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Effects of HIV-1 Vpr protein on cell viability and cell cycle of mouse neuroblastoma N2a cells
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[ Abstract]  Objective To investigate the toxic effect of HIV-1 Vpr protein on neurons. Methods
HIV-1 vpr gene was amplified by nested PCR in four parts of peripheral spleen (SPL) and central nervous
tissue meninges ( MG) of HIV-associated dementia ( HAD) patients and non-HAD patients. Eukaryotic
expression vector pEGFP-N1-vpr was constructed. The gene sequence and key amino acid sites were analyzed
by BLAST and MEGAG6. The expression of Vpr protein in N2a cells was detected by Western-blotting. The
effects of Vpr proteins from different sources on the activity and cell cycle of N2a cells were studied by flow
cytometry. Results HIV-1 vpr gene was successfully amplified by PCR. Sequence analysis showed that the
vpr gene sequence belonged to HIV-1B subtype. There were amino acid mutations at C-terminal 84, 86 and
87 sites of central Vpr protein from HAD and non-HAD patients. Vpr protein could inhibit the activity of
nerve cells, leading to G2 phase arrest. Different sources of Vpr had different intensity of action. Compared
with other groups, Vpr protein from the meninges of HAD patients showed stronger inhibition of cell activity
and G2 phase arrest ability. Conclusions Variations in key amino acid sites of Vpr protein could cause
significant changes in its biological functions, and its significance in the pathogenesis of HAD remains to be
further studied.
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FRERAFRICIC RS Kz sk 28 Rk
VWA BONHIBRE i, Wi 0 17 (R N . I 0 2 R A
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B 55 A8 I Hh b 28 0 RN HL A5 2 40 ) 462405
FT-A XKD, ST HIV-1 I A GE Bl 40t
I, BE Z B HF 9T AR T HIV-1 85 s S 3 PR
Fo Vpr 2 HIV-1 (%I (1, 76905 5 10 &2 1l
R o rh ol S AR T, L a4 . s s
HIV-T KA v #2741, 5% 00 g £ 5L HIV-1 3
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AIDS FEE R IR B A 28 5 5 Ho e g A o
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AR Vpr 28 2038 1R A8 5 e HoXE N2a 4i i
T PR A AR E S A2 I, LAYk HAD (% & L 42
PR 1 S 8%

1 #R57EE

1.1 ## HAD(H)54E HAD % (N) MG
SPL FBALAYIE 41 DNA AR L /N 28
A EEAIME N2a  pEGFP-N1 24K A 2 3247 . 4T Vpr
PRI = JE AW AR AR AR 5. ECL &
FeH K Thermo A F =, CCK8 A biosharp 23 &l ;%
e 1 o B RS R o e ol V5 Wi ey B e N B
FARA A A=, PCR AL, f8[E Eppendof 23 7] 77
fh o PR AL (Synergy2 ) 73 [E BioTek 2 w7 i,
AI600 8 R A RO HURAN, £ E GE 2Rl 77 i,
Cytoflex Ji U4 M4, DL o 2 /R R i A (th ED A
RS/ T i

1.2 H35{ PCR # 1§ HIV-1vpr & M NCBI
GenBank (¥g 44 HIV-1 vpr, # RIGHFIIN &
f1 T 5595-5 708 i, MRAEIRIEFH, P38 KN H
300 bp 4 vpr FEH, B PrimerS. 0 #1514,
BT s Y i TAY TREARA A S
W, PCR 5l % FF % W ~. 40 51 % F. 5'-
TCCTCTGGAAAGGTGAAGGGG-3"; 4N 51 ¥ R 5'-
CTTCCTGCCATAGGAGATGCCTAAG-3"; P ] 51 %y
F: 5'-CCCCTCGAGATGGAACAAGCCCCA-3" 5 4 il
5% R: 5'-CCGAAGCTTGGATCTACTGGCTCC-3"

