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Background: Mechanisms by which spontaneous clearance of acute hepatitis
C(AHC) occurs are unclear. A critical role for the innate immune system and IFNL4

M
an

polymorphisms has been proposed. This study investigates whether toll-like
receptor(TLR) expression and signalling in AHC, correlates with clinical outcomes.
Methods: Participants identified from the ATAHC-I and Networks studies were
followed longitudinally from time of diagnosis of AHC. Peripheral blood mononuclear

ed

cells(PBMCs) and plasma were collected at diagnosis and two time points postdiagnosis. At each time point, TLR2, TLR4 and CD86 expression on peripheral blood

pt

monocytes, natural killer(NK) cells and NKT cells was measured, as well as
response of PBMCs to stimulation with TLR ligands. Cytokine/chemokine levels were

ce

measured in stimulated PBMCs and plasma.
Results: We identified twenty participants with AHC(10 mono-infected,10 HCV/HIV

Ac

co-infected). Eleven(55%) participants spontaneously cleared HCV. AHC and
spontaneous clearance was associated with lower TLR4 expression on
monocytes(p=0.009) and NK cells(p=0.029). AHC and spontaneous clearance was
also associated with reduced IFN-γ response to TLR4(p=0.038) and TLR7/8
stimulation(p=0.035), reduced IL-6 response to TLR7/8 stimulation(p=0.037) and
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reduced IP-10 response to TLR2 stimulation(p=0.042). Lower plasma IP-10 levels
were associated with spontaneous clearance(p=0.001).
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Conclusion: These findings implicate TLR4 signaling as playing a critical role in the
outcomes of AHC.

Mechanisms by which spontaneous clearance of acute hepatitis C(AHC) occurs are
unclear. Only 15-50% of individuals infected with AHC spontaneously clear the

M
an

virus.[1] Individuals with AHC are a particularly difficult group to engage, one factor
being that the majority are asymptomatic at time of infection. As a result, limited data
exist correlating host immune response with clinical outcomes of AHC, in either HCV
mono-infection or HCV/HIV co-infection. Despite the recent development of very

ed

effective direct antiviral therapy for HCV, these drugs are expensive and the
development of a preventive HCV vaccine remains a public health priority.

pt

Therefore, understanding the pathogenesis of early HCV infection and the

ce

immunological determinants of clinical outcome remains important.

The innate immune system is understood to play a critical role in the pathogenesis of

Ac

HCV infection. The major cytoplasmic sensor for HCV is thought to be RIG-I, which
recognizes double stranded RNA intermediates produced during the viral lifecycle

and leads to stimulation of the interferon signaling pathway. Toll-like receptor(TLR) 3
also signals through this pathway, however it detects double-stranded RNA
intermediates within endosomes. Both RIG-I and TLR3 signaling have been shown
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4

in vitro, to have antiviral tendencies to HCV.[2-4] More recently, variants in the region
of the IL28B gene that encodes the type 3 IFN, IFN-λ4, have been associated with
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spontaneous clearance of AHC.[5] This association may occur via IFNL4-mediated
induction of IFN stimulated genes(ISGs). IFNL4 polymorphism is highly predictive of
spontaneous and IFN-alpha-induced HCV clearance in HCV mono-infection and

HCV/HIV co-infection.[6-10] Other components of the hepatitis C virus are known to

to the production of pro-inflammatory cytokines as well as stimulating type 1 / 3 IFN

M
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through IRF-3.[11,12]

In chronic hepatitis C(CHC), TLR expression is increased in peripheral blood
mononuclear cells(PBMCs) in comparison to healthy controls.[11,13-15] Additionally,
CHC patients demonstrate higher cytokine production following ex vivo TLR

ed

stimulation. Increased TLR expression is also seen in HIV mono-infection.[16,17]
Our laboratory has previously shown that individuals with CHC, with either HCV

pt

mono-infection, HCV/HIV co-infection or HIV mono-infection, up-regulate peripheral
monocyte TLR2 and TLR4 protein expression, in comparison to healthy

ce

controls.[13,18] Of note, no differences in TLR expression were identified between
the virally infected groups. These findings suggest that TLR expression and function

Ac

are intimately involved in the pathogenesis of CHC.

There is no data yet looking at TLR2 or TLR4 expression in the setting of AHC. It is
also not known whether HCV/HIV co-infection alters TLR expression and thus has
an impact on different rates of spontaneous clearance. Overall, spontaneous viral
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engage with the TLR4 and TLR2 receptors and signaling through these TLRs leads
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clearance occurs less frequently in HCV/HIV co-infection suggesting that HIV
infection may attenuate the immune mechanism responsible for clearance.[19]
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Interferon responsiveness is also reduced in HIV/HCV co-infection compared to HCV
mono-infection.[20-23]

In collaboration with the Australian Trial in Acute Hepatitis C(ATAHC-I) and Networks

innate immune signalling as a determinant of clinical outcomes in a unique cohort of
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individuals with AHC.[24,25] This is the first study to investigate TLR expression and
functional cytokine response in the setting of AHC, in both HCV mono-infection and
HCV/HIV co-infection.

