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[(HE] a4 PLETHERTE 71 B (enterovirus 71, EV71) Z Ifil i i B (blood-brain barrier, BBB) BIH ML, &
¢k IR A P9 B2 40 M Chuman brain microvascular endothelial cells, HBMECs) # 37 & 4 BBB 8%, R J§ EV71 5 bR
4t HBMECs, JF 8¢ 8 B 1 % IR, 3l 3 08 25 2% W88 L 00 32 98 O L 38 A i B8 M 55 i 98 0 78 it PCR J7 B R 1T EV71 B A7 B 4
HBMECs, B R AT AW EVTL G S HBMECs 22538 m@EHE, 4% EV7 RGBS HBMECs M40 ik
ARV AT L EV71 HUIRA (986 Rk K HA N 20~30 nm B EV71 BURL A7 16, SE 0 56 )t 2 & PCR JF¥EiESE EV7L g 1
HBMECs 4 & il , A [l 8] K - 22 5 ST 2 8 X (P<<0. 0D, MUY EVTL G R X IEH L, AR 1WA BN, J N B 22 HE
GIZEHL MM I 2 R M % . % AR KIEW EV71 AT U Y HBMECs JF & i, 9F H. T LU 5 3 4
HBMECsH B 22 # .
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Enterovirus 71 infecting human brain microvascular endothelial cells: a preliminary study
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[Abstract] Objective To explore the mechanism by which enterovirus 71 (EV71) crossing the blood-brain barrier
(BBB). Methods BBB models were established by human brain microvascular endothelial cells (HBMECs) in vitro and were
randomly assigned to control and EV71-infected groups. The cytotoxic effect of EV71 on HBMECs was examined by
morphological observation, immunoflurescence, transmission electron microscope and real-time PCR. In addition, the
cytoskeletal alterations in HBMECs were observed by laser confocal method. Results EV71 infection could lead to cytopathic
changes of HBMECs. Immunofluorescent staining confirmed the presence of EV71 antigen (red fluorescence) and 20-30 nm
EV71 particles in EV71-infected HBMECs, but not in mock infected cells. Viral replication in HBMECs was shown by real-time
PCR in a time-dependent manner (P<C0. 01). EV71 infected cell lost the normal morphology and polarity, with disarranged
actin filaments. Conclusion For the first time we prove that EV71 can infect HBMECs and can replicate in the cells, and can

induce cytoskeleton changes in some HBMECs.
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W 38 9% B 71 M Centerovirus 71, EV71) J& /)
RNA 5 8 FH 7 i 9% 5 J8 5 A, J2 F 2 0 (hand-
foot-mouth disease, HFMD) i) 3 Z A& YL 5 = — .
EV71 BEY T 51 & HFMD Y Iifi JAE IR 5 #5245
WTE AL6 B (CAL6) %Gy il R 3R B0 — R HE DX 1]
B EV71 YR T 51# HFMD LISk, iR fERE 51
TR B I T I % R R R B A R R U A5 2 i
5 2 Z G0 AR OG0 B g L 7 I ) e R A At
EV71 AR &Y rhAX #if 28 R 48 (central nervous sys-
tem, CNS)BYHLHI R WE R, K, KB EV71 &
CNS WO HLE X FBiiE EV7L 8 CNS %R 2 X
EE, WA AN L EVTL #F A CNS 1] fig 8
it 3 P& AR . e EE B o A I ZE I K BE B (blood-
brain barrier. BBB) Sl i il 28 38 iz i A7 L 1k
# R Trojan horse” J 2 1o Jgk YL 4 8 40 Jfd 1 F
A CNS™Y - Hod BBB 58 # P 1 & K #A o 2
EV71 B&4s CNS G 41 2805 4 1 — A~ 2R B LA
EV71 583 LM R AL 28 44 BBB i R WA E ,

AT R N BI04 P9 B2 48 Bl Chuman brain
microvascular endothelial cells, HBMECs) & 37 {&
A It i BB L >k AT E HFMD B35 1 EV71 43
BT R bR ¢ HBMECs, ¥L%¢ EV71 5 HBMECs
FIAREAE 53T EV71 5° BBB AR CHLH]

