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Abstract

SB 9200 is a novel, first-in-class oral modulator of innate immunity that is believed to act via the
activation of the RIG-1 and NOD2 pathways. SB 9200 has broad-spectrum antiviral activity
against RNA viruses including hepatitis C virus (HCV), norovirus, respiratory syncytial virus and
influenza and has demonstrated activity against hepatitis B virus (HBV) /n vitroand in vivo. In
phase I clinical trials in chronically infected HCV patients, SB 9200 has been shown to reduce
HCV RNA by up to 1.9 logyo. Here, we demonstrate the antiviral activity of SB 9200 against a
HCYV replicon system and patient derived virus. Using the HCV capture-fusion assay, we show
that SB 9200 is active against diverse HCV genotypes and is also effective against HCV derived
from patients who relapse following direct-acting antiviral treatment, including viruses containing
known NS5A resistance-associated sequences. These data confirm the broad antiviral activity of
SB 9200 and indicate that it may have clinical utility in HCV patients who have failed to respond
to current antiviral regimens.

Introduction

New direct-acting antiviral (DAAS) agents for chronic hepatitis C virus (HCV) infection
have substantially increased the rates of sustained virological response (SVR). Pan-
genotypic regimens, with response rates in excess of 95%, are being marketed [Chahine et
al., 2016; Feld et al., 2015; Foster et al., 2015], leading to the hope that viral elimination
may now be possible. However, despite the effectiveness of the new drugs, a small
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proportion of patients do not respond to first-line therapy and, although re-treatment with
extended duration may benefit some patients [Lawitz et al., 2016], current therapies may not
lead to virological cure for all. A concern is the relatively limited targets for current
antivirals — all the licensed drugs inhibit either the viral NS3/4 protease, the NS5A protein or
NS5B, the RNA-dependent RNA-polymerase, leading to the possibility of cross-resistant
virus emerging after repeated cycles of therapy; mutations within the NS5A protein are
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replication competent and persist long-term [Sarrazin et al., 2016]. To successfully treat the
small number of patients who develop resistance to current agents, novel antivirals with new
modes of action may be required.

Mammalian cells have evolved a wide range of restriction factors to inhibit viral replication
and protect the host from infection. Some of these factors are specific to viral families, such
as TRIM5a [Stremlau et al., 2004] and REAF [Marno et al., 2014] which are active against
retroviruses. Others target large numbers of viruses, such as the IFN or the APOBEC
systems [Schneider et al., 2014] [Harris and Dudley, 2015]. These host antiviral mechanisms
are an attractive target for novel antiviral therapeutics. We have previously described a group
of compounds that augment antiviral defences by targeting the Retinoic Acid Inducible Gene
(RIG-I) and Nucleotide Oligomerization Domain protein 2 (NOD2) signalling cascades
[lyer et al., 2010]. SB 9000 has previously been shown to bind RIG-I in a dose-dependent
manner and induce rapid translocation (or repetitive shuttling) towards viral double-stranded
RNA (dsRNA). When transfected into A549 or HEK cells, IRF3 and NF-KB reporter
constructs revealed that SB 9000/9200 is capable of activating the IFN signaling cascade,
whereas siRNA-knockdown of RIG-I1 and NOD?2 expression abrogated IFN signalling in SB
9200-treated cells [Sreerupa Challa, 2016] (conference paper). Other studies have also
reported antiviral effects of SB 9200 against RNA viruses including, Flaviviridae, (HCV),
Paramyxoviridae (human respiratory syncytial virus, hRSV), Caliciviridae (norovirus) and
Orthomyxoviridae (influenza) [lyer RP, 2014a; lyer RP, 2014b] (conference papers).

An orally bioavailable prodrug, SB 9200, of the active SB 9000 has been advanced to
preclinical and clinical studies. Studies in tissue culture and animal models have shown the
safety and efficacy of this compound for the treatment of chronic HBV infection
[Korolowicz et al., 2016], In chronically woodchuck hepatitis virus (WHV)-infected
woodchucks, the antiviral effects of SB 9200 were associated with dose-dependent and long-
lasting induction of IFN-a, IFN-B and ISGs in liver tissues. SB 9200-treatment also
increased liver expression levels of RIG-1, NOD2, STING, and IRF3 compared with pre-
treatment levels [Korolowicz et al., 2016].

