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Studies on novel antiviral agents against bovine viral diarrhea virus
(BVDYV) and hepatitis C virus (HCV)
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Introduction and Objectives

Hepatitis C virus (HCV) infection represents a ‘major public health problem. Nearly 3%
of the population is chronically infected with this virus worldwide. The HCV vaccine is not
available so far, and current available treatments are unsatisfactory. These facts mandate the
urgent need for novel anti-HCV agents. Due to several characteristics shared between bovine
viral diarrhea virus (BVDV) and HCV with respect to virion structure, genome organization,
~ and replication cycle, BVDV is considered as a good surrogate model for HCV and has been
used for investigating anti-HCV agents. In addition, the establishment of subgenomic and
full-genomic HCV replicon cells as well as the infectious strain JFHI is also accelerates the
discovery of novel anti-HCV agents. The objectives of our study are 1) to find selective
inhibitors of BVDV and/or HCV, 2) to examine a variety of compounds for their inhibitory
effect on HCV replication in replicon cells, and 3) to elucidate the mechanism of action of the

active compounds.

Materials and Methods
1. Anti-BVDYV study

Anti-BVDV activity and cytotoxicity of test compounds were examined in MDBK cells
by LDH and MTT colorimetric assays, respectively. The activity was confirmed by real-time
reverse transcription (RT)-PCR and virus yield reduction assay. The time of drug-addition

- experiment and docking study for active compounds were also performed.
2. Anti-HCV study

Anti-HCV activity and cytotoxicity of test compounds were examined in subgenomic
replicon cells by luciferase-based reporter assay and MTT assays, respectively. The activity
was confirmed in different subgenomic and full-genomic replicon cells by real-time RT-PCR.
The active compounds were also examined for their inhibitory effects on NS3 protease and

NSS5B RNA polymerase activity by biochemical assays.




Results

Some of the y-carboline derivatives were found to be potent and selective inhibitors of
BVDV replication. Ainong the compounds, 3,4,5-trimethyl-y-carboline was found to be the
most active against BVDV (Nose strain) in MDBK cells, with a 50% effective concentration
(ECsq) of 0.017 + 0.005 uM and 50% cytotoxic concentration (CCso) of 7.4 £ 0.9 uM. The
compound inhibited viral RNA synthesis in a dose-dependent fashion. A time of
drug-addition experiment and antiviral assay of the y-carboline derivatives against the mutant
strains resistant to some classes of BVDV RNA-dependent RNA polymerase inhibitors.
suggest that the compounds may target the RN A-dependent RNA polymerase.

A number of compounds were examined for their inhibitory effect on HCV replication in
Huh-7 cells harboring subgenomié viral RNA replicons with a luciferase reporter
(LucNeo#2). Among the compounds, some phenanthridinone derivatives were found to be
active. The ECs of the most active derivative was 0.063 = 0.010 uM. This compound did not
show apparent cytotoixicity to the host cells at concentrations up to 40 puM. Its potent and
selective anti-HCV activity was confirmed by real-time RT-PCR in different replicon cells.
Interestingly, the phenanthridinone derivatives were less potent inhibitors of genotype 2a
than genotype 1b of HCV. Since thevphenanthridinone derivatives did not inhibit NS3
protease or NS5B RNA polymerase activity in biochemical assays, their molecular target

(mechanism of inhibition) remains unknown

Discussion and Conclusion

In initial studies, we used BVDV as a surrogate model to HCV and tested compounds for
their anti-BVDV activity. Although some compounds including the y-carboline derivatives
were potent and selective inhibitors of BVDV, they could not inhibit HCV replication.
Therefore, we also examined directly the anti-HCV activity of compounds in HCV replicon
cells. After screening a number of compounds, we could identify novel phenanthridinone
derivatives as highly potent and selective inhibitors of HCV. The compouhds were unique in
their mechanism of action, since they did not inhibit HCV polymerase or protease, both of
which are major targets for inhibition of HCV replication by antiviral agents currently under
development. ,