1 MEFTEE

1.1 ## A HBMECs 3 Erg K% Sheng-
He Huang 28 s RD 4 g By ) 45 44 5 55 19 5 42 ol o
DR FHE HE EVTT 3 bk (KC122766) 2k A T b
RiZWi b FEAE HFMD B E 1 EVT1 50 85 % 0E 54K
DH5a 4 A S8 % /47 ; = B DMEM 15 57 308 A
Gibco A s it EV71 ZFikEdiiA  PE 400 4t
B 1gG Pk W A db 50 B8R A= W B R A BR 2 FD
Flurorescent Mounting Medium with DAPI 4 A 1k
RGN AR A RA A 2P 36 ik
(cytoskeleton) W [ I ¥ BR i A& W) B 4 A BR A WD 5
DL2000™ DNA #ric# .pMD 18-T vector,One-step
RNA PCR Kit (AMV) BamH [ |50} 5%E & PCR it
F &M B Ki#E TaKaRa A H] .,

1.2 EV71 B # HBMECs # @ e % & 5 9 &

enterovirus 71; blood-brain barrier; human brain microvascular endothelial cells; cytoskeleton

[Acad J Sec Mil Med Univ,2014,35(3) :240-245]

a6 FLAN A HE IR AN B AL EERD 2 mL 5X10°/mL
HBMECs, K & 10 % FBS i4 K SR mbs 9%, 2440
JfL 3R F] 80 %6 ~ 90 ¥4 fill & B 0 45 4w A K B 35 WL LG
HALEALINA 1.5 mL % 2% FBS A9 4ERER: 752, B
A 0.5 mL &Y & B (multiplicity of infection, MOI) =
519 EV71 05 8 2 W, I DA I 422 o 2 I 18] 5 0 a5
TCEE, A BIAE S 8.16.,24.36 /NI INA 0.5 mL EV71
TR RE TR 2B R e, X IR ZH AL U [R) A FR 4 1 5
W, SR TN AR 3 38 ' 27 B Sk BEAT W8 L AN TR B
A% ] 2R FH TR B4 A0 R A% 250 5 A ] 8 ' i) 47 R

1.3 HBMECs ¥ EV71 R 69 &k 54 2 mL
5X10°/mL HBMECs 35l ## 2] 2 4~ 35 mm® 41 jg
FFRILA L2k H MOT=5 1 EV71 &% HBMECs, Jf
DASE 75 AR s T B AULER L A g X B A R e 24
h J5 R 15 3% W W, PBS R VEY 2 LR G
T 4% 2 R BB E 30 min, PBS Y% 2 K,
0.5% Triton X-100 fE 15 min LABE R, PBS [A I
Ve 2 ¥K,0.6 mL 1% BSA 7 55 5 32 MUEH 30 min
DU R R S B s, B RE SR ILIMAC 200 wL JH 1%
BSA BB Rt EVT1 2w BEHLIA (1 : 300),4°C
RS 18 h, PBS WE¥JE . &L 200 L (1 : 100)
1% BSA #ifeiy PE L8010 F 40 1gG Bk = IR B
H 1 h, PBS VEIF)G . BILINA 2 i DAPI $1756 7%
FARFN G % 5 min, R 20 3088 WL 58, A [] B AR
TE4) SR ] [R] A6 Tk A A 20 5 A [ B D' B[] 471 B

1.4 HBMECs ¥ EV71 #4028 & Mg Ok
KR 1 HBMECs [ 1 gk g, %o BR 20 [7) i 452 400 gk
Y, B 24 h R AN, B0 R 2. 500 N
B2, 1 Y0 4k IR R 5 [ L 6 B 2 I B K L L L T
Yl R 785 5 B 85 (H-7000F A, H LA D F %L,
1.5 HBMECs A EV71 RNA # N # % & % &
# $5>x10°/mL HBMECs LA%EFL 0. 5 mL Rl 7E
24 FLAR Y 12 FL GBI 12 Lo 28 F IR L 35
F& 24 h, AR IR F) 90 %6 25 A7 Rl G B ] 4 A 4 SR
WL EFLMA 1.5 mL & 2% FBS M 4E 585 552 W, &5
LR SR L I AR R 445 35 52 W . W HTR A EVT7L
&Y HBMECs, %5 [ X BfL A & fL i A [\ FE 1Y
EV71 955 8 2 W AE 0 BIPE X IR LU A 4 45 3 B[]
KON STFRICET .6 d N ARERR 24 b IZER 500 L B
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B TREE R 2014 4E 3 H LA 35 &

