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Diabetic retinopathy is a leading cause of reduced visual acuity and acquired blindness. Diabetes is
known to alter the amount of retinal expression of the water-selective channels aquaporin 4 (AQP4).
However, the function and impact of AQP4 in diabetic retinopathy is not well understood. In the present
work, diabetes was induced by intraperitoneal injection of streptozotocin in Sprague-Dawley rats. Two
weeks later, AQP4 shRNA (r) lentiviral particles or negative lentiviral particles were delivered by intra-
vitreal injection to the eyes. Gene delivery was confirmed by quantitative reverse-transcriptase poly-
merase chain reaction (qRT-PCR) and Western blotting analysis. Eight weeks later, BRB breakdown was
measured using Evans blue dye. Images of retinal sections were obtained and the thicknesses of the
retinas were determined. Retinal leukostasis measurement was performed using acridine orange
leukocyte fluorography. The mRNA levels of IL-1b, IL-6, intercellular adhesion molecule 1 (ICAM-1), glial
fibrillary acidic protein (GFAP) and vascular endothelial growth factor (VEGF) were determined using
qRT-PCR method. AQP4 shRNA (r) lentiviral particles or negative lentiviral particles were transfected into
rMC-1 cells to investigate its effect on inflammation induced by high glucose. Incubation with IL-1b or IL-
6 was performed to test their effect on AQP4 expression in rMC-1 cells. In the current work, it was found
that AQP4 expression was enhanced in the retina of diabetic rats. AQP4 knockdown led to exacerbation of
retinopathy including enhancing retinal vascular permeability, retinal thickness, pro-inflammatory
factors expression, and VEGF and GFAP expression in retinas of diabetic rats. AQP4 knockdown
enhanced the expression of pro-inflammatory cytokines induced by high glucose in rMC-1 cells. In
addition, AQP4 knockdown enhanced the release of IL-6 and VEGF from rMC-1 cells into the medium.
Moreover, it was found that incubation with IL-1b or IL-6 suppressed AQP4 expression in rMC-1 cells.
These results suggested that streptozotocin injection induced diabetes resulted in compensatory
increases of AQP4 expression, and downregulation of AQP4 exacerbated diabetic retinopathy through
aggravating inflammatory response, at last in part. Therefore, regulation of retinal function by AQP4 may
attenuate diabetic retinopathy, offering a promising therapeutic strategy for diabetic retinopathy.

� 2012 Published by Elsevier Ltd.
1. Introduction

Diabetes is characterized by hyperglycemia and consequent
functional failure of various target organs including the eye.
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Decreased retinal function can be demonstrated early in diabetes
by a loss of contrast sensitivity and tritan changes in color vision
(Stavrou and Wood, 2003; Cho et al., 2000). Retinopathy is a major
complication of diabetes mellitus (DM) and one of the leading
causes of acquired blindness. As the prevalence of DM progressively
rises throughout the world, improving the treatment of diabetic
retinopathy has become a major goal of ophthalmic research.
Although laser therapy has shown some effect on preventing
partial visual loss, the current treatments for diabetic retinopathy
are far from satisfactory. What may be required is specific thera-
peutic target for diabetic retinopathy.

Aquaporin 4 (AQP4) is the most abundant water channel in the
brain and retina. AQP4 was expressed in the perivascular and end
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Table 1
Sequences of oligonucleotides used as primers.

Target gene Sequence (50�30)