In conclusion, compounds active against BVDV are not always good inhibitors of HCV
due to the genomic variability between the two viruses. However, these compounds may be
useful in the field of veterinary medicine and/or should be subjected to chemical modification
to confer anti-HCV activity.
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Studies on novel antiviral agents against Bovine Viral Diarrhea Virus (BVDYV)
and Hepatitis C Virus (HCYV)
FHIO AN AETRIE Y A VA (BVDV) EB LW jl
FLCRBIFR YA NVA (HCV) FKIZEAT AR5
HROEAOAD 3% 2 CEFRYANVA (HCV) IZEHRLTWD, HCVITHT 2T 7 F i3zl B
EREIRT - F—T7 =z 0 (PEGINFo) & U ALY U THEBEENTWARR+9THY , H-i
PLHCV HOBREB KD LI TWD, VI TUANVATHIEY A /LA (bovine viral diarrhea virus: BVDV) (3
HCV (RULT7TETANABHIB L, © VAU #E 7 AR, BLU, BREENLETHD, H
FHIL, HCV O L LTOBVDV A7 AL HCV VAT A& AWVWT, H HCV KIOER 1TV, LT
DRHREEBT, '
1. BVDV OV A )LV AHEFE % FEHE & L7351 BVDV Fl DR
(1) y-carboline FHEMKIZOWVWTHL BVDV {EME R VU —= 7 L d 5, trimethyl-y-carboline
SK3M4MS5M 238 b M\ &M %R L, ECs,0.017 pM, CCso 7.4 pM T, Selective Index (SI) 13 435
THoT,
(2) SK3M4AMSM % 7 A )L A HEFE 8 BRI ISR R ICIRM L T MY A LV AER R RSP, Z 08
XAV ARNAGRKBMBRE & —& L Tz,
(3) BVDV @ RNA H VU A5 —+ finger domain Z#HEH) &+ BMOIEHK| 3 FEIZ T4 B MM,
SK3MAMSM (2% L4 b R X 2 7R L, SK3IMAMSM /3 RNA (K77 RNA B Y 25— %
BRI TBEEILND,
(4) L L. y-carboline FHE KX HCV @ replicon MR TidHi HCV iEMEZ R I oo 7z,

2. HCV O replicon 3 X U\ A L AHIFE % FSE & L 7= 51 HCV # 0 #esz
(1) phenanthridinone F5#{4(Z-2\ T subgenomic replicon ¥ 27 A TH HCV iEMEE 27 Y —= 0 7 L
7e& Z A, HA-T19 D3 bIEMED R <. ECs 1% 0.063 uM ThH o7z,
(2) HA-719 i, subtype 2a @ JFH-1 #RiZxt L CiX, subtype 1b XV HHI 7 A /L RIEMED T Ao 72,
(3) HA-719 iX. replicon AR TR EMKRIFIEIZ NS3 & NSSA OREBAMEI L7z, LM LERL, &b
FHITIT HA-TIQ XV A VADNS3 D7 15 7 —BiEHERS NSSB D RNA R Y 2 5 —P M54
il L7ginoTe,

AWFFEIZ . BVDV ¥ A7 AB L NHCV VAT 5% AW T H R HCV FDOBER RO FH OB BVDV
FIRVCHFHCVAIZRH L, 5%V VO THESRE b HCV BYE~DISHAOTEMEZ R L0 T, B
BRIEV, Ko CTARBIERIZEVGH L E LTHoRMBELZETE260 EHE LS,
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FANHEFHRIXONBRICOWCHAZRD 3 L4z, BEEFEERICOWTHBEZ21To 7=, BEHICIE. T
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(1) BVDV & HCV OB GFOROFER— T8N 50 ?
(%) 2R r V—1121% BELM»R\, LIHL, FRUIBEEFEHSICE TR, NS3 7
a7 7T —EOHFTIE, NEKENDS 1/3 DEHTIX172% THHR, BV 23 DEHTIT47%ThH 5,