METHODS

ed

Subjects

This was a longitudinal study of 10 HCV/HIV co-infected and 10 HCV mono-infected

pt

participants with stored PBMCs and plasma, identified from the ATAHC-I and
Networks studies of AHC, as previously described.[24,25] In the ATAHC-I study,

ce

patients were followed longitudinally from time of diagnosis of acute/early HCV
infection, defined as first detection of anti-HCV antibody positive within 6 months,

Ac

and clinical hepatitis C (jaundice or ALT greater than 10 times the upper limit of
normal) within the past 12 months or documented anti-HCV sero-conversion within
the past 24 months. Estimated date of infection in ATAHC-I participants was
calculated as 6-weeks prior to onset of sero-conversion illness if present or before
first ALT reading of >400 IU/mL, or the midpoint between last negative anti-HCV
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study, we have had the opportunity to perform a detailed evaluation of the role of
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antibody and 1st positive anti–HCV antibody test result, if participants were
asymptomatic. In the Networks Study, people who inject drugs were followed
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longitudinally for up to five years with blood samples collected up to three monthly.
Estimated date of infection in Networks participants was calculated as the mid-point
between last HCV RNA-negative test and subsequent positive test. Spontaneous
clearance of AHC was defined as two undetectable HCV RNA tests [<10 IU/mL],

acute/early HCV infection and at two different time points post-diagnosis. This varied
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between each participant based on participant follow up and availability of study
samples for analysis. HCV RNA was detected in ATAHC-I participants with the
Transcription-Mediated Amplification assay for qualitative and quantitative HCV RNA
(Versant, Bayer, Australia; lower limit of detection, 10 IU/mL and Versant HCV RNA
3.0; Bayer, Australia; lower limit of detection, 615 IU/mL, respectively) and Versant

ed

LiPa2; Bayer, Australia for HCV genotype. Qualitative HCV RNA was detected in
Networks participants using the COBAS AMPLICOR HCV Test, version 2.0 (Roche

pt

Diagnostics, Branchberg, NJ, USA). IFNL4 genotype(rs12979860) was determined
by Sanger sequencing. The ATAHC-I study protocol was approved by the Human

ce

Research Ethics Committee at St Vincent’s Hospital and conducted according to the
Declaration of Helsinki and ICH/GCP guidelines. The Human Research Ethics

Ac

Committee at the Alfred Hospital approved the Networks study protocol.
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more than four weeks apart. PBMCs were collected at the time of diagnosis of
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Flow cytometry for determination of TLR expression on peripheral CD14+ blood
monocytes and natural killer cells
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Detailed methods are previously described.[13] In brief, cell surface staining was
performed on rapidly thawed PBMCs, using the following fluorochrome conjugated

anti-human monoclonal antibodies: anti-TLR2- fluorescein isothiocyanate, anti-TLR4phycoerythrin (eBioscience), anti-CD86 allophycocyanin, anti-CD14 allophycocyanin

matched non-binding control antibodies were used for comparison. A total of 10,000
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CD14-positive monocytes and CD56-positive NK cells of each sample were
analysed; dead cells were gated out based on their light scatter properties on the
FACS Canto Flow Cytometer (Becton Dickinson, USA). Data were analysed using
FlowJo software (Tree Star Inc., Ashland, OR, USA). TLR2, TLR4 and CD86 values
were expressed as a ratio of the geometric mean fluorescence of individual study

pt

PBMC stimulation

ed

patients to the geometric mean isotype control values for that patient.

1 x 106 thawed PBMCs from subjects were cultured at 37°C for 20 hours in RPMI

ce

media with 1% L-glutamine, 1% penicillin and 5% fetal calf serum and TLR ligands.
PBMCs were stimulated with RPMI-5% FCS (unstimulated control), 100 ng/mL Pam-

Ac

3-Cys (TLR2 ligand), 10 ug/mL poly I:C (TLR3 ligand), 100 ng/mL LPS (TLR4
ligand), 5 ug/mL R848 (TLR7/8 ligand), 0.3 µM CpG ODN 2006 (TLR9 ligand). All
TLR ligands were from InVivoGen. Supernatents were harvested after culture and
stored frozen at -70°C until batch analysis. The concentrations of TLR ligand and
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Cy7, anti-CD3 Pacific Blue and anti-CD56 phycoerythrin Cy7 (eBioscience). Isotype
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duration of incubation period were chosen based on the results of optimization
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experiments, to maximize cytokine output.

Measurement of cytokines by cytometric bead array assay and ELISA

The cytometric bead array(CBA) assay was performed on thawed tissue culture
supernatants, at dilutions of 1:1, 1:10 and 1:100, to accommodate high levels of

simultaneously, according to the instructions provided by the manufacturer (BD
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Biosciences, San Jose CA. USA). PBMCs cultured in media alone were used as
controls. A series of 10 dilutions using cytokine standards were run in each assay for
generation of standard curves. The intensity of fluorescence signal was measured on
the FACS Canto Flow Cytometer (Becton Dickinson, USA) and data analysed using
the FCAP Array Software (BD Biosciences). Frozen plasma from subjects permitted

ed

measurement of spontaneous secretion of cytokines. The enhanced sensitivity CBA
assay was performed to measure IFN-, IL-6, IL-8, IL-10 and TNF-α. Commercial

ce

guidelines.

pt

ELISA kits were used to measure IP-10 and MCP-1, according to the manufacturer’s

Statistical Analysis

Ac

Statistical analysis was performed using STATA v13.0. Participant characteristics
and laboratory measures are presented as median and inter-quartile ranges (IQR).

