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PURPOSE. The purpose of this study was to investigate the involvement of CD93 and
Multimerin-2 in three choroidal neovascularization (CNV) models and to evaluate their
contribution in the neovascular progression of age-related macular degeneration (AMD).

METHODS. Choroidal neovascular membranes collected during surgery from AMD patients
were analyzed by microscopy methods. Laser-induced CNV mouse models and choroid
sprouting assays (CSAs) were carried out using the CD93 knockout mouse model. An
original ex vivo CSA of vascular angiogenesis, employing choroid tissues isolated from
human donors, was developed.

RESULTS. In contrast to healthy choroid endothelium, hyperproliferative choroidal
endothelial cells (ECs) of AMD patients expressed high levels of CD93, and Multimerin-
2 was abundantly deposited along the choroidal neovasculature. CD93 knockout mice
showed a significant reduced neovascularization after laser photocoagulation, and their
choroidal ECs displayed a decreased ability to produce sprouts in ex vivo angiogenesis
assays. Moreover, the presence of an antibody able to hamper the CD93/Multimerin-2
interaction reduced vascular sprouting in the human CSA.

CONCLUSIONS. Our results demonstrate that CD93 and its interaction with Multimerin-2
play an important role in pathological vascularization of the choroid, disclosing new
possibilities for therapeutic intervention to neovascular AMD.

Keywords: choriocapillaris, age-related macular degeneration, angiogenesis, neovascu-
larization, retinal degeneration

Age-related macular degeneration (AMD) is the third
leading cause (among the elderly, the major cause)

of vision loss in industrialized countries.1 As a result of
the global aging of the human population, a significant
increase in the number of AMD patients is expected over
the next few years.2 AMD is a heterogeneous disorder
and is designated, according to progression and symptoms,
as early, intermediate, or advanced disease.3 Severe vision
loss can be mainly attributed to the advanced neovascu-
lar form of AMD (nAMD), which occurs when choriocap-
illaris, the vasculature located posterior to the outer retina,
grows and penetrates Bruch’s membrane, resulting in vascu-
lar leakage, hemorrhage, and, over time, the development
of fibrosis.4 Thus, massive efforts have been dedicated to
the development of antineovascular treatments for nAMD.
Currently, nAMD is treated by routine intraocular injections

of anti-VEGF drugs.5 Nevertheless, although this therapy has
revolutionized the treatment of nAMD providing significant
visual benefits, it does not induce a persistent regression of
the neovascularization, and frequent intravitreal injections
are necessary to limit recurrence of the disorder.5 There-
fore, targeting different nAMD-associated factors represents
a novel approach to developing combinatorial therapies that
may provide enduring clinical benefits, avoiding the need for
multiple treatments for nAMD patients.

The human CD93 is a single-pass transmembrane glyco-
protein that belongs to group 14 in the C-type lectin domain
(CTLD) superfamily of proteins involved in vascular biol-
ogy.6 CD93 expression is upregulated in the hyperprolifera-
tive endothelial cells (ECs) of blood vessels in different types
of cancer.7–9 In the activated endothelium, CD93 exhibits
proangiogenic activities mainly regulating cell adhesion and

Copyright 2020 The Authors
iovs.arvojournals.org | ISSN: 1552-5783 1

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Downloaded from iovs.arvojournals.org on 08/05/2020

mailto:maurizio.orlandini@unisi.it
mailto:federico.galvagni@unisi.it
https://doi.org/10.1167/iovs.61.8.30
http://creativecommons.org/licenses/by-nc-nd/4.0/


CD93 and Multimerin-2 in CNV IOVS | July 2020 | Vol. 61 | No. 8 | Article 30 | 2

migration. Indeed, CD93 silencing impairs EC prolifera-
tion, adhesion, migration, and sprout formation,10 and the
cooperation between CD93 and dystroglycan, an adhesion
molecule interacting with the extracellular matrix (ECM)
protein laminin, promotes EC migration and tube forma-
tion.11 Moreover, the cytoplasmic interaction between CD93
and moesin, which anchors CD93 to the actin cytoskeleton,
is crucial for stabilizing cell adhesion and CD93 recycling,
both necessary for proper EC migration.12–14

