15 A ETTEM LB —F U CEBSNTEY, 2055 14 4 E T/ MEb ABEh T
WS, ZIWODEDI S, AL A2 2011 £ 11 AIZE&TOMK B Z—TT7ERMN LR TR
M/NMRRA OFEE IR LTz, Fie, 7T AR L ClEfl/MRIZ 1 B2 —DHTELITARNAN,
AFV T — B I DONWTANEE VT ADER, TVAXR KSR N OB 75
AR B AR LT (AFSSAPS) BAEEFROFERHIEREI S U720, MIFICT T LY
EEEATEEAF DML, —55, FAYTIRTEM L UL /MRS IS BB T
ERENTNDM, BFF R T/ PMERIFNIC A —F o THEAL TS Z—iTE,

2B, FRFIZIIFERSNTHROE, A4E 2 B 1 BIRARFTABTEML UL /MR

- EMEEEEBLIEEDOTL R —ZAREHEN TS,

2. RiEROELEEERERICONT

6ngoing Clinical Studies (2010 to 2013)

N . Targetno. | ;
Trial Name & Location Product of patients 2009 2010 2011 2012 : 2013

“PREPARES” Trial — Sanquin, The

!
Netherlands PTin 618
(5 sites + 1 site in Norway, plasma
{ t

+ 4 sites in Canada , 2012)*

IPTAS Trial, Italy (6 sites,
:  Government sponsored)*

1 PLT in PAS 828
(TerumoBCT #H#R4L%eEN
QOPREPARES :
AFE OV VHEEEELLTESUF, VT B FFCEBSN TS, 2 MM
HEOVR 7T MM/ MERF LB E O M/MRERI DS ¥ ARIR (BERERTTE:
2013 EXK)

@IPTAS :
AZVTBUF BRI T B, IR (PAS) TEIRL CUR 7L IR EIZ T E M LB CH
B M/ MREF & B O IANMREE L0 LS (F7: 2014 £35R)

PREPARES 13A—% — & TIIREFASENEVZL, E72, IPTAS R eha—A T, Y

R7TEAEROT TN VAR TREBLZM/MEOBERRBNERESNBI N, ZhbDH
BROGMEEBL TNBEIATHS,
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3. BARFHFHICBITIRFRTEICTONT

OVRZZFE L # (Mirasol)

*CaridianBCT #2387 /VERICR IS TerumoBCT #&72oizr iz kb, FAEHOF TS
R CHEEREPAOHAEBEL LR TEBLSITRoTk, BIE, SRORRBHEC
LD AFSSAPS IIRHISN IR &HICE 37 —#OBBLEHEL T3,

B AR FHITBOT, HHLL TORBCHRBIZOVTRET 3 ODORBE EHL T5
B, L 22 4F 8 A DAZBAICHE U B0 ALV BIIC VTR, KRR TET
WYY, HARRTFHOBRET TIIAR)OFEE CERERN R A TA0IZH L, o E sl
LT BRR O EIIR VW EDOHEE Z T 5, BFE, TerumoBCT #EBHEIGER S TR/
b RS R > TV BEATHE, |

HT L AU ER R EL T T AR AT AN R (WNV) ORI DD TREILZEC S, B
AFR+FHOF —# & TerumoBCT 40T —F e B3 SH B LB S Lot THEOEE
EREET B0, A4 O WNV BRI W TR R A MBS 8 M5 LRk, (R Uik
FVERBALRICENETDZENALN LY, EMeboBESH - Ugandal937 #RICL T, +
SIRAEBAL SRR BB LN ERRS L,

-~
!

