I EVRERORH, R2MUOELICHATIRINO0

—HASAN-BENAOBUELHE - RAFFORHANS AT ZHO

3 iﬂﬂﬂbﬁﬁﬁgﬂﬁ

BARTHIVIE, f”%h%ﬁﬁm@ FEICE B - B
L, QEOLEPREELERL 20 E, BHHL
AlDS#® 5 LEFES &0 5, @I i 8H 4+ v
LTH4HOMAERBEIFRE LESAIDSHFRICER
Lz, BELEoAI X ERINERRBRU L, 20
2RO T A VA TH oIl pdb o, R
S HEEE COMMVER Y E D o F. HIVERE
L, ERNOBREEETIOFRBRES LColE s
LTBELZEVIEFATH D, ORPLMERAORS
HRENEELRETH A IR ELHEIHRS LDD
BRELL LA,

4. l+GV¢@E§§WN

196448, *n@74y«v ﬁﬁk&(ﬁﬁﬁﬁﬁk
b, BmEEBEFHERITL L) BENESE

L. TOSmMAREAERLE(DYIRN THY,

HCOVIZHRS A TwiA®, 14y 7 —Rizrst
FHE LRI R R L ooy 2O
R BIC19628 0 BHEE o T/ THEWINERS » >~
MR | AR E G RE RIS R & EINEL

BEBEOMHIIIE - Tnbd, B0 X H 10, WmEFE
DE~DF —5 v MIHBVZ o /045, ZOHCVHR%:

boT, BEHOEREOREZNEIIAD oL E
2,

-, FRY AR B EBEEE G oo

BIA T L > T LR E A, B 1ICERHCVEESEH]

=1 ch:;mgsxmmmmm

HE
1964

= m&&im Yaw ?&mﬁﬁﬁm‘gﬁiﬁﬁﬁ R
Dmmﬁﬁk7476/¥f%&%%fﬁt ;

T [CHEE] OBEESRE
@%&mxaz§$mﬁgﬁmﬁﬁwﬁkxa$ﬁ'
V SEHPIGREES

~ $@mM;74VvJ¥¢&ﬂ®&ﬁﬁ@%L

?ﬁ@#ﬁﬁ?47SJ¢/§%&&%%&§E%%%&

1987 BT TN HR RS

3%”)3&%? L TN 7y EEOBES %%Kﬁ%mé«.iﬁ%

#ﬁ4uxﬁ mﬁwv4»xﬁr“&ue:7fr
BT

o8] — IOVAREE G EOEA
HCOVIBHREE(ETHRIEA

ﬁﬁ@{f’m‘?“) CEHN A o —F = P DX BHCVIE

BEEEEY

& R R SRR Y,

(MFEMBDT + TU I/ F L DEH

1965%, DIC* % & LMl s v 2%
B L7, OB, EMEMLEDCHITTRELE
RS LCHRERICER L, 1088, ToOMEMEW
EEMMEEER s LCEER LAY, ThEks, gRT
FHMO Y R Z S 2EII LT, Wilnd v b kigh
BOBOERE 7« 7 7 ﬁ’)%“y‘i@?‘ﬁ%‘%zﬁ&ﬂ: Lz
LivL, SOEBERT 7Y /S EENE, B AL
R ERFILT 5000 NMBMERTHLIL TV o .
197748, FDARIESR 7 ¢« 77U /4 U BHHD & B 8k
UAZ REEURETROELAY, bABETIXI0874E,

FRTHRBEHBRES S F CRAAN2EEREE o

7o TOEL IEME T 4 U SV EKI RS SR
BB A L AT L ATEESE O, WHh L E
EARD, RO BEEREORIICE - Twni,

COREMS IR A S EE R B (Qisseminated intravascular coagulation
syndrome). £ HFOMFMCEEI 2SS ORRE 2SR
T HES EFY L EBUNMERIREC X o TIBENETRT &
EHiC, MR EHEETIHE S, MRETH ISP,
DO FHRERSNHET . JONS, EEETFHToSOH
HMeHEE 7« 70 2y AP EE &S,

)& xRwEI I OT U L EEOER

CEIFF#e 7 A W AP BRAI N, FEEESKELDD
# - 7219044E, WHERORIEY T 7Y L BN T008H
WoOHCV BB 34 Ui, 1080 LI, MY OB
BREETXTHOVEFER STy R WHABEERERN
58k (EIA  enzyme immunoassay) Tillse L, B+
BLTELATWAY, JEEEHEBONS4 Hio 5
(C100-3) # B & ¥ A I AR ER (B—HR) 28T,
Cl00-3#LE, o 7HE, NS3HEEOHE %fﬁﬁr”»@"b@
THREBRES DIF g R EER T A L 22D
EOIMED, BREL L TEREHESBELL LV,
CO—RFBETIEML, H-BATREEE T VIR
THEAMEICRE L Ty oRHCVEARAREA L T
WA AL TR, BT I BHCVELE
EHEEMESE RS BAhRESE BRAL
TWow A VAR ENT, DROMBIE~EAL
TEAMBEREEFELLHNTVA, EHITOEROME S
U A, IO A VAR TR, AEIETES
TEPEINLEPo Il ERREREEZEZ ST
Ao BEEEEE A-P—R2IoBEEEEEI R

48(1260) | PHARM TECH JAPAN @ Vo0l.29 No.7(2013)




BERD T, ¥4 VARSI EA L AT es
HIEI D A T

5. HPV-B1 9@@3&&% e

HPV-BI9iE, EMAHOBERY I VA E L THS
b SOV ANALERS YA LA (HBY, HIVB X
UHCV) &8 2 D HIH TR, EBREEADSE
BB A TR THABE TS D, L L, EBIIR
BelL2oWe, BEAKBREBEOYAIEHEZ LG
BHAUEDA S ) o FRHRE R 2T D, EHIDA
I DRSO I VA NALIERR L, T
DE, O3 YL NAEEHTELVI L AERE L
AZ N~ TH LSO L, HPV-BIOT, B
£ AT B CI0IU/mLE A R I
VBRI EHNTEDEFDAGBEL TwE, Z 01090/
mLOREERICOWTIE, BT oY AL AT ICE
TWIFHBRSBH B, ThbH, 1000FEREPICRES

M4y Eas, S/DMBMEOS FHPV-BIOIZHE
BENTED, EBIRERHAIRESNLTVE. O
SEEEEBIERS LRSS0 VAREFFETS S
Edh, B -BERe Yy AV ABRBETEANBELT
VB, TIEREEE LT, BRI Y 4V ARES
HEHL, FDARCOBS®HB LA, RIECTHHERY
ISFDAF A Fo A4 ViCBBLTW5S, 3H5A, &M
HABRAOBLE T O L AIAEL, BETRSE R
N, BB INATCRIETH A o & A HRLT
M STV S,

HPV-BIOM & 3 12, RANHELOBE) X 7 hek
BB S A THELGEE, AP U~V OBETLT

LT THRT 2 LBRRVEEZON TS, &8,

HPV-BISICiB S mE L+ THETE 2 D
1 ooBEEE FiRo k3 CEROS AREEEHE T,
BB TR AR R ICBIO-DNAM M SN B v TH D,
NATO &) ZHBEEEOBVRE Y A F L TH~NTo

~
M HERT 2 L BRMENFAREL, BMEHEETas
A B TH D,
Oﬂ?fﬂxwﬁ%$M% LTHALZ LT
THDo

@O A W ADBEEEF - WROBEE, BFiz X ABE

HEHE, TALADORE YA L AERME (RS
Yoy Oo#E A THY, BEsmEAT T 5
oSO EREEEr SRS TOMMEEET I I &
DEETH L,

@ A LAERREO L A, FEsmEL, BEESA

B A WAL LT EOEEEFE L L, A

B ARRA Y =2 TARNRT )T T A,

AW ARED I ITH D,

BREFHRAOTRE CTOMMEEMT L I L IXEES
WERANH D, FOLD, FHESEOLEA, AR
BThb, VANARZ Y20, F+—Tdhb
oM, mMERE o4 LREERE YAV RH
HHRAE, NAT, BLIU06 7 BEOBFRESTHEAS
GHI ETHLOR T VD, YA VAT Y TI AR E
22007 7u—-F CHEETEIINY ARG Tni,
L2 AV AERELTEIRE £ 12EY1LR
FEETLHINET EXA20ME0TIET, #EEE
Wik, BB E 2 o MO FEEAORASEIEE L /o8
&, BETRBUBVWTHETANADTANATI YT I
CAEDR 9 0 Y ETHI RS S BT 08
BnESRTWE, YA NAETZY Y22 Tid, BREE
ERHRE, AR - EOMERS, MERESH L. S
Bl fE R R B, BRENREE68E, B L UMM
THESIIHET M#HoFERs LMt s
BEECET SR OBREOMII L D ES R
%d%%$&%&w%m BRI L2 0 R AR
EICESSNICRE] vAHETH L. MRMEAOEEE,
HE - ARTAEFESCHE BHIhI Thbb,
G OSSR ER 2 SR iBIRT 200, BHETH

v ROEAE LAREEEL B A A, B RAMEDE
bNAHEEEE L, METIEICREE U BREE

4
g

1. BEHMBEODAINARG Y~
- MB. hEEBEATGPT), AST(GOTIE), L RIEFURT (Hes
HE, BIOHE), DL RRERE (HasiRE, HBcRIAE), Y
BRI (HV, HBV, HCV. HAV, HPV-B19}, BFRIRE (6H A}
2. DANROYT S AT
- A NWAFRELLTIE
« BB
— HKINEILIE, MINRLE, HTST'®
o BB REFIERINIE (S/OME)
- YLWABRELE
c RRRSELR
s O LARRER
3. VAR IEROERFZE (E=2J2T)
~ BEBEEHARE SREE BER-BREERE