CD93 contributes to cell adhesion and migration through
its interaction with Multimerin-2, an ECM endothelial-
specific member of the EDEN family consistently deposited
along the blood vessels of tumor vasculature.9,15–17 In tumor
angiogenesis, the CD93/Multimerin-2 interaction stabilizes
the cell surface expression of CD93 and promotes β1 inte-
grin activation and the fibrillar organization of fibronectin,
leading to filopodia formation during the angiogenic
process.18 Therefore, CD93 neutralization may represent a
new target for neovascularization inhibition in pathological
contexts. In fact, we have formerly reported that an anti-
CD93 monoclonal antibody (clone 4E1) was able to inhibit
the formation of new blood vessels in both in vitro and in
vivo experiments without affecting EC survival.10

Previously, we have shown that CD93 is overexpressed in
ECs within choroidal neovascular membranes and that the
aqueous humor of nAMD patients displays a high concentra-
tion of soluble CD93.8 Here, we investigate the involvement
of CD93 and Multimerin-2 in the neovascular progression of
AMD. We show that the choriocapillaris of nAMD patients,
in addition to expressing high levels of CD93, also exhibits
strong Multimerin-2 deposition in the extracellular environ-
ment. Using both animal and ex vivo models, we demon-
strate the important role of CD93 in the formation of new
blood vessels in the choroid and highlight the relevance
to hampering the CD93/Multimerin-2 interaction to block
AMD-associated neoangiogenesis.

METHODS

Subjects

The described research adhered to the tenets of the
Declaration of Helsinki and received Institutional Review
Board/Ethics Committee approval. The included patients
presented with active choroidal neovascularization (CNV)
secondary to AMD. As they could not benefit from anti-
VEGF therapy, they were offered autologous retinal pigment
epithelium–choroid graft transplantation. CNV membranes
were collected during submacular surgery as previously
described.8 Patients were treated after being informed of the
nature of the treatment being offered and the potential risks,
benefits, adverse effects, and possible treatment outcomes.
All patients signed consent forms. Demographics and clinical
characteristics of patients are reported (see Supplementary
Table S1).

Animals

C57BL/6 wild-type mice were purchased from Envigo (Indi-
anapolis, IN, USA). CD93 knockout (CD93–/–) mice on the
C57BL/6 background19 were housed in a pathogen-free
animal facility at the Nuovi Istituti Biologici di San Mini-
ato, University of Siena, Italy, in accordance with the Insti-
tutional Animal Welfare Guidelines, Italian legislation, and
the ARVO Statement for the Use of Animals in Ophthalmic

and Vision Research. The animal experiments conformed
with the Guiding Principles for Research Involving Animals
and Human Beings20 and were approved by the Local Ethics
Committee of the University of Siena and the Italian Ministry
of Health.

Immunofluorescent and Immunohistochemical
Staining

CNV membranes were collected from neovascular AMD
patients during submacular surgery. Healthy choroid tissues
were obtained from two retinoblastoma female patients
during surgery and a whole eye from the corpse of a male
who died in a car accident. Samples were processed as
previously described.8,21 Immunofluorescent staining was
performed with antibodies against human Multimerin-222

and human CD34 (QBEnd/10; Ventana Medical Systems,
Inc., Oro Valley, AZ, USA). Mouse laser-injured choroids
were flatmounted and stained with anti-C1qR1/CD93 (R&D
Systems, Minneapolis, MN, USA) and anti-Pecam-1 (H-3;
Santa Cruz Biotechnology, Dallas, TX, USA) antibodies.
Primary antibodies were identified with Alexa Fluor 488
or 568 secondary antibodies (Thermo Fisher Scientific,
Waltham,MA, USA). Fluorescent images were captured using
a Leica TCS SP2 AOBS (Wetzlar, Germany) confocal laser-
scanning microscope, and overlaid images were produced.
To show colocalization events by white dots, images were
processed using ImageJ software (National Institutes of
Health, Bethesda, MD, USA) and the ImageJ Colocalization
plug-in (threshold channel green and red 90%; ratio setting
value 50%). Immunohistochemical staining was performed
as previously described.8 The primary antibodies used were
against human Multimerin-2, CD34, or CD93 (monoclonal
antibody 4E1).10 Samples were counterstained with hema-
toxylin and images obtained with a Zeiss microscope (Carl
Zeiss Meditec, Jena, Germany).

