HCV AU A1 —+ (NS3 D CEKANU A—HiEEES
D) DIXNTHMEERIC LEERERICE-T, WL
DhOENEEERNRIEEA TV S. QUEBI BT D
kS5EAY H—¥ BERO—DT, TOF@EHETH
THa.

3 BEZVINVHEERNETS
HCV R B3
HCV @ T OMMBREOMRT, 4 RETREZNA
LTVBCT s h TV 5. HOV MBI 2 FURTEE
BRI 4 RAICBI® T 3RS HOV ik L L TSR
TESTRENELSH S,

31 $ro207r') BREEH

HCV O#IMIC{E 2R A S—HHEHKIE, R AF—
HafkD NSHB Zthig L LT, NS4B, NSSA &V o v
AIVAAVRHEE, TG LHEEEREZTRTA Y
o 7 ¢ 1) 2 B* human vesicle-associated membrane
pratein (VAMP) -associated membranme protein A
(hVAP-A), FBLZ R EDTEEZ VAN E B EN S,
Slci iz kS 2 o AR > A% DEBIO-025 (2,
CORYAS—EHEERERERLTVWAEEZ /IH
D—ITHEZYA /a7 BICEETEILICES
T, NS5BRV AS—UiEEEEE#TS (MH22 (3)
BHEOCT L),

32 R7«qJEEESH
(1) INILE b1 IVECREEERE) FEER

HYAS—VEakE, JLATO—LRAT7 4T
BEsdicE AL TBE® S 7 b (lipid raft) ] L LENSE
WMEEREBL LTHIETS. BTH, NS5BHRUAF—
YRR T7 s IREABEY A bELSE, RUAFT—F
EESREIAZICE, A7 ydEE" ENLTZ T
FCFEEENTWATENKETHSE. FORY, —
BEODAT ¢ IEAESHEERIZ HCV MMET(FH
ERTCESHIGNTVS. A7« VIRHESROR
HEGRE A BIE T S key enzyme T % serine palmitoy!

transferease (SPT) Z#MET 5 I U4 2% NA455
(P AT ¢ dBHOEENEHEBTATET,
HCV FEEF MR ETT .

33 aALARTFAO-b- YT/ A1 FEARMBES

HCV i, HfEHs 7 PO XELSMAERTS
BaLATO—ILE - EENH L BETMEESDH
ZoLMEMENTVS, ALATFO—IVESRO key
enzyme TH5 3- E FOF L 3- AF LTI & )L CoA
ETREE (HMG CoA reductase) 2T 5 7IL/SA 4
FoRYORAEFE (Bl A7o— /LifEBRMEE
LTHWENS) &, JLAFO—LERS, 1V7TL
/A FERERETAC LA LTHCV MMEHET
BT EAMHIGNTVS., TOSFENO—DIE, FUA
F—HHSEICMETAEEL /3 HFBL2 (NS5A
KBELTWVWS) THD, 1VTL/AFO—2TH
AFSoILEF I ZA—ILH FBL2 icfthud 2 2 AR
A7—YEHRRICHETHAIENPFLMIENAT
B. ¥FTZILF S IWVEBHROBRE 2 37 BRO—07
FBL2 T& b, EBY I 7 - IViEBEBERMEA <
ST HCV A EHE =N 5.

Tl iEEETEENE TS HCVEEA DV
{oaieDn TS, BEREBRSRIGETPTHS. BE
EFEEN LT 588, BENCRIFROMEN B L5
YAWAR A REENETIRELRE-T, £R
HOMBEEIZLAYERT ZLEANTVT LIE, A3
MEAEZZ FTHAEREEASNS,

4 FRBRRN

btz —Fy FEGTTERL, BRNCE
HCV OEERDS 65 A7 v THEHEIRROEMA &
%035, BERCHEARS LS THESHS MRS D,

41 a-¥VavH—HEEA
W Bl AL R b3 S RO O
—2& LT iminosugar A"I6 N TV %,
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Iminosugar 1, FREEEZEEL TERICHEML, ER
KRESTSa - V) AV H—EREMTEC LA TRE
hz, a- 7)oy H—EEEBTE LICK>THCY
IANO—TEZ R AOMRERICRERARCD, ¥
AIWADT v T)—HHEBENE, COXSEHF
HYU—DFH| & LT, UT-231B (United Therapeutics)
% MX-3253 (celgosivir) (Migenex) HHIGH T3,
BHEIAAEZ I ANNIVOTaFS v FTHS, M
Tid, MI7ANVARIZEZ LGN TIRAAVA, PegIFN
TUNREY HRICE S 2 HERSEITR TH 5.

42 p7 A F4F v RIVEES

HOVAO—F43pT 2R 7BRIBA A F+
FOBMEEZLS, YAILIAOKFOMM - Bl
BEdS0bip3viroporin 77 I U — (TAILR
HRDF ¥RV ERIH) O—DEHEIZLEATY
B, B#TILFIVAIEE L O Iminosugar DH B D
(N-nonyl-deoxynojirimycin Z ¥) &, TO4LF+F+
YRNWORER L LTOREEL DT LAREENTE
h, BBRIEDSNTVE. TibERAT /L0
%552 Iminosugar i a - #)L0 ¥—VHEBELL pT
A 2 F+ FIVEEBEOTFIC & - T HCV HIMEH &
WRELDEEALNS,

43 HQVIZh\)—PEEH

HCV 2 b —BEGELEN LT SEFH OMRIE
MIHL2BETHD, HOVOTZ P —BAEEKELT
(X, CD8I, SR-Bl, Claudin-1 MEEZ= AT L5, §
Al HelafiAICcC O 3IMOBEGEEFRELTE
HCVIZBBR LT eh b, FrAEICERNTEBE
DEFAETERMELTH L#EEEhTWS, Thb
DO HCV EERIIEEFEROBNSHA 55—y EE
ABNAY, ERATREINCEEN LT 2HEAIZE
HENTULEL, BiEbhbhid, HCV OBRBEY o—
Y JFH-1 EH OB 7T v ZRAVTHEELE
HYROBIZ, CDBl FDOLOEEMNET ZTRERDS
BEFGFHCVZ M) —EHAERHLE. HE, B

AR BEDESTEFVEFEMDIC, SRER,
WEEEEMRT S EThTH S,

5 BbVic-SERDOEE

CHNETHCVHEHEREREZ, £ L THEAOHM
BEEEALETELOTH -, Fhid, HCVOEL
HRERRA T, Vb3 YT/ 3us . LFY
AT oA B A« A—T v b OEKIEE - B
BEFIREL T HIZLALE-DAETH 220 TH
%, LU, BHESAHCV BEME HCV # o—> (JFH-1)
DHBICHATISTHRYL, ThEAVHAREER
N (PECELT/EAT2aicBLTIE) MIILER
f, HE#NERRCHLAEEIHANTY S, HCV
infectivity assay DAIREL o - BtE, (9 TH /3w & -
L7UaYTutA] TIREETELZV HCV £ERD
IV M) —EFURERY, TyvkYyTU—hETA
IWARICES Y Z IV DOREEAELIEN 243
HoWBATy TENRE LARFEELSTREL T
TED, Sk, BATENICHTSHFBESLHL LR
HENSTREED BB,

PR, HICHIEBMOY —XEE 6T
T, TOERAAA=ZL, (FRBMNORTENTLT
HCV M3 - MO 5 THBOREDFHEN N EEZ
BEVIEHRTLEETH S, 5%, OROEMAIESE
DFTa—FEMA T, BEFD chemical biology DFik
EREL o EEMAERFE NS,

BENH (RHBXOBMCEEDHD)

1) DeFrancesco, R. and Migliaccio, G. Challenges and successes in
developing new therapies for hepatitis C. Nature 436 : 953-960
(2005)

2) Pawlotsky, J. -P., Chevaliez, S, and McHutchison, J. G, The
hepatitis C virus life cycle as a target for new antiviral therapies
Gastroenterology 132 : 1979-1994 (2007)

3} Moradpour. D. Penin. F. and Rice. C. M. Replication of hepatitis C
virus. Nature Reviews Microbiology 5 - 453-463 (2007)

4) AN A+R—, TAGEE HOV SN AT L pp 114118
FFEE® Review 2006-2007. BEXF ¢ Al 4—
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CERRNDT AT - 2009

iR

HCVx Y b ) — - KiFTERbHEA
¥R 9 2AERN 22 ) —= 5

R & B L A B X

HE|HEE  HCVI > ) —[H¥H], JFH1 MEEFAZ ) —=27,
HCVec7 v+t 4, HCVpp7 v £ A

BE:9ANAZ P - EELRIEFNTSHS. LALHCVICML T,
NETLIVHERBEERNFELL o722 00, HOVZ - b 1) =2 A L IG5l
OREHABEFENLTLIEENOEERR. BLAYRRELTHELTRSAT
Ef-. LAL, BEEGTF70—JFHIE RV #lBEE®E(HCVe) T 1%,
Yz— FEFERHVA(HCVpD) 77 &4 R - BMENTELZET, HLw
F47OLy M) —EEFCHTFEREERORENTEL 2-TETWS,

1| RBUSIC

HET HCVHEHR A ) —=2 7%
FOERFMIZIE, HCVH 74/ A% Fw
L7Nary - Tob UMRBERTER
A LAVay - TFTotficdoaTiK, 71
WAOWHE, TR —, BEE EOREN
HgEe, YA LARTOT Ry T =D
HRTFHRMIZE 2 REOREAEDBEEH
DFEF  FEIETE RV EW ) FREARE)
Ho7=(H1).

