a VEGF165
Mouse Model of Retinopathy

Rosa Maisto’, Maria Consiglia Trotta’, Settimio Rossi? Carlo Gesualdo?, Dario Siniscalco’, Franca Ferraraccio®, Jorge Miquel Barcia?,
Francesca Simonelli?, Clara Di Filippo?, and Michele D’Amico*

'Department of Experimental Medicine, University of Campania “Luigi Vanvitelli”, Italy
*Multisciplinary Department of Medical-Surgical and Dental Specialities, University of Campania “Luigi Vanvitelli”, Italy
*Department of Clinical, Public and Preventive Medicine, University of Campania “Luigi Vanvitelli”, Italy

#School of Medicine, Catholic University of Valencia, Spain

*Correspondence to: Michele D’Amico, Department of Experimental Medicine, University of Campania “Luigi Vanvitelli”, Italy, Tel: +39-081-566-5920;
Email: michele.damico@unicampania.it

Received: April 05, 2018; Accepted: April 13, 2018; Published: April 20, 2018;

Abstract

Background: The present study focuses on the evaluation of the protective effect on retinal neovascularization exerted by melanocortin receptor 1-5
(MCR 1-5) agonists in a mouse model of proliferative retinopathy induced by intravitreal injection of vascular endothelial growth factor 165 (VEGF165).

Methods: Intravitreal injections of the MCR1 agonist BMS-470539 and of the MCR5 agonist PG-901 were performed 7 days before the VEGF165 injection
and 1 day after VEGF165 injection. Fluorescein angiography (FAG), immunohistochemical and biochemical analysis were performed at different time
points during the follow up.

Results: FAG showed a marked vascular tortuosity accompanied by retinal neovascularization in mice receiving VEGF165 intravitreal injection and
the absence of neovascularization in mice treated with MCR 1-5 agonists, confirmed by CD34 antigen immunostaining. The biochemical analysis of
retinal VEGFR2 gene and protein expression showed that MCR 1-5 agonists significantly reduced VEGFR2 levels, increasing in parallel retinal mir-150
expression.

Conclusions: According to these evidences, we propose that intravitreal injections of melanocortin receptor agonists up-regulate mir-150 expression,
and this consequently reduces VEGFR2 expression levels with the endpoint being the blockade of VEGF165 induced retinopathy.
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adhesion and cell migration and in extracellular matrix degradation;
VEGEF-B and PIGF are involved in lymphangiogenesis [7]; VEGF-A
promotes the process of neovascularization and increased vascular

Introduction

Some of the major eye diseases that cause blindness worldwide are

related to intraocular neovascularization. Among these conditions we permeability. In particular, VEGF164(165) isoform is primarily

must consider age-related macular degeneration (AMD), retinopath . . . . . .
& 8 ( ) pattly implicated in the pathogenesis of major eye diseases that recognize

of prematurity (ROP), diabetic retinopathy (DR) and retinal vascular

occlusions (RVO), which are all linked to ocular ischemia that causes
progressively elevated intraocular levels of vascular endothelial growth
factor (VEGF) with secondary retinal, subretinal or intravitreal
neovascularization leading to progressive visual impairment [1-4].

VEGF is the main player in neovascularization during
proliferative retinopathy, it plays a key role as a potent inducer and
modulator of proliferation, permeability and survival of endothelial
cells. Four VEGF proteins are known VEGFA, -B, -C, -D that act
through interaction with the VEGFRI, -2, and -3 receptor subtypes
[5,6]. Among these, VEGFR2 is the main receptor that modulates
endothelial cell proliferation, migration and in vivo angiogenesis
[5,6]. Instead, VEGF-C and -D are involved in the modulation of cell
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ocular ischemia as a prime mover [8-11].

The introduction in clinical practice of various anti-VEGF drugs
injected intravitreally (bevacizumab, ranibizumab, aflibercept) [12]
for the management of the main eye diseases has positively changed
the evolution and prognosis of diseases such as AMD,ROP, DR and
RVO. In fact, an open research of new strategies and tools has been
undertaken nowadays.