RI£3R5R Hind WA Xho 1 BV,

LI HAD & (H) #ldE HAD % (N) MG #
SPL #57 FSE P 24 DNA AR , 1 55 FAMI 5 | ) 2k
75 — % PCR ¥ 34, PCR 1K & . ExTaq0.25 ul,
dNTP4. 0 pl,10xExTaq buffer5. 0 pl & Hz DNA2.0
wl, FWER R UES1 904 0.8 pl, Nuclease-free water
37.15 pl, W &&F:95 °C,5min; 95 °C,0. 5 min .55
°C,0.5 min.72 °C,1. 5 min, 3£ 35 MER, &5 L) 72
CAIEA 10 min, LA —48 PCR 7Y N B AR#EAT
95 PCR G A ZE AR AT ] 4 0. 5 min, AR
PEARAR . PCR =451t 1. 29% B 5 W R I 1k ) 45
YIE
1.3 HIV-lvpr EEERRIEHEHWHBE PCR
7 Ay 2k BN B R R R K T A, I A R Y
VIl Hind I AT Xho 1 44 H LR 5 pEGFP-N1 ik
GrSILEGY], RSO EG T4, 16 C iR, e fk
HRIHFF DHS« JBAZ A0, IR T A &R
B RN LB EARFEEL 37 CHFE 16~18 h 5, HL
PH: B 7 , SR B 4 oo I P 25
1.4 HIV-1 Vpr SEBFFISH  NrssRisH
NCBI 3k P4 {76 28 T. 5 BLAST X /5 5 47 e X |
MEGA6 Xif 28 KR 1) S A s AT 4347
1.5 N2a @papIEsRIA K Vpr EAFE N2a g
BIRIE  N2a 400 F & 10% BG4 7% 1% 75 8w
Z 1 DMEM 4 i35 520, & 37 °C,5%CO, W4
WRLREFE . B P2 A i, F TR R AL T TR
3R T 96 FLAR (FH T~ 40 B M A ) i 6 LA
i35 A (T 240 B SR S A T ) ) L 240 R 5 4
9 5x10° ADF10° A BE 972 24 h, 3 L L0 &
VLB AR ¥ pEGFP-N1-vpr % 44 N2a 40, 48
h JE SRR, 7E VK RIPA Z4f# 400, 1 000xg, 4
CEL 10 min, WM 17, BCA A E R,
i 4e SDS-PAGE 43 5 )5, 7 #% 3] NC JE I+, 5% [l A
Wkt 1 h 5, S E anti-Vpr $L4K, DL TBST
PRI 3 WKJE , A HRP-2£H0% 1eG (1 = 2 000) 7 &
1 h, FRRPEE 3 ¥k, A ECL &G, 1 i 8 & L
Z et LU & 2R
1.6 Vpr EAX N2a AMFEEMEE %
pEGFP-N1-vpr 48 h &, [ & fL 40 fd h A A 10 pl
CCK-8 % ,37 °C .5%CO, 4L E 1 h, FHEEFRIY
TE 450 nm AW ENSEREE(A) |
1.7 Vpr EEXHAMBABPAIFM %4 pEGFP-
N1-vpr 48 h Ji,1 000xg, .0 5 min, WCHELIH, I
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TV Y PBS ¥ R 2 VK, 44 BRI 0] & U W B8 1
FH it =X A0 AR A o B 4 i R B, S 50 &5
modfit FRA4ALFE

1.8 ZitZEFHZE IFEERL xxs £R, R
SPSS 17. 0 Geit4 b B 200 b 37 1 S L ] 34 B e
RN FLBER FH 58 2 BEAL IR B R 27 22000, 5 B
IR T 2557, W4 8] L 38R F LSD 125 5 #5 4
it f IE AR T 2255, R welch A% 1E , 40 7]
% Dunnett’s T3 ¥,

2 #R

2.1 E:XPCR 434 HIV-1 vpr ZE[H PCR P 445
W 1 TR, 7E4r F R4 300 bp MBHE A — %
A, I R/MERF (AT TR ) .
bp Marker H-MG H-SPL N-MG N-SPL
2000
1 000
750

