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Abstract
Background: Treatment for chronic hepatitis C virus (HCV) infection has rapidly
evolved into interferon-free directly acting antiviral regimens (DAA) that result in high
sustained-virologic-response. DAAs primarily work by suppressing HCV replication and
rely less on the immune system than interferon-based therapies. However it is unclear
whether the immune system recovers with suppression of HCV replication and
contributes to HCV clearance with DAA therapy. We previously demonstrated HCV
clearance is associated with increased HCV-specific-immunity in CHCV-GT-1 infected
patients during treatment with sofosbuvir (SOF)+ribavirin (RBV). Here, we aimed to
analyze changes in HCV-specific immunologic responses associated with viral clearance
with combination DAA therapy of SOF+ledipasvir (LDV) for 12 weeks in CHCV-GT1
(N=14) patients who relapsed without augmentation of HCV-specific-immunity during
treatment with SOF+RBV. Methods: Phenotypic and functional changes within the Tcell compartment of PBMCs

pre- and post-treatment were analyzed. Results:

Retreatment of relapsers with LDV/SOF resulted in all patients attaining SVR12.
Suppression of HCV was associated with a decline in T-cell exhaustion markers (CD57;
Tim3; PD1) along with augmented of HCV-specific T-cell IFN-gamma responses posttreatment. Conclusions: Addition of LDV to SOF was associated with augmentation of
HCV-specific-immunity and SVR in patients who previously failed SOF+RBV therapy
without increased immunity. These findings demonstrate a novel effect of DAA in
inducing host immune responses to aid HCV clearance and achieve SVR.
Keywords: Hepatitis C, Antiviral Therapy, Cellular Immunity, Immune response
Abbreviations:
DAA: directly acting antiviral agents;, SVR: sustained virologic response, CHCV GT-1:
Chronic hepatitis C virus (HCV) genotype 1, SOF: sofosbuvir (SOF) , RBV: ribavirin, LDV:
ledipasvir, EOT: End of treatment, PD-1: Programmed cell death 1 (PD-1)), PE-Cy7 ,
CTLA-4: cytotoxic T lymphocyte antigen 4 , TIM-3: T cell immunoglobulin and mucin
protein 3, IFN: Interferon, PBMCs: Peripheral blood mononuclear cells, PHA:
Phytohaemagglutin , DMSO: Dimethyl sulfoxide , CFSE: Carboxyfluorescein succinimidyl
ester , IL2: Interleukin-2, IFN-G: Interferon gamma, TNF-A: Tumor Necrosis Factoralpha
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Chronic hepatitis C virus (HCV) infection is a major cause of chronic liver disease and
hepatocellular carcinoma and the leading indication for liver transplantation in Western
countries (1,2). Chronic HCV infection is characterized by impaired or reduced
functional HCV-specific T cells, with a concomitant increase in the number of exhausted
T cells, thought to be an effect of the constant presence of the viral antigens (3-7).
Recent advances in the development of combination therapy of HCV-specific directly
acting antivirals (DAAs) with improved efficacy, better tolerability, and shorter
treatment duration have revolutionized HCV therapy (8,9). In 2013, the U.S. Food and
Drug Administration approved sofosbuvir (SOF) plus ribavirin (RBV) as the first IFNfree treatment of HCV genotype 2 or 3 and for patients with genotype 1 (GT-1) who are
IFN-ineligible (10). DAAs act to suppress HCV replication, by blocking different stages of
the HCV life cycle (11). A previous study by Martin et al reported specific restoration of
proliferative HCV-specific CD8+T cells during interferon-free therapy in patients who
achieved SVR compared to patients with treatment failure (12). Barrett et al also
evaluated immune correlates associated with SVR using IFN-free DAA therapy with SOF
and RBV and reported that HCV clearance was associated with an augmentation of HCVspecific CD8+ T-cell responses and decreased immune exhaustion markers with
improved HCV specific immunity in chronic HCV GT-1 infected patients who attained
SVR (13). However, SOF plus RBV therapy was associated with relapse in 30% of
patients and these patients lacked enhancement of HCV-specific immune responses
despite suppression of HCV replication by DAA therapy. All these previous studies
suggest that HCV replication specifically depresses HCV-specific immune responses and
that the augmentation of HCV-specific T cell responses seen with DAA therapy aids
virologic response.
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Combination therapy of SOF combined with ledipasvir (LDV, an NS5A inhibitor) for 12
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weeks demonstrated high SVR rates (95% to 99%) in treatment-naive patients with
HCV GT-1 infection (14). We have demonstrated that 14 HCV GT-1 patients who had
virologic relapse after treatment with SOF plus RBV for 24 weeks in the SPARE study
were able to be successfully re-treated with SOF plus LDV for 12 weeks (15). Therefore,
in the present study, we hypothesize that the retreatment of these relapsers with SOF
plus LDV lead to a potent suppression of HCV replication, reversal of T cell exhaustion,
and augmentation of HCV-specific protective immunity with viral clearance. We aimed
to evaluate the HCV-specific immune responses in these patients and specifically
investigated the phenotypic and functional changes in peripheral blood T cells pre- and
post-treatment to identify immune responses associated with viral clearance.

