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Multitarget Direct-Acting Antiviral 
Therapy Is Associated With 
Superior Immunologic Recovery in 
Patients Coinfected With Human 
Immunodeficiency Virus and Hepatitis C 
Virus
Shikha Shrivastava,1 Manasa Bhatta,1,2 Haley Ward,1,2 Sara Romani,1 Rebecca Lee,1 Elana Rosenthal,1 Anu Osinusi,3 Anita Kohli,2 
Henry Masur,2 Shyam Kottilil,1 and Eleanor Wilson 1

Patients coinfected with human immunodeficiency virus (HIV) and hepatitis C virus (HCV) have higher levels of immune 
activation, impaired antigen-specific responses, and accelerated fibrogenesis compared to patients monoinfected with HCV. 
Whether different direct-acting antiviral (DAA) combinations have differential effects on immunophenotypes and func-
tions following successful HCV therapy remain unknown. Therefore, we aimed to assess the peripheral T-cell immunophe-
notypes and functions in patients coinfected with HIV/HCV who were successfully treated with combination DAA 
treatment regimens. We analyzed peripheral blood mononuclear cells (PBMCs) at baseline and at the time of sustained viral 
response (SVR) from subjects treated with three different combination DAA regimens: daclatasvir (DCV) and asunaprevir 
(ASV) for 24 weeks (CONQUER 2-DAA), DCV/ASV/beclabuvir (BCV) for 12 weeks (CONQUER 3-DAA), and sofos-
buvir (SOF) and ledipasvir (LDV) for 12 weeks (ERADICATE study). We used f low cytometry to assess T-cell phenotypes 
(activation and exhaustion) and HCV-specific T-cell functions (cytokine secretion and cytotoxicity). Statistical analyses 
were conducted using the Wilcoxon matched-pairs signed-rank test with P < 0.05 considered significant. Overall, there was 
an improvement in T-cell exhaustion markers, a decrease in T-cell activation, an increase in the effector memory population, 
and improved T-cell function after achieving SVR, with the largest effects noted with CONQUER 3-DAA treatment. 
Conclusion: Treatment with DCV/ASV/BCV in patients coinfected with HIV/HCV resulted in greater restoration of the 
T-cell impairments and perturbations associated with HIV/HCV coinfection to an extent that was greater than that ob-
served in either two-drug regimens. We showed that different DAA-based therapies have different immunologic outcomes 
after successful HCV treatment in patients coinfected with HIV/HCV. This information will be beneficial for providers 
when selecting the regimens for patients coinfected with HIV/HCV. (Hepatology Communications 2018;2:1451-1466).

HIV/HCV coinfection is associated with accel-
erated hepatic fibrosis progression and higher 
rates of liver decompensation and death com-

pared to HCV monoinfection.(1,2) The mechanisms 

associated with accelerated fibrosis progression rates 
among patients coinfected with HIV/HCV are not 
well understood, but multiple hypotheses have been 
proposed. These include viral mechanisms, such as a 
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induced maturation protein 1; BV, Brilliant Violet; CCR7, chemokine (C-C motif) receptor 7; CD, clusters of differentiation; CONQUER 2-DAA, 
treatment with daclatasvir and asunaprevir; CONQUER 3-DAA, treatment with daclatasvir, asunaprevir, and beclabuvir; Cy5, cyanine-5; 
DAA, direct-acting antiviral; DCV, daclatasvir; Eomes, eomesodermine; ERADICATE study, treatment with sofosbuvir and ledipasvir; FBS, 
fetal calf serum; FITC, fluorescein isothiocyanate; HCV, hepatitis C virus; HIV, human immunodeficiency virus; HLA, human leukocyte antigen; 
IL, interleukin; LDV, ledipasvir; NS, not significant; NS5/NS3, nonstructural protein 5/3; PBMC, peripheral blood mononuclear cell; PD1, 
programmed death 1; PE, phycoerythrin; PEG-IFN, peginterferon; PerCP, peridinin chlorophyll protein; SOF, sofosbuvir; SVR, sustained viral 
response; T-bet, T-cell-specific T-box transcription factor; TIGIT, tyrosine-based inhibition motif domain; TNF-α, tumor necrosis factor alpha.
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direct viral effect on hepatocytes and/or hepatic stellate 
cells that may lead to increased rates of HCV replica-
tion and increased hepatocyte apoptosis, and immuno-
logic alterations, including diminished HCV-specific 
T-cell responses and increased T-cell exhaustion.(3)

Treatment of HIV with antiretroviral therapy and 
treatment of HCV have independently been shown 
to delay the progression of fibrosis and end-stage 
liver disease among coinfected patients.(4,5) However, 
the rates of SVR with immune-based methods based 
on peginterferon (PEG-IFN) and ribavirin therapy 
have been significantly inferior among coinfected 
patients compared to patients monoinfected with 
HCV, the reasons for which have not been fully elu-
cidated.(6,7) Some groups have demonstrated a decline 
in the HCV-specific clusters of differentiation (CD)8 
T-cell population, characterized by functional defects, 
reduced antiviral efficacy, and lack of full CD8+ T-cell 
maturation that cannot be restored by PEG-IFN ther-
apy,(8-12) but the effects of viral eradication cannot be 
fully separated from the effects of IFN-based thera-
pies which stimulates interferon-responsive genes and 
may contribute to inflammation independent of its 
antiviral effects. The advent of highly effective DAAs 
to treat HCV offers a unique opportunity to explore 
the impact of different DAA combinations on the 
restoration of HCV-specific T-cell immunity in the 
absence of IFN-based therapies in order to define the 

best treatment paradigm for coinfected patients. We 
have established that in patients monoinfected with 
HCV, DAA therapies are highly effective in inducing 
SVR, with a concomitant increase in HCV-specific 
immunity.(13) Studies also have demonstrated similar 
success rates in the treatment of patients monoinfected 
with HCV compared to patients coinfected with HIV/
HCV.(14,15) We hypothesized that different combina-
tions of DAA regimens (two- and three-drug combi-
nations) may have differential effects on immune cell 
phenotypes (activation and exhaustion) and lympho-
cyte function in subjects coinfected with HIV/HCV 
who achieve SVR, defined as undetectable HCV RNA 
at least 12 weeks after completion of HCV therapy. 
We evaluated the effects of three different combina-
tion DAA therapies on peripheral T-cell immunophe-
notypes (including activation, exhaustion, and memory 
subsets) and immune function (including cytokine 
secretion, cytotoxic activity, and cytolytic functions) in 
subjects coinfected with HIV/HCV who were success-
fully treated for HCV.

