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[HZE] HAY 81 APP/PST XU LR /N R BE AR ik - B -5 i ( cystathionine-B-synthase , CBS) 13 3 ik
Xt AR AR SN HITIRERY A, J5ids  1n) APP/PST FE 3 K]/ )N BRI 2 23 P T S0 s 3 F 7 CBS 3 ek
B, DL BYm s E IR IR . 4 J8 54T Morris 7K 2K B R 25 2H /N BRI 1 DI RE , SR i A | S 922 2H A6 T
EMFEHL H,S CBS AR, _, f i, 85 Did ik CBS d/NRUM 4N H,S S B3 in(P <
0.05) ; @i Kk CBS /N REE ARG R (P <0.05) , 58T 5 R EEE I (P <0.05) ;@i K3k CBS
H/NRIKNZHZA AR, o 5 W AR (P <0.01) , B JE MO AE BERY £l FOC/ N o /b &5 34
APP/PST BUF LA /IN BRI ZHZR N CBS Rk & 1l Jai /b AB, o A2 OO Bl /N RN I BE
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Effect of cystathionine-B-synthase overexpression on amyloid-3 peptide metabolism

and cognitive function in APP/PS1 transgenic mice
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[ Abstract | Objective To investigate the effect of cystathionine-B-synthase ( CBS) overexpression on
amyloid beta peptide ( AB) metabolism and cognition in amyloid peptide precursor ( APP)/presenilin 1
(PS1) transgenic mice. Methods CBS overexpression lentivirus was injected into the hippocampus of APP/
PS1 transgenic mice, and dummy vector lentivirus was used as negative control. After 4 weeks, cognitive
function was measured by Morris water maze. The level of H,S was tested by sensitive sulfur electrode assay.
The expression and distribution of CBS and AB,_,, were detected by immunohistochemical staining. Results

H,S level in the brain of the mice was significantly increased in the CBS-overexpression group (P <0.05).
The escape latency was shortened, and the crossing plat times were increased in the CBS overexpression group
(P<0.05). The level of AB,_,, was decreased (P <0.01), and the number and size of senile plaques were
reduced in the CBS-overexpression group (P <0.05). Conclusion Up-regulation of CBS can reduce the
deposition of AB,_,, and improve the cognitive function of APP/PS1 transgenic mice through increasing H2S
level in the brain.

[ Key words |  Alzheimer’ s disease; hydrogen sulfide; cystathionine-B-synthase; amyloid beta
peptide ; cognitive impairment
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BT /R Pk 2RI (Alzheimer’ s disease, AD)4E Ky ¥
St DU IR, 2 B PR 2 30y 3 22 kAT A RN 2
RERRE AT 5 7 AL P4 05 B 272 O 40 i A0 S8 4E BE (senile
plaques, SP) JTER 40l N pf 22 Ji7 2 4 9 45 F pf 48200
PR 55 H T IZE I ZARLH A e 2T B UE
KFEE A (amyloid beta peptide, AB) et Uifii=Aiiik
9, I AR B BETE B AR BEIRUS 3 T AD 1 A
PRI SCHEVE T D AR AR B AR
IBFFEFIGYT AD L A

REAEWF 9T & B, WIRPERI AL 0 (hydrogen sulfide,
H,S) FEIRFI g ZFigie 2 5 AD R4 K JE,
AhFESMIEE H, S AT LA g /N BUA A T g A
RTINS R B AE P i 2 RGN B H,S
G R B ) B BiE-B-A B ( cystathionine-B-synthase,
CBS) 7£9.12 H & APP/PSI /R fii 4H 23 N 2R 35 W i
W, HL5 S R R AR IR AT HE AR B
CBS 13k Ja H,S & it (AR UM S/ BUA M) g 55
Ak, PRI, AR S B i 37 APP/PST A% B[R /)N Ui
HLRN CBS i LA HRL AN IR TE H,S &1 (AR /K
RS UN RN SR R A

