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[EE] a6 HiTRaE2ies 1A (ASV-1) BT A2 iR 4iHE SH-SYSY B-IEMFEE I (AB)
FIRAYFEN , Fok WIS 40 Vero §714 HSV-1, MIEKaEEMIE . BURYLE % (MOIL) K 10 i 3.2X10°
PFU/mL HSV-1 43 5il/g&%% SH-SYSY 4Hff 12, 24 h, WHEE F UL SH-SYSY 4484k, ffH PCR 40
o HSV-1 DNA {31k ; MEGRETIERN SH-SYSY A AR fZRIEE M E (ApoE ) HYFEIA; R 5 BN LA
TEMFESE FRTIA (APP) | BEREE (MME) | ApoE. B4 i EHERES 38 (GSK-38) . WERRILKE R4 A AL
fiti 3B (p-GSK-3p) EFMIFIE, 4% HSV-1 %Y SH-SYSY 400 12 h 5, 55 F Al WWAnf s iyl , St mi4s; J%
YL 24 h G AT IR REE, RIFDE, IFA M. S8R g ik (PBS) XJIEZHAHEL, HSV-1 2% 12 h J52iiErh
AP Tk (P<0.01) , ApoE & HFRIATCIWEkAE; YL 24 h J5, AP FRibEm (P<<0.05) , {H55T 12 h A
(P<0.01) , APOE EHZFEHM (P<0.01) . HEFENESHIE R M R, 5 PBS XA LA, HSV-1 &4t 12 h
JE iR APP 2R PR IE KRR (P<<0.05) , GSK-3B EEE IR E/AKFHE N (P<<0.05) HBERR LIS HEiEsR
(P<<0.05) , MME Z& IR AKFEHIN (P<0.05) ; JB&4% 24 h Bf MME & 1 FREKFR#IE (P<0.05) , ApoE
FEAMFRAARTIEM (P<0.05) . £+ HSV-1 BEHIES SH-SYSY 4 A FibH, #EEL 12 h i) Al fgiE
ETE APP {5, GSK-3B Ser9 Mg ki S A F=4:, TMirE 24 h i 2Rt M b AP BEFAFALFE AR Ik,

[REIA] Haizping 1 AL BI/RIQEENE; EMAEEN; FIEEN B; IEMFEE AR

[FhE5>2S] R 749.16 [ EFRERD] A [XEHS] 0258-879X(2018)10-1109-06

Herpes simplex virus type | induces f-amyloid expression in human neuroblastoma cell lines SH-SY5Y

XU Juan, ZHANG Li-hang, GAO Jin-chao, ZHAO Wen—juan*, YIN Ming*
Laboratory of Neuropharmacology, School of Pharmacy, Shanghai Jiao Tong University, Shanghai 200240, China