Patients and Methods
partiCipants

Two prospective single-center phase II studies were 
conducted at the National Institutes of Health (NIH) 
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Clinical Center, using three different DAA-only regi-
mens in participants coinfected with HIV/HCV gen-
otype 1: the CONQUER 2-DAA and 3-DAA arms 
(NCT02124044(15)) and the ERADICATE study 
(NCT01878799(13)). All patients provided written 
informed consent. In CONQUER 2-DAA, 10 patients 
coinfected with HIV/HCV genotype 1 were treated 
with the oral nonstructural protein (NS)5A inhibi-
tor DCV and the NS3 inhibitor ASV for 24 weeks; 
in CONQUER 3-DAA, 20 patients coinfected with 
HIV/HCV genotype 1 were treated with DCV, ASV, 
and the investigational NS5B inhibitor BCV for 12 
weeks. In ERADICATE, 50 patients coinfected with 
HIV/HCV were treated with the NS5A inhibitor LDV 
and the nucleotide NS5B inhibitor SOF. The SVR rates 
were 98% for the ERADICATE study,(14) 90% for the 
CONQUER 3D study, and 80% for the CONQUER 
2D study.(16) A subset of successfully treated patients 
from each study (n = 6 from ERADICATE, n = 8 
from the CONQUER 2-DAA arm, and n = 8 from 
the CONQUER 3-DAA arm) were selected, and 
stored samples, including PBMCs and plasma sam-
ples, from baseline and 12 weeks following end of ther-
apy (SVR12) were used for immunologic assays. The 
National Institute of Allergy and Infectious Diseases 
(NIAID) Institutional Review Board approved the 
protocols for each study; these protocols are in accor-
dance with the Declaration of Helsinki 1975.

Viral loaD measurement
Plasma HCV RNA levels were measured in all 

patients at each visit, using the real-time HCV assay 
(Abbott Molecular) with a lower limit of quantifica-
tion of 12 IU/mL and a lower limit of detection of  
3 IU/mL.(14,16)

pBmC isolation
PBMCs from peripheral blood collected in hepa-

rinized tubes were separated using Ficoll-Paque (GE 
Health Care Life Sciences) density centrifugation. 
Cells were counted using trypan blue exclusion and 
were stored in liquid nitrogen until use.

HCV peptiDe anD tetramers
Genotype 1a or 1b HCV 15-mer to 18-mer peptides 

with 11 or 12 amino acid overlaps spanning the entire 
HCV polyprotein (peptide array, hepatitis C virus; 
BEI Resources, NIAID, NIH) were reconstituted 

in 5% sterile dimethyl sulfoxide and pooled consec-
utively into 21 groups. Peptides were aliquoted and 
stored at –80°C until use. Human leukocyte anti-
gen (HLA)-A∗02 tetramers corresponding to HCV 
NS31073-1081 CINGVCWTV (MBL International 
Corporation, Woburn, MA) were used for analyzing 
the changes in HCV-specific CD8 T-cell responses.

FloW Cytometry antiBoDies 
anD reagents

For immunophenotyping analyses, flow cytometry 
was performed with anti-human surface and intracel-
lular fluorochrome-conjugated antibodies. For surface 
and intracellular or intranuclear staining different fluro-
chrome conjugated antibodies were used in 5 different 
panels (Supporting Tables S1 and S2). Multiparameter 
flow cytometry was performed and all samples were run 
using a BD FACS ARIA II instrument equipped with 
blue (488 nm), red (633 nm), and violet (405 nm) lasers 
(BD Biosciences). BD CompBeads (BD Biosciences) 
were used as individual compensation tubes for each 
fluorophore in the experiment, and data analysis was 
performed using FlowJo version 9.7.7 (TreeStar, 
Ashland, OR). To define positive and negative popula-
tions, we employed fluorescence minus one controls for 
each fluorophore used in this study.

immunopHenotyping
PBMCs from day 0 and SVR12 time points were 

thawed for each patient, and immunophenotypes 
were assessed by multicolor flow cytometry analysis. 
The expressions of immune cell markers before and 
following treatment were assessed by staining cells 
with fluorescently labeled antibodies in two differ-
ent 10-color panels. Two exhaustion panels assessed 
T-cell and specific exhaustion markers. The first 
included anti-CD3-Alexa Fluor 700, anti-CD4- 
PerCP-Cy5.5, anti-CD8-PE-Cy5, anti-CCR7-FITC, 
anti-CD45RO-APCef780, anti-PD1-PE-Cy7, anti- 
2B4-PerCP-Cy5.5, and intranuclear transcription fac-
tors anti-Eomes-PE, anti-T-bet-BV421, and anti-
BLIMP-1-APC. A second panel used anti-CD3- Alexa 
Fluor 700, anti-CD4-BV605, anti-CD8-PE-Cy5, anti-
CCR7-FITC, anti-CD45RO-APCef780, anti-TIGIT-
APC, and anti-PD1-PE-Cy7 (Supporting Table S1). 
PBMCs were stained with the surface antibody-associ-
ated dyes, washed, and permeabilized. Intranuclear per-
meabilization was done with eBioscience Transcription 
Factor Fixation/Permeabilization concentrate and 
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diluent solutions (Cat. No. 00-5521) according to the 
manufacturer’s instructions. Antibodies for intranu-
clear transcription factors anti-Eomes-PE, anti-T-
bet-BV421, and anti-BLIMP-1-APC were then added 
to the cells, incubated for an additional 30 minutes on 
ice, washed, and fixed in 1% paraformaldehyde. Cells 
were then acquired in the BD FACS Aria, and data were 
analyzed using FlowJo version 9.7.7 (TreeStar, Inc.).

