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RAEFBRFENEEREE (= XX RIFEEE)
I R E &

= BB RS 56 S O BR L FLERIE OB 20 MERTME) (CBE3 205
MRNEE AREN EIERERE Y ¥ — BREREFER §&

MREE : HIV-1 (BLF HIV) BREE O TFRITE LLEEBINTZD, EEEEO
BIERIIERE D, BHFEE D DEITHRIZL o T, =4 X B MillatE) > &
28 HIV BB OG-+ CAE LD MREEN R EINTZ, T CABETIX. v
ANVARBYRZES> THEEND DNA A F A LIEROMENZ® LT, B Mian
RERBEFEZHALICL, = XERY U AREOREICESTIRHFOM
EERDD, TIEEORITORKER, T HIR~D YAV AR LT, 5
FLZIEHR BHIIED DNA A FIAALERR BT A ERBELNE hot, %
o, BEREFICEETA LI FSURABRI Y g VHEEMEIZBWT, Vpr
NDEELERE LTCEHELTWAZ ENRRENT-,

<WFgEsyiag > BYERI LT, WEERS M 2 waEkE

HHRMERBAITRE - R IRABLAD BEIC Vpr HERE DRENT 2T T %

o ZTORER, HIV HOEAESND TA LR

« fEAMF = ESLRER AT B HE® bystander effects & LT B i
TRYLR IR - BT DML BEEEHR ST S 5 AAEHE A R

ENBITE-T,

A, WFREER

Antiretroviral therapy (ART J&ik)2SEA T T EEERIC, ABETIE, B
A, HIV-1(LLF HIV) BEEOFHRIZZE L KBST2ERTZHALMNC L, HFEMEA
BEINED, BEEEORERIIEREL., KHELFIIHT e MEBE S o— Uil
REGETEEROK 30%E EHTWA, BHE ZERT D, LT, ZofE LT T
BDEIE B HBEEEEY VNETHY, E AL TCNEYRE I n—VHEEZA W
RIF U UNED HIV BT BT 2%5E  ELISA 2BE ¢35 2 L T T BEDOLEE)
URAZITIERBREE D 10-100f5 L REENTY OFEZTETHIL LB, UM VRAER
5, YV NEDEITTANABNREL2WE  BEAOBEEICLL - T, B M
HMBERETHEZ L0, REFASREBOBEE ZHRAET D, AHFRICL>T, BBIATFES
DENEFECTHLEMEESNSRETAZ L, & KHTIBIESHALNCRSE L L BIT, HIV
DIz, /HTCHRNA—Fy Y VoYELRE BEEBREEZICEATIERE —BROBRE
THZ EnD, HIV EEEEEEOREICIE RKEBETTHIE T, of AEEROBFELL
HIV RO FREE L TWAEEENRSED IO 5WEBEMENFREICLR D,
nd, LrL, TOERIIIARHATHY, BHR
ABBIEIC T 7o B b &< ABETE Twiev, Bl BIEJTEE

FHEEE DI DNA X F LT LA BT 24TV, a0 UANVARRGUITED A TF A R
FORDEBH Y 52 Z—EFHE HIVEE HRRIEATIVANVAE LT BAERY ¢
U oSEEEFERYLY Vo ETIX DNA A F L VR EZBEOERR S A VR BIH Vpr,
WRE—URBBnZ 2 RWE L, BIb, Vpu BEX W Nef ZEE A NV A EAERR LT,
HIV BEE Y L oNfEEJE HIV U U NERRR D B hEEAORMM L YRS B M
ST TRELTCWAAEENEZbND, (CD43 BEHg=natve B M) & Zh LSt

HIV REETATANABAED Y B Tat, OB (EIC THIR 2 0BEL, 7 1V
Nef, Vpr IZHEEMKEFIZHFEL, Migsts» Z— N LI _EER{T/ao7, HIV-1 %

TR S8, LBEL 4 BRT o



%, ML vERMEELZS A DNA &
Bisulfite 4L B % . whole genome
amplification ¥EIZ & D #EIE L, Infinium
HumanMethylation450 BeadChip(Illumina,
San Diego, California, USA) # AW T, &
B ) LEXE L Uiz DNA A FALIENT 21T -
Tre AFNMALT R T 7 A NVE T5RAF AL
J—"T, 25-T5% A F AL T N—T, 26%LL T
AFNACTN—T D3 T N—TWHEL., %t
SREE OLBIENT 21T o T,