IL-6 Sense TCCTACCCCAACTTCCAATGCTC
Antisense TTGGATGGTCTTGGTCCTTAGCC

IL-1b Sense CACCTCTCAAGCAGAGCACAG
Antisense GGGTTCCATGGTGAAGTCAAC

ICAM-1 Sense AGACACAAGCAAGAGAAGAAAAGG
Antisense TTGGGAACAAAGGTAGGAATGTAT

VEGF Sense GCACCCACGACAGAAGG
Antisense TGAACGCTCCAGGATTTA

GFAP Sense CCGTTCTCTGGA AGACACTGAAAC
Antisense TTGGAAGGATGGTTGTGGATTC

AQP4 Sense GGGTTGGACCAATCATAGGCGCT
Antisense GCAGGAAATCTGAGGCCAGTTCTA GG

b-actin Sense AAGTCCCTCACCCTCCCAAAAG
Antisense AAGCAATGCTGTCACCTTCCC

ICAM-1, intercellular adhesion molecule 1; VEGF, vascular endothelial growth
factor; GFAP, glial fibrillary acidic protein; AQP4, aquaporin 4.
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feet of Müller cells and astrocytes in the inner retina (Nagelhus
et al., 1998; Da and Verkman, 2004; Bosco et al., 2005). It has
been demonstrated to be critically involved in the pathogenesis of
brain edema under various injurious circumstances (Papadopoulos
et al., 2002; Venero et al., 2004). Recently, diverse pathologies are
known to alter the amount of retinal expression of the water-
selective channels AQP4 (Zhang et al., 2011; Fukuda et al., 2010;
Qin et al., 2009; Liu et al., 2007; Pannicke et al., 2004; Da and
Verkman, 2004). In streptozotocin-induced diabetic rats and
spontaneously diabetic rats, AQP4 expression was found enhanced
in the retina (Zhang et al., 2011; Fukuda et al., 2010). However, the
exact function and impact of AQP4 in retinal edema induced by DM
was unclear. In current work, we sought to exam the function of
AQP4 using an RNAi approach with the lentiviral particles con-
taining AQP4 shRNAi to reduce the AQP4 protein expression in
retina in vivo and cultured Müller cells in vitro.

2. Methods

2.1. Materials and animals

All the animals used in this work received humane care in
compliance with institutional animal care guidelines, and were
approved by the Local Institutional Committee. All the surgical and
experimental procedures were in accordance with institutional
animal care guidelines. All other reagents were purchased from
SigmaeAldrich (St. Louis, MO, USA) unless otherwise noted.

Male Sprague-Dawley (SD) rats (2 months old, 200e250 g) were
purchased from the Sino-British SIPPR/BK Lab Animal Ltd. All the
animals were entrained to controlled temperature (23e25 �C), 12-h
light and 12-h dark cycles (light, 08:00e20:00 h; darkness,
20:00e08:00 h), and free access to food and tap water.

2.2. Animal model

SD rats were injected with a single intraperitoneal injection of
streptozotocin (60 mg/kg) in 10 mM citrate buffer (pH 4.5). Control
non-diabetic rats received injections of an equal volume of citrate
buffer only. Animals with plasma glucose concentrations greater
than 250 mg/dl 24e48 h after streptozotocin injection were
considered diabetic and included in these studies.

2.3. In vivo gene transfer

AQP4 shRNA (r) lentiviral particles (sc-156007-V) and negative
lentiviral particles were obtained from SANTA CRUZ (Santa Cruz,
CA, USA). Each vial contains 200 ml frozen stock containing 1.0� 106

infectious units of virus. After being anesthetized, each animal
received an intravitreal injection of AQP4 shRNA (r) lentiviral
particles (5 ml) as described previously (Wu et al., 2004). The
control rats were injected with negative lentiviral particles to serve
as a control.

2.4. Measurement of BRB breakdown

BRB breakdown was measured using Evans blue dye as
described previously (Kusari et al., 2007). Briefly, Evans blue was
dissolved in normal saline at 45 mg/ml. The animal was deeply
anesthetized, and the right jugular vein and iliac artery were can-
nulated, and Evans blue solution was injected through the jugular
vein at a dosage of 45 mg/kg. Blood (200 ml) was withdrawn from
the iliac artery 2 min after Evans blue injection and then every
30 min for 120 min. The total volume of blood withdrawnwas 1 ml
for each animal. After the dye had circulated for 120 min, the chest
cavity was opened and the animal was perfused through the left
ventricle with a solution of 0.05 M citrate buffer (pH 3.5; 37 �C)
containing no fixative for 2 min at 66 ml/min to clear the dye. The
perfusate appeared clear at the end of this time. Immediately after
perfusion, the eyes were enucleated and the retinas were carefully
dissected under an operating microscope. Evans blue in the retinas
and blood samples was quantitated as described previously (Qaum
et al., 2001).