Previous studies by Rossi et al.,(2016) indicated that one of these
strategies could be that of the modulation of the activity of the retinal
endogenous melanocortin pathway and receptors. Indeed, he showed
that an agonism at melanocortin receptor 1,5 (MCR1-5) attenuates
retinal damage in a mouse model of streptozotocin (STZ) induced
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diabetic retinopathy (DR) by modulating the pattern of cytockine and
chemochine expression [13]. Subsequently, Maisto el al. evidenced
that this MCR1-5 agonism restores antioxidant enzyme levels in high
glucose primary retinal cells and protects the photoreceptors from the
glucose induced damage [14]. These receptors, therefore, appeared to
be good candidates for targeted therapy of diabetic retinopathy and
possibly its proliferative form as well. Noteworthy, these melanocortin
receptors have already been accredited to control a wide range of
biological activities including inflammation, oxidative stress, energy
homeostasis, sexual function, pain and immune response [13].

Based on this experience, the present study aimed to evaluate the
protective effect exerted by MCR 1-5 agonists on retinal vascularization
in a mouse model of retinopathy induced by intravitreal injection of
VEGF165.

Materials and Methods

BMS-470539 and PG-901 were used as MCR1 and MCR5 agonist
respectively [15] and were supplied by Professor Grieco (Pharmacy
Department, University of Naples Federico II).

Animals

All the experimental procedures were performed according to
Animal Care Ethical Committee of the University of Campania,
in accordance with ARVO Statement for the use of Animals in
Ophthalmic and Vision Research.

C57BL/6 mice (Harlan, Italy) aged 7 to 10 weeks were housed
in standard cages with 24-hours light-dark cycle, humidity and
temperature automatically controlled. C57BL/6 mice were divided
into 2 settings: the first setting was composed of 2 groups (n = 12
animals per group), treated respectively with sham intravitreous
injections of 5pl balanced saline (0.1 ml) and 5yl intravitreal injection
of VEGF165 (10pg, Sigma-Aldrich, Italy) [10,11] on day 0. The two
groups were monitored by FAG in order to ascertain the time course
of the vascular modifications. The second setting was composed of the
following 2 groups (n = 8 animals per group): (1) mice treated with
5ul intravitreal injection of the MC1 receptor agonist BMS-470539 (33
umol) [16] 7 days before the injection of VEGF165 and 1 day after
VEGF165 injection; (2) mice treated with 5ul intravitreal injection of
the MC5 receptor agonist PG-901 (7.32 nM) [17] 7 days before the
VEGF165 injection and 1 day after VEGF165 injection, following
pioneering in house experience.

Intravitreal injections

Mice were anesthetized by pentobarbital (45 mg/kg in saline i.p.).
Tropicamide (5%) was instilled into the right eye of each animal, in
order to induce papillary dilation, and tetracaine (1%) was topically
applied for local anaesthesia. Physiological saline, VEGF165 or MC
receptor agonists (5 yL volume) were injected intravitreally into
the right eye using sterile syringes fitted with a 30-gauge needle
(Microfine; Becton Dickinson AG, Meylan, France), as previously
described [10,11,18]. Briefly, a transconjunctival 30-gauge, 1.5-mm
needle was introduced behind the limbus in the superior temporal
quadrant. When the needle was visualized at the vitreous, the various
substances were injected in the various experimental groups. After the
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needle was withdrawn, the scleral entrance site was compressed with
a cotton tip for 1 min and a topical antibiotic ointment was applied.

The following MC receptor ligands were used at the indicated
doses as selected from the reported publications: BMS-470539, 33
pmol; PG-901, 7.32 nM [16,17].

Fluorescein Angiography (FAG)

For FAG assessment the animals were restrained without
anesthesia by grasping firmly at the base of the tail and grasping the
scruff of the neck. FAG was performed by using a Topcon TRC-50DX
apparatus (Topcon, Japan) following intraperitoneal injection of 10%
fluorescein sterile solution (1 mL/kg body weight, AK-Fluor; Akorn
Inc., USA). Fundus photographs were captured in order to display
the retinal vasculature and to evaluate the early typical alterations of
microangiopathy.