1 #R5FE

1.1 FZXMAPE

Bt £ sl CBS HiiA (abl135626, Abcam) , fafii £
FURE AR, o B (bs-O107R, Jb T FE AR ) | LE W R A5
CEPLAR 1gG (SA00004-2, BN = J& ) | s b Y o
A & (SP9001, HAZ G 4 ) , B + it (PXSJ-226, &
f%) ,BCA 8 [k B il e 157 £ (P0010, 35 5 K ) ; CBS
[ B IR S REAURE R 9 S BIL 2 WL G R /) B
SEARE LAY  Morris 7K 2K B B 3 Bt #1055 1 45 H TR
GRS S g 2 it
1.2 o mr e

APP/PS1 X% 5K /)N L ( APPswe x PS1E9) Hi R
SRR SIS S A1, g B Tm] e B AR RN BT
RS N IR SRR A, IR A A AR E E TR
B, BRCERIER . YEH 12 H IR, Ao, (4
JHE 25 ~30 g, 40k 3 L, B9 Ko A EPAEAD +
HEIRERAL B AL SR + S AL C 4 AR
+ CBS 5 #: 41, 1 5 i & H CBS & 335 18 9 i
4 & Je B A K ok B DA e e B 5
1.3 12maEskiEs

6% /K45 SN (0.6 mL/100 g) IR RIS S , #5718 B
(] 2 T M7 A4 A, Sk TR R4S B T 75, 2R i

IXIFRA o H8 /0N BN 7 A 5 7 P 1 6 A7 28 A7, A 2 il )i
KITE R — KPR 5, LART X % 54 2wl CBS 3 3%
KSR TR 2 HOF L 0. 50 L/ min (145 B VE A T
(AP2.3 ML-2.0,DV-1.7), 4%y 5 min J5 %12k
BELBEGIHTE, RN . AR SRR R
1.4 KtgEg

S AR P ORI i, 25 0] S B AL L BN
2 UHEBRAN R TP A gm it 6 d, 435l h i 2k
5 d AT SEIR AR 6 K12 (48 R S5 .

FELIIUAT LS /N R R NG 4 W, BRI MR R 4
FRAK, BERIIZRIEIRRE 1 he s/ BRFHRY- 6 e B
B (bRt R o A/ NI TE 90 s WHREIF- & , 3%
90 s TR RN . A5 AR 56 6 R4 AL
5, S RIEMERAIK, IER/NRAE 90 s
ZERCT B ITHE N B IR
1.5 REMBAFIEE

WU A A ISR RO 2L Y) |, 4% S-P =
B HATARAS YL (5, K0 CBS VAR, o BB %
RE A B B B HET D) R A 60 °CfE RS 4
H1 60 min, — FORBEME B RS S0K s BB E bt
JRIF BRI H BRI N 3% H,0, KK, il
5 ~ 10 min;E LML (279%) , i 10 ~ 15 min; it
B Y IR RS 1) —PT,4 CIEE L (CBS 1: 1005
ABL:150) s Ik HARYK A Z 90  BRAR B b 10 55 25 00 (1
R TR ,37 CHFA 10 ~ 15 min, #5240 9K[E] ] PBS ¥
WRIEPE S min x5 K., 5 DAB . 4L K &
By et e e e@se BRI 6 AR T WA T
P FRIRIFHEAH
1.6 HRBB M E

TR R AR AR TS H, S A 3L A | 38 o G T
ST, I AL U R H,S
MR TE BRI ] Z W5 76 K B 7Kk ik 2 b DL b
— AR I E S5 T, T OO 25 B K DR R
IR

PR IO i ) 25 19 ¥ Th 41 20 50 mg, A AR BEER K
il 8 BT A BUA 10% L2538 s B AL 2L A1 0 A
HEIE SO ORI e A2 1.0 em, 52 0.8 em [
HgfL) , B 0.5 mL 1 mol/L HCI {2 fifi 20 VR Ji
H,S, w9 FL N IIA 0.5 mL 1 mol/L NaOH LI it 4=
) H,S Ak S° s st 1 BT 37 CKIBHE
PRIFEE 4 by O e fLR A 705 , A P AR o i 211
S STTHOEE . T ARSI AR BCA 5 2K K
£, 4141 H,S &t L nmol/mg R,
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1.7 ELISA # AB, ,,K-F