[Abstract] Objective To explore the effect of herpes simplex virus type I (HSV-1) infection on expression of
B-amyloid (AB) in human neuroblastoma cell lines SH-SY5Y. Methods African green monkey kidney cell lines Vero cells
were used to amplified HSV-1, and the virus titers were measured. SH-SY5Y cells were infected with HSV-1 3.2 X 10° plaque
forming unit (PFU)/mL at a multiplicity of infection (MOI) of 10 for 12 h or 24 h, and the morphological changes of the cells
were observed under microscope. PCR was used to detect the expression of HSV-1 DNA. Double-color immunofiuorescence
assay was performed to show the expression of AP and apolipoprotein E (ApoE). Western blotting was used to detect the
expression levels of amyloid precursor protein (APP), melanin metabolic enzyme (MME), ApoE, glycogen synthase kinase-
3B (GSK-3p) and phosphorylated glycogen synthase kinase-3p (p-GSK-3f3). Results After infection with HSV-1 for 12 h,
the SH-SYS5Y cells had synapse reduction and neurite retraction and few neurites. And after 24 h of infection, the cells began
to aggregate, and were round and shed. Compared with phosphate buffer saline (PBS) control group, the expression of AB
was significantly increased after infection with HSV-1 for 12 h (P<<0.01), while the expression of ApoE protein was not
significantly changed. After 24 h of infection, the expressions of AP and ApoE were significantly increased (P<<0.05), but the
expression of AP was significantly lower than that on 12 h of post-infection (P<<0.01). Western blotting analysis showed that,
compared with PBS control group, the expression of APP was significantly decreased on 12 h of post-infection (£<<0.05), and
the expressions of GSK-3p, p-GSK-38 and MME were significantly increased (P<<0.05). However, the expression of MME
was significantly decreased (P<<0.05) and the expression of ApoE was significantly increased (P<<0.05) 24 h post-infection.
Conclusion HSV-1 infection induces the expression of AP in SH-SYSY cells through promoting APP metabolism and Ser9
phosphorylation of GSK-3 on 12 h of post-infection, and inhibiting the degradation of AB on 24 h of post-infection.
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rpaif iz e [ A (herpes simplex virus
type I , HSV-1) J&— ¥ i £7 7E 1) Wg b 28
DNA Ji 8, #] DL (R 78 1 32 40 200 b o 30
Sl AE, A FEYNIET . B R 2% 2R
( Alzheimer disease, AD) J&—FF LATAJN RS |
AR5 Sy 32 B R R B A A 7 1 A AR AT
Wi, MR B-TEMAEEE T (B-amyloid, AP)
FRRIE WL 2 AR BE RN AL N tau 25 3 B i R 1k
T BB 4 2 A1 25 Sl AD B E B BRERAE .
WATI A AT B, HSV-1 JRYL ] fELINEH AD
B BEAE SRR, BEm HSV-1 7 F 8 AD AYX
G 7E AD AR, 90% AYEAFBEMIE A
1€ HSV-1 DNA, 72% M55 H)%N7 DNA A
KB, AB 5 HSV-1 R ¢B HA—E M HR)T
5, WFFEIACR, HSV-1 JBen LIF AN AB A=
B, HSV-1 8 mk T 1 S v M R BEE LA 1Y
HFEFELE AR FIUTEPL, (B BIEIAN AR TE
XL HSV-1 J&ye rh SRR R

AD B FMiN K HSV-1 DNA S5#I§EH E
(‘apolipoprotein E, ApoE ) LK UL, ApoE
F1HSV-1 Al RELEAN ML R fi A3 HAERH . ApoE
M HSV-1 155 2K 85 G Adifns, #2%S
Y R AR R T R B 1 24 (heparan sulfate
proteoglycan, HSPG ) /+¥456G, B HSV-1 &5
ApoE o4 4l iR 1Y HSPG 43 ¥, TMiAEIEH
Al ApoE WYE HZ5 R T456 EARTE, M
P —E 2T AR ST A HS V-1 B
SH-SYSY 4l 12, 24 h JEHCEAMES, HiT
HSV-1 &Y% 5 AD &l ERYIKZR .

1 #EFT %

1.1 #HE £2XA5 AR F 40 ( Vero 4
M) . SH-SYSY ZiffL e [ o Rl B fml 5 57
YR ZE A2 A, HSV-1 /[R5 R E 4
T NRERE L FEER I . R4 M7 (fetal bovine
serum, FBS ) . DMEM 33, DMEM/F12 ¥
FRIE | HER-HEEE NP H 3EE Gibeo 2AH]

i ApoE itk (ab7620) . it & o iR
(NeuN) $ifk (ab177487) . R¥i HSV-1 i

[Acad J Sec Mil Med Univ, 2018, 39(10): 1109-1114]