Follow-up

In the first setting, FAG was performed after papillary dilatation on
all the animals receiving the intravitreal injection of balanced saline or
VEGF165 in order to detect the appearance of early vascular disorders.
At 7 the day time point, when FAG evidenced neovascularization in
VEGF165 mice, 4 animals out of the 12 for each group were randomly
chosen, sacrificed and assayed for VEGFR2 and other biochemical
parameters. The remaining 8 animals were monitored with FAG at the
14 day time point, when neovascularization was still evident. Again,
4 mice out of the 8 were randomly chosen, sacrificed and assayed for
same biochemical parameters as at 7 day time point. The remaining
4 animals were monitored by FAG at 28 days, when no signs of

neovascularization were evidenced.

In the second setting, mice receiving intravitreal injection of BMS-
470539 and PG-901 seven days prior and one day after VEGF165 were
monitored by FAG at 7 and 14 day time points. At 7 days, 4 animals out
of the 8 for each group were randomly chosen, sacrificed and assayed
for VEGFR2 and other biochemical parameters. The remaining 4
animals were sacrificed and assayed for same biochemical parameters
at 14 day time points.

For the biochemical analysis, the eyes were displaced forward
by placing curved forceps around the posterior part and cut in two
halves. On one half of each eye the cornea was cut using a sharp blade
or scalpel, and the retina was squeezed through the cut together with
residual pigment epithelium and lens by applying gentle pressure with
the forceps. Dissected retina was placed in cooled PBS, freed from
non retinal tissue using the forceps, and immediately frozen in liquid
nitrogen and stored at —80°C for subsequent biochemical analysis. The
other half of each eye was fixed by immersion in 10% neutral buffered
formalin and paraffin-embedded for immunohistochemistry.

Immunohistochemistry

CD34 antibody was used as marker of neo-angiogenesis (sc-74499
Santa Cruz Biotec, USA). The ocular tissues were incubated with the
primary antibody, washed in PBS, and incubated with secondary
antibody. The ocular samples were analyzed by an expert pathologist
(variability 6%); every sample was visualized at 200x magnification.
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The number of CD34 positive particles per area was analyzed in 20
microscopic fields and expressed as percentage of positive stained
area/total area.

Total RNA isolation; mir-150 and VEGFR2 mRNA
expression levels

The extraction of total RNA, including small RNAs, was performed
according the MiRNeasy Minikit protocol (Qiagen, Italy). Syn-cel-
miR-39 miScript miRNA Mimic 5 nM (Qiagen, Italy) was added to
each sample before the extraction as internal control. The total RNA
concentration and integrity were determined by Nanodrop ND-
1000 UV spectrophotometer (Nano-Drop® Technologies, Thermo
Scientific, USA).

The qRT-PCR analysis for mir-150 was performed on Mastercycler
personal (eppendorf, Germany) using miScript II Reverse
Transcription Kit (Qiagen, Italy) and on CFX96 Real Time

System cycler (BioRad, Italy) using miScript SYBR Green Kit
(Qiagen, Italy) and miScript Primer Assays specific for Syn-cel-
miR-39 and mir-150 (Qiagen, Italy).

VEGFR2 gene expression was measured by RT-PCR amplification
on Mastercycler personal (eppendorf, Germany). cDNA synthesis was
obtained using SuperScript III Reverse Transcriptase Kit (Invitrogen,
USA) starting from 200 ng of total RNA. Aliquots of 2 ul cDNA were
transferred into a 25 ul PCR reaction mixture containing dNTPs,
MgCl2, reaction buffer, specific primers and GoTaq Flexi DNA
polymerase (Promega, USA). Sequences for the mouse VEGFR2
mRNA from GeneBank (DNASTAR INC., USA) were used to design
specific primer pairs for RT-PCR (Microtech, Italy). The housekeeping
gene chosen was hypoxanthine-guanine phosphoribosyl transferase
(HPRT). PCR products were resolved into 2.0% agarose gel. A
semiquantitative analysis of VEGFR2 mRNA levels was carried out by
the Gel Doc EZ UV System (Bio-Rad, USA).

Relative quantification of gene expression was normalized to Syn-
cel-miR-39 for mir-150 and to HPRT for VEGFR2, using the 2/A—
AACt method.

