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Abstract
Background To investigate the effect of induced arteriolar
constriction (AC) on alterations in gene expression of factors
implicated in the development of edema in branch retinal vein
occlusion (BRVO).
Methods In Brown-Norway rats, BRVOwas induced by laser
photocoagulation of the veins in one half of the retina. AC of
the afferent arterioles was performed 30 min later. We then
determined the expression of Vegfa , Vegfb , Pedf , Kir4.1 ,
Aqp4 , Aqp1 , Il1ß , and Il6 with real-time polymerase chain
reaction (RT-PCR) in the neuroretina and retinal pigment
epithelium (RPE) after 1, 3, and 7 days. Immunostaining
against GFAP, aquaporin (AQP)-4, and Kir4.1 was performed
on days 1 and 3.
Results BRVO resulted in transient upregulation of Vegfa in
the neuroretina on day 1. The expressions of Kir4.1, AQP4,

and AQP1 were downregulated, and Il1ß and Il6 were strong-
ly upregulated, on days 1 and 3. The retinal distribution of
GFAP and AQP4 proteins remained unaltered, while the
Kir4.1 protein displayed redistribution from polarized to uni-
form retinal distribution. AC accelerated the restoration of
downregulated Kir4.1 , Aqp4 , and Aqp1 in the RPE, of
Kir4.1 in the neuroretina, and of upregulated Il6 in the
neuroretina. AC did not influence the gliotic alterations of
Müller cells and the redistribution of the Kir4.1 protein.
Conclusion Constriction of the afferent artery in the BRVO
region accelerated the restoration of potassium channels and
Il6 . These alterations may contribute to faster resorption of
retinal edema, and may decrease the level of inflammation.

Keywords Retinal edema . Gene expression . Branch retinal
vein occlusion . Arteriolar constriction

Introduction

The development of macular edema is the major cause of
vision loss in patients with branch retinal vein occlusion
(BRVO) [1]. Both systemic and retinal factors contribute to
the development of macular edema [2]. Systemic factors cause
an excess influx of fluid from the vessels into the retinal
parenchyma, e.g., due to an increase in hydrostatic pressure
[2]. There are two retinal factors: ischemia-hypoxia and in-
flammation [3, 4]. Generally, retinal edema develops via vas-
cular leakage (vasogenic edema) and/or impairment in the
fluid clearance from the retinal tissue. Cases of retinal edema
without angiographic vascular leakage suggest that impaired
fluid clearance is an important pathogenic factor of edema [5].

The major vessel-permeabilizing factor induced by retinal
hypoxia and inflammation is vascular endothelial growth
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factor (VEGF)-A [6]. Various other inflammatory factors in-
cluding interleukin (IL)-1ß and IL-6 were described to be
implicated in the development of macular edema [7]. Pro-
inflammatory factors like interleukin (IL)-1ß and IL-6 are
increased in retinal venous occlusive diseases. These factors
increase the permeability of retinal vessels, in part by a stim-
ulatory effect on VEGF expression, and mediate ischemic
injury in the retina [7, 8]. The expression of VEGF-A is
downregulated by anti-angiogenic factors, such as pigment
epithelium-derived factor (PEDF) [9, 10].

The clearance of the retinal tissue from excess fluid is
suggested to be mainly mediated by an ion transport-driven
water flux through retinal glial cells and the retinal pigment
epithelium (RPE) [2, 5]. Müller glial cells mediate the clear-
ance of retinal edema via a transcellular transport of potassium
and water, predominantly through the inwardly rectifying
potassium (Kir) channel Kir4.1 and the aquaporin-4 (AQP4)
water channel [5, 11]. The ion transport through the RPE is
facilitated by various channels for sodium, potassium, chlo-
ride, and bicarbonate [11]. The water flux across the RPE is
facilitated by AQP1 water channels [12]. The experimental
BRVO results in rapid downregulation of Kir4.1 , Aqp4 , and
Aqp1 in the retina, a dislocation of Kir4.1 protein, and a
decrease in the potassium currents of retinal glial cells [13].