tetramer staining For HCV-
speCiFiC CD8 t-Cell response

A total of 1 × 106 cells per well on a 96-well plate were 
incubated with HLA-A∗02-matched tetramers. Cells 
were then incubated at 37°C and 5% CO2 for 15 min-
utes. Cells were washed 3 times with phosphate-buff-
ered saline containing 1% fetal bovine serum (FBS) and 
surface stained with anti-CD3 and anti-CD8 antibody 
for 15 minutes followed by 3 times washing. Cells were 
then acquired in the BD FACS Aria, and data were 
analyzed using FlowJo version 9.7.7 (TreeStar, Inc.).

multiparameter FloW 
Cytometry assay to assess 
HCV peptiDe-speCiFiC t-Cell 
FunCtions

HCV-specific T-cell functions were assessed by mea-
suring the frequency of degranulating and cytokine- 
secreting CD8 T cells by multiparameter intracellular 
cytokine staining. Frozen PBMCs from individuals at 
day 0 and SVR12 time points were thawed and counted 
using the trypan blue exclusion method. PBMCs were 
resuspended at 106 cells/mL in Roswell Park Memorial 
Institute 1640 medium (Sigma) containing 10% FBS 
(Atlanta Biologicals), 2 mM l-glutamine (Cellgro), and 
50 IU/mL penicillin (Cellgro). Cells were incubated with 
either genotype-specific overlapping HCV peptide pools 
(2 µg/mL/peptide), phorbol-12- myristate-13-acetate 
(2.5 μg/mL) and ionomycin (0.5 µg/mL) (Sigma) as a 
positive control or medium alone, which served as the 
negative control, for 5 days at 37°C. At day 4, cells were 
restimulated. To measure the T-cell degranulation or 
T-cell cytotoxic activity, anti-CD107A-BV650 antibody 
was added directly at 20 μL/mL during the restimula-
tion. Cells were then incubated for 2 hours at 37°C in 5% 
CO2; this was followed by the addition of brefeldin A 
(Sigma) at a final concentration of 1 μg/mL as well as 1 
μL of monensin (Golgi-Stop; BD Biosciences) at a final 
concentration of 1 μg/mL and incubation for an addi-
tional 10 hours at 37°C in 5% CO2. While brefeldin A 

prevents the exocytosis of cytokine-containing vesicles, 
allowing for the visualization of cytokine production fol-
lowing stimulation, monensin prevents the acidification 
of endocytic vesicles, avoiding the degradation of reinter-
nalized CD107a proteins from the surface and allowing 
for the visualization of this marker following stimula-
tion. Following incubation, PBMCs were harvested and 
stained with Live/Dead-Near Infrared (Invitrogen) for 
30 minutes on ice and washed. Cells were then stained 
with surface and intracellular antibodies by using the pro-
cedure described above except that intracellular perme-
abilization was done with the eBioscience Intracellular 
Fixation & Permeabilization Buffer Set (catalog number 
88-8824-00) according to the manufacturer’s instruc-
tions. Cells were then acquired in the BD FACS Aria, 
and data were analyzed using FlowJo version 9.7.7 
(TreeStar, Inc.). HCV peptide-specific T-cell function-
ality was assessed with three multiparameter flow pan-
els. The first panel used surface anti-CD3-Alexa Fluor 
700, anti-CD4-PerCP-Cy5.5, anti-CD8-PE-Cy5, 
anti-CD45RO-PE-Cy7, anti-CCR7-BV510, anti-
CD38-PE-Texas Red, anti-PD1-APC, and intracellu-
lar antibodies anti-IFN-γ-BV421 and anti-TNF-α-PE. 
The second panel used surface antibodies of anti-CD3-
Alexa Fluor 700, anti-CD4-PerCP-Cy5.5, anti-CD8-
PE-Cy5, anti-CD45RO-PE-Cy7, anti-CCR7-BV510, 
anti-CD38-PE-Texas Red, and intracellular antibodies 
anti-perforin-BV421, anti-granzyme B-APC, anti-
TGF-β-PE, and anti-IL-2-BV605. The third panel 
used surface anti-CD3-Alexa Fluor 700, anti-CD4-
PerCP-Cy5.5, anti-CD8-PE-Cy5, and intracellular 
antibodies anti-IFN-γ-BV421, anti-TNF-α-PE, and 
anti-IL-2-BV510.

statistiCal analysis
Paired Wilcoxon signed-rank tests were used to 

assess changes in the percentage of T-cell subsets 
expressing exhaustion markers before and after treat-
ment. Changes in T-cell functions prior to treatment 
and at SVR 12 were also calculated using the Wilcoxon 
matched-pairs signed-rank test. All statistical analyses 
were conducted using GraphPad Prism version 6.0 
with P < 0.05 considered significant.

Results
patient CHaraCteristiCs

Baseline characteristics of the patients included from 
each study are shown in Table 1. Patient characteristics 
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were comparable among studies, with most patients 
being African-American, having a normal CD4 count, 
receiving highly active antiretroviral therapy, and hav-
ing an HIV viral load below the limit of detection 
as measured by standard clinical assays (<40 for our 
laboratory). Patients in CONQUER 3-DAA had 
the highest baseline HCV RNA; 12.5% of patients 
in CONQUER 2-DAA, 12.5% in CONQUER 
3-DAA, and none in ERADICATE had HCV viral 
loads >6,000,000 IU/mL. Rates of cirrhosis were also 
similar among groups, with 20%-25% of patients hav-
ing a fibrosis score between 3 and 4 in all studies. All 
patients from whom samples were used for conducting 
these immunologic studies achieved SVR12.

