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Abstract: Retinal vein occlusion (RVO) is a frequent visually disabling condition. The management
of RVO continues to challenge clinicians. Macular edema secondary to RVO is often recurrent, and
patients typically require intravitreal injections for several years. Understanding molecular mecha-
nisms in RVO is a key element in improving the treatment of the condition. Studying the molecular
mechanisms in RVO at the retinal level is possible using animal models of experimental RVO. Most
studies of experimental RVO have been sporadic, using only a few animals per experiment. Here,
we report on 10 years of experience of the use of argon laser-induced experimental RVO in 108
porcine eyes from 65 animals, including 65 eyes with experimental branch retinal vein occlusion
(BRVO) and 43 eyes with experimental central retinal vein occlusion (CRVO). Reproducibility and
methods for evaluating and controlling ischemia in experimental RVO are reviewed. Methods for
studying protein changes in RVO are discussed in detail, including proteomic analysis, Western
blotting, and immunohistochemistry. Experimental RVO has brought significant insights into mo-
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Based on the site of occlusion, RVO is classified into central retinal vein occlusion
(CRVO) and branch retinal vein occlusion (BRVO). Hemiretinal vein occlusion (HRVO) is
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The number of intravitreal anti-VEGF injections for the treatment of macular edema sec-
ondary to RVO continues to grow, as documented in a recent retrospective study which
found that yearly injections in Denmark increased from 3700 to 7500 treatments between
2014 and 2022 [12]. Intravitreal injections constitute a significant burden for patients in
terms of frequent visits to retina clinics and are associated with high levels of anxiety and
discomfort regardless of the number of previously received injections [13-15].

Understanding molecular mechanisms in RVO is a key element in improving the
management of the condition. However, retinal tissue with RVO is generally only availa-
ble from animal models as retinal tissue from human eyes with RVO is only obtainable
postmortem, and animal models are necessary to study molecular changes in RVO at ret-
inal level [16].

Experimental RVO is effectively studied using a number of techniques which are well
suited for providing insights into the complex molecular mechanisms that are activated
in RVO [17-19]. Consistent with observations in studies of ocular fluids from patients with
RVO, proteomic analyses have demonstrated that RVO is associated with a multi-faceted
pathological response [20,21]. The overall objective of proteome studies is to identify and
quantify the entire set of proteins in a given cell, tissue, or biofluid to provide insights into
the biological processes in the disease or intervention under study [16,22-24]. Studying
interventions in experimental RVO may elucidate mechanisms of action which can poten-
tially be used to improve existing therapies [25,26].

Previous studies of experimental RVO have generally been based on limited numbers
of animals [27]. The reproducibility of RVO models is rarely addressed, as most studies of
experimental RVO are short in duration, not involving follow-up studies or the testing of
interventions. Here, we report on experience based on animal studies conducted over a
period of ten years, including 65 animals. We report on how experimental RVO is best
induced in porcine models of experimental BRVO and CRVO, generating retinal changes
similar to RVO observed in the human eye. We describe in detail how proteome analysis,
immunohistochemistry, and Western blots are successfully performed to analyze molec-
ular changes in retinal tissue with experimental RVO.

2. Materials and Methods

We reviewed animal studies of experimental RVO performed in our laboratories in
a 10-year period [25,26,28-33]. A total of 130 eyes from 65 animals were used (Table 1),
which included 65 eyes with experimental BRVO from 38 animals and 43 eyes with ex-
perimental CRVO from 27 animals.

The animal experiments were approved by the Danish Animal Inspectorate and per-
formed according to the obtained permissions (permission numbers 2013-15-2934-00775,
2016-15-0201-00971, and 2019-15-0201-01651).

Table 1. Table showing the number of eyes with experimental BRVO and CRVO used in the various
studies.

Eyes (n) Animals (n) References
BRVO 65 38 [25,29-31,33]
CRVO 43 27 #* [26,30,32]
Controls 22 [25,26,31,32]
Total 130 65 8

* A total of 11 control eyes was obtained from these animals. ** A total of 11 control eyes was
obtained from these animals.

2.1. Animal Housing and Anesthesia

Both Danish Landrace pigs and Gottingen minipigs can be used as animal models of
experimental RVO. Our group recommends Danish Landrace pigs for financial as well as
anatomical reasons (Table 2). Gottingen minipigs are substantially more expensive than
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Danish Landrace pigs. Furthermore, we find enucleation more difficult in Géttingen min-
ipigs due to their fairly deep orbital cavities. For studies of experimental RVO, we recom-
mend female Danish Landrace pigs of approximately 20 kg [28,34]. Animals were housed
under a 12 h light/dark cycle. Anesthesia was effectively performed using an intramuscu-
lar injection of 5 mL of Zoletil (ketamine 6.25 mg/mL, tiletamine 6.25 mg/mL, zolazepam
6.25 mg/mL, butorphanol 1.25 mg/mL, and xylain 6.25 mg/mL).

Topical anesthesia and dilation of the pupils are successfully performed using eye
drops in common clinical use in concentrations for adults. Topical anesthesia is effectively
performed using oxybuprocaine hydrochloride 0.4% (Bausch and Lomb, Rochester, NY,
USA) and tetracaine 1% (Bausch and Lomb), then dilation is performed using tropicamide
0.5% (Mydriacyl; Bausch and Lomb) and phenylephrine 10% (Metaoxidrin; Bausch and
Lomb). To prevent corneal surface desiccation and compromised view of the retina, so-
dium chloride 9 mg/mL (Fresenius Kabi, Bad Homburg, Germany) is applied regularly
during the experimental procedures.

Table 2. Pros and cons of Gottingen minipigs and Danish Landrace pigs.

Animal Pros Cons
Adult animal igh
Danish Landrace pigs  Eyes are easily enucleated. ’ Oc(i)uktgamma s welghup to
Relatively cheap (10% of cost of a Not well suited for long-
Gottingen minipig). term studies > 2 months.
Expenses per animal are
high compared with ro-
dents.

Deep orbital cavities which

Well suited for long-term studies. .
can make enucleation chal-

Gottingen minipigs Adult animals weigh up to 40 kg.

lenging.
Expensive.

