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Abstract
Direct antiviral agents (DAAs) can eliminate hepatitis C virus rapidly and make chronic hepatitis C (CHC) curable. The 
changes in the innate immune system during treatment with DAAs are still in dispute. To investigate how the functions 
of natural killer (NK) cells change during and after treatment with DAAs in each NK cell subset. Thirteen CHC patients 
were treated with sofosbuvir/ledipasvir, and the expression levels of NKp46 and NKG2A were tested via flow cytometry at 
baseline, at 2, 4, 8 and 12 weeks during the therapy and 12 and 24 weeks after the end of treatment; expression levels were 
compared between CHC patients and 13 healthy controls. A redirected killing assay was used to detect the cytotoxicity of 
NK cells. After coculturing NK cells with JFH-Huh7 cells for 72 h, HCV RNA was tested to analyze the inhibition ability of 
NK cells. All patients achieved sustained virologic response. The expression of the activating receptor NKp46 was decreased 
first at week 8 during therapy with DAAs and then increased and normalized to levels in healthy controls after treatment 
with DAAs. The expression of the inhibitory receptor NKG2A was decreased during and after treatment with DAAs. Each 
NK cell subset has a similar changing trend during and after treatment with DAAs, although some differences can be found 
earlier and later. The ratio of NKp46 and NKG2A was upregulated after treatment with DAAs. CD56bright NK cells have less 
amplitude in the frequency ratio changes after treatment with DAAs. The coculture results showed that both the specific lysis 
and the inhibition of HCV replication were significantly upregulated after treatment with DAAs. DAA treatments can affect 
patients’ NK cell function. After DAA treatments, the expression of functional markers is downregulated, but the potential 
activity of NK cells is upregulated. The function of NK cells is normalized to levels in healthy controls. CD56bright NK cells 
play an important role in this process.
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Introduction

Chronic hepatitis C virus (HCV) infection is a major cause 
of liver cirrhosis and hepatocellular carcinoma, affecting 
approximately 71 million people worldwide. [1] Because 
of the particularly higher sustained virologic response 
(SVR) rate (> 95%) and less toxicity, direct antiviral agents 
(DAAs) have been a first-line treatment option for patients 
with chronic hepatitis C (CHC) and are recommended by 

international guidelines, instead of the traditional CHC treat-
ment by pegylated-interferon (PEG-IFN)/ribavirin (RBV). 
[2, 3] IFN-α can induce immunomodulatory effects by act-
ing on both the innate and the adaptive immune systems. 
[4, 5] However, DAAs inhibit the replication of HCV by 
inhibiting the NS3 protease, the NS5A replication complex 
or the NS5B polymerase activity, which means DAAs do not 
directly affect the immune system. [6] Thus, treatment with 
DAAs is a convenient model to study the reaction between 
HCV and the immune system in humans.

Natural killer (NK) cells play an important role in the 
human antiviral and antitumor immune responses. [7, 8] NK 
cells degranulation of cytotoxic granules can secrete perforin 
and granzymes to lyse virus-infected cells. [9] NK cells are 
able to induce apoptosis of target cells through tumor necro-
sis factor-related apoptosis inducing ligand (TRAIL) to exert 
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cytotoxicity. [10] In addition to cytotoxicity, NK cells can 
also produce and release various antiviral cytokines, such 
as IFN-γ and tumor necrosis factor-α (TNF-α). [11] NK 
cells are characterized by CD56+CD3− lymphocytes and 
can be divided into three subsets, including CD56bright NK 
cells, CD56dim NK cells and CD56neg NK cells, which are 
detected in chronic viral infections and are characterized by 
CD56−CD3−CD16+ lymphocytes. [12] The activity of NK 
cells is regulated by several NK cell receptors, including nat-
ural killer group 2C (NKG2C), NKG2D, natural cytotoxicity 
receptors (NCRs) NKp30, NKp44, NKp46 and inhibitory 
receptors, such as NKG2A and killer cell immunoglobulin-
like receptors (KIRs). [13–15] During chronic HCV infec-
tion, the population of both NK cell subsets and their recep-
tors is still under dispute. [16–21].