Study Summaries

US Center for L.A.B.S. at Bonfils Colorado State
Disease Control University

 ViralStrain, NY-99 Flammgo Uganda 1937 NY-99 (4122)
i ATCC# \IR-1510

Test System 96-well plate 24-well plate 6-well plate

TCID g, /mL TCIDg,/mL PFU/mL
‘ReporterCells - Vero ' Vero . Vero
Reduction Levels 3.0-4.0 Logs 251 Logs /'/1.5 Logs
\ A
(TerumoBCT #HRHLEEH
4
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@7 &Lk (Intercept) |

*BioOne LB &N /2729, B7E, Cerus L EBIEHAMEIT>TB,

FENLEOLER y N, BRCBIBBED 8 B LR EDS 10 EAKMOEHI
BILOREL, Fe, TEMILVORERELEI BRBIEETIILRENE, BROMES
v A RICEATHZLIIEEETHZ, 10 BEALRF ISRy "SI SN T
BREILI2WEDFERH 0T,

4, SHOTE
WL ETFEREBHMRASOLEA (EXHE
TERE234ERE ERAEE RS ERE
ABREBENSICRUTIBELNHD A ;
rRE, HiE. FEERTOmOWERE Bl samuers |
[ZEd BEIR IIZFHAT—2ENRR ;'; y
fl
o o T B72N ST
AEREREIIE. mSﬁi}ﬁ%%#» quﬁ?ﬁiﬁﬂu
R BE CAROBBINELE
BT=7 )L EDTRE
J
MBS CRE )
|

CaridianBCT{TerumoBCT) & DI H R 245 - L EIB S 240
K
CROEDEHEEFT RN -BHEFRHREN

l
ERSEL DR
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BEFBRAMEEMIE
(B - ERESREL X227 b —V A1 = ZREFRER)
(5r18) HrFEmE

VA WVARNEL - RE{LEEOFHEEDBIF

eesaE e g (EvEELEMEEMETEMELTER)

MREE

i A MR BT D2 VAN ALZEEERER L TN 720XV A VABRAZTR
FELEROBRBENBARRIR TH D, —RIZ= o —7% 07 1 VAL, FEIER/REE
PEAI, {EpH, MELER LIZ KXo TEDBREZRNRLT VI ERHMHNTVD. ZHIZ
LTHZ " —T A VAL, 0K R - (LER 20 ARSI TH 5.
KEEIFE AN —TTANATHLIRABD ) TANZRERY B, ZOUAVAD
FRYLE EOWT, ok MERICKR U TR A ST S RTREEIC DOV TIRAN . =
B 27 A VAL, 20084E, 20094RICHICK CEERBLEY 77 # —2HE L, —FFEEME
EHRIEDRRAEBRTeNTVTANZ 2QUTERBOUVANVATHS. AFRIZL-T, 3E
TN =TT A )NV ADREN - NELREOFEED BRI D7 5 BAE 22 T — 2 035

LTz,

A. BFZEERY
MEESERA TIE, VAL ARBAL
THETH, TOUA VA REEE
BrETE 2L IR (=& /) — VL,
INESLER, S D (R B EH/ G TE AL
H, A NVAREBRLER E) 208 b
AR EN TV A, 2 BAIS Kk
SEANIERMEE Sz, IBALT
WD T A )V ADRIECENT OIS T
LHES TRV, FiIZFFo o —7
TANARE, =o_Xa—T AR
RTRERICEFME TS Z 3o
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T3, MRMAIORZEME TRICEER
b RS A VR E LT HIV, HILY,
HCV, HBV, B9 HIF b 528, =v_n
—TEFFERVDIX, D BoULERY A
JVABI9TH B, BI9L, in vitroTU A )V
ADHELBRIERRDPVELITHARS
TR, FZTARFETIEIET X
O—7OANVADETALTALIVAELT
in vitrots B8R DHBHFRAB IV VT A VA
EERY B, o Re—F U AR E
L CRELRPBREOERET VYA VR
ELTHIATAEHMT, ZOHERICE



DEERICONWT LSO, FOREL
M= U R MBI IR L2 hr o 7223,
77U A FY Y AMBARFCVICRT T 5
BEMEERLE. 77U 0 RUP LD
TANVALETSZ—Z, B Db DE K
LEPTWBEYD, 5 LEBmERNTE
THZLTUAANE MCE DRSS
EREILT DEEERDD. £ TED
RIZDOWTHRE LT,

B. A FEHE

Fzd Y A )L A(FCK) FOkk, £7-
TANVAR Ry ZiE, xaBHEED
CR-FK#fafk % AWV CHB L. FCK F9
Z CR-FK i fg 1o 1 el g S ¥ 72 1%,
37°C,5% CO, TH:& L 7o, HE&BAT, 36
REfi 4 IC E¥E 2B L, 2,400 rp.m. Ti&
D L72#045 pm D7 4 VF—THEB L,
TANVAA Ry 7 L LT-80°CTHRAEL
7.