b. BE M P IZEFEET HEIFERFOHNE
L IEMEE ; Tat, Nef B X O Vpr 122UV T,
RTP FHEJEMFLM4 5 & & bic, HIV REH
MiEF O RTP {EHEDF L Vpr (ZHT HH
o— HfE (8D1) 2k ATEMELESR LK
BEL7,

c. b MEuBLEOIERL @ L Vor 1BEE OmE$
% 7= @ ELISA Btk & Vpr fERIH 9 S
ERFE L TCHET S 2B EOTMEIERE
=7 hU DOFR TR LT,

FEE LT, BREDOT I BB 5 Vpr
R7F REEMR Uiz, REH. BiE» S RNA
ZHIH L, cDNA T4 75U —%2 77 —Y~H
BIAI, T7—DFARTVVATAT T Y —
ZVERL Uiz,

d. vANVAEABIERORETTIE

AV AE BB X DM E SRR,
DNA {55538 & RTP FHiEAE CRLE T 5,

DNA BEFHEER : VA NVAEREZK 100
ng/ml OEFE CHRIBEERRICEML, ZHM
Moz B LT, REBESILEETEZ1T 5,
DNA HEOFE X, U Bb AT B X T,
y-H2AX |2 %9 2 i THREES 5, FACS AT IC
X % DNA 1B{EBEPEMINE D E B/ 2 MR IL.
TTICBEFTH D,

RTP S5EYEM: . RTPHEREZT=F—T 572
DT F A3 K DNA Th D pEFO6R % HEK293
MR E AT D GEMIZ., AROSHETTEHR
EEICRE. B 1),

(HELE~DEE)

BRI DM AICE LTk, FTINWEZE
SR EE LR L, MEECSWTTHE
SRRSO ECTRRBERFICEREZITR I,
FEIRIRRIL, BEICHIRENE ERaHA L,
FEx&E-ECIEL, FRICHERTD, %
77, ETOEMERIZOWT, EENOKR
220 EBEICHT o Tt “BEAESEE DR

2 EHHSESIC BT DB EREDENR
B3 A EAES B L OB O fEd 2 BT
ThH, EBMCEBRALZEREZEZARWVE D,
EREROFED T, FEEOR S - (REEIT
BETH L LV EREYOREL TR
WWEE L MBS U THETRAEZFHT 5,
BETHEI M ERCE LTI, BB
W EMEDFERAEORGICLDEMD
SAREMERERIC BT YRR 25F L, BB
ez Al THEIET 5, U A WV ARRGRERIL,
KEMERERE LTTo T,

C. WroEhR

a. UAWVAERFER (8K): AERICEM
THEIANARELT, BEBROGT 79V
—BETERAY A NRAEER LI, UA VR
EXRBLIECEDLEDRTZD . ETANVADRE
Y% MAGI 7oA ICLVEELE, ZO
R Nef BRE 7 A NALSMIL CEER L
B URetE 2R L2y, Nef BEB D7 8.5 1%
WY Z R Z By oTz, £ IT,
Nef ZEEI T A VAL, DT A NVAD 8.5 1%
B0 p24 BEHRYLERICHE Uiz, —BEHEE Y
ANAERWEZD, BEEO T V3o
EFERE I E~DEEIRD biedo
770

b. UANRERIZHED A FVELRGE
) o U A VAR TTHIIRODNA A 7
MR B LT 5 & bic, BT S &
B2 U2 RS LB DDNA A F b /8 & —
VNTHEEDRD bz, FFiT, LA T
{#E (hypomethylation) WO OLNTZ, £
D% < Hnon-CGI (CpG island) FEIK TH -
Tro TTr, BREANZA RS ETZEE
2B W T, naive BRI & THIARILEIZ, DNA
A F AL — NEBINFRD biviz, T3
TOERBMy A VA WI@BTEE—F v b
BbbH—7F, BERAIEKFEL TS E—F
FHEE L, Bl 23D DODNAX F Ak
ZEAIZIZ, vA VA BEOEBECHEED B
Do TWAFREENRTFR I N,

b. B FICFET 2BEIEFERFOBELE
PEEEA CAIR) @ Vpr [ZNA T, BE I I IFEE
THEEND Tat BEU Nef BHEZAWVT
RTP S5 8RB 5P L7z, T ORR. WThoE
HE Y RTP FHEEME 2R L7223, Vpr OTEHESD
B bW ER NS LN,