Enzyme-Linked Immunosorbent Assay (ELISA)

Mouse VEGFR2/Flk-1 Quantikine ELISA Kit (R&D System,
UK) was used in the homogenate of dissected retina in order to
assess the ocular protein VEGFR2 expression levels, according to the
manufacturer’s protocol.

Statistical Analysis

All values are expressed as mean * standard error of the mean
(SEM) of =4 mice. Statistical analyses were assessed either by Student’s
-test (when only two groups were compared) or one-way analyses of
variance (ANOVA), followed by Dunnett’s post hoc test (more than two
experimental groups). < 0.05 was considered statistically significant.

Results

Melanocortin Receptorl-5 activation prevents the development of
retinal neovascularization

No significant vascular alterations were observed in the control
group at any of the various time points (Figure la and Figure 2a). All
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the mice treated only with intravitreal injection of VEGF165 developed
vascular tortuosity accompanied by retinal neovascularization at 7
days that persisted up to 14 days post-treatment, while it disappeared
at the day 28 time point (Figure 1b and Figure 2b).

7 days 14 days 28 days
I
a ! ! ( { Control
/\ Z\

b / / VEGF165

Figure 1. (a) Representative FAG images of a control eye. There are no vascular
alterations at the various time points. (b) Representative FAG images of mice treated with
intravitreal injection of VEGF165: a marked vascular tortuosity accompanied by retinal
neovascularization is present at 7 days and persists until 14 days, while it disappears at the
28 day time point. Arrows indicate the formation of neovessels.
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Figure 2. (a) Representative FAG images of a control eye (as Figure la).
(b) Representative FAG images of mice treated with intravitreal injection of VEGF165
(as Figure 1b). (¢) Representative FAG images of mice treated with intravitreal injection
of BMS-470539 (33 umol) 7 days before and 1 day after the injection of VEGF165: the
mice did not develop retinal neovascularization during the follow-up but only an irregular
vessel caliber appeared at 7 days and persisted until the end of the follow-up at 14 days.
(d) Representative FAG images of mice treated with intravitreal injection of PG-901 (7.32
nM) 7 days before and 1 day after the injection of VEGF165: the mice did not develop
retinal neovascularization but only an irregular vascular course and caliber was observed,
accompanied by an increase in vascular permeability, resulting in dye leakage evident at
7 days and persisting until the end of follow-up at 14 days. Arrows indicate the formation
of neovessels; arrowheads indicate vascular leakage.

Intravitreal injections of MC1 receptor agonist BMS-470539 (33
pmol) or MC5 receptor agonist PG-901 (7.32 nM) protect retinal
vasculature, as demonstrated by FAG. In particular, mice treated with
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BMS-470539 (33 umol) 7 days before and 1 day after the injection
of VEGF165 did not develop retinal neovascularization during the
follow-up, only an irregular vessel caliber appeared at 7 days and
persisted until the end of the follow-up at 14 days (Figure 2c). The
mice treated with PG-901 (7.32 nM) 7 days before and 1 day after
VEGF165 injection did not develop retinal neovascularization during
the follow-up, only an irregularity of the vascular course and caliber
was observed. However, this was accompanied by an increase in the
vascular permeability resulting in dye leakage which was evident at
the 7 day time point and persisted until the end of follow-up at 14 days
(Figure 2d).

Melanocortin MC1,5 receptor agonists reduce the retinal expression of
the hematopoietic endothelial progenitor cell antigen CD34

In order to confirm the development of retinal neovascularization
at 7 and 14 days after VEGF165 intravitreal injection,
immunohistochemistry for CD34 was performed in 4 mice per group
randomly chosen. At 7 and 14 days, the analysis showed a significant
(P<0.01) increase of CD34 immunostaining in mice receiving
intravitreal VEGF165 compared to the mice receiving saline solution
(Figure 3-4). In contrast, a marked decrease in the percentages of
CD34 positive stained area/total stained area was observed at both
time points in retinal tissue of mice receiving intravitreal injections
of the MC1 agonist BMS-470539 (40.0 + 5.15% at 7 days; 31.8 + 4.3%
at 14 days) or the MC5 agonist PG-901 (46.7 + 4.7% at 7 days; 28.9 +
4.7%) as calculated against the values quantified in VEGF165 mice
(Figure 3 and Figure 4).

