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Changes in expression of Aquaporin-9 in the hippocampus of APP/PS1

double transgenic mouse model of Alzheimer’s disease
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[ Abstract}Objective ; To investigate the changes in expression of Aquaporin—9 (AQP9) in the hippocampus of mouse model of
Alzheimer’s disease (AD). Methods : APPswe/PS1dE9 double transgenic male mice aged 9 months(n=12) and C57 wild-type (WT)
male mice aged 9 months(n=12) were used as model of AD and control, respectively. Morris water maze tests were used to assess the
learning and memory abilities of animals. Immunohistochemical staining, Western blot and qRT-PCR were applied to exam the ex—
pression of AQP9 protein and its mRNA in the hippocampus of the AD model and WT mice. Results : The water maze test showed that
AD model mice took longer latency and had significantly less platform—passing times than WT mice(t=7.064,P=0.000). The results of
immunohistochemical staining showed that the absorbance (A) value of AQP9 immunoreactivity in different hippocampus areas were
increased in the hippocampus of the AD model mice compared with in that of the WT mice(CA1:¢=7.373,P=0.000;CA2:¢=3.1,P=
0.011;CA3;:=4.428,P=0.001 ; girus : t=5.285, P=0.000). The results of Western blot showed that the expression of AQP9 protein
were increased compared with in that of the WT mice(¢=5.305,P=0.003). The qRT-PCR showed that AQP9 mRNA were increased in

VB AR B A5, Email s weitianlu@cqmu.edu.cn, the hippocampus of the AD model mice compared with in that
BRR 1 ¢ B AT 6 A R AL R R of the WT mice (¢=3.646,P=0.045). Conclusion;AQP9 protein
BIEEE 7 &4, Email : sunsq2151@cqmu.edu.cn, and its mRNA are upregulated in the hippocampus of the APP-
ELTBE:BRAAMAFALFHAD (%5 .81601051); EA T swe/PS1dE9 double transgenic mice model of AD.
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FH] JR 7% 1 BR 9K (Alzheimer’s disease,AD) f& —
HKH AR 2 RGBT , LIS TR
AR FA KN D BEREAR R B G RAEIRY, BRI, ADIY
SRR A A RALEIIE AR, A8 BT R B i N I
BRI MAERC RS AD AER LR,

AD ARSEHY BN AR RS MR B N
PSR | ML T A K IR SR B 2 I BT
Xt € #3 FE 2R F (B—amyloid protein, AB) K ¥ i2 F
FA X R EINE AD WRAER BEET,
T B8 H B YK AT EA ) R R B R H

KESCERFR P, N e R ERH 5 AD
B ZRRMESE, APTRZRERAMBERLT AD
FIRFRAR LA PRAE R R AE , FF ELEBIES [HE tau ZEH
o EBERR AL | SR AT RE AT AN B A R T RE A
%5 AD MR AR AL AR RIS,

7K i iB & H (aquaporins, AQPs) s&2—2H 43+ A T
R, SKFEEANES, ARESENHILs)
YA B T 13 1 AQPs(AQPO~AQP12), H:
H 7E R 2 2 B B A U B AQPs A 3 A AQPI,
AQP4 F AQP9®, BFFT & B, AD BEMN AQP1 M1
AQP4 FRik B AL, XIEER 52> BTATA AD
AR P B I B R AR B AR AD Y& AR R R TT BB S I K
IR S ARSE, SR, XF AQP9 7E AD ShiE I
BN RN BN B e L RE

AQP9 AU XT K BA M ZFEE , BTk A Lif% iz
Him ZLER AN PR R S 1Y, T H i A pLER BT LIYE
MEITTHEERIEY Y B F AD RiNEEE B &4k
Ak, SEEREYHHEHH AQPI HyF kA Al
BER AT,

AD MK 5% 510 K28 R R BRI
FHIE, T AQP9 T LUAE A ki P 7K 16 B i 4 38 1
EH, FHILARFETE APPswe/PS1dE9 SUEE:F AD
NSRS AT T AQPY HIZRIAZEILIENL,
LIEASH AD BT RIBIR SRR R