—J5. RIGFREE MIF 16 FlIlZOW T, RTP
FEEMEEZTNZE A, 6 FIBBEFTRE
RTZEERD, &5, 8D IZXBEER
REBELIZL Z A, 2FITHEFDRIRBD
Hiviz, 8D1 fEATL T RIP BRI R
THEGRD NN, FOEAIX. BEA
TRHINIBELREBECTho I,

c. & MEBUEDIERL : Vpr _RTF K& 2D
=T MY RRAELEER, — P THL MeH
LD EFNFTBH Tz, Z OEEDEED>
5 cDNA 54T TV —%ERL, 77—TF
ARTVATATZ Y —2ER LTz, Bbi
125 A T —=DF A X —F, 1084 —F—T
B, KSHIZBWTERBHER 7 a— 356
NAEREENFEENS,

D. B

FATHIFRICIBN T, HIV B Y VR ETIE
FEBRGBE OV NEE B L T,
hypomethylation {HFZRRT %2 RWVWH L7,
—J5. hypomethylation & %7/ ARLEEM &
DEEERRE SN TWND, £72, B biL,
HIVEARE THD Vpr BiEx 27 ) AREE
HEEHEETHIILERELTEY ., Vpr ¥
hypomethylation 4 LT, ¥/ AREEME
EHELTWAAREE DD,

4[], FIHURLC - THEE S BB/ D
AFNACEAL EHIVER G Y N E TR SN
BAFNMACEIC O EZRBD T, HIVEREY
2N JE @ hypomethylationf# [A] 1%, CGI (CpG
island) fEIRICER b, BETFRBRICER
i 2 FREME &R L7208, HIVIERHLSRAH i
Fa T, non—-CGIfEINL ThypomethylationZ3#h
XN B E RO, non-CCIFEIKD X F /1
EHIE & BETFRBEICOVWTIE, REFRHD
RDE W, IEF ML T Dnon-CCIEIRIZ 51T 5
hypomethylation D ¥ FEH R B S AR T
H5H, LHrL, FFROEMIBHRERTED
LbNDDTHNL, BREDEREEINDE
FRHIBOKIGEEZEZBRETHY, FTORK
YIRIBICBI DMEMITEHALNCT A&
TEETHD, £, BETREHEICED
5 CCIREIRIZRIT B A F VLB LI, By
BTixbsb00, FENEETFOREREILD
BITHEETH D,

EFEME~ORKRELEL LMD BRE
FEMEPEBRMICEZDZ LIFELLL, 2D
RCIE, BAROEERENICL 570 —TF Y

T4 RBERENRFEEL TN D, ZTOEERE
LEFHETHINTHELRADIFIXIEET
HAEN, EbOTHLWETHENS, 22
T REE T HIV BEE O R Mg o 5
J 5 DNA DfEMTEBAA L, UV U R ETHEL
BONMITHIEETELTVWD, DNA X5
MEBIZINZ T, 7 ) AARREEDIEIET
H B CCI Y FERE mFISH) IZ- DWW T
ITUT, B35, f3k, BibdT 5 aEH%E
RRT D7 ) DB EANAAA~w—T—L L
TIRAT 2 Z L DFREE L BRT 5,
b. BEMPICHEET DY /) A REZEWFE
EHE: BEEEPICFETAUVANVAERE
DEYFEREEZFMT A LITEHLDT
BETHIN, UM NVABHEENEETH
BERC, BRE LRI R BN L,
INETEDOEEEZFTMT 2RAIIIToN
TIihehoiz, FFEER, BEENDERET
LIEEEZ R CTE 25 li% & LT RTP HE
BBIZEB L, BT Liz, FORR. 15 flo
RIBEF OMIFEON, 6 Flic L1-RTP FHEEE
2R, EHI2FIT Vpr ok Ay u—
CHUEDRTLEIC L o TEMEMET Lz,
2007 42, WIEEFE D1 52 o> HIV-1 R
BB I DWT Vpr O Z2Z, 20 #
TVpr BRHENE EHIZ, TORENEE
pe/mLBETHIHZ LE2HRE L, 46, #
B L7z 15 4k 6 1238 C, 8D1 (Vpr IZ%
THES o— UFE) THInXh B RTP FHE
EERMBHENZZ LD, HIVEREE O