BRB breakdown was determined by the calculation:
BRB breakdown ¼ (retinal Evan blue in micrograms/retina dry

weight in grams)/(time-averaged plasma Evans blue in micro-
grams/plasma volume in microliters � circulation time in hours)
and was expressed as microliters plasma/gram retina dry weight
per hour.

2.5. Measurement of retinal thickness

Retinal thickness was evaluated by using Image-Pro Plus 4.5
(IPP4.5, Media Cybernetics, Silver Spring, MD) on 5 mmhematoxylin
and eosin-stained sections. The eyeswere cut vertically through the
center of the cornea and optic nerve, and both halves were
embedded face down. Care was taken to keep this cutting angle
consistent for all eyes measured for retinal thickness. Digital
photographs were taken using 20 � objectives from the nasal and
temporal sides (about 300 mm from the optic nerve) in each of the
contralateral and ipsilateral retinae. In each photo, the thickness of
retina was measured: from inner nuclear layer to inner limiting
membrane representing the thickness of the whole retina (Martin
et al., 2004).

2.6. Retinal leukostasis measurement

A jugular vein catheter was surgically implanted. One day later,
rats underwent retinal leukostasis measurements using acridine
orange leukocyte fluorography (Abiko et al., 2003).

2.7. Quantitative real-time PCR analysis (qRT-PCR)

After the rats were killed, the total RNA was extracted from
freshly dissected retinas using TRIzol (Life Technologies Inc., Gai-
thersburg, USA) according to the manufacturer’s protocol. First-
strand cDNA was prepared from total RNA by using SuperScript
First-Strand Synthesis Kit (Invitrogen, Carlsbad, USA). The
sequences of primers are listed in Table 1. Real-time PCR analysis
was performed with a QuantiTectTM SYBR� Green PCR (Tiangen,
Shanghai, China) according to the manufacturer’s instructions. The
highly specific measurement of mRNA was carried out for AQP4,
IL-1b, IL-6, ICAM-1, GFAP, VEGF and b-actin using the LightCycler



Fig. 1. The effect of local gene transfer on retinal AQP4 expression in streptozotocin-
induced diabetic rats. Rats received an intravitreal injection of AQP4 shRNA (r) lenti-
viral particles or negative lentiviral particles. The mRNA (A) and protein (B) expression
of AQP4 was determined with qRT-PCR method and Western blotting analysis,
respectively. AQP4, aquaporin 4; DM, diabetes mellitus. Values are means � SD. n ¼ 7
in each group; *P < 0.05 versus Non-DM transfected with Con-RNAi; #P < 0.05 versus
DM transfected with Con-RNAi.
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system (Bio-Rad, Carlsbad, USA). Each sample was run and
analyzed in duplicate. AQP4, IL-1b, IL-6, ICAM-1, GFAP and VEGF
mRNA levels were adjusted as the values relative to b-actin, which
was used as the endogenous control to ensure equal starting
amounts of cDNA. The control group was used as the calibrator
with a given value of 1, and the other groups were compared with
this calibrator.

2.8. Cell culture

The transformed rat retinal Müller cell line (rMC-1) has previ-
ously been characterized as a useful tool for retinal Müller cell
studies (Sarthy et al., 1998). rMC-1 was maintained in normal
(5 mM) glucose Dulbecco’s modified Eagle’s Medium (DMEM)
supplemented with 10% fetal bovine serum (FBS) and 1% penicillin/
streptomycin at 37 �C and 5% CO2 in a humidified incubator. Cell
culture supplies were obtained from Invitrogen except where
indicated.

2.9. High-glucose treatment

The rMC-1 (1 � 106) was cultured in DMEM containing high
(25 mM) glucose for 24 h. Cells treated in normal glucose (5 mM,
plus 20 mM mannitol) served as control.