The Fisher’s exact test was used to test for significant group differences in
dichotomous variables and independent samples t-test for continuous variables. As
time points of blood collection for each participant varied during the course of

Downloaded from http://jid.oxfordjournals.org/ at Alfred Health on June 13, 2016

us

cytokine. IP-10, MCP-1, IL-8, IL-10, IFN-, TNF-α and IL-6 were measured
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infection, group differences (AHC and spontaneous clearance versus persistence,
HIV positive versus negative, IFNL4 favourable versus unfavourable) for each of the
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immunological outcomes were visualised using LOWESS curves. Group differences
between the AHC and spontaneous clearance and uncleared groups that appeared
marked on the LOWESS graphs were further investigated using random-intercepts

multilevel modelling, with time and clearance status entered as the Level 1 variables,

corrections for multiple comparisons were applied due to the exploratory nature of
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the analyses.[26] Subgroup analyses for group differences by HIV and IFNL4 status
were not carried out due to sample size limitations.

RESULTS

Characteristics of the study population

ed

Twenty participants were included in this analysis (HCV mono-infection, n=10,
HCV/HIV coinfection, n=10). Baseline characteristics of the cohort are summarized

pt

in Table 1. Eleven patients achieved spontaneous HCV clearance (HCV monoinfection, n=5, HCV/HIV coinfection, n=6), and nine developed chronic HCV infection

ce

(HCV monoinfection, n=5, HCV/HIV coinfection, n=4). Estimated duration of infection
at screening was similar in both groups (25 vs. 20 wks). All HIV co-infected patients

Ac

had CD4 T cells >350x106/L at time of HCV infection and six were on anti-retroviral
therapy. PBMCs/plasma were available for analysis at three time points in fifteen
patients and two time points in five patients. Five of the spontaneous clearers were
HCV viremic at first time point (two participants also viremic at second time point)
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and the patient ID as the Level 2 variable. Probability level was set at p ≤0.05. No
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before clearing the virus. The remaining six spontaneous clearers were non viremic
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at all time points.

Favourable IFNL4 genotype predicted for spontaneous clearance(p=0.010).

Participants who achieved spontaneous clearance were otherwise comparable to
those who developed chronic HCV infection in terms of age, sex, race, HCV
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TLR2, TLR4 and CD86 expression on Peripheral Blood Monocytes, Natural
Killer cells (Dim and Bright) and NKT cells

Low TLR4 expression was associated with the likelihood of spontaneous clearance.
TLR4 expression on CD14+ peripheral monocytes was significantly lower in

ed

participants who achieved spontaneous clearance(p=0.009) (Figure 1). TLR4
expression was also reduced on peripheral NK cells, bright and dim NK cells, in

pt

individuals with spontaneous clearance(p 0.029, p 0.038, and p 0.050, respectively).
The spontaneous clearers were separated into those who were initially viraemic and

ce

those who were aviraemic at first time point and TLR4 expression was found to be
low and at a similar level in both groups(Figure 2). The HCV viral load of participants

Ac

with persistent infection did not differ significantly from the spontaneous clearers who
were viremic, at first time point(p=0.171). No difference in TLR4 expression was
seen on NKT cells(p=0.096). HIV co-infection did not alter TLR4 expression when
visualised on LOWESS curves(data not shown). LOWESS curve analysis of TLR2
and CD86 expression on peripheral CD14+ monocytes, NK cells and its subtypes,
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genotype, BMI and jaundice.
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showed no differences according to clinical outcome of AHC. IFNL4 polymorphisms
were associated with spontaneous HCV clearance when visualised on LOWESS
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curves. There was a strong, but non-significant trend for the unfavourable IFNL4
genotype to be associated with higher expression of TLR4(p=0.127) and

not seen on NK cells or its subtypes.
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i) Plasma levels

Plasma IP-10 levels were lower in participants who achieved spontaneous clearance
compared to those with persistent infection(p <0.001) (Figure 3). No significant
differences were seen in the plasma levels of IFN-, IL-6, IL-8, IL-10, TNF-α or MCP-

ed

1.

Levels of plasma IP-10 remained high on the LOWESS curve, among individuals

pt

carrying the unfavourable IFNL4 genotype, but did not reach statistical significance.

ce

ii) Cytokine responses to TLR stimulation of PBMCs
Reduced cytokine response to TLR4(LPS) stimulation was associated with the

Ac

likelihood of spontaneous clearance. TLR4 stimulation resulted in significantly
reduced levels of IFN- among spontaneous clearers(p=0.038), and a non-significant
trend toward lower IL-6 production (p=0.078) (Figure 4). Similarly, TLR7/8(R848)
stimulation resulted in significantly lower IFN-(p=0.029) and IL-6
production(p=0.037) in the setting of spontaneous clearance. Finally, TLR2(P3C)
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TLR2(p=0.291) on CD14+ monocytes(see supplementary data). Differences were
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stimulation elicited lower levels of IP-10 among participants who spontaneously
cleared the virus compared to those who did not(p=0.042). No differences in
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cytokine response were seen with TLR3 or TLR9 stimulation. There was no
association between HIV status and any innate immune marker in this study.

IFNL4 polymorphisms predicted response to TLR4 (LPS) stimulation. Individuals with

production following TLR4 stimulation(p=0.016), in comparison to those with the
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unfavourable IFNL4 genotype. Similarly, significantly lower IFN-gamma levels
following TLR7/8(R848) stimulation were found in this group(p=0.029).

DISCUSSION

We have performed a prospective, longitudinal analysis of the innate immune

ed

response in a cohort of participants with AHC, half of whom were co-infected with
HIV. Despite the small number of participants in this study, key differences in TLR

pt

expression, spontaneous cytokine secretion and functional cytokine response were
observed between those with AHC who had spontaneous clearance compared to

ce

those without spontaneous clearance. No clear effect of HIV was identified, but our

Ac

numbers were small.