1 gC Puikily HI¥E[E Abcam A+ ; FRHT NeuN #T
& (MAB377, 1:200) I H3ERE Merck 22 H];
YT AB, M FEEAPIA (MOAB-2; NBP2-
13075, 1:250) W4 H3ERE Novus A F]; HRPLIEK
FERTARZE 1 (amyloid precursor protein, APP)
& (21204 ) g [ PEE SAB A ) SdfiBimR AL bE 5
A NS 3B ( phosphorylated glycogen synthase
kinase-3B, p-GSK-3B) $ifkily HE[E CST AFl;
Alexa Fluor 594 #ric FIPT R GIEEREF G, Alexa
Fluor 488 #ric MU St Bk 4 G. Alexa Fluor
488 PRICHIPLERAERRE M G Ot hily A 3£
Invitrogen 2> A ; WiE & B ES 3B ( glycogen
synthase kinase-3f, GSK-3B) . NZ B-IlshEH
( B-actin ) SARR — 4T A s = A DH ARG BRA
Ao A RO R S A 55 E Millipore /A F .
1.2 Vero Zmftls SH-SYSY Zmhe3zdc Vero Zifil
FH& 10% FBS B DMEM 1553, SH-SYSY 4
FHE 1% HRH R Z NPT, 10% FBS ) DMEM/
F12 85550, ¥WHET 37 C. 5% CO, il Fsa
WL SR, RRAIMKE, FIERE, H 0.25%
JERE AL ARG, 1 3 R,
1.3 HSV-1 89 ¥ 5@ EnE % Vero 4K
2 80% A ATIT SRR IR, A 100 pL HSV-1 A&
T [5X10° 23 B A ( plaque forming unit,
PFU ) /mL]FIIE & JC ML 85 Rl TR A P E
1 h, &R 20 min 528057 70 DI 75 70 7 F fi
MM, 1 h JEFEE R, AT 3% FBS B4k
FRERFE 48 h, TR40ME B0 A B A% 400 B A8 55U
( cytopathic effect, CPE) J5WtdE i . TR
AP 3 YOREE, T80 C vKAE R B kAl
3, DMEFRAEY#E, 300X g B0 5 min, B
WOrHARAT . T 96 FLAHFEAT HSV-1 R E
A3 B R 3.2 X 10° PFU/mL.,
1.4 HSV-1 B SH-SY5Y #mfe  HU SH-SYSY 4f
Mok 4 4. DUl 3.2X10° PFU/mL Y HSV-1
JEYL SH-SYSY 4iffl, J&YEE (multiplicity of
infection, MOI) 4r5#&m 1. 10, 20, HI N
1 MOI 4. 10 MOI 4. 20 MOI 41, [ Eh
ZZ vk ( phosphate buffer saline, PBS ) XJHRZH ., H
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AbFXPBUE K WIR SH-SYSY 40ft, Wikl i,
S AEEFL 2 X 10° A AHALIY % B Fh T 2 A
FRASHEAY 24 FLAR . AEFL 1 X 10° A0 M Y %5 J b
F 6 fLi, BT 37 C. 5% CO, AR FE4 b
MIEFE. 24 h G s gil, TICMIE R mss A
1. 10, 20 MOI HSV-1 &, &Y 1 h J5 7k
B, A 3% FBS M4ERRR > HIR55% 12, 24 h
JEATIRERss, MHAHRE 3 ML, B Fg
SH-SYS5Y 4B 4A84k . B Ll , 17
PCR %5 A MNA T HSV-1 DNA AYFEik. HSV-1
DNA Fi514): 5’ -TGG GAC ACA TGC CTT CTT
GG-3', Fif54¥: 5’ -ACC CTT AGT CAG ACT
CTG TTA CTTACC C-3 5 347~ K N 147 bp.
1.5 %J% 3 k4 m HSV-1 &% )5 SH-SYSY a8
¥ AB A ApoE £ix % 1.4 Wi F ¥ 10 MOI
HSV-1 /&% SH-SYSY 4iijfd, % PBS X}, 12,
24 h JEHGE 24 FLbk, FFREEFE, PBS Uk 31K,
FIR 3 min; 4% ZRPEEEEH 15 min, PBS
YE 3 ¥k, 0.5% Triton X-100 ( PBS Fifl ) B 15
min, PBS ¥k 3 K. A 10% [L2FEil i T
B 1 h, AR, IA—Pi 4 C KFEREE L
o e—¥t, PBST ¥k 3 K, IMMAZOL Izl
BEE 2 h, B 4T, PBST Uk 3 WK, filA DAPI 4t
EIEE 5 min, PBST ¥ 3 K, HBLZOEEIH
R, FUOCRMEE TR I gty
o BRI FRATR S8 — I 1 B AR [A],
Mk 8 B f, A REHLEEE D 10 5KE
R, BEREGE— B LER X SN ] Tmage) AR50 Hr
Hge 0%