¥ KYST:High tamperaiure short tine mathod steriimtion{ % HssiIR SAY

E7 94ILARENIKE

PHARM TECH JAPAN @ V0129 No.7{2013) §49(1261)




EVRRORHE, BSMEOE.LICHTRH0

— A O A TEIHHO BREERHE - A F-ROWHNT A GHErT S # O HHE

DWTHAREFOMRLYEIEEL, BEEOURIES
BOIEEM - BRE, SO OMENERIN TS
(®7)-

g G MR M OEE SR ORBIE M T 5 5

“3351536:

A
e

MLERBRZ LS 2aHEnBE B LT QBFEDY
A W ABBEG & FOBERNEHTOESICL YRER

AEELTWS, YA VAOREEFRTER T A5
PEMESNERED S — 3R TWVE, LI ERLER
Lize B TAVRFERY A THEEL, #HLTRE
BigcEEs o T ULENH D, ICH Q74 ¥
AT, REVAZTRAIVALPELTRAI AL b
TOEAEFRRL TS A4 FF A4 ORBSE< A
VA MO AERLIRERFIZ, VRTESA0
AVAy EEBUTHERLA (B8, RAWTH~/LS
b, SHE TR, MIESEEH CERASECILELK
ESHAOEAE LAY, B mREREARhLTCS
BELHEAFBLORER JEYANRYRST
FVAZPMOTOELRELTE, BRIV Y 2~ TED
T, —BOLNNECERTETCVDEEFHTEL Y.
~F, AU —nvs, FYTIVA, ®ZFYLIE
VoA YRA Y R TR AOESA-ViEH ot E LT
L. TOEREL TWwE D, HHWEFNLIE L LI
HER, H5HVEHEETHOMBEO R TERIICEHE
LTwah(2iass—2a) kv dTi s Am
VL EDER LB oL SESHELLTIRIRAY
PO AQEET, EAOELL2EESEN EOLD
CARET R BERE L A

et

i GANARIZS AT OHROBE ;

YROTERA %
| SANABE |
E
M SALZSE !
1 H Y
2 ! A A || w2
7z I 7z
4 i z
3 FARRIEE-1 i £
p= ! g RAET | ;
I i :
1 | SALARE i %
- ¥ E
e SRR AATTEROT ORI |
T
GARRLE 2~ é
T ERLEa— ;

B8 WANRURTTRV AL FOEEE

BE R
1} Tabor E.: "The epidemiology of virus transmission by
plasma derivatives T clinical studies verifying the lack of
transmission of hepatitis B and C viruses and HIV type 1.

TRANSFUSION. 38, 1180-1168{1909)

Yu, MY, Bartosch, B, Zhang P. Guo, Z.P., Renzi, P.M,, Shen,

LM, Granier, C, Feinstone, SM, Cosset, F.L.. Purcell, RH.:

Neutralizing antibodies to hepatitis C virus (HCV) in immune

globuling derived from anti-HCV-positive plasma. Proc. Nad.

Acad. Sci. USA., 101, 7705-7710{2004}

3 BEHEHE S AT (FRERSE | BER - A
BEMEEENATSRANESBIUPR2EES IME
- AREEFRSEERSTANENAR e ENES (B
FEBE)), hp/www.mhlw.gojp/shingi/2010/06/¢1/s0623~
20mpdf, {(accessed 2013-3-3}

4) Guidance for Industry ¢ Nucleic Acid Testing (NAT) to
Reduce the Possible Risk of Parvovirus B19 Transmission by
Plasma~Derived Products, US. Department of Health and
Human Services Food and Drug Administration, Center for
Biclogics Evaluation and Research July 2009

5 Brown KE, Young NS, Alving BM, Barbosa LH. : Parvovirus
B19  implications for transfusion medicine. Summary of a
workshop, TRASFUSION, 41, 130-135(2001)

6) HANRTEH - AR VEESHR  hufsogeto

] ki v Thup//www jrcorip/vems_f/ivakuhin_yuketu

081125.pdf, {accessed 2013-3-2)

S FEER NV F Ty & ~BiclogicsD gD & HHTEE

T~, BAPDABEHESE NS 474 VABEBEE 2012%,

M eSS

b

2

=3
it

BAPDARIER R /N F VA N AEES SALLYFHS
K I

WMAFPORERY, SR REEEEY RINEMSY, BME MY A
HEES, JIME &Y, JLEF 37 3t Ry, Peag®,

HEREWY, FAEAD, FHETD F FEHED,
REHED, SIL%EY, REERS, AWH—S,

HHERY, HRMEW

— % B B R AL R M R R AR BT Y, BAERE X 7«
BB &Y, HARS PR P i preeny, #
REHEL ) H—F Loy -9 BEF-LHRRNEHY,
BAE&HI ATz, Fo— X - TATy
PR ERRART, HARERNESHY, BRI URT
PREEHY, MBI AN SO, REER TR
BREUERNY, EMEANASHY, g4 aTy
7 ZABRREFY, HARF v — LA - ) oS BRI,
ML 7 7 — < HRREMD, 7o » £ &,
— AL BB A BRI SAERT, BUERSARE
HERFeET e ‘

50(1262) l PUARM TECH JIAPAN @ V01.29 No.7{2013)




@PLOS ‘ ONE

OPEN @ ACCESS Frealy available online

Structure and Dynamics of the gp120 V3 Loop That
Confers Noncompetitive Resistance in R5 HIV-1 g to
Maraviroc

Yuzhe Yuan', Masaru Yokoyama?, Yosuke Maeda®, Hiromi Terasawa®, Shinji Harada® Hironori Sato?,
Keisuke Yusa**

1 Transfusion Transmitted Diseases Center, Institute of Blood Transfusion, Chinese Academy of Medical Science, Chenghua District, Chengdu, Sichuan Province, P. R.
China, 2 Pathogen Genomics Center, National Institute of Infectious Diseases, Musashi Murayama, Tokyo, Japan, 3 Department of Medical Virology, Graduate School of
Medical Sciences, Kumamoto University, Kumamoto, Japan, 4 Division of Biological Chemistry and Biologicals, National Institute of Health Sciences, Setagaya, Tokyo,
Japan

“Abstract

Marawroc, an (HIV-1) entry lnhlbltOF, binds to CCR5 and efficiently prevents RS human 1mmunodeﬁcxency virus type 1 (HIV-
1) from using CCR5 as a coreceptor for entry into CD4+ cells. However, HIV-1 can elude maraviroc by using the drug-bound
form of CCR5 as a coreceptor. This property is known as noncompetitive resistance. HIV-1ys.us derived from HIV-1jrrianis @
noncompetitive-resistant virus that contains-five mutations (1304V/F312W/T314A/E317D/1318V).in the gp1 20V3 loop alone.
To obtain genetic and structural |n5|ghts into maraviroc resistance in HIV-1, we performed here mutagenesis and computer-

~assisted structural study. A series of site-directed mutagenesis experiments demonstrated that combmaﬂons of V3.
mutations are reqmred for HIV-1jg.¢1an to replicate in the presence of 1 pM maraviroc, ‘and that a T199K mutation in the C2
region increases viral fitness in combination with V3 mutations. Molecular dynamic (MD) simulations of the gp120 outer
domain V3 loop with or without the five mutations showed that the V3 mutations induced (i) changes in V3 configuration
‘on the gp120 outer:domain, (ii) reduction of an anti-parallel B-sheet in the V3 stem region, (iii) reduction in fluctuations of
the V3 tip and stem regions, and (iv) a shift of the fluctuation site at the V3 base region. These results suggest that the HIV-1

gp120 V3 mutations that confer maraviroc:resistance alter structure-and dynamics of the V3 loop on the gp120 outer

domain, and enable interactions between gp120 and the drug-bound form of CCR5.
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Introduction polymorphic mutations in the gpl20 V3 loop can confer
noncompetitive resistance in HIV-ljrp [15]. One of these
viruses, designated HIV-1ysas, contains a set of five mutations
1304V/F312W/T314A/E317D/1318V in the V3 loop (from
Cys®® to Cys*®’). Most other noncompetitive-resistant viruses
contain multiple mutations in the V3 loop [8,9,11], although
mutations reported till date in the V3 loop are not always common
and resistance-associated mutations in the V3 loop were consid-
ered to be background dependent. Two elements are involved in
gpl20 coreceptor binding: (i) the V3 tip for the CCRS5

extracellular loop 2 (ECL2) and (i) the V3 base and stem residues

Inhibiting the entry of R5 human immunodeficiency virus type
1 (HIV-1) into CCR5*/CD4" cells is an effective step in blocking
viral replication. An entry inhibitor can bind to CCR5 and
prevent R5 HIV-1 from using GCRS5 as a coreceptor for entry [1].
Maraviroc, a CCR5 antagonist, has potent @ vitro and in vive
antiviral activity against laboratory strains and clinical isolates [2—
4]. Maraviroc, approved in 2007, was the first CCR5 antagonist
approved by the US Food and Drug Administration and is
currently used to treat patients with R5-tropic HIV-1 infections.

Treatment failures can occur because of an increasing number
of pre-existing CXCR4-using viruses [5,6]. Alternatively, escape
mutants can evade a CCR5 inhibitor by accumulating multiple
mutations in gpl20 and/or gp4l without switching their
coreceptor usage [7—14]. Escape mutants can use the drug-bound
form of CCR5 as a coreceptor, a property known as noncompet-
itive resistance [8,9,11]. In noncompetitive-resistant viruses, drug-
free CCR5 usage is compatible with the additional ability of drug-
bound CCRS usage. We previously reported that a combination of

PLOS ONE | www.plosone.org

and the V3 base of the gp120 core for the CCR5 N terminus [16—
19]. Thus, the V3 loop of HIV-1 plays a pivotal role in its
interaction with GCR5. However, how the V3 mutations induce
maraviroc-resistance without changing coreceptor tropism re-
mains unknown.

