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NON-NUCLEOSIDE POLYMERASE INHIBITOR HCV-796

A.Y.M. Howe,’ S.K. Chunduru,? D.C. Young,? H. Cheng,’ D. Pevear,? M. Collett,? C. Burns,? A. Del Vecchio,? T. Bailey,?
B. Kulkarni,? T. Faitg,? S. Rippin,? C. Blackledge,? D. Rys,? T. Lessen,? J. Swestock,? Y. Deng,? T. Nitz,-
J. Reinhardt,? H. Feng,? A. Saha,? T. Herbertz,? T. Mansour,’ J.F. O’Connell

"Wyeth Research, Collegeville, PA; *ViroPharma Incorporated, Exton, PA

ABSTRACT Intracellular Antiviral Activities Mechanism of Action

Background : Hepatitis Cvirus (HCV)isanenveloped, single-
stranded positive sense RNA virus Wlth an RNA glependent FIGURE 2a. FIGURE 4.
RNA polymerase (RARp), NSSB, which is essential for HCV Effect of Single Treatment (3 days) With HCV-796 on Kinetics of Inhibition of HCV NS5B Polymerase by HCV-796
replication. A similar counterpgrt c_Io.es not existin mammalllan Intracellular HCV and GAPDH RNA Levels
cells. Consequently, an NSSB inhibitor should be an effective ST 4x10°
and selective antiviral agent for treating HCV infection. 1000 - HCV-796
- . == 0 UM
Methods: Activity of HCV-796 against HCV RdRp and other 5 Lo - Ay 108 —
human polymerases was evaluated in nucleotide incorpora- £ _ Al TET oo
. . . o . o ! 0
tion assays using purified recombinant enzymes. Intracellular 2 4o - = " A 0.063 uM
antiviral activity of HCV-796 was determined in HCV replicon 2 g 2x10° —B— (125
cells. Cytotoxicity was assessed using a standard MTT as- S q- c B A —h— o
say. Specificity was investigated using a panel of RNA and % A |
DNA viruses. e 0.1 - oo Hl
. . e
Results: HCV-796 was effective against HCV polymerases 0.0 | | | | | | 5 “o o o
derived from genotypes 1a, 1b, 2, 3, and 4. HCV-796 exhibited [ R T 1 . . T |
no activity against a panel of human and other unrelated Log10 HCV-796 (uM) /K. o , . A
viral polymerases. A single application of HCV-796 in cells :
containin : Compound HCVRNA  HCV Protein EC;, GADPH CC;, Cell Cytotoxicity Therapeutic 1/[ATP] uM
g genotypes 1a and 1b replicons led to a dose- P EC,o (M) £SD*  (NM)£SD  (uM)£SD  CCs(uM)£SD  Index:
dependent reduction of HCV RNA levels (EC4s<10 nM). fa replicon Ti\?f 127;) (1;9_:11;1) 10N =7} ND - 2000
Multiple treatments of cells with 1 uM HCV-796 for 16 days B }
w T : 8.6 +4.0 14 + 15) N
reduced HCV RNA levels by ~4-log,,. An additive antiviral Ibreplicon " yp Nz o5 210(N=8) 250 > 1100 FIGURE 5a.
etfect WaS. observed in cells t.re.ated with HCV_796 plUS a. Based on HCV RNA and GAPDH. The Activity of HCV-796 under Continuous and Single
pegylated interferon. No cytotoxicity was observed in 6 cell CC: = Concentration of compound that infitits 50% of cal viablty/functions; EC,, = 50% effective Processive Cycle Polymerization Conditions
. . . . . . concentration; = ceraiae € o-phospnate de rogenase; = fepatits U virus; N=Numbper
||neS under leldlng and non—d|V|d|ng Condltlons HCV—796 (refers to independentdeteryminationsyinthisstudy); ND=I31/otdone; SD = Standard deviation.
inhibited HCV RdRp non-competitively with respect to ® Continuous M Single
substrate NTPs and RNA. Results from single and continuous I 2
processive cycle polymerase reactions suggest that HCV-796 FIGURE 2b o
may interfere with the initiation event of RNA polymerization, N . E
Conysisten o diesp y Effect of Multiple Treatments (22 days) With HCV-796 on :
y crystatiograpny ' Intracellular HCV RNA Levels in Genotype 1b Replicon 75 -
Conclusion: HCV-796 possesses all the hallmarks of an s ]
effective and selective antiviral agent against HCV infection. | OOEL08 TR TR ~A104M HOV-786 ~-DMSO &
] c
X 25
< 1.00E+08 { @
. £ \ i
Flgure 1 . HCV'796 StrUCture % 1.00E+07 - - 0 1@® !$ f‘ I . - .—i/.
%‘ 1.00E+06 T —25 I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I T T T
:;).’_  oOEa0s . -6 -5 -4 3 -2 -1 0 1 2
: + .
i’. Log [HCV-796] (uM)
£  1.00E+04 -
S
©Q  1.00E+03 -
1.00E+02 ———— FIGURE 5b.
o 2 6 8 10 12 15 17 19 22 Time Course of HCV NS5B Activity in the
PRI EIEE IR S Presence and Absence of 30 uM HCV-796
Using Single Cycle Polymerization Conditions
- - - " mgm ® HCV-796 € DMSO
In Vitro Biochemical Activities FIGURE 3. 75000
Of HCV_796 Drug Combinations of HCV-796 and Pegylated Interferon o
in HCV Genotype 1b Replicon — $
Table 1: Activity of HCV-796 Against NS5B RdRp 0 50000 -
From Various HCV Genotypes . -
Amino Acid Sequence = ~1" 20 5 I % Koust (min”’) = SE