2.2. Experimental Retinal Vein Occlusion
2.2.1. Experimental Branch Retinal Vein Occlusion

Experimental BRVO is induced close to the optic nerve head using a standard argon
laser (532 nm), delivered by indirect ophthalmoscopy using a 20D lens. The laser energy
is set to 400 mW with an exposure time of 550 ms. A total of 3040 laser applications are
used per occlusion. The laser is first applied along the retinal branch vein to narrow the
vessel and then directly onto the vein. We recommend the creation of patches of continu-
ous laser rather than laser with spacing between the applications. The laser applications
should be whitish, but snow-whitish applications should be avoided, as excessively high
energy can lead to the development of a choroidal neovascularization. Experimental
BRVO is considered successful when stagnation of venous blood and development of
flame-shaped hemorrhages are observed. The visual streak of the pig is affected if BRVO
isinduced in a superior branch retinal vein close to the optic nerve head. The opposite eye
may be used as a control by creating an identical area of laser burns in a similar area, but
without inducing occlusion.

2.2.2. Experimental Central Retinal Vein Occlusion

CRVO is induced by applying laser at the border of the optic nerve head. Using the
laser settings described above for experimental BRVO, the argon laser is applied to 34
retinal veins at the border of the optic nerve head. To create a successful experimental
CRVO, the occlusions must be balanced and partial. Complete occlusion of four branch
retinal veins results in severe retinal ischemia. By applying the laser directly to retinal
veins close to the optic nerve head, thrombotic material is directed toward the optic nerve
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head and the lamina cribrosa, thereby preventing the generation of complete occlusions.
Experimental CRVO is considered successfully induced when the stagnation of venous
blood and development of flame-shaped hemorrhages appear in all retinal quadrants.

The opposite eye may be used as a control eye by creating identical areas of laser
burns using similar amounts of energy, but without inducing occlusion. This can be
achieved by applying the laser to areas close to the optic nerve head that are devoid of
any major vessels.

2.3. Imaging
2.3.1. Funduscopic Photography

After inducing experimental RVO, funduscopic images are obtained as documenta-
tion of successfully induced RVO. To prevent corneal surface desiccation from compro-
mising the view of the retina, Neutral ointment (Ophtha, Teva, Seborg, Denmark) is ap-
plied before each pig is returned to housing. Funduscopic photographs are obtained
within 30 min after laser-induced RVO and, thereafter, on occasions when fluorescein an-
giography and optical coherence tomography (OCT) are performed. Funduscopic photo-
graphs may be obtained using a portable fundus camera (Optomed Aurora, Oulo, Fin-
land). Funduscopic photographs of experimental RVO in the porcine eye may also be ob-
tained using common clinical equipment.

2.3.2. Fluorescein Angiography

Fluorescein angiography is the gold standard for verification of successfully induced
BRVO or CRVO. Fluorescein angiography is effectively performed using Heidelberg flu-
orescein angiography or equipment that is specifically designed for fluorescein angi-
ography in animal models, for example RETI-map —animal (Roland Consult, Berlin, Ger-
many) [31]. To prevent corneal surface desiccation and a compromised view of the retina,
sodium chloride 9 mg/mL (Fresenius Kabi, Bad Homburg, Germany) is applied every 20
s. A peripheral venous catheter is applied to a vein in the ear of the pig, and 5 mL of
fluorescein 100 mg/mL (Alcon, Geneva, Switzerland) is injected through the peripheral
venous catheter, followed by 5 mL of sodium chloride 9 mg/mL (Fresenius Kabi, Bad
Homburg, Germany). Fluorescein angiography is conducted for 12 min. To prevent cor-
neal surface desiccation from compromising the view of the retina at later stages, Neutral
ointment (Ophtha, Teva, Seborg, Denmark) is applied before each pig is returned to hous-

ing.

2.3.3. Optical Coherence Tomography

OCT is conducted following retinal laser application. The eyes undergo anesthesia,
dilation, and treatment against corneal surface desiccation, as described in Sections 2.1
and 2.3.2. OCT scans may be obtained with equipment designed for animal research like
for example RETI-map—animal (Roland Consult, Berlin, Germany). OCT scans can also
be obtained using common clinical equipment, but examination tools specially designed
for the use in animals are preferred.

2.4. Sample Collection

Enucleation can be performed under anesthesia, allowing for perfusion during enu-
cleation. Before enucleation, the pigs are anesthetized, as previously described, using an
intramuscular injection of Zoletil. The animals are euthanized immediately after enuclea-
tion. Our group recommends the collection of retinal tissue immediately after enucleation.
Alternatively, the eyes can be stored at —80 °C and thawed prior to dissection. In our ex-
perience, storage at —80 °C does not affect the quality of the proteome analysis, but the
eyes must be handled with care during dissection [31].

The eyes should be dissected on ice under a microscope. A circumferential incision
is made around the iris, 2 mm posteriorly to the limbus, to remove the cornea and the iris.
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The anterior segment is removed, and the vitreous body is aspirated using a 5 mL syringe.
In the eyes intended for proteomic analysis, the neurosensory retina is peeled from the
retinal pigment epithelium (RPE)/choroid complex using tweezers and stored at -80 °C.
In eyes intended for immunohistochemistry, complexes consisting of the neurosensory
retina, the RPE/choroid complex, and the sclera are excised for analysis.

If stored at —80 °C prior to dissection, the eyes must be thawed on ice. It is important
to ensure that the eyes are thawed completely, as the retina can adhere to a frozen vitreous
body. Furthermore, the neuroretina must be collected gently. Otherwise, the entire ret-
ina/choroid complex may be collected, resulting in a drastic increase in tissue complexity
[31].

2.5. Sample Preparation for Proteomic Analysis

Proteomic analysis of retinal control samples and retinal tissue exposed to RVO is
effectively performed using both label-free and labeling techniques [26,28,29]. For labeling
approaches, we find the 10-plex tandem mass tag (TMT) kit (Thermo Scientific, Waltham,
MA, USA) useful for the study of experimental RVO. Labeling techniques are well-suited
for proteome analysis of retinal tissue, and a label-free approach has also been successful
in proteome analysis of ocular fluids [23].

The porcine retinal samples generally contain sufficient amounts of protein to use
100 ug of each sample for proteome analysis. A volume of an appropriate lysis buffer is
added to the sample. Disulfide bonds are reduced using tris-2-carboxyethylphosphine
(TCEP), and the samples are alkylated using iodoacetamide. This is followed by digestion
using trypsin, as described in a previous report [33]. TMT labeling is performed as previ-
ously described [33]. Peptide samples may be purified using a Pierce C18 spin column
(Thermo Scientific) and fractionated using a Pierce High pH Reversed-Phase Peptide Frac-
tionation Kit (Thermo Scientific) as previously described [33].