Spontaneous clearance of AHC was associated with significantly lower levels of
TLR4 expression on peripheral blood monocytes, NK cells and its subtypes (dim and
bright NK cells) compared to those without spontaneous clearance. These findings
are consistent with previous work in our laboratory that has shown an up-regulation
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the favourable IFNL4 genotype demonstrated significantly lower IFN-gamma
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of TLR2 and TLR4 expression on peripheral monocytes in subjects with CHC, with or
without HIV co-infection, compared to healthy controls.[13] Further evidence
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implicating TLR4 receptors as a critical player in the innate immune response to
AHC were the reduced levels of IFN- in response to TLR4 (LPS) stimulation in

spontaneous clearers. TLR7/8 (R848) stimulation also elicited differences between

the two groups, with reduced IFN- and IL-6 response in the setting of spontaneous

M
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Our results are the first to show differences in TLR protein expression and signalling
in the setting of AHC in relation to clinical outcome. We hypothesise that upregulation of TLR4 expression and an increase in the TLR4 signalling pathway is
promoting viral persistence. The exact mechanism underlying this is not clear

ed

however and further studies are required to investigate this. It is possible that the
HCV virus may be driving this increase in TLR4 expression in those with persistent

pt

infection. However when we separated the spontaneous clearers into those who
were initially viremic and those who were non-viremic at first time point, TLR4

ce

expression was low and at a similar level in both groups. Furthermore, no difference
in HCV viral load was found between spontaneous clearers who were initially viremic

Ac

and participants with persistent infection, indicating that TLR expression may be
independent of HCV viral load.

Impairment of TLR4 signalling in HCV-infected dendritic cells has been
demonstrated in vitro.[27] In a murine replicon model, TLR4 stimulation has been
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clearance. Of note, no changes in plasma of IFN- or IL-6 were observed in those
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shown to suppress HCV viral replication.[28] These findings however, were in the
setting of chronic infection. TLR4 gene polymorphisms have been shown to
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prognosticate liver fibrosis risk in a Caucasian population.[29] In a Saudi Arabian
population, an association between TLR4 gene polymorphisms and CHC infection

was identified, but not with fibrosis.[30] Larger genome wide associated studies are
needed to validate these findings. The TLR4 pathway has also been implicated as

TLR4 signalling to facilitate its clearance, whereas engagement of mouse mammary
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tumour virus (MMTV) with TLR4 promotes its viral persistence.[31,32] The data
suggest that TLR4 expression and signalling may be involved in the pathogenesis
and persistence of HCV and further mechanistic studies are required.

IFNL4 polymorphisms may at least in part explain the association of AHC and

ed

spontaneous clearance with lower TLR expression and functional cytokine response
to ex vivo TLR stimulation. IFNL4 polymorphisms predict spontaneous clearance of

pt

AHC. As expected, the majority (8/11) of spontaneous clearers carried the good
response IFNL4 genotype, and correspondingly the poor response IFNL4 genotype

ce

was prevalent (8/9) in those who developed persistent infection. The type III IFN,
IFN-λ4, is encoded by the IL28B gene, and upon binding to its corresponding

Ac

receptor leads to the induction of ISGs. Low pre-treatment intrahepatic ISG
expression is strongly associated with the good response IFNL4 genotype
(rs12979860; rs8099917), and is a positive predictor of cure to IFN-based therapy in
CHC. [33-37] Interestingly, our laboratory also found an increase in intra-hepatic
TLR2/TLR4 and TNF-α mRNA expression in subjects with CHC, with or without HIV-
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pro-viral in other infectious diseases. Respiratory Syncytial Virus (RSV) requires
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coinfection, compared to healthy controls.[18] The paradigm seen in CHC whereby
IFN non-response is characterised by a ‘preactivated’ innate immune state, is
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potentially relevant in AHC. In the setting of CHC, Sarasin-Filipoicz et al. showed
that slow responders to pegylated interferon-alpha/ribavirin exhibited high pre-

treatment intra-hepatic ISG expression, with no change in ISG expression following

commencement of treatment. This was in contrast to rapid responders who exhibited

treatment. Similarly, Taylor MW et al. showed greater on-treatment changes in ISG
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expression in PBMCs in rapid responders vs. slow responders. IFNL4 genotype may
determine these differences. No comparable intra-hepatic data exists for AHC.
Higher TLR expression and functional cytokine response in those who develop
persistent infection may reflect an innate immune system incapable of mounting a
response great enough to achieve viral clearance, similar to that seen in CHC. Our

ed

findings extend those of Villacres et al., who showed significantly higher basal IL-6
secretion levels but reduced IL-6 secretion following TLR4 (LPS) stimulation in

pt

peripheral blood of 13 chronic HCV infected subjects vs. healthy controls (p<0.05).

ce

Intra-hepatic and peripheral blood levels of IP-10 are high in CHC. Additionally, low
pre-treatment serum IP-10 is a positive predictor of sustained virological response to

Ac

IFN-based therapy, with or without HIV co-infection.[38-44]. Grebely et al. and
Beinhardt et al. found in large cohorts of AHC patients (n=187 and n=62,
respectively) lower IP-10 levels on screening blood samples of spontaneous clearers
(mean 248 ± 32 versus 142 ± 22 pg/mL, p=0.008, and median IP-10 764 pg/mL vs.