Laser-Induced CNV and Choroidal Flatmount
Analyses

CNV was induced by laser photocoagulation with rupture
of the Bruch’s membrane as previously described.23 Briefly,
mice 8 to 10 weeks old were anesthetized by intraperi-
toneal injection of 2,2,2-tribromoethanol (Avertin; Sigma-
Aldrich, St. Louis, MO, USA), and their pupils were dilated
with 1% tropicamide. Photocoagulation lesions (100-μm spot
size, 100-ms duration, 200-mW power) were delivered by the
PurePoint ophthalmic diode laser system (Alcon, Irvine, CA,
USA), wavelength 532 nm, coupled to a slit lamp. A cover-
slip was placed on the cornea as a contact lens to view the
retina, and each eye received four burns centered around the
optic nerve at the 3, 6, 9, and 12 o’clock positions located
equidistance from the optic disk and between the major reti-
nal vessels. The morphologic end point of the laser injury
was the appearance of a bubble, which confirmed disruption
of the Bruch’s membrane.23,24 Lesions in which bubbles were
not observed and eyes showing hemorrhage were excluded
from the study.

Seven days after laser injury, the CNV lesions were charac-
terized using immunofluorescent staining or size measured
using FITC-dextran staining in choroidal flatmounts. Briefly,
mice were anesthetized and euthanized either directly for
characterization or 5 minutes after a 50-μL injection of FITC-
conjugated dextran (2 × 106 average molecular weight;
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Sigma-Aldrich), dissolved in water at a concentration of 50
mg/mL, into the mouse’s orbital venous sinus using a 30-
gauge needle attached to a 0.3-mL syringe.25,26 Eyes were
enucleated and fixed in paraformaldehyde (3% solution) for
2 hours. The anterior segment and retina were removed
from the eyecup. The remaining retinal pigment epithe-
lium (RPE)–choroid–sclera complex was either processed
for confocal immunofluorescent analysis or flatmounted in
Mowiol 4-88 (Calbiochem, San Diego, CA, USA) and exam-
ined by fluorescence microscopy using an Eclipse E600
microscope equipped with a DS-Fi1c digital camera (Nikon
Instruments, Melville, NY, USA). The total area of CNV associ-
ated with each rupture site was measured using Nikon NIS-
Elements image analysis software. A default and constant
threshold in pixels was used to quantify CNV. An oper-
ator masked to the identity of the experimental groups
performed the analysis.

Mouse and Human Choroid Sprouting Assays

Dissection and culture preparation of mouse tissue were
performed as previously described.27 Briefly, 5- to 6-week-
old C57BL/6J and CD93–/– mice were sacrificed and their
eyes immediately enucleated. The RPE–choroid–sclera was
separated from the retina, cut into pieces, and embed-
ded with 30 μL of growth factor-reduced Matrigel (BD
Biosciences, San Jose, CA, USA) in 24-well plates. For human
assay, choroid–sclera was obtained from the nasal scleral
edge of eyes from the corpses of males 59, 69, and 55 years
old who died of natural causes (car crash for one, heart
attack for the other two). Choroids were quickly dissected,
within 6 hours from the death of the individuals, and stored
in M199 without supplements at 4°C until their use in the
choroid sprouting assay (CSA) experiments, which were
usually performed within 12 hours from collection. The
choroid was cut into small pieces and embedded into 40
μL of growth factor-reduced Matrigel, in which was incor-
porated the monoclonal antibody 4E1 or unrelated antibod-
ies (Mouse IgG Isotype Control, cat. no. 10400C; Thermo
Fisher Scientific) at the concentration of 500 nM. Mouse
and human choroidal explants were kept in a cell culture
incubator (37°C and 5% CO2) in the presence of Endothe-
lial Cell Growth Medium 2 with supplements (PromoCell,
Heidelberg, Germany). The culture medium was changed
every 3 days, and on days 7 to 8 phase-contrast photographs
of individual explants were captured. For immunofluores-
cence analysis, mouse and human choroidal explants were
fixed with paraformaldehyde (3% solution) for 30 minutes
and processed as previously described,28 the only modi-
fication being that sample washes were performed on a
rocker. Quantification analyses were performed in blind
and measured the area of sprouting (subtracted from the
explanted area) and the maximal extension of angiogenesis
(from the choroid tissue edge) using the NIS-Elements image
analysis software.