DeCreaseD CHroniC immune 
aCtiVation anD inCreaseD 
eFFeCtor memory pHenotype 
assoCiateD WitH sVr

Chronic immune activation, a major hallmark of HIV 
monoinfection and HIV-HCV coinfection, is charac-
terized by increased expression of activation markers on 

lymphocytes, such as CD4+ T cells and cytotoxic CD8+ 
T cells, associated with elevated levels of proinflammatory 
cytokines and chemokines, leading to accelerated disease 
progression. CD38 has been well established as one of 
the best biomarkers for T-cell immune activation.(17-19) 
To investigate the changes in T-cell immunophenotypes 
following successful combination DAA-based therapy for 
HCV in individuals coinfected with HIV/HCV and to 
determine whether treatment with different DAA ther-
apy combinations was associated with different effects, 
we evaluated the changes in CD38 expression before and 
after treatment in the three different study groups. We 
observed a significant decline in CD38 expression on  
both CD4 and CD8 T cells in CONQUER 2-DAA 
(CD4 T cells, P = 0.04; CD8 T cells, P = 0.04) and 
CONQUER 3-DAA (CD4 T cells, P = 0.04; CD8 T cells, 
P = 0.03), while the CD38 expression in ERADICATE 
did not decline significantly (Fig. 1; Table 2).

T-cell differentiation usually follows a progression 
from naive to effector memory or central memory T 
cells, which play distinct roles in immunity against 
pathogenic agents. Perturbations in the homeostasis of 
different T-cell subsets during viral infections lead to 

taBle 1. DemograpHiC anD CliniCal CHaraCteristiCs oF tHe suBJeCts

CONQUER 2 DAA CONQUER 3 DAA ERADICATE

Study characteristics

n 8 8 6

Drugs DCV/ASV DCV/ASV/BCV SOF/LDV

Drug class NS5A/NS3 NS5A/NS3/NS5B NS5A/NS5B

Weeks of treatment 24 12 12

Patient characteristics

Age, median (IQR) 59 (56.5, 61) 49 (48.5, 56.5) 63.5 (60.75, 64.75)

Sex, % male 37.5% 50% 83.3%

Race, % African-American 87.5% 50% 66.6%

Race, % Caucasian Hispanic 12.5% 25% 16.6%

Race, % Caucasian Non-Hispanic 0% 25% 16.6%

HCV disease characteristics

Log HCV RNA, median (IQR), IU/mL 5.89 (5.73, 6.03) 6.02 (5.78, 6.36) 6.05 (5.6, 6.5)

Liver fibrosis/cirrhosis

F0-F2, number (%) 75% 75% 75%

F3-F4, number (%) 25% 25% 25%

ALT, median (IQR), IU/mL 35 (24, 43) 39 (34, 61.5) 57 (44.25, 70)

HIV disease characteristics

Viral load, copies/mL (median) <40 <40 <40

CD4 count pretreatment, median (IQR), cells/mm3 812 732 750

(664.75, 919.75) (509, 928.25) (714, 800)
On HAART 100% 100% 100%

Abbreviations: ALT, alanine transaminase; HAART, highly active antiretroviral treatment; IQR, interquartile range.
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increased disease pathogenesis.(20,21) To investigate the 
effect of HCV treatment on T-cell differentiation, we 
analyzed the changes in different T-cell subset popula-
tions before and after therapy. Our results demonstrated 
a decrease in naive T cells (CD4 T cells, P = 0.03; CD8 
T cells, P = 0.04) with CONQUER 3-DAA and an 
increase in effector memory cells with CONQUER 
3-DAA (CD4 T cells, P = 0.02; CD8 T cells, P = 0.03) 
and ERADICATE (CD4 T cells, P = 0.01; CD8 T 
cells, P = 0.004) following treatment, while no changes 
were observed in central memory T-cell populations 
with any treatment arm (Fig. 1; Table 2).

reVersal oF t-Cell 
eXHaustion FolloWing 
treatment WitH 3-Daa 
tHerapy WitH DCV/asV/BCV

In chronic infections, including HCV and HIV 
infection, persistent antigenic stimulation leads to 
immune exhaustion. This phenomenon is characterized 
by dysregulated expression of inhibitory receptors on 
antigen-specific effector T cells, resulting in a dysfunc-
tional effector phenotype marked by deficits in their 
proliferative capacity, secretion of proinflammatory 

Fig. 1. Improved T-cell phenotypes marked by increased effector memory phenotype and decreased chronic immune activation. (A) 
Gating strategy for determining the expression of CD38 on CD4 and CD8 T cells in patients coinfected with HIV/HCV successfully 
treated with three different combination DAA regimens in CONQUER 2 DAA, CONQUER 3 DAA, and ERADICATE studies 
at baseline and SVR 12. (B) Line graphs showing comparative paired changes in the frequencies of activated (CD38+) (upper panel), 
central, naive, and effector memory (lower panels) CD4 and CD8 T cells before and after therapy. Changes in T-cell phenotypes at 
baseline and SVR 12 were analyzed using the paired Wilcoxon signed-rank test in GraphPad Prism version 6. P < 0.05 was considered 
significant. NS represents non significant (P > 0.05). Each pair represents one sample. (C) Gating strategy for determining the 
frequencies of central, naive, and effector memory CD4 and CD8 T cells.
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cytokines, and cytotoxic activity. Several markers of 
immune exhaustion are described, including PD1, 
cytotoxic T lymphocyte antigen 4, T-cell immunoglob-
ulin and mucin-domain-containing 3, lymphocyte-ac-
tivation gene 3, TIGIT, CD160, B- and T-lymphocyte 
attenuator, and 2B4.(22-30) TIGIT has also emerged 
as an important coinhibitory receptor that is prefer-
entially up-regulated on T cells during chronic viral 

infections. TIGIT has a T-cell-intrinsic inhibitory 
function, with its ligation directly inhibiting T-cell 
proliferation and cytokine production.(31-33) We exam-
ined the frequency of various exhaustion markers on 
both CD4 and CD8 T cells before and after treatment, 
measured by changes in expression of PD1, 2B4, and 
TIGIT on treatment. Both the CD4 and CD8 T-cell 
compartments showed similar trends. The frequencies 

taBle 2. CHanges in tHe FreQuenCies oF pHenotypiC anD FunCtional t Cell marKers in 
HiV/HCV CoinFeCteD patients treateD WitH DiFFerent Daa ComBinations

