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HE B BRRIEEN (Alzheimer’s disease, AD) f&EZF G KR 5 A X b4 RGBTSR, gl
R FTREAEAMZ — . SIRILAERZ AD BAM S G E, T SBURAH SN AR IS & M (oxidized lowdensity
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PC12 4B AT, ELISA K PCI12 43 WA MY BIEMRERL (amyloid B-peptide, AB) &, /B IFENE (Western blot) VEH
SREBP2, PCSKOMILRPI AU, X5 H 75 mg/L ox-LDL AP PC12 4HAEAFIFE] (0. 6. 12, 24, 48 h), Western blot %
il SREBP2, PCSK9 FILRP1 [k &ML . )i, 100 nmol/L PCSK9 siRNA #44L PC12 40148 h)i, JH 75 mg/L ox-LDL 4b 3
PCI2 40fifi 24 h, Hoechst33258 Yt {0 Fl i 240 LA I PC12 A M 995 T-3, Western blot # ] PCSK9, LRP1, PI3K, AKT,
P-PI3K. P-AKT. NF-kB. Bcl-2. Bax. Caspase-9 fl Caspase-3 )ik, ELISAK:INPCI2 Ui AB/ilbar. 5R  ox-LDLA]
DI PCI2 A BB AR, A2 PC12 ZHAEIM TR AB 43, [RIHT I in PC12 4 ifi b SREBP2 Al PCSK9 (193835, 8/ LRP1 Y
Fih . P PCSKO (3534 1T LA i PI3K/AKT il % Fl NF-kB-Bcl-2/Bax-Caspase-9/3 il ##J8 55 ox-LDL 5 F: 1 PC12 40 T,
[ S PCI2 A0 A A3 . 4518 ox-LDLiliE175 5 PC12 4 PCSKO A1, WK LRP1 283k, JEMisZm i
ARG S&4%, MIM7E ox-LDL S PC12 AN T~ A FE XU 5 1E
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convertase subtilisin kexin type 9, PCSK9) J&Jig i
AR Y B OCHERE, 5 AR FCIR 2 UIAHOC . PCSK9
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(low density lipoprotein receptor, LDLR), fifif5f
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Kb 2 5 18 A Y =22 R AR T IR 2R
FZ KA1 (low density lipoprotein receptor-
related protein 1, LRP1), LRP1) {Z ik Figi4!
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JErfuty; DMEM syl hs 75 3k | B 4 e 7 A v i
H 3 [E Hyclone 22wl 5 4 L7514 H LN DU 225 4
Y1/~ wl; ox-LDLIW B )M ZEIE A RH AT FRA R
DMSO Il (b & ERHE A BRA R B amgiE
FI A KD SAEEHARABRA R THELO TH W
4 3% Sigma /A 7 ; Hoechst33258 ¢G4 o ik 77 2
W AL 3 R RAEVE ARABR AT siRNA I
riboFECT™ CP 4% Yeisl 3 ¥ [ ) M 7 g 1A=
AR ; Annexin-V-FITC/PI A4k 41 At 8 746
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B PCI2 40 M 3% 3% T 6 FLMR I, 5 40 o ik B
70% Ji5 46 TC ML 38 35 55 5 FF A [F] ¥ B ox-LDL #5
F%£24 h, PBSIEVE3 K. H 4% 192 5 H Bk [
20 min, PBSVEFVE3 K. fERMIGEKMET, H
Hoechst33258 Y& 4 7% Y« #% 30 min, PBS W ¥E3 K.
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4°C, 1000 r/min, B5.0>10 min, JFI8E FEEH
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DA ORI B FE X 2 A S A T RELDK , FRTKES A
M 2 PVDF I, 5% 19 i A 05 4 & 141
4h, IMA—HL4°CiER, IXTBSTIHVE3 K, MMA
PR i SE ALY AR IC ) P, FIRPEFE 2 h, 1x
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EIAKE S AR B 40 pl BIRFIRE S AL, BN
AR 510 wl, FH B AR B AR S S T 37°CIR B
30 min, FEFFEAREE, FRWAE, ¥ikFRET, &
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PAE, 450 nm ¥ K AMKF I S AL IR OEE (4)
B MRAEPRIE T T3 ol i SEBRIR B
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YEE R H GraphPad Prism 5 Project 314, P<0.05 #%
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Fig.1 ox-LDL increases lipid accumulation in PC12 cells in a concentration—dependent manner (oil red O staining)
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Hoechst33258 Je {4, Fifi J5 7E 25 6 W Be RO 7R, ox-LDL 52 ik BEBA B AR 14 384 in PC 12 201 fitg 4
PCI2 UMY T E N . 25 R A, BE ox-LDL¥K T, JHFE75 mg/LRkERLBM R E (E2).
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Fig. 2 ox-LDL concentration—dependent promotion of apoptosis of PC12 cells (Hoechst staining)