I LIS WA T —70°CUKAE & AN T A FL W,
ASEFIE] R BREE 3 AN L. AR I RO Y O HE
RNA % H] Total RNA Isolation User Manual Nu-
cleospin RNA &7 & (Macherey-Nagel , 8 [# ) $£ B ,
o o 1 £ ) R ol R 7 B RNA #8 DU o 22
HRAE SCHR 1007w o

1.6 HBMECs &% /5 @ F % 5640 2 mL
5X10°/mL HBMECs £ ] 35 mm’ Ot 3 57 1L
LR MOT=5 ) EV71 J&% HBMECs, I L85 3%
ARG LB e 1 o R, AR YL 24 h S
B 5L 3E WS . PBS (pH 7.4,0. 01 mol/L)
FUEW 2 WL AR TR A 4% 2 3 TP I E 10
min, | PBS B 3 WKW T K18 H 1%
BSA Zi&E 4] 5 min, PBSIEUE 3 X, MMA 100 uL
10 nmol/L % FHH- Bk, % il L 20 min, PBS
VRIS WS S g A R, SR T O6 3 R AR I ROBE

(Zeiss510) JEA% . LA 545 nm # & 6K I 2 7B A i
ZLEAEG AN R 20 W] SR 58 & — B8R & 50 2 50k
B DU IE A 1 BH AR S 2R B

1.7 %itzaz SRHA SPSSI13. 0 Bt i 51t 4
Br. EV71 &% HBMECs BH At B8 FL 5 B2 %t B AL
PR EVTL #5 DR AR A~ A R R 19 07
2T R L, o4 s Fom KK HE ()l 0. 05,

2 & B

2.1 EV71 % HBMECs # @ fesm £ B X IRAL A
HBMECs %A W2 40 Eh 2 (K 1A) ;24 HBMECs
F EV7IIIMOI="5) 8% 8 h i, 41 g 22 7] H. 4 6 5 1%
I 1B) 5 bl 5 8% e ) [A] 42 K, — 2 5% L SE T 1Y) 40 Y
K S5 ML PN 58 7 T Ak VR AE B SR N (BT 1CL 1D &
36 hif, R 22 B0 M DA% 35 Al 3% T VR (Bl 1E) . R W
EV71 fig/& Y HBMECs i 5| & 40 s 7%

1 HBMECs B EV71 BEHAESFENE
Fig 1 Cytopathic changes of HBMECs after enterovirus 71(EV71) infection
HBMECs: Human brain microvascular endothelial cells. A: Control group; B-E: HBMECs infected with EV71 at multiplicity
of infection (MOD =5 for 8 h, 16 h, 24 h and 36 h.respectively. Original magnification: X 200

2.2 HBMECs ¥ EV71 & Ré§ &k JHi EVI1 £
SLREPU AR S DO Y A AR L, 4068 EVTL PR
WA TE EV71 B HBMECs (5440 g i, {5 X 18
HLANM N AR (B 2), S5 RAESE EVTL gk g
HBMECs., 3 H 7] DLE A 41 A% b 52

2.3 EVIl mAEBREGRZBREMILE EBEFH
BENOWAE L EVTL YL (1 240 i M e F B HL A2 30 nm
FEAT I ERTE0RL (& 3A) B2 K/NS SCHRL 11 ] 18
M EV71T — 5, 1 % 8 41 40 A b R O 2 LR (A
3B, #t— Ui EV71 fEE&Y: HBMECs,

2.4 EV71 £ HBMECs A # N4y £ R TH
B EV71 7 HBMECs 9% &2 §il 15 0, R & A
226 bp EV71 B pMDI8-EV71 JUki 4 8t T b e Jr
.y=—23.314log(x) +43. 93, R=0. 997, I H #j&