1 MREFE

1.1 EBs5H4

APPswe/PS1dDE9 XU 3L AD #EL/NF I B B st =
S G, CST /ANRU A R ER KL i,
BN RFETERER K%Y L S0 SPF &34
B TER, B AU FFRE 9 Ak, AR 2732 ¢,
BXU APPswe/PS1dE9 X453 H AD BRI C57 MM/ MR 12
HAHATEL, '

1.2 Morris R & 5

Morris K B3 Bl EHZ N 150 cm HIEE AR EZ
9.5 cm BE B A /Kt HFBARZETLAL, Morrs 7Kk
EEBHMH IR, OB TEEXR, FERET K+
F—EE s INTKE 1 em, /NEMKHE 4 D RIRISERE) S
AT H IR/ RIE 60 s NERETF-5 (BT 1a] B Br il i e
B, WR/NRAE 60 s WREFITE, MR LBREHHEI 2
K& EHEE 10 s, B/ BIRBIE & B8 a1 7E o dhaBk i (R 3R
(escape latency) , SRR ELEHAT 6 d, BR 4 K, BIKEHE 1 h,
Q= HBEELY, BECFELRSHE 24 h /5, BETXE,
/NRAEK MBI RF & 60 s, ic % HAE HARZ BRI 8 il it ]
KBGO E IR
1.3 Sjgsmgiibs

/NRFE Morris KB SLREEHIE ,3.5%K & FEERKEE,
Wrsk vk FBURE F 4% ZRFEEREE 72 h, ¥ 70%HEkE
B, A, mRA R, BB 4 pm, “HZEGIHE | PBS
ik, T 95 CHSBRMIBEYIR, 3% H,0, &3 8 min FH4
WIRMET SR, 5% BSA Ab3 1 h B RESUR,
AL AQP9(1:200) ,4 Cit 7, PBS ¥k 3 K, Wb BiAR i
E /LY B (horseradish peroxidase, HPR )45 & W FE i — 41,
F 37 CHEH 30 min,PBS ik 3 Ik, T E B (di-
aminobenzidine, DAB) B8, , 86 BRI AE Bk , R EEH &
BT A,
1.4 SJEepifiem

VK FERAS A B D, B AR IR BV 1 ; BCA B
MEREERE, W EARE B, SRR AR (30 ug),
SDS-PAGE MUk A BEH MK ERLFRBEE PVDF B
Fo Western B 1 h;1:500 %adi AQPY E TRk
4 Ci3%,1:3 000 HRP FRIEAI £ R [gG 37 CTHHF 1 h;
1:1 000 /)N BRBL Bactin BLITEHIIK 4 Ci2 7, 1:3 000 HRP
FRICEZEHM R 1gG 37 ‘CIEF 1 h; DAB B4 2 Quantity
one %ﬁ‘*%ﬁ%ﬁ,%%u AQP9 #1 B-actin BIELERTR
1.5 ¢RT-PCR

Fi TRIzol ¥: 42 BUHG & & RNA, Nanodrop2000 {4 & %8 4b
SIYECEET R R LR, W55 cDNA , i S A1
Fe PR UL Bk . R SYBR Green Je¥ik#4T qRT-PCR
P GRS R, LA Bactin HAZ:, AQPY 3I¥IFFI,
k%5’ -TCCCAGGCTCTTCACTGCA-3" , F .5’ -ACCCA-
CGACAGGTATCCACC-3’ ;B-actin | MIEH] , t¥%.5' ~AA-
CCCTAAGGCCAACCGTGAAAAG-3", Fitf.5’ ~-TCATGAGGT-
AGTCTGTCAGGT-3", K BE4&f4 :95CHELA 30 5,95 CAE M
10 5,60 CiRk 15 5,72 CEEMH 15 s, fEF 35 K,60 C 15 s,
4 CFEIR . CFX connect™ qRT-PCR R G il &HE A 755 56
BRI (COE, K7 IR AT LB IR PCR BOSF R, 274
YR B R mRNA FIAENHE,
1.6 “ita#r