Statistics

Data analyses were performed with Prism 6 software
(GraphPad Software, Inc., San Diego, CA, USA), and the
values represent the mean ± SD obtained from at least three
measurements on randomized samples. The statistical signif-
icance of the differences was determined by Student’s t-test
and the nonparametric Mann–Whitney U test for compar-

isons between two groups. All P values reported were two-
tailed, and P < 0.05 was considered statistically significant.

RESULTS

Blood Vessels of Human CNV Membranes Display
Increased CD93 and Multimerin-2 Expression

It has been shown that the vascular expression of CD93,
as well as its binding partner, Multimerin-2, are upreg-
ulated in several human tumor samples.8,9,17,29–32 Simi-
lar to tumor blood vessels, choroidal neovessels from
AMD patients show strong upregulation of CD93.8 We
thus wondered if Multimerin-2, the only known extracel-
lular binding partner for CD93, was also highly deposited
along the choriocapillaris of AMD patients. To address
this issue, sections of CNV membranes from AMD patients
already known to exhibit upregulation of vascular CD938

were processed for immunofluorescence analyses. Inter-
estingly, compared to normal choroidal tissue, the chori-
ocapillaris of AMD patients displayed a stronger expres-
sion of Multimerin-2, which overlapped that of CD34,
used as a vascular marker (Figs. 1A, 1B). The differential
expression of Multimerin-2 between normal and neovascu-
lar choroidal vessels and the strong CD93 expression in the
choroidal neovasculature of AMD patients were confirmed
by immunohistochemical analyses (Figs. 1C, 1D), indicat-
ing that Multimerin-2 is strongly deposited along blood
vessels of the CNV membranes, which are characterized
by the presence of proliferating ECs expressing high levels
of CD93.

In Mice, the Ablation of CD93 Hinders Choroidal
Angiogenesis

Because CD93 displays proangiogenic activities and its
depletion impairs migration, adhesion, tube formation, and
cytoskeletal organization of proliferating ECs,7,10 we asked
whether it also played a key role during the pathological
vascularization of the choroid. To address this question,
we exploited the CD93–/– murine model in two different
assays of choroidal neovascularization. First, we used the
laser-induced CNV (LI-CNV) mouse model, which led to the
formation of vascular complexes that recapitulate the main
features of the exudative form of human AMD.23 After laser
photocoagulation, quantitative analysis of FITC–dextran-
stained choroidal flatmounts revealed a significantly reduced
neovascularization in CD93–/– mice compared to wild-type
animals (Figs. 2A, 2B). Of note, fluorescence microscopy
analyses showed that, in the laser-injured regions, blood
vessels from wild-type mice displayed strong CD93 staining
(Fig. 2C). Strikingly, in CD93–/– mice, no CD93 signal was
observed in the laser-damaged areas, despite these regions
being highly vascularized, as indicated by Pecam-1 staining
(Fig. 2D). Next, to test whether the effect of CD93 knock-
down on choroidal angiogenesis was a phenomenon limited
to LI-CNV or could be reproduced in a different model, we
employed the ex vivo choroid sprouting assay, which has
been shown to be a reproducible model of choroidal angio-
genesis27 (Fig. 3A). Interestingly, the ability of the choroidal
tissues to form sprouts was significantly reduced in explants
from CD93–/– mice compared to tissues explanted from
control mice (Fig. 3B), as measured by a significant reduc-
tion in the area of choroid sprouting (Fig. 3C) and also in
the longest vessel growth (Fig. 3D).
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FIGURE 1. In contrast to normal choroidal tissue, CD93 and
Multimerin-2 are highly expressed in blood vessels within CNV
membranes. (A) CNV membrane sections obtained from AMD
patients were analyzed by confocal imaging using antibodies to
Multimerin-2 and the endothelial marker CD34. White dot colocal-
ization (wdc) images are shown. Arrowheads indicate blood vessels.
An arrow indicates the autofluorescent retinal pigment epithelium.
Scale bars: 20 μm. (B) Multimerin-2 quantification in choriocapillaris
from healthy (n = 7) and AMD (n = 9) patients. Values, measured
using ImageJ software, represent mean ± SD expressed as arbi-