LAL. BEAGICE Tl s K
HHCVS F 4 0 — ¥ (pJFH-1) 212 %5 ¢

HCV DM ®E % (HCVee 7 v 1) HHE
Ehf-Z kizkh, HCVERAL 7 A VA
W E TOHCVHMIT A 2 LOWThDA
FoZiintTAEERLEE - FETE5 X
ot

— 4z, M7 A VAKRBOEMELTE
THE—ICHH EiFehndy—4 v bid, 74
WAY 7 Liza—F&h, hovd L ANM
AR (BEEE) b2 7 I LRF Y
RERTHB. HCVTIE, £0 L5 LEH
2 RELT, NSI/NMAREFTI—
FENE 7uF7—+H35 LI NSSBRIET T
T—-FENARNAK Y A5 —ED2o4H

Yutaka TAKABE and Rie UENISHI : Novel HCV entry inhibitors: Strategy for screening and characterization
Bl ST RBAERTIERT = ABFFE+ > 7 — [T 162-8640 EEBHEEF L 1-23-1]

FrREEE 57 (5) : 1047-1056, 2008 1047
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hety
A

E1 HCVEFER(SA7FHAZMELTIIY - Totfic o TS EESSEROBHE
WROBERREES - #ATEELONEICLS

h, ThoMEs ¥ s Rk 2HEERMN
BAHCVERERREFTROPLE 2 oTWY
A5 FRICKHLT, che2Mov A LAY
RSN B LT AMBHRIZER A
TIRFBIZROA TS, 2HTH, HCV
v M) —EEROMBIEHH LR
ThHaH, BLACKRRENTIIREATY
AL, FARXLTIE, HCOVZ - P —%28H
LY AEMEMBORRE, = M) —HE
FIERORRIZMLT, bhibhoBREX
ARNOMBELAVEERL.

| HOVIY hU—ESAO
S| BRYAT L

L 'i'y.'

1. HCVEEEHI 7 v &4

(a) HCVL 7)) ar - Tvt4

LIYary - T7otAid, HCVO KA
KiBBENSANRALLT A TH), o
b 1) — % Ex B (postentry) MBI TO 7 4
WARSLAR L IRMY L1 5 EEN OERFE
FEECERH L RATLATHL. N ANV—

72 F (high throughput) {EA*TRETH D,
HENOKRMLERE - FHEICLCAVYLHh
Twa. LaL, =7 b)) —BBE/ L3R
LETovEAOk®, 94 LAY M) =%
HETLLILEHOEREITELRZVWENS
Boaas. LAL, BRT5L951C, o
T vtA THHCVEEYX AR, —HL T
Nary- -7yt THEENFEHSRLZVWE
& FOEMOIERERD, EEaMisbsv
BERRENEF - HLLHEETESL. LT
Nary -Tykf ORI, ) —BEEH
¥EETLHET FHhes7347UTER
%,

(b) HCV 2 — F&F (HCVpp) 7 7 £ 4
HCVpp7 v £ A Ix, HCVZrRu—7%
Bol:a—FRFERWVWAILIZEST
HCVI Y b — (94 LAORK, £56H
#e, dMREA BEME BRIz ToAaR)
FPEHBEETEARTHD. Ya2— FRTIR
1ok aVEad s Bl £ QAT & (21 ¢ o3 ) N uil
oA VADZ Y NRO—FT Y R K%
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HCVee 7w -

EEEESD EEEELL

[l

&

LZU3aw Pued
!
| 1
EEEESED mEEEEL
v v

[HCVpp FutA

!

FE#EESDD

|
FEEZEEaL

EBRRETLEERE BRFELOHZAY

[Time of addition Sesic& 3 1ERK

RONE |

M2 HCVI ¥} —EENOERERE

Bofz A hAOZ ExiET 0T, KK
1A %8 7 4 ) A (vesicular stomatitis virus,
VSV) *& 5L bow A LAHEDLD
MéHadH, bbbl hbod A LA -~
y—2HWLFREFHE LTV, 205E
HCVI ~u—7% 22 KEl/E2 % # -
Iedkx 7y FodiZLH— 5 —REF (LY
7z T7—ERIEF)S 0 =T ¥ ENT
WwT, HCVZ»Ru—7% » 237 WiZKFF
LM~ 4 VAT M) —%21)H—
y—RIZFV727—HRIZF)ORBE
THEIZHMT LI LATESLY,

(c) MR R % Vv 72 (HCVee) 7 v+ A4
AR L HIZHCVee 7 7 £ 4 H AL
SN ELE-T, BEARSATYAL
FN)ary - Toed TCRTRERTEPo >
P —BfEE*ECHCVERABROT NTOA
T TR TAEENOFERELERATL L
MTE LI Tk ol HCVTHIRLREE RN

FFREEE S57#%5% -

- 20

WiIxhbhziz, HCVOET L & LT,
RO T AW AETHEY 1 ABo
vine viral diarrhea virus (BVDV) #¢ fi \» &
L, BVDV % HCV®+ 1 4 — b surrogate £
Fk LiHEFOFEMMrIThbATELY,
BHSIZEAJFHLI 20— LY, =
DFFTOLFRENORELTL—F AL—
Thas. LHL, BELTIE MEFERLC
Lo T+51257 (robust) % 7 4 ) ARRE
NTEL DI HCVY = 7 ¥ 4 720
JFH-1 7 o8- |ZR615E, HIZHRTOA
YHE—Try NI REC BN
Vil 547 b eELER LY 54T
DA VARIZLAHBROBLITEELE
BRAH A, HCVIREHR O ZHEL,
FATORNLESTREDHEVEAIZL
Thh, Behd=?547OHCVIZHT
435 (HCVee) 7 v 44 » Y AT L DM
MEFENRS,

Yl
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®1 CHAITIEHGATVWEHCVIY b)) — - BT EREES

EEH () 2 5 A R e - (RERm L k3
EFHRIGHCVE >~ b 1) — [HEH
A £ T (CBAs)

~7F FH£(CBP) YT /EN N (CVN) zoRu—F9 R0 REY FrA4y - A097
E2REN-Z7) A ~ofs F-REESND) 4
CLHZWAHEE Rkt LTog TR

#711,000
FERTF IR 777337 (PRM-A) FE

~+4 /3L 7 (BNM-A)

a- 72 ¥—YEHEN N-7FL-THEL/TY

IyNO—7% 239 REY

4 ¥~ (NB-DNJ) E2nWMRELTIERI L,
N-J=l-Faxs sy TORRELTOALANTF
<4 % (NN-DNJ) DEMRENEbIE
L ¥l (MX-3253) IFNa/Y2tE Y »
FHRTOBZHEER
(Migenix#t). # 2 #
AN I BRI
Fofk a-TIY¥ F—I(ARB) MBEEHE?
FRHHCV Y Y —EHEH
CD81 #&Hi#| -
SR-B1 f&#1# =
Claudin-1 £541#] -
o -
—HELL
2. HCVI> by —ERAIRROKE EELRTH, LTI T AL

HALERSIALALY P —IZffR$ 3
HEIDIF w{(2hDT vt E@LED
HTETOUREWMLILIILoTHRIET A
ZEMNTEL bhbiud H2IZFTLES
i, HCVee 7 v &4, L7V za» - TFut
4, HCVpp 7 v+t 4, E56i2v3H W 2 "Time
of addition" EE* HALGHELZ &2 L2
T, EEROERSZABNIHEE - 58T
AWBET EoTWnA.