2.10. Western blotting analysis

Aliquots containing 15 mg of protein were separated by SDS-
polyacrylamide gel electrophoresis using a 10% gel and blotted
onto polyvinylidene difluoride membranes (Amersham, Arlington
Heights, IL) in a wet transfer unit (Bio-Rad, Hercules, CA). After
blocking with 5% nonfat dry milk, the membranes were incubated
overnight at 4 �C with the anti-AQP4 antibody (1:1000, sc-32739),
followed by incubation with an HRP-conjugated secondary anti-
body. Equal amounts of protein loading were confirmed by blotting
the membranes with a monoclonal antibody against b-actin (Sigma
Chemical Co.). The bands were visualized using an enhanced ECL
detection kit (Amersham) and quantified by densitometry. The
results were calculated as the mean ratio of the AQP4 protein
density to the b-actin density. The control group was used as the
calibrator with a given value of 100%, and the other groups were
compared with this calibrator.

2.11. Measurement of inflammatory cytokines and growth factor in
medium

To determined whether ICAM-1, VEGF, IL-1b and IL-6 were
secreted into medium from cultured rMC-1, these cytokines and
growth factor in medium were assayed using enzyme-linked
immunosorbent assay (ELISA) kits (R&D Systems, Minneapolis,
MN, USA). All samples were assayed in duplicate according to the
manufacturer’s instructions.

2.12. Study design

2.12.1. Experiment 1
Diabetes mellitus (DM) was induced in male SD rats with

a single injection of streptozotocin (DM group). Age-matched
animals raised under similar conditions served as controls (Non-
DM group). 2 weeks later, both groups were injected with AQP4
shRNA (r) lentiviral particles (sc-156007-V, RNAi) or negative len-
tiviral particles (Con-RNAi). 8 weeks later, the body weight, blood
pressure, and blood glucose levels of rats were determined. The
mRNA levels of IL-1b, IL-6, ICAM-1, GFAP and VEGF in retinas were
determined using qRT-PCR method. The mRNA level and protein
level of AQP4 in the retinas was determined using qRT-PCR and
Western blotting analysis, respectively. BRB breakdown was
measured using Evans blue dye. Images of retinal sections were
obtained and the thicknesses of the retinas were determined.
Retinal leukostasis measurement was performed using acridine
orange leukocyte fluorography.

2.12.2. Experiment 2
The rMC-1 was cultured and transfected with AQP4 shRNA (r)

lentiviral particles (sc-156007-V) or negative lentiviral particles
according to manufacturer’s instructions. 48 h later, both groups of
cells were cultured in DMEM (Invitrogen, Carlsbad, CA) containing
either 5 mM glucose (low glucose) or 25mM glucose (high glucose)
without FBS. 24 h later, the mRNA levels and protein secretionwere
measured by PCR and ELISA, respectively.

2.12.3. Experiment 3
The rMC-1 was treated with IL-1b (2 ng/ml) or IL-6 (2 ng/ml) for

24 h. Protein expression of cellular AQP4 was measured with
Western blotting analysis.

The in vitro experiments were performed at least three times
and each experiment was performed with replicates.

2.13. Statistical analysis

All data are presented as mean � SD. Comparison between two
groups was testified by paired Student’s t-test. A probability level of
less than 0.05 was considered significant.

3. Results

3.1. AQP4 expression in retina of streptozotocin-induced diabetic
rats

In the streptozotocin-induced diabetic rats, AQP4 expression
including mRNA (Fig. 1A) and protein (Fig. 1B) expression was
found enhanced in the retina, when compared to the control non-
diabetic rats.



Table 2
Average weights, blood pressure, and blood glucose levels of rats.