SR FA SPSS 17.0 BAFFHATH 224007 , BB LA S + 5
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2.1 Morris K &4 R

TEBSHOT- 73 9250, AD BB/ N R BN BT HRF- 6
BV AR U1 1) S LT T A S B B (3R 1) 5 TR IR 5 S50 58
2~6 K, AD BN R BT 6 10T IR0 A T 0 BRI ER
(£ 1), HFEEWWREWIK (B 1), fES BRI 60 s
N AD BRI BL95EOT 4 B (1.000 £ 0.258) ¥k, B i A%

TXTHRZH](4.833 £ 0.477) IR (18] 2) ,1=7.064, P=0.000].,
I %7 I
/fe
/
In IV MmN
AL XTBRAUIN R 75 AL AD BRAL N TR B
SN €7 RUNES I vk s el

B 1 JEREF AD HBRE/NR IR T &Rk IT
Fig.1 Finding platform courses of mice in control group
and AD model group

X} Morris 7K 2 5 19850 SR 8 &2 I 4t 7
FEIHT X H AR BRI T RE AL « R K

x-

FRTAUM
3

a
24
0 .
Xf B ADZH
a: 5% A1 HE , P=0.000

B2 HRAEMAD BERENRFEEERE (x+5,n=6)
Fig.2 Comparison of times of passing platform between control
group and AD model group mice( x +s,n=6 )

2.2 RlRRLBALFLER

TPE LSS TR - A8 X BN BURT AD ASEEU /N [RUTAE 25 £
CA1 ,CA2 CA3 PRI X BRI AQPY ik ; UG T Hras 1
R, KLU A AQPY ik YW IEE (absorbance , A {43
S :CA1(0.159 £0.010) ; CA2(0.180 + 0.009) ; CA3(0.146 +
0.009) ; IR 1] (0.192 + 0.010) ; AD BEEIZH v AQP9 KK
A3 : CA1(0.264 + 0.098) ;CA2(0.217 + 0.008) ; CA3
(0.202 +0.009) ; KR [8] (0.259 + 0.008) . 7E#E L LA |- X
B, AD BRI U AQPY AIAAY A (R ML G, 25 5 L
H Gt L (CAL:1=7.373,P=0.000;CA2::=3.1 ,P=0.011;
CA3:t=4428 P=0.001; 4R [0 . 1=5.285, P=0.000) , t1&] 3 fii/i

&1 MEREAMAD BRA/NRERBFETHEFIRFEBARPENLLR (x £5,n=6)

Tab.1 Comparison of escape latency between the control group and AD model group mice under hidden platform test( x +s,n=6 )

20 53] 1K 2K H3K Hi4 K HSK EHPN
PORIGEE] 51.830 £3.518 42.880 +1.173 33.290 + 1.271 29.160 + 1.424 23.100 = 0.763 20.780 + 0.900
ADEIRIZ] 55.750 + 1.692 55.360 + 1.656 54.220 +2.471 50.640 + 2.295 49.040 + 0.690 44370 + 1.130
- Pl 0.339 0.000 0.000 0.000 0.000 0000

T HHRIREN F=150.551, P=0.000; BRI F=52.426, P=0.000; 35 58U F=13.853, P=0.000

X IR Bl

ADRERI

ADfi’;;“H

== ROREE]
mm AD#

CA3  tptkinl

“" KR AQPY BHALF AR

a: SXFIEZHA L, P=0.000; b 53 BRZHAH EE , P=0.0115¢:

Lix BREHAH EL , P=0.001 5d - 55 %3 BRZLUMT EE , P=0.000

B3 AR AD ERANRIEDEXIE AQPI RiZHIEE (x +5,n=6)
Fig.3 Comparison on the expression of AQP9 in the hippocampus between control group and AD model group mice ( x +s,n=6 )
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2.3 RRFPIELR

AD FERIZH /N T e AQPY AT 1A 1 (0.760 + 0.024)
AT ARZH (0.533 +0.036) 3401, 225 HAT Ge i 144 18 3L (1=5.305 ,
P=0.003), tnf& 4 Fiw.

