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[Abstract] Aquaporins (AQPs) are the specific channel proteins located in cell membrane for transporting water, and

they play an important role in maintaining the body’s water balance. AQPs are widely distributed in human tissues and organs,

and their abnormal expressions are closely related to a series of diseases caused by water balance disorders. In recent years,

great advances have been made in molecular researches, specific inhibitors, and targeted therapies of AQPs. In this review, we

summarized the recent research progresses.
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20 422 80 4EAY, SEME¥# Agre S ELES
Sifb 2T AR AR L) Rh ZRRET, &3 T —A Bk
PEESREER T, FROVTE MG IE R A AR 1 28 (28-
kD channel-forming integral protein, CHIP28) , J52k
5T UEN] CHIP28 240 MRS % 7K i e PR il 1 2R
M, IR HAar 4 h/KiEIE A (aquaporin, AQP) 1

(AQP1) . &5 K1k, CIEWILIMIRN LI T
13 FKGEIEE T (AQPO~12) , iXLLAHLE KLY
HGHIBHEASFRN AQPs. T AQPs TEZ4ERFLIA
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BRI, T AQPs RSP il 77 A 43
T R R A R R A . A2
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9, A AQPs 73 AL 6 M ESIRIX AT A

B. C. D. E5 "3, Hit A C. E T4
JEAMI, B, D R A (N ¥ ) | R
(Cui) M T4, B, E REHAKM, BEAH
KA — If 2R — N 2R [asparagine (Asn) -
proline (Pro) -alanine ( Ala) , NPA] FJRFEPEIR
SFIFS. AQPs FETEAMMINR Bk, ATA 5 &
AP AR AR Tl AQPs 1T FRE™, M AR
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JK B 2ieittE AQPs 57 A AH DGR oE $RA8E TR LS

AQPs STARSEHY . AQPs FEAN MRS L ] Y
e S e o g LR N R 1 i R S VAL
fLiE, B2 31.8 nm, HAREZEKMER 2 4
PRSFRYZERI e, R NPA S5 AR 05 7 /G 2 R
(Ar/R) g5ifgl, BFFERBMHIFRIATS AQPs HYiX
2 NGS5 A RS AN I BT AQPs
M2k R B, SRARPERIIGFRS AQPs FIB/K AL £
255 RERORHOAR R 2 M M ARV T, X — Rl

12 AQPs & LA 5 RABK IR BE R AQPs
BRIPRB B R R R AIE: (1) KBIE
% AQPs, fuff AQPO. AQP1., AQP2, AQP4,
AQP5. AQP6. AQPS. AQPI1; (2) [ffEizk
S, XM . REARBEEN
AQPs, fuffi AQP3. AQP7. AQP9, AQPI0. #
i AQPs FE AR HAERE W04, HEI AQPs
1o FE R TS B A S WLk 15,

®1 AQPs SLAYFREFEN. AMEHERS i RIEXERF"

Tab1 AQPs permeability, distribution of human tissue and related diseases

151

Selectivity Localization Disease implication
AQPO  Water Eye lens Cataract
AQP1  Water Renal proximal tubule, brain choroid plexus, blood, = Tumor angiogenesis and metastasis,
red blood cells nephrogenic diabetes insipidus, glaucoma
AQP2  Water Kidney collecting duct Nephrogenic diabetes insipidus
AQP3  Water, glycerol, urea  Kidney, skin, intestine, eye, red blood cells, immune  Skin cancer
system
AQP4  Water Brain, kidney, gastrointestinal tract, eye, airways Brain edema, epilepsy, neuromyelitis optica
AQPS5  Water Lacrimal glands, sweat glands, salivary glands Sjogren’s syndrome, asthma
AQP6  Water Kidney (intracellular)

AQP7  Water, glycerol, urea  Kidney, liver, testis, adipose tissue

AQP8  Water
AQP9  Water, glycerol, urea  Liver, red blood cells
AQP10 Water, glycerol, urea
AQP11 Water

AQP12  Unknown

Small intestine

Pancreas

Kidney, liver, gastrointestinal tract

Liver, testis, kidney (intracellular)