A SAD and MAD seven-day Phase | clinical study in chronic HCV patients showed that SB
9200 was safe, well tolerated and also reduced viral replication during short term dosing
[Thompson AJ, 2015] (conference paper). Herein, we report the activity of SB 9200 against
several HCV viral genotypes and virus containing resistant motifs. In addition, we have
analysed the effects of SB 9200 against a wide range of HCV clinical isolates. We used the
‘capture-fusion’ replication system for HCV [Cunningham et al., 2015] and show that SB
9200 is a potent inhibitor of HCV replication and, importantly, retains activity against
known viral variants that confer resistance to other drug classes.

Materials and methods

Cells, reagents and clinical material

Antiviral activity against HCV was assessed in a using the stably-expressing HCV replicon
cell line, AVA5 (sub-genomic (CON1), genotype 1b [Blight et al., 2000] and a replicon cell
line containing H/FL-Neo (genotype 1a (H77), full length construct) [Blight et al., 2003].
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For the capture fusion assay, all Huh7 derivative cells (Lunet and ICP+1, kind gift from
Gilead, Foster City, CA, USA, Huh7.5, kind gift form C. Rice, The Rockefeller University,
New York, NY, USA) were propagated in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% fetal calf serum. THP1 cells were propagated in RPMI
supplemented with 10% fetal calf serum. HCV sera were obtained from patients with
chronic HCV infection, with informed consent. Cytokines used were phorbol 12-myristate
13-acetate (PMA, Sigma-Aldrich, Dorset, UK) and interferon -y (IFNvy; Invitrogen, Paisley,
UK).

SB 9200, an oral prodrug of SB 9000, was manufactured by Spring Bank Pharmaceuticals,
Inc. and the structure and antiviral characteristics of SB 9200/SB 9000 have previously been
described [lyer et al., 2005]. Other antiviral reagents were kindly supplied by Janssen
Virology (telaprevir), Novartis Pharmaceuticals (alisporivir), Gilead (sofosbuvir). All
antiviral drugs were reconstituted in DMSO. Interferon a-2a (IFNa-2a) was purchased from
Cambridge Bioscience (Cambridge, UK) and recombinant interferon alpha 2b was from
PBL Laboratories, England).

Ethical approval for the study was given by London — City Research Ethics Committee and
informed consent was obtained from all patients for the use of their samples in laboratory
research. The study was conducted in accordance with the Declaration of Helsinki.

Replicon cell culture based antiviral assays

Antiviral activity was determined by blot hybridization analysis of intracellular HCV RNA
(normalized to the level of cellular B-actin RNA in each culture sample) as previously
described [Okuse et al., 2005]. Cytotoxicity was assessed by neutral red dye uptake in
parallel cultures. ECsp, ECgg and CCsq values were calculated by linear regression analysis
(MS EXCEL®, QuattroPro®) using data combined from all treated cultures. Standard
deviations for ECsg and ECgg values were calculated from the standard errors generated by
the regression analyses. ECsq and ECqq are drug concentrations at which a 2-fold, or a 10-
fold depression of intracellular HCV RNA (relative to the average levels in untreated
cultures), respectively, was observed. CCsxg is the drug concentration at which a 2-fold lower
level of neutral red dye uptake (relative to the average levels in untreated cultures) was
observed. The Selectivity index (S.I.) was calculated as CCs¢/EC5p. Recombinant human
interferon alpha 2b and 2’C-methyl Cytidine (Moravek Laboratories) were used as positive
antiviral assay controls. For combination treatment studies, compounds were mixed at ratios
centred around achieving equipotent concentrations (based on ECgg observed in
monotherapies) and this molar ratio was maintained during serial dilution [Korba, 1996]
[lyer et al., 2004]. Corresponding monotherapies were included in parallel for each
experiment. Treatment and analysis methods of antiviral and toxicity were as described
above. Evaluation of drug interactions in the combination treatments was conducted against
the corresponding monotherapies in the same experiments using the Combostat® (Biosoft,
Inc.) analysis software. For combination treatments, ECsg, ECgq, CCsq and S.1. are
presented for the first compound listed. The molar ratio of the compounds in each
combination is also indicated.
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Capture fusion assay