KA i T AV 45 LS B0 R I L i
83 P 31D S il B TN 8

S A e R S U AT AP BRI
HEBRUE i S AL RS B RFIAE S 4R B LA 50 WL AU
NS, B B 25 L B R A, B
37 CHER YL 60 min J5 7853 7S FL IR, T BEIR
WUE S U IR ALN BRI TR . AR ALK T2 B
YT AI 45 50 L, 205 TG R 15 ming S i
JEBAUIMAZ IR 50 WL, 20k . 7E 30 min Py
FEAR IS OE R BEE D (450) o fERRUEIIZR ] | AE 4R
A REINRE AT R AR BE Y L, 45 2R D) pg/mL 375
1.8 &itxan

A B x = s R, R AT SPSS 17. 0 Gtk iF
AT 3 S A BSR4y 2 50 W B R R T 2253 T o

2 HR

2.1 RIEFAT A FAM
2.1.1 BT A AN B RV AR 0 IR

1 EE DL AAT SE BN iy, 25 20708 BRLOF- 227 346 sl Vs AR 0
PR NS, 5 A 4U/NEAHLE, B 4/ BB R
FERK (P <0.01);C 2HF1 B 4AHEL, 7555 1.2.3 K,
RIIA AR (H2ZE R RG24 L (P >0.05) 55 4
5.6 RIBRIMA Gt 2# 2% (P <0.05,P<0.01), H
¥4 RESHENHE(P<0.01),

WG WREULER 1. 5 A H/NEAALL, B 41/ R
ZEHAT- 5 YO s (P <0.01) 51 35 CBS )5, C
/N T B R B A BT fin (P <0.05) .
2.2 HELMEP CBS &a Lk

& /NI AH R 34 AT UL CBS 25 [ FAPERIR, hy
PRECEIORL, FEEN G TR AT E. 5 A A
L, B 41 BH R I8 Fic B /b, B A8 7k C 4188 B
ZH AP N, B S (B 1) .

2.3 HLAZP H,S A

ZAUBAR N , B 2/ NI S 2P H,S (8. 62 +
0.75)nmol/mg % A 45 (14.94 £1.28) nmol/mg A
HREML(P <0.01) ;i 35k CBS )5, C 41/ FlifFE 54141
P H,S(10.52 +1.60) nmol/mg % B 414 A5 Wi i,
H2ERAZRITEEL(P<0.05),

2.4 BENDRELUEET AR, n BT AELF RS
’%7){.

ELISA #5145 20 /N BRI S 22U AB, _, & i, K
M5 A 21 (256.42 +73.10) pg/mL fHH., B 41 & &
(610.06 +82.94) pg/mL B g3 % (P <0.01) ;14 Fzik
CBS J5,C 41 AB, ., Frit (481.09 + 96.15) pg/mL #
B HB B (P <0.01) , f06H NS, AR, _, TR
TE R A B S A AEAR BB, Ji) 101 A RS ph 22 gh 2, vh
REEOKG, EMHEY (K 2) o 78 A HifF 54 R
LT IA BRI R W BEYUE B8 B N C il rp
Y] WA PRI s 5 B AL, C dHIEMm R H AR

N E=RVC
2.1.2 ZEEERIK  WETEESANIED s /D BURRD
F1 ZAFHRBEEBRBERFHEEERE (n=9, x+s)
VSR () "
21 T B UL
ERN $2 R ERPN ERBN %5K EASN

WP 4 23 R TR 46.33 £8.52  41.47+5.81 35.60+6.43 24.38 £+4.45 20.84 £4.61 17.15+5.58 6.67 +2.50
FIEY + 2830 T4 56.02 £5.73  53.31 £5.56°  46.56 £6.20° 41.83 £5.55° 33.68 +5.47% 31.53 £5.04° 2.23 +1.56%
L + CBS a4l 53.56 £5.39  49.76 £4.86  43.05+3.45 34.39 +4.35° 28.56 +3.80" 25.50 +3.32" 4.56 +1.88"

a:P<0.01,5 A& b:P<0.05,c:P<0.01,%5 B 4Lk

(AJ
AFFAR + FRBAEME;B.HLAR + FHBAME;C. LAY + CBS BAEA

1 RAEBDEHEARN CBS EARILLILE

B

(S-P x400)