NKp46 is one of the NCRs family members, and its 
expression is upregulated on both peripheral blood NK cells 
and intrahepatic NK cells in CHC patients. [16] NKp46high 
NK cells are a special subgroup of NK cells with a high 
expression of NKp46. NKp46high NK cells have enhanced 
cytotoxicity and increased IFN-γ secretion. [22] It has been 
reported that NKp46 expression is much higher in CHC 
patients than in healthy controls and decreases during treat-
ment with DAAs. [23] However, no research has reported 
dynamic changes in NKp46 expression during treatment 
with DAAs or after the end of treatment. From a general per-
spective, NKp46 expression may maintain a low level after 
the end of the treatment with DAAs. However, we found 
different results in our study.

Because of the same transmission mode of HCV and 
hepatitis B virus (HBV), coinfected patients are not unusual. 
[24] Similarly, in IFN therapy, previous reports indicate that 
HBV may reactivate in CHC patients coinfected with HBV 
after treatment with DAAs, resulting in different severities 
of hepatitis ranging from HBV reactivation without hepatitis 
to fulminant hepatic failure, requiring liver transplantation. 
[25–29] In patients coinfected with HBV and HCV, HCV 
infection usually dominates with a high level of HCV viral 
load and a low or undetectable HBV viral load. After HCV 
is cured by treatment with DAAs, the competition between 
these viruses is broken, and HBV plays a leading role in the 
infection. Then, HBV is able to replicate and break through. 
[30] An additional theory is that CHC patients usually 
have a very active immune system. When HCV is cured, 
the patient’s immune system is less active, and HBV may 
supersede the patient’s immune control. [31] However, the 
mechanism of HBV reactivation in HBV/HCV coinfected 
patients after treatment with DAAs is still unknown.

In this study, we analyzed the inhibition ability of CHC 
patients’ NK cells by both detecting the surface marker lev-
els in each NK cell subset and coculturing NK cells with 
HCV-infected cells, trying to observe the true activity 
changes of NK cells during and after treatment with DAAs.

Materials and methods

Study cohort

All patients included in this study were based on our past 
study. [32] Thirteen HCV-infected genotype 1b patients 
received ledipasvir (90 mg, orally, once daily) and sofos-
buvir (400 mg, orally, once daily) for 12 weeks. Thirteen 
healthy subjects were enrolled in this study for compari-
son. Informed consent was obtained from all participants. 
The study conformed to the ethical guidelines of the 
1975 Declaration of Helsinki and was approved by the 
Ethics Committee of Peking University People’s Hospi-
tal. Patients had no signs of coinfection with hepatitis A 
virus (HAV), HBV, hepatitis D virus (HDV), hepatitis E 
virus (HEV) or human immunodeficiency virus (HIV). 
Patients with evidence of hepatocellular carcinoma or cir-
rhosis were excluded from this study. Pregnant patients 
or patients with psychiatric disorders were also excluded. 
Baseline characteristics of patients and healthy con-
trols are shown in Table 1. Patients’ blood samples were 
obtained at baseline; 2, 4, 8 and 12 weeks (2 W, 4 W, 
8 W and 12 W, respectively) after the start of therapy and 
12 and 24 weeks after the end of therapy (Pt-12 W and 
Pt-24 W, respectively). There were six experienced-treated 
patients who relapsed to PEG-IFN/RBV and seven naïve-
treated patients in our study.