Arrow: Brighter fluorescence indicates apoptosis.
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Fig. 3 ox-LDL increases the apoptosis rate of PC12 cells in a concentration—dependent manner (flow cytometry)
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2.3 ox-LDLF/PC124HFEA BRI S i
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K FHAS [A) e B 19 ox-LDL 40 P PC12 2 fif1 24 h 5,
ELISA 71| G kil B5 720 AB40 Fl AB42 ik, 45
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Fig. 4 Effects of different concentrations of ox—LDL on A3 secretion from PC12 cells (ELISA, n=3)
*P<0.05, **P<0.01, compared with 0 mg/L ox-LDL group.
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J5i , Western blot K il 4 fifd W [ 3R 8 H 5 i R 3k .
SR, BEE ox-LDL ¥R EERERE 4, PC1241
Jitg 1 SREBP2 Fil PCSKO F) 3 1A th Bl 2 38 Jinn, 1
LRP1 (2R WEFEARAY . b 75 mg/L ox-LDL &b
L R 8%, 5 4% ox-LDL Y% FiZ e Ab 3L,
45 42E7K, ox-LDL 7] ¥4 /il SREBP2 Fl1 PCSK9 1)
ik, FECLRPIHFRE (ES).

R T RIEIZ SR, R 75 mg/L ox-LDL
AEERPCI2 I 0, 6. 12, 24, 48 h )5, Western
blot fr Al rh EREE Iy #ih . 45 R LM, bl
F ox-LDL AL B [A] Y 4E 4, PC12 4fififg  SREBP2
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R YLy 5 54 100 nmol/L siRNA 2H PCSK9 % PR 7T 2k
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S, JESRSCIG YR FZ 4 . Western blot £l
PCI12 4iJifi PCSK9 FI LRP1 fE (1 &1k, 459K
i, 5 Control 1AHL, ox-LDLAbHEZH PCSKO &
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LRP1 & (1A, siPCSK9+ox-LDL 4k FH 4 5
NC+ox-LDL Zb 2 AH Lt 22 5547 & (P<0.05) .
ZERMR, @K PCSKO A2 3A 7T LA 55 ox-LDL /5
S HY PCI12 41 Jifd 1 PCSKO 2 3538 il A LRP1 2 ik i,
b (JK8),
2.6 m{RPCSK9HRY ik A] LA 55 ox-LDL % S &
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Fig.5 Effects of different concentrations of ox—LDL on SREBP2, PCSK9, LRP1 expression in PC12 cells (Western blot, n=3)
*P<0.05, compared to 0 mg/L ox-LDL group.
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Fig. 6 Effects of 75Smg/L. ox—LDL treatment at different times on the expressions of SREBP2, PCSK9, and LRP1 in PC12
cells (Western blot, n=3)
*P <0.05 compared to the 0 h group.
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Fig.7 siPCSKY transfection effectively reduced PCSK9 expression and increased LRP1 expression (Western blot, n=3)
*P<0.05, compared to Control group.

ku
PCSKO we— G AN s ]2

LRPI CEDEEDEEDGEE» 3/

B-Actin DD D> S5

> W v v
&S
(’ \)0+ \)0 \)0
. &
& & &
¢ N N
X X
¢ S
< S
.QC’
>
1.0+ 20t
0.8

=
=
n

2
i

=

)
=2
wn

(=]

(=]
LRP1 protein relative density
s

PCSK9 protein relative density

C/X @X
~ S

<

Fig. 8 Effects of siPCSK9 on PCSK9 and LRP1 expression in ox—LDL-induced PC12 cells (Western blot, n=3)
*P<0.05, **P<0.01, compared to Control group; #P<0.05, compared to NC+ox-LDL group.
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Fig. 9 Effects of siPCSK9 on ox—LDL-induced apoptosis of PC12 cells (Hoechst staining)

Arrow: Brighter fluorescence indicates apoptosis.