FLIZRT LD, L LEAESNAHEEH
OERENRIAVAZY b —2HEBE,
HCVcc 7 v A4 BLUHCVpp 7 v £ 4 Tid

TIREESRHE SN2V EVIEEIMRES
ha B2k, ZoL)2RBIIETE b
NbNHYBEET->TWAHCVEERT7 v £
1ok, FRABREED OO TO— -
F & — b % decision tree (REA) & LTHRL
L0 THE,

“Time of addition” 812, ~ 1 I A&
I LT, BRI EZENTL254I27%T0
LTwo T(AAIZ1EEMEID), BAHZE
PRETCELIEMESEERTAILT, ¥
1 W ADMBERIZ BT AEROVERRN 2 #
ETAHLOOEERTHL. HIHEFIEHE
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A HCVI»~O-=79IWUHE [E2
FRMEOBRMERERITTVS

B. Y/ —ABRN-TUHOBiEE
S SETF (CBA) OfFERS

El E2
HCV#L 7P fl

BFARAL
(ZOhEXT)

CV-N
PRM-A
BNM-A

*TY
@

R-g%

&

e
Mt Asn-X-Ser/Thr s

3 HCVI>~n—7#% »/3i2 KEI/E2 MRS
HCVZo~O—7% 22 RELEZIZENZN4 1NEAON-SEBMHEBEET I 2L, BEORK
SHEME STV A (A), HEMH BEERBIEEEAFASREVWE Y/ —ABN-Z7) A
Y(B)THAL STFTI/E) »N(CVN)., 77¥ 3 >A (PRMA), ~F+ /3 ~A (BNM-A)
Wy ) —ABRNYVHOKBe- 1272/ —ARECHET S,

BT 5010, EHEYANARERS D
W EDERIZTENT 2 LENH LS, €
DEFETANAZY M) —F T RENY
BRICERE S EHETESL, —A R
BRRA % 7 A L ARG BB B IHMm L7
BE&IoTH, B RESNIHBE. TOE
AErLIWAZY P —=HET L2050
RANMBEDEZPERMELTVELD
EHEETESD.

bivbhiiz, E2ic7F4 &9, HCVee
7ot 4 THHCVESEZRTA, L)
¥ - Tok A TClREEETTFELVWEV)Z 7
A5 Thexry ) —EHEREHTED A
&, 2WTHCVpp 7 » £ 4. "Time of addi-
tion" EBTHRIETALILFMHEN T
5.

&5 AHCVpp 7 7 £ 4 TRWAH I b

)—HEREFFERTLIHELED—DLEL
bhaA, biubilid, HCVpp 7 v+ 4 ik
HL{EFTHHCVZ Y M) —Had—b -
surrogate 7 v £/ (HCVT ¥ b1 — 2 E&£
ICREBR LW S L) EELTYA
HE, KBEAZY)—=VIZLELZHCV
Va— FREFEEMR - ARTAIEUTL
YEF TV E, o =) —HEEH
DD 2 ST oERE - X2 LNE(E
F+HHMT. HCVec 7 v £ 4 |2 X % unbi-
ased (A TALL)DT v A EAZ ) —
=y ORIz E £, "Brutal force” {2
LBERFEEMATEL2TWA,

3 | HCVIY hU—PEEHIFRORK

1. 91 WARFRICER T 2 %4
(a) B # & T (carbohydrate binding

FFRERE 5745% - 2008511 H 1051
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agents; CBAs)

HCVOEMMR~ ORIz, HCVO
vRu—785 22 KEl, E2NEBELZE
WERALLTWA, El E2iZikEhENS
b4, NEON-EHSHB (N-7) A
YA LT3 (E3A). Zho i,
IyNRU—FTE LRI ROBELITNRA
(ZA—WNTA42Y), Totr7)—Z&HR
T, YA NARTFHIREEL LODICET
FRTHB., T/, N-FUHix, @WKt
HESMEDORNPS, b)-TrFTE
(tri-antennary complex-type), /»4 71} v F
&l (hybrid-type) & #® <+ » / — A 8 (high-
mannose-type) D3Iz FEEN LA, T D
95, MY ¥/ —ABEN-Y) i »(H3B)
i, HOVRHIVLZ EoxrrRao—-F7 4L
A BEZAWEENELOT, HMEMOE
SR AERWEERVWE L) BEYD
D, LAHoT, Hicwm<r /—RAEN-7
NH7ICHEROICESTAERIZH YA LA
AELTEZT LOERER - TV AR
WiFans.

CBAsIZIZ~NFF FHE(F 2 HE) O L
DE, FRTFFEOLONH D, WL
# & ¥ » 7% ¥ ¥ (carbohydrate binding pro-
teins, CBPs) Th ), Wb 2 ESEEHEEY
EEBRLV s F oA EEhE CORTT
ViR TA2REN YR TLEY >~
N (CVN)Ths. #H#HIZIZTI3V3I¥7A
(PRM-A) "%+ / 3 & » A (BNM-A) % &
bELLMHERE LTHLRTW LD
RAHLNTWS, THELEOCBAsIEV TR
b~/ —ARBIN-ZY H v EKEDa (1,2)
T/ R LTHROHESELFoTY
% (E3B) ¥,

CVNIZZ 7287 T TIZRERT AL
TANAEL S F T, FTRIE11,000 (B

BEH4T) 2L LTRIEST S HIVA ~
IS AR, SARSTTF A ILA
(SARS-CoV) e ¥E{ DT xa—F -4
WADBEEEAICHET L LGN T
Wwae HCVIZBWTIHCVpp 7 v £ 1
Bl WAL /54 TOHCVZ 7 b
=%+ /ENVRETHETZZENHLD
ltEqhTwaw,

E~TF FEOLDELTHBATWVS
PRM-A®°BNM-Ait, fithEA <127 0%
o - LA TELTLLEALLDOTIREVY
OO, HIVRHCVR A I 2 HEFEH 2
boTHD, Tho®)—FELTINER
HEORHWEFOMBYIEE S TS,

B, CBPIiZy izt i-w, KR
BoBMECIOZA MDD BEIES, EHES
Lo TERICHT 2HENMES N, EEDS
T AB8Eh, AEEIEO L ) 2EIfEE
DEBENTFRHESNS. LHL. TOEWIR
TANABBESCHBECORMEELEN
EFAEv470EHA FELT, EhbiTE
hE ek EE b oTwa, £, ¥ V130K
Thbizw, BIFrEORINECEEDE
pharmacokinetics IZMAfE T2 2 WA, BETFiE
SRERRBIZLST, 4127 rHYA
WARSARSCoV i LB %I T A5 L
VBB EATVA LWV (BE).

(b)a-7) a3 ¥—YHEEH

/A (ER TOHCV RO —7% 2%
SRERMBRESLAFELTEBRTBIZE, a
) =Ll L o THSEASEIE {00 -
BEL, LsF BEHESE)DER Y
NOQry NI RTHEHANFF Y 7 caln-
exiniz#EL, ELLHTHEThHLEND
5. Lot e-7)av¥—EEHEE
THE HOVZI o ARO—F 5 R0 RO%E
SEESICREMNEZY, zoRO-—FF
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a-7Iazx5y—+
FEWM
FAELI Y
I BARE
TILIvEL

sSMESEF
SFIEYAN
FIVSLVA
MFSEDUA

JYays/
7h (GAGS)

H* H+

& pHiRFKE
e

a-FIEE=)L

Claudin 1
(Occludin)

IS5 MM
e S

(M. Evans)

F4 HCV=X b —BRil & EER Y

ZROBIEELRITNEBA, Trvvr7) =30
FEIN, TORHFELTIANLADBEMED
kbhdiniz, =) —EEHELTO
EEEREHAT A,
e-7)a¥—HHERELT BOT
+o¥ (4 I/ iminosugar) TH LT 4 F
J VN4 (DNDAIGN TS, DNJ
ETOLDIE, ZLEALYHCVHEEFEE RS
At BT LF L L ODN] FME
INN7FL-TFAF 72074 7 (NB
DN]) N-/ = W-TF X)L >
(NN-DNJ) 142, HCVO > ) —%= 4 7
OENBECHEST L2 FH/FHEHEE
LDER E LT, £)LTY EILCELGOSIVIR
(MX-3253, Migenix#t) 9 A EEEICH = Hay
ELTHESRTWA, LT Elita-
F)avy—EREROD—D2THHEHAY

Z )b 3 ¥ (castanospermine) @ 70 F 7 v
T Thd HMOEDILISIZEE L 2V,
BIEPegIFN - ¥ » Lo iRICL 5%
2HIEBRASETHTH B,

B HCVHF - FTEH7ANAT 157
Hp7it, A4 FrH7LolELdb,
TANWARFOEYS - HBIIAET A0bhW
Aviroporin 7 7 3 ) — (4 VAHREDF ¥
ANF o NRITRIOD—2EEZLERTWVE
A BT A NVEE L4 3 /8 (NN-
DNJZ &, D44 »F v A LOHEH
ELTORETF2IEMBEERLTY
AW L7:#o T, DNJFEEOHHCVE
i, -7V ¥—YHEHERBELAA >
FrAVEEREORAIILALDEELZS
ha LiL, ZhsOEXOWHCVER
iREhizrhtboTiE2{(v420%
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A BESET (CBAs)