40%Z L Vpr 2SR S L, DL A LR

EEEZTRTIENEDNS,

F 72 RIPFBERE LB DT 6 BIOBRMETIL,
WL 8D1 DALEZ Lo TE LWEMED
I A DT, Bl Tat 2 Nef IZ% RTP 5
EIEMHIIRO LN, BELERICFET
HRIPHFEEOREI VprfEAIC L 2TV D
ZEERRT D, TOFEFEL, ABEECTHE
ET5, e MUK o— U Hikic L 2 EME
{EFRIE ) DE—IER E LT Vpr Z2RETH
L OEEBIRIL L 72 B,

E. &

HIV-1REGETHIRE & oD 3L8E3 ¢, BHIAR DDNA
AFNACLEENS ) LT A RIZRD LT,
BHUFIZ/ER 5 RS Vv ARF BT A NV RRE
PIZ Lo CTEASNDARRENTIRINS,
L, #—4 v F%&FE L. hypomethylation



B &7 ) AREEWE L OFE, A FALE
BOFE, RO, HFHEFEZHERT D,

B MR &5 RIPBEREDS <A
Vpr {ERICER S 5 WREMES RRE e, Bl
e, Vpr X9 5 MEEZ v— il
DIERRZ A D,

F. Rl IFismEL.
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2013. 11.

11) Juan F Arias, /MMUETF, BE=K, #&
s, ERRETE, f8KAF= : APOBEC3C D &

{&461% LINE-1 EnBIflIcEE TH 5. 5 61
BEIHART A L AFESE (FF) 2013, 11.
12) &FIEH, Piraporn Utachee. Panasda
Isarangkura—na—ayuthaya, XK=, £ H
iR, EHEER : HIV-1 CRFO1_AE #23 gp120
CD4 FEEHM 2RI HH 7 v —rHElc
xtUTCHETIEE RO 7HEE. 5561
ARV A NRAZESEE (F) 2013, 1L
13) RAGRBREE, BIRZE., FREBGE. in
WA, ERIIGHT, BERGSE, BAKMIE. B
FoH  EENEARS AR ZIP14 ORISR L Y
BERER BLGIEIC B9 5 ZERERVMEAT. 58 30 [HI
AAEZSTUNIE RS (RIF) 2013, 12
14) /NUET, ZHERR, BHEEH, BT
= : JEE@E E MARCHS |2 X B HIV-1 jRerH
E. B EAEASTFEMFES (W) 2013.
12,

15) Koyama, T, Arias, J.F., Iwabu, VY.,
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JREFEFFERMIE (=1 R EEHIEFE)
SRR MEE

= ARG o SR R D E R &

PUAERIE OB ZHIEFEAM )

IZB89 B9

SHRMFEE  AREAN EMERERIIE L 7 — ERMEENRER Bk

WFZeBESE . HIV-1 (BLF HIV) B
FIERITEARBNT

JRYGLE DT RITE L WES D,
EDRR EDOBE L 2o TS, AP TIE, FFICmiE

EMEE D

FIZIFEET DY ) AARLEEEBERE LRI VA NVARFORIEELE T n—
i BV f A2 R+ 5, HE %%w%ﬁﬁ%f\ﬁw%

ORFMEFICLV e PSRRI a > (RTP) HEEMESE
Kﬁ¢6%7w~yﬁ%@%%yﬁwén6:k%%mﬁbko
Tat 3 XN Nef @ RTP SFE/EMEICET A MAFB R L b & 1T,

28 Vpr
BFITDNTEE L=,

A FFIEBEH

Antiretroviral therapy (ART J&E¥#:) 2SEA
Fv, HIV-1(LUF HIV) B%E OF#%IZE LL
WEIND, BEEEORERIIERE L.
BE LI TRE O 30%% 5T\ 5, Bk E
BT B MIEEESEY VNETHY, FE
RF Y ED HIV YA 2B A IE
U 2 7 13 3ERRGLE 0 10-100 % L RE KT
B, VU EDOEZIIT A NVARELE LB
MEEETHDZ L0, BEREREBOBEE
DENEE CTHLERBEESRIET LI L, &
HIZ HIV IR E TIZED TR/ —F% v b
UUNBELRIET A L7z E0h  HIV BHEE
MEAEE OIREICIE HIV EAE O+ REE LT
WA EREMER DS, LML, TOERIX
FTEATHY ., FBBAMIIZH T 78S 2<
BETE TV,

