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[ Z] BRI EPET K (methamphetamine , METH ) %5 5% 5 | 2 1) Bl /R 2% 16 8K 55 (Alzheimer’ s disease , AD ) FEICZE , [
TR LR 1 T TR 200 B MU R R o T ik A B IR IR B 2250, FIHT Western blot 25, %€ METH (030,100,300,
1 000 pmol/L) #8255 [ AD BEJ BRME B e KRR ZE FIRTA (amyloid precursor protein, APP) (R 1L Tau 2 [ (p-Tau) 35,
W45 05 3 TE AU T 50 A 3t P TS APP  p-Tau FiA A . £55R : APP I p-Tau 119 335 B METH A J v 22 1 1] (385 o iy
HE AT B AN ()R o A5 30 AT 5 50 2 - (nifedipine, NTF) BiUJGIFF  J5 , METH 5 2 A9 AD FERCAS B i 3% . 48
18 : METH %55 7] 5 2 AD Jjg FRPE O , LAY 50 3 410 4 70 7T 80 20100 bRtz PRI L 284475 30 T8 W RBAE S %t METH /E R Y -9
B, BATE R T (R

[SE4#iA] METH; APP;p-Tau; AR HLT-; AD FERE
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Involvement of the L-type Ca*" channel in methamphetamine -induced APP and p-Tau
upregulation

Hu Xin"?, Lii Menggian’, Wang Yu®, Jiang Lei’, Wang Jun®, Xia Zhengrong®, Xia Lei"

'Department of Pathology, Jiangsu Cancer Hospital & Jiangsu Institute of Cancer Research & Affiliated Cancer
Hospital of NMU, Nanjing 210000; *the First School of Clinical Medicine, *School of Public Health , *Institute of
Translational Medicine, NMU, Nanjing 211166; *Emergency Department, the First Affiliated Hospital of NMU,
Nanjing 210029 ;°School of Basic Medical Sciences , NMU , Nanjing 211166, China

[Abstract] Objective: To investigate the Alzheimer disease (AD)-like changes caused by methamphetamine (METH ) exposure , and
to elucidate the role of L-type calcium channels in this pathological change. Methods: After primary cultured neurons were exposed to
METH (0, 30, 100, 300, and 1 000 pmol/L) , Western blotting assay was performed to investigate the expression of AD - like
pathological protein amyloid precursor protein (APP) and p-Tau with or without the treatment of nifedipine. Results: After METH
treatment, APP and p-Tau increased in a dose-dependent manner. Meanwhile , with a certain concentration of METH cultured with the
neurons, the level of APP and p-Tau was increased in a time - dependent manner. After pre-incubation with the calcium channel
inhibitor nifedipine (NIF) , the METH-induced AD-like changes were significantly improved. Conclusion: METH exposure can cause
AD pathological protein changes and L-type calcium channel ihhibitor can partially reverse the adverse changes, therefore, L-type
calcium channel may be a potential intervention target for METH with the potential intervention value.
[Key words | METH ; APP; p-Tau;nifedipine ; Alzheimer-like changes
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BRI 7R 2% 761 BR95 (Alzheimer’ s disease, AD ) J&=—Fft
PRI R R 2B AT PSR . H HB-
VEMTFESE F (amyloid B, AB) 3 B2 AR SR Tau 25 1Y
S BEIR S BRI A A YR 2208 AD
) &4 Z R A F BRI R A 05 2] 150 % DA
o B, LR (methamphetamine , METH , /7
PRUKEE) BYIE T . METH ] RERAE T T80, 23
A4 ARFE R {0 METH 2 #5512 AD BERit s, H
AR A8 . DFOT R, 28 LAY R ] 4 05 3 (L
type voltage dependent calcium channel, L-VDCC) Jiit
NI Ca™ AT 5 AR A £, AT E AR I HiT 14
(amyloid precursor protein, APP) %3k I, ABA= ¥,
a2 I P N Taw 25 1 00 FERERR AL R TP
W AR R A neurofibrillary tangles, NFTs ) , iX 15,
B Ca™ 5 METH M 22 FEE CHR 5% . A, A
FEAUH L-VDCC 410 10l 77 i 78 i~ , WL %5 4% 38 3l 7
METH 5 2 AD FEBCE 4