PRUERT AT 2 EVTL A5 8EHE DU, DA 2 52 Y it
LEDRE R HBMECs &/ EV71 # DL E7E 5
2 RETHEBIBE 3 KA, 8 4 KBB4
JR BT R RE, M2 AW IRALIN EVT1 5 DLECR I T
Fe. 25 3 REMEZE o, WX 5% & 0 8§ A 9
WM (P<<0.01) . 1M PI4LE] EV71 # DL 22 =
WHA G 7 E L (P<<0.0D),

2.5 EV71 #% %% % HBMECs @@ o & £ 04 €
o OTEARTE T, FHPOL AR IC Y R A BRIk ] L
T3 BT 2, 00 75 240 ML B 22 B o A, SO0 IR (BT 5 A
L, EV71 B Y HBMECs 4141 ik = 1E # B 4,
AR AN RN, B PN B 22 HE B 35 L L B MR 2K L 22
RN Z (K 5B)
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Fig 2 Immunofluorescent staining of enterovirus 71 (EV71) antigen in HBMECs

HBMECs: Human brain microvascular endothelial cells.

HBMEC s infected with EV71 at multiplicity of infection (MOI) =5 for

16 h. Immunofluorescent staining using rabbit anti-EV71-polyclonal antibody (anti-VP1) confirmed the presence of EV71 anti-

gen (red fluorescence) in EV71-infected HBMECs, but not in mock infected cells

B 3 HBMECs N EV71 S BAESTEENR

Fig 3 Transmission electron microscopy images of

enterovirus 71 (EV71) particles in HBMECs
HBMECs: Human brain microvascular endothelial cells. A:
EV71 group showing multiple EV71 (arrows) contained in
the HBMECs; B: Control group showing normal HBMECs.

Uranylacetate staining. Original magnification: X 20 000

o~ 357
3 O HBMECs
E. 30f ] ® Control
S ast
< a0} X
r~
a 1.5
s 10} .
'g 0.5F - *
L —
1 2 3 4 5 6
Time t/d
B 4 EV71 £ HBMECs K # N KT
Fig 4 Kinetics of enterovirus 71 (EV71)
replication in HBMECs
HBMECs: Human brain microvascular endothelial cells.

** P<<0. 01 among different time points in the same group;
A5 P<C0. 01 vs control group ( ANOVA for the repeated

measures). n=3, rts

s. Original magnification; X200

B 5 otk RENE HBMECs
Mz &R (FFAR-REFKIRIE)
Fig 5 Actin filament rearrangement in HBMECs

as visualized by confocal fluorescent microscopy
with Rhodamine-phalloidine staining

HBMECs: Human brain microvascular endothelial cells. A:
Control group, the actin filaments were evenly distributed
throughout the internal compartment of the cytoplasm; B:
HBMECs infected with enterovirus 71 (EV71) at multiplicity
of infection (MOI) =5 for 24 h, the actin filaments in the cy-
toplasm were obviously reduced; denser actin aggregates are
found in the margin of the cells; and a long protrusion of ac-
tin filament staining can often be found in HBMECs. Scale

bar=10 pm

3 it i

AT AR TS A M R B GE EVTL G B R
KR 2008 AR [E A M A T R Ml XA s DA
KU B R LA EV7L A 03455 bk 59 T 2 10 R
7. HARZ W8 % 7LD EVTL I #eag ki F 2
FRG AT de 4 i 0 A R B KR T 7 1
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TR KRR 2014 4E 3 LA 35 %

I 3o Rk e M o o D R EL O BIL I o A T
., EV71 R 8 FE @ 0 st AT fkE R R
6T T 07 T O 2 2R AT BTG L AR S B
J B ILE BEAT 485, i — 25 16 IR Y Rz 40 B b
38 I o A2 A0 i S L R R R Ik AR AR . SR
EV71 4nfaf PR b5 5 i 467 25 (B ) #E A ] CNS i A
JEARVERE . B EV71 AT ik 5 JE b2 i 5 5%
AR Y CNS o i i Il 42 i 72 % BBB &%
CNS'L 84 EV71 58 32 LA fal Fp 7 X 28 BBB J& &
FIARERT 1 ] L,