TCIDsg (tissue culture infectious dose)id,
96 X7 L—FZ 3x10° EFBELE
FREIZ 10 FIRRSN T A NV ZHR (100 ul)
ZM%, 5 B#IZCPE (cytopathic effect)?
FELZTEMEET CHIE L7z, FORRDRRY
5% % M 1%, HeLa, CV-1, Vero, CR-FK,
NIH-3T308 2 iV T~ 7.

I R U FARICEIL L7ZFCV T A L
2 D4yEENX, CV-1, Vero, HeLaflifa % F
fr. 25-cm’DEEE T T R THII (2.5 x
10°) &R L, 1285/7%, FCV FO & R &
72 (100 TCIDsp). 37°C, 5% CO, T3 R

42

L 4 BESER, BREMIEOLE 1 ml
ZIERRAAMRA (2.5 x 10°) IR EET.
IhEBRYURL, HRES L L 5E
R T A VR ECV-1HEREBIL Y A LR
FCVcy & AfTiT 7=,

C. HFFERER

(1) FCVDIEEHK

FCViZT o Ro—7Z R0+ 8o
RNAU A NWVATHY, BEE30~38nmDIE
“tEAEEEE b (K1) . FCVidxR=
B SRCR-FKMARIC I L, K <HERT
%. FCV, poliovirus, sindbis virus 75 £
EFXTHIDONREKR L THS. poliovirus
HralrtuAL Ao T r AL
ZWZBTHARNATV A VAT H 5D,
poliovirusi, & h#ifd T& % HeLa, 293T
AR IR 5. 77U HIR
U VIR T % B Vero, CV-THEREIZ B &
SBGed D EMbid. sindbis virusid,
NETANVART VT 7 0 AL ABITS
HEINDH5HERNAYV A NV ATH S,
sindbis virus (Xt NTHIFEE SO Jurkat i
R LA Db DI L SREET 2 Z L b
ofz. ZHhUZx L, FCVidt kMR T
& %HHeLa, 293THIfR, ~ 7 A HkMAa T
H HNH-3TIMAI I TR L. & 25
N7 7V HI RV LERFKD Veroffa
ECV-THRRICIE, X2 BB TH D
CR-FKHIIZIZ R TN TH 50, =&
LypdzencEi E1) .



(2) CV-THiRaBIbAR D5 BE

FCV FOfRIZOTNTE®H 203, 77V
71X R U PVHIEE T & 5 Verofi g & CV-1
FRRICRRRT A LB TER, 22 TR
IZFCVA, I RU W viskoMRicElb
TEHENEIEHRFLE (K2) . Vero
MR TIE, BRI T2H0DT A AN
B+ EESNT, VAL RERR
T3 Z &3 TE Do Tz (data not shown) .
7t hEROHeLaflif T HFCVILRESR
Y, ZODHRITTE o7 Th
2%t L CCV-1fifa TiX FCV F9 BRAZ R
THIENRTEREDN, 1-2RB £ TiE,
VANAEEITT DO EEICIE
CR-FKAAE CHREMR L 72 /B IC TR D
TIEWTA VABLDBELESRR o T,
& Z A0 3 E DAL, CR-FKAZIZ L
BT AIEEDOTANAEREATSELES
272 o7z, ZAUTRER 22 SRR 3 DI
CV-1fifa~D 7 A )L ZDFIE R & T
72 L ERLTWA. CV-1lil8 TFCV F9
BE 5 EfE R Lz b D& CV-1HREI LS
BEfRE L CFCVev & 4317 (M 2) .
DB E F L E R ORI K LT
MUY T CRESE, MIREHES
B (CPE) 2 L THDL LHEKRTH D
FCV FOIXCV-1{ifasE 2 +neFE TE 2k
ST, ZiZx L, CV-THERRIZBIME L7
FCVeyiZCV-THRN T L < ERL, 13
LA OMIRIZCPER B EEZ T Z &2
TELHZENHALNER-7 (K3, K
4) . £ Z AN FCVeyid, VeroAlha TiL

43

CV-IHIl TR OND X O RB LW A
ZBENTR b hotz. £k MR
T %HHeLa, 283THIE THCPEIZR b1
7203 7o, €2 TFCV ey, CV-1HMETHE
RITBZLIZL - T, CV-1HERRIZ D A B
BL7zEWS ZENRTES.