Geno:yple tE Ezyme IC HC\I(I-I7?|-6SD Divergence Iglrom é - 10 é N HCV-796 0.13 = 0.01
solate s0 (M) = Genotype 1b BB7 NS5B S S 25000 - DMSO 0.12 + 0.01
Q T~ 0 ¢
Genotype 1b % # of Amino Acids 5 Pt ’ 5 0
BB7 0.04 = 0.02 (N = 35) i i : o {
Pe
BK 0.14 = 0.05 (N = 33) 3.7 22 =~ 10
1™ -30 0 1 | | |
4a 0.05 + 0.04 (N = 9) 2.7 16 B }
20 0 25 50 75 100
FC 1-20 0.05 + 0.03 (N = 7) 4.7 28 2
320-10-3 0.02 = 0.01 (N = 8) 3.6 21 = Le8h _. U (s,
.. o ox® g
J4 0.16 = 0.05 (N = 10) 4.7 o8 Cvrgs oy pes® f
Genotype 1a
R DO = U] N =) ke L The antiviral activities of combinations of HCV-796 and pegylated interferon CONCLUSIONS
A5 0.03x0.01 (N=7) 11.5 68 (PEGASYS®) were studied using the Bliss Independence null model of additivity
207047 0.013 = 0.006 (N = 9 118 20 (MacSynergy™ Il). A 3-dimensional graphical representation of these data, at the In Vitro Biochemical Activities
- : - (N=19) i 95% confidence interval, is shown. Additive interactions appear as a horizontal plane o . o
Genotype 2 at 0%. Any peaks above the plane are indicative of synergy, or greater than expected e HCV-796 inhibits HCV RdRp with broad genotype activities.
16 1.71 = 1.03 (N = 4) o5 145 effects. Conversely, peaks below the plane are indicative of antagonism, or less
S — than expected effects. The degree of synergy or antagonism in the 3-dimensional e The inhibition against NS5B is SpeCifiC No activity was
Genotype 3 graph can be quantified using the shading scale on the right. b di | of h d oth ' lated viral
T 0.22 = 0.08 (N = 10) o s observed in a panel of human and other related vira
Genotype 4 0.67 = 0.30 (N = 8) 21 125 polymerases.
a. All NS5Bs are histidine-tagged fusion proteins with 21 amino acid carboxyl terminal deletions; divergence is based on the 591 amino acids . . IntraceIIUIar AntiViraI ACtiVitieS
HC(z;ct:heH(fel;)la!l:[li:i:g(ihvi?[]ost'e Ilgj(;:Concentration that inhibits 50% of activity; N = Number (refers to independent determinations in this study); Th er ap eu tl c Wl n dow PY HCV_796 d|S Ia S Otent intrace”UIar antiviral aCt|V|t|eS in
NS5B = Nonstructural p;rotein 5B; RdRp = RNA-dependent RNA polymera’se, SD = Standard deviation. | p y p . .
genotype 1a and 1b replicons. Multiple treatments of cells
_ _ - Table 3: Effect of HCV-796 on Mammalian Cell with 1 uM HCV-796 for 16 days reduced HCV RNA levels
Table 2: Biochemical Selectivity of HCV-796 : : by ~4-lo
Proliferation y Y10
| | | - e The combinations of HCV-796 and interferon resulted in
S oot} CellLine el A e (M) additive antiviral activities in HCV replicon.
HCV NS5B (Genotypes 1a, 1b, 2, 3, and 4) 0.01-1.7 iy e e * No cytotoxicity was observed in a panel of cell lines.
enotype 1a stran .
Human DNA polymerase o > 30° (H77) 52 (N=17)° Therapeutic Index >5000.
H DNA pol 562 Genotype 1b . .
A EZJ::Z: g e (BB7) 9:4(N=14p | Mechanism of Action
Y Huh-7-Clone A Human Liver Epithelial >50,000¢ : y : - :
S [0 pelreme | > 303 Hela T — Gervix Epithelial | >50,000¢ * HCV-796 is a noncompetitive inhibitor of HCV NS5B with
. HEp-2 Human Larynx Epithelial >50,000¢ r tt trate NTP Nnd RNA tembplate.
Calf thymus DNA polymerase a > 30 e numan — S  20.000° espect to substrate S and emplate
HIV reverse transcriptase > 302 CHO-K1 Hamster Ovary Epithelial >50,000° PY Results from Slngle and Contlnuous Cycle and burst klnetICS
: . C6 Rat Brain Fibroblast >50,000¢ . ’
Sl I e e =l analyses showed that HCV-796 inhibited the NS5B at the
Se|ectivity Index > 18 - > 5600 Therapeutic Index > 5000 Inltlatlon Step Of RNA SyntheSIS

a. Each value represents at least 2 independent determinations. Substrate concentrations in the above enzyme assays were adjusted to the a. Each value represents at least 2 independent determinations, except where the number (N) of assays is specified.

corresponding K., levels. b. EC,, = 50% effective concentration derived from HCV RNA in genotype 1a and 1b replicons. -
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HCV = Hepatitis C virus; HIV = Human immunodeficiency virus; IC, = Concentration that inhibits 50% of activity; K,, = Michaelis-Menton ¢. CC5, = Concentration of compound that inhibits 50% of cell viability/functions. Vl R(_‘)PHAF MA
constant; NS5B = Nonstructural protein 5B. HCV = Hepatitis C virus; N = Number (refers to independent determinations in this study). Therapeutic index = CCs, / ECs,,. PO
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