Quantification using tandem-mass-tag-based mass spectrometry should be per-
formed using appropriate settings for label-based proteomics. Our own group has per-
formed TMT-based proteomics using the Dionex UltiMate™ 3000 RSLC nanosystem cou-
pled to an Orbitrap Fusion Tribrid mass spectrometer (Thermo Scientific, Waltham, MA,
USA) equipped with an EasySpray™ ion source. The peptides are separated by liquid
chromatography and detected in the mass spectrometer using synchronous precursor se-
lection. The reporter ions are detected by MS® in the Orbitrap as described previously [28-
30,33].

Raw files obtained with mass spectrometry are searched against relevant databases
using MaxQuant software (Max Planck Institute of Biochemistry, Martinsried, Germany;
the software can be downloaded from the following site: https://maxquant.org). In our
experience, optimal proteome coverage is achieved by searching against the UniProt Sus
scrofa database as well as the UniProt Homo sapiens database [28].

2.6. Western Blotting

Due to their large size, porcine eyes render sufficient retinal tissue for proteomic anal-
ysis as well as Western blotting. Thus, Western blotting can be utilized for a semi-quanti-
tative validation of proteins of interest identified with proteomic analysis.

The recommended protein concentration for Western blotting is generally 1 pg/uL.
Thus, 20 ug protein from each sample and 2 x Laemmli Sample Buffer (Bio-Rad Labora-
tories, Hercules, CA, USA) are mixed and heated for 5 min at 95 °C. Protein separation,
wet blot transfer, and membrane incubation are performed as described in detail in a pre-
vious report [30]. The membranes incubate overnight at 4 °C with primary monoclonal
mouse anti-f3>-actin antibody 1:5000 (clone AC-15, Sigma-Aldrich, St. Louis, MO, USA) as
a housekeeping protein for normalization, and a primary antibody directed at the protein
of interest in skim milk buffer. After incubation, relevant secondary antibodies are added
as described in detail in a previous report [30], and detection of protein bands is per-
formed using chemiluminescence, Lumi-Light, with Western Blotting Substrate (Roche
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Diagnostics, Indianapolis, IN, USA). Imaging and densitometric measurements of relative
protein expression are performed as described in detail in a previous article [30]. Protein
expression is normalized to (3-actin expression, and densitometric data are used for statis-
tical analysis [30].

For Western blotting of retinal tissue, in case 3-actin is regulated in the material un-
der study or cannot be used as a housekeeping protein for technical reasons, our group
recommends the use of GAPDH for normalization purposes [26].

2.7. Immunohistochemistry

Immunohistochemistry is well-suited for elucidating the localization of key retinal
proteins that are regulated in RVO. In our experience, the eyes should be reserved exclu-
sively for immunohistochemistry, rather than using them for both immunohistochemistry
and mass spectrometry.

Immunohistochemistry of retinal tissue with RVO is successfully fixated using either
freshly made neutral buffered formalin or Clarke’s fixative [28,33].

2.7.1. Fixation using Formalin

For preparation of immunohistochemistry, the anterior segment and the vitreous
body are removed. After removal of the anterior segment and the vitreous body, the globe
is divided into four quadrants, which are placed in a relevant fixative, e.g., neutral buff-
ered formalin or Clarke’s fixative. Each quadrant contains a complex consisting of the ret-
ina, the choroid, and the sclera.

Complexes consisting of retina, choroid, and sclera are fixated in neutral buffered
formalin fixative for 24 h. The formalin solution is removed, and the tissue is stored in a
PBS solution at 4 °C until further use. For immunohistochemistry, 4 um thick sections are
cut from neutral buffered formalin and paraffin-embedded tissue blocks. The sections are
installed on FLEX IHC slides (Dako; Glostrup, Denmark), dried at 60 °C, dewaxed and
rehydrated using a graded ethanol, and washed using a 0.05 M Tris-buffered saline
(Fagron Nordic A/S, Copenhagen, Denmark).

Endogenous biotin reactivity and optimal epitope retrieval is performed as described
in detail in a recent report [26]. Sections are incubated for 60 min using antibodies diluted
in TNT Antibody Diluent (Dako, Glostrup, Denmark A/S), and visualization of the anti-
gen—antibody complex is performed as described in a previous article [26]. Using DAB as
a chromogen (K3468, Dako, Glostrup, Denmark), immunostaining, counterstaining, scan-
ning, and image acquisition are performed as described in a recent report [26].

2.7.2. Fixation using Clarke’s Fixative

Clarke’s fixative is constructed using three parts 99% ethanol and one part glacial
acetic acid. The porcine eyes are dissected as described above, and four quadrants con-
taining retina, choroid, and sclera are fixated in the fixative for 5 h at 20 °C. After fixation,
the fixative is removed, and the tissue is stored in 0.1 M phosphate buffer pH 7.4 at 4 °C.
The buffer is replaced daily for the first three days after fixation and then stored at 4 °C
until further use.

Immunohistochemical detection including antibody incubation and processing using
EnVision DAB (Dako, Glostrup, Denmark) is performed as described in detail in a previ-
ous article [30].

2.8. Targeted Mass Spectrometry by Selected Reaction Monitoring (SRM)

Selected reaction monitoring (SRM) is an effective tool for validation of key proteins
identified using discovery proteomics. SRM may be considered in cases in which Western
blotting is not sufficiently sensitive for validation of key proteins or suitable antibodies
are not available for Western blotting. The reader is directed to a previous study [35] for
a detailed description of SRM as a validation tool for retinal proteins.
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3. Results
3.1. Funduscopic Photography

In the reviewed studies, retinal hemorrhages and dilation of the retinal veins ap-
peared within 20 min of induction of experimental RVO (Figure 1).

(a) (b)

(d)

Figure 1. Funduscopic images obtained 20 min after RVO was induced. (a) Eye with experimental
BRVO. Retinal hemorrhage (green arrow) and dilation of retinal veins (red arrows) are observed
upstream of the site of the occlusion (blue arrow) [25]. (b) Experimental CRVO can be created by
application of laser around a retinal vein at the border of the optic nerve head (black arrow) followed
by application of laser directly on the vein, displacing thrombotic material towards the lamina
cribrosa. (c) Experimental CRVO can also be created by complete occlusion of 3—4 branch retinal
veins, creating a condition in which the entire retina is affected by occlusion. Complete occlusion of
3—4 branch retinal veins results in severe ischemia constituting a severe ischemic CRVO. Laser-in-
duced occlusion (black arrows) resulted in dilation of the occluded veins upstream of the occlusion
sites. Flame-shaped hemorrhages (white arrowheads) developed shortly after the vein occlusions
were induced [32]. (d) Control eye. Control eyes can be created by generating areas of laser applica-
tions similar to the RVO eye, using the same amount of energy and number of applications as in the
RVO eye (white arrows), but without inducing occlusion. This control eye serves as control eye for
(o) [32].