(3) b MEE~OBI{LOFRA
TANKTEOBERTERZEZL, &
EREPILTCEE L, 4 XULR
U A VAL, 19765 LARNT R G DB E 1372
Mo Tedd, £ OBRBEM TRERICBR
IR o T, A XNNVKRTANVADYT ) A
(Y TIVNEY 1 15Y (G AY el = DAY i iy g
WAL I PUTNDZ ENDHRIAIILRY
ANVADERERTHDHEEZ LTINS,
AV UANAD—TETHHFCVIZR 2D
ARVIRYE R RN E R U h s I R S e
TANARTHD. VA NVAOREGINTERL,
B Llcxa L EEMIAE 722 LICE 5
o, BYR L7220 LRI L B2
RS, B Uiz = & A& OB E N
LCORBYAR EZIEICh5. H LT 7Y
AIRYFLDEIL, BHIZYALRE
e E 2EWER R L b MCRIRFICHEE
il AHENEZNE, Xahbl bR
FIRE7R U A NV ADHBZ ML B % "ietE
BdH 5. I TCV-14ika & HeLaffifa & 255
EL, TIICFCVoy Bk B B &,
HeLaMifa\Z AL FIREZR U A M A HEL T
L E D DFAT. FOREFR 3 O E THE

[:,ru
3



R L7223, HeLaffif@ i RGP REZR U A L X
IXHIER L72h> - 7= (data not shown)

D. B

FCV XA D £ Th 5 % = filfa
CR-FKHERRLIAMZT 7 U 1 X R U L4
BACV-1, Veroffifd TREGuEZ 7R L7=. FCV
ITMREREOIAMIZ B LS —& L
THBEMNIBATS., £Z2Cx=a, 77V
HIFUHL, B FOIAMIOT I J BEEL
e L-(K5) #2777V HIFR
U F o DIAMI OFEEMHEILT9.2%, 77 Y
I RUFNEE ME963%, b hExa
1$79.6%Th 5. 77U I R P LE
FDIAMULT X BEFREN 4 DER > T
WBZ LB, FCVRT 7 I RYF L
ARG DR E R LB T H —DIAMIIZ
EETDHIOREETDE, vALVRERIC
HERT I VBEEX T7IVHNIRY
HLmAla, Ser’, Lys'™, e ThH 55 &
HEIND., FOT I/ BEEN, FCVR
CV-1oVeroffifd ~DEAIZBEE LT3
DN, BB T A NVAZE o TR
Lo THLNIRDE EEZBNS.
FCVIZRILT 7Y I RY P LDOBHE
DO TEH HCV-1, VerofE I EYLFTEET
o 73, Verofila TIX 7 A V2 DRI
TERMPoT. ZOEWE, VeroMifaEE
DIAMIDFEBR L SNABRENNRLTHD L
WD FTREME &, VerofIR CIXEHMEAHZ D
AN TOBEBARICHER T8 H 5
BEME, BB MIEBLT RERE T R KL
TWBEREME, D VIRV ERRTFR+
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SRR L TWRWATREEREZE Z b b.
D EERNTT 5729121, CV-1 & Veroffl
fasR i DIAMI 53 F DFEE L~ )L % sk
LHENH D, F I MIAE AR Veroff
BRI LE R R T2 72\ 00, FERT A
& B0, CV-THRE & Verotfa DR & HEfE
WFCVRRBEBEHT 50 E I a2 D
VERDB.
FCVIZCV-1HIRIC L v kR B Z LT
L0, b3 EOHMATCV-1HAIZEI
L, CR-FKMaE A B RER T 5 =
ERbLrole. ZTHEH Y U A VAR,
WNZIEEIZEHE LB W E2 R L2 b D
Thbd. ZOEPNBERAREO LS
Z—r OMEERICEE TS ETHE,
FCVDH 7 RE LV RIETHBHVPLIZ
TIVBERERI LTV AARESENE
<, O OEBRLETHD.
RNAVANVRIEEDRY A L—AD
fidelity XV 72 80, R T A VAP HE
LEWZ LR BTV S, 2008, 20094
WCERMEEY T 7 ¥ —FERES| &R
L 7= vesivirus 21174, FCV &iltkED v A )L
ATHDIN, ZOTANVADBEREEIZ
RAREETH D, AFvesivirus 21171%
thEEMOHDERBEENOEERRR
EIZEP B e N & L CCHOMA % 754
L7ebDeEZLNTWVWAEN, SEIOE
BRIZ L o TFCV b ERLBLER MR 215
LT BHREERSHD. ZNEHLICT
BI=DICiE, EREE MR BRYLTTRE
BREBTANZINED LS RHEE CTHE