1.6 E& R ikAm HSV-1 B4 )5 SH-SYSY Zaht
F APP. GSK-3B. p-GSK-3p. ZZ/Xi#t# (melanin
metabolic enzyme, MME ) . ApoE &ik % 1.4 T
N H 10 MOI HSV-1 j&#t SH-SYSY 4ifig, %
PBS Xf 841, H RIPA 24l 24 dE UL 12,
24 h J5 /) SH-SYSY ZHAE S8, RH BCA il
EREAWE, AR EAL 30 ng, 17 ke
T 2 M - SR8 TR 4 T 58 F P K i T B 280 R Al 9 £ 0
B, A 5% 4 MiE AR A EREA 1 h, A
—Pi 4 C WEAE, FM—Pr, TBST %3 X,
K10 min; MABR i A0 B 10 A AH R T
FIRHE 2 ho TBST ¥k 3 Wk, b2kt iy,
I8t Imagel BAFIEATIKIEE 53H7 o

1.7 %it5 42 )i GraphPad Prism 5.0 # {433t
gt . ITAEHRHIUL x£5 £, dE
BRI R I 225001 KakkifE (o) i 0.05,

2 # R

2.1 HSV-1 B)5 SH-SYSY sty e hE 1
A[ L, HSV-1 35 SH-SYSY 41fg 12, 24 h
Ji, HSV-1 24 10 MOI Ff4ififi HSV-1 DNA £ .
FFik, ik, P 10 MOT HSV-1 17522525 .

12 h 24 h

HSV-1 DNA
(147 bp)

1 B HSV-1 /54808 _EiE§ HSV-1 DNA RiXx
Fig1 Expression of HSV-1 DNA in supernatants
HSV-1: Herpes simplex virus I ; M: Marker; MOI : Multiplicity

of infection

10 MOI /) HSV-1 &%¢ SH-SYSY 4ififd 12 h J5,
i T Al WA 2 T IR, HA B SR
|45 &Y 24 h J5 IR A BB M SGEAE, H
MR, BIEE, I . WK 2.

Control HSV-1

12h..
2411..

B2 10 MOI HSV-1 B3 /5 SH-SYSY 4RAaH)
005
Fig2 HSV-1 (10 MOI) infection inducing morphological
changes in SH-SYSY cells
MOI: Multiplicity of infection; HSV-1: Herpes simplex virus I .

Original magnification: X200
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2.2 HSV-1 B ## % SH-SYSY #mje & ik
AB 10 MOI i) HSV-1 J&4L 12 h J5, sy
RS I i AP FHMEGE (K 3A) , HY
XTRAZHAH L, HSV-1 ERYLLHANAEH AB AYFakHEn
(P<0.01, & 3C) ., HSV-1 8L 24 h J5 AB BHE
gufn FEAED TN (BI3B) , AP KK 12h
WA R (P<0.01) , {HA;% X84 &
(P<0.05, K 3C) .

AP NeuN DAPI Merge

Control

A

B
80 [ Control
l HSV-1

AR intensity
SISO

o S S o
L*
i

R
= g
>
@)

12h
B3 10 MOI HSV-1 xS SH-SYSY 4hAE
AB RIZHIZN0
Fig3 Effect of HSV-1 (10 MOI) infection on Af
expression in SH-SYSY cells

A: Expression of AR in SH-SY5Y cells on 12 h of post-
infection; B: Expression of AP in SH-SYSY cells on 24 h of
post-infection; C: Statistical analysis of immuno-intensity of A
in control and HSV-1 infected group. HSV-1: Herpes simplex
virus [ ; AB: B-Amyloid; MOI: Multiplicity of infection;
NeuN: Neuronal nuclei; DAPI: 4°, 6-diamidino-2-phenylindole.
Original magnification: X400 (A, B). "P<<0.05, “"P<0.01 vs
control group at the same time point; A4P<0.01 vs HSV-1
group at 12 h. n=3,x*ts