BMS-47
VEGF165

VEGF165

Melanocortin MC1,5 receptor activation decreases retinal
VEGFR2 gene expression

qRT-PCR analysis of VEGFR2 gene expression in the retina
showed that in mice receiving a single intravitreal injection of BMS-
470539 and PG-901 7 days prior and first day after VEGF165, BMS-
470539 and PG-901 significantly down-regulate VEGFR2 gene
expression levels both at 7 and 14 day (P < 0.01) time points compared
with the group receiving saline only (Figure 5a).

Melanocortin MC1,5 receptor activation increases mir-150 ex-
pression levels

Intravitreal injection of the MCI1 agonist BMS-470539 and
the MC5 agonist PG-901 7 days prior and first day after VEGF165,
significantly up-regulate retinal mir-150 expression levels at 7 and 14
days (P < 0.01) time points compared with the group receiving saline
only (Figure 5b). The single injection of VEGF165 into the vitreous
does not affect QRT-PCR analysis of the retina for mir-150 expression
levels (Figure 5b).

Intravitreal injection of melanocortin MC1,5 receptor agonists re-
duces retinal VEGFR?2 protein levels

To confirm gene expression data, retinal VEGFR2 protein levels
were measured by ELISA assay, and fitting with RT-PCR results,
VEGRE?2 protein levels significantly decreased after BMS-470539 and
PG-901 (P < 0.01, Figure 6) at 7 and 14 time points.
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Figure 3. (a) Representative immunohistochemistry for CD34 in the retina of mice treated with vehicle, VEGF165(10 pg/5 pl), BMS-470539 (33 pmol) + VEGF165 and PG-901 (7.32
nM) + VEGF165, 7 days after VEGF165 intravitreal injection. BMS-470539 and PG-901 reduce CD34 immunostaining compared to rats receiving only VEGF165. Scale bar, 50 m. 200x
magnification. (b) Graph showing the percentage of the total positive stained area for CD34 per total area analyzed at 200x magnification. Values are mean + SEM of = 4 observations for each

group. ** P <0.01 vs Control; °° P <0.01 vs VEGF165.
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Figure 4. (a) Representative immunohistochemistry for CD34 in the retina of mice treated with vehicle, VEGF165(10 pg/5 pl), BMS-470539 (33 pmol) + VEGF165 and PG-901 (7.32 nM)
+ VEGF165, 14 days after VEGF165 intravitreal injection. BMS-470539 and PG-901 reduce CD34 immunostaining compared to mice receiving only VEGF165. Scale bar, 50 m. 200x mag-
nification. (b) Graph showing the percentage of the total positive stained area for CD34 per total area analyzed at 200x magnification. Values are mean = SEM of = 4 observations for each

group. ** P <0.01 vs Control; ° P <0.05 vs VEGF165.
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Figure 5. (a) RT-PCR analysis for VEGFR2 gene expression in retinal tissue 7 and 14 days after VEGF165 intravitreal injection. Treatment with BMS-
470539 (33 pmol) and PG-901 (7.32 nM) significantly decreases VEGFR2 mRNA expression levels at 7 and 14 days, compared to mice receiving saline
only. Results are expressed as mean = SEM of = 4 observations for each group. ** P < 0.01 vs Control. A.U. = arbitrary units. (b) qRT-PCR analyzing
mir-150 expression in retinal tissue 7 and 14 days after VEGF165 intravitreal injection. At 7 and 14 days, BMS-470539 (33 pmol) and PG-901 (7.32 nM)
significantly increase mir-150 expression levels compared to mice receiving saline only. Values are mean + SEM of = 4 observations for each group. ** P

<0.01 vs Control. A.U. = arbitrary units.
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Figure 6. Retinal VEGFR2 protein expression levels (ng/ml) analyzed by Elisa assay 7 and 14 days after VEGF165 intravitreal injection. BMS-470539 (33
umol) and PG-901 (7.32 nM) significantly decrease VEGFR2 protein expression levels at 7 and 14 days, compared to mice receiving saline only. Results are
expressed as mean + SEM of = 4 observations for each group. * P < 0.01 vs Control.