The capture fusion was performed as previously described with minor modifications
[Cunningham et al., 2015]. THP-1 cells were seeded into 6 well plates (108 cells/mL) and
maintained for 18 hours with IFNy [10ng/ml] and PMA [200ng/ml]. The cells were washed
thrice with PBS and the medium replaced with RPMI/2% FCS and patient serum (1 HCV
IU/cell). Following overnight incubation at 37°C for 18-24 hours, the supernatant was
removed and cells were washed with PBS. Adherent cells were removed by scraping and
centrifuged with the Huh7 derivatives (1:1 ratio). The cell pellet was re-suspended in
polyethylene glycol (PEG) 1500 (Roche Diagnostics, Burgess Hill, UK). After incubation at
37°C for 2 minutes, pre-warmed medium (DMEM) was added dropwise and the cells
washed by centrifugation. The fused cells were seeded into 6-well plates (5x10° cells/mL)
and maintained at 37°C in the presence or absence of antiviral drugs for 5 days.

HCV RNA gquantification by reverse-transcription PCR

Total RNA was extracted with TRIzol reagent (Invitrogen) and quantified using the
RiboGreen reagent (Invitrogen), according to the manufacturer’s instructions. One-step
reverse transcription PCR (RT-gPCR) with the QuantiTect Virus Kit (Qiagen, Crawley, UK)
and TagMan Gene Expression Assay HCV primer and probe (Applied Biosystems, Paisley,
UK) was used for HCV quantification. PCR reactions were performed in triplicate. Absolute
quantification of HCV RNA was performed by inclusion of serial dilutions of an RNA
standard in each PCR run, and expressed relative to total sample RNA [Bustin et al., 2009]

Statistical analysis

Results

Statistical analyses were performed using Student #test or Mann-Whitney U-test in Prism
4.0, with p<0.05 considered significant.

SB 9200 is an effective inhibitor of HCV replication in cell culture

The antiviral activity of SB 9200 against HCV was assessed using genotype 1 HCV replicon
systems in duplicate experiments using 4 drug concentrations. Results are expressed as ECsg
and ECgp as a 2-fold, or a 10-fold reduction of intracellular HCV RNA relative to that of the
untreated controls [Dot blot hybridization assay normalized to p—actin RNA]. SB 9200 was
shown to inhibit HCV replication and the range of inhibition was comparable between
genotypes l1a and 1b (Table 1). Combination studies of SB 9200 with other anti-HCV agents
were carried out using the HCV genotype 1b CON1 sub-genomic replicons. Prior to the
combination studies, the anti-HCV activity of individual compounds was determined to
calculate ratios based on relative ECsq values. Synergy studies were initiated by combining
SB 9200 with each agent in different ratios based on individual ECsgq values to achieve
equipotent anti-HCV activity of each combination (ratios remained constant throughout the
dilution series). Combination and monotherapy studies were conducted side-by-side with
using 8, 3-fold dilutions to assess antiviral activity and drug interactions. In combination
treatments with interferon alpha, ribavirin, or two different classes of anti-HCV direct-acting
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antiviral agents (nucleoside analogue, protease inhibitor), SB 9200 displayed predominantly
synergistic interactions (Table 2).

SB 9200 demonstrates pan-genotypic antiviral activity against HCV

The capture fusion assay allows /n vitro determination of the sensitivity of patient-derived
HCV to antiviral drugs. The effect of SB 9200 on viral samples from a number of patients
was determined (Patient details - supplementary Table 1). Cell viability in the capture fusion
assay was not affected by the presence of SB 9200 (data not shown). Figure 1A—E shows the
pooled 50% inhibitory concentration (ICsp) data for Genotypes 1,2,3,4, and 6. SB 9200
inhibited replication of all the genotypes tested in a dose-dependent manner. G3 isolates
showed significantly greater sensitivity to SB 9200 than G1 strains (IC5¢ 0.035 £ 0.013
versus 0.22 + 0.076, p = 0.048).