1481 pg/mL p=0.006, respectively).[6] Approximately half of the subjects in
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low pre-treatment intra-hepatic ISG expression with strong ISG induction following
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Beinhardt’s group had multiple measurements available on follow up, in which IP-10
concentrations remained low in spontaneous clearers. Similarly, our study found
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lower levels of plasma IP-10 were present in individuals with AHC achieving
spontaneous clearance compared to those with persistent infection. This difference

persisted following TLR2(P3C) stimulation, with significantly reduced levels of IP-10
associated with spontaneous clearance. We hypothesise that high levels of IP-10,

persistence. Our data fits with the growing body of evidence of the role IP-10 plays in
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the clearance of AHC. A recent longitudinal study by Riva et al. in 16 AHC patients,
similarly found significantly lower levels of IP-10, as well as a truncated ‘biologically
inactive’ form of IP-10, in those who spontaneously resolved the infection over the
course of 12-months. They postulated that IP-10 in its truncated form, acts as an
antagonist to biologically active IP-10, as it retains its CXCR3 binding ability. This

ed

may explain the paradox of high IP-10 levels being associated with the development
of persistent HCV infection in AHC, and poor treatment response in the context of

pt

chronic HCV infection.

ce

There are a number of limitations to our study. Identifying the exact cell populations
producing cytokines following ex vivo TLR stimulation would provide further depth to

Ac

our analysis, alongside comparative intra-hepatic TLR expression/signalling data. As
liver biopsy is rarely clinically relevant in the setting of AHC, this will prove a difficult
area to study. A caveat to our findings was the inability to discern whether TLR4 upregulation in the setting of persistent infection was attributable to the HCV virus or
on-going hepatic inflammation. Finally, due to low numbers, we were not able to
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alongside an increase in IP-10 response to TLR2 signalling, promotes viral
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assess whether HIV patients with low CD4 counts or not on ART have impaired

cr
ipt

clearance.

In conclusion, our study is the first to illustrate differences in TLR4 expression on
peripheral monocytes, NK cells(and its subtypes), and differing functional TLR

responses, according to clinical outcomes in AHC. Although new interferon-free

an ongoing public health issue and unravelling the immunology behind viral
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clearance will be important in guiding management for these patients, in addition to
development of a HCV vaccine. Lastly, due to the high cost of the new HCV drugs,
the prediction of spontaneous clearance using biomarkers will allow identification of
patients who are likely to spontaneously clear infection so that they can defer

Ac

ce

pt

ed

therapy, thereby avoiding unnecessary cost and toxicity
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therapies for CHC approach cure rates of nearly 100%, AHC will continue to remain

18

ACKNOWLEDGEMENTS

cr
ipt

We wish to acknowledge and thank the ATAHC, IVRN and Networks groups for
sample provision and support in conducting this research. ATAHC Study was funded
by the National Institute on Drug Abuse of the National Institutes of Health under
award R01DA015999. The content is solely the responsibility of the authors and

The Kirby Institute is funded by the Australian Government Department of Health
and Ageing. The Networks Study was funded by an NHMRC Project Grant (331212).

M
an

The Burnet Institute receives Operational infrastructure support from the Victorian
Government. The views expressed in this publication do not necessarily represent
the position of the Australian or Victorian Governments.

ed

No conflicts of interest – applicable to all authors

pt

Financial support: GESA (Gastroenterological Society of Australia) Postgraduate

ce

Clinical Research Scholarship

Author’s contributions:

Ac

Swee Lin G Chen Yi Mei – performance and design of experiments; drafting and
revision of the manuscript; statistical analysis.
Jodie Burchell – designed models for statistical analysis; statistical analysis; critical
revision of manuscript.

Downloaded from http://jid.oxfordjournals.org/ at Alfred Health on June 13, 2016

us

does not necessarily represent the official views of the National Institutes of Health.

19

Narelle Skinner and Rosie Millen - performance and design of experiments, revision
of manuscript

cr
ipt

Gail Matthews, Margaret Hellard and Gregory J Dore - acquisition of data; critical
revision of manuscript.

Vijaya Sundararajan - designed models for statistical analysis; statistical analysis;
critical revision of manuscript.

conception and design of experiments; statistical analysis; drafting and critical

M
an

revision of manuscript; study supervision

Ac

ce

pt

ed

Joe Sasadeusz – study concept and design; obtained funding

Downloaded from http://jid.oxfordjournals.org/ at Alfred Health on June 13, 2016

us

Paul Desmond, Alexander Thompson, Kumar Visvanathan and Joe Sasadeusz -

20

REFERENCES
Micallef JM, Kaldor JM, Dore GJ. Spontaneous viral clearance following acute

an
us
cr
ipt

1

hepatitis C infection: a systematic review of longitudinal studies. J Viral Hepat.
2006;13:34–41. doi:10.1111/j.1365-2893.2005.00651.x
2

Loo Y-M, Gale M. Immune signaling by RIG-I-like receptors. Immunity
2011;34:680–92. doi:10.1016/j.immuni.2011.05.003

Wang N, Liang Y, Devaraj S, et al. Toll-like receptor 3 mediates establishment
of an antiviral state against hepatitis C virus in hepatoma cells. J Virol.
2009;83:9824–34. doi:10.1128/JVI.01125-09

Li K, Li NL, Wei D, et al. Activation of chemokine and inflammatory cytokine

M

4

response in hepatitis C virus-infected hepatocytes depends on Toll-like receptor

pt
ed

3 sensing of hepatitis C virus double-stranded RNA intermediates. Hepatology
(Baltimore, Md) 2012;55:666–75. doi:10.1002/hep.24763
5

Prokunina-olsson L, Muchmore B, Tang W, et al. A variant upstream of IFNL3 (

ce

IL28B ) creating a new interferon gene IFNL4 is associated with impaired
clearance of hepatitis C virus. Nat. Genet. 2013;45:164–71.