1 #RFEE

1.1 ##

Z# 18 d SPF 2 SD K FUW T 5t BE R R 27 S5
s, IR TN T T8 30%~
50% , i B 20~26 C, I 5245 12 h/12 h, FH HHROK
PEE (5256 sh W8 VF Al IES . SYXK2015-0015, 3
YIS HHIE S . TACUC-1705017)

Neurobasal medium . B27 4 H 3% [ Gibco 22 & ,
RIPA 25 1 24 W Bl 28 Hb - | cocktail 25 1 10 )
# . B-actin HLIAE [ 2 [H Sigma Aldich 23 ], BCA &
M58 5l &0 B 25 E Thermo Scientific 23 7], H 3%
AR [ P 2 R EEIEBE , —$T : APP AT
K p-Tau HiAA  Tau HLiA K A L E Abcam AR, —
YT : HRP ¥R iC /) Goat Anti-Rabbit IgG (H+L) & HRP
Goat Anti-Mouse IgG (H+L) (Jackson Immuno 23 /] , 3%
), PVDF I}z ECL A& )6 (Millipore 22 7, 5 [ ) .
12 7k
1.2.1 RARAZTIEIH

2818 d SD K KR, L SUbe RIS W Sk A0 28, BUG
S, AT B A A K IG 3R B2 i, B T HBSS 8 M, 42
A REEE AT , 203128 100 wm & 40 wm 48 i ) i
THUE, B0, IR 2T IR, 4% LA 2x10°4S/mL () 2
P25 BE 4R, B 3 d AT AR, 5 8~10 RARTHIL
B2 TG, AT AR S5
122 &G i

P 25 0 40 i 28 FR Ny A B 2 5 1 S

i, SR S (1, 2R FH BCA 320 7 2 1A TR EE
FEHATER P HIK . BASUKIE A 30 wg &, FLIK
JE B B S 2 PVDF B, F 5% B A8 0w B 47 3P
—hi4 CiIImRE, PR iR e 2 h, REGG,
# ECL &G A A BIIR A (1:1) , 3518 T
b E TR R R GG AT, TR E AR
NI 2 S /D AN 3 UK, BRI FEAR T & 3K
1.3 %itFFix

BT A7 BOE LA R AR vfE 22 (x + 5) o, FIH
SPSS17.0 A #5475 58 1127 43 BT , Graphpad Prism5 %X
PEATVEIE . 2220 % i OB LR B N 3R Ty 22
MR, 22 40 18] W Fb 315k FH LSD A6 56 % Dunnet
T3IREE, P < 0.05 hEFHAGIE L.

2 & R

2.1 METH # 5 APP & A&k B LAV 4538 i 2 3 7 49
%R

AR METH(0,30.,100,300.1 000 wmol/L.)
iz otz 48 h, FI| F Western blot 24500 AD 7
PRPEEE 1 ABRTIA KR 23 F 2 H APP R IRk, 45
R EIR, 100 pmol/L K LA b ¥ B 1Y) METH 1E FH# £48
JGJE , APP KA I E 3 5, HBE%E METH | i3
APPHE IR IL B, 25 BA G2 L (E 1A,
P<0.05). MWL METH A ER I ZI0)E APP ik
I A PE 4R AE B 300 wmol/L METH 541 2 0l & A
[F S E] 5 (0. 12,24 .48 .72 .96 h) , 45 5 i 7% , METH
AbFEA8 h )T, APPAERRZE T I FRA B E TR, Hix
AR50 TS [F) A0 < T 34588, 7E 2% S 08 B 1 LSRR
BFA] s, 96 hi APP ()RR i (B 1B) o FiRSE
BEB METH L APP 2635 B Rk