Sensitivity of both G1 and G3 HCV to SB 9200 compares favourably to Alisporivir

The host-targeting agent, alisporivir, has been shown to be a potent /n7 vitro inhibitor of HCV
replication [Paeshuyse et al., 2006]. Using the capture fusion assay we assessed the antiviral
activity of alisporivir against genotype 1 and 3 patient derived samples (figure 2A-B) (G1,
ICs50 = 0.099uM, G3; IC5¢ = 0.036uM). No significant difference was seen between the
effect of alisporivir and SB 9200 on either G1 or G3 patient derived HCV (figure 2C-D).

SB 9200 shows activity against HCV variants derived from patients who have relapsed
after IFN based therapy

Prior to the introduction of all oral antiviral therapy, interferon was widely used to treat
HCV infection and patient response was dependent on both viral genotype and host factors
[Suppiah et al., 2009] [Tanaka et al., 2009]. We examined the activity of SB 9200 against
viral samples from patients who had failed to respond to interferon-based therapy. No
significant difference in SB 9200 efficacy was found between treatment naive and treatment
experienced patients in either G1 or G3 (figure 3).

SB 9200 shows activity against HCV derived from patients who have relapsed after DAA

therapy

HCV treatment has now progressed to highly effective IFN-free regimens. To evaluate if SB
9200 had a differential effect on viruses derived from patients who had failed all oral
regimens, we studied nine G3 patients from the English early access programme who had
been treated with sofosbuvir plus an NS5A inhibitor-containing regime (patient details are
shown in Supplementary Table 2). Serum from these patients with low levels of viraemia
was limited. Therefore we assessed drug sensitivity with a single concentration of the
antiviral agent and determined sensitivity by calculating fold change in HCV RNA from the
non-treated controls. SB 9200 demonstrated antiviral activity against both the SVR and NR
samples (figure 4). The fold change in the SVR samples was similar to the tested NS5A
inhibitors. In the NR samples, counter-intuitively, although blunted, we showed antiviral
activity of the NS5A inhibitors, suggesting that resistance to the NS5A inhibitors had not
developed.
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SB 9200 is active against DAA-resistant HCV variants

To expand our analysis of the activity of SB 9200 against NS5A, we selectively examined
the effect of SB 9200 in samples with known NS5A resistance associated substitutions
(RAS). Samples and sequencing data from Gilead’s sofosbuvir clinical trial programme
were kindly supplied by Gilead Sciences (Foster City, CA). Table 3 shows the sensitivity of
these viruses to SB 9200. In these Gla samples with known NS5A RAS, SB 9200 was
generally potent although one sample (with the L31M RAS) did have a reduced sensitivity
to the drug.

Activity of SB 9200 against pre-, and post-relapse HCV variants in a patient with emerging
NS5A resistance

Pre-, and post-treatment-failure serum was available from a patient who failed to respond to
12 weeks SOF/DAC/RBYV treatment. The patient’s viral load initially fell on treatment but
virological breakthrough and relapse occurred after week 8 on treatment. Deep sequencing
was performed on the serum pre-treatment and at week 20 after start of treatment. Analysis
of the NS5A sequence showed that RASs, including those known to inhibit the activity of
current NS5A inhibitors - S62L and Y93H - were present in the pre-treatment samples and
these were enriched following unsuccessful treatment (figure 5A). No significant difference
in the activity of SB 9200 against the pre-, (figure 5B) and post treatment (figure 5C) quasi-
species was seen when evaluated by capture fusion, suggesting that SB 9200 retains activity
against treatment emergent NS5A substitutions.

Discussion

All oral DAA therapy has transformed the management of patients with chronic HCV
infection. Despite the marked improvement in outcome, a minority of patients remain
refractory to current therapy and, as treatment programmes expand, increasing numbers of
such patients will emerge. It is unclear how to manage such patients but concerns have been
expressed that multi-drug resistant HCV may emerge. Given the probability of treatment
failure with the current, rather restricted antiviral regimens, new drugs that target different
host targets will be required. SB 9200 is a novel antiviral agent with a unique mechanism of
action. The drug targets intracellular innate viral inhibitors including RIGI and NOD-2.
Previous work has shown activity against HCV in patients as well as activity against HBV in
animal and tissue culture models [Korolowicz et al., 2016]. Here we have evaluated the
activity of SB 9200 in samples from patients with potentially difficult to cure HCV.