TDHDONTDOVWTERMICHET 2 ME
Bd 5.

=%, 77V HIRIFALDOLESZ—
DOEEIZE FOH O L 96.3%DMEFMEE
boZ b, 77U A RY Y AIHEI
LAV RiEe MERICEEEFTRET
HEFEENREZ N, LInLT 7Y
B RY YOV E v MElRo IR
EoT, B NEEEA Y VUL NV ZADOHE
FRERNo, ZOZ LT PR~
DEGANZIET 7V B I FYFz T
BWEOBENRTFET DI EE2RELTY
5.

E. f&h

FCVIZ/ B A VA LIEBEBTHD-D,
Ja A NVADRE YA NVAL LTED
NBZENH DN, MmRREAICHAME X
BNy EREIIBITAET LT AR
ELTHLDHRATHAEEZLND. A
FTIIFCVORE EHEZRN, 77V 3
FU Y LV EEMEIC bEET 22 &8
oMz ot. 77U H I RYU YLD
BHRMRIIY 7 F U RsERSICHLEA
ENDHBETHY, TOEDPLHET I
DANADIEERDOITIEETHD &
Ezohd

G WroEFEE
1. FICFER

(1) Maeda, Y., Yoshimura, K., Miyamoto, F.,
Kodama, E., Harada, S., Yuan, Y., Harada, S.,
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Yusa, K. /n vitro and In vivo Resistance to
Human Immunodeficiency Virus Type 1
Entry Inhibitors. J. AIDS Clin. Res. S2-004,
2011,

(2) WY, o3, I

b MIEES R TWA L hr T A
WA E AN AR, BEELERE
#wLX a2 b —H AR 42
444-447,2011.

3) i &ﬁﬁ,%ﬁw , BHHHI&E
’fj_l:ﬁnu@%%rﬁzmﬁh%g&lﬁb\f
Pharm. Tech. Jpn. in press.

2. FRER
(1) Yusa, K., Yuan, Y., Maeda, Y., Hiromi,
T., Monde, K., Harada, S. A Combination
of Polymorphic Mutations in V3 Loop of
HIV-1 gpl120 Can Confer Noncompetitive
Resistance to Maraviroc. [nternational
Union of Microbiological Societies, XV,
International

Congress  of  Virology,

Sapporo, September 2011.

QR BEEE, BeEM, EERNT, BT
E=, ENTASTHIVAI B EnvEERIEI
Gz 588 FBERERT A XFESE
e A 11.30.2011.

3) FEHA, BIHEER, EEHST, B
HEXE. =72 —HEHICLAS

CCRS5 Doligomerization ¥E58IZE5-7 5



CCRSEEIRDfEMNT. HF25SEA AT A4 X

FLEMRS FHR 11.30.2011.