250
100

Marker; DNA 2T Jfi A5 ; H-MG ; HAD &3 g ; H-SPL; HAD
M ME; N-MG:IF HAD I ; N-SPL. 4 HAD & ik
Bl 1 HIV-1 vpr 5 PCR #5245 R
Marker: DNA molecular standard; H-MG: meninges of HAD patients;
H-SPL: spleen of HAD patients; N-MG: meninges of non-HAD
patients; N-SPL: spleen of non-HAD patients
Fig.1 Nested PCR amplification of HIV-1 vpr genes from
HAD and Non-HAD patients

2.2 HIV-1 vpr ERRZEHEWHE WM H-
MG H-SPL, N-MG . N-SPL 3£ ¥ () vpr & 41 Jii ki

pEGFP-N1-vpr I 45 B UE 5246 A BE A vpr 751,
BLAST 43 #7 .7~ HIV-1 B WA

2.3 HIV-1 Vpr SEBRUR[TRMSHT AR
JEIY HIV-1 Vpr £ DI REIX S 508 17 . 50 B 45 5 0L &
2, 5 HIV-1 B WRIFRHEIT S HXB2 HEXT 45 R R,
[ — £ 3 A Y H AR B AL 1Y) vpr 6 PR T R R ST, AR S
B/ AE HAD f45 HAD B X451 Bos,
HXEBAL ) Vpr B FAAE C RIAFAE 3 ADNE LR S
(225 ZrBIlJE 184T  Q86R HI R87S; 11 &1 J& HBAL )
Z AR, it 12 DNEIERE T, 453
N7D. P11Q, M36R ., V371, Y45H  T55 A, M67 L.
H77Q 84T .R85P .Q86R .R87S,

2.4 Vpr 7£ N2a fifp AKX Western blot il
Vpr 76 N2a 40P ) 26k 25 R ILIEL 3 A | 23 2 A4 A
HAAKIL Vpr I, HARRIBEMAEE AT IEH Rk
Vpr 851, HFEREAHT, WK 3B,

2.5 HIV-1 Vpr ZEX} N2a fABEiE RIS H-
MG . H-SPL N-SPL 1 ) 20 Jid 3 41 Jfa 3% 1 2 2K F
ZIRAL(P<0.001) , $E7~ Vpr & (A AT 5| 40 i 35 1
TR, TP E AR A5 R SR, H-MG-Vpr [ N-
MG-Vpr £ 558 f 400 1] 48 B35 P D e 0, 25 % A 40
HER L (P<0.05) , S5 ILK 4,

2. 6 HIV-1 Vpr ZEEXAEARNIE HIV-1
Vpr X N2a 2 it J& 191 i 52 ) 32 22 3R BLAE G, R IIRH
i AR LR 1 M S (B kPR ) o S EdE s A
A E R LT E L (P>0.05), Fik Vpr &
PR 4 ZHA0 6, 3L G, R DI BRI 58 3 v T 25 4
(P<0.001), PHPEHEERYZE R BN, TCie & HAD &
H b EAE HAD B35 ORI Vpr 2 AR LLAMNA
R AR LB SR G, IR RE ST, 2257
BY it 7 X (P<0.001) ; HAD %tk 35 47 K 5

HXB2 1 MEQAPEDQGP QREPHNEWTL ELLEELKNEA VRHFPRIWLH GLGQHIYETY GDTWAGVEAI 60
H-MG L oo OOOOTTnD GRS L WEirs o o (0 o T Q.. 60
N-MG : A SR e e R P e Vilia agenimada sy Q.. 60
H-SPL ) e Noner PlrineYommus: sunenss St s MV N n e T 60
N-SPL L svvsmaaava: paan Mounnn ansvess Sivi avwamannes Novasamsss wmoinmesi 60
HXB2 61 IRILQQLLFI HFRIGCRHSR IGVTRQRRAR NGASRS 96
H-MG R AT AN A Q% 5 E A AT 96
N-MG 61 Qs e LPRSG v wisamona 96
H-SPL 61 ...... M.. ...... H.. .. L 96
N-SPL Bl sunssnnwen s Qi v L PRS:s: v 96