To confirm the activity of SB 9200 against HCV in established assays we used the well-
described HCV replicon system. The ECsq values obtained for the individual compounds we
tested compared favourably to those previously reported in the literature [Horscroft et al.,
2005] and confirmed that SB 9200 does have potent antiviral activity in this model. However
the replicon assay does not allow an evaluation of patient derived viral samples and is sub-
optimal for phenotyping studies. The ‘capture-fusion’ model is a recently described assay
that allows patient derived virus to be analysed [Cunningham et al., 2015]. Although the
assay is cumbersome and can only be applied to samples with a high concentration of virus
(usually >105 1U/ml) it has the advantage of allowing studies on patient derived, drug
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resistant virus. In this study, we have deployed the assay to analyse SB 9200 in a wide range
of samples and potent antiviral activity is seen against nearly all the isolates studied.
Although SB 9200 had pan-genotypic antiviral activity, we noted increased sensitivity
among G3 isolates with a minority of G1 samples being relatively insensitive to the drug. Of
importance, isolates from patients who had failed to respond to current treatment regimens
were inhibited by SB 9200, suggesting that this drug may be a valuable option in patients
requiring ‘rescue’ therapy. One gla sample with a L31M RAS in the NS5a appeared to be
refractory to the effects of SB 9200, no other known RAS were identified in the NS5A
protein, however we cannot discount the presence of other mutations within this sample.
Further work will be required to identify the mechanisms underlying these differences.

The observed anti-HCV activity of SB 9200 is supported by the mechanism of action
(MOA) studies of SB 9200/SB 9000. The activation of both RIG-I and NOD2, and the
induction of the IFN signalling cascade could result in the expression of IFNs, ISGs and
antiviral cytokines all of which may play an important role in the antiviral activity of SB
9200/SB 9000.

It is pertinent to mention that in the classical HCV replicon cells, RIG-I signalling is
reported to be impaired. The HCV NS3/4A protease has been shown to inhibit
phosphorylation of IRF-3, which is a key transcriptional regulator of the IFN response,
thereby abrogating the antiviral response to infection [Foy et al., 2005; Sumpter et al., 2005].
The Huh7.5 cells used in this study [Blight et al., 2002] contain a mutation in the RIG-I gene
which disrupts IRF-3 activation. Nevertheless, the observed antiviral activity of SB 9200
against the HCV replicon may be partly due to SB 9200-mediated rapid shuttling of RIG-I
on dsRNA that displaces viral polymerase from dsRNA template thereby inhibiting viral
replication [Jankowsky et al., 2001]. Fusion of Huh7 derived cell lines with the RIG-I
competent monocytes is thought to re-constitute RIG-I activity, and in these hybrid cells SB
9200 was found to be a potent inhibitor of HCV replication.

In summary, we find that the broad-spectrum antiviral agent SB 9200 shows activity against
a wide range of HCV isolates, including those that are refractory to current antiviral agents.
These data indicate that trials of SB 9200 in patients with resistant chronic HCV infection
are warranted and this drug may play an important role in the global elimination of HCV by
increasing treatment options for patients who have failed to respond to first-line therapies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

DAA direct acting antiviral

SVR sustained virological response

G genotype

SOF sofosbuvir

DAC daclatasvir

RBV ribavirin

RAS resistance associated substitutions
SAD single ascending dose

MAD multiple ascending dose
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Figure 1. SB 9200 demonstrates pan-genotypic antiviral activity against HCV
The sensitivity of patient derived HCV to SB 9200 was assessed in the phenotypic capture

fusion assay. HCV-containing fused cells were treated with varying concentrations of SB
9200 and HCV RNA was quantified. Pooled results, normalised to untreated cells to account
for variability in HCV RNA yield between samples from different donors are shown for each
genotype (A-E) values are mean * s.e.m. Comparison of the individual ICg for SB 9200
across the HCV genotypes tested (F) p value (*=p<0.05) was calculated using Mann