This paper describes for the first time the protective role of the
MCI1-5 receptor agonists in a mouse model of retinopathy. The paper
shows that a single intravitreal injection of the MC1 receptor agonist
BMS-470539 or MC5 receptor agonist PG-901 7 days before and 1
day after the injection of VEGF165 into the vitreous prevents the
development of retinal neovascularization as viewed by FAG.

Based on the results obtained in the present study, melanocortins
and their receptors seem to be good candidates for treating VEGF
dependent neovascularization of the retina having shown pivotal
control of the development and progression of new vessels into the
retina in the mouse model of retinopathy adopted here, although
the single concentration of agonist used is a limitation of any cross-
molecule comparison.

Melanocortins are endogenous peptides that possess a wide range
of biological activities, including promotion of the resolution phase
of inflammation effects in experimental models of inflammation-
based diseases [19-27]. Their receptors are ubiquitously expressed
into the eye and called MC1, MC3, MC4 and MC5. Rossi et al., in
an experimental paper published in 2016 [13] showed that among
the four melanocortin receptor subtypes expressed in the retina the
MC1 and MCS5 are the two involved in a positive control of diabetic
retinopathy. Indeed, the activation of these receptors by specific
agonists induces a series of downstream events such as reduction of
inflammatory cytokines IL-1a, IL-1p, IL-6, chemokines MIP-1a, MIP-
2a, MIP-3a and M1 macrophage that lead to reduced retinal damage.
To this data, we add here a reduced retinal derangement from MC1,5
agonism exerted through reduced proliferation of new vessels in this
tissue.

From the molecular point of view we noted that these structural
changes were paralleled by biochemical alterations such as reduction
in the expression of the VEGFR2 receptor within the retina both at 7
and 14 day time points. The down-regulation of VEGFR2 was caused
by selective stimulation of MC1-5 receptors. Indeed, at the same time
points it was not present in the control group treated with VEGF165
only. Thus, neovascularization induced by VEGF165 within the retina
is hampered by selective activation of endogenous melanocortin
MC1,5 receptors and reduced VEGFR?2 receptor expression.
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How this happens would require further investigation, but a
novelty is provided here by the strict correlation between functional
improvement of retinal vessel form, VEGFR2 expression and
retinal expression of the miRNA mir-150. This mir-150, reported
to attenuate retinal vascular overgrowth in diabetic mice through
a down-regulation of VEGFR2 gene expression [27], is for the first
time related to melanocortin MC1,5 receptors stimulation by the
present study. MC1,5 receptors stimulation increases the expression
of the retinal mir-150, consequently down-regulating VEGFR2 gene
expression and protein levels. This finally improves the early vascular
disorders induced by VEGF165 alone. Mirror of this mechanism,
CD34 labeling within the retina was reduced. Particularly, CD34
labeling was increased by VEGF165 both at 7 and 14 day time points,
confirming the early vascular disorders evidenced by FAG, while it
was significantly reduced after MC1,5 agonists.

Noteworthy, CD34 is a transmembrane phosphoglycoprotein
well known marker of hematopoietic endothelial progenitor cells
(EPCs) proliferation [28], and shown to promote the formation
of pathological, invasive vessels during neovascularization in a
mouse model of oxygen-induced retinopathy [29]. Interestingly, the
differentiation of these cells from the hematopoietic stem cells (HSCs)
is associated with the up-regulation of vascular endothelial growth
factor receptor 2 (VEGFR2), after which the HSCs are considered
endothelial progenitor cells (EPCs), effectively [30-32].

Conclusions

In conclusion, there is positive interplay exerted through increase
of mir-150 between retinal melanocortin MCL,5 receptors and
VEGFR2 receptor in the model of VEGF165 induced retinopathy
in order to prevent the local neoangiogenesis and retinopathy. From
the translational point of view, it is tempting to speculate that the
enhancement and reinforcement of the action of the endogenous
melanocortins pathway can be a tool to prevent the development
of retinal neovascularization, probably by amplifying its anti-
inflammatory, anti-oxidant and anti-proliferative role. The potential
systemic toxicity of the agents used in this study has not been
investigated and would require deepening in order to reinforce their
efficacy.
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