NK cell surface markers

For each patient, cryopreserved peripheral blood mononu-
clear cells (PBMCs) from baseline to Pt-24 W were thawed 
and tested. PBMCs of healthy donors were included in 
this experiment. Thawed PBMCs were stained with 
anti-CD45-APC-H7, anti-CD3-PerCP-Cy5.5, anti-CD56-
APC, anti-CD16-BV510, anti-CD335(NKp46)-PE-Cy7 
and anti-CD159a(NKG2A)-PE (all from BD Bioscience) 
for 15 min and with 7-aminoactinomycin D (7-AAD; BD 
Bioscience) for 10 min before detection by flow cytometry 
(FCM; BD FACS Aria II, BD Bioscience). Data were ana-
lyzed by BD FACSDiva Software v7.0.

Huh7 HCV replication cells

Huh7 cells were infected with HCV JFH-1 strain (geno-
type 2a) at a multiplicity of infection (MOI) of 1 for 16 h 
(JFH-Huh7 HCV replication cells). These cells were 
grown in high-glucose (4.5 g/L) Dulbecco’s modified 
Eagle’s medium (DMEM, Gibco Life Technologies, Gaith-
ersburg, MD, USA) supplemented with glutamine, 10% 
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fetal bovine serum and 1% penicillin/streptomycin (Gibco 
Life Technologies, Gaithersburg, MD, USA).

NK cell separation and coculture with virus 
replication cells

NK cells were isolated from PBMCs by magnetic bead 
separation kits (Miltenyi Biotech, Bergisch Gladbach, Ger-
many) and cultured in RPMI 1640 medium (Gibco Life 
Technologies, Gaithersburg, MD, USA) supplemented 
with 10% fetal bovine serum (FBS, Gibco Life Technolo-
gies, Gaithersburg, MD, USA) and 1% penicillin/strepto-
mycin at 37 °C and 5% CO2 for 5 h.

JFH-Huh7 HCV replication cells (2 × 104/well) were 
seeded in 96-well plates. After 5  h, the medium was 
removed, and purified NK cells were cocultured with JFH-
Huh7 cells at a 2:1 effector/target (E:T) ratio at 37 °C for 
72 h. The supernatant was separated after coculturing NK 
and JFH-Huh7 cells, and HCV RNA was detected by the 
Cobas TaqMan automated real-time PCR platform reac-
tion (Roche Molecular Systems, Pleasanton, CA, USA). 
The inhibition rate of HCV RNA was determined as (HCV 
RNA of a blank well - HCV RNA of a detection well)/
(HCV RNA of a blank well).

Redirected killing assay

NK cells were cocultured with JFH-Huh7 cells labeled 
with carboxyfluorescein succinimidyl ester (CFSE, BD 
Bioscience). After incubating for 4 h, the 7-AAD antibody 
(BD Bioscience) was added prior to FCM analysis. The 
rate of specific lysis of target cells was determined as the 
number of 7-AAD+CFSE+ cells/number of CFSE+ cells.

Statistical analysis

Statistical analysis was performed using GraphPad Prism 
Version 5.0a (GraphPad Software Inc., San Diego, CA, 
USA) and SPSS 16.0 (SPSS, Chicago, IL, USA). Normal 
distribution was tested with the Kolmogorov–Smirnov test. 
Values in our study were not normally distributed, and com-
parisons of expression levels among different time points in 
CHC patients were analyzed by Wilcoxon matched pairs test. 
Comparisons of expression levels between the CHC patients 
and healthy controls were analyzed by the Mann–Whitney 
test. Two-sided P values less than 0.05 were considered 
significant.

Results

1.	 Changes of NKp46 during and after treatment with 
DAAs

	   NKp46 expression was analyzed on each NK cell sub-
set by FCM. Its expression is shown at baseline, 12 W 
and Pt-24 W in Fig. 1a. At baseline, there were no sig-
nificant differences between CHC patients and healthy 
controls. The frequency of NKp46 showed a significant 
decline at 8 W and 12 W and increased after the end 
of treatment at Pt-12 W and Pt-24 W (Fig. 1b). In the 
CD56bright NK cell subset, the frequency of NKp46 at 
baseline and before 4 W was significantly higher in CHC 
patients than in healthy controls. The expression of 
NKp46 also declined first at 8 W and increased after the 
end of treatment with DAAs, but no significant increase 
was found at Pt-24 W (Figure 1c). In the CD56dim NK 
cell subset, the change in NKp46 was the same as that 
in whole NK cells (Figure 1d). However, in CD56neg 
subsets, the expression of NKp46 was upregulated at 