537 5 17 ) o= F B OR % ¥R
J Thid Mil Med Univ

201549 A 15 H

Vol. 37, No. 17
Sep. 15 2015 1753

AFFAR + BRAEMB AR + RRAEMCHARE +CBSmFEm 1. FLFR

B2 HAEBSA[/NEZEHRSHERL

3 itie

i, AD B R R & s BIL AR v AT 28 L Y7t ik
ZEPHE . AB BEIAHTE AD &R R e
AB i APP 25 B ir B3 BE AT 6 26 11 2 5-1 ( Besie
APP cleaving enzyme-1,BACE-1) Fl v 43 Wi fiff ( y-secre-
tase) VIR0 Y AR LE N P9 S TURU, AT 5] %
RAE AL P2 TT R, 51 Tau 85 5
WAk G 2 45 47 L 8 il & R I A BUBR B R BRI R
W L, D AR B BLAT BE BT AD Bk 1R
Z—o H,S MRS 3 RN RS 500 7, fEM 7L 3)
YIRN AR A E . RN H,S 246 3 Ml
E G, 43 0 ) CBS. bt B lik-y-5 B ( cystathionine-y-
Iyase, CSE) il 334 5 74 B i 3 66 B 5 (3-mercapto-
pyruvate sulfur transferase,3MST) , H.#1, CBS F 3MST
EEAER A2 ARG FGET

1996 4 HAC B IO H, S TEH X & R &5
AT AR B2 5 N-HT JE-D-K ] 4 &R ( N-meth-
yl-D-aspartate, NMDA ) 3Z {44 45 HI 9 A By T4 1
KRR B 52 o) O IRT A GEE H
SR B AR LG, AD JBAE 2021 H, S /KF-H]
BEARO o IXBERT ST RN, 414U H,S & b
RES AD KAERA —ERIKR

AVE AT K B, AD B MK N H,S &
R RN R, S T R A
KIS BATAE APP/PST B R/ BRI 4L 41 o ]
FER L H,S KPR B, MAMEPERD 78 NaHS )5,
/NN RE AT 75 2 — E 03 s ZJ5 FeA Tk — B 0F 5
&I, NaHS 0] D3l 13 PI3K/AKT 38 % 41k BACE-1
PST ) mRNA S FIRA/KF-, i APP A9 4R i R vE
BYREW) TR AR AT e, T AR Pk B

REAERFSE AR, 7 AD #5iRY FUINAH LN AR = 1T

(S-P x40)

BT 75 S (19 RAE S BRBEHCRT LAS | CBS 1 i 4
ZCFEH,S R o ARSI IR UE S
CBS 7£ APP/PS1 HE 5L PR /I (UG 2H 21 P4 114 350 B 4F It
AIEIZHT T FE, T0 H, S 7KV (8 B AR 52 B 7]
FRATHED, Ao AR b 22 RGN T 2000 1, S & AL,
CBS 7EM AP (2R R R T H,S B A, el
WEZMEIESS AD BEA KR,

0T Bk CBS X H,S AR K/ BOA RIS BE 1 32
Wi, FATHEAT T A S, 4R R, 12 H it APP/PSL
KU KL DR /N BB ] 3 8 A TR /) SO R 2 RE I A DR
HIRHZA AB, o & S A BEDURR I B4 22, i 1]
KU HE N R BB U MBEHUL Y AD (AT Ry “2 A8 1k Lo
PRFAE o HE FA TR 21 XU HE D /N BRI 42N CBS
HE L H,S SRR AR TN SRR S D W], 25 3RA]
[ ORI IR /)N UK AL U0 4 CBS i Rk 8k w5 )
CBS A ZA BRI H,S & AR 2, 5 1[H]
I B AR,y & i S AR BED TR 2/, 22 1Y)
/IR 25 8] 27 ) SICAZRE ST BA Brdlst o PRI akAl]
SHEI SN 2L CBS ik n] DL i $ 8 P I H,
S IR B3R B /N ORI RERT H 19 o

HATCT H,S 5 AD A PERI B HIHE NaHS ff:
DANENE H,S B 1 AN BEVER I IS L 3l P 1R 9 AR
BARAS o AR 9206 100 3 18 0 B TE 4T 19 T % £ R P9 TR
H,S &, R B R Sy (R A CBS K1k 5 H,S
R EIAEI, RABRKRNSE L. T—2,
TN PR BE— 2P FEAT X CBS i Rk AR A i H
PRBIL M AT RE 2R3 B9 15 =18 1%

SE k-
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