Materials and Methods
Participants
Patients were enrolled in a single center, non-randomized controlled trial conducted at
the Clinical Research Center of the National Institutes of Health (NIH), Bethesda, MD,
USA. Fourteen HCV GT-1 patients who had relapsed from previous treatment with SOF
plus RBV for 24 weeks in the NIAID SPARE protocol (NCT# NCT01441180) were
enrolled in a phase 2a open label NIAID SYNERGY study (NCT01805882) and were
treated with SOF and LDV for 12 weeks.

The NIAID Institutional Review Board

approved this study and written informed consent was obtained from all participants.
The primary study end point was the proportion of participants with undetectable HCV
viral load 12 weeks after treatment completion (SVR12) was reported elsewhere (11).
Immunological studies were performed pre-and post-treatment at SVR.
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Viral load measurement
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Plasma HCV RNA levels were measured using the real-time HCV assay (Abbott
Molecular), with a lower limit of quantification of 12 IU/mL and a lower limit of
detection of 3 IU/ml. The Abbott assay was used to measure HCV RNA levels in all
participants. Plasma HCV RNA levels were also measured using the COBAS TaqMan HCV
RNA assay, version 1.0 (Roche), with a lower limit of quantification of 43 IU/mL and a
lower limit of detection of 12 IU/ml.

PBMC isolation
Peripheral blood was collected in heparinized tubes, and PBMC were separated by
Ficoll-Paque (GE Health Care Life Sciences) density centrifugation. Cells were counted
by trypan blue exclusion and stored in liquid nitrogen until use.

HCV peptide reconstitution
Genotype 1a or 1b HCV 15- to 18-mer peptides with 11 or 12 amino acid overlaps
spanning the entire HCV polyprotein (BEI Resources, NIAID, NIH: Peptide Array,
Hepatitis C Virus) were reconstituted in 5% sterile dimethylsulphoxide (DMSO) and
pooled consecutively into twenty-one groups. Peptides were aliquoted and stored at -80
C until use.

Immunophenotyping
Multicolor flow cytometry analyses were performed on thawed PBMCs that had been
stored in liquid nitrogen. Pre- and post-treatment, T-cell phenotyping was performed to
assess the expression of exhaustion markers by using the following fluorescently
labeled antibodies: APC-Cy7 anti-CD3 (BD Biosciences), FITC anti-CD4 (BD Biosciences),
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Horizon V500 anti-CD8 (BD Biosciences,), eFluor450 anti-CD57 (eBioscience), PE anti-

Accepted Article

programmed cell death 1 (PD-1) (Biolegend), APC anti- T cell immunoglobulin and
mucin protein 3 (Tim-3) (eBioscience), PE-Cy7 anti-cytotoxic T lymphocyte antigen 4
(CTLA-4) (Biolegend). Cells were acquired on a BDFACS Canto II flow cytometer and
data were analyzed by Flow Jo version 9.7.7 software (Tree Star, Inc.).