Table 1   Baseline characteristics 
of CHC patients and healthy 
controls

CHC chronic hepatitis C; BMI body mass index; ALT alanine aminotransferase; AST aspartate aminotrans-
ferase; HCV hepatitis C virus; SVR24 sustained virologic response at 24  weeks post treatment; NT not 
detected

CHC patients Healthy controls P value

Number 13 13
Age (years) 30 (24–63) 39 (27–55) 0.063
Gender (male/female) 6/7 3/10 < 0.001
BMI (kg/m2) 23.62 (15.85–29.33) 23.24 (17.58–29.38) 0.372
Pretreatment Condition (Native/

Experienced)
7/6 –

ALT (U/L) 30 (11–85) 21 (10–44) 0.079
AST (U/L) 25 (20–75) 20 (14–25) 0.072
HCV RNA (log) 6.51 (4.60-6.98) NT
Response to treatment SVR24 –
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Pt-24 W, while no significant changes were found at 
8 W or 12 W (Figure 1e). At Pt-24 W, the expression 
of NKp46 showed no significant differences between 
healthy controls and both the whole NK cells and each 
NK cell subset.

2.	 Changes of NKp46high NK cells during and after treat-
ment with DAAs

	   NKp46high NK cells were a special subgroup of NK 
cells with high expression of NKp46 with enhanced 
cytotoxicity and high IFN-γ secretion. The expressions 
of NKp46high NK cells are shown at baseline, 12 W 
and Pt-24 W in Fig. 2a. The frequency of NKp46high 
NK cells showed no significant differences both during 
and after treatment with DAAs in any NK cell subset 
(Figure 2b–e). However, the MFI of the NKp46high sub-
set decreased at 12 W and increased at Pt-12 W and 
Pt-24 W (Fig. 2 F). In CD56bright subsets, no significant 
decreases in the MFI of the NKp46high subset were found 
at 8 W or 12 W, while the MFI increased after treatment 
with DAAs compared with the MFI at 8 W and 12 W 
(Figure 2g). The changing trend of the MFI in NKp46high 
NK cells in the CD56dim subset was similar to that in the 
whole NK cells but significantly lower than that at 12 W 
for healthy controls (Fig. 2h). There were no significant 
changes in CD56neg NK cells (Fig. 2i). At Pt-24 W, the 
expression of NKp46high NK cells showed no significant 
differences between healthy controls and both the whole 
NK cells and each NK cell subsets.

3.	 Changes in NKG2A during and after treatment with 
DAAs

	   NKG2A expression was analyzed at each time point 
during and after treatment with DAAs, and its expres-
sion is shown at baseline, 12 W and Pt-24 W in Fig. 3a. 
At baseline, the expression of NKG2A was significantly 
higher in both the whole NK cells and each NK cell sub-
set than in healthy controls (Fig. 3b–e). The frequency of 
NKG2A decreased at 12 W and further decreased after 
the end of treatment with DAAs at Pt-12 W and Pt-24 W 
in the whole NK cells and in the CD56neg NK cell sub-
sets (Fig. 3b, e). However, the frequency of NKG2A 
decreased only after treatment with DAAs in CD56bright 
and CD56dim NK cell subsets (Fig. 3c, d). At Pt-24 W, 

the expression of NKG2A showed no significant differ-
ences between healthy controls and both the whole NK 
cells and each NK cell subset.