Currently, intravitreal injections of steroids or anti-VEGF
drugs are used to treat macular edema due to BRVO [1, 14].
Further, grid laser photocoagulation can be performed in
BRVO patients without improvement of edema after
intreavitreal injections [15]. Another method, which was re-
ported to be effective in treatment of edema due to BRVO, is
laser-induced arteriolar constriction (AC), also called arterial
crimping [16]. Even though some studies [17–19] showed
visual improvement in BRVO patients treated by AC, the
mechanisms of the therapeutic action of this technique have
not yet been clarified. AC is supposed to result in a decrease in
the arterial pressure and to facilitate the draining of edema
[16]. On the other hand, constriction of the arteriole that
crosses the occluded area has been described to occur in situ
in experimental BRVO [20], likely by a decrease in the pro-
duction of vasodilating nitric oxide [21, 22]. The constriction,
which occurs within minutes and persists for several weeks,
may contribute to the development of tissue hypoxia and
apoptosis in the inner retina [21].

Using a rat model of BRVO in the present study, we
investigated the impact of AC on changes in retinal gene
expression of factors and channels implicated in the
development/resolution of retinal edema. In addition, we de-
termined the effects of AC on the alterations in the localization
of water and potassium channels that may contribute to an
impairment of the fluid clearance from the edematous retinal
tissue. Alterations in retinal gene expression were deter-
mined in the occluded and non-occluded parts of the
neuroretina and RPE.

Materials and methods

Experimental BRVO and AC All procedures concerning ani-
mals were in accordance with the ARVO Statement for the
Use of Animals in Ophthalmic and Vision Research, and were
approved by the local authorities (Faculty of Medicine of the
University of Leipzig and Landesdirektion Leipzig). All ef-
forts were made to minimize the number of animals used and
their suffering. Adult Brown-Norway rats (above 300 g) were
used, along with the rat model of retinal vein occlusion, as
previously described [13, 23]. The animals were reared in 12 h
(6:00 AM −6:00 PM) light/dark cycles. The following groups
were investigated: a BRVO group (32 animals) with half-
retinal branch vein occlusion, and a BRVO-AC group (19
animals) with half-retinal branch vein occlusion followed by
laser-induced arteriolar constriction.

Animals were anesthetized by intraperitoneal ketamine
(100 mg/kg) and xylazine (5 mg/kg). In the right eye of the
animals, half of the branch retinal veins near the optic nerve
head were photocoagulated 15 min after i.p. injection of
0.2 ml of 10 % sodium fluorescein, using a blue-green argon
laser with the aid of a 78-diopter lens (parameters, 1.0 s,
50 μm, 50–100 mW, 5–12 spots per vein). The other half of
the veins remained perfused. The contralateral eyes remained
untreated and served as controls. One day after laser photoco-
agulation, the success of BRVO was approved by indirect
stereoscopic ophthalmoscopy. In the BRVO-AC group,
laser-induced constriction of the afferent arterioles of the
treated half of the retina was performed 30 min after BRVO.
To verify the stability of BRVO, fluorescein angiography with
intravenous injection of 0.2 ml of 10 % sodium fluorescein
was performed shortly before the animals were sacrificed with
CO2 1, 3, and 7 days after BRVO. The eyes were then
enucleated; retina and RPE cells from the occluded and non-
occluded half were removed and processed separately.
Reflecting the fact that the major changes in the gene expres-
sion under ischemic conditions are presented during the acute
stage of BRVO [13], the retinas and RPE cells of the exper-
imental group (with AC) were evaluated at days 1 and 3.