IFN-gamma ELISpot
HCV-specific T cell functions were evaluated by quantification of HCV-specific IFN-production by standard ELISPOT assay (BD Biosciences). Cryopreserved PBMC were
thawed and suspended in (R10) RPMI 1640 medium (Gibco, Life technologies)
supplemented with FBS (10%) (Gibco, Life technologies), HEPES Buffer (Gibco)
(10mM), L-glutamine (Gibco) (2mM) and penicillin-streptomycin (Gibco) (20 U/mL).
Briefly, 96 well ELISPOT plates were coated with (5 μg/ml) anti-IFN-biotinylated
capture antibody and incubated overnight at 4C. Plates were then blocked using
lymphocyte medium. PBMCs were allowed to rest for 6 hours at 37C and then plated at
1x106 cells per well with either phytohaemagglutin (PHA) as a positive control (5
g/ml), dimethyl sulfoxide (DMSO) as a negative control (0.05%), or pooled HCV
Genotype 1a or 1b peptides at the final concentration of 3 g/ml. All cultures were
performed in duplicate. After incubating for 12 hours at 37C in 5% CO2, cells were
removed, and plates were treated with streptavidin detection antibody, enzyme
conjugate, and substrate. The plates were air dried in the dark overnight, and developed
spots were enumerated using an ELISPOT plate reader.
12-color flow cytometry assay to assess HCV responsive T cell polyfunctionality
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Here, we have used the comprehensive peptide approach and CFSE dilution to identify
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HCV responsive T cells. PBMC from 20 individuals (12 SVR, 8 relapsers) were assessed
simultaneously for phenotype and function via a flow cytometric assay (Supplementary
figure 1). Viable cells with CFSE dilution after 48-hour incubation with HCV peptides
were assessed for cytokine production and exhaustion marker expression. PBMC were
washed with PBS, incubated with 2.5M carboxyfluorescein succinimidyl ester (CFSE)
(Invitrogen) at 37C for 6 minutes, quenched with PBS + 5% FCS, and washed three
times with lymphocyte medium. Cells were then incubated at 5x106 in 1.2 mL with
either

pools

of

overlapping

HCV

peptides

spanning

the

entire

proteome

(3g/mL/peptide) or DMSO (1%) and NH4OH (0.7mM) as a vehicle control along with
recombinant human IL-2 (20IU/ml). Brefeldin A and monensin were added at 36 hours
to block the Golgi apparatus and allow intracellular cytokine accumulation. After 48 hrs
of incubation, PBMCs were harvested and stained with LIVE/DEAD Near-IR (Invitrogen)
for 30 minutes on ice. Cells were then stained for surface antibodies and after a wash,
permeabilized and stained with intracellular antibodies. Stained cells were acquired on
a BD FACS Aria and data files were analyzed by Flow Jo version 9.7.7 software (Tree
Star, Inc.). CFSE low HCV responsive cells were assessed for phenotype and function
using the following antibodies Alexa Fluor 700 anti-CD3, PerCP-Cy5.5 anti-CD4, Brilliant
Violet 510 anti- CD8, APC anti-Tim-3, PE-Cy5 anti-CTLA4, Brilliant Violet 785 anti- PD1,
eFluor 450 anti- CD57, PE anti-IFN-, Brilliant Violet 605 anti-IL-2, PE-Cy7 anti- TNF-.
Gating strategy used to determine the HCV specific cytokine production is described in
Supplementary figure 2.
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Cytokine assay
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To estimate secreted cytokine production, 100 l of supernatant was collected at 36
hours and frozen at -80C until evaluated for cytokine secretion by Meso Scale Discovery
technology, using a Human TH1/TH2 10-plex ultra-sensitive kit (Cat No. K15010C-1).
Kits were used according to the manufacturer’s instructions. Samples were tested in
duplicate.