3.2. Fluorescein Angiography

In the reviewed studies, formation of RVO was validated using fluorescein angi-
ography (Figure 2). Fluorescein angiography showed successfully induced RVO with de-
layed venous filling of the occluded veins. Diversions of venous blood for drainage by
adjacent veins appeared in the angiography after approximately 12 to 14 s, and peripheral
leakage developed after 30 to 40 s. No recanalization of any occlusions was observed dur-
ing angiography.

Fluorescein angiography showed no retinal non-perfusion in experimental BRVO.
However, some degree of retinal non-perfusion in experimental CRVO was consistently
observed.
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(b)

Figure 2. Fluorescein angiography performed four days after RVO. Sites of occlusion are marked
with red arrows. (a) BRVO resulting in leakage and shunting to nearby veins. Retinal capillary
non-perfusion is not observed [34]. (b) CRVO created by displacement of thrombotic material by
laser towards the lamina cribrosa. Leakage is observed following CRVO (light blue arrows). This
model corresponds to non-ischemic CRVO. (¢) CRVO with complete occlusion of four branch retinal
veins, resulting in retinal capillary non-perfusion and no sign of recanalization [32]. This model
corresponds to ischemic CRVO.

3.3. Optical Coherence Tomography

In OCT scans of control eyes, retinal thinning was observed in areas with laser appli-
cations (Figure 3a). Increased retinal thickening was observed in porcine eyes with RVO
in retinal areas drained by occluded veins (Figures 3b,c).

Figure 3. OCT following experimental CRVO. (A) OCT of control eye. No retinal thickening is ob-
served. Retinal thinning is observed in areas where the control laser is applied (grey arrow). (B) and
(C) OCT obtained four days after induced CRVO. (B) Hyperreflectivity is observed in the wall of
the occluded retinal vein (blue arrow). Retinal thickening is observed in the area drained by the
occluded vein (white arrow). (C) Retinal thickening is observed in the retinal area affected by the
occlusion (white arrowhead). OCT scans are from an animal included in [32], but the OCT scans
were not published previously.
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3.4. Assessment of Retinal Stress through Characterization of Retinal Miiller Cell Proteins

Among the reviewed studies, glial fibrillary acidic protein (GFAP), vimentin, and
peripherin were quantified using Western blotting in six eyes with BRVO (Figure 4).
GFAP, the most specific of the three markers, and peripherin were found to be signifi-
cantly increased in BRVO at p = 0.025 and p = 0.0018, respectively.
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BRVO Control -3 L 1 -0- Animal 1
poima 1 [ ] £ 5 ¢ - il
=5 -0- Animal 3
S 9 . - Animal 4
Animal 3 E g ';} -0~ Animal 5
>0 .
s+ [ ] 5% " = foimd
E <"_.'3 0 : .
Animal 5 m: BRVO Control
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e —
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Figure 4. Western blots from a study of experimental BRVO in which discovery proteomics identi-
fied increased levels of Miiller cell proteins in BRVO, including GFAP, vimentin, and peripherin.
(A) GFAP, (B) vimentin, and (C) peripherin were verified using Western blotting, confirming in-
creased levels of GFAP (p = 0.025) and peripherin (p = 0.0018). Elevated levels of vimentin were
observed, but not found to be significant. Subsequently, targeted mass spectrometry using SRM was
performed to validate the increased content of (B) vimentin, confirming the increase in vimentin in
BRVO (fold change = 2.45; p = 0.00021). Based on our experience, SRM may be expected to be more
sensitive than Western blotting, which may be considered a semi-quantitative method. A paired
sample t-test was performed on logl0-transformed densitometric data. Western blotting was per-
formed on samples from [25], but the Western blots were not previously published.
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Immunohistochemistry using staining for GFAP, vimentin, and peripherin (Figure 5)
in the reviewed studies confirmed increased levels of GFAP, vimentin, and peripherin,
consistent with retinal stress at the molecular level with swollen retinal Miiller glial cells.
Increased staining for GFAP was observed in the ganglion cell layer, inner plexiform
layer, and outer plexiform layer. Increased staining for vimentin was observed in the inner
plexiform layer and outer plexiform layer. Increased staining for peripherin was observed
in the ganglion cell layer, inner plexiform layer, and outer nuclear layer.

A GFAP B GFAP
BRVO Control laser

%""3“‘“{%‘ o

‘“’wha

C Vimentin D Vimentin
BRVO Control laser

E Peripherin F Peripherin
BRVO Control laser

Figure 5. Immunohistochemistry of BRVO and control. (A,B), immunohistochemistry showed an
upregulation of GFAP in the retinal ganglion cell layer, inner plexiform layer, and outer plexiform
layer following aflibercept intervention in BRVO. (C,D), immunohistochemistry showed an upreg-
ulation of vimentin in the retinal inner plexiform layer and outer plexiform layer following BRVO
compared to control. (E,F), immunohistochemistry showed an upregulation of peripherin in the ret-
inal ganglion cell layer, inner plexiform layer, and outer nuclear layer following BRVO compared
to control. Scale bar = 31 um. Reaction color: brown. ILM: inner limiting membrane; NFL: nerve
fiber layer; GCL: ganglion cell layer; IPL: inner plexiform layer; INL: inner nuclear layer; OPL: outer
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plexiform layer; ONL: outer nuclear layer; IS: inner segment; OS: outer segment. The samples were
collected in [25], but the stainings have not previously been published.

GFAP and vimentin are intermediate filament proteins in the Miiller cells in the ra-
dial glia of the retina. GFAP and vimentin are upregulated in response to retinal stress
[36-38]. Peripherin is also an intermediate filament protein, which is known to be upreg-
ulatd in response to retinal stress [39]. As seen in Figures 4 and 5, a significant increase
in GFAP, vimentin, and peripherin was observed in experimental BRVO suggesting sig-
nificant retinal stress at the molecular level.