FEEE 512 DNA X FAALT LA FERT 21700
FOHDOMEBE Y T A F — @i 5 HIV BEE
U HE & R Y o oETIE DNA X LAl
NE =PRI BZEERWE LR, Blb,
HIV B Y o) fE L JE HIV U U NEI R S
SFHEFECRELTWARRBEYEZZDICE
27,

HIV BREATHUANVAERED S B Tat,
Nef, Vpr IZWInbBEMBEHFIZFEL.
MR EREREZFET DA RENSTR I
TW5b, EP %‘6 i LT%F&; Vpr %ﬁb ZDOWTC,
UTOEEZHALMILTE T, Bib,

a. HIV B YeE O 40%0 fF 1 Vpr A3HH
Sh., FOEEIXng/nl THHZ L.

b. ¥J 409D BEMBEHRIZL ba T U RAKRY
L a )y (RTP) BHEFEMENRH I L, ZOiE
PEMSHT Vpr L7 m— U HifE (8D1) THF v v

Z DIEME
A [El,
P EOZER

ELENDZE, EbIT,

c. BERRIZ Vpr BREZWINT 5 & RTP
L DNA RIS, EHICIBRERER L V-
tﬁﬁ&&/ATf%%ﬁ%@éhkéﬁ
7=
d=7ur7r—V0RBERICEMTS L,
interleukin-6(IL-6) M EEA 2 FHE T 2 =
EHFBHTWA,

Bt Vpr 72T 26l & > THE{LER YD
27 RT & UTERT 2 AIERMEIRIB S
5,

P bZE BRI TIX, HIV b EA &
nNBYUANAEEESMIAND LIRS
Z & T, BRI R TE T B
ML B OB D 2T CRIET 5, £/
Wik, FDEH72 b TV RIIERTAUA L
ABEABICT AEBATER Y o0 — U HE
WA EAMANICER T 5, £ LT, ZOHHE
ERAWCHFREORET S7-%H @ ELISA
EWNTHEL LI VANVAEAEERE
BHiE 25t MEEZ o— 2 OEERER B DT
REMEE A BT B,

B. WF3EiE

a. BEMPICFEET 2 BIFER T OERE
& IEMESEAM : Tat, Nef 38 L Y Vpr 12DV T,
RTP FHETE MR T 5 & & b, HIV R
MIEF O RIPIEMEOE#E & 8D1 1T L DG
EMREBRIEL T,

b. & MEBUEDYER : Vpr (6T AE 7 v —
CHUERZVER L, L Vpr IBE OEIET 57
@ ELISA # BT 5, £z, Vor FERIZK
LCHmEREZRT 7 o— 2B E L. 20



VERZEMTH & L iz, B MEFLEDEER
IS O FREME 2B b T D,

FEE LT, BEOT I/ BIL725 Vpr
DEERTF FE2FERA L, =V b ~aE
L7=%., WD RNA 2 L, cDNA T4 7
S —% T 7 —U~NBRIRI, T —TTA
AFVATAT T —"ER LT, BE. 7
ATV —DF A F—iE, 10-1084—F—T
»HB,

Vor IZ@mWEfIEEZ R+ 7 a— 3 Vpr @
MAOEZEBEAEY R\ A= 7 CERY
%, Vor BAEEW., KIBEICH L TEEEZ TR
T, REIHETHIZLENELY, £Z
T, HLEAYE EICEILFTRE R = A X PR IE
MATHREREIEE flag-A MV M E T &
Vpr EHEZAWTHIHIONN = THEERE
W, DWT, JINVFFUS I TV RT=2TF—
TGS L OMAEELRE L L TKRIBE TREA
SE-GST-Vor EHE CTR= 72179, %
DT 7— DNA D OHFEEEEMEZ a2 — FF
% cDNA 7 u—%[EIR L, & | Ig6 DWZE
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T HEIFH, BEIMT Vpr BE ORBHELEIT
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X % DNA BB D EER 25 RIZ,
TTIREFT TH D,
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BUVMER RO T,
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b. & MEFUEDIERR : Vpr X7 F K% 2LD

=U FUICHRELTRER, — P THL»RET
O ERBRRO bz, T OEEO D>
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BE pg/nL BETHD Z R oholz, 4
DR T, AT L7z 15 Bl 6 Bz T 8D1
THMENS LI-RTP FEEESRE SNz
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% 7- LI-RTP FERE 2 R 72 6 Fl DR AEIT
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ns,