H. ZROBAEHE D HFE - &R
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ORF1 Sk
25kb A),
ORF2 ORF3
N-ter | NTPase | 3A | VPg gee 3D p12
VP1
1 FCV OF ) AEEETANARE L NIE
F1 MO YA NLRAESZME (TCIDs)
cells HeLa 293T Jurkat Vero -1 NIH-3T3 | CR-FK
virus
poliovirus 10%7 1087 <1 10™° 10%° <1 <1
sindbis virus ND 10%7 <1 107° 10%7 10°° 1031
FCV <1 <1 <1 10*° 10°7 <1 10%°

*ND, not determined.
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a 3
‘ }(—J g - CRFK
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1 1A ~8— (V-1
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|

2 CV-THREIZ X 28Iz L AFCV DBk
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3 SBEL7-FCVcy IZCV-THIRIZRL L, RVl E 28| & o4



160 : 1
140 Omock

BFCVro
MFECVey
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CRFK HelLa 293T Vero CV-1

X4 FCVey IZCV-VHIRIZ O L3RR E 28| X -3
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130 140 150 160 170 180
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K5 F=, 77U HIRUFL, & FOJAMIOT 2 ) BRERF| D ik
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; EIEERRRSEEMREFR EMERS
BHAE, EE =, JII&GFF
Noritaka Hasan, Akira Harazono, Nana KAwASAKT
Division of Bio]ogfa] Chemistry and Biologicals, National Institute of Health Sciences

N A BESEmRI, BERIE, BFgE B I UHHED MK NAFEIERGEDENYE - REWEFERT 272012, @
B ER B AGE 2 EIC B B BEIERIEL 2> T B, Thabb, #E BEHE SERUSEREE %
By, ERLOBEWRIHT—FThbo T/, HEY EEDFMIRTRTH 2. FTHHMER, BETREMN
EREDO R VRENOH 2 REFIEORYE, EFO 5/ EBFREOMRLHE R URBHEOREDRM L
QOLDE L, BLUEEREXOEEMT BEE LT, BHLOTHY, BISERTIXTARZED LER» O
E LR BHP RN FEEROHAEIEA T 2. FH FUCHRAT L 2 TR 6 7%\ NS FEERFARICB N
oA AEEROBMEAICZ, BE - ZEUHRO THLPIZT B LARD S NB M, ik - M
720 DFHIRZEDEBSTT R TH B0 KV —A TR, WHELFIWE, EWENEE, RECFOEE, B
N FEERKORE - BEWFHECET 5 BIRE, W LUK 2 & Td B o I - MR L WEBLER R
BRI ARNT, SRR - RE{bEERIER TR B L idEE L »AS, TEWIER O8NS 47

BRAT, AREMERAT, SLRVERIREY B e tRrin, BE roouv—jsREEMEWRIBHREER) OBRER
TLAZEPME, MAERUBHERA L, REFEEM BLUE URBFEDREICDWT (FRI34ES A1 H, EXsE

EVERFISE 12 TR %o RESTIFEEFMEEERFEETETERREN ] T,
FIENE, N FEEROWENLFEEERET O AT NS - ML LTRSS R SO
DDOBFHAM &, SWBIEBA LR SBEHT 5o P, WEFEOEREIC OV, OFE - FFAX,

\t”%ﬁEﬁMWEES;Ui&ﬁm%

MS, HPLC, ##L.L5#7E, SDS-PAGE

SFE - GFIAX
B s VBV IEF, CE, HPLC, MS
B IS HPLC, CE, LC/MS, LC/MS/MS
V JANT 4 FiES LC/MS, LC/MS/MS, HPLC, SDS-PAGE
RHE—% IRT YK RTFF2y oy
SFEE Btk LC/MS, LC/MS/MS
B7 3 FEBLD )
285 LB B HPLC, IEF, LC/MS, LC/MS/MS
. AEEENEE NMR, X#ifsaiisfine, CD, FTIR
= o i) , B
AU ERAT WaZEE  |DSC , ,

MS, HESATE:  HPLC, ®iltiifis 0~ 257 ¢ —i ; SDS-PAGE, FFY VBT MU T A —HRY 727 UNT I FYVERKIE ;