E AR, I L 780 505 50 3 AR S 0 o) 390 i 4 Y
(NIF,5 wmol/L) WA £ 50.0.5 h J& , & BL METH {1
FH48 hJ55 [ APP (% LR I 4l (B 10) , #R
LABAESE 8 2 5 METH % APP (3 VEFH
2.2 METH #  p-Tau & &k & LA 4538 38 & 3o
Ve

127 FEBEMR L 1Y Tau 25 F (p-Tau) B AD FEER
AR Iy — EEREE . FRATAYBFSE & B, 100,300,
1 000 wmol/L METH RJ i 25 8 Jil # 28 7T p-Tau 1Y %
FRALFLEE (I 2A,P < 0.05) . T AEARHE 30 wmol/L
METH YE 15 , p-Tau i 5 FR 1L [ AL R Bk L
PFOVER B R MGFZE T . METHAER- SRR p-
Tau [ 2635 Bl 77 B 14 w2 i ek G = o [RIE, p-Tau @
PR Ak 11 e A i s [ 2B 177 90, 22 H 300 wmol/L
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A METH 0 30 100 3001000 (wmol/L) B METH 0 12 24 48 72 96 (h) ¢ Ctr  METH NIF+METH
Bractin ss—— 1 kDa B- aam_zxz Kba g mm_n kDa

4

&
3 * H— 25 820
&3 X 20 2
= A5
- =15 &
o =
g: = = 1.0
=1 5 1.0 .a:g
ﬂ&rﬂ < 0.5 =05
100 300 1000 %H{OC moo
METH 48 h(wmol/L) 0h12h24h48h72h 96 h el Ctr  METH NIF+METH
A AN ) BE (1) METH X 41 28 50 APP 3K (19 521 5 B: 300 wmol/L 1Y) METH 2 22 AN [5] B[] X5 #ft 28 50 APP 23K (1 2 i 5 5 % BRAT A G, P <
0.05,”"P < 0.01(n > 3);C: Western blot SZIa k6 I il 4 F- %t METH 1755 APP %3k ; ST HRZHAN L, P < 0.05; 5 METH S FRATAR L *P < 0.05

(n>3),
1 FEEHTNEH METHIE S APP 5 &KX
Figure 1 METH-induced high expression of APP was inhibit by nifedipine treatment

B METH A/ FH T 0 2 e 4 B AN TRl ) #5.(0. 12,24, 48 hi, 5 METH AL BRZH HL 45, #1850 HP p-Tau ()3
48.72.96 h)Ji7 ,p-Tau KA M 48 h X DI GBI, kB EFER(P <0.05,&2C),
FAL M, Tau £ R IBTRRIN LA E5 R, BA W

k2% (K 2B, P <0.05)., 34 i
L 605308 S0 6 505 M5 ol b 502 6T AD 10 % 43038 T 50 % i APP K

I3 0.5 h, F-K H: 5 300 wmol/L ¥ & i) METH L05  S U057 A4 ABHERUE Wi BIE MR TIE M B p-Tau

A 25 . 5

METH 0 30 100 300 1000 (pmolL) % =0 i R
™
p-Tau s -0---70de e Z
1.0 )
Tau N 70 kDa Hﬁ[ 0.5 H & 1
’ e TR T Al = =
= ]
Bdam—-———_nkm ool L LL L 11 o |_| |—| .
0 30 100 300 1000 100 300 1000
METH (pmol/L) METH( pmol/LL)
- - *
B ﬁ 2.0 A ¥ 2.0 o
METH 0 12 24 48 72 96 (h) = 157 B 151
jusng =
T [ 700 = ] = 1]
il
o .. oo 2 0.5 # )5
. [l <
-actn [ > > %ol 1] . = ool 1L .
0h12h 24h48h72h96h 0h12h24h48h72h96h
1.57 1.5
C Cir  METH NIF+METH ﬁ )
#®
I g
& 7
. T =
Ctr  METH NIF+METH Ctr  METH NIF+METH