Increasing evidence indicates that the protein surface fluctuates
in solution, and that such fluctuations play key roles in interactions
with other molecules [20]{20,23]. We previously suggested that
the structural dynamics of the HIV-1 gp120 V3 loop play key roles
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in modulating viral interactions with various molecules, including
HIV-1 coreceptors and anti-V3 antibodies [21,22]. Therefore, it is
conceivable that the V3 mutations that cause changes in the
structural dynamics of the V3 loop may also be important for viral
interactions with the maraviroc and CCR5 complex.

In this study, we examined how the V3 mutations, which
conferred maraviroc resistance in HIV-1jg gy, affect the structural
dynamics of the V3 loop on the gp120 outer domain. We initially
performed extensive mutagenesis on the V3 loop to clarify a
genetic basis for maraviroc-resistance of the HIV-1jp_gy, strain.
These studies demonstrated that combinations of V3 mutations
are required to render maraviroc resistance to HIV-ljg.pr.
Subsequently, we performed MD simulations [23-25] of HIV-
lyr-rr. gp120 outer domains carrying V3 loops with and without
the five maraviroc resistance mutations. The results illustrate that
at the atomic-level maraviroc resistance mutations affect intrinsic
structural properties and motion of the V3 loop on the HIV-1
gp120 outer domain.

Materials and Methods

Cells and Viruses

PM1/CCR5 cells were generated from the human CD4" T-cell
line PM1 [26] by standard retrovirus-mediated transduction with
pG1TKneo-CCR5 [27]. The cells were maintained in RPMI
1640 (Invitrogen) supplemented with 10% heat-inactivated fetal
calf serum (FCS; Vitromex). MAGIC-5 cells (HeLa-CD4*-
CCR5*-LTR-b-galactosidase) [28], used as reporter cells for
HIV-1 infection, and 293T cells were maintained in Dulbecco’s
modified Eagle’s medium (ICN Biomedicals) supplemented with
10% heat-inactivated FCS. pJR-FL was kindly provided by Prof.
Koyanagi (Kyoto University).

MD simulation

HIV-1 gpl20 outer domain structures with various V3 regions
were constructed by the homology modeling method, using
Molecular Operating Environment (MOE) software v. 2010.10
(Chemical Computing Group Inc., Montreal, Quebec, Canada)
[22]. For the modeling template, we used the crystal structure of
HIV-1 gpl20 containing an entire V3 region at a resolution of
3.30 A (PDB code: 2QAD) [29]. The 186 amino-terminal and 27
carboxyl-terminal residues were deleted to construct the gpl20
outer domain structure. MD simulations were performed using the
SANDER module of the AMBER 9 program package [30], the
AMBERY99SB force field [31], and the TIP3P water model [32].
Bond lengths involving hydrogen were constrained using SHAKE
algorithm [32] and the time for all MD simulations was set to 2 fs.
A nonbonded cutoff of 12 A was used. After heating calculations
for 20 ps until 310 K using the NVT ensemble, simulations were
conducted with the NPT ensemble at 1 atm and 310 K for 20 ns.
Superimposition of structures was performed by coordinating the
atoms of the amino acids along the B-sheet at the gp120 core. We
calculated the root mean square fluctuation (RMSF) to determine
the atomic fluctuations along the trajectory broken down by
residues during MD simulations. Average structures during the
final 10 ns of MD simulations were used as reference structures.
RMSFs were calculated using the ptraj module of AMBER 9 [22].

V3 mutant viruses

V3 mutant proviruses were constructed from pJR-FL,,. The
176-bp DNA fragments containing single mutations (1304V,
F312W, T314A, E317D, or I318V) were subcloned into a cloning
vector by overlapping PCR using primers tagged with a mutated
tail. The mutation-containing DNA fragments encoding the V3
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loop were repeatedly amplified from the cloning vectors using the
primers VV-Af (5-ACAGCTTAAGGAATC TGTAGAAAT-
TAATTG-3') and VV-Nh  (5-ATTTGCTAGCTATC
TGTTTTAAAGTGTCAT-3"). Products were digested with AfIII
and Nhel, subcloned into pCR-SXAAN, and designated as pCR-
SX;, pCR-8X,, pCR-SX;, pCR-SX,, and pCR-SX;. The Stu I~
Xho 1 fragment from the plasmids was then subcloned into pJR-
FLASX that was created by replacing the St I-X#o I fragment of
pJR-FL with a linker. The end products were proviral plasmids
that were used for transfection for virus production. The
procedure described above was repeated for construction of the
proviral DNA containing two to four mutations.

For virus preparation, 293T cells (2x10°) were transfected with
10 ug of proviral DNA using the calcium phosphate ProFection
Mammalian Transfection System (Promega). The supernatant was
collected 28 h after transfection, filtered through a 0.22-pm filter
(Millipore), and stored at —80°C until further use. The amount of
p24 Gag in the supernatant was measured by p24 Gag ELISA
(Zeptometrix).

Viral replication assay

For the viral replication assay, 4x10* PM1/CCR5 cells were
infected with 8 ng p24 Gag for 2 h in the presence or absence of
1 uM maraviroc. After washing twice with phosphate-buffered
saline (PBS), the infected cells were incubated at 37°C in a 5%
GOy atmosphere in the presence or absence of 1 UM maraviroc.
On day 6 after infection, the amount of p24 Gag in the
supernatant was measured by p24 Gag ELISA (Zeptometrix).
Maraviroc was provided by the NIH AIDS Research and
Reference Reagent Program, Division of AIDS National Institute
of Allergy and Infectious Diseases.

Determination of drug susceptibility

Drug susceptibilities were determined by the single-round viral
entry assay using previously titrated pseudotyped virus prepara-
tions with MAGIC-5 cells. In brief, MAGIC-5 cells were plated in
48-well tissue culture plates 1 day before infection. After
absorption of the pseudotyped virus for 2 h at 37°C in the
presence or absence of 1 pM maraviroc, the cells were washed
twice with PBS and further incubated for 48 h in fresh medium in
the presence or absence of the inhibitor.

HIV-1 single-cycle luciferase reporter assay

HIV-1 single-cycle luciferase reporter viruses were produced by
cotransfection of 293T cells with pNL-LucR-E™~ [33] and Env-
expressing plasmids pCXN-EnvJR-FLan, pCXN-Envysas,
pCXN-Envosss, pCXN-Envysss, pCXN-Envigss, pCXIN-
Envigss, or pCXN-Envigss. Culture supernatant containing
pseudoviruses at a final concentration of 1 ng/ml p24 was added
to 1x10* cells/well MAGICS5 cells [28] in a 48-well plate. After
2 h, the cells were washed twice with phosphate-buffered saline
(PBS) and firefly luciferase activity was measured 48 h postinfec-
tion, according to the manufacturer’s directions (Promega).

Results

Noncompetitive-resistant virus HIV-1yz us

HIV-lysas containing the five mutations 1304V/F312W/
T314A/E317D/1318V in the V3 loop with a JR-FL background
(Figure 1A) exhibits noncompetitive resistance to maraviroc [15].
This virus could replicate in the presence of an extremely high
concentration of the entry inhibitor (Figure 1B), ie., 1 uM
maraviroc, which was 147-fold higher than the IC5q value of the
wild-type HIV-1jr Fran (0.0069 uM). HIV-lys.ns could infect
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Figure 1. Noncompetitive resistant HIV-1y3 ms. (A) Five amino acid substitutions in the V3 loop of HIV-Tys.»s (1304V/F312W/T314A/E317D/
1318V). HIV-1,g.£Lan Was created form HIV-1,5.¢, by incorporation of Aflll and Nhel. Incorporation of the Nhel site led to amino acid substitutions Val>*2-
11e3#® to Ala®*-Ser®*®, HIV-1,p.rLan Was used as the parental virus. (B) Replication kinetics of HIV-Tys.us in the presence or absence of 1 uM maraviroc in
PM1/CCRS5 cells. PM1/CCRS5 cells (1 x10°) were infected with 10 ng of p24 Gag for 3 h. Viral replication was monitored by measuring p24 Gag in the
supernatant after infection. The analysis was repeated three times; the error bars represent the S.D. of three replicates from one representative

experiment.
doi:10.1371/journal.pone.0065115.g001

PM1/CCRS5 cells through drug-bound CCR5 to produce p24
Gag in the presence or absence of 1 UM maraviroc, whereas HIV-
1jR-FLan replication was completely suppressed.

Suppression of replication in recombinant viruses
containing one to.three mutations in the V3 loop by

maraviroc

To further examine the contribution of each mutation to
noncompetitive resistance, we constructed recombinant viruses
containing one of the five mutations in the V3 loop (Figure 2A).