WA AR Bk, 5 ox-LDL 4t FE 2 4H A T PCSK9 /5 T ox-LDL i35 /4 PC12 4 Jifd
b, siPCSKOH AN TR Wk, e iat— s (K10),

1043 i 1043
] 2.81% ] 17.63%
10°3 10°3
& e
1023 10°3
i £ i
10‘; 101§
U 100 10" 102 10° 10¢
FITC FITC
10 ' 10* oy
] 19.16% ] 10.74%
10°3 10° 3
=] =
1023 102 3
i £ h
10'3 10" 3
e S ¥ o o o
FITC FITC

Fig. 10 Effect of siPCSK9 on ox—LDL—-induced apoptosis in PC12 cells
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Fig. 11 Effects of siPCSK9 on PI3K, AKT expression and phosphorylation in PC12 cells (Western blot, n=3)
*P<0.05, **P<0.01, compared to Control group; #P<0.05, compared to NC+ox-LDL group.
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Abstract Obiective Alzheimer’s disease (AD) is a degenerative disease of the central nervous system (CNS)
caused by a variety of risk factors. There are various pathological changes, but apoptosis of the neurological
meridian cells is one of the most important pathological bases. Hyperlipidemia is a high-risk factor for the
development of AD, which can lead to increased levels of oxidized low-density lipoprotein (ox-LDL) in brain
tissues. PCSK9 is a protease closely related to lipid metabolism, but studies have shown that it may be related to
the development of AD. LRP1 is abundantly expressed in neuronal cells, and it is an important transporter for the
clearance of APB. There is now a large amount of literature confirming that PCSK9 can induce the degradation of
LRP1. PI3K/AKT is an important signaling pathway in vivo, which plays an important role in apoptosis, and there
is now a large amount of literature confirming that LRP1 activates the PI3K/AKT pathway, which has an anti-
apoptotic effect. So can PCSK9 affect the PI3K/AKT pathway through LRPI1 and thus regulate neuronal
apoptosis? This deserves further investigation. The aim of this study was to explore the role of PCSK9 in
mediating ox-LDL pro-apoptotic neuronal cell death and its mechanism, and then further elaborate the mechanism
of hyperlipidemia leading to neurodegenerative diseases such as AD. Methods Firstly, PC12 cells were treated
with different concentrations of ox-LDL (0, 25, 50, 75 and 100 mg/L) for 24 h. Oil red O staining was used to
detect lipid accumulation in PC12 cells, Hoechst33258 staining and flow cytometry to detect apoptosis in PC12
cells, ELISA to detect the content of AP secreted by PC12, Western blot to detect expression of SREBP2, PCSK9
and LRP1. Then PC12 cells were treated with 75 mg/L ox-LDL for different times (0, 6, 12, 24, 48 h), and
Western blot were performed to detect the expression of SREBP2, PCSK9 and LRPI. Finally, after transfecting
100 nmol/L PCSK9 siRNA into PC12 cells for 48 h, PC12 cells were treated with 75 mg/L ox-LDL for 24 h,
Hoechst33258 staining and flow cytometry to detect apoptosis rate of PC12 cells, and Western blot to detect
PCSK9, LRP1, PI3K, AKT, P-PI3K , P-AKT, NF-«B, Bcl-2, Bax, Caspase-9 and Caspase-3 expression, and
ELISA detected AP content secreted by PC12 cells. Results ox-LDL increased lipid accumulation and promoted
apoptosis and AP secretion in PC12 cells, as well as increasing the expression of SREBP2 and PCSK9 and
decreasing the expression of LRP1 in PCI12 cells. pCsk9 siRNA could be inhibited through the PI3K/AKT
pathway and the NF-«B-Bcl-2/Bax-Caspase-9/3 pathway to inhibit ox-LDL-induced apoptosis in PC12 cells
while increasing AP secretion in PC12 cells. Conclusion ox-LDL plays a bidirectional regulatory role in ox-
LDL-induced apoptosis of PC12 cells by inducing an increase in PCSK9 expression and a decrease in LRP1
expression in PC12 cells, which in turn affects different signaling pathways downstream.
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