Weight (g) Blood pressure
(mmHg)

Blood glucose (mM)

Non-DM-Con-RNAi 507.5 � 43.1 124.3 � 16.7 5.23 � 1.89
DM-Con-RNAi 328.6 � 49.6* 126.2 � 18.9 22.3 � 6.21*
Non-DM-RNAi 497.2 � 47.8 120.4 � 19.3 5.01 � 1.92
DM-RNAi 332.5 � 44.5* 122.5 � 20.6 20.8 � 7.08*

Values are means � SD. n ¼ 7 in each group; DM, diabetes mellitus. *P < 0.05 versus
Non-DM transfected with Con-RNAi.
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3.2. AQP4 knockdown in retina in vivo

We sought to exam the function of AQP4 in retina using an RNAi
approach to reduce the AQP4 protein levels. Injection into retina
with AQP4 shRNA (r) lentiviral particles significantly reduced AQP4
levels (Fig. 1A and B).

The body weight, blood pressure, and blood glucose levels of
diabetic rats transfected with AQP4 shRNA (r) lentiviral particles
(sc-156007-V) or negative lentiviral particles are shown in Table 2.
Fig. 2. The effect of AQP4 knockdown in vivo on retinopathy of streptozotocin-induced diab
was evaluated on 5 mm hematoxylin and eosin-stained sections. The mRNA levels of IL-1b (C
Retinal leukostasis measurement (F) was performed using acridine orange leukocyte fluorogr
growth factor; ICAM-1, intercellular adhesion molecule 1; DM, diabetes mellitus; BRB, blood
transfected with Con-RNAi; #P < 0.05 versus DM transfected with Con-RNAi.
By 10 weeks after onset of diabetes, diabetic rats exhibited higher
blood glucose, decreased body weight, and similar blood pressure
when compared to non-diabetic rats. Local AQP4 knockdown had
no significant effect on the body weight, blood pressure, and blood
glucose levels.

By 10 weeks after onset of diabetes, obvious enhancement of
retinal vascular permeability (Fig. 2A), retinal thickness (Fig. 2B),
expressions of pro-inflammatory factors including IL1-b (Fig. 2C),
IL-6 (Fig. 2D), ICAM-1 (Fig. 2E), leukostasis (Fig. 2F), and the GFAP
(Fig. 2G) and VEGF (Fig. 2H) expression were observed in retina of
streptozotocin-induced diabetic rats. AQP4 knockdown aggravated
the diabetes-induced retinal vascular leakage, retinal swelling, pro-
inflammatory cytokines expression, leukostasis, and the upregu-
lation of VEGF and GFAP expression.
3.3. AQP4 knockdown in rMC cells in vitro

We sought to exam the effect of AQP4 knockdown on inflam-
matory response in rMC-1 cells using an RNAi approach to reduce
etic rats. BRB breakdown (A) was measured using Evans blue dye. Retinal thickness (B)
), IL-6 (D), ICAM-1 (E), GFAP (G) and VEGF (H) were determined using qRT-PCR method.
aphy. AQP4, aquaporin 4; GFAP, glial fibrillary acidic protein; VEGF, vascular endothelial
-retinal barrier. Values are means � SD. n ¼ 7 in each group; *P < 0.05 versus Non-DM
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the AQP4 protein levels. High glucose treatment resulted in
augmentation of AQP4 expression in rMC-1 cells. Transfection with
AQP4 shRNA (r) lentiviral particles significantly reduced AQP4
levels (Fig. 3A and B).

AQP4 knockdown aggravated the upregulation of pro-
inflammatory cytokines and growth factor expression, including
IL-1b (Fig. 3C), IL-6 (Fig. 3D), ICAM-1 (Fig. 3E), and VEGF expression
(Fig. 3F) induced by high glucose.

Release of IL-1b and ICAM-1 into the medium was not detected
(Fig. 4A). Both IL-6 and VEGF were detected in the medium. AQP4
knockdown enhanced the release of IL-6 (Fig. 4B) and VEGF
(Fig. 4C) from rMC-1 cells into the medium induced by high
glucose.