Statistical analysis
Changes in the percentage of T cell subsets expressing exhaustion markers pre- and
post- treatment was analyzed using paired Wilcoxon signed-rank test. Changes in the
number of IFN- spots in ELISPOT assay was assessed by using nonparametric Wilcoxon
matched pairs signed-rank test. Changes in polyfunctional T cells pre- and posttreatment was calculated using Wilcoxon matched pairs signed-rank test. All the
statistical analyses were done with Graph pad prism version 6. P values less than 0.05
were considered as significant.

Results:
Patient characteristics:
Fourteen patients who had relapsed after 24 weeks of treatment with SOF plus RBV in
the NIAID SPARE study were retreated with SOF plus LDV for 12 weeks in the phase 2a,
open-label NIAID SYNERGY study. All fourteen patients were included in the
immunological studies. Most of the patients were male (M: F; 13:1), over 50 years old
and African American with an unfavorable interleukin-28B non-CC genotype (Table 1).
The majority of the individuals were infected with HCV genotype 1a, had high baseline
HCV viral loads (>800 000 IU/mL), increased body mass index (>30 kg/m2), and
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Histology Activity Index fibrosis score of 3 or 4. All 14 patients retreated with SOF plus
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LDV achieved SVR 12 weeks after the completion of treatment as previously reported
(14).
Decline in Exhausted T cells with SVR at post treatment
We examined the frequency of peripheral T cells with an exhausted phenotype in
patients undergoing retreatment. Both the CD4+ and CD8+ T cell compartments showed
similar trends.

The frequency of PD-1+ (18.99±1.4 vs. 14.2±1.8; p=0.001), Tim-3+

(68.5±11vs. 51±12; p=0.04), CD57+ (9.3±1.7 vs. 6.3±1.6; p=0.04) on CD4+ T cells, PD-1+
(17.24±1.8

vs.

12.67±1.5;

p=0.003),

Tim-3+

(72.3±11

vs.

55±12;

p=0.04),

CD57+(40.7±3.6 vs. 33.7±3.1; p=0.002) on CD8+ T cells decreased rapidly with
treatment (Figure 1). Thus SVR following retreatment of relapsers with the combination
therapy of SOF plus LDV was associated with a decline in peripheral exhausted T cells
post-treatment.

Augmentation of HCV specific T cell responses with increased polyfunctionality
post-treatment
In order to investigate whether this improved T-cell phenotype was associated with
enhanced function, we evaluated the polyfunctionality of HCV-specific T cells. To further
ascertain the correlates of HCV viral suppression, HCV-specific immunity was analyzed
by stimulating the PBMC in vitro with a panel of HCV peptides spanning the entire HCV
genome via intracellular cytokine staining, ELISPOT and ELISA (IL2, IFN- and TNF-)
pre- and post-treatment. We observed improved HCV-specific responses posttreatment compared to baseline [Intracellular cytokine assay. Figure 2 (A-B): CFSE low
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HCV-responsive cells: (0.97± 0.29 vs. 5.5±1.5 p=0.02); HCV-peptide-specific IFN-
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secreting cells: (26.6± 9.6 vs. 34.15±10.5 p=0.06); HCV peptide specific TNF- secreting
cells: (7.05± 1.3 vs. 10.9±2.1 p=0.03); HCV peptide specific IL-2 secreting cells: (21.6±
5.3 vs. 29.5±4.9 p=0.03)]; (E) IFN- ELISPOT: Number of IFN- spots/million cells: (18±
4 vs. 39 ±8 p=0.04) (F) ELISA: HCV specific IFN–: 45± 5 vs. 140±20 p=0.01).
To analyze the HCV-specific T cell polyfunctional responses, we assessed the changes in
the ability of T cells stimulated with HCV peptides to secrete more than one cytokine
pre- and post-treatment with LDV/SOF. Figure 3 illustrates the increased number of
HCV responsive cells producing cytokines pre- vs. post-treatment. All the three
cytokines: (50 ± 9% vs. 67± 10% p=0.02) post-treatment compared to pre-treatment.

