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APPswe/PS1dE9  (APPX™ M¥7IL PSEN1*¥,  APP/
PS1) WU I R M /N BB RS . 32 0UG /N FR R iR 48
AZ(%) APP FIPST @A, =2 e e A8 1 s
PRARAE, 4 AR MBEFBE, 64 H BT AT
hrfREAT O AR BUKE B, R AT RSN IR 1 ik
HAUEEYI A, HAasmaon, BRI,
TR AN AT B A, U2 2R e T G s R T
B W A o A CBE A 2R 1 (amyloid-beta,
AB) . X H 2 (okadaic acid, OA) I fig £
(lipopolysaccharide, LPS) 43 5L yE WAL & FH T
I, Tau 2 FABEIR AL AR 22 RAE LN, 22 FE IR
AD R EL i o
AHEFER ) AD 855 KEE . AD /)N BRI
i F s SRR RGN | 4T PR R TAPs 25 H 7E AN [ 1Y)
AD R 1) 3k IR R L I EENLE], A
AD (B RRTT SRR

1 SE3M#

1.1 SEIeEY

APP/PS1 K H HR/INEUERLR 5 T v 5] B2 A7)
BB LR S S T, CS57/BLIW H AL fE B
FREAE R A A BR A R [SCXK (3) 2014-
0004 ], SZEG s K BT A S Ve R I 15 2 rh
PR B2 B e 2 SIS ST 5T i s i 5 48 1 23
B2t (WKW19001), FEARHE 3R JEIIXT 5256 5
NS PN E S 7
1.2 FERF

DMEM/F12 }5 5 5 (11320-033) . B 4= I 74
(10099141C) . 7 % R -5 % R (15140-122) .
0.25% MR (25200-056) . PBS (14190-144) I [
% [# Gibco 2> ] ; AP1-42 (A9810) F1 OA
(09381-25 pg) W 3L A Sigma-Aldrich 2 7] ; LPS
(L8880) MK HRKFEFE Nl ; TRIzol i 5 K H
32 [# ThermoFisher Scientific /3 H] ; PrimeScript RT
Master Mix (Perfect Real Time) (RR036A) #1TB
Green Premix Ex Tag TM II (TliRNaseH Plus)
(RR82WR) gL | H A< TaKaRa 23 7] ; RIPA ZLfi#
W (P0013C) . HREFHMHIF (P1005) . BCAE
eI iR & (PO012) . BSA (ST023) Fifbifg
Wiy (P0216) W3k A v E B = RAEYHEAA
FRZN ] PVDF I (10600023) 32 [ 3% [E GE 2

F ; Alexa Fluor 594 Invitrogen™ 7¢ Jt: — it (A-
11005) 43K H & [ Invitrogen 24 7], 75 DAPI (%}
Al (ZL1-9557) W3k Jb 5t A2 4 4 4 )
Survivin T /& (ab469) Ml c-IAPs Hi i (ab25939)
W 35 A 9% [ Abcam 2% 7] 3 Livin $T K (5471) |
XIAP $i& (2045) . Apollon $iif&k (8756) Fi NF-
kB Pathway Sample Kit (9936T) £ H 3 [ Cell
Signaling Technoloogy; LI =£4T T LR ik 501k 4 ity
(zB2301) #1137 BRA AR i A 1L W) 1
(ZB2305) W3k AL S AE D HR A BR 2
F] ; LightShift Chemiluminescent EMSA i 7| &
(20148) . Boitin 3' End DNA Labeling i | &
(89818) NE-PER Nuclear #1 Cytoplasmic
Extraction Reagents (78833) LA}z Biodyne B Nylon
Membrane (77016) W4 3£ [ 3¢ [ ThermoFisher
Scientific 23 ) .
1.3 FENHF

Pesh ) A WL 3L F 12 F Leica, CO,H E L% 7
F60 [ 3£ [E ThermoFisher Scientific A ; £ IfEf
P 3 3 [F PerkinElmer /A 7] ; —80°CAR KR vKFH
W B " [E Haier; Nanodrop 2000 Il & H 3 [H
ThermoFisher Scientific; StepOnePlus™ 143K H 3%
Applied Biosystems.