Total RNA preparation and Real-time PCR Total RNA and
RT-PCRwere performed as previously described [24]. Briefly,
total RNA was prepared from neural retinas with Trizol re-
agent (0.5 ml; Gibco BRL), and from the RPE with the
RNeasy Mini Kit (Qiagen, Hilden, Germany). The quality of
the RNA was analyzed by agarose gel electrophoresis. After
DNase treatment, cDNA was synthesized with 1 μg of total
RNA using the RevertAid H Minus First Strand cDNA Syn-
thesis Kit (Fermentas, St. Leon-Roth, Germany). The cDNA
was diluted by the addition of 20 μl RNase-free water. Semi-
quantitative, real-time PCR was performed with the Single-
Color Real-Time PCR Detection System (BioRad, Munich,
Germany). The PCR solution contained 1 μl cDNA, specific
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primer set (0.25 μM each) and 10 μl of QuantiTect SYBR
Green PCR Mix (Qiagen) in a final volume of 20 μl.

Immunostaining Isolated retinas were fixed in 4 % parafor-
maldehyde for 2 h. After several washing steps in buffered
saline, the tissues were embedded in saline containing 3 %
agarose (w/v), and 80-μm-thick slices were cut using a
vibratome. The slices were incubated in 5 % normal goat
serum plus 0.3 % Triton X-100 in saline for 2 h at room
temperature and, subsequently, in primary antibodies over-
night at 4 °C. After washing in 1 % bovine serum albumin in
saline, the secondary antibodies were applied for 2 h at room
temperature. The lack of unspecific staining was proven by
negative controls, omitting the primary antibodies (not
shown). The following antibodies were used: mouse anti-
glial fibrillary acidic protein (GFAP; 1:200; GA5 clone;
Sigma-Aldrich), rabbit anti-Kir4.1 (1:200; Alomone Labs),
rabbit anti-rat AQP4 (1:200; Sigma), Cy3-conjugated goat
anti-rabbit IgG (1:400; Dianova), and Cy2-coupled goat anti-
mouse IgG (1:200; Dianova). Images were recorded with a
confocal laser scanning microscope (LSM 510 META; Zeiss,
Oberkochen, Germany) at single planes; excitation and emis-
sion settings were held constant for all images acquired.

Data analysis The results of BRVO eyes from both animal
groups (BRVO only and BRVO-AC) were compared with the
levels of gene expression of the untreated control eyes. Fur-
ther, the results of the animals from the BRVO-only group
were compared with the BRVO-AC group. Data are expressed
as mean±SEM. Statistical analysis was made using Prism
(Graphpad Software, San Diego, CA); significance was deter-
mined by Mann–Whitney's U test for two groups and the
Kruskal-Wallis test followed by Dunn’s comparison for mul-
tiple groups.

Results

Time-dependent alterations in the retinal gene expression
after BRVO

The previous studies on retinal ischemia showed that the
highest levels of gene changes could be observed 24 h after
the induction of the ischemia [13, 24]. Therefore, we sought to
determine BRVO-induced alterations in the mRNA levels of
factors implicated in neuroretina and RPE edema
development/resolution after 1, 3, and 7 days of BRVO, both
in the occluded and non-occluded parts of the tissues. Repre-
sentative images of PCR products analyzed by agarose gel
electrophoresis for Vegfa, Vegfb, Pedf, Il1ß, Il6, Kir4.1, Aqp1,
and Aqp4 are shown in Fig. 1.

Vegfa, Vegfb, Pedf The induction of BRVO resulted in a
biphasic regulation of Vegfa in the neuroretina (Fig. 2), with
an early increase after 1 day of BRVO followed by a transient
decrease after 3 days. The transient upregulation of Vegfa was
observed in the occluded, but not in the non-occluded part of
the neuroretina. In the RPE, no alteration in the expression
level of Vegfa was observed, with the exception of a slight
upregulation after 3 days of BRVO (Fig. 2). Vegfb expression
remained unchanged after BRVO in the neuroretina (Fig. 2).
In the RPE, the expression level of Vegfb significantly de-
creased after 3 and 7 days of BRVO (Fig. 2). The expression
level of Pedf displayed a time-dependent increase in the
neuroretina after 3 days of BRVO. In the RPE, a slight
downregulation of Pedf was found after 1 day of BRVO
(Fig. 2).