3.4. The effects of IL-1b and IL-6 on the expression of AQP4 in rMC-
1 cells

Treatment with IL-1b or IL-6 suppressed the expression of AQP4
in rMC-1 cells (Fig. 5A and B).

4. Discussion

The present work was designed to test the function of AQP4 in
retina of diabetic rats. Both spontaneously and streptozotocin-
induced diabetic rats exhibited upregulation of AQP4 in retina
(Zhang et al., 2011; Fukuda et al., 2010). But, there were some
contradictory results. Curtis et al. demonstrated that streptozoto-
cin-diabetes caused a downregulaion of AQP4 (Curtis et al., 2011);
Gerhardinger et al. found no upregulation of AQP4 in Müller cells of
diabetic rats, but upregulation of AQP1 (Gerhardinger et al., 2005).
In the current work, upregulation of AQP4 expressionwas observed
not only in streptozotocin-induced diabetic rats, but also in high-
Fig. 3. The effect of AQP4 knockdown in vitro on rMC-1 cells treated with normal glucose
method (A) and Western blotting analysis (B). The effect of AQP4 knockdown on IL-1b (C), I
treated with normal glucose and transfected with negative lentiviral particles was serve
intercellular adhesion molecule 1; rMC-1, retinal Müller cell line. Values are means � SD.
#P < 0.05 versus group treated with high glucose and transfected with Con-RNAi.
glucose treated rMC-1, which were demonstrated by both PCR
andWestern blotmethods. Then, we sought to exam the function of
AQP4 in retina using an RNAi approach to reduce the AQP4 protein
levels. In the present work, AQP4 knockdown exacerbated reti-
nopathy in streptozotocin-induced diabetic rats, indicating that
AQP4 upregulation in retina was a compensatory response against
streptozotocin-induced retinal edema.

Recent evidence suggested that local inflammation played
a major role in the pathogenesis of diabetic retinopathy (Joussen
et al., 2004; Goldberg, 2009; Huang et al., 2011; Kaji et al., 2007).
Lentivirus-mediated AQP4 knockdown exacerbated streptozotocin
injection induced inflammation in retina marked by enhanced
expression of pro-inflammatory cytokines including IL-1b, IL-6, and
ICAM-1 and increased leukostasis. Diabetes increases expression of
ICAM-1 in retinas of animals and humans (Miyamoto et al., 1999;
Lefer et al., 1993) and interaction of this adhesion molecule on
retinal endothelia with the CD18 adhesion molecule on monocytes
and neutrophils contributes to the diabetes-induced increase in
leukostasis within retinal vessels, which led to the injury to the
endothelium and breakdown of the blood-retinal barrier
(Miyamoto et al., 1999; Joussen et al., 2001). Our results demon-
strated that AQP4 knockdown exacerbated streptozotocin-induced
retinopathy through aggravating inflammatory response, at least in
part. Pannicke et al. demonstrated that expression of inflammatory
factors is increased in the retina of AQP4-knockout mice in
comparison to wild-type group (Pannicke et al., 2010), which was
consistent with our results. But in our study, AQP4 knockdown had
no significant effect on inflammatory level in control retina.

Retinal glial (Müller) cells from diabetic rats also display
increased ICAM gene expression (Gerhardinger et al., 2005), sug-
gesting an important role of Müller cells to inflammatory response.
Müller cells play an essential support role in the retina, interacting
(5 mM) or high glucose (25 mM). AQP4 knockdown was demonstrated with qRT-PCR
L-6 (D), ICAM-1 (E), and VEGF (F) were determined using qRT-PCR method. The group
d as control. AQP4, aquaporin 4; VEGF, vascular endothelial growth factor; ICAM-1,
*P < 0.05 versus control group with normal glucose and transfected with Con-RNAi;