Blockage of the CD93/Multimerin-2 Interaction
Prevents Endothelial Sprouting in Human
Choroids

Because the binding of CD93 to Multimerin-2 has recently
been demonstrated to play a pivotal role in the activation of
the quiescent endothelium,9,18 we wondered if this interac-
tion could also promote the formation of new blood vessels
in the human choroid. To address this possibility, we sought

trary units (AUs) of Multimerin-2+ve area normalized by CD34+ve

area. **P < 0.01; unpaired t-test. (C) Serial CNV membrane sections
were analyzed by immunohistochemistry using anti-CD93 and anti-
Multimerin-2 antibodies. High magnifications of stained sections
displayed in the red dashed rectangles are shown beneath each
section. An asterisk indicates the most likely position of the retinal
pigment epithelium, based on the presence of its small fragments.
Scale bars: 250 μm; 100 μm for magnifications. (D) Serial paraffin-
embedded sections from human normal choroids were analyzed by
immunohistochemical staining using anti-CD93, anti-Multimerin-2,
and anti-CD34 antibodies. In the left panels, arrowheads indicate
choroidal blood vessels beneath the retinal pigment epithelium.
Right panels show entire eye sections, and a red rectangle indicates
the magnification area shown in the left panels. Scale bars: 250 μm.

FIGURE 2. CD93 deficiency in mice associates with reduced LI-
CNV. (A) Two representative fluorescent images of LI-CNV lesions
from control (C57BL/6J) and CD93–/– mice, captured 7 days after
laser exposure. In flatmounted choroids, red dashed lines show
the extent of the LI-CNV lesions fluorescently labeled with FITC–
dextran. Scale bar: 150 μm. (B) Quantification of FITC–dextran+ve

area in choroidal flatmounts of control (C57BL/6J, n = 60 impacts
from 16 mice) and CD93–/– (n = 79 impacts from 21 mice) mice
on day 7 after laser photocoagulation. Data are presented as box-
and-whiskers plots and scatterplots displaying median, lower, and
upper quartiles (boxes) and minimum–maximum (whiskers) for
each lesion. ****P < 0.0001; unpaired t-test. (C) Choroid flatmount
preparations from 7-day laser-injured regions of C57BL/6 mice were
analyzed by immunofluorescence using an anti-CD93 antibody. A
representative image of laser-injured areas (11 in total) from three
eyes of different mice is shown. A red dotted line marks the LI-CNV
lesion. High magnification of the stained region displayed into the
white dashed square is shown in the right panel. Scale bars: 150 μm;
75 μm for the magnification. (D) Seven days after laser exposure,
flatmounted choroids from CD93–/– mice were fluorescently labeled
with anti-CD93 and anti-Pecam-1 antibodies and analyzed by confo-
cal microscopy. Representative images of CD93-stained (seven from
two eyes of two different mice) and Pecam-1-stained (eight from
the remaining two eyes of the same mice) laser-injured areas are
shown. The fluorescent staining in the CD93 panel represents back-
ground noise due to secondary antibodies. Red dotted lines indicate
the laser-injured areas. Scale bar: 150 μm.
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FIGURE 3. Choroidal tissue explanted from CD93–/– mice displays
reduced EC sprouting. (A) Immunofluorescence analysis of
choroidal sprouts from C57BL/6 mouse tissue, stained with an
anti-Pecam-1 antibody and 4′,6-diamidino-2-phenylindole (DAPI)
for nuclei labeling. A dotted line highlights the implant boundary.
Images were captured using a fluorescent microscope. Details of
choroidal sprouts are shown in the right panel. Scale bars: 50 μm.
(B) Representative images of sprouts elicited from RPE–choroid–
sclera of control (C57BL/6J) and CD93–/– mice. A dashed line indi-
cates explant edge. Scale bar: 50 μm. (C, D) Quantitative analy-
ses of sprouting area and maximal extension of angiogenesis from
the mouse choroidal tissue edge. Data are presented as box-and-
whiskers plots and scatterplots (n = 37 explants from four control
mice; n = 46 explants from four CD93–/– mice). ****P < 0.0001;
unpaired t-test.