CONQUER 2 DAA CONQUER 3 DAA ERADICATE

Methodology

Drugs DCV/ASV DCV/ASV/BCV SOF/LDV

Drug class NS5A/NS3 NS5A/NS3/NS5B NS5A/NS5B

Weeks of treatment 24 12 12

Number of patients 8 8 6

Pretherapy 
(% ± SEM)

Posttherapy 
SVR12  

(% ± SEM) P
Pretherapy 
(% ± SEM)

Posttherapy 
SVR12  

(% ± SEM) P
Pretherapy  
(% ± SEM)

Posttherapy 
SVR12  

(% ± SEM) P
T-cell phenotypes

T-cell activation CD38 CD4 24.3 ± 7.3 ↓10.6 ± 2.16* 0.04 19.4 ± 4.6 ↓13.03 ± 3.5* 0.04 20.8.0 ± 3.1 17.5 ± 4.9 NS

Naive T cells CD8 17.1 ± 4.8 ↓10.4 ± 2.9* 0.04 12.8 ± 3.2 ↓8.3 ± 3.04* 0.03 16.8 ± 2.8 12.1 ± 1.6 NS

CD8 28.5 ± 7.5 14.9 ± 3.2 NS 21.4 ± 3.9 ↓12.4 ± 1.78* 0.04 29.6 ± 6.8 17.3 ± 3.5 NS

Central memory CD4 19.9 ± 6.3 11.9 ± 2.9 NS 18.2 ± 3.4 19.2 ± 4.3 NS 12.0 ± 5.4 10.8 ± 3.2 NS

CD8 13.7 ± 4.4 6.3 ± 1.7 NS 10.2 ± 1.6 10.4 ± 1.6 NS 9.8 ± 4.4 8.8 ± 2.1 NS

Effector memory CD4 7.6 ± 1.7 11.3 ± 1.8 NS 5.6 ± 1.4 ↑16.5 ± 1.8* 0.02 6.5 ± 1.4 ↑17.6 ± 2.0* 0.01

CD8 5.3 ± 1.1 9.7 ± 1.8 NS 9.02 ± 1.6 ↑17.3 ± 2.9* 0.03 5.6 ± 0.8 ↑10.9 ± 0.4† 0.004

T-cell exhaustion

PD1 CD4 27.9 ± 5.6 21.9 ± 4.5 NS 31.9 ± 4.2 ↓22.5 ± 3.2* 0.04 17.7 ± 4.0 14.8 ± 2.8 NS

CD8 57.5 ± 9.7 52.6 ± 10.4 NS 58.1 ± 9.5 ↓50.6 ± 8.0* 0.04 52.5 ± 8.2 49 ± 8.1 NS

2B4 CD4 6.1 ± 1.8 5.7 ± 1.6 NS 11.6 ± 4.7 10.4 ± 4.2 NS 9.0 ± 2.5 6.1 ± 1.6 NS

CD8 55.1 ± 6.3 42.7 ± 4.5 NS 54.8 ± 4.1 47.8 ± 4.0 NS 55.4 ± 5.2 45.5 ± 4.4 NS

TIGIT CD4 15.0 ± 5.6 19.0 ± 7.3 NS 20.6 ± 6.7 ↓8.9 ± 3.1* 0.01 23.3 ± 5.6 23.4 ± 14.0 NS

CD8 59.0 ± 9.6 60-0 ± 8.2 NS 67.0 ± 9.0 ↓56.0 ± 9.0* 0.01 59.2 ± 8.0 ↓48.0 ± 7.1* 0.01

Eomes hi T-bet lo CD4 13.0 ± 3.7 10.6 ± 2.8 NS 14.9 ± 5.0 ↓8.7 ± 3.0† 0.002 13.5 ± 4.7 7.7 ± 2.7 NS

CD8 25.2 ± 4.2 26.2 ± 2.5 NS 23.3 ± 5.1 ↓12.3 ± 1.7* 0.04 17.0 ± 5.1 14.2 ± 4.5 NS

T-bet hi Eomes lo CD4 9.1 ± 3.9 9.4 ± 3.1 NS 9.0 ± 3.3 ↑18.6 ± 3.7† 0.005 7.3 ± 2.5 14.8 ± 5.3 NS

CD8 10.1 ± 3.0 11.2 ± 3.1 NS 9.9 ± 3.2 ↑20.3 ± 3.7* 0.02 18.1 ± 1.3 21.1 ± 9.2 NS

BLIMP-1 CD4 14.0 ± 5.0 7.0 ± 2.2 NS 11.1 ± 3.5 ↓8.9 ± 3.1† 0.005 10.0 ± 5.0 6.2 ± 2.0 NS

CD8 35.3 ± 9.7 29.7 ± 8.5 NS 34.4 ± 9.9 33.0 ± 9.7 NS 27.0 ± 7.5 28.0 ± 8.0 NS

CD8 T-cell functionality

IL-2+ (CD3+CD8+) 3.8 ± 0.8 6.67 ± 1.8 NS 5.2 ± 0.6 ↑8.4 ± 0.4† 0.005 4.5 ± 1.1 ↑7.6 ± 0.9† 0.004

IFN-γ+ (CD3+CD8+) 4.8 ± 1.2 ↑8.3 ± 1.9* 0.01 7.2 ± 1.6 ↑17.8 ± 2.9‡ 0.0006 6.7 ± 1.2 13.6 ± 2.5 NS

TNF-α+ (CD3+CD8+) 5.5 ± 1.7 4.6 ± 0.6 NS 7.0 ± 1.8 10.8 ± 2.0 NS 6.7 ± 1.2 12.2 ± 1.7 NS

IFN-γ+/TNF-α+ (CD3+CD8+) 1.5 ± 0.5 ↑3.0 ± 0.8* 0.02 2.5 ± 0.8 ↑7.0 ± 1.9* 0.03 2.7 ± 0.2 4.1 ± 0.9 NS

CD107A+ (CD3+CD8+) 7.9 ± 2.7 14.2 ± 2.8 NS 11.3 ± 3.8 ↑16.5 ± 3.6† 0.006 13.9 ± 1.9 19.6 ± 2.8 NS

Perforin+(CD3+CD8+) 6.7 ± 1.7 8.4 ± 2.3 NS 9.7 ± 2.7 ↑16.6 ± 3.7 0.04 5.0 ± 1.0 ↑15.0 ± 2.5* 0.03
Granzyme B+ (CD3+CD8+) 6.9 ± 1.8 9.6 ± 2.1 NS 12.8 ± 1.8 ↑22.6 ± 2.8† 0.001 11.1 ± 2.3 ↑18.9 ± 2.8* 0.03