2.3 HSV-1 B3t SH-SYSY Zaft. ApoE & ik ¢4
#vh 10 MOI i HSV-1 J&%% 12 h J5, SH-SY5Y 4
firh ApoE )ik 5 6 BRALH L 25 7 08t 112+
B (P>0.05) 5 Y 24 h 5, ApoE KA
WA (P<0.01) , WK 4A~4C, FpEde ity ass
R (E4D) WS, HSV-1gC & ApoE &1 5
RETEMMAZ A FL, P sttt e R HomT fig
FEAER, 520 HSV-1 B AT AB 1936k,

2.4 HSV-1 A4 APP, MME. ApoE % & & ik

% GSK-3B Eteidf HEEEIBEER (K 5)
WoR, SXPEEAL, HSV-1 Y 12 h fa4ie
APP FEFARFRIAAKFEFEME (P<0.05) , GSK-3B &
E AR (P<<0.05) H. Ser9 vk
TEPERGGE (P<<0.05) , MME %5 A2 A7KFEH
(P<0.01) ; J&Y 24 h J540ff0H MME & Y%
IRIKPRER (P<<0.05) , ApoE i R IAK T
i (P<0.05) .

ApoE NeuN DAPI Merge

A

B
50 * %k

[ Control

2
z 40 W HSV-1
.LEJ 30
= 20
2 10
< C
0
12 h 24 h
HSV-1 ¢gC ApoE DAPI Merge

----D

4 10 MOI HSV-1 Xt SH-SY5Y Z8AE
ApoE FRiAHIF M
Fig 4 Effect of HSV-1 (10 MOI) infection on ApoE
expression in SH-SYSY cells

A: Expression of ApoE in SH-SYSY cells 12 h post-infection;
B: Expression of ApoE in SH-SYS5Y cells 24 h post-infection;
C: Statistical analysis of immuno-intensity of ApoE in control
and HSV-1 infected group; D: HSV-1 gC co-localized with ApoE
protein in perinuclear after HSV-1 infection. HSV-1: Herpes
simplex virus I ; ApoE: Apolipoprotein E; MOI: Multiplicity
of infection; NeuN: Neuronal nuclei; DAPI: 4°, 6-diamidino-2-
phenylindole. Original magnification: X400 (A, B, D). “P<<0.01

vs control group at the same time point. n=3,x*s
31 it

HSV-1 HFERZE DNA f5#E, AJ7Eh s
RGPS IR, HOE B 2R As, o]
TEGPEMC TG T k. BB, HSV-1 &
Y55 AD (R K REDIMISE, HnT LS
i BRI RS BRTSET HSV-1 540t
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RAMIFSY FEAE T RS TR e Re T 41,
ARSI SH-SYSY 42 R A i 4 i mT DAL
MZIG, SMEoote A YEMIIReRE E A2 M

12 h 24 h
Control ~ HSV-1  Control ~ HSV-1 M (X 10)

ApoE—| Fa 3 g | u— 33-36
MME«I-T‘ B Lo
APP—FI S - 100-140

WU, A TR 2T AR L, EX TR R
SAFER AP

L5r O Control M HSV-1

APP/B-actin

0.5F

0.0
20
1.5F
1.0 f

(GSK-3pB/B-actin

0.5F

0.0

1.5

\poE/B-actin
=

(=]
W

« 1.5 2.0
&«

X £

& 10 2

A =y

r'l*. m

M 0.5 >

a =
=0.0

skk
. 15 .
< '
r. - ﬂ |
12h 24h 0.0 00

12h

%
24 h 12h 24 h

B 5 HSV-13%f APP. GSK-3f. p-GSK-3f. MME. ApoE FixaISMH
Fig5 Effect of HSV-1 infection on expressions of APP, MME, ApoE, GSK-3p and p-GSK-3f in SH-SY5Y cells
HSV-1: Herpes simplex virus | ; APP: Amyloid precursor protein; GSK-3B: Glycogen synthase kinase-3B; p-GSK-3f: Phosphorylated

glycogen synthase kinase-3B; MME: Melanin metabolic enzyme; ApoE: Apolipoprotein E. "P<<0.05, “"P<<0.01 vs control group at

the same time point. n=3, X+

HSV-1 {244y it #2244 . e i b7
HLZFEEA, BEEH gB. gC. gD, gH. gL ¥
Z SRR Y. gB Ml gC HE AW LIS
B SR R REAZHS T4 S,
MR HE gD 2 15 4 iR H 1R S 2 IR S
T fich 22 6 R AL S A B R A, AR BB R A
At

