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Involvement of aquaporin-4 in synaptic plasticity, learning and memory

WU Xin, GAO Jian-Feng’
Department of Physiology, School of Basic Medicine, Henan University of Chinese Medicine, Zhengzhou 450008, China

Abstract: Aquaporin-4 (AQP-4) is the predominant water channel in the central nervous system (CNS) and primarily expressed in
astrocytes. Astrocytes have been generally believed to play important roles in regulating synaptic plasticity and information process-
ing. However, the role of AQP-4 in regulating synaptic plasticity, learning and memory, cognitive function is only beginning to be
investigated. It is well known that synaptic plasticity is the prime candidate for mediating of learning and memory. Long term potenti-
ation (LTP) and long term depression (LTD) are two forms of synaptic plasticity, and they share some but not all the properties and
mechanisms. Hippocampus is a part of limbic system that is particularly important in regulation of learning and memory. This article
is to review some research progresses of the function of AQP-4 in synaptic plasticity, learning and memory, and propose the possible

role of AQP-4 as a new target in the treatment of cognitive dysfunction.

Key words: aquaporin-4; hippocampus; synaptic plasticity; learning and memory; astrocyte

1 3|8

fEP it R, KEM A ITEE R i
FHELIR SR RO 22 [ B o i PA) 25 >3 3042 1) 2 R R s
17, W ERMAERE. S5 LIIRE LR A
AL, X EARA IR A T A A R A O

Received 2016-11-16  Accepted 2016-12-12

(long term potentiation, LTP) FIH I #2471 (long term
depression, LTD) 4] fit 176 43 14 i 14 5 B3k 55 2R fish e 42
e, Mg KEREE, #A WY e
M At U BARBIH AT NI, ARR
fiuk ] BRPE AL AN D e AEAEAE AN A B B AU A, 5

Research from the corresponding author’s laboratory was supported by the National Natural Science Foundation of China (No.
81373852), the Key Scientific Research Project of Colleges and Universities in Henan Province, China (No. 15A310019) and PhD
Research Fund of Henan University of Chinese Medicine, China (No. BSJJ-201510).

"Corresponding author. Tel: +86-371-65686898; E-mail: jc.gjfeng@hotmail.com



336
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B, BRI T RS 8 2R 32/ (NMDA Al
AMPA WFI3Z4K ). B2 S5 AMPA AR S5 &R
fil J5 7 A WAk, 5 NMDA 5248 45 6K 58 fil Ay H
SN RMG Ca¥ 55, Ffil)E Ca® IKE M
FEExF LTP = A E e m a1, KRR WM
Ca™" IR 5 A5 A8 1k — 5 s i A 09 AR A R
N, Ca’ 1] 545 & £ NMDA 2 1& & 145 1 & B
(calmodulin, CaM) &5 &, 5485 /858 & A
£ FE 1 (calcium/calmodulin-dependent protein kinase-11,
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NMDA 24 U W Fe iR, fE4h T RSN
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1%, Ca™ 555 Mk i B i i PP1 45 &, SUfb
CaMK II. PKC F1 PKA fif g 14 ) AMPA 57 {4 2 fi
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fu At 3 ARE K N R 1Y, NMDA SZ 4R #1472 NR2B
AJ 5 98 il J5 i Ras ) GTP 7% & 14 (RasGAP) 45
4, W75 Rap/P38 MAPK JE %, fff AMPA 21Kk N %,
74 LTD. Hippocalin £ fF7E T XA RS+
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SR Z MG S Sl MAERE. R4
MRk 25, M 0T DIORS 40 i % LTP A1 LTD fYi5% &
P4 N NMDA 5244 I 5 1) % — 14 [ W7 751 1)
BF 9% 5 7 NR2A WV 8 f7 32 B3 45 LTP 3% &k Y,
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AQP-4 27Kl T8 B 1 FK MR 1) —Ff, 78 HAR R
BRG]z oA, XK T HA R FEE R X 5%
BIER BY. B HATEN IR R BUKBIE & H 13 R
BRI AQP-0~AQP-12, K45 Tl RE (1A [F) K 7K 18 18
o R REGE =28 B NIRRT RAE
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FTAQP-4 55 5 B R KAy F A — L K F AL
Y (. JRES) BAEERKEEES,
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10, KIEEEAERANBGIEETZ154m, H)
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(¥ AQP-4 1) 7K 3d & P izt iz K F i M1 41 1) AQP-
4B e AR ThRE LRI X ) B AT e L
3.2 AQPAEHIRMEZ RGP 3 SRIL