Obesity, type 2 diabetes

Obesity, type 2 diabetes

Polycystic kidney disease

AQP: Aquaporin

2 AQPs MIHFIR R R

AQPs ZE IS5 4%, B EEAL, XF
AQPs I AR WAt 22, {H AQPs HHil 7
VB R 1 259 3697 B A A BORE XY, B At
AQPs I 5T F 2L T B I S WA Ny
FHIEEY, HEEOEIKE (half maximal
inhibitory concentration, ICs,) , B4 7] BH KT
AQPs 50% Hf i 24 e 2 Fn I 200%

2.1 2EBTREDIHNAN SREETHEY
= HET AR AR AQPs FWHIF] . AL
M4 s — K SRR EM T, BBm A
100 kcal/mol (1 kcal=4.186 kJ ) MR, ZIN5%
A = — RIS REE, TS AQPs AHiURAL
i A ¥F NPA Fr31) EREREERR (cysteine, Cys)
DS EE A R HIERS . RatE A RFRIEsE, &
bk (HgCl,) FAHLRA Y Re s 6 2140 i

H KR B2 A . Fest KR A IT v & BE,
HeCl, 5 AQP1 Cys189 i & A4l & nl i 4
AL 1 LB ™ . AR AR 4RGE . HeCl, i
115 AQP1 1 Cys i siZhif, TEMEE A 0.3 mmol/L
B AQP1 MRl ik 95% L EP; X AQP2
AOIN TR E T S Cys181 o s 45 A1 & H A Y,
Xt AQP3 Myl S Cysi1 frsfigs A0,
AQP4 I FHIRAYTN AR (alanine, Ala) v s5FH
8T HgCl, 55 Cys {7 S5 AmRpdm"; (H2
16 AQP4 HANRFAMAIIEH, HeCl, vl i@ 24
GH Cys fLgimi &ZAEMEHIER, 456 086 T
Cys178™,

AR W BB BnEmbeErS
Y feams AQPs™ . FELL AP T AQP3 fii T
SN Cysd0 (i SRES & BEA WL A, Bk
AR B2 1) = A T & W) REE PRI AQP3, A
M BHKTK A H A4z, (5 AQP1 % Cys189 13 1,
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HMELL S I A &, WA Zsem ™ B
MY AQPT AR =M & F A", (=
T AQP7 H= Cysd0 fii s, HIL=M&BiaY
i AQP7 A figJeim i 45 & HA A7 25 R HE 1
AR LA E 48 b S Y%F AQPs AN [ I A4 7
AR FEIVE IR, AT L4 8 & e S sl L
FIAL R T 5 AQPs 4 Cys 5RILZ5E 4, AT RERY
AN ELE L U IFIEIE S [ AEN
& B B AL S YA AR AT AR AQPs Y
RSB, LIRS IR BB AT T S BN B
N EA . R RS WIF . B
IR 45 4 S 2450 I A I IR I 4 250 HaR T
W E", (A EEE X &R B TS Y 28Rt |
FHOC 2 Je B PR AT T 0 — R A
2.2 EA&BBEFAESDIHF  LIFEEL
AW % (tetracthylammonium, TEA) K
RREWM KR E FIEDWHF, &%
IR I 5 1 25 5 00 s T B & AQP L i T4
JLEEAMI E 3 E %2R 186 (tyrosine 186,
Tyr186 ) {5, WFFTUESE TEA 204 =N i
( tripropylamine, TPrA ) AN El AQPL, {H
Fisher KB HRE ( Fisher rat thyroid, FRT) jE
W E R A I e FE R i) AQPL A3Z TPrA #Y
I FERGALAN R, TEA X} AQP1 W i% A %
O (Y N Wt oo /YRS o | o e o
P FRIxT AQP1 BYFE I T REIRAFAE A HABAL o
2.3 hoaTAMAA SRR 5 E TS
FHEE, /NGy FA HLAG A DA i 700 XY i A F 5 4
S o B TR T B 1 5% £ WEmEBE (acetazolamide,
AZA) AT S EAE L AR AQPL i)
V2, R e U TOME e BB 200 R g 7
ARG S 408 HEK293 a8t X AQPT S5
AP RIE R IAERFSE LB AZA XF AQP4
A RIEIER, AT IRK B L
MeAIE R FEEE U AQP1 1) FRT JEV( L 57 40 e 52 56
i, AZA XF AQP1 A IHIER; AR T
EREPEEARNAE XS AQP4 = AR RTIHERNHIRT, 1Cs, R
1.25 mmol/L™; i 78 44 20 152 I 41 e k1 o 5 s
AQP4 [1) FRT JEd_ 7 4, AZA X} AQP4 X
V11113 O AR 11 5 1 0 8w VA B ) = </ 1 e PP
SEWFRE R, AZA TE HEK293 4 b Al figid it 5
WLERE H #E4E (myosin heavy chain, MHC ) #H.

