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* Rapid replication and low fidelity of RNA-dependent polymerase results in HCV
quasispecies (1 mutation per 103-10° bases per replication cycle)

* Frequency of strains change over time within host due to selective (pressures)
— replication efficiency; immune response (HLA, KIR, IFN); drugs

* Pre-existing DAA resistance associated variations (RAVs) identified in treatment
naive chronic-infected subjects (sanger-based technology) but not in the context
of recently acquired hepatitis C infection

* Use of next-generation sequencing technology to determine frequency of RAVs
in ATAHC cohort
— circulating viruses in high-risk exposure populations
— compensatory mutations

Potent antiviral therapy Resistant variants are uncovered — i of non-drug ion pressures (i response early in infection)
eliminates sensitive variants which can then expand
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Pre-existing drug resistant variants (sanger)
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Hiv+ 29 (44) ATAHC 5.6% K (n=53) Applegate etal Antiviral Ther 2014



Method: FLX 454 Analysis (NGS)

+ Raw sequence data collected as.fna and qal files that contain the fasta sequences
and quality scores using Roche 454 image and signal processing software

« Image data kept for 3 months

« fnaand .qual files kept for 3 months unless special arrangements made

« fna and .qual fles are provided to all lients with the reports as requested

* Sort reads by MID (barcode)

« Use "sequence classifier by Id" tool (In house tool)

«Use *Stripper” tool. (Only sequences in.fno file are used i.eonly high quality reads used) (In house
tool)

* Align Sequences using Reference sequence
« Use the tool "Sequence aligner". (In house tool)

* Ifrequired seperate by Amplicons
* Use "Select reads covering regions” (in house tool)

* Re- do the alignments for each amplicon if required
« Use the tool "Sequence aligner". (In house tool)

* Generate a SNP report
* Use "Codon usage" or "SNP analyser" tool (In house tool)
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Results: Protease gene (n = 50 GT1a)

Coverage 3918-5239 reads
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% individuals with RAVs present (n=50)

No association found between RAVs (frequency or number within subject) and HIV
status or duration

Results: Polymerase gene (n = 50)

Coverage 2012-6722 reads

V499A
P49ES/A
Tegobuvi, BI207127 P495S/L..

V4941/A
14821 = RAV present at 20-100%

H Dominant RAV present

Y4448C/H

Filibuvir, VCH 759 Ma23T/L.  RAV present at 1-20%

LazomMy WRAV present at < 1%
M414T/L
S365T/N
C316Y/N
52827
S96T

ABT333 |

Sofusbuvir, mercitabine ‘

0 20 40 60 80 100
% individuals with RAVS present (n=50)

Limited evidence for compensatory mutations —
NS3

p<1e10
B
b
£ -
%
o s0 100 150
Residue.

For most DAA resistance associated sites no evidence of co-variation in more than one subject



Overlap between drug and immune pressure

HLA molecule

HCV protease inhibitor

HCV protease
(NS3)

Specificity of T-cell
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Immune Escape Mutation (immune ‘resistance’)

Drug resistance
mutation -
Has been shown to be clinically relevant for HIV and cART

(John et al Antiviral Ther 2005)

Limited evidence of effect of immune pressure on
frequency of RAVs — NS5B

HLA-A3-restricted epitope SLTPPHSAK includes 96
— 0/4 HLA-A3+ but no RAVs >1%

NS5B HLA-B27-restricted epitope ARMILMTHF includes 423
— 0/2 HLA-B27+ no RAV >1%, no RAV >1% for HLA-B27-

NS5B HLA-Al-restricted epitope QLEQALDCEIY includes 448
— 0/9 HLA-A1+ with RAV >1%, no RAV >1% for HLA-A1-
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Limited evidence of effect of immune pressure on
frequency of RAVs — NS3

HLA-A2-restricted epitope CINGVCWTV includes T54 and V55
— 3/8 HLA-A2 positive >1% RAV at V55 and 2/17 HLA-A2- have RAV >1% at V55

HLA-A24-restricted epitope MYTNVDQDL includes Q80.

— 1/4 HLA-A24+ dominant K and 2/13 HLA-A24- have different dominant amino
acid

HLA-A2-restricted epitope HAVGIFRAA includes 155 and 156
— 1/8 with HLA-A2 RAV 14.7% at 155. No change >1% within HLA-A2-

Summary

Next generation sequencing identifies low frequency RAVs in
most individuals but typically <1%
— Relevance of low frequency variants in DAA treated subjects unknown

— Presence of Y ions will be i i d withina
longitudinal cohort + boceprevir

No obvious association between RAV frequency or number with
HIV status, duration of infection or adaptive immune response

Future use of primer ID adaptations/3" gen sequencing
technologies can eliminate amplification bias
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= 5 = PCR artefacts and errors
NS5B
polymerase Chronic | Acute Chronic | Acute Chronic
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Adapted from Jabara CB, et al. Accurate sampling and deep sequencing of the HIV-1 protease gene using a Primer ID. Proc Natl i Bin t
Acad Sci U S A. 2011 108:20166-71 ! ULELD
' Extract reads for each PID and error correct
2 ! Count unique PIDs and RAV’s for each sample