2 FLWHE

21 KREHEHW

18 1 Alzdata 245 %2 (http://www.alzdata. org/)
A HE I TAPs R D1 7E AD S5 SO HR Y
AN g X (N R 2 )2 (entorhinal cortex) . ¥ 5
(hippocampus) . il 57 )= (temporal cortex) FI%f
J%Z BT (frontal cortex) ) [ mRNA 7K -3 ik & S H
Giitaea s [ARi#3d The human protein atlas £
J&  (http://www.proteinatlas.org/) ¢ f] 3 # IAPs &5
PP 27 o
22 KEVIRRERARE

VKEY) A BT 1S min 5, & T PBS HiE
PE3 WK, BIKS5 ming; HAERRFRLEHL,
0.5% ¥ Triton-100 i {1 10 min Ji5 7£ PBS 1% ¥ 3
YK T INIE 5 LS 3% T AERCE A 30~60 min J5
—PL4CMEE R HKPBSTHVE3 WA, N
PLEIRBEE 1 hJ5, PBSIEVE3 K, A DAPIfY
BRI R E RSO0 AR ES . FaRR .
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2.3 ZRNAREASEZREEZEPCR (qPCR) #ill
FH TRIzol 3257 ¢ FE 156 W 5 5 4 i P2 42 B 2 41
FEA BLRNA, ¥ f# F DEPC /K H . il 34 Nanodrop
2000 1S F B S L RNAVREE , IR R R 5
VAT AR e BE . SR 5 ¥4 I8 PrimeScript RT Master
Mix cDNA 3 4% 55250 &2 10 W 43 i FKf A RNA S

5 5% i cDNA. fifi | TB Green Premix Ex Taq TM 11
(TliRNaseH Plus) &7 & 17 IAPs F1 B-actin =
FEH Y gPCR A& . {5 1] Step One Plus SZHf PCR %
Gioe R, SR 202k ot gkdE , Hor fd ]
51 WL 1.

Table 1 The qPCR primers of mouse IAPs

Gene symbol Forward primers Reverse primers
cIAP1 ACACTCTGCTCGATTGAGGAC ACACTCTGCTCGATTGAGGAC
clAP2 TGAAGAGTGCTGACACCTTTG GGAAAAGCTGAATACGTGGACAA
XIAP ACTTCCCAAGTAGTAGTCCTGTT TATTGCCGCATGACAACTGAA

Survivin GAGGCTGGCTTCATCCACTG ATGCTCCTCTATCGGGTTGTC

Apollon CGTGGGCTGTAGGAAGGAC GCCTCTGTGACGGGAAGTTC
Livin TCCGTGTAACCATGTCCTGG TAGCCGGAGATCCTCTGAGTC

B-Actin GGCTGTATTCCCCTCCATCG CCAGTTGGTAACAATGCCATGT

24 BB HIIEFEFAB. OALLKLPSES

SR VL AL BT 6~8 JE W 1 C57/BL/NER, TG
PR VE I G, 38 0 R 5 U0 R MLARAR R B
300 pm YPT (R0 KB 2 JZ Filg ) B ARG 5+
3 (DMEF/F12 + 10% FBS + 1% PS) 1, fn A&
EWERABEN . OA X LPS, F37°C. 5% CO,
R TR 524 h ), WU S Bt 77 T
-80°CAIL I VK46 Hh H T qPCR . 4% E[1 3 Al EMSA
Rl
2.5 REENTR

LU0 A Fr 2R D ) ) 1Y RIPA. 24 figk 40 i
PEHCGE I BT, BCA VAN 8 M Bk AL . 3@ 3t 10%-~
15% 1Y SDS- 2R TN Js I iz 45€ fic H Uk (SDS-PAGE)
80 VIHEHLYK 30 minJ7, ##Z 120 VIEEHIKEE
bR ED 3 B FAE IR (9 1~1.5h), 458
K KBRS TP R R S B RN R R
PVDF i | (300 mA, 1~2h), % 5% BSA 5 it
Be Wk = W B 1 h, 4351 A —dt clAPs (1 :
1000), XIAP (1:2000). Apollon (1:1000).
Livin (1 :1000), Survivin (1 : 800), Caspase3
(1:1000), p-p65 (1:1000). p65 (1:1000),
B-actin (1:2000), 4°CHERER; %6 — H TBST
B3 YR A BT, FRRELLBIL 2 5000, 56
A 1h; TBST 663K, i ECL AGiain & e
R R GeAn IR .
26 ZEBERHSBIR