A-1 ~"T7FRE = . e
(A 5> R (CBPS)) SERTTIE
SF/EUD-N TIVIIUA RFSEVVA
(Cyanavirin-N, CV-N) (Pradimicin A, PRM-A) (Benanomicin A, BNM-A)
“r" ‘t’ro
0 N O, NH
a a’.'PVJ'\/

B a-ZIL2 44— EEH
N-ZFI-FTAFL/ IR0
(NB-DNJ)

A~

TAFLS TIRA LR
(ONJ)

= o

&

(Cergocivir) 7
OY\"-
o'

m‘OH

@5

VIBETOREEH), BEtoREa %S
hTwa,

(c) HCVZ ¥ b1 — | ET 5 F D
fH 5]

a -7 ¥ F— )L Arbidol (ARB)
ARBIZHCVpp7 v+ AT, ¥4 2 0ENL
BECHCVERRES*HETLIZ LA HLN
TWwa®, ZORATEIA ¥ 7T ¥z
HHLER L LTHARSH, 0L 7RhET
FIT7NOEMERELIGE L TERLERS
EITHTHL, HERICBAEOBEVLEY
T, EHR2ZEMIZE AL LT, BEMR
oA LA Ru—TEFOBESREIEE
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[ 3
i =1
el
\
oH

N-SZN-FAF SR

(NN-DNJ)
o C. #oft
T N
mff;} a-FILEE—I
HO' (a-Arbidol, ARB)
oH

|
A o d
WO

| )
v )
NAGIARNLEVRE
(Castanospermina)

CHETIMEEATVAHCVI Y b ) —EH GRS ROEEHR) nLEmE

fAEdT 24D EEZLND,

2. BENHCVI > MY —[RER

UEiz~7-x ) —BERIIE, wTh
bHCVZ T TR (HIVR Kb £ L AR
ZAPEAT A2V bIZFEBE R 27 4 V2K
THh5. HIVIIZBWTHE, = F)—@EE
Al LT, CCRoHE#i#I (CCR5 12 HIV-1 M 2
PRSIy —D—D) ERTF P
DHMEEERO2BOBERYEFH MRS
h, FEELTEERIERAEIATWS DS,
HCVTCIE, ChiCHIET 2L 2B
M) —HEEAIZTON TV,

O FAOEEF OHEREIZ, HCV »

FFAEEE 57#5% - 200811

_25_



P —BHEOREB LY ) EEL2v, HCVI
7 Dl & S - S0l i o I <5 B B OV Y
SAZENHEZITIIHLMIS ATV S,
HCViR ZFMifakE-H2 /) a3/ ¥
VaNFurd s OhEXERELE
SEEOBHK) ISFEBHRCCWFILDL o0
T, HCVH Fizz o ~xOo—7% »s37 KE2
¥PMALTHOVZ Y v —RERKTH S
SRBl1& & 'CDB1IZ#& & L, =\ TClau-
din-1 (tightjunctionT] ¥ > /¢ ®, BiTH4
DOHCVEZ > b —ZFHHELT, TIF > 28
SEND1I2TH boccludinA#|E SN TW
5)0EFELT, MEAICIHYAZALLE
ABNTWAEY LANoTINLOZERE
FrnsROBELXHET A EWE, M
HCVHl L LToTMEESMEFEEALA, B
Br#iTid, ShoHCVZ Y b —Z54%
HETAaEFIFAVWEEhTwiw. bh
b, BEHCVec 7 v AI2EBT7 0¥
L (unbiased) R 7 ) — = Y OFERIZL T
AWVEENHCVHEHEAN Oz, HCV »
b —ONRYEES LE1 5N AEFTFE
EPr v (OrREL, RETOFRAREKD
MLV TNED,

Ly, EH5 &2z, InETiiRESH
TWAHAHCVEI Y M) —BEEFOERES
LUFEOMROBERERYT. vy HCV
ZHTRZ(HIVEES WO T L ADMK
ROUMHET L L) LI RBEIC L8 AH
FEHITHN, 5% HCVZ P —%HE
BICHHET 2 L) L MOERTOHCV -~
U —-EEROMEIMEEINS,

4 BbbIC

HCVEREMBIZHIVEFEME UL -
Tal-frEbI it aETFiHIENS.
HIVOSEILE I THo72L iz, HCVT

. HhMIZIE, YA ARIBEESY » /32
WrES LT HHEEF(RNAHE) 2 5 —+HE
#F#HL o7 T-YHER) S MEBEDP
LEhdZbirBuiy, L2 L, Thb¥
HAHH THV potency & o TWwT h Fig
HHERFHBT A LRFTGREZZOH
L. KR SELHBEZEREOWEN, BR
EEDERDVTHIZBWTLMBERZ ST
VA, HCVIZHIV- LIRS B widEhLL
LO®HTY J AH5ME L) EOERE
(in vivo T @ HCV @ turnover rate |2 HIV-1®
FRENUERVIO/BOLAXLIZHS)
EFHLTHBYN, STOL) Y4 VAEHRE
BKroEAT, WiEYALAOMBIZ, L
SHIV-1 28 CRA2MEEE 2D 5 TN
Wb,

—%, BEMRFEHENET2EHZ,
AW AMOEROM B A BT 5H S0
fFEanB(LAL, HIV1 x> b)) —HEH
D—DThHAHCCRERMEBEILDE, ¥
L WARIOBERIZL > TR LI 2 ToR
BL(BEI-STLEILIKLAZE)N, £
D—F, BERF*EMELTHE), BER
OFEEFSHIC BRI 2. BER
fECEELXS I 4V, LhEBEREOEVEH
DHBEFZEINEHLUTSH A,

IA XERITOI TV A & LS BERH
% (highly active antiretroviral therapy;
HAART) i, HCViGHIBW T L BEN LG
BB E D ATl END, ERRIGET
ez HCV > b 1) —[HEH AT RMB SN
e, BELLAOMO Y 5 AOEEH L
Eltf, BITOPEGA »¥—7=0>a/)
REY 2 EOFRMELEAEhEAT LI
LoTRfFEOMEWS ¥ F—7x0% - YN
KD rofkrEEL, BEFAEHL. »O
FOMIANAERX L VEDh 2 bOETE

FFAEEE 57455 - 200811 H 1055



EFERBEE LRI EIc s
EZZOHNE, THCVIZ L AFA2IZ4
TAHARBHORIC, BHAOHCVREEH
LT 5B TOERICHEIEZONRS.
—hE 7, HCVIEMEREOMBE A & K
NT, #HRICHENATCELL E, HCV
DEOTHELZEEAY A7 LAOHEOEH
YBEATLET, M4BT ADTL P —
FEMZAVET I LRFEHICEEEEZS
4. bhbhid, FELZCEENET—X
ELTHIRBM*EL LRBRZ, £ %
[N (Fo—7) L LTHMELHCVL
U —BREEOER L T ORBFIZRT T
WEEoTWwE. BERSHIBIT 25RO
BMEMFELAW

X

1) Lohmann V, Korner F, Koch J et al : Replication

of subgenomic hepatitis C virus RNAs in a hepa-

toma cell line. Science 285 ; 110-113, 1999

Wakita T, Pietschmann T, Kato T et al : Produc-

tion of infectious hepatitis C virus in tissue cul-

ture from a cloned viral genome. Nat Med 11 :

791-796, 2005

3) Lagging LM, Meyer K, Owens RJ et al : Func-

tional role of hepatitis C virus chimeric glyco-

proteins in the infectivity of pseudotyped virus. |

Virol 72 : 3539-3546, 1998

Bartosch B, Dubuisson J, Cosset FL : Infectious

hepatitis C virus pseudo-particles containing

functional EI1-E2 envelope protein complexes, J

Exp Med 197 : 633-642, 2003

5) Buckwold VE, Beer BE, Donis RO : Bovine viral
diarrhea virus as a surrogate model of hepati-
tis C virus for the evaluation of antiviral agents.
Antiviral Res 60 : 1-15, 2003

6) Zhong J, Gastaminza P, Cheng G et al : Robust
hepatitis C virus infection in vitro. Proc Natl Acad
Sci USA 102 : 9294-9299, 2005

7) Bertaux C, Daelemans D, Meertens L et al :
Entry of hepatitis C virus and human immuno-

—

2

4

1056

*

8)

9)

10

—

1)

12)

13

14

15)

16)

deficiency virus is selectively inhibited by car-
bohydrate-binding agents but not by polyanions.
Virology 366 : 40-50, 2007