Ac

doi:10.1038/ng.2521

6

Beinhardt S, Aberle JH, Strasser M, et al. Serum level of IP-10 increases

predictive value of IL28B polymorphisms for spontaneous clearance of acute
HCV infection. Gastroenterology 2012;142:78–85.e2.
doi:10.1053/j.gastro.2011.09.039

Downloaded from http://jid.oxfordjournals.org/ at Alfred Health on June 13, 2016

3

21

7

Thomas DL, Thio CL, Martin MP, et al. Genetic variation in IL28B and
spontaneous clearance of hepatitis C virus. Nature 2009;461:798–801.

8

an
us
cr
ipt

doi:10.1038/nature08463
Grebely J, Feld JJ, Applegate T, et al. Plasma interferon-gamma-inducible

protein-10 (IP-10) levels during acute hepatitis C virus infection. Hepatology
(Baltimore, Md) 2013;57:2124–34. doi:10.1002/hep.26263

Tillmann HL, Thompson AJ, Patel K, et al. A polymorphism near IL28B is

associated with spontaneous clearance of acute hepatitis C virus and jaundice.
Gastroenterology 2010;139:1586–92, 1592.e1.

M

doi:10.1053/j.gastro.2010.07.005

10 Rauch A, Kutalik ZAN, Descombes P, et al. Genetic variation in IL28B is
associated with chronic hepatitis C and treatment failure: a genome-wide

pt
ed

association study. Gastroenterology 2010;138:1338–45, 1345.e1–7.
doi:10.1053/j.gastro.2009.12.056

11 Sato K, Ishikawa T, Okumura A, et al. Expression of Toll-like receptors in

ce

chronic hepatitis C virus infection. J Gastroenterol Hepatol. 2007;22:1627–32.
doi:10.1111/j.1440-1746.2006.04783.x

Ac

12 Machida K, Cheng KTH, Sung VMH, et al. Hepatitis C Virus Induces Toll-Like
Receptor 4 Expression, Leading to Enhanced Production of Beta Interferon and
Interleukin-6. J Virol. 2005;80:866–74. doi:10.1128/JVI.80.2.866-874.2006

13 Riordan SM, Skinner NA, Kurtovic J, et al. Toll-like receptor expression in

Downloaded from http://jid.oxfordjournals.org/ at Alfred Health on June 13, 2016

9

22

chronic hepatitis C: correlation with pro-inflammatory cytokine levels and liver
injury. Inflamm Res 2006;55:279–85. doi:10.1007/s00011-006-0082-0

an
us
cr
ipt

14 Dolganiuc A, Garcia C, Kodys K, et al. Distinct Toll-like receptor expression in
monocytes and T cells in chronic HCV infection. World J Gastroenterol.
2006;12:1198–204.

15 Shehata MAH, El-Enein AA, El-Sharnouby GA. Significance of toll-like receptors

Immunol 2005;13:141–52.

16 Sanders CM, Cruse JM, Lewis RE. Toll-like receptors, cytokines and HIV-1. Exp

M

Mol Pathol 2007;84:31–6. doi:10.1016/j.yexmp.2007.08.008

17 Lester RT, Yao X-D, Ball TB, et al. Toll-like receptor expression and

pt
ed

responsiveness are increased in viraemic HIV-1 infection. AIDS (London,
England) 2008;22:685–94. doi:10.1097/QAD.0b013e3282f4de35
18 Berzsenyi MD, Roberts SK, Preiss S, et al. Hepatic TLR2 & TLR4 expression
correlates with hepatic inflammation and TNF-α in HCV & HCV/HIV infection. J

ce

Viral Hepat. 2011;18:852–60. doi:10.1111/j.1365-2893.2010.01390.x

19 Vogel M, Boesecke C, Rockstroh JURK. Acute hepatitis C infection in HIV-

Ac

positive patients. Curr Opin Infect Dis. 2011;24:1–6.
doi:10.1097/QCO.0b013e3283422e09

20 Côté P, Baril J-G, Hébert M-N, et al. Management and treatment of hepatitis C
virus in patients with HIV and hepatitis C virus coinfection: A practical guide for

Downloaded from http://jid.oxfordjournals.org/ at Alfred Health on June 13, 2016

2 and 4 mRNA expression in chronic hepatitis C virus infection. Egypt J

23

health care professionals. Can J Infect Dis Med Microbiol 2007;18:293–303.
21 Laguno M, Murillas J, Blanco JL, et al. Peginterferon alfa-2b plus ribavirin

an
us
cr
ipt

compared with interferon alfa-2b plus ribavirin for treatment of HIV/HCV coinfected patients. AIDS 2004;18:F27–F36.

22 Carrat F, Bani-Sadr F, Pol S, et al. Pegylated interferon alfa-2b vs standard

interferon alfa-2b, plus ribavirin, for chronic hepatitis C in HIV-infected patients:

doi:10.1001/jama.292.23.2839

23 Chung RT, Andersen J, Volberding P, et al. Peginterferon Alfa-2a plus ribavirin

M

versus interferon alfa-2a plus ribavirin for chronic hepatitis C in HIV-coinfected
persons. N Engl J Med. 2004;351:451–9. doi:10.1056/NEJMoa032653

pt
ed

24 Dore GJ, Hellard M, Matthews GV, et al. Effective treatment of injecting drug
users with recently acquired hepatitis C virus infection. Gastroenterology
2010;138:123–35.e1–2. doi:10.1053/j.gastro.2009.09.019
25 Aitken CK, McCaw RF, Bowden DS, et al. Molecular epidemiology of hepatitis C

ce

virus in a social network of injection drug users. J Infect Dis 2004;190:1586–95.
doi:10.1086/424678

Ac

26 Freemantle N. Interpreting the results of secondary end points and subgroup
analyses in clinical trials: should we lock the crazy aunt in the attic? BMJ

2001;322:989–91.