IEF, $EABAKEE  CE, ¥ VY7 —BRHEE  LC/MS, Wihrav 7574 =/ BESNE  LC/MS/MS, fifkza<t 75
T4 =Ty FLERASE D NMR, BESI®E CD, AEEZEeRINERE  FTIR, 77— TEBRFIMINARS +VIllEE ; DSC,
TEEEADY A8 ‘
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AY—EErRTHEE L TER@EARs Ov bS5 T4 —
(HPLC) /8% — ¥, TA VT #— L35 =Y BIUER
WEINY — >, oI ERBEELRTHEEL L TH
FHEOEESEFRENTWVE(F 1), —REELHEHEZ
EOBITFHRITIZIIEL I N TV B i shd Lk
Wik, ECENEE BT T 5720 0O FiED
FASEIZERRETH %,

2. FFE - -BFYrX
ST A X BHFEL LT, BRAS

K VAR EE
kB (SDS-

SFE,
MR, A X a < b7 74—k,
FrITALA-FKRYTIZINTIFILER
PAGE) R EPHVWLNT &2, BETIE, EEOW
(MS)EIZX Y, BEZBETH I LBV, MSICLD
RTFFBLIUY R BEEROEEZHIET S L &
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Abstract

Viral entry is one of the most important targets for the efficient treatment of Human immunodeficiency virus
type 1 (HIV-1)-infected patients. The entry process consists of multiple molecular steps: attachment of viral gp120
to CD4, interaction of gp120 with CCR5 or CXCR4 co-receptors, and gp41-mediated fusion of the viral and cellular
membranes. Understanding the sequential steps of the entry process has enabled the production of various antiviral
drugs to block each of these steps. Currently, the CCRS inhibitor, maraviroc, and the fusion inhibitor, enfuvirtide, are
clinically available. However, the emergence of HIV-1 strains resistant to entry inhibitors, as commonly observed
for other classes of antiviral agents, is a serious problem. In this review, we describe a variety of entry inhibitors
targeting different steps of viral entry and escape variants that are generated in vitro and in vivo.

Keywords: CD4-gp120 binding inhibitor; CCR5 antagonist; CXCR4
antagonist; Fusion inhibitor; Resistance; HIV-1

Introduction

The development of chemotherapy with antiretroviral agents has
reduced the morbidity and mortality of Human immunodeficiency vi-
rus type 1 (HIV-1)-infected individuals. Successful treatment of HIV-
1-infected patients using chemotherapy is partly due to a combination
of different classes of antiviral agents against the viral protease or re-
verse transcriptase. However, successful eradication of the virus from
infected individuals has not been achieved by antiviral treatment, and
is often limited by the emergence of drug-resistant HIV-1 strains [1-3].
These problems highlight the need to develop novel anti-HIV-1 drugs
that target different steps of the viral replication process. Viral entry is
currently one of the most attractive targets for the development of new
drugs to control HIV-1 infection. Viral entry proceeds through Env
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Figure 1: Molecular targets of inhibitors of HIV-1 entry into the target cell.
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(gp120, gp41)-mediated membrane fusion, and consists of sequential
steps: (i) attachment of viral gp120 to the CD4 receptor;.(ii) binding of
gp120 to CCR5 or CXCR4 co-receptors; and (iii) fusion of the viral and
cellular membranes (Figure 1). A large number of inhibitors targeting
different steps of the viral entry process have been developed, including
peptides/peptide mimics, small molecules, and monoclonal antibodies
(MAD).

Enfuvirtide (also known as T-20) was the first of a new class of
drugs known as fusion inhibitors, which was approved by the U.S.
Food and Drug Administration (FDA) in 2003. Approval was given for
the use of this drug in combination with other anti-HIV-1 medications
to treat advanced HIV-1 infection in adults and children aged six years
and older. The drug is an antiviral peptide that prevents HIV-1 entry by
blocking gp41-mediated fusion [4-6]. Small compounds that can bind
to the pockets of the extracellular loops of a coreceptor are expected
to be potent antiviral agents. Several small-molecule CCR5 inhibitors
have progressed through clinical development [7]. Maraviroc [8,9], a
CCRS5 antagonist, is the second entry inhibitor approved by the FDA in
2007 for treatment-experienced patients infected with a CCR5-tropic
(R5-tropic) virus. Extensive research is currently underway to develop
the next generation of entry inhibitors, however, the emergence of viral
strains resistant to entry inhibitors, as well as other classes of antiviral
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