to block the binding between CD93 and Multimerin-2 in an
ex vivo choroid sprouting model using the anti-CD93 mono-
clonal antibody 4E1, which, as we previously showed, is
able to interfere with this interaction (Fig. 4A).9 To perform
the experiment, we set up a novel assay employing human
tissues obtained from healthy cornea donors. Because in
different mouse strains the CSA may vary significantly,27 we
compared the choroid sprouting response of human tissues
with that obtained using choroids explanted from wild-
type C57BL/6J mice. As observed in the mouse model, the
use of the EC marker Pecam-1 highlighted the presence of
vascular sprouting emerging from human explants (Fig. 4B).
However, the vessel areas and vessel lengths developed from
human choroids were smaller compared to those developed
from the murine choroids in the same time frame (compare
quantifications in Figs. 3 and 4), suggesting that both the
different species and aging may be factors to slow down
vascular growth we observed in human choroid. Impor-
tantly, human endothelial sprouts displayed typical tip cell
features on the extending growth cones, which resemble
vascular tube formation in vivo (Fig. 4C).33 Next, to verify

FIGURE 4. The CD93/Multimerin-2 interaction regulates human
choroidal vessel sprouting. (A) Schematic representation of the
CD93/Multimerin-2 interaction inhibition by the monoclonal anti-
body 4E1. The CD93 CTLD and sushi domains involved in the bind-
ing to Multimerin-2 are indicated. (B) Immunofluorescence staining
of choroidal sprouts from human tissue, stained with an anti-Pecam-
1 antibody and DAPI for nuclei labeling. A dotted line highlights the
implant edge. Images were captured using a fluorescent microscope.
Details of choroidal sprouts are shown in the lower panel. Scale
bars: 50 μm. (C) Human sprouts from CSAs analyzed by confocal
immunofluorescence using an anti-Pecam-1 antibody. Differential
interference contrast (DIC) and overlaid images are shown. Scale
bar: 18 μm. (D) Representative images of sprouts elicited from
human choroids embedded into Matrigel containing the neutraliz-
ing anti-CD93 (4E1) or unrelated (unr) antibodies (500 nM). White
dashed lines highlight the edge of choroid explants. Scale bars:
50 μm. (E, F) Quantification of sprouting area and maximal exten-
sion of endothelial sprouts from the human choroidal tissue edge.
Data are presented as box-and-whiskers plots and scatterplots (n =
21 untreated and n = 24 4E1-treated choroid explants from three
cornea donors). ****P < 0.0001; unpaired t-test.
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the possible role of the CD93/Multimerin-2 interaction in
this context, we employed the antibody 4E1 to interfere with
this interaction. Importantly, and in contrast to the use of an
unrelated control antibody, the presence of 4E1 significantly
inhibited the ability of the choroidal tissues to form endothe-
lial sprouts, in terms of both reduced sprouting areas and
vessel length (Figs. 4D–4F).