Declined expression of exhaustion markers PD-1, Tim-3, and CD57 on HCVspecific T cells
We further evaluated whether improved polyfunctionality of HCV-specific T cells was
due to a decline in the exhausted phenotype by correlating changes in exhaustion
markers and functionality. The distribution of exhaustion markers HCV-responsive cells
was assessed pre- and post-treatment. Post treatment, the detection of HCV-specific
CD57+ (9.3 + 1.4 % vs. 6.3+ 1.8% p=0.02), PD1+ (18.9+1.8 % VS. 14.2+1.5% p=0.03),
and Tim-3+ (68.5+10.2 % VS. 51+9.3 %p=0.03) cells declined (Fig.4a). The majority of
the elicited cytokine responses were found to be produced by cells negative for the
exhaustion markers CD57, PD-1, or Tim-3 or, proving the fact that exhausted T cells
have lost their functionality and could not produce any cytokines (Fig. 4 b).

This article is protected by copyright. All rights reserved.

Discussion:
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In this study we demonstrated that patients who previously relapsed after SOF and RBV
without augmentation of CD8+ T cell responses have a significant increase in HCVspecific T cell response and are able to attain SVR when retreated with SOF and LDV for
12 weeks. This is possibly due to the addition of LDV to SOF resulting in potentiation of
HCV-specific immune responses in CD8+ T cells aiding achievement of SVR. It is also
plausible that more potent DAA therapy, leading to complete suppression of HCV
replication, may reverse immune exhaustion, resulting in enhancement of HCV-specific
immune responses. Our study suggests that host immunity does play an important role
in aiding HCV clearance during treatment with combination DAA-based therapy.

Previously, several studies have demonstrated that host immunity plays a major role in
resolution of acute HCV infection. In this regard, studies have established that during
acute HCV infection, viral clearance is correlated with vigorous, sustained and multiepitope-specific CD8+ T-cell responses (16, 17,18). Chronic HCV infection is associated
with a lower frequency of HCV-specific CD8+ T cells characterized by so-called stunned
phenotype with impaired proliferation, IFN- production, and cytotoxicity (19, 20,21). It
has also been demonstrated that HCV infection is associated with an exhausted
phenotype, which may impair the ability of the host to mount an effective immune
response against HCV (22). Numerous studies have evaluated the effect of HCV therapy
in the reconstitution of HCV-specific immunity. Studies have shown that SVR is
associated with increased HCV-specific responses, but this was after IFN-based
combination therapy for HCV (23,24,25). Since IFN- itself leads to host immune
enhancement, it is difficult to distinguish the overall effect of IFN- from SVR. The use of
DAAs, without IFN, offers us a unique opportunity to examine the effects of HCV therapy
This article is protected by copyright. All rights reserved.

on the immune system and identify components of host immunity that aid in HCV
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clearance to attain SVR. In this regard, Barrett et al also demonstrated that during
treatment with IFN-free DAA therapy using SOF and RBV, HCV clearance was associated
with increased HCV-specific immunity in chronic HCV GT-1 infected patients (13).
However, treatment with SOF plus RBV therapy was associated with relapse in about
30% of patients. In this study, we asked if addition of LDV would further enhance HCVspecific immunity of CD8 T cells in patients who had relapsed after single DAA therapy,
SOF and RBV, therapy and is this augmentation of HCV-specific immunity associated
with SVR.

Our results showed that retreatment with combination DAA therapy with agents active
against NS5A and NS5B is highly effective in inducing SVR with a concomitant increase
in HCV-specific protective T-cell immunity in patients who had relapsed on SOF plus
RBV.