B2 RESRIEM HIV-1 Vpr 2R 551 H) 25 5

Fig.2 Sequence alignment of HIV-1 Vpr amino acids from different sources
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Mr(x10% %H FB H-MG H-SPL N-MG N-SPL

.?()L p— - —-— s | GAPDH

A

Vpr

Vpr/GAPDH

0.04

blank : 2% P A6 8 P 225 246 R 3 H-MG - HAD ARF Ml ; H-SPL: HAD SR MULE ;N-MG . 3 HAD [ I ; N-SPL. Jf: HAD f8 5 I
B3  Western blot ¥l HIV-1 Vpr & F17E N2a 40 AR (A) BOKBE(E (B) i
Blank : blank cell control; P:plasmid control ; H-MG ; meninges of HAD patients; H-SPL; spleen of HAD patients;

N-MG : meninges of non-HAD patients; N-SPL: spleen of non-HAD patients

Fig.3 Western blot analysis of HIV-1 Vpr protein expression in N2a cells( A)and comparison of gray values(B)
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blank ; 2% [ 41 %J B8 ; plasmid ; 25 2 46 18 ; H-MG ; HAD
FBAH ML H-SPL: HAD fE 4 RE ; N-MG
3k HAD [ B N-SPL. JE HAD 3% Ul
* P<0. 001 vs plasmid;* P<0. 05
B4 HIV-1 Vpr & X N2a 4HE0E MR 52
blank : blank cell control; plasmid:plasmid control;
H-MG: meninges of HAD patients; H-SPL: spleen
of HAD patients; N-MG : meninges of non-HAD
patients; N-SPL: spleen of non-HAD patients
*P<0.001 vs plasmid;* P<0. 05
Fig.4 The effect of HIV-1 Vpr on activity of N2a cells

IEE 1 LR HAD F8 5 iRl 7 >k 5 A 2 1 A7 T i
)G, R A IEE )1, ZRAGI¥E L (P<
0.05), HAD HEFIHE HAD & 4MERIEH Vpr
FEG, MMM I ZR Eamit#E X (P>
0.05) .

3 itig

HIV-1 % 0 H & HAD 5 ikl 21 P #6 ]
UL ¥R 1 4 R Bk LA h Bkl R A AL Kl 22
TCHG AT, 0T HAD £8 35 rhRx 4o 28 40 Jfd 4 46
GiblLihl 2 4 M NS 28 . HIV-1 3E A h AR Bl 2 R 55
Je A0 AR g I i D R P 5 4 R N e S 4

B M 2 B it (6045 gp120, Tat Al Vpr 55
BEVESE H R M DR 1), BT 5 5 T A 2 A0 N Y
FET,

R1 AR Vpr X N2a 408 G, IR H (% ) BY5200
Tab.1 Effect of Vpr from different sources on G,cycle

arrest rate (%) of N2a cells

XA A X4 B
7014 Xt Eik2 Xts K P
EEpoid 17.19+0.39 Z#k{AX I 18.840.52 0.127
H-MG 31.63x1.79 0. 000
H-SPL 24.10+1. 11 0. 000
N-SPL 26. 101, 04 0. 000
SR 18.84+0.52 H-MG 31.63+1.79  65.00  0.000
H-SPL 24.10+1. 11 0. 000
N-MG 29. 18+0. 41 0. 000
N-SPL 26. 10+1. 04 0. 000
H-MG 31.63+1.79 H-SPL 24.10&1. 11 0. 000
N-MG 29. 18+0. 41 0.032
N-SPL 26. 10£1. 04 0. 000
H-SPL 24.10+1. 11 N-MG 29. 18+0. 41 0. 000
N-SPL 26. 10+1. 04 0.00
N-SPL 26. 10£1. 04 0.071
N-MG 29.18+0.41 N-SP1 26. 10£1. 04 0.010

BV HIV-1 Vpr & & HIV-1 5230615 400
PR e AN N A = W T - W 3 g = I b
YL G, JEIRET , BELLE L3 A MY, DA 5 i)
TN R T HIV-1 (R SERE T A TR
TERE gk Y o [FIE, Vpr 8 AT AE
T HIV-1 L 40, 75 HAD 3 i Rkt 2ot
KIT Vpr EEMAAAED H7R HIV-1 AR AR R
Y290, (HJE Vpr 25 (A B0 2 oL, T & 5
Hph 2 /N

AR Vpr IR 7508 A SF (B2 Hadi
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AT PT AL W% Yt 48 b J5 (19 N2a 403 A 49143 4ii s B
YL SR 48 h J5 N2a AU G,/ M BFUARAY E 43 LE s blank : 55
20 X IR s plasmid .