Wi 5 S I A WO T Ve 1Y 1.5 ml EP
B, Jns00 ul PBS HE A, #RJ5 500 g &0 1 min,

5 APBS, HEMIR, MALFYISATEET; i
A CERI 200 ul, FIZU#JE 15 s J5 VK% 10 min; Sl
A1 pl Y CERIL, FRIZUIAHES s, ##E 1 min,
JRIZURTES s 5, 16 000 g B5.0> 5 min, ¢ 17 (g
WEN) HBAWAH 15 ml EPEH &M 72D
JEHIACNER 100 pl BIZURTE 15 s I, KRR K
BT UK 40 min, Hrh A 10 min RBETRS) 15
s; SRJEHEIL 16 000 g .0 10 min, ¢ LW (400
BEH) HBBEETHHA N 1.5 m EPE T, &
JE PR T -80°C it AT /5 2211 EMSA S5 .
2.7 EMSA3ELG

Fie BRI A5 20 TR 45 31 1 P-4 % 2 A4 20 pl
(2l 10 x Z5E 2% i, 1 ulpoly [dI:dC], 2ul
AW FE K imbric i) B br DNA, 4 pg 1% 8 12
V), TN 20 min 5 M EREGE i . AR
PEEEIE H UK T LK 30~60 min Ji, KR R-IRET
GBYATR A, 100 V2140 min, 7R B 5 2/3~
3/4 BF A I LYK, B E R R I (380 mA,
40 min), 24 (120 mJ/em?®, 60s) CHE)E, T
P28 i LA 20~30 min, 284 HRPARIC I EE S
FHREWET, ol 2R ORI R GG
% . H A E F 5 A . 5-AGTTGAGGGGAC-
TTTCCCAGGC-3'.
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MR . 45 R E W], TAPs IR H1E AD iiZH 21
HRIBUL B E, ERCENA 4N EARE, ©

cortex) .

TR B X rp ek B B g5, A
AN . cIAP1 5 cIAP2 7F AD 8 3 A4 % iz i v 26
it M Survivin 75 AD F 3 B N IR 25k
wm B M XIAP FElE S AN REET
(&) .
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Fig. 1 IAPs expression in entorhinal cortex, hippocampus, temporal cortex and frontal cortex of control and AD patients

Red box: upregulation in AD, blue box: downregulation in AD, gray box: no available data, * P<0.05, ** P<0.01, *** P<0.001.

[ A RO R ] I RO E o S K2 v i i)
FIN B2 2L, AN [F) 4 S 7804 7 A () F 240 i D) i
BT M 25 N S T RE R PR B UIARDG, T
R K IAPs KEE A RE, KA1GEiT T The
human protein atlas {3 %2 #7 TIAPs 25 14 F % i 1 78
MHLU P AR AR E AL (2) . NAIPTERIZTT
HRE SR I8 cIAPLZEMIZETT . BT 4m M AT N B2
YR P 4 Rk s cTAP2 7 IMLAE TN 2 i i I
ik, HAbA L JeRR ; XIAP & R 2 E N
T ITH N FZ41H 3 Survivin Al Apollon £ 1 7£
Lz |l i U SR S S PN A D ) D AP I O
Fik; Livin 8 FPEZERE A g oA vl Bk

Table 2 The cellular type location of IAPs in human brain

Protiens Neuron Gliocyte Endothelial cells
NAIP ++
cIAP1 ++ ++ ++
cIAP2 - - +
XIAP ++ - ++
Survivin + +
Apollon ++ ++
Livin NA NA NA

The cellular type location: +++, strong expression; ++, expression; +,

weak expression; -, negative expression; NA, no available data.
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3.2 APP/PSUNBREBEFABEHHINFRFAIAPSE
ARIE

h T R R IAPs FKIEE F1E AD /N LAY
Ik, EHL 12 H # APP/PS1 WU 1Y AD 5% it
ANERCL S i AR BT ) B 2 X G G £ A D K i
Fe )2 S I ABUTAR, SEEe g SRR, APP/PS]
/NEY 2 SR S S XA s AR REIE A, G R
AN FRAKG I B BRI, R IiZ AD /N BUBLHY
oy, WTHTRSEN (K2a) . ZJ5, X IAPs %
TR A XA 20 /N BRI BB /N B )2 S5 S 4

(a)