Up arrow indicates increased expression; down arrow indicates decreased expression.
*P < 0.05; †P < 0.01; ‡P < 0.001 and NS (non significant) indicates P > 0.05.
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of most of the exhaustion markers declined with 
CONQUER 3-DAA. The changes in the expression 
of PD1 (CD4 T cells, P = 0.04; CD8 T cells, P = 0.04) 
and TIGIT (CD4 T cells, P = 0.01; CD8 T cells,  
P = 0.01) decreased with CONQUER 3-DAA treat-
ment. Detailed results are shown in Fig. 2 and Table 2.

To quantify the improvement in T-cell exhaustion 
following treatment, we analyzed the differences in 
the intracellular expression of the transcription factors 
T-bet, Eomes, and BLIMP-1 at pretreatment and SVR. 
We noted a significant decline in Eomeshi T-betlo and 
an increase in T-bethi Eomeslo populations in individu-
als treated with CONQUER 3-DAA (Eomeshi T-betlo 
CD4 T cells, P = 0.002; CD8 T cells, P = 0.04; T-bethi 

Eomeslo CD4 T cells, P = 0.005; CD8 T cells, P = 0.02), 
while no differences were observed with 2-DAA 
combination therapy in the CONQUER 2-DAA or 
ERADICATE trials. Studies in the past also showed 
that during chronic infection, CD4 T-cell populations 
expressed elevated levels of transcription factor BLIMP-1 
concomitant with reduced functionality. BLIMP-1 is 
associated with T-cell exhaustion and deletion, result-
ing in reversal of dysfunction and improved pathogenic  
control.(34) BLIMP-1 expression was decreased on CD4 
T cells (P = 0.005) following treatment with 3-DAA  
only (Fig. 3; Table 2). Thus, treatment with the 
CONQUER 3-DAA regimen is associated with 
decreased expression of transcription factors BLIMP-1 
and Eomes and increased expression of T-bet.

enHanCeD HCV-speCiFiC CD8 
t-Cell FunCtions FolloWing 
treatment WitH ConQuer 
3-Daa

In order to investigate whether the improved T-cell 
phenotype was also associated with an enhanced T-cell 
functional profile, we evaluated the HCV-specific 
T-cell functions cytokine secretion, polyfunctionality 
(secretion of more than one cytokine), cytotoxic activ-
ity measurement, and cytolytic functions before and 
after therapy. Our results demonstrated enhancement 
of HCV-specific CD8 T-cell functions in CONQUER 
3-DAA treatment, specifically increased cytokine pro-
duction of IL-2 and IFN-γ (IL-2, P = 0.005; IFN-γ,  
P = 0.0006) (Fig. 4) and increased polyfunctional 
responses (co-expression of IFN-γ and TNF-α,  
P = 0.03) (Fig. 5); however, we did not see any signifi-
cant differences in the triple cytokine-positive responses 
(Supporting Material). We also observed improvement 

in the cytotoxic activity or cytolytic functions of CD8 T 
cells, demonstrated by increases in CD107A (P = 0.006) 
production in CONQUER 3-DAA, an increase in per-
forin secretion (P = 0.04), and an increase in granzyme 
B secretion (P = 0.001) in the CONQUER 3-DAA 
study (Fig. 5). Detailed results are shown in Table 2.

inCreaseD HCV tetramer-
speCiFiC CD8 t-Cell response 
FolloWing ConQuer 3-Daa 
tHerapy

To further investigate whether there were any 
improvements in virus-specific CD8 T-cell response, we 
also evaluated the differences in tetramer-positive HCV-
specific CD8 T cells before and after therapy in patients 
with HLA-A*02 genotype from the CONQUER 
2-DAA (n = 3), CONQUER 3-DAA (n = 3), and 
ERADICATE (n = 4) studies. We observed a greater 
increase in HCV-specific CD8 T cells, demonstrated by a 
greater increase in the frequency or percentage of tetram-
er-positive HCV-specific CD8 T cells with CONQUER 
3-DAA therapy (CONQUER 2-DAA pretreatment, 
0.29% ± 0.07% versus posttreatment, 0.64% ± 0.13%; 
P = 0.25; CONQUER 3-DAA pretreatment, 0.26% ± 
0.08% versus posttreatment, 1.80% ± 0.59%; P = 0.04; 
and ERADICATE pretreatment 1.00% ± 0.50% versus 
posttreatment, 1.40% ± 0.50%; P = 0.12) (data represents 
mean ± SEM). In addition, fold changes evaluated by 
calculating the ratio of frequency of tetramer-positive 
HCV-specific CD8 T cells before and after therapy were 
higher in the CONQUER 3-DAA study (Fig. 6).

Discussion
Various immunologic mechanisms have been pro-

posed to account for accelerated liver disease in patients 
coinfected with HIV/HCV, including diminished 
HCV-specific T-cell responses associated with loss of 
effector and proliferative functions as well as chronic 
immune activation and immune exhaustion during 
HIV/HCV coinfection. For reasons that are not fully 
understood, past immune-based HCV treatment reg-
imens that incorporated IFN resulted in significantly 
lower rates of SVR in coinfected patients compared to 
patients monoinfected with HCV. The advent of highly 
effective DAAs to treat HCV offers a unique oppor-
tunity to explore the immunologic impact of IFN-free, 
nonimmune-based, HCV treatment combinations 
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and to describe the effects of eradication of a chronic 
viral infection on the immune systems of patients with 
HIV/HCV coinfection.