ZERRMAON B H-MG: HAD 8% i JE; H-SPL: HAD A% it
HE; N-MG -2l HAD JRH WA N-SPL -l HAD f0H BT

5 HIV-1 Vpr X N2a 41 G, WIH2m

*P<0.001 vs plasmid;* P<0.05A; Cell cycle distribution of
N2a monitored by PI single staining at 48 hours posttransfection.
B: Percentage of G,/M population in N2a cells at 48 hours
posttransfection. blank ; blank cell control; plasmid: plasmid
control; H-MG; meninges of HAD patients; H-SPL: spleen of
HAD patients; N-MG : meninges of non-HAD patients; N-SPL;
spleen of non-HAD patients  * P<0. 001 vs plasmid;* P<0. 05

Fig.5 Effect of HIV-1 Vpr protein on N2a cell cycle

VO S 2o PP A S R 0F J2 # (rapidprogressors,
RP) F1 K A A #F J& & (long-term nonprogressors,
LTNP) [ Vpr 25 22548, RP MG 168 M i
715 R PR £ 1 7 S R RO RE T, W Vpr S AY
B MR IR 7L 2% 5 W g B 1 S 4, 2E 1M 52 1 5] ATDS
Mk EAPUR . )2, HATE AT HAD kI
(1 Vpr 3 F &SRR AL 5706 HAR 235k A 5200 1 R UL
38

ABEFESAHT T 1 ) HAD F1 1 il HAD 2% v
HX 555N 4 AEBALE Vpr 8 H & R 1948 55,
ZER R FE Al — R A PP X7 B A S A A
FROESS 3 AT ABE T DUt % SR B2 25 W 0Tk A
CNS, T4 1 T 5030 5% 57 9 2 25 1) Al b A AR A7
T2, FEBR IR R T8

HAD B X ER AR PR Vpr 8 HAES
HA f i 14 5 30 BEL 1400 1) o 222 200 i 35 1 ) g
(P<0.05) , 7B 5 H C A T84R Fl R85P 58724
5y SCAEYARE, C RS BURTY Vpr 2B 3R
%% Hela 1)1 G2 I W1 BHL % A E 7, 5 AHIE T 25
—&, Vpr EEHRY C RuRESEE G, 41 45 i

FRIVEH LR T 1 S DXk, JFE 58 A8 W] 5 ) R P 5 A —
RAEH IR 5 Z R (Vpr 456 8 H LA DNA
WG EA 1 %) ML AR ™,

25 LR, EAR Vpr 8 (SR SR ST
{2 O R IR 1) 28 AR A 2 s W L A W4 T RE Y A
0 RIS S5 R SR AR B SCEEVE T A
— 5T, AR vpr KIET HAD B M
BT AR IE Y 2 A5 AE  FEWFSE Vpr P & 3 1
HHHAEERE Y,

Rl A 1EE A DI 45 e

EETRAERR  WRA ARSI SO T
RSO R E RN DB SR ARG M 5 TR AL RS - )
PR A S X R SE R S RS E AR L
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CHR) 2R kR S g Sl | 5 bR 7 REHLAG FNROR A A 22 58 i 5 7E T 2014—2017
SRR ETT AR T M TR Y ORI B DX 2 ANV b Ui 5l T JRe T 5k 1 S0 b i B8 A0 7 32 AL R ek i
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IRIR B SE LG ( Wolbachia) J& T IZAETE T F AR ST Rl Wy v (0 4 == B B P 2R TR, AR 2 N7 19T
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