PLOS ONE | www.plosone.org

1304V, F312W, T314A, E317D, and 1318V were the polymorphic
mutations detected in R5 clinical isolates. Thus, none of these
viruses exhibited defective growth, although F312W caused a
moderate decrease in p24 Gag production in the absence of
maraviroc. HIV-1y3.5 replication was 1.8-fold lower than HIV-
1R FLan replication. The presence of 1 uM maraviroc completely
suppressed the production of recombinant viruses containing a
single mutation, indicating that these single mutations could not
confer noncompetitive resistance. Following this, we constructed
11 recombinant viruses, each containing two or three random
combinations of the mutations (Figure 2B). Theoretically, the total
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Figure 2. The effect of 1 UM of maraviroc on p24 Gag production in recombinant viruses containing one (A) and two or three (B) of
the five amino acid substitutions. PM1/CCR5 cells (1x10°) were infected with 10 ng p24 Gag for 3 h in the presence or absence of 1 uM
maraviroc. On day 6 after infection, the amount of Gag in the supernatant was measured using HIV-1 p24 ELISA. The analysis was repeated three
times; the error bars represent the S.D. of three replicates from one representative experiment. **, p<<0.01. Statistical significant difference was

calculated by t test.
doi:10.1371/journal.pone.0065115.g002

number of possible combinations of the five mutations was 120;
therefore, 11 combinations of two or three mutations were
insufficient to determine the crucial combination(s) for noncom-
petitive resistance. These recombinants could produce more than
100 pg/ml p24 Gag in the absence of maraviroc, although their
replication resulted in variable levels of p24 Gag. Maraviroc

PLOS ONE | www.plosone.org

mostly suppressed the replication of these recombinant viruses,
indicating that the combination of these two or three mutations
did not confer use of drug-bound CCRS5 as a coreceptor for viral
entry. However HIV-lgs, containing F312W/T314A/E317D
could replicate in the presence of 1 uM maraviroc, although p24
Gag production was 1.8% of that in its absence. We could not
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passage HIV-loss in PMI1/CCR5 cells because of its poor
replication in the presence of 1 pM maraviroc (data not shown).
These results suggest that HIV-1934 Is an intermediate form in the
transition of the wild type to a completely noncompetitive-resistant
form.

Effect of maraviroc on recombinant viruses containing
four mutations in the V3 loop

We next examined the recombinant viruses containing four
mutations in the V3 loop (Figure 3). Without maraviroc, the viral
fitness of HIV-1,934 was comparable with that of HIV-1jr_pran,
whereas the other four recombinant viruses replicated at levels
lower than those of HIV-1ys.ms. Of note, HIV-19345 and HIV-
11934 could replicate in the presence of 1 M maraviroc, although
HIV-11345, HIV-1,945, and HIV-1,935 replication was completely
suppressed. p24 Gag production by HIV-15345 in the presence of
maraviroc was 4.5-fold higher than that in its absence, whereas
HIV-1,934 replication in the presence of maraviroc was 15-fold

1
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lower than that in the absence of maraviroc. These two viruses
contained three common mutations: F312W, T314A, and E317D.

Effect of maraviroc on recombinant virus containing
F312W/T314A/E317D in the V3 loop

We further examined whether HIV-1534 containing the triplet
mutation F312W/T314A/E317D exhibited noncompetitive resis-
tance (Figure 4). HIV-1lyss replication can be enhanced by
T199K in V3 mutants to a level comparable with that in HIV-1g.
rL [15]. p24 Gag production by HIV-1ys.Mms,T199k increased from
3100 pg/ml to 10,500 pg/ml in the presence of 1 pM maraviroc,
whereas there was no significant increase in its absence. Similarly,
HIV-lgs4/1r190x replication was significantly enhanced from
31 pg/ml to 650 pg/ml in the presence of 1 uM maraviroc but
not in its absence. These results indicated that triplet mutations in
the V3 loop are crucial for noncompetitive resistance, and 1304V,
1318V, or T199K can increase viral fitness.
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<10 100 1000 10000
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Figure 4. The effect of 1 uM of maraviroc on p24 Gag production in HIV-1 g g ans HIV-T1190k, HIV-Tyz_ms, HIV-1ya_msr19ek, HIV-1234,
and HIV-1,34/1199k- PM1/CCR5 cells (1 x1 0°) were infected with 10 ng p24 Gag for 3 h in the presence or absence of 1 uM maraviroc. On day 6 after
infection, the amount of Gag in the supernatant was measured using HIV-1 p24 ELISA. The analysis was repeated three times; the error bars represent
the S.D. of three replicates from one representative experiment. **, p<<0.01. Statistical significant difference was calculated by t test.
doi:10.1371/journal.pone.0065115.g004
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Finally, we examined the effects of T199K on the replication of
recombinant viruses carrying four mutations in the V3 loop. In the
presence of maraviroc, HIV-1,934 produced 6.7% of p24 Gag of
that in its absence (Figure 3); however, HIV-11934,1190x replica-
tion increased up to 43% (Figure 5). Of note, HIV-1)545
replication was completely suppressed by 1 pM maraviroc
(Figure 3); however, HIV-1j945/T199x could replicate in the
presence of 1 pM maraviroc, although the p24 production was
only 2% of that in the absence maraviroc (Figure 5). These results
indicated that the absence of T314A in the triplet could be
compensated by I304V, I318V, or TI99K and result in
noncompetitive resistance.

Susceptibilities of pseudotyped viruses containing four
mutations in the V3 loop to maraviroc

To confirm the phenotypes of the recombinant viruses
determined by the single-round infection assay using MAGIC-5

0

293 300 310 320
i

cells, we examined the susceptibility of viral entry using
pseudotyped viruses with mutant envelopes (Figure 6). The viral
entry of HIV-1jg ran Env, HIV-11345 Env, or HIV-1,935 Env was
completely suppressed by maraviroc. These results were consistent
with those obtained using competent viruses (Figure 3). HIV-1ys.
wms Env inhibition with maraviroc saturated approximately 17%
entry efficiency [15]. HIV-1,934 Env retained 4% entry efficiency
in the presence of 1 pM maraviroc, indicating that the low
efficiency of drug-bound CCRS5 usage accounted for the low
replication rate of the competent virus. In contrast, HIV-1g9345 Env
could infect MAGIC-5 cells with 41% entry efficiency of that in
the absence of maraviroc (Figure 6), although viral fitness in the
presence of the inhibitor was superior to that in its absence in
PM1/CCRS5 cells (Figure 3). Furthermore, even 1 pM maraviroc
did not completely suppress HIV-1,945 Env entry (Figure 6). These
discrepancies may have occurred because of the cell-type-specific
nature of noncompetitive resistance [34].
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Figure 6. Maraviroc susceptibility of pseudotyped viruses derived from HIV-1 g g ans HIV-Tyva.ms, HIV-T2345, and HIV-14345, HIV-11245,
HIV-1,,35, and HIV-1,,34. MAGIC-5 cells were infected with pseudotyped viruses in the absence or presence of 1 pM maraviroc. The analysis was
repeated three times; the error bars represent the S.D. of three replicates from one representative experiment. **, p<<0.01. Statistical significant
difference was calculated by ¢t test.

doi:10.1371/journal.pone.0065115.g006
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MD simulations of the HIV-1 gp120 outer domain

MD simulation is a powerful computational method for
studying motions of proteins at the atomic-scale [23-25]. To
address structural impacts of the V3 maraviroc-resistance muta-
tions, we performed MD simulations of the HIV-ljr.pr, gpl20
outer domain V3 loop with and without the five mutations of
HIV-1ysms (I304V/F312W/T314A/E317D/1318V). As de-
scribed previously [21,22], the root mean square deviation
(RMSD) between the initial model and the model at a given time
of MD simulation sharply increased soon after heating the initial
model and then fluctuated continually for 20 ns of simulations
(data not shown). The data suggests an intrinsic property of the
gp120 outer domain V3 loops that results in structural fluctuations
in solution. Hence, we constructed averaged gpl20 structures
using 40,000 snapshots during the 10-20 ns of MD simulation,
and we superimposed them to reveal structural differences in the
V3 loops of the two gp120s. Marked changes in V3 conformation
were induced by introduction of the five V3 mutations (Figure 7A).
The V3 loop of JR-FLys.s was located at a much more distant
position from the $20B21 loop in the outer domain than that of
JR-FL. In addition, an anti-parallel B-sheet in the V3 stem region
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was reduced in the V3 loop of JR-FLys.05 compared with that of
JR-FL.

To map the V3 loop sites in which fluctuations are influenced
by the five mutations, we calculated the root mean square
fluctuation (RMSF) of the main chains of individual amino acids in
the V3 loop using 40,000 snapshots from 10-20 ns of each MD
simulation (Figure 7B). The RMSF values were maximal at the V3
tip, indicating that the region involved in binding to CCR5 ECL2
fluctuates the most in solution. Interestingly, the five mutations
were found to decrease the RMSF throughout the V3 tip and stem
regions (Figure 7B, blue line). In addition, the five mutations
caused a shift in small RMSF peaks at V3 base regions.

Discussion

In this study, we examined the genetic and structural bases for
the noncompetitive resistance of HIV-1 to maraviroc. Using site-
directed mutagenesis, we demonstrated that combinations of
mutations in V3 are required to confer maraviroc resistance to the
HIV-ljrpy, strain (Figures 2, 3). In addition, we showed that in
combination with the V3 mutations, a T199K mutation in the C2
region enhanced viral fitness (Figures 4, 5). Finally, we indicated
that these five maraviroc-resistance V3 mutations of HIV-1ys.s
change the intrinsic structures and motion of the V3 loop on the
HIV-1 gp120 outer domain. These data provide novel insights
into the molecular mechanisms of HIV-1 maraviroc resistance.
Further study may be able to classify the structure of V3 loop of
HIV-1 to reveal or easily develop noncompetitive resistance
through antiviral treatment with maraviroc in advance.