Kir4.1, Aqp4, Aqp1 BRVO induced a rapid decrease in the
gene expression levels of the potassium channel Kir4.1, and of

Fig. 1 Representative images of
PCR products analyzed by
agarose gel electrophoresis.
Amplicons for Vegfa, Vegfb,
Pedf, Il1ß, Il6, Kir4.1, Aqp1, and
Aqp4 using cDNA from retinas
(R1, R2) and RPE-cells (RPE1,
RPE2) of untreated rats are
shown. The expression was
investigated with real-time PCR.
The negative controls (NTC)
were done by adding double-
distilled water instead of cDNA as
template. Actb, ß-actin, was used
as a housekeeping gene
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the water channels AQP4 and AQP1, in both the neuroretina
and RPE (Fig. 3). The downregulation of Kir4.1 , Aqp4 , and
Aqp1 was observed in the occluded and non-occluded parts of
the retina (Fig. 3). In the neuroretina, the expression of Kir4.1
returned to control levels within 7 days, while the expression of
Aqp1andAqp4 remained decreased as compared to the controls
(Fig. 3). In the RPE, there was a conspicuous, transient upreg-
ulation of Kir4.1 and Aqp4 after 7 days of BRVO (Fig. 3).

Il1ß, Il6 Experimental BRVOwas associated with increases in
the relative expression levels of Il1ß and Il6 in the neuroretina
(Fig. 4). Within 1 day of BRVO, the expression of Il1ß and Il6
increased to levels 40- and 80-times higher than controls,
respectively. In the RPE, Il6 was upregulated immediately
after the induction of BRVO, and both Il1ß and Il6 were
significantly downregulated after 7 days of BRVO (Fig. 4).

Effect of AC on BRVO-induced alterations in retinal gene
expression

AC, carried out 30 min after BRVO, prevented the downreg-
ulation of Vegfb (Fig. 2), and accelerated the restoration of
downregulated Kir4.1 , Aqp4 , and Aqp1 in the RPE, and of
Kir4.1 in the neuroretina, after 3 days of BRVO (Fig. 3). In
addition, AC was associated with a faster decrease in the
upregulated level of Il6 in the neuroretina after 3 days of
BRVO (Fig. 4).

GFAP immunoreactivity

Retinal gliosis is characterized by an increase in the immuno-
reactivity of GFAP inMüller cells [25]. However, as described
recently [13], BRVO is not accompanied by a broad increase

Fig. 2 Effects of arteriolar
constriction (AC) on the BRVO-
induced alterations in the relative
expression levels of Vegfa , Vegfb ,
and Pedf in the neural retina (left)
and RPE (right). The gene
expression levels were
determined in the occluded and
non-occluded parts of the BRVO
retinas (right eyes) with real-time
PCR after 1, 3, and 7 days of
BRVO; they are expressed in
relation to the values obtained in
tissues from untreated control
(left) eyes, which are displayed as
levels of 1 (gray background
area). Each bar represents the
mean obtained in tissues from 7 to
10 animals; error bars represent
S.E.M. Significant difference vs.
untreated control: *P<0.05;
**P<0.01; ***P <0.001.
Significant difference between
BRVO and BRVO-AC:
++P<0.01. Significant difference
between occluded and non-
occluded parts of the BRVO
retina: ○P<0.05; ○○P<0.01
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in GFAP in Müller cells. This fact was confirmed in the
present study. In control retinal slices, GFAP immunoreactiv-
ity was localized to astrocytes in the nerve fiber layer (Fig. 5).
In retinal slices obtained 3 days after BRVO, the distribution
of GFAP immunoreactivity remained largely unaltered, with
the exception of some vessels, which traverse the inner plex-
iform layer, and which were surrounded by GFAP-expressing
cell structures (Fig. 5). This pattern of GFAP distribution was
observed in slices of BRVO and BRVO-AC retinas, both in
the occluded (Fig. 5) and non-occluded (not shown) areas of
the retinas, and also in retinal slices obtained after 1 day of
BRVO (not shown).