AQP-4 TE N BA T Z M50 A, R iXma &
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AQP-4 7 I/ JE [ (1 B2 T 12 I 4 2 5 1 pl
RiILTEZ BN ZES EHE S Y (dystrophin-glyco-
protein complex, DGC) 17 ", W5t i, DGC
X AQP-4 [ A7 B A #i @ A, (HA 2 AQP-4
SN EEA. EEBREARE FAFE—F R
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P, [FR K ETFRALR, R RERN R
Z 5K pom B AR B, seAh, BRI B 4TS
Al DL AQP-4 B B - 1) T R 4R K. HLE
SR . fERMETTIESNNT, KE BT R3]
AL, AQP-4 JE I X /K > F [ P i IS (R R TR
FIS2 IR 44 L %o 50 0 - AR B, DACR IR 48 it & 25 77K
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338
A B
AQP-4 wild type
® e ° K

§ NMDAR | GLT-1

| AMPAR | AQP-4

| K channel - Glutamate
AQP-4 knockout

®H,0

K1 KB IEE -4 (AQP-4)7E SR filr ] 4 v ) FH S AL

H PR 224 Acta Physiologica Sinica, June 25, 2017, 69(3): 335-343

Postsynaptic terminal

Presynaptic terminal

Impaired
and facilitat

Fig. 1. Role of aquaporin-4 (AQP-4) in synaptic plasticity and the mechanism. A: The release of transmitters in AQP-4 wild type and

knockout mice. B: AQP-4 knockout excessively activated NMDAR in postsynaptic terminal. GLT-1, glutamate transporter-1.
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Fig. 2. Synaptic plasticity of wild type (WT) and 4QP-4 knockout (KO) mice (reproduced from reference ). 4: Time course of the
fEPSPs evoked by stimulation of CA3 inputs recorded in hippocampus slices from WT and 4QP-4 KO mice. B: The histogram show-
ing the level of LTD after the LFS in the CA3-CA1 pathway in hippocampus of WT and KO mice. "'P < 0.01 vs AQP-4"". C: Typical
fEPSP recorded in the CA3-CA1 pathway in WT and AQP-4 KO mice with gradually increased stimulation intensity. D: Typical fEP-
SP recorded in the CA3-CA1 pathway from individual experiment 25 ms interpusle interval. £: Input-output curves in the CA3-CAl
pathway showed the relationship between the stimulation intensity and evoked response for fEPSP recorded in hippocampus slices
from WT and KO mice. F: Paired pulse facilitation in the CA3-CA1 pathway was measured by varying the intervals (25, 50, 75, 100
ms) between pairs of stimulation. G: Typical mEPSP recorded in the CA3-CA1 pathway from individual slice from WT and KO mice.
H: The amplitude and frequency of mEPSP recorded from WT and KO mice. "P < 0.05 vs AQP-4"",
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Fig. 3. Postsynaptic currents in wild type (WT) and 4QP-4 knockout (KO) mice (reproduced from reference ©). 4: The summary
histogram of NMDAR-mediated EPSCs amplitude in WT and KO mice. “P < 0.01 vs AQP-4"". B: The summary histogram of
AMPAR-mediated EPSCs amplitude in WT and KO mice. C: The summary histogram of the NR2B-NMDAR-mediated EPSCs amplitude
in hippocampus slices from WT and KO mice. "P < 0.01 vs AQP-4"". D: The summary histogram for the NR2A-NMDAR-mediated

EPSCs amplitude in hippocampus slices from WT and KO mice.
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