YEFRTETT AQPs UFRIAP ) X — & BUA B T1E
Gy FIKFRE LA 1 A0 P & B RG JR T IR A AN
(RIRFFSE

A, BEEELZSZG W RE R PR R (R ) 7EIE
PHTCE i B2 AL P BEAS A AQPT, {HUZ R4
AT TREIBAT 57 S UE B A0 i A A 56
fb e AqBO13 fe[FIBTH il AQP1 il AQP4,
HICs, K7 20 pmol/LPY, FUlimiZ 2y FEig . 4
e PrsE =HERMIHEZET SihaE . LT
SELE AR YHTOSE 5 90 B 240 i 6 AQP4 1 1C5,
20 pmol/L"™, {HiZZEZ B A%] 100 pmol/L,
TELT AN S S 2255 U AQP4 () FRT Ui I A 41
Ji -t A A Y PR e 2 2 1 ELAARAE
FHMLHUAT R T — 205

3 AQPs &y FEREBITHI R B

X AR[F] AQPs S FR B A 74 235 M
ol R A A A, DA S ) A0 P 5, T
KRBT 2 W AR A TR B . HRTAY
AQPs 73 B [mAS T 7 ) FZA LI 2
3.1 AW AQPs 5 B FHkeiAmEER W5
i, AQP4 {7 T-AHMIE SN &8 Fa 38k T R M
ML EFER (neuromyelitis optica, NMO ) A H
SHUAIm S S, AR AT AR NMO 130
PLHIRY, H b Ae AR AN . BRI R A NMO
N BRI rh 1 AT 23 B o7 BEL A BF 5, 449 2% LA BHL W
NMO-%ZBk#E H G (immunoglobulin G, 1gG) #i
&5 AQP4 MZ5H MHEM . FHXT AQP4 (45
ZEMIIT & B PR HTIR aquaporumab, BEUSTE A
S A A P oGE B PE AT AT T BT AQP4 5 NMO-
IgG FAE AR, K E4L A 5EHE NMO-1gG Hiik
A BIFSE Fi8 AQP4 (1) FRT 3l R4, 7%
INGFARE TR, ) i 38 D O 32 BH
NMO-IgG 5 AQP4 455 /N TIFHITHE,
60 000 Fh ik G4 e H S0 22 25 P BT Lb o R R
il , 1Cs, $9°0 5 pmol/LP . (HIHRAL S Wil 24
PERRE AT TR UE— 25 I AR A 5T T ATIESE
32 AQPs ARHRTE  SKIHHEHAYT Y
VERRP G 2 800 e, B IR b, gkl
TR SR G . A PRE . O DS
FEE 4 S E B TR IR SRR YL 25 22
FER BV B E A TR PRIIRY Y, i AQPT ik
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ISR 2 W Sy FL L A B ) RS, AN IR
I e, @ MR 8K AQPL cDNA 4%
211 FIBEARN, BETE 42 d NYRIDE LW
il 320 SR, RS R AR A A S KU T BT 8 AN
AELE— A RA S TG RIS . S ss il
PR, I IER SN T 40P SEHF;
& B BB ARSI (1) 75 % T BB S PRI R i 3
)53 DL S0 UE B 3 BT AR R AQPs
FHOCBERRIRY T 5T I 1), HRYT B UEAR i —2
RAWFFE

4 IN 2

HRT. AQPs K LAl A9 7x O 28 HufG — s
HEJRE ARBTG5 506 A 107 FH 22 B 77 ek 22
BE, MR TREHL G B — B, fhut
il AQPs KR SEPEAM RIS K L AQPs Hy
B 5 B3 T B 36 TP X 45 S B ) TSR
PRI
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