AQP4 immunoreactivity

The glial water channel AQP4 is predominantly localized to
the inner retina and outer plexiform layer (Fig. 5). In addition
to the perisynaptic localization in both plexiform layers,

AQP4 immunoreactivity is enriched in perivascular spaces
(Fig. 5). The overall retinal distribution of AQP4 labeling
remained largely unaltered after BRVO and BRVO-AC, with
the exception of sites of cystoid tissue degeneration that
disrupted the regular structure of the inner nuclear and outer
plexiform layers (asterisks in Fig. 5). Cystoid degeneration of
the tissue, which reflects sites of retinal edema, was found in
many but not all slices of BRVO and BRVO-AC retinas.

Kir4.1 immunoreactivity

Kir4.1 is the major potassium channel of Müller cells [26]. It
has been shown that experimental BRVO leads to a redistri-
bution of the Kir4.1 protein in the retinal tissue within 3 days
[13]. This fact was confirmed in the present study. In control
retinal tissues, immunoreactive Kir4.1 protein displayed a
polarized distribution with prominent localization in the in-
nermost retinal layers (nerve fiber and ganglion cell layers)

Fig. 3 Effects of arteriolar
constriction (AC) on the BRVO-
induced alterations in the relative
expression levels of Kir4.1 ,
Aqp4 , and Aqp1 in the neural
retina (left) and RPE (right). The
gene expression levels were
determined in the occluded and
non-occluded parts of the BRVO
retinas (right eyes) with real-time
PCR after 1, 3, and 7 days of
BRVO, and are expressed in
relation to the values obtained in
tissues from untreated control
(left) eyes, which are displayed as
levels of 1 (gray background
area). Each bar represents the
mean obtained in tissues from 7 to
10 animals; error bars represent
S.E.M. Significant difference vs.
untreated control: *P<0.05;
**P<0.01; ***P <0.001.
Significant difference between
BRVO and BRVO-AC: +P<0.05;
++P<0.01. Significant difference
between occluded and non-
occluded parts of the BRVO
retina: ○P<0.05
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and around the blood vessels, whereas the staining of the
remaining tissue was faint (Fig. 6). This polarized distribution
was lost within 3 days of BRVO, and the Kir4.1 immunore-
activity displayed a rather uniform distribution within the
retinal tissue (Fig. 6). A similar redistribution of Kir4.1
immunolabeling was observed in BRVO retinas treated with

AC (Fig. 6). The redistribution of the Kir4.1 protein was a
time-dependent process; the disappearance of perivascular
Kir4.1 occurred between 1 and 3 days of BRVO (Fig. 6).
Apparently, the redistribution of the Kir4.1 protein proceeded
from the innermost to the more outer parts of the retina. In
contrast to the occluded parts of the BRVO retinas, a distinct

Fig. 4 Effects of arteriolar
constriction (AC) on the BRVO-
induced alterations in the relative
expression levels of Il1ß and Il6
in the neural retina (left) and RPE
(right). The gene expression
levels were determined in the
occluded and non-occluded parts
of the BRVO retinas (right eyes)
with real-time PCR after 1, 3, and
7 days of BRVO, and are
expressed in relation to the values
obtained in tissues from untreated
control (left) eyes, which are
displayed as levels of 1 (gray
background area). Each bar
represents the mean obtained in
tissues from 7 to 10 animals; error
bars represent S.E.M. Significant
difference vs. untreated control:
*P<0.05; **P <0.01;
***P<0.001. Significant
difference between BRVO and
BRVO-AC: +P <0.05

Fig. 5 Immunolocalization of the glial intermediate filament GFAP
(green) and the glial water channel AQP4 (red) in slices of a control
retina and of retinas obtained after 3 days of BRVO and BRVO-AC,
respectively. Double labeling yielded a yellow staining. The BRVO
tissues were obtained from the occluded parts of the retinas. Cell nuclei

were labeled with Hoechst 33258 (blue). Arrowheads , blood vessels.
Asterisks , cystoid spaces. GCL, ganglion cell layer; INL, inner nuclear
layer; IPL, inner plexiform layer; NFL, nerve fiber layer; ONL, outer
nuclear layer; OPL, outer plexiform layer. Bars, 20 μm
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degree of perivascular Kir4.1 staining remained apparent for
up to 3 days in the non-occluded parts of BRVO retinas, both
in AC-treated and non-treated tissues (Fig. 6).