DAA therapy was associated with a profound decline in the proportion of

circulating T cells expressing the exhaustion phenotype. Previous studies also suggested
that, in patients with chronically evolving hepatitis, antigen-driven exhaustion may
contribute to the failure to generate successful HCV-specific CD8+ T cell responses.
Exhaustion is mediated in part by the expression of receptors like PD-1, TIM-3, 2B4, and
CTLA- 4 that deliver inhibitory signals to CD8+ T cells upon engagement of their
respective ligands (26,27). In vitro blockade of Tim-3, PD-1, and CTLA-4 is necessary to
increase the frequency HCV-specific T cells, (28,29,30) and to rescue their in vitro
function (31). Barrett et al also reported that HCV clearance was associated with
decreased immune exhaustion markers in HCV GT-1-infected patients who attained SVR
compared to those who relapsed during the treatment with SOF and RBV in NIAID
SPARE trial. We therefore assessed the frequency of various exhaustion markers such
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as Tim-3, PD-1, CD57 and CTLA-4 on peripheral blood T cells in patients with virologic
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relapse who were retreated with SOF plus LDV. Our results demonstrate that HCV
suppression with the combination of SOF and LDV is associated with a significant
decline or reversal of T cell exhaustion, illustrated by down regulation of inhibitory
molecules such as PD-1, TIM-3, and CD57 in those patients.

When we further enumerated HCV-specific T cells that secrete IFN- in response to
stimulation with HCV peptides using ELISPOT, we found that there was an enhancement
in all treated patients. This is in contrast to what was observed with the same patients
when they were treated with SOF and RBV and failed to achieve SVR. When we
examined the polyfunctionality of T cells specific to HCV, we observed that HCV
suppression by LDV/SOF enhanced the ability of T cells to secrete more than one
cytokine when stimulated with HCV peptides. The majority of HCV-responsive T cells at
baseline did not express all three cytokines such as IFN-, TNF-, or IL-2. The number of
cells expressing one, two or all three of these cytokines at the end of treatment was
significantly higher. Increased levels of IFN-, IL-2 and TNF- cytokines at the end of
treatment compared to baseline suggest augmentation of the HCV-specific immune
responses with viral suppression. Thus, after viral suppression HCV-specific T cell
polyfunctional responses were increased and may have contributed to HCV clearance, in
contrast to the lack of a polyfunctional response to HCV antigens in the same patients
when initially treated with SOF and RBV without achieving SVR.

Finally, we demonstrated that the enhancement of HCV-specific responses in CD8+ T cell
compartment is a direct result of reduced expression of exhaustive markers on these
cells. T cells post-treatment producing one or more cytokines expressed low levels of
This article is protected by copyright. All rights reserved.

exhaustion markers. This correlation succinctly connects the intricate interplay
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between HCV and the host system as unraveled by DAA therapy. Thus, the addition of
LDV, an NS5A inhibitor to SOF is associated with augmentation of HCV-specific
immunity and SVR in patients who previously failed to produce HCV-specific immune
responses with SOF and RBV therapy and relapsed. These findings demonstrate a novel
effect of DAAs in inducing a host response aiding HCV clearance and achieving SVR.
There are two major changes in DAA therapy between the SPARE and the SYNERGY
studies. One was the addition of a second potent DAA to SOF instead of RBV. It is likely
that potent suppression of HCV with two DAAs were required to achieve host immune
recovery and SVR in these patients. Second, the specific role of LDV on HCV replication
and host immunity, which were not completely evaluated in vivo prior to this study.
These findings suggest a novel effect of DAAs in inducing a host response that aids HCV
clearance and SVR achievement.