27 Agaugué S, Perrin-Cocon L, André P, et al. Hepatitis C Lipo-Viro-Particle from

Downloaded from http://jid.oxfordjournals.org/ at Alfred Health on June 13, 2016

a randomized controlled trial. JAMA. 2004;292:2839–48.

24

Chronically Infected Patients Interferes with TLR4 Signaling in Dendritic Cell.
PLoS ONE 2007;2:e330. doi:10.1371/journal.pone.0000330.g007

an
us
cr
ipt

28 Broering R, Wu J, Meng Z, et al. Toll-like receptor-stimulated non-parenchymal
liver cells can regulate hepatitis C virus replication. J Hepatol. 2008;48:914–22.
doi:10.1016/j.jhep.2008.01.028

29 Li Y, Chang M, Abar O, et al. Multiple variants in toll-like receptor 4 gene

Hepatol. 2009;51:750–7. doi:10.1016/j.jhep.2009.04.027

30 Al-Qahtani AA, Al-Anazi MR, Al-Zoghaibi F, et al. The association of toll-like

M

receptor 4 polymorphism with hepatitis C virus infection in saudi arabian
patients. Biomed Res Int 2014;2014:357062. doi:10.1155/2014/357062

pt
ed

31 Haynes LM, Moore DD, Kurt-Jones EA, et al. Involvement of Toll-Like Receptor
4 in Innate Immunity to Respiratory Syncytial Virus. J Virol. 2001;75:10730–7.
doi:10.1128/JVI.75.22.10730-10737.2001
32 Jude BA, Pobezinskaya Y, Bishop J, et al. Subversion of the innate immune

ce

system by a retrovirus. Nat Immunol. 2003;4:573–8. doi:10.1038/ni926

33 Urban TJ, Thompson AJ, Bradrick SS, et al. IL28B genotype is associated with

Ac

differential expression of intrahepatic interferon-stimulated genes in patients with
chronic hepatitis C. Hepatology (Baltimore, Md) 2010;52:1888–96.

doi:10.1002/hep.23912

34 Honda M, Sakai A, Yamashita T, et al. Hepatic ISG expression is associated

Downloaded from http://jid.oxfordjournals.org/ at Alfred Health on June 13, 2016

modulate risk of liver fibrosis in Caucasians with chronic hepatitis C infection. J

25

with genetic variation in interleukin 28B and the outcome of IFN therapy for
chronic hepatitis C. Gastroenterology 2010;139:499–509.

an
us
cr
ipt

doi:10.1053/j.gastro.2010.04.049
35 Dill MT, Duong FHT, Vogt JE, et al. Interferon-induced gene expression is a

stronger predictor of treatment response than IL28B genotype in patients with
hepatitis C. Gastroenterology 2011;140:1021–31.
doi:10.1053/j.gastro.2010.11.039

Better Predicts HCV Treatment Outcome than IL28B Genotype.
Gastroenterology Published Online First: 2012.

M

doi:10.1053/j.gastro.2012.01.028

37 Sarasin-Filipowicz M, Krol J, Markiewicz I, et al. Decreased levels of microRNA

pt
ed

miR-122 in individuals with hepatitis C responding poorly to interferon therapy.
Nat Med 2009;15:31–3. doi:10.1038/nm.1902
38 Diago M, Castellano G, García-Samaniego J, et al. Association of pretreatment

ce

serum interferon gamma inducible protein 10 levels with sustained virological
response to peginterferon plus ribavirin therapy in genotype 1 infected patients

Ac

with chronic hepatitis C. Gut 2006;55:374–9. doi:10.1136/gut.2005.074062

39 Romero AI, Lagging M, Westin J, et al. Interferon (IFN)-gamma-inducible
protein-10: association with histological results, viral kinetics, and outcome
during treatment with pegylated IFN-alpha 2a and ribavirin for chronic hepatitis
C virus infection. J Infect Dis. 2006;194:895–903. doi:10.1086/507307

Downloaded from http://jid.oxfordjournals.org/ at Alfred Health on June 13, 2016

36 McGilvray I, Feld JJ, Chen L, et al. Hepatic Cell-Specific Gene Expression

26

40 Butera D, Marukian S, Iwamaye AE, et al. Plasma chemokine levels correlate
with the outcome of antiviral therapy in patients with hepatitis C. Blood

an
us
cr
ipt

2005;106:1175–82. doi:10.1182/blood-2005-01-0126
41 Zeremski M, Markatou M, Brown QB, et al. Interferon gamma-inducible protein
10: a predictive marker of successful treatment response in hepatitis C

virus/HIV-coinfected patients. J Acquir Immune Defic Syndr 2007;45:262–8.
doi:10.1097/QAI.0b013e3180559219

Gamma-Inducible Protein 10 kDa Predicts the First-Phase Decline in Hepatitis C
Virus RNA and Overall Viral Response to Therapy in Chronic Hepatitis C.

M

Hepatology (Baltimore, Md) 2010;51:1523–30.