3.5. Proteomics

After filtration, a different number of proteins were successfully identified and quan-
tified in each of the reports, as follows: 1932 proteins with 14 proteins significantly regu-
lated with label-free quantification [25], 3559 proteins with 21 proteins significantly regu-
lated with TMT labeling [26], 2749 proteins with 5 proteins significantly regulated with
TMT labeling [28], 4013 proteins with 9 proteins significantly regulated with TMT labeling
[29], 3716 proteins with 26 proteins significantly regulated with TMT labeling [30], 1974
proteins with 52 proteins significantly regulated with label-free quantification [31], 3791
proteins with 147 proteins significantly regulated with TMT labeling [32], and 2837 pro-
teins with 237 proteins significantly regulated with label-free quantification [33].

4. Discussion
4.1. Strengths of Experimental RVO in the Porcine Eye

The size of the porcine eye is a major advantage. Due to its size, the eye renders suf-
ficient tissue for proteomic analysis and Western blotting, and it is unnecessary to pool
samples to obtain sufficient sample material.

Several animal species have been used for the studies of experimental RVO, includ-
ing rodents, rabbits, cats, dogs, pigs, and non-human primates [27]. The porcine eye has a
number of advantages due to similarities with the human eye, including similar size and
a fully vascularized retina [40—42]. These features make the porcine retina well-suited for
studies of experimental retinal vascular disease [27,43].

An important anatomical difference is the absence of a macular area in the porcine
retina. However, the porcine retina has a cone-rich area, the visual streak, which is com-
parable to the human fovea [44]. The visual streak is horizontally oriented and located
superior to the optic nerve head extending to the ora serrata [45,46] Klik eller tryk her for
at skrive tekst.. The visual streak consists of a relatively stable and high concentration of
cone photoreceptors compared with other retinal regions [45,47]. Therefore, the porcine
retina allows for studies of experimental RVO in a cone-rich area if the visual streak is
affected by the induced occlusion.

Generating ischemia in experimental RVO is an important aspect. In order to induce
ischemia observed as retinal capillary non-perfusion, our group recommends occlusion of
two branch retinal veins. Occlusion of two branch retinal veins will result in retinal ische-
mia, as the porcine retina cannot compensate for occlusion of two adjacent retinal veins.

Earlier reports on experimental RVO are predominantly based on experiments with
only a few animals. By including a series of studies conducted throughout a period of
ten years, we show that laser-induced experimental RVO is a model with high reproduc-
ibility. Experimental BRVO is not associated with recanalization if sufficient laser is ap-
plied. Experimental CRVO is more difficult to induce, and it may take more animals to
reach a sufficient sample size as occlusions must be balanced.

Overall, porcine models have a great number of advantages that make them superior
as an animal model for experimental RVO. These include shared anatomical similarities
with humans, great accessibility for the performance of surgical and diagnostic proce-
dures, and easy availability [27].
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4.2. Limitations of Experimental RVO in the Porcine Eye

RVO is particularly common in elderly individuals, and more than 50% of patients
with RVO are older than 65 years of age at onset [48]. Arterial hypertension, systemic
arteriosclerotic vascular disease, diabetes mellitus, and hyperlipidemia are important risk
factors for RVO [49]. Experimental models of BRVO and CRVO are limited by the fact that
young and healthy animals are used for the experiments. Young animals with healthy
cardiovascular status are likely to recover faster than elderly humans with underlying
arteriosclerosis following several years of hypertension. Based on angiographic findings
in our studies, we have previously observed that pigs compensate fairly well when a sin-
gle retinal vein is occluded [29-31].

While the porcine eye is well suited for studies of experimental RVO in terms of size
and vascularization, the use of porcine eyes has a number of limitations. Compared to
smaller animals, such as rodents, pigs carry a greater risk of infection, therefore demand-
ing much more care and expenditure [50]. Monkeys would be the most suitable animals
for studies of experimental RVO, as the monkey retina has a macular region with a foveal
area. However, monkeys can be highly expensive, and permission to use monkeys as ex-
perimental animals may be difficult to obtain. Furthermore, many species face a high risk
of becoming extinct [45].

4.3. Alternative Models of Experimental RVO

Several models of experimental RVO are available. Model selection should be based
on the objective of the research and the available laboratory facilities. Laser-induced RVO
can be performed using intravenous injection of photosensitive dye, which absorbs the
laser and reduces the number of applications and the amount of energy needed. For pro-
tein studies, the use of photosensitive dye is generally not recommended, as radiation of
the dye may cause protein modifications that make the assessment of the results difficult
[27,34].

Photodynamic therapy (PDT) can be used to induce RVO, with the applications being
made directly onto the retinal veins after intravenous injection of photosensitive dye.
PDT-induced RVO has a moderate-to-high success rate for achieving occlusion [27]. PDT-
induced RVO may be complicated by retinal necrosis if performed using unfavorable set-
tings. As PDT-induced RVO may be associated with protein modifications due to the use
of dye, the method is not well-suited for proteome studies [27,34].

Diathermic cauterization is an intravitreal procedure, which can induce both experi-
mental BRVO and CRVO by applying diathermy on selected retinal veins [27,40]. Diather-
mic cauterization has a high success rate for achieving occlusion. Nonetheless, diathermic
cauterization is an invasive procedure, which may affect the vitreoretinal interface and its
proteome [27,34].

Transient clamping of the optic nerve is an invasive procedure, which can induce
experimental CRVO and has a high success rate for achieving occlusion. However, tran-
sient clamping of the optic nerve also affects the ciliary vessels and central retinal artery,
thereby not creating an isolated CRVO [27].

Intravitreal injections with substances such as thrombin can induce experimental
BRVO and CRVO without any mechanical vascular damage. Nonetheless, intravitreal in-
jections with substances may affect both retinal arteries and veins and generate features
unrelated to RVO. RVO induced using intravitreal injections is only supported by a lim-
ited number of studies [27].

4.4. Clinical Future Perspectives of Porcine RVO Models

Studies of experimental RVO have generated significant insights into the pathologi-
cal mechanisms activated in RVO. The retinal molecular mechanisms of RVO are a key
element in developing novel therapeutic modalities and improving existing treatments.
Testing intravitreal anti-VEGF agents and dexamethasone intravitreal implants in
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experimental RVO may potentially generate knowledge which can be used to develop
personalized treatment approaches. Individualized treatment may result in improved vis-
ual acuity as well as fewer injections and follow-up visits.