(F12) BVDV 2 HCV OREFEET )V & L TCLIENZA ENHR3H 202

(BEIZ) WL DD T —33, 2006 E5> 5 2009 FEI2HMT T, HHCV EOBERFFZRIZANTN S,
72720, Roho=3AL BVDV IZBRUVEMEN H > T, HCV ITIIPIENTH DT, #EEDL2 B
BUETHoTmEHEINTWE,

(f3) BRIy ~MiEEZANTHEN, BEN3% & 10% D2 FBEH 5 DIIE» 2
(E%) &%, MIEOERE - ¥RFIZIZ 10% 2V, IV ALVRT v L1215 3% 2BV,

(f4) FuyxrZREF42BWT, BEIOBKENEEICEZS, v—IARY U OAFLEOKS
O L EA CBROMBEERIZEDE 5122500

(BI%) RoX L T RET 4 IZHRRFREICL - TEHRENTZ12D, AFLEOKEZHEPLLT, RLZ
iy,

(R15) HCV O T, £ HCV ® RNA BEIFR &1 T, %@F%RNAT)%7~J@#%E§%5@
e

(El%) HCV @ RNA I mRNA & LCHEEL, BIRRENTHCV RUEBAWMEO NS, RN Y BEITETH
BETANVZREROT 2T 7T —BIZ XD EIlTEi, NSSBRNARY A5 —ERELEN D,

(F6) EBREREZH D L, HA-TI913M Y 7 =25 — P2 EE L L7 HCV OHEFEME] &, HCVRNA DRE
ERBINRT LLTHBEDIFH LT, &5 L THA-718 & KZI16 137 5 THRVLOMN ?

(FEZ) ZD22017 A FERRRDIDOT, BETORBENRER> THREFETIZRY, £, XD
BRECHNY 727 —PEENZECHHI SN DK LT, RNA EZLkmflEnz2no tbd
B ‘

(R17) iBVDVEODOL 775 AL LTBPIP ZAAWVWTWAR, ZORKDOH. HCV IR EFI-Z L
BHDHMN?
(E%Z) BPIP 2R R L7/ V—7REHCV SR 2, RS om L BELTNS,

(F8) A BVDV IZX3 2R ND, v —HR Y UFEED 3 1D A aﬁ/vgmﬁgt LHE
7223, SK3M DA BVDV 25§ BB RITFARDR oD ?

(E1E) SENIRASRD o7, BABRBIERERET DL, BN IMOAFILEDEENEHICE |
BiELBbha, 5%, BRETLIZW,

(M 9) FEAMMHEHCY V7Y a VHilROFHEIZ, (HA-719 DS D) oZEEITH VR - D ?
(E1%) FEAMHEOFEITIE, ROLEEOBRNEREZAVWAIMLERHLHOT, HA-719 AV




(11 0) JEHWtHE HCV L 7Y 2 W MIBICxS 5, NS3 7R T 7 —PHEROYR 2 H~ T2
(E%) NS3 7r 57 —CHERKIAFSERER D, W52 L BHREPoT,

(M11) =7 P TIHEETE 4 OHCV BEIEL THWE L H728, ZOROLTY a HREH 20
Vit ¥
(E%) BBETRIEE LRV, EVEE, 13X 51k2LDILTHS,

(1 2) BATIIFHEERSNE, =7 FTRE I ?
(HE) =7 P THRETHD, =7 FTIE T AT 1 ABGLHCV GiEBETH Y, FHREICBIT
THEELENEBDh S, ERLBERIEZ TR,

(f13) =Y 7 MIBIT D HCVBREOHF T, HIVICHEREL TV IERIERENAL HWVin?
(H%) =V7 P CIIEESCRENRENDD, HIV OBREEIE OO TERVWDOT, HCV & DIERE
HEDDTERWEEbiLs,

(Ri14) vy —H/ERY & BPIP DILFEEEIIEI TV RS, time of addition EBRODIE RS/ TWNWE Z &
25, WENFE UC/EREEFE RNARY 25 —PHE) EREHLTWVWD X750,