E. #E#

BFE MR &5 LI-RTP FEREDL
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BAEFEB AR E (A XHRFEFE)
SRS &

THIV BRZsRE M AR D DNA 2 F LT VA @) (2B 50F%e

IARRTGEE

SR 0 ESEERERTEE ¥ —ET EIatRBIRE - £R

WFEREEE B Mifn & T AIAE O IEEM O " EESRIRE T, HIV BRI -> THE
S 415 Naive B Ml D DNA X FACAEERIZ DUV THREHT 21T o 72, B L7221 B
MR BWT S, T MIEERD DNA A FAALEB DD b, B X A5
230 DNA A FNALEBER F 2R I vz,

A BFZEER

HIV BE# ) SR, FERREE D Y R & b
NTHENE S EAME, FREREIH W
Y BIRMICIIERZDRE LB I N TV
D, T M ZERNCAT N R B Mo T,
B BT odz, HEEE DI, HIVESEY
VoSELFE HIV U oRIEEGIEZ B L, &
LT A K72 DNA A FNALT LA BT 54T - 7=
LA, W N—T0 DNA XA FNALISEF—
LR, BRp2B8EBETEHIERICH DA
BEMEZ RIR U=, £ 2 CLHIVEREY N ED
FIEIL T A NVARGERT A NV AERAEDES
BEZAHACE-ST, FITEE., AR
e T HERE & Rop{E BRIl B XD 2 L7
< BEFE UT2BAIT HIV YR L 5 DNA A F L
(LSRN FE SN D0 E 5 MNEREE LT,
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b MER AORMIM X Y RS{EBREAE (CD43
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FERE (EWCTHIRG) 2 0Bt L, ISR THRIC, 7
A NE =T Ui B E T o0,
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N d
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BZEVEOFERSEOHRICL2EMDE
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FHZR > TEM L7z,

C. Wraert B

a. BEMPICFEETIELCFTERFOMmIE &

Moo X 5, R4 BHIT T MRS,
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Z ®D % < A non-CGI(CpG island) %$E i @
hypomethylation fHE] T&H - 7=,
S HIZ ’T;ﬁw 7 A VAT naive B HIfE
i T #EB@ IZ. DNA X F A — ’Wiﬁ
BN, TRTCOERR A L2 12k
‘@'9“6 Z—Fy bi3bBH—F, BERAEF
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v,

D. B

FEATHFZE LT, FERRBDO Y U REE B L
T, HIVEYR Y > /)& Tlihypomethylationf
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BESRIR S LTV D, —JF, FATz B, HIV
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HIVEESL Y o\l & R ERMAE & o &
Ry H D, HVERY v NEOD
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BEFRBICEZER DL S /REME 2 /RI2 L7283,
HIVER e R4S M A AL T, non-CGIfEIR TD
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BnenGor

R
FnonCEl

non—-CGIREIk D A F AL #H & BRFREIC
DWTIEL, RERHDENEZ, EFMET
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B EBER L TCWDONLRATH D, L

ML, #IELEERIERD s D ThHi
IR, R L B AERBA S - OB ESE B
BL, Iz EDHFRELH B, —FH, &
ETRBEFEIC D ACeIMEkIT, 5L
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WCE -T2 H =4y FOBITITERTE 20,

EFMR~DORY L EL L0 ER
ez, BEROICEBZAZ LITEERHY
Z ORI, MR OEERENICE S 7 u—
TUT 4 RBRERFEL TS, £ZT,
BFE, HIVEREEREZ TP T, V&
FREZHLONMZTDHZ EE2RA LTINS,
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F & L T . CGH(comparative genomic
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DTHEFERALONICT ILE.ERD B, 4
DFERIIn=3 THHT=H, I LICERE L
KL, BEMELT —7 OREEZ LT,
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FERG B M 2 853895 £, DNA £ F L1k
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T RRYZ K A 55D DNA A F AL ER
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A F BRI E (oA AXRFFRESR)
SRR E

WAL=,

THIV ResRig MR o B EGRBOKRE] (CBET W58
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ESRRYLER R TR AR R EEMRE
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A. TFEEEHBY
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MY VB EIIRRAIERE LTERT
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TE SN TR TFER % 9 5 st
a2 VERL U, BRERIS A O FEEME S BA & 2>
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TIX A VAEAN, EEERO B MR
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MAGI 7 v ALV EE L, TOF
B Nef TEM Y A VALINIETEAE
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RETROVIROLOGY

Viral protein R of human immunodeficiency virus
type-1 induces retrotransposition of long
interspersed element-1
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Abstract

immunodeficiency syndrome (AIDS).

active for L1-RTP activity, and implies the involvement of L1

.