In the V3 loop, maraviroc-associated mutations have been
reported at His?”, Pro®®, Ala®'!, Phe®'?) Thr®'*, Glu®", and
Ie®'® (numbering in JR-FL) [11,35-37]. In the HIV-1j pran
background, F312W/T314A/E317D is a crucial combination for
maraviroc resistance, and I318V was required for extensive
replication comparable with that in the wild type (Figure 5). HIV-
1934 could not be passaged in PM1/CCRS5 cells in the presence of
1 uM maraviroc because of its poor viral fitness (data not shown),
suggesting that F312W/T314A/E317D is a type of fitness “valley”
that needs to be selected on the genetic pathway for the
development of noncompetitive resistance. F312W/T314A/
E317D and one other mutation are required to acquire
noncompetitive resistance. We could not select a maraviroc-
resistant virus from the homogeneous viral population of HIV-1jr.
FLan Decause spontaneous multiple mutations (>4) were unlikely
to occur during in vifro passages, whereas our V3 virus library
inherently contained F312W/T314A/E317D and fitness-enhanc-
ing mutations (I304V/I318V) [15]. We could not observe the
condensation of viral clones containing one or two of these
mutations at low concentrations of maraviroc (0.03-0.1 uM),
suggesting that one or two combinations of these mutations did not
confer a selective advantage (Figure 2). HIV-1 did not acquire
maraviroc resistance by following a pathway for increasing
resistance by the accumulation of multiple mutations. Instead,
spontancous alterations in the V3 loop were required to utilize
maraviroc-bound CCR5. These results suggest that a virus library
containing various mutations in specific regions such as the V3
loop is suitable for the i vitro selection of viruses resistant to entry
inhibitors [38].

It remains unclear how the maraviroc resistant viruses use
maraviroc-bound CCR5 as an entry coreceptor. Accumulating
evidence from the investigations of protein chemistry indicates that
structural fluctuations of the protein surface in solution play key
roles in these molecular interactions [23-25]. Therefore, it is
possible that the resistant viruses adjust these structural fluctua-
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tions of coreceptor binding surfaces through V3 mutations that
enable binding to maraviroc-bound CCRS5. In general, it is
difficult to analyze motions of proteins at an atomic scale.
However, recent advances in hardware and software of biomo-
lecular simulation have rapidly improved its precision and
performance [23-25]. Therefore, in this study we applied MD
simulations and elucidated the structural dynamics of the gpl20
outer domain in solution.

Our MD simulations of the gp120 outer domain suggest that the
five mutations in the V3 loop of HIV-lysns caused marked
changes in the physical properties of the CCR5 binding surface
(Figure 7). Firstly, the mutations altered configurations and
secondary structure of the tip-stem region of V3 loop on gp120.
Secondly, the mutations reduced fluctuations at the base and tip
regions of the V3 loop on gpl20 and shifted the site of these
fluctuations to the V3 base region. These results illustrate how
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Promoter Targeting shRNA Suppresses HIV-1 Infection
In vivo Through Transcriptional Gene Silencing

Kazuo Suzuki', Shinichiro Hattori?, Katherine Marks', Chantelle Ahlenstiel’, Yosuke Maeda®, Takaomi Ishida®, Michelle Millington®,
Maureen Boyd®, Geoff Symonds™®, David A Cooper?, Seiji Okada? and Anthony D Kelleher'?

Despite prolonged and intensive application, combined antiretroviral therapy cannot eradicate human immunodeficiency virus
(HIV)-1 because it is harbored as a latent infection, surviving for long periods of time. Alternative approaches are required to
overcome the limitations of current therapy. We have been developing a short interfering RNA (siRNA) gene silencing approach.
Certain siRNAs targeting promoter regions of genes induce transcriptional gene silencing. We previously reported substantial
transcriptional gene silencing of HIV-1 replication by an siRNA targeting the HIV-1 promoter in viiro. In this study, we show that
this siRNA, expressed as a short hairpin RNA (shRNA) (shPromA-JRFL) delivered by lentiviral transduction of human peripheral
blood mononuclear cells (PBMCs), which are then used to reconstitute NOJ mice, is able to inhibit HIV-1 replication in vivo,
whereas a three-base mismatched variant (shPromA-M2) does not. In shPromA-JRFL-treated mice, HIV-1 RNA in serum is
significantly reduced, and the ratio of CD4*/CD8*T cells is significantly elevated. Expression levels of the antisense RNA strand
inversely correlates with HIV-1 RNA in serum.The silenced HIV-1 can be reactivated by T-cell activation in ex vivo cultures. HIV-1
suppression is not due to offtarget effects of shPromA-JRFL. These data provide “proof-of principle” that an shRNA targeting
the HIV-1 promoter is able to suppress HIV-1 replication in vivo.
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Introduction

Currently available combined antiretroviral therapy has mark-
edly improved both morbidity and mortality associated with
human immunodeficincy cirus (HIV)-1 infection, reducing the
viral load ((VL) HIV-1 RNA in serum) and rescuing CD4* T cells
from HIV-1 infection.'* However, HIV-1 persists in its proviral
form in cellular reservoirs.57 On cessation of even prolonged
combined antiretroviral therapy, rapid viral recrudescence
occurs in the overwhelming majority of cases.®® Alternative
therapeutic approaches are required to overcome these limita-
tions. We have been investigating a transcriptional gene silenc-
ing (TGS) approach using short interfering RNAs (siRNAs)
gene targeting the promoter region of HIV-1. Unlike siRNA
targeting HIV-1 messenger RNA (mRNA), which induces the
post-TGS (PTGS) pathway to degrade mRNA in the cytoplasm,
we and others have shown that specific siRNAs targeting viral
promoter regions can induce TGS within the nucleus.'>"®* TGS
has also been demonstrated in an in vivo model targeting the
promoter of vascular endothelial growth factor (VEGF-A)."”

Although initial reports demonstrated inhibition of HIV-1
replication by siRNA through PTGS, 8¢ further in vitro studies
revealed a number of modes of resistance: directly, through
rapid development of mutations within®-22 or near the siRNA
targeted region,? and indirectly, via mutations in regions sep-
arate from the RNA interference targets.* Nonetheless, both
direct and indirect modes of resistance compromise the effi-
cacy of combinations of siRNAs targeting multiple HIV mRNA
regions.?® Therefore, PTGS approaches appear to have fun-
damental limitations.

siRNA-induced TGS was originally reported in plants.26-2°
TGS has more recently been observed in certain mammalian
cells."3031 TGS has potential advantages over PTGS when
silencing of HIV is the objective. The high mutation rate of
HIV-1, due to its nonproof reading reverse transcriptase (RT)
and high replication rates, allows rapid adaptation to envi-
ronmental pressures including the development of resistance
or escape mutations.®3 As TGS results in marked reduc-
tion of HIV-1 transcription through induction of epigenetic
modifications in the HIV-1 promoter,® production of new viral
RNA is limited and the HIV-1 RT enzyme has no substrate on
which to act. Therefore, resistance mutations are less likely
to develop in a TGS approach.'® However, TGS approaches
may have their own pitfalls. Offtarget effects must be care-
fully excluded as they have been described with siRNAs or
antisense RNA designed to induce TGS.* Sequence-specific
offtarget effects are difficult to predict and even slight offset-
ting of target sequences can make substantial changes to
the extent of offtarget effects.®® Furthermore, sequence-non-
specific offtarget effects can be induced by the triggering of
interferon (IFN) pathways by double-stranded RNA through
endosomal receptors such as Toll-like receptor (TLR)3,
TLR7, and TLR8.572

We have reported sustained, profound, highly specific viral
suppression of viral replication by siRNA- and short heparin
RNA {shRNA)—induced TGS of HIV-1 and simian immunode-
ficiency virus in various in vitro models, through a mechanism
that results in chromatin compaction.®**-4 Because HIV-1
has identical long terminal repeats (LTRs) at the 5" and 3’
ends of the integrated virus, any promoter-targeted siRNA

18t. Vincent's Centre for Applied Medical Research, Darlinghurst, New South Wales, Australia; 2Center for AIDS Research, Kumamoto University, Kumamoto, Japan;
3The Kirby Institute, The University of New South Wales, New South Wales, Australia; *Department of Medical Virology, Faculty of Life Sciences, Kumamoto University,
Kumamoto, Japan; SResearch Center for Asian Infectious Disease, Institute of Medical Science, University of Tokyo, Tokyo, Japan; ®Calimmune, Sydney, Australia,
Correspondence: Kazuo Suzuki, St. Vincent's Centre for Applied Medical Research Darlinghurst, New South Wales, Australia. E-mail: k.suzuki@amr.org.au

Received 21 August 2013; accepted 23 September 2013; advance online publication 3 December 2013. doi: 10.1038/mtna.2013.64



Promoter Target RNA Inhibits HIV Infection In vivo
Suzuki et al.

N

can potentially act through PTGS. With our lead candidate,
called PromA, we have found that the contribution of PTGS
is limited.®* In this study, we used a lentiviral delivery sys-
tem to express the previously described shRNA targeting the
HIV-1 promoter region to transduce human PBMCs. We first
assessed shRNA-mediated TGS approach using a PBMC
infection model in vitro. We then demonstrated an antiviral
effect of this construct on HIV-1 infection in vivo using NOJ
mice*® transplanted with the lenivirus-transduced PBMCs.

Results

shRNA targeting the promoter of HIV-1 ., suppresses
viral expression in PBMCs obtained from healthy donors
Our previous in vitro TGS studies were based on PromaA tar-
geting the NF-xf region of the U3 promoter region of HIV-1
(Figure 1a). The humanized NOD/SCID Janus kinase 3
knockout mice model has been developed to use the HIV-
1, Strain.*® We sequenced the HIV-1 . promoter region,
which demonstrated that there was a one-base mismatch
compared with the original sequence targeted by PromA
(Figure 1s). Because induction of TGS is sequence specific,
and a two-base mismatched siRNA failed to induce effective
TGS in vitro,** we constructed U6 promoter driven—shRNA
expression self-inactivated lentivirus vector plasmids with a
GFP expression unit (Figure 1b) specifically targeting this
region of HIV . (shPromA-JRFL), as well as shPromA-
M2, a three-base mismatched control, and shPromA-Sc (a
scrambled control) (Figure 1b). VSV-G envelope pseudo-
type lentiviruses expressing each of these constructs were
used to transduce human PBMCs. A transduction efficiency
of 38.4% for shPromA-JRFL, 31.7% for shPromA-M2, and
34.7% for shPromA-Sc was achieved as assessed by EGFP
expression 5 days after transduction (Figure 1¢). PBMCs
transduced with shPromA-JRFL, but not those transduced
with control lentivirus, challenged with HIV-1 in vitro, showed
significant reduction of HIV-1 gag mRNA (Figure 1d).