Bolmstedt AJ, O'Keefe BR, Shenoy SR et al :
Cyanovirin-N defines a new class of antiviral
agent targeting Nlinked, high-mannose gly-
cans in an oligosaccharide-specific manner. Mol
Pharmacol 59 : 949-954, 2001

Boyd MR, Gustafson KR, McMahon JB et al :
Discovery of cyanovirin-N, a novel human immu-
nodeficiency virus-inactivating protein that binds
viral surface envelope glycoprotein gpl20: po-
tential applications to microbicide development.
Antimicrob Agents Chemother 41 : 1521-1530,
1997

O'Keefe BR, Smee DF, Turpin JA et al : Potent
anti-influenza activity of cyanovirin-N and interac-
tions with viral hemagglutinin. Antimicrob Agents
Chemother 47 : 2518-2525, 2003

Helle F, Wychowski C, Vu-Dac N et al : Cyanovi-
rin-N inhibits hepatitis C virus entry by binding
to envelope protein glycans. ] Biol Chem 281 :
25177-25183, 2006

Zitzmann N, Mehta AS, Carrouee S et al : Imino
sugars inhibit the formation and secretion of
bovine viral diarrhea virus, a pestivirus model
of hepatitis C virus: implications for the devel-
opment of broad spectrum anti-hepatitis virus
agents. Proc Natl Acad Sci USA 96 : 11878-11882,
1999

Whitby K, Taylor D, Patel D et al : Action of cel-
gosivir (6 O-butanoyl castanospermine) against
the pestivirus BVDV: implications for the treat-
ment of hepatitis C. Antivir Chem Chemother 15
: 141-151, 2004

Pavlovic D, Neville DC, Argaud O et al : The hep-
atitis C virus p7 protein forms an ion channel that
is inhibited by long-alkyl-chain iminosugar deriv-
atives. Proc Natl Acad Sci USA 100 : 6104-6108,
2003

Boriskin YS, Pécheur EI, Polyak SJ : Arbidol: a
broad-spectrum antiviral that inhibits acute and
chronic HCV infection. Virol ] 3 : 56, 2006

Evans MJ, von Hahn T, Tscherne DM et al : Clau-
din-1 is a hepatitis C virus co-receptor required
for a late step in entry. Nature 446 : 801-805, 2007

FFRERE 57%5% - 2008511 A



QAD 200762

Inhibiting lentiviral replication by HEXIM1, a cellular
negative regulator of the CDK9/cyclin T complex

Saki Shimizua®®, Emiko Urano?, Yuko Futahashi?®, Kosuke Miyauchi®,
Maya Isogai®, Zene Matsuda®, Kyoko Nohtomi®, Kazunari Onogi®,
Yutaka Takebe?® Naoki Yamamoto®® and Jun Komano®

Objective: Tat-dependent transcriptional elongation is crucial for the replication of
HIV-1 and depends on positive transcription elongation factor b complex (P-TEFb),
composed of cyclin dependent kinase 9 (CDKS) and cyclin T. Hexamethylene bisa-
cetamide-induced protein 1 (HEXIM1) inhibits P-TEFb in cooperation with 7SK RNA,
but direct evidence that this inhibition limits the replication of HIV-1 has been lacking.
In the present study we examined whether the expression of FLAG-tagged HEXIM1
(HEXIM1-f) affected lentiviral replication in human T cell lines.

Methods: HEXIM1-f was introduced to five human T cell lines, relevant host for HIV-1,
by murine leukemia virus vector and cells expressing HEXIM1-f were collected by
fluorescence activated cell sorter. The lentiviral replication kinetics in HEXIM1-f-
expressing cells was compared with that in green fluorescent protein (GFP)-expressing
cells.

Results: HIV-1 and simian immunodeficiency virus replicated less efficiently in
HEXIM1-f-expressing cells than in GFP-expressing cells of the five T cell lines tested.
The viral revertants were notimmediately selected in culture. In contrast, the replication
of vaccinia virus, adenovirus, and herpes simplex virus type 1 was not limited. The
quantitative PCR analyses revealed that the early phase of viral life cycle was not
blocked by HEXIM1. On the other hand, tat-dependent transcription in HEXIM1-f-
expressing cells was substantially repressed as compared with that in GFP-expressing
cells.

Conclusion: These data indicate that HEXIM1 is a host factor that negatively regulates
lentiviral replication specifically. Elucidating the regulatory mechanism of HEXIM1
might lead to ways to control lentiviral replication. @ 2007 Lippincott Williams & Wilkins

AlDS 2007, 21:1-8
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Introduction

Acdvaton of transcription elongaton requires the
positive transcription elongation factor b complex (P-
TEFb) composed of cyclin dependent kinase 9 (CDK9)
and cyclin T1, T2, or K [1]. P-TEFb is essendal for
efficient transcriptional elongation from the promoter of
human immunodeficiency virus type 1 (HIV-1), the long

terminal repeat (LTR) (reviewed in [2,3]). The functional
interaction between P-TEFb and the viral protein Tat has
been well studied. Tmmediately after viral transcription
starts ar the LTR. of the integrated proviral genome, the
nascent viral transcript forms a three-dimensional
structure called TAR. In the presence of P-TEFD, Tat
binds to TAR. Through the Tar—TAR interaction, Tat
acovates P-TEFb and therefore assures the efficient
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completion of viral gene manseription and the propa-
gation of HIV-1.

Reecently, the regulatory mechanisins of P-TEFb functon
have been elucidated. In 2001, the interaction of P-TEFb
with 75K RNA was found to be necessary to inactivate
the kinase activity of CDK9 within P-TEFb [4-6].
However, the binding of 7SK RNA alone is not
sufficient to inactivate P-TEFb. Mere recendy, Yik
et al. demonstrated that the inactivadon of P-TEFb
requires hexamethylene bisacetamide-induced protein 1
(HEXIM]1; synonyms CLP1, MAQI, and HIS1) [7-9].
The inactivation of P-TEFb by the HEXIM1-7SK RNA
complex appears to regulate the transcriptonal elong-
ation of cellular genes.

The HEXIM1-7SK RNA complex has been chown to
physically compete with Tat for binding to P-TEFb [10].
In agreement with this finding, HEXIM1 was shown to
inhibit Tat-dependent tanscription from the HIV-1 LTR
in ransient transfection assays [8,11,12]). However, no
data demonstrating that HEXIM]1 is able to limit HIV-1
replication has been provided. Here we provide direct
experimental evidence that the constitutive expression of
HEXIM1 specifically limits lendviral replicadon.

Methods

Plasmids

The FLAG-tagged HEXIM1 expression constructs were
generated by reverse-transeriprion PCR. using RNA
isolated from CEM cells as templates. The primers used
were 5'-CACCTCGAGCCACCATGGACTACAAA-
GACGATGACGACAAGGCCGAGCCATTCTTIGT-
C-3' and 5-CAATTGCTAGTCTCCAAACTTGGA-
AAGCGGCGC-3" for amino terminus FLAG tagging,
and 5'-CACCTCGAGCCACCATGGCCGAGCCA-
TTCTTGTCAGAATATC-3 and5'-CAATTGCTAGT-
CGTCATCGTICTTTGTAGTCGTCTCCAAACTT-
GGAAAGCGGCGCTC-Y for carboxy terminus FLAG
tagging. The Xhol-Mfel fragmentsofthe PCR productswers
cloned into the Xhol-Mfd sites of pPCMMP IRES GFP,
generatingpCMMP £HEXIM1 and pCMMP HEXIM1-f
[13]. The cyromegalovirus (CMV) promoter-driven gag-pol
expression vector psyngag-pol has been previously described
by Wagner ef al. [14] and pLTR gag-pol was constructed by
cloning the Mlul-HindI1I fragmentencoding the LTR from
pNL-luc [15]into the MIul-HindI sites of psyngag-pol. The
taxexpressing plasmid pCGtax and pHTLV LTR luciferase
were kindly provided by Dr. Warnanabe (Tokyo Medical
Institute). The tat-expressing plasmid pSVtat wasa generous
gift from Dr. Freed (National Cancer Institute-Frederick,
Frederick, Maryland, USA), The plasmid pLTR-luc has
been described previously (Miyauchi et al, Antiviral
Chemistryand Chemotherapy,inpress). The followingplasmids
have been described previously by Komano et al [13]:

pVSV-G, pMDgag-pol, pTM3Luci, phRL-CMV and
pSI_Vmu:?_lgAmﬁuc

Cells and transfection

All the mammalian cells were maintained in RPMI 1640
(Sigma, St Louis, Missouri, USA) supplemented with
10% fewal bovine serum (Japan Bioserum, Tokyo, Japan),
penicillin and streptomycin (Invitrogen, Tokyo, Japan).
Cells were incubated at 37°C in a humidified 5% CO,
atmosphere. Cells were mansfected using Lipofectamine
2000 according to the manufacturer’s protocol (Invitro-
gen).