A AN[GIE E (9 METH 1 FH 48 h 4RI Z8TT Tau (192 X FIBERR AL LI ; B2 300 wmol/L A4 METH % 5 A 7] Hsf 18] % 41 2870 Tau 1Y 38 FIBRBR 1L 5%
Wi 5 C : Western blot SEESAGINAE 1% METH 5% p-Tau %35, SXTE4IAHLL, P < 0.05; 5 METH AL BRAIAH L ,"P < 0.05(n > 3),
2 FHEMEHIE METH %S Tau K%

Figure 2 METH-induced Tau expression was decreased by nifedipine treatment
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I EEBRIR AL [ NFTs S B 2 FIbE AR .
98 N, AN N Ca™ RS S ml (il AR AR L ™,
S % ADFERRAS . [A]HH 2 o0 AN Y 1 Ca® HE 28
NS5 T NFTs IE AL, BAHSCHIFST IE B vk i
FIEE Ca> 22 3F Tau AT BEERERR AL, JEZ R NFTs,
WA ot 5 ek s fn ol fE . (RS RS
R RERSEH T METH 51 i #2845 o H o6 F
AD 955 BEE SR 11 APP Fil p-Tau R A AR, T
BRI T % , METH 7] 5 |2 0 28 7020 A P 455
JE 3 v, S AN AR P A AR AS 2L, ki 5 RS A
ZOCRAT . e AR A R LR S T 1)
il 4% 1l S 1] A5 A4 BRI METH 5 |6 14 0 28 T 0403
BT FROIE, RATR B, METH 285 RS I T
AD FETHE AR, FRIN R AB T4 BRI B 1 APP
Foik B, p-Tau BERR AL 0 &3 & . (HAE IR R,
L RIE0 T 3 2 52 5 METH 5 |8 (95 B 5 1 s
ISR

Ca” &ML 30 Af BT 20 R v sk i 4 5,
VE RIS 5 b —Fh EZ R A5, 2 54
5 40 e P 7 0 A B A L R T - LR AR S
[T R U2 A F EREE I SN o SR ] P
Ca” i AN 258 3 L-VDCC, ‘B S H A 25 4
T P e L ) — I AR, SRR U e 2 UK
RVEESEE , FL 12 A TS 4 2 0 M A R 2 ik
JE I, 2 55 T Bl AT R L-
VDCC AT 1 41 i N A5 RS R i 55 AD A 42 2R
LRI S MR TR AR B YA SE™ . Chan 26
(ARIFE 2 BH , L 75005 300 3 BELS 751 T DA R RIS 40 i
NEARN s NI L 22 BRIz L i

Gant " PIT7E SRR A7 1 2459 FK506 25 6 88
1 FKBP1b (5 235 F/N B S ph 2 0)5 , vl 53 i
HHAFERNRSFEERES T W AINAGE N T
R o 1T e T A —TUAHE 5T Y, Zhang 2517 R F 38 57
FB, RBGTHURBRAEA SR ABIA TR M2 R 1
IRl AR, 24 177 B A 22 o vp L AU A 3 3 5 | Ak 11
BB R BB IA AD FERG AR BIVE T, (75—
142 , L A0 605 370 3 8 o0 70 ] B IR 5 B SR R 11 e 28 4
PR, P78 LAVEGME AR5 R AD AEAE o R H5
B . W SIATHIF I E5 R 5L, BV METH
S AD 5 BEE 1 APP B2 p-Tau i 5 L&Y
U5 3R T 13 | A ) SIS PN A G, RN R A R b A
J&i ,METH 5 [ APP J% p-Tau 1) 5 F 5 L4 B 5 1%
T, P2 /R EEASASBEIR AT A S METH 5 & #2835 14
) —ANTRAE T T3 [#) , 1 1 B0 4538 318 1] > METH £

TR AR, AR ECh R E L, T
AN T AR B 2 T i Z AL 9T Y
WEL L5 S8 APP % p-Tau i 18, FL 5 8000 05 P27
RONAT s E S AT S o b g — 2P B Uk, T METH 40
o] 53 APP f2 p-Tau 94, B B AR R A AR dn
] KA X} APP K p-Tau B9 VET5VE FH , FHALHIAT A 1
iR G EEIATR S EaR R, i — 25 1 iA METH
51 AD AR R R B AL
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