In this study, we explored the impact of combination 
DAA-based therapy on immune phenotypes and func-
tions in coinfected patients. By comparing coinfected 
patients successfully treated with different combina-
tion DAA-based regimens, we hope to discern whether 
treatment combinations with different viral targets 
have differential effects on T-cell immunophenotypes 
and the restoration of HCV-specific T-cell immunity 
that has been observed with successful HCV clearance. 
Our data suggest that DAA combination therapy tar-
geting three steps in the HCV replication cycle is more 
effective in improving T-cell immunophenotypes than 

that targeting only two viral targets, as shown by the 
more significant declines in chronic immune activa-
tion, T-cell exhaustion, and improvements in T-cell 
subsets with increased effector memory phenotypes.

Our results showed improvement in T-cell activation 
phenotypes as evidenced by the subsequent decrease in 
CD38 expression and resolution of T-cell activation 
following treatment with CONQUER 2-DAA and 
3-DAA therapies. We further investigated the changes 
in T-cell differentiation phenotypes because perturba-
tions in the homeostasis of memory T cells may play an 
important role in disease pathogenesis; we were able to 
demonstrate a decrease in the naive T-cell subset with 
a corresponding increase in the effector memory T-cell 
subset following treatment with the CONQUER 

Fig. 2. Reversal of T-cell exhaustion following treatment with CONQUER 3 DAA (DCV/ASV/BCV). (A-F) T-cell immunophenotyping 
was performed to assess the changes in expression of exhaustion markers PD1, 2B4, and TIGIT on CD4+ and CD8+ T cells in patients 
coinfected with HIV/HCV successfully treated with three different combination DAA regimens in CONQUER 2 DAA, CONQUER 3 
DAA, and ERADICATE studies at baseline and SVR 12. (A,C,E) Gating strategy for determining the expression of (A) PD1, (C) 2B4, 
and (E) TIGIT on CD4 and CD8 T cells. (B,D,F) Line graphs showing the comparative paired changes in the frequencies of CD4 and 
CD8 T cells expressing different exhaustion markers before and after therapy: (B) PD1, (D) 2B4, and (F) TIGIT. Changes in percentage 
of T-cell subsets expressing different markers at baseline and SVR 12 were analyzed using the paired Wilcoxon signed-rank test in 
GraphPad Prism version 6. P < 0.05 was considered significant. NS represents non significant (P > 0.05). Each pair represents one sample.
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3-DAA regimen. Our results demonstrate an overall 
decline in markers of T-cell exhaustion, with decreased 
expression of the exhaustion markers PD1and TIGIT 
on CD4 and CD8 T cells after treatment with 
CONQUER 3-DAA. T-bet and Eomes are of par-
ticular interest; they represent two key transcription 
factors for determining CD8+ T-cell differentiation 
and functions. Previous studies have demonstrated that 
CD8 T cells with Eomeshi T-betlo are associated with 
up-regulation of inhibitory receptors, impaired func-
tional characteristics, and a transitional memory dif-
ferentiation phenotype during chronic viral infections. 
In contrast, T-bethi CD8+ T cells represent a progen-
itor subset with proliferative potential that give rise to 

Eomeshi CD8+ T cells, which are terminally differenti-
ated and can no longer proliferate in response to antigen 
or be rescued by PD1 blockade. While both popula-
tions express PD1, Eomeshi-exhausted cells express the 
highest levels of PD1.(35-40) Recent studies have impli-
cated elevations of T-betlo and Eomeshi, along with 
elevated levels of BLIMP-1, with the development of 
T-cell exhaustion.(41-43) We found a significant decline 
in Eomeshi T-betlo and an increase in T-bethi Eomeslo 
populations on CD8 T cells following treatment with 
the 3-DAA combination, while no differences were 
observed with 2-DAA therapy in the CONQUER 
2-DAA and ERADICATE treatment regimens. We 
also observed that BLIMP-1 expression was decreased 

Fig. 3. CONQUER 3 DAA (DCV/ASV/BCV) regimen is associated with decreased expression of transcription factors BLIMP-1 and 
Eomes and increased expression of T-bet. T-cell immunophenotyping was performed to assess the changes in expression of transcription 
factors Eomes, T-bet, and BLIMP-1 on CD4 and CD8 T cells in patients coinfected with HIV/HCV successfully treated with three 
different combination DAA regimens in CONQUER 2 DAA, CONQUER 3 DAA, and ERADICATE studies at baseline and SVR 12. 
(A) Gating strategy for determining the expression of T-bet and Eomes on CD4 and CD8 T cells. (B) Line graphs showing the comparative 
paired changes in the frequencies of CD4 and CD8 T cells expressing different transcription factors (T-bet, Eomes, and BLIMP-1) 
before and after therapy. Changes in percentage of T-cell subsets expressing different markers at baseline and SVR 12 were analyzed using 
the paired Wilcoxon signed-rank test in GraphPad Prism version 6. P < 0.05 was considered significant. NS represents non significant  
(P > 0.05). Each pair represents one sample. (C) Gating strategy for determining the expression of BLIMP-1 on CD4 and CD8 T cells.
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on CD4 T cells following treatment with CONQUER 
3-DAA therapy only. Thus, successful treatment with 
the CONQUER 3-DAA regimen was associated with 
decreased expression of transcription factors BLIMP-1 
and Eomes (terminal subset) and increased expression 
of T-bet (progenitor subset).

After determining the T-cell phenotypes, we next 
asked whether these treatment approaches are equally 
effective in enhancing HCV-specific T-cell functions. 
Previous studies demonstrated that in patients with 
HIV and HCV coinfection, T-cell functions, includ-
ing cytokine secretion, proliferation, and cytotoxic 
potential, appear to diminish gradually due to immune 
exhaustion. Our results demonstrate enhancement of 
HCV-specific T-cell functions, including an increase in 

cytokine production (IL-2 and IFN-γ) and an increase 
in polyfunctionality, as evidenced by an increase in 
the proportion of CD8 T cells co-expressing IFN-γ 
and TNF-α in patients treated with the CONQUER 
3-DAA. We also observed increased CD8 T-cell cyto-
lytic functions demonstrated by an increase in CD107A 
production in the CONQUER 3-DAA study and an 
increase in perforin secretion and granzyme B secre-
tion in CONQUER 3-DAA patients.