Background: Viral protein R (Vpr), a protein of human immunodeficiency virus type-1 (HIV-1) with various biological
functions, was shown to be present in the blood of HIV-1-positive patients. However, it remained unclear whether
circulating Vpr in patients’ blood is biologically active. Here,
system by which retrotransposition of long interspersed element-1 (L1-RTP) was detected. We also investigated the
in vivo effects of recombinant Vpr (t'Vpr) by administrating it to transgenic mice harboring human L1 as a transgene
(hL1-Tg mice). Based on our data, we discuss the involvement of blood Vpr in the clinical symptoms of acquired

Results: We first discovered that rVpr was active in induction of L1-RTP. Biochemical analyses revealed that rVpr-
induced L1-RTP depended on the aryl hydrocarbon receptor, mitogen-activated protein kinases, and CCAAT/
enhancer-binding protein B. By using a sensitive L1-RTP assay system, we showed that 6 of the 15 blood samples
from HIV-1 patients examined were positive for induction of L1-RTP. Of note, the L1-RTP-inducing activity was
blocked by a monoclonal antibody specific for Vpr. Moreover, L1-RTP was reproducibly induced in various organs,
including the kidney, when Vpr was administered to hL.1-Tg mice.

Conclusions: Blood Vpr is biologically active, suggesting that its monitoring is worthwhile for clarification of the
roles of Vpr in the pathogenesis of AIDS. This is the first report to demonstrate a soluble factor in patients’ blood

Keywords: HIV-1, Vpr, Blood, Retrotransposition, LINE-1, ORF1

we examined the activity of blood Vpr using an assay

-RTP in the development of human diseases.

Baclground

Viral protein R (Vpr), an accessory gene of human
immunodeficiency virus type-1 (HIV-1), encodes a
virion-associated nuclear protein of ~15 kDa [1]. Vpr
has a variety of biological functions, including cell
cycle abnormalities at the G,/M phase and apoptosis
of T cells and neuronal cells (for a recent review, see
ref. [2]). Notably, it was shown that Vpr was present
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in the blood of HIV-1-positive patients [3], and we
previously reported that 20 of 52 blood samples from
HIV-1-positive patients examined were positive for
Vpr [4]. Blood Vpr was detected in patients with high
titres of HIV-1 and, interestingly, was also detected in
patients with low viral titres [4]. On the other hand,
purified recombinant Vpr protein (rVpr) functions as a
trans-acting factor [5,6], and rVpr activated viral replication
in latently infected cells by increasing production of
interleukin-6 (IL-6) by monocytes [7]. Further analyses
revealed that rVpr-induced IL-6 production depended on
p38, a mitogen-activated protein kinase (MAPK), and
CCAAT /enhancer-binding protein B (C/EBP-P) [7]. These

© 2013 lijima et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Cornmons Attribution License (http//creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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observations suggest that blood Vpr could induce various
clinical symptoms, but it remained unclear whether blood
Vpr is biologically active.

Long interspersed element-1 (LINE-1, L1) and Alu are
major endogenous retroelements, accounting for ~17
and ~10% of the human genome, respectively [8,9]. As
an autonomous retroelement, L1 can retrotranspose not
only itself but also other retroelements, such as Alu and
SVA (short interspersed element-variable number
tandem repeat-Alu, SINE-VNTR-Alu). Intriguingly, a
single human cell contains more than 5 x 10° copies of L1,
80-100 of which are competent for retrotransposition
(L1-RTP) [10]. During early embryogenesis, L1-RTP
incidentally disrupts gene structures, leading to the devel-
opment of inborn errors [11,12]. Of note, approximately
100 types of inheritable diseases have been identified as
sporadic cases caused by mutagenic RTP of L1 or Alu
[12]. Although most studies of L1-RTP have focused on
early embryogenesis [13-16], recent lines of evidence
suggest that L1-RTP is also induced in somatic cells
[17-20]. In tumors of epithelial-cell origins and hepato-
mas, de novo L1 insertions were detected in the vicinity of
tumor suppressor genes, suggesting that L1-RTP is
actively involved in carcinogenesis [21,22]. Because
L1-RTP alters cellular properties by causing various
genetic alternations, including gene deletions [23,24],
DNA damage [25], apoptosis [26] and immune responses
[27], deregulation of L1-RTP in somatic cells likely
functions as a trigger of various diseases.