Discussion

In a rat model of BRVO, we investigated the effects of AC on
the alterations in the gene expression of factors implicated in
the development and resolution of retinal edema. We found
that BRVO-induced alterations in gene expression were rather
complex, and differed depending on the tissue investigated
(neuroretina and RPE), and on the duration of BRVO-induced
retinal ischemia. Distinct alterations in gene expression were
restricted to the occluded part of the neuroretina (e.g., the
upregulation of Vegfa after 1 day of BRVO; Fig. 2) whereas
other alterations were observed in both the occluded and non-
occluded parts of the neuroretina (e.g., the downregulation of
Kir4.1 , Aqp4 , and Aqp1 ; Fig. 3). Other alterations were found
only in the neuroretina (e.g., the upregulation of Il1ß ; Fig. 4)
or RPE (e.g., the downregulation of Vegfb ; Fig. 2).

There are some conspicuous alterations in the retinal gene
expression in response to BRVO, including: (1) a biphasic
regulation of Vegfa in the occluded part of the neuroretina,
with upregulation after 1 day and downregulation after 3 days

of BRVO (Fig. 2); (2) a time-dependent upregulation of Pedf
in the neuroretina (Fig. 2); (3) a transient downregulation of
the potassium and water channels Kir4.1 , Aqp4 , and Aqp1 in
the neuroretina and RPE (Fig. 3); and (4) strong, time-
dependent upregulation of Il1ß and Il6 in the neuroretina
(Fig. 4). The rapid upregulation ofVegfa in the occluded retina
(Fig. 2) suggests that BRVO results in tissue hypoxia selec-
tively in the neuroretina of the treated half of the retinal tissue.
Thus, the alterations in retinal gene expression observed in the
RPE and in the non-occluded part of the retina are likely a
response to the laser-induced hypoxia within the occluded part
of the neuroretina.

Gene expression alterations in both the occluded and non-
occluded retinal areas of eyes with BRVO may underlie the
Müller cell gliosis observed in both parts of the retina. With
respect to AQP4, we found a downregulation of Aqp4 (Fig. 3)
but no apparent dislocation of the AQP4 protein in the retina
(Fig. 5). Similar results (dislocation of Kir4.1 protein but not
of AQP4 protein) were previously described in a rat model of
high intraocular pressure-induced retinal ischemia-reperfusion
[27]. In our previous experiments, we described that BRVO is
associated with Müller cell swelling under hypoosmotic
stress, which is not observed in Müller cells from control
tissues, [13] suggesting that BRVO induces a disturbance of
the osmotically-induced, transglial water flux. The

Fig. 6 Immunolocalization of the glial potassium channel Kir4.1 (red) in
slices of a control retina and of retinas obtained after 1 and 3 days,
respectively, of BRVO and BRVO-AC. The BRVO tissues were obtained
from the occluded and non-occluded parts of the retinas. Cell nuclei were
labeled with Hoechst 33258 (blue). In the control tissue, the Kir4.1
protein is concentrated in the innermost retinal layer and around the blood

vessels (arrowheads). This polarized localization was lost within 3 days
of BRVO. In the tissues from the non-occluded parts of the retina, some
perivascular staining remained apparent up to 3 days of BRVO (arrow-
heads). GCL, ganglion cell layer; INL, inner nuclear layer; IPL, inner
plexiform layer; ONL, outer nuclear layer; OPL, outer plexiform layer.
Bars, 20 μm
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downregulation of Kir4.1 and aquaporins, and the dislocation
of the Kir4.1 protein may contribute to the development of
tissue edema, and (via disturbance of the retinal potassium
homeostasis) to neuronal degeneration.