DISCUSSION

Following the identification of VEGF as an important regula-
tor of nAMD, the development of anti-VEGF drugs has revo-
lutionized the field of AMD treatment.34 However, despite
the initial therapeutic benefits, most patients develop refrac-
tory disease characterized by resumed neovascularization,
eliciting the need to develop new therapeutic strategies.35

As such, the use of combinatorial antineovascular drugs
could prevent escape mechanisms and provide more effec-
tive, long-term disease control.36

CD93 has recently emerged as a potential target for
antineovascular therapy.16,18 Of note, CD93, along with its
only currently known binding partner, Multimerin-2, were
included as important components of a tumor angiogen-
esis signature and were found highly expressed in blood
vessels within several tumor tissues of different origin.9,37

Consistent with the aforementioned data on pathological
neovascularization, we showed that CD93 and Multimerin-2
were also strongly coexpressed in blood vessels within CNV
membranes of AMD patients, indicating that, during patho-
logical vascularization of the choroid, CD93 and Multimerin-
2 contribute to blood vessel growth. Importantly, CD93 and
Multimerin-2 were faintly expressed in quiescent vessels
of the healthy choroid. Along with our findings, a large
amount of evidence suggests that the engagement of CD93
by Multimerin-2 plays a role in proliferative rather than in
quiescent ECs.9,16,18 In light of these results, low-affinity
and high-avidity therapeutic agents that preferentially bind
to highly target-expressing ECs could be successfully used
to impair proliferative but not quiescent ECs, as has been
applied to breast cancer treatment through the design of
efficient, highly selective anticancer agents able to minimize
toxicity.38

The rodent laser trauma model has contributed greatly
to the present knowledge of nAMD pathogenesis, and the
reproducibility of its response has encouraged studies in
novel pharmacological treatments of CNV.24 Accordingly,
using the LI-CNV model in wild-type and CD93–/– mice,
we observed not only that the CD93 knockdown impaired
the formation of new blood vessels in injured areas but
also that ECs strongly expressed CD93 in wild-type laser-
damaged regions, suggesting the pivotal role of CD93 during
the growth of blood vessels in the process of CNV.

The relevance of Multimerin-2 in angiogenesis has been
previously described, stressing its dual role as an angiostatic
or a proangiogenic molecule.16,18,22,31 These conflicting roles
could be context dependent, as recently suggested by a
study using the Multimerin-2 knockout model, which high-
lights its role in maintaining proper blood vessel homeosta-
sis and stabilization.17 Therefore, through the engagement
of CD93, Multimerin-2 expression may be required for vessel
development in specific steps of the angiogenic process.9,18

Accordingly, inhibiting the CD93/Multimerin-2 interaction
may disrupt vascular integrity, thus retarding angiogenesis
and tumor growth. In fact, the use of a Multimerin-2 recom-
binant peptide containing the CD93 binding site decreased

tumor growth in mouse models.16 Also, the antiangiogenic
antibody 4E1 binds between the CTLD and sushi domains,
the CD93 region involved in the interaction with Multimerin-
2 (Fig. 4A).9,10 Current rodent models of CNV are still limited
by the anatomical lack of a macula and by the inability
to recapitulate the complex chain of events from early to
late AMD.24 In light of these observations, the possibility of
inhibiting CD93/Multimerin-2 binding on human choroidal
proliferative endothelium could provide important informa-
tion regarding the role of this interaction in human CNV.
To this end, we set up a novel experimental model based
on CSA, employing human eye tissue from postmortem
donors and, as a consequence, primary and not immortalized
human choroidal ECs.39 In order to maximally reduce the
postmortem deterioration, human choroids were processed
as quickly as possible. In all cases, despite the different
ages and causes of death, in our experimental settings we
observed the emergence of endothelial sprouts. Of note,
blockage of the CD93/Multimerin-2 interaction by the anti-
body 4E1 impaired the ability of human choroidal tissues
to form endothelial sprouts, reinforcing the hypothesis that
hampering the CD93/Multimerin-2 interaction in the neovas-
cularized choroid may be of potential benefit in the treat-
ment of nAMD patients.

In conclusion, we demonstrated that choroidal human
tissues obtained from healthy cornea donors might be
exploited in choroid sprouting assays as effectively as the
employment of rodent tissues for microvascular disease
research.27 It is currently unknown whether or not rodent
models are an appropriate choice for testing humanized anti-
bodies, and it is difficult in a preclinical setting to evalu-
ate the toxicity and safety of potentially effective drugs for
the treatment of human patients.24,40 However, the novel
experimental approach based on choroidal sprouting from
postmortem eyes proposed in this study may represent a
platform for appropriate testing of new pharmacological
compounds for AMD treatment.
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