4.	 Changes in the ratio of NKp46 and NKG2A during and 
after treatment with DAAs

	   The ratio of NKp46 and NKG2A (NKp46/NKG2A) 
was calculated to analyze the potential inhibition abil-
ity of NK cells. At baseline, this ratio was significantly 
higher in both the whole NK cells and each NK cell 
subset than in healthy controls (Fig. 4a–d). The ratio 
increased at 12 W and further increased after the end of 
treatment with DAAs at Pt-12 W and Pt-24 W, show-
ing no significant differences in whole NK cells from 
healthy controls after treatment with DAAs (Fig. 4a). In 
the CD56bright and CD56dim cell subsets, the increase in 
the frequency ratio appeared only after treatment with 
DAAs (Fig. 4b, c). However, the increase in the fre-
quency ratio appeared at Pt-24 W in CD56neg subsets 
(Fig. 4d). At Pt-24 W, there were no significant differ-
ences between healthy controls and both the whole NK 
cells and each NK cell subset.

	   The amplitude of the potential inhibition ability of 
NK cell changes after treatment with DAAs was calcu-
lated as the difference between the ratio of NKp46 and 
NKG2A at baseline and Pt-24 W. The amplitude of this 
ratio in CD56bright subsets was significantly lower than 
that in whole NK cells and CD56dim NK cells (Fig. 4e).

5.	 Specific lysis of HCV-infected cells and inhibition of 
HCV replication after coculturing JFH-Huh7 cells with 
patients’ NK cells before and after treatment with DAAs

	   We then detected the specific lysis ability and inhibi-
tion ability of patients’ NK cells by coculturing these 
cells with JFH-Huh7 cells. Because of the sample con-
sumption, only 9 of the 13 patients’ samples and six 
healthy controls were analyzed. The specific lysis of 
JFH-Huh7 cells cocultured with NK cells after treatment 
with DAAs was much higher than that before treatment 
with DAAs, showing no significant differences between 
healthy controls (Fig. 5a). The inhibition ratio was sig-
nificantly higher after treatment with DAAs as well, but 
it is still lower than healthy controls (Figure 5b).

Discussion

In our study, all 13 CHC patients treated with sofosbuvir/
ledipasvir achieved SVR24, and no virologic breakthrough 
occurred. [32] The main surface markers and inhibition 
functions of NK cells were analyzed by FCM and in cocul-
ture systems. We showed that the amount of NKp46 and 
NKG2A decreased within the first 12 weeks of treatment 
with DAAs in NK cells. However, after the end of treat-
ment with DAAs, the expression of NKp46 increased to 

Fig. 1   Changes in NKp46 expression of NK cells from periph-
eral blood during and after treatment with DAAs. a The expression 
of NKp46 in one CHC patient at baseline, 12  weeks (12  W) and 
24  weeks post treatment (Pt-24  W). b Changes in the frequency of 
NKp46+ natural killer (NK) cells in whole NK cells during and after 
treatment with direct antiviral agents (DAAs). c Changes in the fre-
quency of NKp46+ NK cells in CD56bright NK cells during and after 
treatment with DAAs. d Changes in the frequency of NKp46+ NK 
cells in CD56dim NK cells during and after treatment with DAAs. e 
Changes in the frequency of NKp46+ NK cells in CD56neg NK cells 
during and after treatment with DAAs. *P < 0.05 between different 
time points. #P < 0.05 between each time point and healthy controls

◂
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a similar level to baseline levels, while the expression of 
NKG2A remained at a very low level. The ratio of NKp46 
and NKG2A increased after treatment with DAAs, which 
may mean the potential inhibition ability of NK cells 
increases after treatment with DAAs. After analyzing the 
data on each NK cell subset, we found that each subset had 
a similar changing trend during and after treatment with 
DAAs, although some differences were found earlier and 
later. Furthermore, after coculturing NK cells with JFH-
Huh7 cells, we found that treatment with DAAs intensified 
both in specific lysis and inhibition ability against HCV-
infected cells.