Western blotting

Cells were lysed with sample buffer, sonicated, and boiled
for 5 min. Samples were separated on 8% sodium dodecyl
sulfate-polyacrylamide gel elecoophoresis gels and
ansferred to polyvinylidene difluoride membranes
(Millipore, Billerica, Massachusetrs, USA) for western
blotting according to standard techniques. Membranes
were blocked with Tris-buffered saline containing 0.05%
Tween-20 (TBS-T) containing 5% (w/v) non-fat skim
milk (Yuki-Jirushi, Tokyo, Japan) for 1h at room
temperature and incubated with primary antibodies
including the M2 anti-FLAG epitope monoclonal
antibody (Sigma), an anti-actin monoclonal antbody
(MAB1501R; Chemicon/Millipore, Billerica, Massa-
chusetts, USA), an anti-cyclin T1 mabbit polyclonal
antibody (H-245; Santa Cruz Biotechnology, Santa Cruz,
California, USA), an anti-cyclin T2a/b goar polyclonal
antibody (A-20; Santa Cruz), an antd-p24 monoclonal
andbody (183-H12-5C; NIH AIDS Research and
Reference Reagent Program), an and-HIS1 chicken
polyclonal antibody (N-150; GenWay), and an anti-Bip/
GRP78 monoclonal antbody (clone 40; BD Bios-
ciences/ Transduction Laboratories, San Jose, California,
USA) for 1h at room temperature. Membranes were
washed with TBS-T and incubated with appropriate
second andbodies including biotinylated and-goat (GE
Healthcare Bio-Sciences, Piscataway, New Jersey, USA)
or anti-chicken Ig¥ (Promega, Madison, Wisconsin,
USA), and EnVision+ (Dako, Glostrup, Denmark) for
1h at room temperature. For a tertiary probe, we used
horseradish peroxidase (HRP)-streptavidine (GE Health-
care) if necessary. Signals were visualized with an
LAS3000 imager (Fujifilm, Tokyo, Japan) after treating
the membranes with the Lumi-Light Western Blotting
Substrate (Roche Diagnosticc GmbH, Mannheim,

Germany)

Reporter assay

Luciferase activity was measured 48 h after transfecdon or
infaction using a DualGlo assay kit (Promega) zccording
to the manufacturer’s protocol. The beta-galactosidase
activity was measured using a LumiGal assay kit (BD
Biosciences/Clontech, San Jose, California, USA)
according to the manufacturer’s protocol. The chemilu-
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minescence was detected with a Veritas luminometer

(Promega).

Monitoring viral replication

To monitor HIV-1 replication, the culrure supernantants
were subjected to either a reverse transcriptase assay [16]
or an enzyme-linked immunosorbent assay (ELISA) to
detect p24 antigens using a Rewo TEK p24 andgen
ELISA kit according to the manufacturer’s protocel
(Zepto Metrix, Buffalo, New York, USA). For simian
immunodeficiency virus (SIV) a p27 anrigen ELISA kit
was used according to the manufacturer’s protocol (Zepto
Metrix). The signals were measured with a Multiskan Ex
microplate photometer (ThermoLabsystemns, Helsinki,
Finland). For vaccinia virus, adenovirus, and herpes
simplex virus (HSV)-1, the activity of reporter genes was
measured as previously described [13].

Generating viruses

To produce HIV-1 and SIV, 293T cells were transfected
with plasmids encoding proviral DNA of HIV-1
(pHXB2) or pSIVmac239AnefLuc and culture super-
natants containing viruses were collected at 48h post-
mransfection. Murine leukemia virus (MLV) and lentiviral
vectors pseudotyped with VSV-G were produced as
described previously by cotransfecting 293T cells with
either the pNL-Luc and pVSV-G vectors or the pMDgag-
pol, pVSV-G, and pCMMP vectors [13]. Green
fluorescent cells were sorted by fluorescence activated
cell sorter (FACS) Aria (Becton Dickinson, San Jose,
California, USA).

Reverse transcriptase-polymerase chain reaction
Toral RNA was isolated with an RNeasy kit (Qiagen
GmbH, Hilden, Germany) according to the manufac-
wurer’s instructon. The reverse transcriptase (RT)-
polymerase chain reacdon (PCR) assay was performed
with a One Step RNA PCR Kit (Takara, Otsu, Japan),
imaged by a Typhoon scanner 9400 (GE Healthcare), and
quantified with Image Quant softiware (GE Healthcare).
For the amplification of endogenous HEXIMI, the
forward primer 5-ACCACACGGAGAGCCTGCA-
GAAC-Y and the reverse primer 5'-TAGCTAAA-
TTTACGAAACCAAAGCC-3' were used. For the
amplification of HEXIMI-f, the forward primer 5'-
GTACCTGGAACTGGAGAAGTGCCC-3' and the
reverse primer 5-CAATTGCTAGTCGTCATCGTC-
TTTGTAGTC-3Y were used. For cyclophilin A, the
forward primer 5'-CACCGCCACCATGGTCAAC-
CCCACCGTGTTCTTCGAC-3' and the reverse
primer 5-CCCGGGCCTCGAGCTTTCGAGTTGT-
CCACAGTCAGCAATGG-3' were used.

Quantitative real time polymerase chain reaction
The real time PCR reaction was pedformed in 2 DNA
Engine Opticon 2 Continuous Fluorescence Detection
System (Bio-Rad, Hercules, California, USA). The
cellular genomic DNA and total RNA were extracted

48h post-infection with a DNeasy kit (Qiagen) and
RNeasy kit (Qiagen), respectvely, according to the
manufacturer’s instruction. For the reagents, we used
QuantiTect SYBR Green PCR and RT-PCR Kiss
(Qiagen). To estimate the amount of integrated HIV-1
DNA, Alu-ITR PCR was performed according to the
method described previously using the following primers:
for the first PCR,, 5'-AACTAGGGAACCCACTGCT-
TAAG-3 and 5-TGCTGGGATTACAGGCGTGAG-
5, and for the second PCR, 5'-AACTAGGGAACC-
CACTGCTTAAG-Y and 5'-CTGCTAGAGATTT-
TCCACACTGAC-3' [17). The beta-globin primers
have been described previously [18]. To estimate the
amount of HIV-1 RNA, the second PCR primers for the
Alu-ITR PCR. were used. The primers for cyclophilin A
are described above.

Results and discussion

The HEXIM1 cDNA tagged with a FLAG cpitope at
either the amino termunus (FHEXIM1) or the carboxy
rerminus (HEXIMI1-f) was cloned in a mammalian
expression plasmid (Fig. 1a). A luciferase assay revealed
that the Tat-dependent enhancement of transcription
from the HIV-1 LTR. was reduced by co-transfectng
HEXIM1-expressing plasmids, whereas neither Tat-
independent basal manscription from the HIV-1 LTR
nor CMV promoter-driven transcription was affected
(Fig. 1b). An oncogenic retrovirus human T cell leukemia
virus type 1 (HTLV-1) encodes for tav, a functional
homologue of HIV-1%5 taf, that unlizes P-TEFb to
enhance transcription from the LTR. promoter [19).
However, tex-dependent enhancement of transcripton
was not affected by HEXIMI in similar experimental
conditions (Fig. 1c). To monirtor the effect of HEXIM1
on HIV-1 replication, we introduced HEXIM1-expres-
sing plasmids into Hel2-CD#4 cells along with pNL4-3,
which produces replicadon-competent HIV-1, and
measured the RT activity in the culture supernatant
1 week post-transfection. Transfecting HEXIM1-expres-
sing plasmids decreased the RT actvity in a dose-
dependent manner (Fig, 1d). Next, we asked whether the
inhibidon of viral replication was specific to HIV-1 by
examining wvaccinia wvirus, adenovirus, and HSV-1
replication. We found that the propagation of these
three viruses was not inhibited by HEXIM1-f expression
(Fig. le—g), suggesting that the inhibidon of wiral
replicadon by HEXIM1 was HIV-1-specific.