The detection of gag mRNA reflects transcription of
unspliced viral RNA. We also investigated whether the tran-
scription of spliced viral RNA was modulated by shPromA-
JRFL by measuring levels of spliced-fat RNA (Figure 1e). As
expected, shPromA-JRFL spliced-tat expression was signifi-
cantly reduced, but with a different kinetic to the suppression
of gag RNA. This results in a marked difference in the kinet-
ics of the ratio of spliced (faf): unspliced (gag) RNA in the
shPromA-JRFL-treated cultures compared with the control
cultures with a peak in the spliced:unspliced ratio at day 7
(Figure 1f). By day 14, the levels of both gag and spliced-
tat RNA are similar in each of the cultures, consistent with
loss of effect. Sequence of the virus obtained from the culture
supernatant of PBMCs transduced with lenti-shPromA-JRFL
at day 14 did not show any mutations in U3 region and, in
particular, in the shRNA target sequence. Given that only
38.4% of cells in these bulk cultures were transduced, these
results suggest that the elevated HIV-1 replication by day
14, as assessed by both spliced and unspliced viral RNA,
is likely due to overgrowth of virus from untransduced cells.
Having demonstrated the in vitro efficacy of our new con-
struct, we proceeded to in vivo experiments using shPromA-
M2 as a control, because this three-base mismatched control
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is a more rigorous specificity control than the scrambled
shPromA sequence.

shPromA-JRFL inhibits HIV-1 replication in a humanized
NOJ mouse model

We evaluated the in vivo antiviral effect of shPromA-JRFL
in a previously established model of acute HIV-1 infection
based on the nonobese diabetic (NOD)/SCID/Janus kinase
3 knockout (NOJ) mice reconstituted with human PBMCs
and then infected with HIV __ . First, we transduced healthy
human PBMCs with lentivirus-expressing shPromA-JRFL
or shPromA-M2. Transduction efficiency before transplanta-
tion was 22% for shPromA-JRFL and 25% for shPromA-M2.
Seven days later, mice (n = 8 per group) were transplanted
with 1x 107 (nonselected) lentivirus-transduced PBMCs per-
mouse by intraperitoneal injection and the cells allowed to
engraft. Five days later, mice were infected by intraperitoneal
inoculation of HIV-1__ (Figure 2a). This is a model of rap-
idly progressive HIV-1 infection with high VLs, massive CD4*
T-cell depletion, and profound immunodeficiency occurring
within weeks of infection.*

Mononuclear cells were recovered at sacrifice (day 14 after
HIV-1 infection) from the peritoneal cavity and the spleen. VL
in serum was detected by RT quantitative real-time PCR (RT-
gPCR). VL in the mice transplanted with PBMCs expressing
shPromA-JRFL was significantly lower (P = 0.014) than in
shPromA-M2 control mice (Figure 2Zb). CD4* T cells were
reduced relative to CD8* T cells in shPromA-M2-trans-
planted mice, whereas the CD4* to CD8* T-cell ratio was bet-
ter preserved in mice transplanted with shPromA-JRFL both
in the peritoneal cavity (P = 0.038) and in the spleen (P =
0.002) (Figure 2¢). Furthermore, the extent of downregula-
tion of CD4 surface expression is reduced by shPromA-JRFL
(Supplementary Figure S1). Thus, shPromA-JRFL appears
to protect CD4+ T cells against HIV-1—-mediated depletion and
downregulation of CD4 surface expression. By contrast, there
was no significant difference in CD8* T-cell numbers between
the two groups, indicating successful human PBMC engraft-
ment in all the mice {(Supplementary Figure $2). Intracel-
lular staining after gating on human CD3* CD8- spleen cells
demonstrated that the percentage of p24-expressing (p24+)
cells was significantly lower in the mice transplanted with
shPromA-JRFL-transduced PBMCs (P = 0.014) (Figure 2d).

Expression levels of the antisense strand of
shPromA-JRFL inversely correlated with VL

The above data indicate a reduction in viral replication and
relative protection from CD4+ T-cell destruction, but there was
substantial variability in the extent of these effects among
the mice within the PromA-JRFL—treated group. Previous
observations have suggested that the antisense strand of
double-stranded siRNA is responsible for induction of TGS
in mammalian cells.'*3%4 After transduction of the shPromA-
JRFL lentivirus, the shRNA expression unitis transcribed from
the U6 promoter, by RNA polymerase llI, which terminates at
a poly(T) motif within this expression unit. The short hairpin
loop sequence is then processed by cellular ribonucleases to
form mature/processed double-stranded siRNA.4 We, there-
fore, quantified the antisense strand of the shPromA-JRFL
transcript by real-time PCR, as previously described,”? to
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Figure 1 Human immunodeficiency virus (HIV)-1 transcription is inhibited by lenti-shPromA-JRFL in peripheral blood mononuclear
cells (PBMCs). (a) Alignment of self-inactivating (SIN) lentivirus vector constructs along with HIV-1 __ target sequences. A map of HIV-1
5 long terminal repeat (LTR) region is illustrated: the blue bar indicates the location of NF-xf binding region; the arrow indicates the HIV-1
transcription start site; red text in the alignment highlights nucleic acids that differ from the HIV-1 . sequence; numbers indicate the nucleic
acid location relative to the transcription start site; and underlined text indicates NF-«xf binding region in the HIV-1 promoter. (b) Structure
of SIN lentivirus vector. SIN vector consists of central polypurine tract (cPPT), U6 promoter (U8 P), short hairpin RNA (shRNA), ubiquitin C
promoter (Ubc), and enhanced green fluorescent protein (EGFP). WPREmt, mutant woodchuck promoter response element, and modified
LTR, allow integration but not expression of viral genome. We constructed U6 promoter—driven shRNA expression SIN lentivirus vector plasmid
with EGFP expression unit targeting shPromA-JRFL, shPromA-M2 (three-base mismatched control), and shPromA-Sc (scramble control). ()
Expression of EGFP after transduction of lenti-shPromA, shM2, shSc into PBMCs. PBMCs prepared from a heaithy donor were stimulated with
interleukin-2 for 6 hours, followed by transduction of the lentivirus with a multiplicity of infection of 10. Five days later, EGFP expression was
determined by flow cytometric analysis. (d) HIV-1 transcription is inhibited in PBMCs transduced by lenti-shPromA-JRFL. 2 x 108 transduced
PBMCs were infected with 50ng HIV-1 __ , as determined by the reverse transcriptase assay. The cell-associated HIV gag messenger RNA
(mRNA) copy number normalized to 1,000 copies of GAPDH is shown along with time after HIV-1 __ infection. (e) HIV-1 spliced-tat expression
is modulated in PBMCs transduced with lenti-shPromA-JRFL. Spliced-tat mRNA copy number normalized to 1,000,000 copies of GAPDH
is shown following after HIV-1 __ infection. (f) The ratio of spliced-fat over unspliced HIV-1 mRNA, measured by HIV-1 gag mRNA, is shown

following HIV-1_ infection. In'panels d, e, and f the mean values and SEM of three independent experiments are plotted.
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Figure 2 Transduction with lentivirus-shPromA-JRFL shows antiviral effects in NOJ mouse. (a) Time line for in vivo NOJ mouse
experiment. LV denotes lentivirus. (b) Amount of viral load (VL) (HIV-1 RNA in serum) in mice with lentivirus-transduced peripheral blood

mononuclear cells (PBMCs). Blood samples were collected from mice orbit on day 14 after HIV-1

infection. Horizontal bars indicate the

medians. *P < 0.05. (c) Effects on the ratio of CD4+/CD8* cells in mice with lentivirus-transduced I5R§MCS. Short bars indicate the medians.
*P < 0.05, **P < 0.01. (d) Effect on intracellular p24-positive cells. Peritoneal cavity cells and splenocytes recovered on day 14 after HIV-1
inoculation were analyzed by flow cytometry. The percentage of p24-positive cells among CD4+ T cells (gated as mCD45- hCD45* hCD3*
hCD8-) is shown (n = 8). Horizontal bars indicate the medians. *P < 0.05. NS, not significant; PC, peritoneal cavity; Sp, Spleen.

determine whether the degree of expression and processing
of the shRNA constructs impacted the antiviral effects. It was
found that the degree of antisense-strand expression had a
strong inverse correlation with VL in serum in the mice trans-
planted with PromA-JRFL~transduced PBMCs (r= 0.83; P =
0.0015), but not in those transplanted with the control shRNA
PromA-M2 (Figure 3a). Similarly, there was an inverse cor-
relation between expression of cell-associated HIV-1 gag
mRNA in CD4* T cells from the spleen and expression anti-
sense strand of the shPromA-JRFL (r = 0.84; P = 0.0014;
Supplementary Figure S3a) and strong linear correlation
between VL and expression of cellular-associated HIV-1 gag
mRNA in CD4 cells (r = 0.84; P = 0.0014; Supplementary
Figure S3b). Consistent with these observations, there was
a strong linear correlation between VL and both the percent-
age of p24-positive CD3* CD8- cells (r= 0.98; P < 0.0001;
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Figure 3b) and the cell-associated viral mRNA from spleno-
cytes (r = 0.84; P = 0.0014) in shPromA-JRFL—-expressing
mice, indicating that serum VL correlates with cellular expres-
sion of HIV-1 Gag protein in CD4* T cells and gag mRNA in
splenocytes. These data all point to the fact that the pres-
ence of the processed antisense strand of shPromA-JRFL is
a strong correlate of inhibition of viral replication.