Cortex

APP/PS1
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2Lt qPCR A, Z5 R Won: K2 ER clAP2 4b
A ITA B A (424G cIAP1, XIAP, Survivin,
Apollon Fl Livin) FKikm#f L B A S22 5%,
5 AD B FIRTEARL; MTAETE 5 X cIAP2 Fl Livin
FRAARFBREN T, HRERARREZERAK
([l 2b) . ik — i g el 2 8, R S5
X I Y TAPs 75 17615 5 mRNA K P FEA —F, H
H APP/PS1 /Iy BUK il B2 J2 19 XTIAP.  Survivin il
Livin . 3% B, 5 XA Livin 25 IR T,
HAeBEAREREDAR (F2e) .
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Fig.2 Ap deposition and IAPs expression in APP/PS1 mouse model

(a) IF staining for Ap in APP/PS1 mouse cortex and hippocampus; (b) IAPs mRNA expression in APP/PS1 mouse cortex and hippocampus compared

with wild type mouse; (¢) Immunoblotting analysis of IAPs in APP/PS1 mouse cortex and hippocampus. *P<0.05, **P<0.01, ***P<0.001.

3.3 SurvivinEH7EABR. OAMKLPSESHIIKNH
HhRIEE L

h T Z A PR TAPs G LA AD R AR K i
MVERT, it AB. OA LUK LPS I3 AN F 43 A
FUTER FEE FDIRL . Tau 8 A BEIR L AT 22 5
TE B 9% BG4 v e B, 45 1 3 b S T
Caspase3 L, KU 3FiF R Rl dE M T,

'ﬁAD EG%EF ZTCIR T3 SR LR N — 3 (&
3b) . it qPCR Kl A& £ Survivin 7E 3 Fjifs AR Y
Elﬂi'%a_gﬂjb}:l, IS T A AR 1 . AR R ]
FEANIR] 5 07 SRR B R ki AN S AR, Bk qn
T: cIAP2 7£ LPS Fll OA I S i - . &5 7 it et
T, 1 ABACHK BT . & ik b
cIAP1 Hl Livin £ LPS A AUt |3, OA Fl Ap A5 U
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iR ; XIAP F1 Apollon 7 LPS H' FiH . OA H Ik
A B, mRE T, fEABBRI PRI (&
3a) . TEIAPs G IR &L . Survivin 783 Ff
B T SRR EE Y R, 5 mRNA ZKF-—
3; cIAP1/27E LPS AT AR BRI RN, IX] H fRfsi Y
L, 5 mRNAK R, HaE A AR

HAEE (E3b) .
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Fig. 3 IAPs expressionin A3, OA and LPS induced
brain slices
(a) Heatmap depiction of IAPs mRNA expression levels assessed by
qPCR in AB. OA and LPS induced brain slices. The colored scale bar
indicates the fold-change range compared with non-induced condition.
(b) Immunoblotting analysis of IAPs and Caspase 3 in AB, OA and LPS

induced brain slices.

34 NFxBEREMEAB. OAKLPSIE SHIMK
FHREFSREE LA
NF«B il e 220 T . Mg RE A9 G B
%z —, IAPs G H & NFxB i B 1) T iiFE 5,
BATTH 57K P52 NFxB 38 J 306 f a3 220
T — LW AP, OA L) K LPS % S 19 ki A
Survivin [ & 55 NF«B i #% 09 A0 e, 3478 o
EMSA FIG28 EIST i 75 il 1 7 3 A A

NF«B 38 B E S 00 . 255 R 0, 76 3P S 544
T NFxB 3l B 300 , I — IO E h EA
(El 4a) . p65 MR b /K -5 NFxB Al i i
BIEAHR, 7R T AR, OALIMLPSES G, #it
B 8 BN A & PR p-p65S #4825 FH, NF«B il 1%
Bh, HEMSASEIE—E (K4b) .

@ p(AB)/(mg- L") ¢(OA)/(nmol-L™") p(LPS)/(mg-L™")

0 20 80200 0 0.4 4.020.0

A BE| e e

0 0.1 1.010

®) JABmeL)  c(OAYmmolL™y  pLPS)(mg-L)

0.0 0.1 1.0 10 0 20 80 200 0.0 04 4.0 20.0
L —8 L —

B B

| | — —— ~| B-Actin

Fig.4 The activation of NFkB signaling pathway in A3,
OA and LPS induced brain slices
(a) EMSA analysis of NFkB pathway in AP, OA and LPS induced brain
slices; (b) Immunoblotting analysis of phosphorylation and total levels

of p65 levels.