Whitney U test
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Figure 2. Sensitivity of both G1 and G3 HCV to SB 9200 compares favourably to Alisporivir
Sensitivity of patient-derived G1 (A) or G3 (B) HCV to Alisporivir was assessed in the

capture-fusion assay and a dose response calculated. Values are mean + s.e.m. The
individual ICsq for SB 9200 and Alisporivir are plotted for G1 (C) and G3 (D).
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Figure 3. SB 9200 shows activity against HCV derived from patients who have relapsed after IFN
based therapy

Capture fusion assay was performed with sera from patients who had relapsed after IFN
based therapy. Comparison of the SB 9200 I1Cgq between treatment naive (g1 n=5 and g3
n=7) and treatment experienced (g1 n=3 and g3 n=4 ) revealed no significant difference
between the groups.
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Figure 4. SB 9200 shows activity against HCV derived from patients who have relapsed after
DAA therapy

Capture fusion assay was performed with sera from G3 patients who had responded (A) or
failed to respond (B) to DAA treatment. A single dose [0.1uM] in quadruplicate of either
Daclatasvir, Ledipasvir or SB 9200 was used and the fold change for each drug + s.e.m
plotted.
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Figure 5. Activity of SB 9200 against pre and post-relapse HCV variants in a g3 DAA failure
A decline in viral load (A) was observed during treatment with SOF/DAC/RBYV but the viral

load rebounded 8 weeks after the end of the DAA therapy. Pre-treatment and post-relapse
samples were subjected to high throughput viral genome sequencing. Despite enrichment for
known NS5A RAS (L62 and H93) in the post-relapse sample no significant difference was
seen in out phenotypic capture fusion assay in the 1Csq between pre-treatment (B) and post-

relapse (C) for SB 9200.

J Med Virol. Author manuscript; available in PMC 2018 September 01.



Page 16

Jones et al.

"Xapul AJIA193]8s 0} spuodse.i09 °|'S “[WNY unoe—g 01 pazijewlou Aesse uonezipLgAy 10iq 10Q] S|0AU0D palealiun ayj 40 1ey} 01 aAIRIal WNY ADH Jejnjjaoenul
10 uoissaldap p|oj-0T © 40 ‘p|oj-Z B Ul 3INsal Jey suoieusduod Bnip are 0603 pue 0503 "(z26T:062 89UaIdS ‘0002 “'1e 18 ‘WbIg) ‘qT adAouab ‘(TNOD) d1wouab-gns) GAY aul| |82 uodijday
¥

x

“(T8TELL "IONA °[ ‘€002 “Te 38 WBIg) (onasuod yibusy [1ny (22H) BT 8dAiouaB) 0aN-T14/H Buiureiuod auij 1192 uodijdey
.

88T< 00€< 50709 Z0%91 vl
y1z< 00€< 90F €S TOFVT ar €82 NN
9555< 000'0T< 90708 Z0F8T vl w/NI ZaN4IP uosapieu]
00T< 00T< L0709 | zoFoT Pl
v < 00T< 80708 €0¥2T VT 0026 95
(%93/%02) I's | (M) %00 | (M) %03 | (M) %03 | edfiousb ADH punodwod

"suodl|dal U1 0026 gS 40 ANANGE ADH-NUY
T9lgel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Med Virol. Author manuscript; available in PMC 2018 September 01.



Page 17

Jones et al.

‘31qeaijdde Jou /N (61:62 "So¥ [edIAnUY (966T) Q403 3 "g) (‘ou] ‘yosoig) wesboid N LuAsnafeD Buisn sisAjeur >9mc>mw