Phorbol myristate acetate, a strong stimulating reagent,
reactivates silenced transcription of HIV-1 in ex vivo
culture

Latent HIV-1 has silenced transcription, which is able to be
switched on by strong cellular activating stimuli such as phor-
bol myristate acetate (PMA).*¢ The U1 cell line is a latently
infected monocytoid cell line that contains the proviral form
of HIV-1, with heterochromatin formation in the viral promoter
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Figure 3 Transcriptional gene silencing (TGS) is induced by lenti-shPromA-JRFL. (a) Inverse correlation of expression level of the
antisense strand of shPromA-JRFL and viral load (VL). Relative antisense RNA expression of shPromA-JRFL was detected by the primer-
specific reverse transcriptase—polymerase chain reaction. (b) Linear correlation of intracellular p24 expression level and VL. Intercellular p24
staining in CD3* CD8- cells obtained from peritoneal cavity was analyzed by flow cytometry and was plotted against VL. (¢) Transcriptionally
suppressed human immunodeficiency virus (HIV)-1 is reactivated by phorbol myristate acetate (PMA). Splenocytes recovered from day
14 after inoculation of HIV-1 __ were divided into two cultures with or without addition of PMA. After ex vivo culture for 24 hours, cellular-
associated messenger RNA FmLRNA) was extracted for analysis of HIV gag mRNA. Substantially increased expression of HIV-1 gag mRNA
was found after PMA activation in three mice with highly suppressed HIV-1 (Nos. 3, 7, and 8), obtained from shPromA-JRFL treated mice. U1

is a positive control for HIV-1 latently infected cells. The mean values and SEM of three independent experiments are plotted.

region, the 5’LTR. The silenced provirus can be activated by
treatment of cells with PMA with concomitant relaxation and
opening of the chromatin structure.#—® Given that we have
previously shown that si/shPromA acts by inducing biochemi-
cal changes in histone tails resulting in a heterochromatic
structure associated with the 5’LTR, we hypothesized that
the silenced HIV-1 induced by shPromA-JRFL would be acti-
vated by PMA. We conducted ex vivo culture of the splenic
CD4* T cells from all mice in the shPromA-JRFL-treated
group, including the three highly suppressed mice (nos. 3, 7,

and 8, as indicated in Figure 3a). We found that PMA treat-
ment resulted in elevated levels of gag mRNA in the PBMCs
from the three suppressed mice, but not in those where VL
was poorly suppressed. Of note, these were the same mice
in which the antisense strand of shPromA-JRFL was poorly
expressed (Figure 3¢). We also found that PMA treatment did
not increase the levels of gag mRNA in the PBMCs from the
8 mice treated with shPromA-M2 (Figure 3¢). These data are
consistent with TGS induced by shPromA-JRFL being respon-
sible for the observed suppression of HIV-1 transcription.

(8]
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We also confirmed the activation of HIV-1 transcription using
an in vitro experimental model. We transduced PM1-CCR5 T
cells, with lenti-shPromA-JRFL. We conducted limiting dilu-
tion of transduced PM1-CCR5 T cells to isolate strongly posi-
tive EGFP clonal populations (Figure 4a,b). After confirming
expression of EGFP in more than 99% of cells in this clone,
(PromA-JRFL No.3), we infected these cells with two con-
centrations of HIV-1,__ (Figure 4c¢). We also measured the
expression level of the antisense strand of the shPromA-JRFL
transcript by RT-gPCR in PM1-ccr5 cells in the presence of
ongoing active HIV-1__ infection. HIV infection did not make
a difference to the expression levels of the antisense strand
of the shPromA-JRFL transcript (Supplementary Figure
S4da,b).#? After confirming that shPromA-JRFL—expressing
PM1-CCR5 cells completely suppressed HIV-1 replication,
we then assessed whether activation of the suppressed
HIV-1 transcription could be induced by various stimuli,
including PMA and the histone deacetylase inhibitor, trico-
statin A (Figure 4d). Both stimuli resulted in reactivation of
viral replication, with tricostatin A having a greater effect than
that of PMA. The powerful effect of tricostatin A in viral reac-
tivation in the presence of shPromA-JRFL strongly suggests
that this shRNA is causing viral suppression through TGS,
because recruitment of histone deacetylase is a classic mark
of TGS. It is interesting that not all activation stimuli result in
reactivation of Prom-A—suppressed infection. GM-CSF stimu-
lation of untransduced U1 cells results in reactivation of latent
virus. However, GM-CSF stimulation of U1 cells lentivirally
transduced to express shPromA did not result in increased
viral replication (Supplementary Figure S5). These data are

concordant with our previous in vitro data, demonstrating that
siRNA and shPromA cause suppression of HIV-1 replication
through TGS.3+44! The data also suggest that TGS mediated
through shRNA can be sustained even in the presence of
certain cytokines, such as GM-CSF.

TGS induced by shPromA-JRFL was not associated with
offtarget effects

Endosomal innate immune receptors, such as TLR3, TLR7,
and TLR8, recognize long single- or double-stranded RNAs,
triggering type | IFN and IFN-stimulated gene expression
that can result in viral suppression by both nonspecific off-
target effects and undesirable toxicities.?”*® We evaluated the
extent of induction of IFN-o gene expression using RT-qPCR
on splenocytes from shPromA-JRFL, shPromA-M2, and
untreated mice. We used polyl:C (polyinosinepolycytosine)-
treated PBMCs as a positive control.5% There was no differ-
ence in IFN-a expression levels (Figure 5a). Furthermore, by
RT-gPCR there was no difference in expression of the IFN-o
response genes, OSA1, I1SG20, and IFIT1 between groups
of mice (Figure 5b), which is consistent with a lack of induc-
tion of IFN.

To exclude offtarget effects mediated through the target-
ing by shPromA-JRFL of other NF-kf binding motifs of host
genes as distinct from the NF-xf motif in the HIV-1 LTR, a
PCR-based assay was used to assess the expression lev-
els of 86 NF-kB-driven host genes, including IFN-a, B, and v.
The shPromA-JRFL was not associated with altered expres-
sion of NF-xB driven host genes, including the IFN genes
(Supplementary Figure S6a,b). These data are concordant
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Figure 4 Transcriptional gene silencing (TGS) is induced by lenti-shPromA-JRFL in vitro. (a) PM1-ccr5 cells were transduced with
lenti-shPromA with a multiplicity of infection of 10, subjected to limited dilution to isolate EGFP-positive colonies. A fluorescent image of clone
PromA-JRFL No. 3. is shown on the left and the corresponding phase contrast image is on the right. (b) Expression of EGFP after expansion
of clone PromA-JRFL No.3 as determined by flow cytometric analysis. (¢) HIV-1 replication is inhibited in Lenti-shPromA-JRFL-transduced
PM1-cer5 cells. HIV-1 in the culture supernatant was detected by the colorimetric reverse transcriptase (RT) assay. (d) HIV-1 transcription is
reactivated from the transcriptionally suppressed PM1-ccr5 cells, transduced with Lenti-shPromA-JRFL. 24 hours after activation with PMA
or TSA, cell-associated mRNA was extracted for analysis of HIV gag mRNA. Fold change of reactivated HIV-1 gag mRNA is shown. 5Aza,
5-azacytidine; PMA, phorbol myristate acetate; TNF-o, tumor necrosis factor-o; TSA, trichostatin A. The mean values and SEM of three

independent experiments are plotted.
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Figure 5 No significant offtarget effects are induced by lenti-shPromA-JRFL. (a) Effect of lentiviral transduction of peripheral blood
mononuclear cells (PBMCs) on interferon-o. (IFN-0)) expression. Splenocytes were prepared from mice transplanted with lentivirus-transduced
PBMCs. Cell-associated messenger RNA (mRNA) was extracted for analysis of IFN-a by reverse transcriptase—polymerase chain reaction
(RT-PCR). Polyl:C-treated PBMCs were used a positive control, indicated in dark blue. (b) Effect of lentiviral transduction of PBMCs on IFN
response genes. Cell-associated mRNA was extracted for analysis of three IFN-a response genes (OSA1, ISG20, and IFITM1) by RT-PCR.
Polyl:C or IFN-a~treated PBMCs were used as positive controls, these are indicated in dark blue. The mean values and SEM of three

independent experiments are plotted.

to our previous analyses of offtarget effects induced by siRNA
and shRNA forms of PromA in HeLa and MOLT-4 cell and
strongly suggest that the observed HIV-1 suppression is not
the result of offtarget effects induced by shPromA-JRFL.#

Discussion

Our previous in vitro data based on Hela or T-cell lines sug-
gested that TGS of HIV-1 can be induced by promoter targeted
si/shRNAs through the induction of epigenetic modifications to
form heterochromatin structures, which resemble the biochem-
ical modifications of the HIV-1 promoter in latently infected
cell lines.'®™ In this report, we extend our si/lshRNA-mediated
TGS approach into an in vivo NOJ humanized mouse model.*®
Although there are several reports of PTGS mediated by siRNA
using in vivo humanized mouse models,*-%* this report demon-
strates that HIV-1 gene silencing based on the TGS pathway is
possible in vivo. Our NOJ model is a model of acute rapidly pro-
gressive HIV infection in which massive infection occurs: hCD4/
CD8 cell ratio significantly decreases, and high VL is achieved
within 14 days of intraperitoneal inoculation of HIV-1_.%
Despite this highly activated, destructive, and rapidly progres-
sive infection with high levels of viral transcription, we were still
able to successfully demonstrate a degree of viral suppression
using an shRNA that induces transcriptional silencing.