43 Darling JM, Aerssens J, Fanning G. Quantitation of pretreatment serum

pt
ed

interferon-gamma–inducible protein-10 improves the predictive value of an
IL28B gene polymorphism for hepatitis C treatment response. Hepatology
(Baltimore, Md) 2011;53:14–21.

ce

44 Vijgen L, Talloen W, Scholliers A, et al. 1167 PRE-TREATMENT IP-10 LEVELS
AND IL28B GENOTYPE IN PREDICTION OF SVR IN PRIOR TREATMENT-

Ac

EXPERIENCED GENOTYPE 1 HCV PATIENTS TREATED WITH
TELAPREVIR/PEGINTERFERON/RIBAVIRIN IN THE REALIZE STUDY. J
Hepatol. 2012;56:S462. doi:10.1016/S0168-8278(12)61179-9

Downloaded from http://jid.oxfordjournals.org/ at Alfred Health on June 13, 2016

42 Askarieh G, Alsio A, Pugnale P, et al. Systemic and Intrahepatic Interferon-

ce

pt

ed

M
an

cr
ipt
us

Downloaded from http://jid.oxfordjournals.org/ at Alfred Health on June 13, 2016

Ac
Figure 1
A
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Figure 1. LOWESS curves illustrating TLR4 expression in AHC with and
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without spontaneous clearance. Random-intercepts multilevel modeling found that
TLR4 expression was significantly reduced on peripheral monocytes (A), NK cells
(B), bright (C) and dim NK cells (D) in AHC and spontaneous clearance, n=9,

(blue/dark grey, Cleared – LOWESS) than AHC without spontaneous clearance,

n=11, (red/light grey, Chronic – LOWESS). GMF ratio, geometric mean fluorescence
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the geometric mean isotype control values for that patient.
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Figure 2. HCV viremic status at first time point. (A) TLR4 expression on
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peripheral monocytes at first time point, with participants grouped according to HCV
viremic status. (B) HCV viral load at first time point, participants grouped according
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to HCV viremic status. GMF, geometric mean fluorescence
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Figure 3

Figure 3. LOWESS curve illustrating plasma IP-10 levels in AHC with and
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without spontaneous clearance. Unstimulated plasma IP-10 levels were
significantly lower in AHC and spontaneous clearance, n=11, (blue/dark grey,

Cleared – LOWESS) than AHC without spontaneous clearance, n=9 (red/light grey,
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Chronic – LOWESS).

ce

pt

ed

M
an

cr
ipt
us

Downloaded from http://jid.oxfordjournals.org/ at Alfred Health on June 13, 2016

Ac
Figure 4
A

B

C

D

E

Figure 4. LOWESS curves illustrating levels of IFN-gamma, IL-6 and IP-10
produced by stimulated PBMCs in AHC with or without spontaneous clearance.
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TLR4 stimulation resulted in significantly reduced levels of IFN- (A), and a nonsignificant trend toward lower IL-6 production (B) in AHC and spontaneous clearance,
n=11, (blue/dark grey, Cleared – LOWESS) than AHC without spontaneous

clearance, n=9, (red/light grey, Chronic – LOWESS). TLR7/8 stimulation resulted in
significantly lower IFN- (C) and IL-6 production (D) in AHC and spontaneous
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following TLR2 stimulation (E).
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clearance. IP-10 levels were significantly lower in AHC and spontaneous clearance

Table 1: Baseline Characteristics of the Study Population
Spontaneous

Chronic infection

P-value

clearance
11 (55%)

9 (45%)

Age (years)

34.4 (IQR 26.2 – 39.4)

31.2 (IQR 29.3 – 46.2)

0.700

Male (n)

10 (91%)

9 (100%)

1.000

Estimated duration
of infection (wk)
-

At screening

25 (IQR 9 – 33)

20 (IQR 8 – 38)

1.000

-

At 1st visit

46 (IQR 32 – 59)

43 (IQR 22 – 58)

0.669

-

At 2nd visit

56 (IQR 43 – 76)

66 (IQR 45 – 90)

0.718

0 (0%)

Number of patients
HCV aviremic (n)
-

At screening

6 (55%)

-

At 1st visit

9 (82%)

-

At 2nd visit

11 (100%)

Caucasian (n)

11 (100%)

9 (100%)

1.000

HIV co-infection (n)

6

4

1.000

CD4 count (x 106/L)

686 (IQR 613 – 806)

766 (IQR 534 – 882)

0.873

Antiretroviral therapy

yes (n=4) / unknown

yes (n=2) / no (n=1) /

0.429

(n=2)

unknown (n=1)

73.5 (IQR 43.8 – 7338)

48.5 (IQR 41.8 – 2338)

0.471

Genotype 1 (n=5)

Genotype 1 (n=3)

0.447

ce

HCV genotype

0 (0%)

M

pt
ed

HIV viral load
(copy/mL)

0 (0%)

Genotype 3 (n=4)

Genotype 3 (n=5)

Unknown (n=2)

Genotype 4 (n=1)

8 (73%)

1 (11%)

0.010

Jaundice (n)

3 (27%)

2 (22%)

1.000

Peak ALT (U/L)

589 (IQR 102-2030)

225 (IQR 124-502)

0.226

BMI

22.3 (IQR 20.4-28.3)

23.9 (IQR 20.4-27.1)

0.835

Ac

Favourable IFNL4
genotype (n)

Values presented as median and interquartile ranges (IQR); ALT, alanine
aminotransferase; BMI, body mass index
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