onsiflsuAs L¥8< 00T< €60 €200 F8TT0 | T:0T
onsiBisuAs y6L< 00T< 0T 920'0F92T0 | T:08 ¥20°0 ¥ 052°0 (11na1deya1) 0S6-XA +
onsIBIBUAS 926< 00T< G6'0 820°0 ¥80T°0 | T:00T
SNIIPPY 9T2< 00T< ST 1900F29%0 | €71
onsIBIsuAS 202< 00T< 81 0S00F¥6¥0 | TT TOFVT (€82 INN) 140MDZ +
onsifisuAs 261< 00T< €T 9W0'0F 2250 | T€
onsiBisuAs orT< 00T< gz 660'0 79890 | €T
onsIBIBUAS 6ST< 00T< 97 2800%6290 | T'T V/IN © N4I + (AN0g) ulinegry +
onsiBisuAs 621< 00T< LT 1800F2.L0 | T€
onsibusuAs eh< 00T< €0FET _ 0eT _ 0g< uneqry +
onsiBlsuAs 28T< 00T< 8'8 G50'0¥8590 | €T
onsiBisuAs 95T< 00T< 6C 090'0FEY90 | TT T0FTT © N4| +
onsIBIsUAS 151< 00T< 8¢ 2.00F2990 | T€
VIN _ 00T< _ 00T< _ 09 _ 207071 _ VIN _ Z0F07T _ 0026 9S
uonoesdu| jo adAL _ (%993/°%902) 'I's _ (AM) %590 _ (M) %653 _ (M) %503 _ oney _ (usbe renpiapur) (AM) %503 _ 0026 9s

Author Manuscript

"UOIRUIqWIOD YJea Jo AJIAIIOR ADH-NUe Jusiodinba ans1yde 01 sanjea 0593 fenplAipul UO paseq
soljel JuaJayip ul Juabe yoea yum 00ze gs Buluiquiod Aq pareniul atom saipns ABIsuAs ‘sAesse Arewrid syl ul paguasap sj020104d Buisn pauluwiialep

sem spunodwod [enpiAIpul JO ANIAIDE ADH-1IUE Y] ‘S3IpNIS UOIRUIqWOI Bulteniul 310489 "UOIIN|OS X201S NWOOT 180 01 OSINQ Ul PSAJOSSIP 3JaM
spunodwod |1y "suodijdal a1wouab-gns TNOD qT adAousb AQH ay1 Buisn 1no palLLIed alam sjuabe ADH-IUR Jaylo YlIm 00Z6 dS 40 Sa1pnls uoireulquio)

sAesse uoaijdas ADH bBuisn sjusbe ADH-1IIUE YlIM 0026 gS 1O SaIpnis uoieuiquio)

¢ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Med Virol. Author manuscript; available in PMC 2018 September 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Jones et al. Page 18

Table 3
SB 9200 is active against DAA resistant HCV variants

The activity of SB 9200 against serum from gla patients who subsequently failed sofosbuvir/ledipasvir
treatment was evaluated. Sequencing analysis revealed the presence of several HCV variants associated with
poor response to current NS5A inhibitors. SB 9200 demonstrated antiviral activity against the known NS5A
RAVs L31M and Q30H.

Consensus SB 9200
Sub type | HCV RNA (1U/ml) | Change From Ref NS5A Sequencing: ICso [UM]
NS5A RAS 50

S1A L31M R78K 190V K107T S131T 1144V R176K E181D A213T
la 12955297 M226E A245T N246K D285E V2961 A310G R311P V3151 V326L L31M 0.0026
R348Q L368V T370N A400S G403D V410A Y413C T442A

A25S Q30H V37L T64A R78K T99V K107T S131T T135A 1144V
E171D E181D M226V A245T D248E V2961 R308K A310S R311P

la 4850952 V3151 V3261 P347S R348R/Q S349P L368V N392E P399S5 A400G Q30H 0.2143
GA03A PAO5L VA10A GA39E T442A
A25S Q30H V37L T64A R78K T99V K107T S131T T135A 1144V

1a 3019319 E171D E181D M226V A245T D248E V2961 R308K A310S R311P Q30H 0.046

V3151 V326L P347S S349P L368V N392E P399S A400G G403A
P405L VA10A G439E T442A

S1A L31M R78K K107T S131T 1144V E171D E181D G215R M226E
la 1420666 K240R A245T 1280V D285E E293D A310G R311P V315l V326L L31M >10
R348Q T367S L368V T395A G403V P405L V410A Y413C D441E

181/V F36L V37V/M S85S/N 11211/V S131T 1144V E171D E181D
A197T L199V A213T G215K M226L A241G D285E V288V/M
V2961 VV298T A310T R311P V315l R348K/Q T367S L368V 13881/V
G390S T393M T395A S397P P401S V410A G439E D441G

la 5933317 None 0.02043
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