We demonstrated substantial antiviral effects that resulted
in significant alterations in a number of surrogate mark-
ers of disease progression in the shPromA-JRFL—treated

group, including reduced serum VL, reduced percentage of
HIV Gag p24 protein—positive CD3* CD8- T cells, and an
improved ratio of CD4*/CD8* T cells. Of note, the extent of
each of these effects correlated with the extent of expres-
sion of the processed shRNA antisense strand. These data
also suggest that in mice that showed adequate expression
of the antisense strand of shPromA-JRFL in CD4* T cells,
there was an observable HIV-1 antiviral effect, which we con-
clude is occurring through TGS. Because the CD4* T cells
were relatively protected from active HIV-1 infection through
shPromA-JRFL-mediated TGS, we could see significant
reduction of VL in serum in shPromA-JRFL mice. The data
from the in vitro PBMC experiments show that shPromA-
JRFL has marked effects on production of both spliced
and unspliced viral mRNA. Reduction in the production of
spliced-tat is likely to be important in the effective silencing of
latently infected cells, as Tat, through its interaction with the
TAR region of the 5'LTR allows efficient upregulation of tran-
scription of long unspliced HIV-1 mRBRNA.%-% Furthermore,
the ex vivo reactivation of HIV-1 infection by PMA stimula-
tion is consistent with our previously reported observations
that siPromA and shPromA constructs result in viral suppres-
sion by TGS*#! and with other models of HIV-1 latency.+-958
In addition, the ex vivo reversal of viral suppression by TNF-a
and, in particular, by the histone deacetylase inhibitor, tri-
costatin A, is consistent with suppression being induced by
TGS. We confirmed that shPromA-JRFL did not induce any
significant offtarget effects, determined by expression of type

~
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I and Il IFNs, IFN response genes and NF-«kf—regulated host
genes. We also demonstrated that not all activating stimuli
reverse this process, for example, the GM-CSF-induced acti-
vation of latent HIV-1 in shPromA-transduced U1 cell was
inhibited.

This acute human PBMC-NOJ mouse model has been
used to demonstrate proof of principle of potential in vivo effi-
cacy of shPromA delivered by a retroviral vector, focusing on
the relative protection of human CD4* T cells against HIV-1
infection. To further this approach, we are investigating the
use of newborn NOJ mouse engrafted via intrahepatic injec-
tion of human cord blood—derived CD34* cells transduced
with retroviral constructs expressing shPromA and appropri-
ate controls.®® This will enable us to evaluate the effect of this
approach on engraftment and hematopoietic cell differentia-
tion and reconstitution, and subsequently on HIV-1 infection.
An advantage of the CD34* NOJ model is that the cell number
required in this model is 100-fold lower (5x10* CD34* cells
per mouse) than that of required in the current NOJ mouse
model reconstituted by human PBMCs (1x107 PBMCs per
mouse). The titer of our current lentiviruses is ~2x 108 infec-
tious viral particle per milliliter. Therefore, a higher multiplicity
of infection can be achieved to obtain a greater transduction
rate, which will potentially provide greater efficacy.

Using the CD34* cell-reconstituted NOJ model, we wish
to explore a scenario closer to that which we envisage these
constructs will be used in human HIV-1 treatment, primar-
ily on cessation of antiretroviral drugs in controlled chronic
infection to determine whether lentivirally delivered shPromA
constructs can stabilize the viral reservoir on withdrawal of
antiretroviral therapy. If the latent viral reservoir could be main-
tained as effectively silenced by shPromA treatment, these
constructs would represent a substantial step forward on the
road toward a functional cure, by providing an alternative
to the currently proposed eradication strategies than using
various viral transcription activating agents, such as histone
deacetylase and demethylases.*6°5! Rather than activating
virus and abolishing infected cells, we propose that constructs
such as shPromA could be used to lock HIV-1 into latency
maintaining transcriptionally inactive virus even in patients
ceasing conventional antiretroviral therapy, thus achieving a
prolonged remission or functional cure of HIV-1 infection.

Materials and methods

Production of lentivirus. The construction of lentiviral vector
lenti-shPromA-JRFL, lenti-shPromA-M2, and lenti-Sc were
previously described.' An outline of the construction of self-
inactivated lentivirus vector plasmid with GFP expression unit
is illustrated in Figure 1b. Vesicular stomatitis virus-G (VSV-
G) pseudotyped lentiviral vectors were prepared by transduc-
tion of plasmid DNA into 293T cells using HilyMax (Dojindo
Molecular Technologies, Osaka, Japan), a lipofectamine-
based transfection reagent. The resulting virus was concen-
trated from supernatant as previously described®®, and
stocks were titrated on 293T cells based on EGFP expression.

PBMC transduction with lentivirus. Peripheral blood was col-
lected from healthy volunteers after informed consent was
obtained, according to the institutional guidelines approved
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by the Faculty of Life Sciences and Pharmaceutical Sci-
ences, Kumamoto University, Kumamoto, Japan. Healthy
donor PBMCs were prepared by standard density gradient
centrifugation using Ficoll-Hypaque (VWR, Murarrie, Austra-
lia). Cells were cultured in RPMI-1640 medium supplemented
with penicillin (100 U/ml), streptomycin (100 pg/ml), 20% fetal
calf serum (R20) in the presence of 20 units/ml of interleu-
kin-2 (Roche Diagnostic, Castle, Hill, Australia) for 7 hours,
followed by overnight transduction with either lenti-shPromA-
JRFL, lenti-shPromA-Sc, or lenti-shPromA-M2 using a multi-
plicity of infection of 1.5-2.0. Cells were then cultured in R20
for a further 7 days before transplantation.

Transplantation of human PBMCs into NOJ mice and HIV-1
infection of mice. Human PBMC-transplanted NOJ (hu-PBMC-
NOJ) mice were generated as described previously.*® Briefly,
NOJ mice were irradiated (1.0 Gy), and bulk lenti-shPromA-
JRFL~ or lenti-shPromA-M2—-transduced PBMCs (1x107)
were resuspended in phosphate-buffered saline (PBS) (0.1 ml)
and infused intraperitoneally into each mouse. Seven days
after PBMC implantation, a dose of 200ng of HIV-1 . , which
was determined by HIV-1 p24 antigen ELISA (ZeproMetrix),
suspended in 0.1ml of PBS, was inoculated intraperitoneally
into each mouse. On day 14 after HIV-1 __ infection, mice were
killed and blood samples were collected from the mouse orbit,
and peritoneal cavity and spleen cells were harvested and
resuspended in PBS (see Figure 2a). All animal experiments
were performed according to the guidelines of the Kumamoto
University Graduate School of Medical Science.

RT-PCR analysis and RT assay. Cellular RNA was extracted
using High Pure RNA Tissue Kit (Roche Diagnostic), followed
by the RT-PCR analysis as described previously.**#2 Detec-
tion of spliced-fat was conducted using the same RT-PCR
conditions with the primer set: Tat-F: ATG GAG CCA GTA
GAT CCT AGA CTA and Tat-B: ATT CCT TCG GGC CTG
TCG using RT-PCR (SensiFAST Probe one-step RT-PCR:
Bioline). Both HIV-1 gag mRNA and spliced-tat mRNA levels
were normalized against GAPDH. Colorimetric RT activity
(RT assay) in culture supernatants was determined as previ-
ously described.®

Flow analysis of CD4* CD8* T cells and internal p24 staining.
Lymphocyte subsets from human mononuclear cells obtained
from the transplanted mice were characterized by flow cyto-
metric analysis as described previously.* Briefly, cells were
treated with red cell lysing buffer (155mM NH,CI, 10mM
KHCO,, and 0.1 mM EDTA) to lyse erythrocytes, and single-
cell suspensions were prepared in staining medium (PBS with
2% fetal bovine serum and 0.05% sodium azide) and stained
with monoclonal antibodies: allophycocyanin (APC)-Cy7—
conjugated antimouse CD45 (BD Pharmingen, Kobe,
Japan), APC-conjugated anti-hCD4 (Dako, Tokyo, Japan),
phycoerythrin-Cy7—conjugated anti-hCD3 (e-Bioscience,
Tokyo,Japan), PacificBlue—conjugatedanti-hCD8{Biol.egend,
Tokyo, Japan), and Pacific Orange—conjugated antihuman
CD45 (anti-hCD45) (Invitrogen, Tokyo, Japan). After 30 min-
utes, cells were washed twice and fixed in PBS with 1%
paraformaldehyde for 20 minutes and permeabilized in PBS
with 0.1% saponin. After a 10-minute incubation, cells were



stained with phycoerythrin-conjugated anti-HIV-1 p24 mono-
clonal antibody (Beckman Coulter, Tokyo, Japan) for 30 min-
utes. All washes and staining procedures were conducted at
4 °C. Following staining, the cells were analyzed on an LSR
Il flow cytometer (BD Bioscience). Data were analyzed with
FlowdJo software (Tree Star, Tokyo, Japan).

Statistical analysis. RT-PCR analysis and RT assay values
are given as mean and SEM. Ratio of CD4+/CD8* cells and
VL were tested for significance using a nonparametric Mann—
Whitney U test. A P value <0.05 was considered statistically
significant. All analyses were performed using GraphPad
Prism Version 5.0a (Graphpad Software, San Diego, CA).

Supplementary material

Figure S1. Effects of lenti-shPromA-JRFL and lenti-shPro-
mA-M2 on CD4- T cells.

Figure S2. Effects of lenti-shPromA-JRFL and lenti-shPro-
mA-M2 on CD8* T cells.

Figure S3. HIV-1 gag HIV mRNA level is inhibited through
TGS induced by lenti-shPromA-JRFL.

Figure S4. The antisense strand expression level is not al-
tered with HIV-1JRFL infection.

Figure S5. Activation of latent HIV-1—-infected U1 cells is in-
hibited by lenti-shPromA.

Figure S6. No significant difference in comparison of 86
NF-xf driven genes in PBMCs trasduced with lenti-shPromA.
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