4 it P
X} AD B4 L FEAT AT 2 B 18 1200 1Y
K, TAPs FIE L b %mﬂEMEEmA,bm

EATE AD [ R A K th A g A o0 &
TE AD B3 A B s prrh, Ky IAPs 2R 1 DA
LR E, ULBHTE AD B & A R e AT TR R M g i
SRPL Lo K EIE T, R LoTiag. K
Survivin J& 3 FBE 7 (AD B . AD/INER K2 DL K
W0 ) L[] e A, gE—
AR WH R AD PP 20 T R BB AL L 1
E—2 A 4 i 22 37 H AT 1) 2 Survivin ZE K 4120 &
BB TR 2o A A0 A . 4ot i) R B RE 2
P2 PR AT IR BT s IR AR 2
RGN RN, S5 0ENE . ETmBE
PR DA S g 3 A A D+ L A Survivin A BE
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W2 ICIAENE, AT RE S s e It
IO AR B R UE A 2T BE, A 2\ e
-1 2% it A 52 P2 (AL AN A 2 LAt . Survivin J2&: NFxB
WA N RS, W ELAE RS AR R Survivin
1 _E RS NFeB Gl B ias Eas#aa e, Bk, wf
fiE i 1 NF«B-Survivin f FH 1 AD A9 40 i 95 1= 3
B 17 Survivin 78 AD VR FH AT I R EE R R/
R 0 20 B R R S AR RIS IR ASR R, W AD Y
B iR T RE AT AR .

T AD B35 . AD /N RUANE il A 3 Pl AR (1)
IAPs & AR 25 /AN A, Horb cIAP12 FE R
HAHOA TR v B, Ti7E AD /R .
LPS Al AB BRI T, ] RE S Hh T B e e 4R
AD B R TS SRR [R] 0 0 B BE LA S R 2
SREEA e SRR AR A 2 IR R KA Y
ZRA RN, W I ER 1 B R IA i e e 42230 . APP/
PS1/NEEE W IE M AL RTIR SR 1 (APP) MR Z R
(PSEN) JE[H, Zntdakiz b, BHUTEMmFEE
FIRTE AL . ORGSR DL R T % i — 2R 571 B
JIE, WP JRE R L e T4, — e Hit)S
FEUG BN HNCACBERFAEAT R e AR 0 i g
Y5 T AB1-42 F Bethu ] DIBHUSE M AR A DT, (0
SEAZRERU A H ] g BRI, 1 AT RS )
ZeYNE RV A4S T . Wi P cTAP2 JE [N ik B
T, BREBWIRTEA, AMOTLGH
Caspase JF G P4, 1M HJ& NFxB 28 HL38 b i) —
A E3Z ZFELN . © R BTN I, ZEA
|GTE STy - ol N e 187 N 1) = s L [ 22w
5 AD (R PR — 3, R ATHELL AD WE Ry A
AP B AR TP ) — NSRS R R VR . HAb 2R
B WS E R e Y e Nt (NP (PSR Eawwi
TR BRML B A, 2T T b T Ttk
SN TREd - Ml W STk (2w W SR ST), L Danil]
LPS F1 OA 2043 40, AD H 35 i 2H 2 rp A el 28 4%
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The Expression and Preliminary Mechanism of IAPs Family Proteins in
Alzheimer’s Disease’s Animal Models’
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Abstract As the increasing aging population globally, Alzheimer’ s disease (AD) has been the most common
type of neurodegenerative disease, characterized with progressive cognitive impairment. The main pathological
features were senile plaques, neurofibrillary tangles and neurons and synapse loss. Inhibitor of apoptosis family
proteins (IAPs) are a class of endogenous apoptosis inhibitors, and their function in the pathological process of
AD has not been clear. In this study, IAPs protein expression were analyzed from AD patient databases, AD
animal models and brain slice models. NFkB signaling pathway was detected by EMSA and immunoblotting. The
results show that Survivin acts as a co-upregulated gene in all models including AD patients, AD mouse models
and AP, okadaic acid and LPS induced brain slices. NF«kB signaling pathway was significantly activated, and they
exhibited the similar expression profile. Therefore, the cell apoptosis in AD progression may be inhibited by

NF«kB/IAPs axis. Survivin may be an important target for AD prevention and treatment.
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