W B, AD B REH HSV-1 F24)
£i T AB BEBRFFHEY, H HSV-1 gB EHIH5 AR A
—E R RIPENE, XA HSV-1 AT RERZ M AB
(Ko KN AB K- RT 234 AR A
REFR G SRR . M L APP A5k B-43- R it Al
o-7r WS DIEIE B AR IR R4 Ah, —Rk
AR S X 4 B K405 (A Zead B-40 Wb il
N y-or WA ESETIE], WS 8 AByy X ARy, 1Y
RB, T ARy, B St i AR BERIRRIE AL, i
AP R A M FEYE . MME AT LR i
PR TR T E DL R 45 AB K.

AWFFE K& HSV-1 JE&s SH-SYSY 4Hfifl 12 h J5
AB HEHLEIBHIN, 1 APP £ A AR IBRFAK,
[F] i} ApoE & MFAE T Wk, HERYL 24 h
Jii, APP FEMHFATCIH AL, 1 ApoE [ #&ik
BN AP A FIAEOT AL BA PN, (HARE:
12 h BFEI TR, AR TR R MOAB2 M5k
EIXE AB B 1~4 (S SEIRARIEAPTA, 1 HSV-1
eB HHS ARy, WFTRPERE Ny 22~42 i &5t
BR", Rt AR Fk Ay A&l THYS HSV-1
FAER N . X 4ER AR FikFHE I g5 HSV-1
J&YY . ApoB HEHEIEA K.

DITERFSE K, HSV-1 R &0 )G — 7
23155 APP RG], S350 AR FIH Al 25 8¢
PE R BEE 2 oa g o R H PR A Y 1 g
APP 0] LIS AE HSV-1 #EARZIT I, T
MEAKEG AT GSK-3B BI¥% 5%, =5 AP IR ;
Fi—J7 1, HSV-1 "] LG GSK-3 HAsi i i ik
M EJRZICN AB IRIE", APP Sy —Fh 5 5
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I, GSK-3B LI APP Ry FRE, BT
VMR LT, MIMESE AR A9A . AT
FLE B HSV-1 ,Jv 12 h J5 APP H Y RIKFE(R
(P<<0.05) , W] HSV-1 7EJ&YL 12 h Wit 5%
M) APP AR AR e e AR 77 AR, T AP HYHG
Za] LIS MME (#3635, GSK-3B Wiz fkid
SR, OTETE T RE, NI 255 B 38 2 TS R 48 iHE A T
L el YL 24 h P APP. GSK-3P HE I HYE I
ﬂ'ﬁﬁlﬂﬁﬁ“ﬂc MME & I RIKFEAL, 7Rty
HSV-1 F2OE 5 m H et B mfE o Ap 55hn, it
i ApoE &M N, A5 HSV-1 a4 K%
A&, Bl HSV-1 HEA4IM, M58 AR 3R3555
TIEYL 12 h i),
Mz, AR FEY HSV-1 Y LGS
SH-SYSY 40fifl AP FEihihn, By 12 h B A %
ikH S {Ei APP P UM G, AT REEIE

150 GSK-3B FOTEAL TN AR ik ; ke
24 h By HSV-1 A GE 5 52 J0 i) FLRA A 1 A 1 i 1

AR Bk, UL ApoE fEHFRiAN M, HiTHE

5 HSV-1 e diffikimaz i, Jk> HSV-1 #E A4
ML, S35 AB Fiks TG 12 h i, XH

PE—25 B HSV-1 f%‘ﬁ AD KRS $EAE TR
P, HATFHLHA T — 2 S5 50k

[Z % X #f]
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