Here we present evidence that Vpr is active for induction
of L1-RTP, and further demonstrate that 6 of 15 blood
samples from HIV-1 patients were positive for Vpr-induced
L1-RTP. Interestingly, rVpr reproducibly induced L1-RTP
in various organs, including the kidney, when administered
to mice that harbored human L1 as a transgene (hL1-Tg
mice) [28,29]. Clinically, HIV-1-associated nephropathy
(HIVAN), which is mainly observed among African-
Americans [30], is an end-stage renal deficiency that is
found without apparent correlation with the viral load
[31,32]. In view of reports that Vpr is a candidate
molecule responsible for HIVAN [33,34], we propose that
monitoring blood levels of Vpr is important for determining
its involvement in the pathogenesis of HIVAN.

Results

tVpr induces L1-RTP

We initially performed a colony formation assay using
purified rVpr and pCEP4/L1mneol/ColE1 (pL1-Neo®)
(Figure 1A and B) [28,35-37]. When HuH-7 human
hepatoma cells were treated with rVpr, L1-RTP occurred
in approximately 50 of 10° cells (Figure 1C, P<0.02).
rVpr caused no apparent cytotoxicity (Additional file 1:
Figure S1). The activity of rVpr was also confirmed by a
PCR-based assay using pEF06R [37,38], in which the
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signal intensity of the 140 bp band, which corresponds
to a product of L1-RTP, was increased by treatment with
rVpr (Figure 1B, lower panel for the rationale of the
PCR-based assay and 1D, lane 2). A quantitative PCR
(qPCR) analysis was also carried out using a TaqgMan
probe designed to detect a junction point of two
exons of the EGFP gene (Figure 1B, bottom; see also
Additional file 2: Figure S2 for standard qPCR curves). Data
revealed that rVpr significantly increased the frequency
of L1-RTP (Figure 1E, P<0.05). Notably, rVpr-induced
L1-RTP was completely blocked by 8D1 and C217,
monoclonal antibodies (mAbs) against Vpr (Figure 1D,
lanes 5 and 6) [4], but not by an irrelevant mADb against a
spike protein of severe acute respiratory syndrome
coronavirus (Figure 1D, lane 4, SARS). Vpr-induced
L1-RTP was also observed in HEK293T cells, in which the
activity of ~1 ng/mL rVpr was detected (Figure 1F, lanes
10-12; Additional file 3: Figure S3).

Taking advantage of the high sensitivity of the
PCR-based assay performed using HEK293T cells, we
explored the activity of L1-RTP in blood samples
from HIV-1-positive patients. Among 15 samples analyzed
by a PCR assay, 6 were positive for L1-RTP induction
(Figure 2A, upper panel; patients’ clinical information
is summarized in Additional file 4: Table S1). Notably,
L1-RTP activity was selectively blocked by 8D1, indicating
that the L1-RTP activity in HIV-1 patients is attributable
to Vpr (Figure 2B and C). Interestingly, Vpr-induced
L1-RTP was detected in patients with low HIV-1 titres
(Figure 2D and Additional file 4: Table S1). To confirm
this, we carried out immunoprecipitation followed by
Western blot analysis (IP-WB analysis), and successfully
detected Vpr in one of two blood samples that were
positive for L1-RTP (no. 15; Additional file 5: Figure S4,
arrowhead). Estimated concentration of the blood Vpr,
when compared to the signals of standard rVpr, would be
approximately 5 ng/mL (Additional file 5: Figure S4).
In contrast, we could not detect Vpr in another sample
(no. 1).

tVpr induces L1-RTP in vivo

To determine the effects of rVpr in vivo, we next investi-
gated L1-RTP after administration of rVpr to hL1-Tg
mice (Figure 1B, solid line). As shown in Figure 3A,
L1-RTP was detected in organs including the lymph
nodes, liver, thymus and spleen upon intraperitoneal
administration of ~200 ng of rVpr three times every
2 days (Additional file 6: Table S2). Interestingly, the
qPCR analysis detected L1-RTP in the kidney after six
intravenous administrations of 10 ng of rVpr (Figure 3B).
To demonstrate that rVpr-induced L1-RTP was dependent
on the reverse transcriptase activity of ORF2 [9], we first
carried out in vitro experiments to examine whether
rVpr-induced L1-RTP was blocked by nucleotide analogue