Fig. 4. The effect of AQP4 knockdown on cytokines and VEGF in the medium of rMC-1
cells treated with normal glucose (5 mM) or high glucose (25 mM). Release of IL-1b and
ICAM-1 into the mediumwas not detected (A). Both IL-6 and VEGF were detected in the
medium. AQP4, aquaporin 4; VEGF, vascular endothelial growth factor; ICAM-1, inter-
cellular adhesion molecule 1; rMC-1, retinal Müller cell line. Values are means � SD.
*P < 0.05 versus control group with normal glucose and transfected with Con-RNAi;
#P < 0.05 versus group treated with high glucose and transfected with Con-RNAi.
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with nearly all the other retinal cells, spanning 70% of the width of
the retina, and acting as metabolic regulators (Pow and Crook,
1995; Schutte and Werner, 1998; Newman and Reichenbach,
1996). Glial fibrillary acidic protein (GFAP), a hallmark of Müller
cell activation (Barber et al., 2000), was found increased in
the retina of streptozotocin-induced diabetic rats in the current
work, indicating that Müller cell dysfunction was involved in
Fig. 5. The effect of IL-1b and IL-6 on AQP4 expression in rMC-1 cells. The rMC-1 cells were
determined with Western blotting analysis. AQP4, aquaporin 4; rMC-1, retinal Müller cell l
streptozotocin-induced diabetic retinopathy. Immunogold
evidence revealed AQP4 was expressed in the Müller cells
(Nagelhus et al., 1999) and high-glucose treatment enhanced the
expression of AQP4 in Müller cells, which was found in the present
work. AQP4 knockdown aggravated the upregulation of GFAP
expression in streptozotocin-induced diabetic rats, indicating that
AQP4 knockdown exacerbated Müller cell dysfunction. Therefore,
we sought to exam the function of AQP4 in rMC-1 cells using an
RNAi approach to reduce the AQP4 expression. In vitro studies
revealed that when AQP4 expression was suppressed, high-
glucose-induced inflammatory response in Müller cells was
decreased, indicating that AQP4 plays an important role in the
inflammation induced by high-glucose in Müller cells.

There was another question came up. AQP4 was not found
expressed in the endothelial cells of retina. Why AQP4 knockdown
in vivo exacerbated the breakdown of blood-retinal barrier (BRB)?
In the medium of cultured rMC-1 cells treated by high glucose, the
release of IL-6 and VEGF were found enhanced by AQP4 knock-
down. IL-6 cytokine secreted by Müller cell contributed to the
induction of ICAM-1 expression in endothelial cells (Shelton et al.,
2009). In addition, VEGF is a major vasopermeability factor that has
emerged as a key mediator of BRB breakdown in diabetic retinop-
athy and other retinal ischemic disease. VEGF can be expressed in
Müller cells, endothelial cells, astrocytes, retinal pigment epithe-
lium, and ganglion cells (Pierce et al., 1995). But it has been
demonstrated that Müller cell-derived VEGF plays an essential and
causative role in retinal inflammation, vascular lesions, and
vascular leakage in diabetic retinopathy (Wang et al., 2010).
Therefore, AQP4 knockdown might exacerbate the breakdown of
BRB through paracrine regulation of the release of IL-6 and VEGF
from Müller cells, at least in part.

Finally, some limitations with the present work should be noted.
First, the underlying mechanism of induction of AQP4 expression
by streptozotocin-induced diabetes in vivo or high glucose expo-
sure in vitro was unclear. In the current work, both ectogenic IL-1b
and IL-6 treatment suppressed the expression of AQP4 in cultured
rMC-1, which just excluded the possibility of pro-inflammatory
cytokines. Second, we found AQP4 knockdown exacerbated strep-
tozotocin injection or high glucose induced inflammatory response.
However, the underlying mechanism was still unknown. The
aforementioned questions required further investigation.
treated with IL-1b (A, 2 ng/ml) or IL-6 (B, 2 ng/ml) for 24 h. The AQP4 expression was
ine. Values are means � SD. *P < 0.05 versus control group.
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In conclusion, the present study demonstrated, for the first time,
AQP4 knockdown exacerbated streptozotocin-induced retinopathy
through aggravating inflammatory response, at least in part. AQP4
in retina might be a potential therapeutic target for diabetic
retinopathy.
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