Gene expression of Kir4.1 and aquaporin-4 and the mem-
brane anchoring of Kir4.1 are sensitive to retinal ischemia,
whereas the membrane anchoring of aquaporin-4 is insensi-
tive to ischemia. Based on observations in knockout mice, it
has been suggested that α-syntrophin (a protein of the
dystrophin-associated protein complex) is implicated in the
membrane anchoring of aquaporin-4 but not of Kir4.1 [28].
Similar mislocation of the Kir4.1 protein and unaltered retinal
distribution of the aquaporin-4 protein were described in
animal models of retinal ischemia-reperfusion, retinal detach-
ment, and diabetic retinopathy [29, 30]. The mechanism of the
ischemia-sensitive membrane anchoring of Kir4.1 remains to
be determined.

We found a rapid upregulation of the proinflammatory
factors VEGF-A (Fig. 2), IL-1ß, and IL-6 (Fig. 4) after induc-
tion of BRVO. Though these factors may induce a response
cascade in the retina that finally results in inflammatory tissue
degeneration and edema development, all of these factors
were described to have also protective effects in the neural
tissue, including the retina. IL-6 is a cytokine with pleiotropic
functions. It is a mediating protein during inflammation pro-
cesses and the maturation of B cells. The protein is primarily
produced at sites of inflammation and induces a transcription-
al inflammatory response through IL-6 receptor-alpha, which
is associated with VEGF expression [31]. VEGF-A supports
the survival of endothelial cells and retinal neurons. IL-6 is
protective for retinal ganglion cells and photoreceptors [27,
32], and IL-1 promotes the glutamate uptake into Müller cells
and the survival of retinal ganglion cells and photoreceptors
[33]. It cannot be ruled out that the decrease in the upregula-
tion of these factors observed after 3 and 7 days of BRVO
might contribute to ischemic tissue degeneration.

The aim of the present study was to investigate the effect of
laser-induced AC on BRVO-induced alterations in the retinal
gene expression and the retinal localization of glial potassium
and water channels. AC was first described by L’Esperance
[16] in 1975. Several clinical studies [17–19] reported the
resolution of macular edema and improvement of visual acu-
ity in patients with BRVO treated with AC, but the mecha-
nisms of the therapeutic action remain unclear. It was sug-
gested that AC results in a decrease in the hydrostatic pressure
within the arterioles and capillaries of the occluded vascular
bed [16]. A decrease in the hydrostatic pressure will lower the
water flux from the vessels into the tissue and, thus, may
inhibit the development of vasogenic edema [2]. It has been
described that an increase in hydrostatic pressure
(hypertension) aggravates retinal inflammation [34]. Thus,
through a decrease in hydrostatic pressure, AC might be also
protective against retinal inflammation. On the other hand,

constriction of the afferent artery was described to occur in
experimental BRVO [20]. Some authors suggest that this
constriction contributes to the development of tissue hypoxia
[21, 22]. Therefore, laser-induced AC has not been generally
accepted as a technique for the treatment of macular edema in
patients with BRVO.

In our experiments, we found that AC did not prevent the
redistribution of the Kir4.1 protein in the retina (Fig. 6). On
the other hand, our results did not show any worsening of
retinal ischemia after AC. Distinct effects of AC on the retinal
gene expression might be protective against the development
of retinal edema. The acceleration of the restoration of down-
regulated Kir4.1 , Aqp4 , and Aqp1 in the RPE (Fig. 3), and of
Kir4.1 in the neuroretina (Fig. 3), may contribute to a faster
resolution of retinal edema, while accelerated restoration of
the upregulated level of Il6 in the neuroretina (Fig. 4) may
limit retinal inflammation and, thus, the extent of vessel
permeabilization. All effects of AC on the retinal gene expres-
sion were observed after 3 days, but not after 1 day of BRVO.
It is concluded that AC has delayed effects on retinal gene
expression and Müller cell properties. It remains to be deter-
mined whether a decrease in hydrostatic pressure is a causa-
tive factor of the AC-induced acceleration in the decrease of
upregulated Il6 (Fig. 4).
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