B-actin | 43kD

37 kD

AQPY |

ADFERIZH

1.0~

0.8

AQPY/B-actin

1
X B2 ADHRETRIZ

a: X IRZH A L, P=0.003
B4 ERAF AD EBANRBEDH AQPI EERIEEMNLLE
(x+s,n=6)
Fig.4 Comparison on the expression of AQP9 protein
in the hippocampus between control group

and AD model group mice ( x +s,n=6 )

2.4 gRT-PCR %%

qRT-PCR &5 5 875 . AD BEE/INEUE S5 H AQP9 mRNA
IR (0.612 £ 0.115) 3 TXTIRLZH (0.385 £ 0.101) , 25573 HAT
GeiteF s X (1=3.646,P=0.045 5 5) .

0.8 -
» a
-;) 0.6 4
i
b 2
=
= 04 4 g
-
&
t

0.2 -
g
=

0.0 .

X HE £ ADBIRIZH
a: GXTREZH AR EL L P=0.045

B 5 tEREF AD HEH/NMREDH AQP9 mRNA
X REEMLLE (x +5,n=6)
Fig.5 Comparison on the relative expression of AQP9 mRNA
in the hippocampus between control group

and AD model group mice( x +s,n=6)
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AQPY ZEMN P B3 1 3 24, DR T4
b« A 55— B s ] T 0% A TGS 240 R S A e 1
i F 2 T 2 I 00 A v I A B 5 DR R 06 A 1) 1A
Yl ; @FFE B PP LT LIS BRI 2550, Badaud
IS T AQPY TEA [H] S A i 240 i vh B A - A
S I 240 Y AQIP9 5 i S I ARG I A /A = =2 (1]
(7K EEZ B YIAOC, 1TH T LA RIS ph 280 5 1k
P RERLACIIR T AHOC  FERR 200 L3 A1) AQP9 n] g
LR N RE R A E G, ARSLERAE AD BRI
HTRE Ly P RS B AQP9 1A Tl X —Bg M
B —4R R T AD (KA A R 55 G 9 7K i 5
iz 5 ARe A G G
3.1 AQPs £ RAA-FHKEZFHH AD A A

Wi AR DIBUE AD I BLALHIRFIEZ — . K
T AE AR ARITSE ok, AR DUBL S il Y AQPs )£
NG, AW E LK BAE R AD &K
i R s, AR T LANG AL AT S T AL, 5 1 AR DITAR
T ANE BRE T 1) B I ST A M AQPT 2k W Il 1 v 11,
Wilcock SEUOHEE | 78 ] K4k 45 4778 AR DLELAY AD
ARG A AR TR 44 3L AD BUBEAL
AQP4 [P W W FRE . FER% U AQP1 Il AB, L, 1)
HEK293 #iififs & 41, AQP1 Fl ARy, 7 4 fifg A1 H A
SR N S PN S S VA (LI W B W 5 S DA e
AQPs 5 AB IAICHESE R AD A9 E 2GR AR L —
(M AR LAY ATRE 15 AD R N K 55 15 S 85 AL
BT AT WFSE & A AD B R b, — AP e 0 B
KI5 F AR B AR S] 1 HERUEWIK 318 5+
HAE AR DU A CHEE B BLEEIESES, fEA
IFgE R EL 2] AD KRS LT L5 AQP9 ) 3R IA 7
B, oA DU P Ky 25 LK — 1 BEORFSE ADI &
LG T — RIUH S, AD BN AQP9 e iAHY
e AnART s i K 19552 2 AQP9 Rk & i
5N AR DU E? AQP9 Iy F A R R ik 5
AD B HAbRE AR f (W28 0 K tau BRI L E
BEFR AL ) AH G 33 e [ T ) il 225 A ol B2 FRAT 145 S A
HEEA IS
3.2 AQP9 Fik TG AL TR T 5 AD £ %
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