5. Conclusions

Laser-induced RVO is a useful model for the study of molecular changes at the retinal
level. A workflow consisting of advanced proteomic techniques, Western blotting, and
immunohistochemistry can bring important insights into the complex pathological mech-
anisms which are activated in the retina following RVO. Laser-induced BRVO is a highly
reproducible method and recanalization of occluded veins is generally not observed if
sufficient laser is applied. Experimental CRVO is technically more challenging to induce
as it is important to induce only partial occlusions by displacing thrombotic material to
the lamina cribrosa. Complete occlusion of all major branch retinal veins of the retina re-
sults in severe ischemia. Therefore, successful experimental CRVO requires a balanced
approach. The porcine eye has a number of advantages due to its similarities with the
human eye, including similar size and a fully vascularized retina. Understanding molec-
ular mechanisms through studies of experimental RVO and tests of intravitreal therapies
may potentially generate knowledge which can be used to develop individualized treat-
ment approaches for the benefit of patients with RVO.

Author Contributions: Conceptualization and methodology, M.O.M, N.R., H.V,, and L.J.C.; data
curation, M.O.M., N.R,, and L.J.C.; mass spectrometry and software, L.J].C and B.H., Western blot-
ting, J.E.K.; writing — original draft preparation, all authors; writing — review and editing, M.O.M,
N.R. and L.J.C,; supervision H.V. and L.J.C. All authors have read and agreed to the published ver-
sion of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The animal study protocol was approved by the Danish
Animal Experiments Inspectorate, permission numbers 2013-15-2934-00775, 2016-15-0201-00971,
and 2019-15-0201-01651. Animal experiments were performed according to the obtained permis-
sions.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data are published as supplementary files of references [25, 26,29-
33]

Acknowledgments: The authors would like to thank Mona Britt Hansen and Inge Kjeergaard Niel-
sen, Department of Biomedicine, Aarhus University; Torben Madsen, Ole Serensen, Jens Serensen,
and Pernille Mikkelsen, Biomedical Research Laboratory, Aalborg University Hospital; Anita Irene
Kristensen; and Bente Ditmann Pedersen, Department of Ophthalmology, Aalborg University Hos-
pital, for their expert technical assistance.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

Rogers, S.L.; McIntosh, R.L.; Lim, L.; Mitchell, P.; Cheung, N.; Kowalski, ].W.; Nguyen, H.P.; Wang, J.].; Wong, T.Y. Natural
history of branch retinal vein occlusion: An evidence-based systematic review. Ophthalmology 2010, 117, 1094-1101.e5.
https://doi.org/10.1016/j.ophtha.2010.01.058.

Mclntosh, R.L.; Rogers, S.L.; Lim, L.; Cheung, N.; Wang, J.J.; Mitchell, P.; Kowalski, ] W.; Nguyen, H.P.; Wong, T.Y. Natural
history of central retinal vein occlusion: An evidence-based systematic review. Ophthalmology 2010, 117, 1113-1123.e15.
https://doi.org/10.1016/j.ophtha.2010.01.060.

Hayreh, S.S.; Zimmerman, M.B. Branch retinal vein occlusion: Natural history of visual outcome. JAMA Ophthalmol. 2014, 132,
13-22. https://doi.org/10.1001/jamaophthalmol.2013.5515.

Bertelsen, M.; Linneberg, A.; Rosenberg, T.; Christoffersen, N.; Vorum, H.; Gade, E.; Larsen, M. Comorbidity in patients with
branch retinal vein occlusion: Case-control study. BM] Br. Med. ]. 2012, 345, e7885. https://doi.org/10.1136/bm].e7885.
Newman-Casey, P.A.; Stem, M.; Talwar, N.; Musch, D.C.; Besirli, C.G.; Stein, ].D. Risk factors associated with developing branch
retinal vein occlusion among enrollees in a United States managed care plan. Ophthalmology 2014, 121, 1939-1948.
https://doi.org/10.1016/j.ophtha.2014.04.045.



Medicina 2023, 59, 243 14 of 15

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Buehl, W. Sacu, S, Schmidt-Erfurth, U. Retinal vein occlusions. Dev. Ophthalmol. 2010, 46, 54-72.
https://doi.org/10.1159/000320009.

Nicholson, L.; Talks, S.J.; Amoaku, W.; Talks, K.; Sivaprasad, S. Retinal vein occlusion (RVO) guideline: Executive summary.
Eye 2022, 36, 909-912. https://doi.org/10.1038/s41433-022-02007-4.

Campochiaro, P.A ; Sophie, R.; Pearlman, J.; Brown, D.M.; Boyer, D.S.; Heier, ].S.; Marcus, D.M.; Feiner, L.; Patel, A. Long-term
outcomes in patients with retinal vein occlusion treated with ranibizumab: The RETAIN study. Ophthalmology 2014, 121, 209-
219. https://doi.org/10.1016/j.ophtha.2013.08.038.

Callizo, ].; Ziemssen, F.; Bertelmann, T.; Feltgen, N.; Voegeler, J.; Koch, M.; Eter, N.; Liakopoulos, S.; Schmitz-Valckenberg, S.;
Spital, G. Real-World Data: Ranibizumab Treatment For Retinal Vein Occlusion In The OCEAN Study. Clin. Ophthalmol. 2019,
13, 2167-2179. https://doi.org/10.2147/OPTH.S209253.

Hogg, H.D.J.; Talks, S.J.; Pearce, M.; di Simplicio, S. Real-World Visual and Neovascularisation Outcomes from anti-VEGF in
Central Retinal Vein Occlusion. Ophthalmic Epidemiol. 2021, 28, 70-76. https://doi.org/10.1080/09286586.2020.1792937.

Ang, ].L.; Ah-Moye, S.; Kim, L.N.; Nguyen, V.; Hunt, A.; Barthelmes, D.; Gillies, M.C.; Mehta, H. A systematic review
of real-world evidence of the management of macular oedema secondary to branch retinal vein occlusion. Eye 2020, 34, 1770-
1796. https://doi.org/10.1038/s41433-020-0861-9.

Frederiksen, K.H.; Stokholm, L.; Frederiksen, P.H.; Jorgensen, C.M.; Modller, S.; Kawasaki, R.; Peto, T.; Grauslund,
J. Cardiovascular morbidity and all-cause mortality in patients with retinal vein occlusion: A Danish nationwide cohort study.
Br. J. Ophthalmol. 2022. https://doi.org/10.1136/bjophthalmol-2022-321225.

Martel, A.; Nahon-Esteve, S.; Martini, K.; Almairac, F.; Baillif, S. Feelings, preoperative anxiety, and need for information in
patients undergoing intravitreal injections. Graefe’s Arch. Clin. Exp. Ophthalmol. 2020, 258, 1395-1403.
https://doi.org/10.1007/s00417-020-04699-4.