To examine whether HEXIM1 negadvely affects
lentiviral replication in che physiologically relevant host,
we isolated human T cell lines constitutively expressing
HEXIM1-f. We cloned HEXIMIi-f ¢DNA into a
pCMMP (MLV retoviral vector plasmid (Fig. 2a).
The plasmid encoded an internal ribosomal enmry site
(IRES)-mediated green fluorescent protein (GFP)
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Fig. 1. Expression of hexamethylene bisacetamide-induced protein 1 (HEXIM1) specifically inhibits HIV-1 replication.
(2) Detection of HEXIM1 cDNA tagged with a FLAG epitope at either the amino terminus (FHEXIM1) or the carboxy terminus
(HEXIM1-1) by western blot analysis in transiently transfected 293 cells (upper panel, approximately 65 kD). A western blot against
actin is shown as a loading control (lower panel). (b) Expressing FLAG-tagged HEXIM1 decreased the luciferase activity driven by
HIV-1 long terminal repeat (LTR) promoter in the presence of Tat (lanes 4 and 6, LTR-Luc, solid bars). However, FLAG-tagged
HEXIM1 did not affect the expression of renilla luciferase from co-transfected plasmid driven by the cytomegalovirus (CMV)
promoter (CMV-Luc, open bars). Representative data from three independent experiments done in triplicate are shown. Cells were
transfected with 0.8 pg HEXIM1-expressing plasmid for the indicated lanes, 0.1 g of pSVtat for the indicated lanes, and 0.1 pg of
pLTR-Luc and 0.5 pg for phRL/CMV for all lanes. (c) Expressing FLAG-tagged HEXIM1 did not decrease the luciferase activity
driven by HTLV-1 LTR promater in the presence of Tax (lanes 2 and 4, LTR-Luc, solid bars) as well as renilla luciferase driven by the
CMV promoter (CMV-Luc, open bars). Representative data from three independent experiments done in triplicate are shown. Cells
were transfected with 0.8 g of HEXIM1-expressing plasmid for the Indicated lanes, 0.1 pg of pCGtax for the indicated lanes, and
0.1 g of pHTLV LTR Luc and 0.5 pg for phRL/CMV for all lanes, (d) The dose-dependent reduction of HIV-1 production by
transfection of HEXIM1-encoding plasmids (0.1 g for lanes 2 and 4, 0.4 ug for lanes 3 and 5) along with a plasmid producing
infectious HIV-1 (pNL4-3, 0.1 pg) in Hela-CD4 cells. (e-g) Expressing HEXIM1-f did not limit the replication of vaccinia virus
(e), adenovirus (f), or HSV-1 (g) in 293T cells. The y-axis represents the reporter gene activity, which reflects viral replication.
Representative data from three independent experiments are shown. GFP, green fluorescent protein; RLU, relative light unit.

expression cassette, so that MLV vector-infected cells (Fig. 2b and c). Expression of cyclin T2 was undetectable
could be readily identified by the green fluorescence. in MB166 cells (Fig. 2c). Similarly, HEXTM1-f expression
Human T cell lines, including SUP-T1, MOLT-4, CEM, did not affect the cell surface levels of the HIV-1 receptors
Jurkar, and M8166 were infected with MLV pseudotyped CD4 and CXCR4 as demonstrated by FACS analysis
with vesicular stomaritis virus glycoprotein (VSV-G), and (data not shown). These data indicate chat the expression
GFP-positive cells were collected with a FACS (Fig. 2a). of HEXIM1-f did not reach levels where the physio-
For the negative control, we used MLV expressing GFP logical regulation of P-TEFb blocked cellular
only. The successful introducton of HEXIM1-f into the gene manscription.

cells was verified by RT-PCR. and Western blot analysis

(Fig. 2b and c). The toral HEXIM1 protein expression in The replication kinetics of HIV-1 or SIV was monitored
HEXIM1-f-transduced cells was approximately 3.7-, 1.5-, by measuring the accumulation of viral capsid antigen in
2.0-, 4.8-, and 1.8-fold higher than in GFP-transduced the culture medium. Strikingly, HIV-1 replicated more
cells in the CEM, Jurkar, MOLT-4, SUP-T1, and M8166 slowly in cells of all four T cell lines expressing HEXIM 1-
cell lines, respecdvely (Fig. 2c). To our surprise, the f than in cells expresing GFP (Fig. 2d-g). Similarly,
HEXIM]1-f-expressing T cell lines remained GFP- HEXIM1-fexpressing M8166 cells supported SIV
positive, and therefore HEXIM1-f-positive, for more replication less efficiendy than did GFP-expressing
than 6 months and proliferated at rates almost indis- M8166 cells (Fig. 2h). Interestingly, the magnirude of
tinguishable from GFP-expressing cells. The expression HIV-1 replication delay was the most substandal in SUP-
levels of cyclin T1, cyclin T2, actin, and Bip/GRK78 in T1 cells, in which the levels of endogenous HEXIM1
HEXIM1-f-expressing cells were almost identical to were the lowest among the four cell lines tested for HIV-1
those in GFP-expressing cells, suggesting that the gene replication (Fig. 2¢). Similar observations were made
expression did not compensate the upregulated HEXIM1 when the HIV-1 infection experiments were repeated,
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Fig. 2. Lentiviral replication is inhibited in various T cell lines constitutively expressing hexamethylene bisacetamide-induced
protein 1 (HEXIM-1) cDNA tagged with a FLAG epitope at the carboxy terminus (HEXIM1-f). (a) The genomic organization of the
retroviral vector expressing HEXIM1-f and a schematic representation of the experimental approach. (b) Detection of endogenous
HEXIM1 and murine leukemia virus (MLV)-transduced HEXIM1-f (exogenous) mRNA by reverse transcriptase-polymerase chain
reaction in green fluorescent protein (GFP)- and HEXIM1-f-expressing cells. The primer design is drawn schematically.
Amplification efficiency was examined by using a known number of templates as standards for HEXIM1. Cyclophilin A (CyPA)
was amplified to ensure the quality of the RNA. (c) Western blot analysis demonstrating expression of HEXIM1-f (denoted FLAG),
endogenous HEXIM1 (HEXIM1), Bip, cyclin T1, cyclin T2, and actin in isolated T cell lines. (d—g) Replication profiles of HIV-1
(HXB2) in SUP-T1 (d), MOLT-4 (e), lurkat (f), and CEM (g) cells either expressing HEXIM1-f or GFP alone. Representative data from
two or three independent experiments are shown. (h) Replication profile of SIV in MB166 cells either expressing HEXIM1-for GFP
alone. Representative data from two independent experiments are shown. (i) The replication profiles of HIV-1 recovered from SUP-
TI/HEXIM1-f cells (asterisk in Fig. 2d) in fresh SUP-T1/GFP or SUP-T1/HEXIM1-. LTR, long terminal repeat.

indicaring that the expression of functional HEXIM1-f
did not change over the course of the replicadon
monitoring. We tested whether the viruses emerged in
HEXIM1-f-expressing cells were ‘revertants’ that mighr
be able to replicate in HEXIM1-f-expressing cells as fast
as in GFP-expressing cells. To address this, we recovered
virus-containing culture supernatants from SUP-T1/
HEXIMI1-f cells at the peak of replication kinetics
(asterisk, Fig. 2d). Then, both fresh SUP-T1/GFP and
SUP-T1/HEXIM1-f were infected with the recovered
virus and the replicaton kinetics was monitored.
However, HIV-1 sall replicated in SUP-T1/HEXIM1-
f cells more slowly than in SUP-T1/GFP cells (Fig. 2i),
akin to the original profiles (Fig. 2d), and the nucleotide
sequences of LTR. and fef, the primary rargets of
HEXIMI, renuined unchanged (double asterisk in

Fig. 2i). In addition, no murations were found in viruses
propagated in GFP-expressing SUP-T1 cells. Similar
observations were made in MOLT-4 cells (data not
shown). These data provide direct evidence that the
expression of HEXIM]1 inhibits lentiviral replication in
human T cell lines.

Based on our experimental observations as well as the
reported functions of HEXIM1, we assumed thac the
ability of HEXIM1 to limit HIV-1 replication was mostly
due to the inhibition of Tat/P-TEFb-dependent tran-
scriptional elongation. However, it was possible that
HEXIM1 might also have targeted other viral replication
steps. To test this possibility, we examined the viral entry
and production processes separately. The efficiency of
viral entry was analyzed by measuring the efficiency of
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Fig. 3. Hexamethylene bisacetamide-induced protein 1 (HEXIM1) cDNA tagged with a FLAG epitope at the carboxy terminus
(HEXIM1-9) does not affect the efficiency of viral integration or post-translational processes. (2) The Alu-long terminal repeat
(LTR) and beta-globin polymerase chain reaction products from VSV-G-pseudotyped HIV-1-infected MOLT-4 and SUP-T1 cells
expressing either green fluorescent protein (GFP) or HEXIM1-f alone were separated in an agarose gel and photographed. (b) The
luciferase activities in SUP-T1/GFP or SUP-T1/HEXIM1-f cells electroporated with 10 pg of a plasmid encoding LTR-driven firefly
luciferase plus 1 ug of phRL/cytomegalovirus (CMV). The firefly luciferase activity normalized to renilla luciferase activity in SUP-
T1/GFP cells was set to 100%. The error bars represent the standard deviation of three independent experiments. (c) Western blot
analysis showing Gag and its cleaved products expressed from either CMV promoter- or LTR promoter-driven gag-pol expression
plasmid in the presence of pSVtat (0.1 g, all lanes) and increasing amounts of HEXIM1-f (0.2 ug for lanes 2 and 6, 0.6 j.g for lanes
3 and 7, and 2.0 pgfor lanes 4 and 8). (d) The amount of p24 produced in the culture supernatant from calls analyzed in Fig. 3c was
measured by enzyme-linked immunosorbent assay. Representative data from three independent experiments done in triplicate are

shown. SIV, simian immunodeficiency virus.