In conclusion, we have shown that treatment of 
HCV in patients coinfected with HIV/HCV with 
combination DAA therapies results in decreased levels 
of T-cell exhaustion and chronic immune activation and 
an improvement in the T-cell subset profiles with an 
increase in the effector memory population. Our results 

Fig. 4. Enhanced HCV-specific T-cell functions following treatment with CONQUER 3 DAA (DCV/ASV/BCV). Cryopreserved 
PBMCs were thawed to analyze the changes in HCV-specific T-cell functionality. PBMCs were stimulated in vitro for 4 days with a panel 
of HCV peptides spanning the entire HCV genome. This was followed by surface and intracellular staining for determination of different 
CD8 T-cell functions, such as cytokine secretion. (A) Flow gating strategy for determining the frequency of cytokine-producing HCV-
specific CD8 T cells (IL-2-producing CD8 T cells). (B) Representative flow plots showing changes in frequencies of cytokine-producing 
HCV-specific CD8 T cells before and after therapy (IL-2, IFN-γ, and TNF-α). (C) Line graphs showing comparative paired changes in the 
frequencies of cytokine-producing HCV-specific CD8 T cells before and after therapy. The P value was evaluated by the paired Wilcoxon 
signed-rank test, and P < 0.05 was considered significant. NS represents non significant (P > 0.05). Each pair represents one sample.
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not only demonstrate improvement in immune pheno-
types following DAA treatment but also demonstrate 
augmented HCV-specific T-cell function, including 
cytokine production, polyfunctionality, and cytolytic 
capacity, with the CONQUER 3-DAA (DCV/ASV/
BCV) treatment group (Fig. 7). Thus, the most pro-
found restoration of HCV-specific immune responses 
was observed in the group of patients coinfected with 
HIV/HCV treated with a regimen that inhibits three 
distinct stages of the HCV life cycle. Whether this is 
due to more potent suppression of HCV in vivo or an 

independent effect on the immune system is unknown. 
It is possible that the antiviral augmentation of host 
immunity may have a significant impact on HCV 
clearance and may play a role in achieving SVR, but 
treatment of 12 weeks or longer may overcome host 
immune factors in achieving successful viral clearance. 
Although patients coinfected with HIV and HCV 
have similar success rates to HCV treatment as patients 
monoinfected with HCV, the selection of HCV treat-
ment regimens is complicated in patients coinfected 
with HIV by both the consideration of drug–drug 

Fig. 5. Enhanced HCV-specific T-cell polyfunctionality (IFN-γ+ and TNF-α+), cytotoxicity (CD107A mediated), and cytolytic functions 
(perforin and granzyme B mediated) following treatment with CONQUER 3 DAA (DCV/ASV/BCV). (A) Representative flow plots 
showing changes in frequencies of polyfunctional (IFN-γ+TNF-α+)/cytotoxic (CD107A+) and cytolytic (perforin+ and granzyme B+) HCV-
specific CD8 T cells before and after therapy. (B) Line graphs showing comparative paired changes in the frequencies of IFN-γ+TNF-α+/
CD107A/perforin and granzyme B produced by HCV-specific CD8 T cells before and after therapy. The P value was evaluated by the paired 
Wilcoxon signed rank test, and P < 0.05 was considered significant. NS represents non significant (P > 0.05). Each pair represents one sample.
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Fig. 6. Increased HCV tetramer-specific CD 8 T-cell response following CONQUER 3-DAA therapy. (A) Flow gating strategy 
used for determining the frequency of tetramer-positive HCV-specific CD8 T cells in patients positive for HLA-A*02. (B) Bar graphs 
showing changes in the frequencies of tetramer-positive HCV-specific CD8 T cells before and after therapy. The P value was evaluated 
by the paired Wilcoxon signed-rank test, and P < 0.05 was considered significant. (Data represents mean ± SEM), NS represents non 
significant (P > 0.05). (C) Graph showing fold changes in the frequencies of tetramer-positive HCV-specific CD8 T cells after therapy 
versus before therapy. (D) Representative plots of two patients in each group are shown. HCV-specific CD8+ T cells were detected by 
positive-tetramer binding. Abbreviation: Pt, patient.
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interactions and formulary preferences. Therefore, the 
significance of our study is that we show that coin-
fected patients, a population that has previously been 
shown to have accelerated fibrosis progression and 
lower treatment responses, may benefit differentially 
from HCV treatment regimens in addition to attain-
ing SVR; this information may be useful when provid-
ers select regimens for patients coinfected with HIV/
HCV. While ASV and BCV are not approved in the 
United States (although ASV is approved in Japan and 
Russia), other medications from these classes are avail-
able, and their effects in patients coinfected with HIV/
HCV may warrant further study.

Our study has certain limitations that include a small 
number of participants in each study group. However, 
our samples were taken from clinical trials, and so the 
number enrolled and those with remaining samples lim-
ited our sample size. Nevertheless, our findings require 
further confirmation in larger studies with comparable 

baseline demographics. We hope that our results are 
hypothesis generating and can be further confirmed in 
larger studies. A second limitation is that our study only 
explored improvements in T-cell phenotype and func-
tions in peripheral blood. Although changes in intrahe-
patic T-cell profiles would be very important for studying 
the effect of DAA therapy, the difficulty and potential 
morbidity associated in obtaining this tissue limited our 
study. To the best of our knowledge, we have demon-
strated for the first time that triple-DAA-based therapy, 
coupling NS3 inhibition with potent NS5A and NS5B 
inhibition, may have a profound effect on reducing 
immune activation and exhaustion and restoring immune 
function in patients coinfected with HIV/HCV.
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(PD1, TIGIT, T-bet, and Eomes) and chronic immune activation (CD38) and an improvement in the T-cell subset profiles, with an 
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