Senra, H.; Balaskas, K.; Mahmoodi, N.; Aslam, T. Experience of Anti-VEGF Treatment and Clinical Levels of Depression and
Anxiety in Patients With Wet Age-Related Macular Degeneration. Am. ]. Ophthalmol. 2017, 177, 213-224.
https://doi.org/10.1016/j.ajo.2017.03.005.

Boyle, ].; Vukicevic, M.; Koklanis, K.; Itsiopoulos, C. Experiences of patients undergoing anti-VEGF treatment for neovascular
age-related macular degeneration: A  systematic review. Psychol. = Health Med. 2015, 20, 296-310.
https://doi.org/10.1080/13548506.2014.936886.

Cehofski, L.J.; Mandal, N.; Honoré, B.; Vorum, H. Analytical platforms in vitreoretinal proteomics. Bioanalysis 2014, 6, 3051
3066. https://doi.org/10.4155/bio.14.227.

Noma, H.; Yasuda, K;; Mimura, T.; Suganuma, N.; Shimura, M. Retinal Microcirculation and Cytokines as Predictors for
Recurrence of Macular Edema after Intravitreal Ranibizumab Injection in Branch Retinal Vein Occlusion. J. Clin. Med. 2020, 10,
58. https://doi.org/10.3390/jcm10010058.

Noma, H.; Yasuda, K.; Shimura, M. Change of cytokines after intravitreal ranibizumab in patients with recurrent branch retinal
vein occlusion and macular edema. Eur. J. Ophthalmol. 2021, 31, 204-210. https://doi.org/10.1177/1120672119885054.

Noma, H.; Yasuda, K;; Mimura, T.; Ofusa, A.; Shimura, M. Relationship between retinal blood flow and cytokines in central
retinal vein occlusion. BMC Ophthalmol. 2020, 20, 215. https://doi.org/10.1186/s12886-020-01486-x.

Noma, H.; Yasuda, K.; Shimura, M. Cytokines and the Pathogenesis of Macular Edema in Branch Retinal Vein Occlusion. .
Ophthalmol. 2019, 2019, 5185128. https://doi.org/10.1155/2019/5185128.

Noma, H.; Yasuda, K.; Shimura, M. Cytokines and Pathogenesis of Central Retinal Vein Occlusion. J. Clin. Med. 2020, 9, 3457.
https://doi.org/10.3390/jcm9113457.

Cehofski, L.J.; Honoré, B.; Vorum, H. A Review: Proteomics in Retinal Artery Occlusion, Retinal Vein Occlusion, Diabetic
Retinopathy and Acquired Macular Disorders. Int. |. Mol. Sci. 2017, 18, 907. https://doi.org/10.3390/ijms18050907.

Cehofski, L.J.; Kojima, K.; Terao, N.; Kitazawa, K.; Thineshkumar, S.; Grauslund, J.; Vorum, H.; Honoré, B. Aqueous Fibronectin
Correlates With Severity of Macular Edema and Visual Acuity in Patients With Branch Retinal Vein Occlusion: A Proteome
Study. Investig. Ophthalmol. Vis. Sci. 2020, 61, 6. https://doi.org/10.1167/iovs.61.14.6.

Hansen, M.S.; Rasmussen, M.; Grauslund, J.; Subhi, Y.; Cehofski, L.]. Proteomic analysis of vitreous humour of eyes with
diabetic macular oedema: A systematic review. Acta Ophthalmol. 2022, 100, e1043—e1051. https://doi.org/10.1111/a0s.15168.
Cehofski, L.J.; Kruse, A.; Alsing, A.N.; Sejergaard, B.F.; Nielsen, J.E.; Pedersen, S.; Muttuvelu, D.V.; Kirkeby, S.; Honoré, B.;
Vorum, H. Aflibercept Intervention in Experimental Branch Retinal Vein Occlusion Results in Upregulation of DnaJ] Homolog
Subfamily C Member 17. ]. Ophthalmol. 2021, 2021, 6690260. https://doi.org/10.1155/2021/6690260.

Cehofski, L.J.; Kruse, A.; Alsing, A.N.; Sejergaard, B.F.; Nielsen, J.E.; Schlosser, A.; Sorensen, G.L.; Grauslund, J.; Honoré, B.;
Vorum, H. Proteome Analysis of Aflibercept Intervention in Experimental Central Retinal Vein Occlusion. Mol. A J. Synth. Chem.
Nat. Prod. Chem. 2022, 27, 3360. https://doi.org/10.3390/molecules27113360.

Khayat, M.; Lois, N.; Williams, M.; Stitt, A.W. Animal Models of Retinal Vein Occlusion. Investig. Ophthalmol. Vis. Sci. 2017, 58,
6175-6192. https://doi.org/10.1167/iovs.17-22788.

Cehofski, L.J.; Kruse, A.; Maeng, M.O.; Sejergaard, B.F.; Schlosser, A.; Sorensen, G.L.; Grauslund, J.; Honoré, B.; Vorum, H.
Dexamethasone Intravitreal Implant Is Active at the Molecular Level Eight Weeks after Implantation in Experimental Central
Retinal Vein Occlusion. Mol. A |. Synth. Chem. Nat. Prod. Chem. 2022, 27, 5687. https://doi.org/10.3390/molecules27175687.
Cehofski, L.J.; Kruse, A.; Alsing, A.N.; Nielsen, ].E.; Pedersen, S.; Kirkeby, S.; Honoré, B.; Vorum, H. Intravitreal bevacizumab
upregulates transthyretin in experimental branch retinal vein occlusion. Mol. Vis. 2018, 24, 759-766.



Medicina 2023, 59, 243 15 of 15

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Cehofski, L.J.; Kruse, A.; Magnusdottir, S.O.; Alsing, A.N.; Nielsen, J.E.; Kirkeby, S.; Honoré, B.; Vorum, H. Dexamethasone
intravitreal implant downregulates PDGFR-a and upregulates caveolin-1 in experimental branch retinal vein occlusion. Exp.
Eye Res. 2018, 171, 174-182. https://doi.org/10.1016/j.exer.2018.02.029.

Cehofski, L.J.; Kruse, A.; Kjeergaard, B.; Stensballe, A.; Honoré, B.; Vorum, H. Proteins involved in focal adhesion signaling
pathways are differentially regulated in experimental branch retinal vein occlusion. Exp. Eye Res. 2015, 138, 87-95.
https://doi.org/10.1016/j.exer.2015.06.011.

