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Involvement of aquaporin 4 in macular edema and its possible treatment
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Aquaporin 4 (AQP4), a water channel protein, is known to be expressed in
retinal Muller cells. The purpose of this study was to determine the effects of VEGF and AQP4
channels on the volumetric changes in Muller cells.
presence or absence of VEGF and TGN-020, a selective AQP4 inhibitor.

In the diabetic rat retina, VEGF immunoreactivity was concentrated in the internal retinal layers,
and AQP4 immunoreactivity was higher than controls. The expressions of AQP4 were colocalized with
GFAP. Protein levels of VEGF in the hyperglycemic rat retina were significantly higher than
controls. FACS analyses showed that exposure to VEGF enlarged Muller cells, while exposure to
TGN-020 suppressed the enlargement. Intracellular levels of NO were increased after exposure to
VEGF, which was suppressed following the addition of TGN-020. The observed Muller cell swelling is
mediated by VEGF and AQP4.

4 VEGF TGN-020



VEGF
VEGF 1
VEGF
(LSFG)
VEGF
(AQP)
AQP4
AQP
AQP4 (NO)
AQP4
AQP4
NO
S-Nitroso-N-acetyl-DL-penicillamine
(SNAP) AQP4

NO protein kinase G(PKG)
AQP4

protein kinase C (PKC)

AQP4 PKC
NO
NO
AQP4 AQP4
VEGF
(AQP)
AQP4 (NO)
protein kinase C (PKC)
AQP4

VEGF AQP4

AQP4
NO
PKC AQP4
VEGF
PBS
GFAP VEGF AQP4
VEGF
(FACS)
VEGF TGN-020(AQP4 )
(NO)
VEGF NO
NO
No-nitro-L-arginine methyl ester
(L-NAME, 1 mM)
FACS
AQP4 PKC
PKC PMA(phorbol myristate
acetate) PMA
PMA
VEGF
AQP4
AQP4
GFAP () VEGF
31.5%
FACS VEGF
TGN-020
NO VEGF
TGN-020 VEGF
L-NAME
VEGF AQP4
VEGF
NO
PKC PMA 1nM

PKC



(AQP4(C ) GFAP( ))

(A} (B)

(A)control (B) STZ
(C) STZ (AQP4 and GFAP)

2 « )
« ) PMA
1
0.8
0.6
0.4 i
0.2
5 ]
TEE=2=2====
E2 22 EERZ
g = O 9O -4 O O —= O
PMA
1
0.8
0.4
0.(2) i
TE=E======
ER22E2EEEERZ
E Ao o488 S &S
PMA
(pericyte loss)
PKC
PKC
AQP4 PKC
AQP4

[ ]
1) Papadopoulos MC, Verkman AS.
Aquaporin-4 and brain edema. Pediatr

2)

1)

2)

3)

4)

5)

6)

7)

Nephrol 2007; 22: 778-784.

Igarashi H, Tsujita M, Suzuki Y, et al.
Inhibition of aquaporin-4 significantly
increases regional cerebral blood flow.
NeuroReport 2013; 24: 324-328.

13
Kida T, Oku H, Horie T, Fukumoto M,
Okuda Y, Morishita S, Ikeda T.
Implication of VEGF and AQP4
mediating Muller cell swelling to
diabetic retinal edema. Graefes Arch
Clin Exp Ophthalmol 255:1149-1157,
2017. DOI 10.1007/s00417-017-3631-z

Kida T, Oku H, Horie T, Matsuo J,
Kobayashi T, Fukumoto M, and Tkeda T.
NADPH oxidase-mediated ROS
production determines insulin’s action
on the retinal microvasculature. Invest
Ophthalmol Vis Sci 56:6754-6761, 2015.
d01:10.1167/i0vs.15-17534

Kida T, Tsujikawa A, Muraoka Y,
Harino S, Osaka R, Murakami T, Ooto
S, Suzuma K, Morishita S, Fukumoto
M, Suzuki H, Tkeda T. Cotton Wool
Spots after Anti-Vascular Endothelial
Growth Factor Therapy for Macular
Edema Associated with Central
Retinal Vein Occlusion.
Ophthalmologica 235:106-113, 2016.
doi: 10.1159/000443622.

Kida T, Flammer J, Oku H, Morishita
S, Fukumoto M, Suzuki H, Konieczka
K, Ikeda T. Suppressed endothelin-1 by
anti-VEGF therapy is important for
patients with BRVO-related macular
edema to improve their vision. EPMA J
7(1):18, 2016. doi:
10.1186/s13167-016-0066-2.

Oku H, Morishita S, Horie T,
Nishikawa Y, Kida T, Mimura M,
Kojima S, Tkeda T. Protective effect of
P7C3 on retinal ganglion cells from
optic nerve injury. Jpn J Ophthalmol
61:195-203, 2017. doi:
10.1007/s10384-016-0493-6.

Nishikawa Y, Morishita S, Horie T,
Fukumoto M, Sato T, Kida T, Oku H,
Sugasawa J, Ikeda T, Nakamura K. A
comparison of sex steroid concentration
levels in the vitreous and serum of
patients with vitreoretinal diseases.
PLoS One 2017;12(7):e0180933.

Nishikawa Y, Oku H, Morishita S,
Horie T, Kida T, Mimura M, Fukumoto



8)

9)

M, Kojima S, Tkeda T. Negative impact
of AQP-4 channel inhibition on
survival of retinal ganglion cells and
glutamate metabolism after crushing
optic nerve. Exp Eye Res 146:118-27,
2016. doi: 10.1016/j.exer.2015.12.012.

Oku H, Morishita S, Horie T, Kida T,
Mimura M, Fukumoto M, Kojima S,
Tkeda T. Nitric Oxide Increases the
Expression of Aquaporin-4 Protein in
Rat Optic Nerve Astrocytes through
the Cyclic Guanosine
Monophosphate/Protein Kinase G
Pathway. Ophthalmic Res 54:212-21,
2015. doi: 10.1159/000440846.

Hosoki A, Oku H, Horie T, Kida T,
Sugiyama T, Nakamura K, Ikeda T.
Changes in Expression of Nestin, CD44,
Vascular Endothelial Growth Factor,
and Glutamine Synthetase by Mature
Muller Cells After Dedifferentiation. J
Ocul Pharmacol Ther 31:476-81, 2015.
doi: 10.1089/jop.2014.0117.

5
Kida T, Oku H, Fukumoto M, Okuda Y,
Morishita S, Horie T, Suzuki H, Tkeda
T. Possible involvement of aquaporin 4
and nitric oxide in the high
glucose-induced swelling of Muller
cells in rat retina. ARVO Annual
Meeting, U.S.A. 2016

Neurovascular Unit

120 2016
17
(NO)
119
2015
VEGF
119
2015
121 2015

o

@

®

o

KIDA, Teruyo

90610105

OKU, Hidehiro

90177163

HORIE, Taeko