In conclusion, DAA therapy is effective in suppressing HCV replication and may allow
for HCV clearance and SVR. However, augmentation of HCV-specific immunity is also
associated with successful clearance of HCV. Monitoring for reconstitution of HCVspecific responses may allow for more accurate prediction of those who will go on to
successfully clear HCV and inform future strategies to treat HCV, including shorter
duration of DAA therapy or concomitant vaccination to aid in the development of
protective immunity.
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Patient Characteristics

Median Age (IQR)
Male Sex, n (%)
2

Sofosbuvir+Ledipasvir (n=14)
59(48-70)
13(93%)
28.5(19.8-38.4)

Median BMI (range), Kg/m
Black race, n (%)
13 (93)
Interleukin- 28B genotype, n (%)
CC
2(14)
TT
7(50)
CT
5(36)
Histological Activity index score fibrosis score, n (%)
0-1
7(50)
3-4
7(50)
HCV Genotype 1 subtype, n (%)
1a
8(57)
1b
6(43)
Median baseline HCV RNA level (range)
6.31(5.50-6.76)
log10 IU/ml, n (%)

Table 1. Baseline Demographics and Clinical Characteristics of Study Participants
Abbreviations: BMI =body mass index; GT-1 = Genotype 1; HCV = Hepatitis C virus; IQR =Interquartile
range
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Figure 1(A-H): Changes in T cell exhaustion markers with SVR. T-cell phenotyping
was performed in 14 patients who had relapsed and were retreated with sofosbuvir
plus ledipasvir at baseline and end of treatment, to assess the expression of exhaustion
markers such as CD57, TIM3, PD1, CTLA-4 on CD4+ and CD8+ T cells. Data are expressed
as (Mean ± SEM) of the percentage expression of these markers on CD4+ and CD8+ T
cells. Changes in percentage of T cell subsets expressing exhaustion markers pre and
post treatment was analyzed using paired Wilcoxon signed-rank test in Graph Pad
Prism version 6. P value less than 0.05 was considered as significant.
Figure 2: Augmentation of HCV specific immunity post-treatment

Cryopreserved PBMCs were thawed and stimulated with a panel of HCV peptides
spanning the entire HCV genome and HCV-specific immunity was analyzed via
intracellular cytokine staining (IL2, IFN- and TNF-) (A-D) and IFN- ELISPOT. Changes
in the number of IFN- spots in ELISPOT assay pre- and post-treatment were analyzed
by using nonparametric Wilcoxon matched pairs signed-rank test. (E) ELISA: Changes in
IFN- production at baseline and pre- and post-treatment.
Figure 3: Changes in HCV specific T cell polyfunctional responses pre- and posttreatment with viral suppression To analyze HCV specific T cell responses, 12 color
flow cytometric assay was done along with CFSE assay. Cell population that express
lower CFSE were defined as HCV responsive cells and intracellular cytokine production
was assessed on those HCV responsive cells. To analyze the HCV-specific T cell
polyfunctional responses, we assessed the changes in the ability of T cells stimulated
with HCV peptides to secrete more than one cytokine pre- and post-treatment. Figure
3(a) illustrates the changes in the percentages of HCV responsive cells that are cytokine
negative, producing IFN-, IL-2 and TNF- respectively. Bars represent the mean ±
This article is protected by copyright. All rights reserved.

standard error. P<0.05 in paired Wilcoxon signed rank test was considered significant.
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3(b) displays the changes in the percentages of HCV responsive cells producing all the
three cytokines pre- vs. post-treatment or co-expressing IFN-, TNF- and IL-2. Figure
3(c) illustrates the proportion of HCV responsive cells that are cytokine negative,
producing IFN-, IL-2 and TNF- pre- and post-treatment.
Figure 4: Exhaustion markers PD-1, Tim-3, CD57 expression on HCV specific T cells.
Exhaustion marker distribution on HCV responsive cells was also assessed pre- and
post- treatment. Figure 4(a) describes the changes in the expression of CD57, PD1 and
Tim-3 on HCV responsive cells pre- and post-treatment. Figure 4(b) displays the
exhaustion marker expression on HCV peptide responsive cells and describe that T cells
expressing exhaustion markers were mostly negative for HCV specific cytokine
production, as most of the cytokines are produced by CD57-, PD-1- or Tim-3- nonexhausted T cells. Bars represent the mean ± standard error. P<0.05 in paired Wilcoxon
signed rank test was considered significant.
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