Cehofski, L.J.; Kruse, A.; Kirkeby, S.; Alsing, A.N.; Nielsen, J.E.; Kojima, K.; Honoré, B.; Vorum, H. IL-18 and S100A12 Are
Upregulated in Experimental Central Retinal Vein Occlusion. Int. |. Mol. Sci. 2018, 19, 3328. https://doi.org/10.3390/ijms19113328.
Cehofski, L.J.; Kruse, A.; Bagsted, M.; Magnusdottir, S.0.; Stensballe, A.; Honoré, B.; Vorum, H. Retinal proteome changes
following experimental branch retinal vein occlusion and intervention with ranibizumab. Exp. Eye Res. 2016, 152, 49-56.
https://doi.org/10.1016/j.exer.2016.09.002.

Cehofski, L.J.; Kruse, A.; Kjeergaard, B.; Stensballe, A.; Honoré, B.; Vorum, H. Dye-Free Porcine Model of Experimental Branch
Retinal Vein Occlusion: A Suitable Approach for Retinal Proteomics. J. Ophthalmol. 2015, 2015, 839137.
https://doi.org/10.1155/2015/839137.

Christakopoulos, C.; Cehofski, L.J.; Christensen, S.R.; Vorum, H.; Honoré, B. Proteomics reveals a set of highly enriched proteins
in epiretinal membrane compared with inner limiting membrane. Exp. Eye Res. 2019, 186, 107722.
https://doi.org/10.1016/j.exer.2019.107722.

Lewis, G.P.; Fisher, S.K. Up-regulation of glial fibrillary acidic protein in response to retinal injury: Its potential role in glial
remodeling and a comparison to vimentin expression. Int. Rev. Cytol. 2003, 230, 263-290. https://doi.org/10.1016/s0074-
7696(03)30005-1.

Verardo, M.R,; Lewis, G.P.; Takeda, M,; Linberg, K.A.; Byun, J.; Luna, G.; Wilhelmsson, U.; Pekny, M.; Chen, N.-F.; Fisher, S.K.
Abnormal reactivity of muller cells after retinal detachment in mice deficient in GFAP and vimentin. Investig. Ophthalmol. Vis.
Sci. 2008, 49, 3659-3665. https://doi.org/10.1167/iovs.07-1474.

Hippert, C.; Graca, A.B.; Basche, M.; Kalargyrou, A.A.; Georgiadis, A.; Ribeiro, ].; Matsuyama, A.; Aghaizu, N.; Bainbridge, ].W.;
Smith, A.].; et al. RNAi-mediated suppression of vimentin or glial fibrillary acidic protein prevents the establishment of Miiller
glial cell hypertrophy in progressive retinal degeneration. Glia 2021, 69, 2272-2290. https://doi.org/10.1002/glia.24034.

Hol, EM.; Capetanaki, Y. Type III Intermediate Filaments Desmin, Glial Fibrillary Acidic Protein (GFAP), Vimentin, and
Peripherin. Cold Spring Harb. Perspect. Biol. 2017, 9, a021642. https://doi.org/10.1101/cshperspect.a021642.

Ejstrup, R.; Scherfig, E.; la Cour, M. Electrophysiological consequences of experimental branch retinal vein occlusion in pigs
and the effect of dorzolamide. Investig. Ophthalmol. Vis. Sci. 2011, 52, 952-958. https://doi.org/10.1167/iovs.10-6110.

Lewis, G.P.; Charteris, D.G.; Sethi, C.S.; Fisher, S.K. Animal models of retinal detachment and reattachment: Identifying cellular
events that may affect visual recovery. Eye 2002, 16, 375-387. https://doi.org/10.1038/sj.eye.6700202.

Rootman, J. Vascular system of the optic nerve head and retina in the pig. Br. |. Ophthalmol. 1971, 55, 808-819.
https://doi.org/10.1136/bjo.55.12.808.

de Almeida, A.M.; Bendixen, E. Pig proteomics: A review of a species in the crossroad between biomedical and food sciences.
J. Proteom. 2012, 75, 4296—4314. https://doi.org/10.1016/j.jprot.2012.04.010.

Barone, F.; Nannoni, E.; Elmi, A.; Lambertini, C.; Scorpio, D.G.; Ventrella, D.; Vitali, M.; Maya-Vetencourt, ].F.; Martelli, G.;
Benfenati, F.; et al. Behavioral Assessment of Vision in Pigs. J. Am. Assoc. Lab. Anim. Sci. 2018, 57, 350-356.
https://doi.org/10.30802/AALAS-JAALAS-17-000163.

Lassota, N. Clinical and histological aspects of CNV formation: Studies in an animal model. Acta Ophthalmol. 2008, 86, 1-24.
https://doi.org/10.1111/j.1755-3768.2008.01412.x.

Choi, K.-E.; Anh, V.T.Q.; Kim, J.T,; Yun, C; Cha, S.; Ahn, ].; Goo, Y.S.; Kim, S.-W. An experimental pig model with outer retinal
degeneration induced by temporary intravitreal loading of N-methyl-N-nitrosourea during vitrectomy. Sci. Rep. 2021, 11, 258.
https://doi.org/10.1038/s41598-020-79437-1.

Vrolyk, V.; Desmarais, M.-J.; Lambert, D.; Haruna, J.; Benoit-Biancamano, M.-O. Neonatal and Juvenile Ocular Development in
Gottingen Minipigs and Domestic Pigs: A Histomorphological and Immunohistochemical Study. Vet. Pathol. 2020, 57, 889-914.
https://doi.org/10.1177/0300985820954551.

Ehlers, ]J.P.; Fekrat, S. Retinal vein occlusion: Beyond the acute event. Surv. Ophthalmol. 2011, 56, 281-299.
https://doi.org/10.1016/j.survophthal.2010.11.006.

Rehak, M.; Wiedemann, P. Retinal vein thrombosis: Pathogenesis and management. J. Thromb. Haemost. 2010, 8, 1886-1894.
https://doi.org/10.1111/.1538-7836.2010.03909.x.

Abdullahi, A.; Amini-Nik, S.; Jeschke, M.G. Animal models in burn research. Cell. Mol. Life Sci. 2014, 71, 3241-3255.
https://doi.org/10.1007/s00018-014-1612-5.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury
to people or property resulting from any ideas, methods, instructions or products referred to in the content.