AT JE AT, BBB J2 — 4~ LA G155 PN B 40 i L B
T J5¢ J5 240 ML R J) 20 i 3 ) g R 1 45 A RN ) e 1 R
B, e P Rz 40 2 4 B BBB Y 56 B A I L BT
PIAEA SIS d, R Fl HBMECs 57 /&4 BBB # A,
&S MEIUESE EVTL 7] LL#t HBMECs & A 41 i
Joi A8, I A B ] AEE K o 8 B Y 5 A 9 A G
P T IESE EVT1 B8R ¢ HBMECs ; il i £
I HBMECs 43 9 EV71 45 DL IESE EVT1 MY
B/ % HBMECs 1M H.fig /8 HBMECs W& il ,EV71
£ HBMECs W E HITESS 4 RisBI g, % T
o R Y R A A — AP R R S AL T A0 R T
F18 AR S 1 52 A 445 5 T R R T U e A R R 1 L AR
R FE 240 60 1 N 1 2 A A0 SO 5 5 114 A% TR R
SRR, AT LAHEI , HBMECs J& EV71 19 5 &40 i,
HBMECs b1l f6f7 48 EV71 B A 5632k, EV71 1]
fEi 5 HBMECs L/ EV71 $5 5t Z k454 %
# HBMECs By Hifie 5 451 28 , o BV id i 5% il BBB
TIfe 5 45/ iE A CNS., HAH ML H A5 iF— 25
WHoE .

AR SK 9 T 5 40 I AR 00 R X — [A) L IE %
Wl AMNES, LG AR ERERSE
TEZFh RNA Fl DNA % 8 i &2 il o 72 bl 5 %2
OISO PP NI i U (02 R 11 U = 5]
FEHE S22 R0 () 2T 4 L ] 2 TR 4 AN ) S
Z0 R R AN M A2 B L 20 T 7S RN B AR AL 3 1 45 A
ohl, ML IRFR R I LB (F-actin) . /&
M BRI WLBH 2 1 (G-actin) BAKRS> FIB W10 2 R4,
P Z ) 1 3 P A e — e AR e R Lsh B ol
e, EREMERE ZEHELBRY S5 E E IR
FUE 2R R R 26 W98 3IE 52 N 26 I JEORS B 3 B
FE LT L EH B 127 4 LR AT R SR 0 A Sk

JHE BT A B BN T A0 0 o 22 SR 46 1L B
A 4 L R 75 200 B 1) e WO L S B B G W 1Y
T 22 RO AE A0 B A, B T O 1 A K a2 B 4 e
ROR IR R Y BRI RR IE Y S PR K (phal-
loidin, Rhodamin conjugated) J& i % F} B 7 4= #) ¥
LM F ILSh 8 AR S PO R, W T4l AR
A0 LB SRR 3 AT . AR S SR T B P AR IC /Y 2B 3R
FRAEI T EV71 R 53 AL i F ALsh & ([ %
EB, EV71 &Y HBMECs 415 %t B4 A L, 3
SRR 2R TE R B AS AR AR AR AS RO B P £k 22 HE 51
AL PRI R 2 REEMMN %, B EVT]
£ HBMECs 20 i w42 il i, 77 S 2505 43 20 i 1 3 1k
2203 AN E SR Z A RN B A AT RE S I R
BGRB8 7 i ok B 22 R AR
A BB T B Y A2 R T Ak R B — 2 1 4 B VE
B BAAR S F WL 5 A0 5 M5 5 % A 1 T i — 20
HESE,

BVZ L AR EE R AE W] EVTL AT DLk g
HBMECs Jf 5 2 # 4> HBMECs )& % & #E . HB-
MECs L AIREAFTE EV71 45 5 M Z 4, Al EV71
95 7% AT RERE 1132 2 35 BBB i 5 BBB - 9 Bz 20 it 4
SEZ ARG G, R EOL A IR DR824, DT
AT CNS, HALE A 18 T 3 — 2 RAWFSE .

4 FzEHR
JIe A V3 P AR SO 88 BAT )R 5 o 5
[& % x @]
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