viral integration. SUP-T1/GFP or SUP-T1/HEXIM1-f
cells were infected with a replication-incompetent HIV-1
vector psendoryped with VSV-G that expresses luciferase
upon successful infection. We conducted an Alu-LTR
PCR assay to detect the integrated viral genome. PCR
products were detected only from HIV-1-infected cells
(Fig. 3a). The signal inrencities of Alu-LTR. PCR
products from GFP- and HEXIM1-f-experssing cells
were similar. To compare the efficiency of viral infecdon
as well as tanscription quantitatively, we employed a real
time PCR. technique. Some infected cells were collected
for an Alu-LTR. PCR assay to quantify the amount of
integrated viral genome, and the rest were processed to
measure the amount of viral transcript as well as the
luciferase activityy. The amount of Alu-LTR. PCR
product from SUP-T1/HEXIM1-f cells was 3.5~ and
3.3-fold more to that from SUP-T1/GFP cells from two
independent experiments, respectively (Table 1). These
dam suggest that the efficiency of viral integration was not
inhibited in HEXIM1-f-expressing SUP-T1 cells. In
contrast, the relative abundance of HIV-1 transeripe

expressed in SUP-T1/HEXIMI-f cells was substantially
decreased to 0.03 and 2.9% relative to SUPT1/GFP cells
(Table 1). Furthermore, the luciferase activities were 200~
fold lower in SUP-T1/HEXIM1-f cells than in SUP-T1/
GFP cells (Table 1). Similar data was obmined from
MOLT=4 cells infected with HIV=1 pseudotyped with
VSV-G (data not shown). The mansfection of plasmids
encoding reporter viral DNA can bypass the viral entry
and make it possible to measure the effact of HEXIM1 on
LTR-driven transcripion and trandation. Consistent
with above data, transfecting pNL-Luc into SUP-T1/
HEXIMI1-f cells gave significandy lower luciferase
activities than SUP-T1/GFP cells (Fig. 3b, left). Similar
dara were obtained using pSTVmac239AnefLuc (Fig. 3b,
right). These data strengthen the possibility that
HEXIM]1 targets post-integration processes.

To test this further, we analyzed the efficiency of post-
transcripdonal processes with a transient transfection assay
measuring the amount of Pr55 Gag, a viral gene product,
and virus-like pardcles (VLPs) produced in the culture
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Table 1. Effect of hexamethylene bisacetamide-induced

protein 1 (HEXIMT) cDNA tagged with a FLAG
(HEXIM1-1) on viral entry and transcription in SUP-T1 cells examined by quantitative real time polymerase

at the carboxy terminus
reaction,

Integrated HIV-1 genome HIV-1 transcript Luciferase activity

Al-LTR  B-globin  Normalized® HIV-1RNA  CyPA  Nomalized® Normalized?
Exp. Transduced gene  (copy) [copy) (%) (copy) (copy) (%) RLUF (%)
1 GFP 52x10° 67x10% 100.0 16x10°  68x107 100.0 32%x10° 100.0
HEXIM1-f 20x10® 7.4x10° 3513 67x10" 1.0x10° 0.03 1.5%10 05
2 GFP 46%x10° 1.8x107 100.0 31x10°  89x10 100.0 7.1 %108 100.0
HEXIM14 1.6%x107 19x107 3332 9.4x10° 93x10" 2.9 3.4x10° 0.5

*The number of Alu-long terminal repeat (LTR) products divided by the number of bata-globin products in SUP-T1/GFP is set 1o 100%. The

abundance of Alu-LTR products in SUP-TI/HEXIM1-f relative to SUP-T1/gree

n fluorescent protein (GFF) is shown.

BThe number of H[V-1 RNA transcripts in SUP-T1/GFP divided by the number of cyclophilin A (CyPA) transcript is set to 100%. The abundance of

HIV-1 RNA in SUP-T1/HEXIM1-f relative to SUP-T1/GFP is shown.
“The luciferase activity is shown by relative light unit (RLU).

The luciferase activity in SUP-TI/GFP is set to 100%. The luciferase activity in SUP-TI/HEXIM1-f relative to SUP-T1/GFP s shawn.

supernatants. For this purpose, we used the CMV
promoter-driven gag-pal expression plasmid, because
HEXIM1-f did not affect CMV-driven wmanscripdon
(Fig. 1b). At the levels of HEXIM1-f where LTR -driven
Tar-dependent transcription was drastically inhibited
(Fig. 3c, lanes 7, B), the amount of CMV promoter-
driven Gag expression was almost identical to thar in the
absence of HEXIM1-f (Fig. 3c, lanes 1-4). Furthermore,
the processing pattern of Pr55 Gag in the presence of
HEXIM1-f was identical to that in its absence (Fig. 3c).
These data indicate that HEXIMI1-f did not inhibit the
transcription from 2 Tat-independent promoter, the
translation of viral protein, or the protease activity of
HIV-1. Finally, the potential effect of HEXIM1 on viral
budding was examined. To do this, the amount of p24 CA
in the culture supernamant of transfected cells was
quantified as a representation of the amount of VLR
Expressing HEXIM1-f reduced VLP producdon from
cells co-mransfected with pLTR gag-pol and pSVitat at levels
comparable to the protein expression levels (Fig. 3c and
d). In contrast, expressing HEXIM1-f did not reduce the
amount of VLP produced by cells co-transfected with
pCMVyag-pal and pSVitat in conditions in which Tat-
dependent LTR. transcription was substantially inhibited
(Fig. 3c and d). Taken together, this indicates that
HEXIM1-f lowers the efficiency of Tat-dependent
transcription from LTR. promorer but does not block
the efficiency of the late phase of the viml life cycle
including ransladon, Gag’s assembly, and budding. Thus,
it is likely that HEXIM1 primarily targets Tat/P-TEFb-
dependent transeription to inhibit HIV-1 replication.

Our findings demonstrated that HEXIMI, a cellular P-
TEFbL inhibiter, is a specific negative regulater of
lentiviral replication in human T cell lines. The
replication of vaccinia virus, adenovirus, and HSV-1
were not affected by HEXIM1-fexpression; however, the
tat-dependent ranscription of the LTR. promoter of bath
HIV-1 and SIV was reduced by HEXIM1-f. HEXIM1
limited replication of HIV-1 dramatically at levels where
it did not visibly affect cell physiology (as lirtle 2s 2 5-fold

increase over the endogenous levels), nor were revertants
immediately selected in HEXIMI-f-expressing cells.
These data support the feasibility of developing HIV-1
inhibirors targeting the processes in which HEXIM1 is
involved. For example, it is conceivable to hunt foranon-
toxic chemical inducer for HEXIM1 since expression of
HEXIM1 is induced by hexamethylene bisacetamide
(HMBA) that is considerzbly toxie for cells [20].

P-TEFb has been shown to support transcription of the ¢-
mpe and CIITA transcripdon factors (reviewed in
[21,22)). The fiunctions of these transactivators are critical
for cell proliferation, but in this study constitutive
expression of HEXIM1-f, which reduces P-TEF-b
activity, did not affect the cell proliferadon of human
T cell lines, the human epithelial cell lines HEK293 or the
NP2 glioblastoma cell lines (data not shown). How can
this be explained? Very recently, 2 high-molecular-weight
bromodomain protein, Brd4, was found to function as a
‘cellular taf’ [23,24]. Interestingly, it was shown that Brd4
binds not only to cyclin T1 but also to cyclin T2, a widely
expressed variant of cyclin T, to which HEXIM1 binds
but Tat does not [23-25]. We hypothesize that Brd4
might be able to recruit and acdvate P-TEFb more
efficiently than does Tat, leaving cellular wanscription
unaffected by the upregulated expression of HEXIM1
from the retroviral vector. An altermative possibility
comes from the fact that HEXIM1 does not interact with
the ubiquitously expressed cyclin K, which funcdons asa
P-TEFb component. It is possible that Tat is not able to
udlize P-TEFb consisting of CDK9 and cyclin K but
Brd4 can, such that cyclin K may substitute for cyclin T1
to support Brd4-mediated cellular gene transcription.
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