(E1%) FETLFEEIIE BP0, ME L bICRR% SEE2BICRAIZFMLTY, ivan
AREREBNT ET—HLTWD, ZOBEMIZY A /L ZDOBEFEIZ RNA R Y 25 —EBNEE54 58
BTH5DZENehosTWVEB, ‘ : '

(B15) RyFrZREF4IZBWT, vy —HARY & BPIPIZRNARY A5 —FDRIURYZ v MMZ
wETDHION?
(FZ) BURTZy EhEINEF v 7 LTHARN,

(B 16) HA-719 1T HCV @ RNA A2 5 D2 ?

(EI%) HA-719 13 7 A )V A DI R 2 5D T, YA /LA RNA BIZETT5, LanL, Zhit
HA-719 28 HCV @ RNA R U A 7 —BiEHZEFERET 2005 Tidlev, BE, SRR Bk Tk
HA-719 i HCV O 757 —PBRoRY A S —EDE#EZHEE L2V EBSNn-T VN5,

(1 7) HCV BRIEDIBRIZB T AA v F—T7 = U ORWERIZIZ LD L 576 ORH A0 ?
(HE) A F—T7 xa NIGERELENTIOT, FRICLAEL2DEWER I H 5, —REIRBIVER
E LTI, BREBERCHEBR EAREIN TS, BHERARBRWES I, BEZRIELARTNIT
Rbhnwi bbb,

(F118) HLWHLHCV FEidA ¥ —7 = u VRRICBIMTRAWLNE D, (A ¥ —T7 cu i@
EWbDHZLNTERNDN?

(%) # LW HCV o7 7 —EHEEREMIC L BARRBRTIL, RVPR+2THD LWV I BRIIR
STe—H, AVE—T =z UNEY VL AEERRIC T 7T —EHREEE ML 5 &, sustained
virological response 23 REBBRIIZ M L3 2 Z B3 oTRY, BHEFETRHHFHATAIZLICTAR-TWS,

(f119) HCV OEER L IFFBEERO—THiXEEMiam ko vy 7 —8 T, —F, MS3 5 NS5B
DIEEEE B! 1‘7/1)11/2EEEE@TDTTHJZT@J%ESME)@#‘?i‘/’_, BEXMlamseoraF 7 —+¥
AT HERR I FFTE T B DD,

(H%) =0@EY» ThH b,

(2 0) HCV RO L 7FHZ—Téh 5 LDL.L CD81 DRI OWTHB L TTF X,

(E%) HCV IZANTY REBHEBE L TWAD T, BRANCHTHIRFEICEFEET S LDL EHMEERT 3,
Z D%, E1/E2 @/\—'ru Z' A =—3 CD81 B LU SCBl - FI/EA LT, @Am%ﬁ,ﬁkﬂ"é iz
HRAPIZEBAT B 70121 claudine B F 2 HLELTAZ LRS- TN 5,

(2 1) HCVBEFR 1b & 22 8T 2 EFPROBVIC OV THAL TF I,
(BEI%) ZOmMEEITIZ 70% OFRERY—05H508, BRIOBEIZIZ 16 ITHREZRTR, 2al2mZ 5T
HBHZEBBLLL R, ZTORZBIBRARICBENTHEHEINL TV S,

(B22) HA-T19 IF v = A& 7oy FTIENS3 & NSS5A D LD &8T5, Zhii HA-719
PNHCV RV BEE~OFIREZEETAZ L ZEBRLTNDZON?

(E%) ZO%HED, HA-TI9 XU ANAOEIEEZMZ 272012, ZTOXIREREL-T-DTH- T,
7 A /LA RNA ORI ER| DOBERBOER L5 2 28R TiXiev,

l«/U:@fh?'E?bW) 5ADEEZRIPFENRERBLRBETE L LTCOEN -BREAL VDY
LB, Bt (B¥) OFMNEEADICRIEREAET LD LRBELE,