NKp46 is one of the members of the NCR family that 
activates NK cell receptors. [16] In our study, the expres-
sion of NKp46 decreased at 8 W and 12 W but increased 
after the end of the treatment with DAAs. Other reports have 
found that NKp46 declines at 8 W as well, [13, 17] but none 
of these studies have shown dynamic changes in NKp46 
expression after the end of treatment with DAAs in each NK 
cell subset. The frequency of NKp46high NK cells showed no 
significant changes during and after treatment with DAAs 
in whole NK cells and every cell subset. However, the MFI 
of NKp46high NK cells showed a similar changing trend to 
NKp46 expression.

Fig. 2   Changes in NKp46high expression of NK cells from periph-
eral blood during and after treatment with DAAs. a The expression 
of NKp46high NK cells of one CHC patient at baseline, 12  W and 
Pt-24 W. b Changes in the frequency of NKp46high natural killer (NK) 
cells in whole NK cells during and after treatment with direct anti-
viral agents (DAAs). c Changes in the frequency of NKp46high NK 
cells in CD56bright NK cells during and after treatment with DAAs. 
d Changes in the frequency of NKp46high NK cells in CD56dim NK 
cells during and after treatment with DAAs. e Changes in the fre-
quency of NKp46high NK cells in CD56neg NK cells during and after 

treatment with DAAs. f Changes in the mean fluorescence inten-
sity (MFI) of NKp46high NK cells in whole NK cells during and 
after treatment with DAAs. g Changes in the MFI of NKp46high NK 
cells in CD56bright NK cells during and after treatment with DAAs. 
h Changes in the MFI of NKp46high NK cells in CD56dim NK cells 
during and after treatment with DAAs. i Changes in the MFI of 
NKp46high NK cells in CD56neg NK cells during and after treat-
ment with DAAs. *P < 0.05 between different time points. #P < 0.05 
between each time point and healthy controls
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NKG2A is a member of the NKG2 family and a major 
and prominent inhibitory NK cell receptor. [33] We find 
that the expression of NKG2A decreased within 12 weeks. 
Yoshioka et al. found that the expression of NKp46 and 
NKG2A was positively correlated with chronic HBV 
patients and that their interaction may contribute to NK 
cell activation. [34] This result reminds us that the activa-
tion of NK cells in CHC patients may also be related to 
the expression of both NKp46 and NKG2A, and the ratios 
of NKp46 and NKG2A may approximately show us the 
activation of NK cells in chronic HCV infection. Although 
we cannot find a correlation between both the frequency 
and MFI of NKp46 and NKG2A due to the much smaller 
capacity than the study of Yoshioka et al., we still calcu-
lated and analyzed the ratio of NKp46 and NKG2A during 
and after treatment with DAAs. The ratio of the frequency 
of these two markers was significantly lower at baseline in 
CHC patients than in healthy controls, and this ratio starts 
to increase at 12 W. In the CD56bright and CD56dim subsets, 
a similar trend was observed, although the downregulation 

appeared later after treatment with DAAs. However, in 
CD56neg NK cells, no such changes were found. This result 
indicated that the activation of NK cells was upregulated 
by treatment with DAAs and normalized to the level of 
healthy controls after the end of treatment in CD56bright 
and CD56dim subsets but not in CD56neg subsets. However, 
the expression of many functional markers was downregu-
lated after the end of the treatment with DAAs. [32] This 
result may be due to the rapid decline in HCV viremia, 
which decreases the function of NK cells but maintains 
the potential inhibition of HCV.

Among all three NK cell subsets, the ratio in CD56bright 
NK cells had less amplitude in frequency changes after treat-
ment with DAAs treatments. CD56bright was identified as a 
group of young NK cells with high proliferation. [12] Dur-
ing treatment with DAAs, the potential inhibition ability of 
new CD56bright NK cells is upregulated first, and these cells 
gradually become CD56dim NK cells. After treatment with 
DAAs, CD56bright NK cells have the highest potential inhibi-
tion ability but are fewer in amount.

Fig. 3   Changes in NKG2A 
expression of NK cells from 
peripheral blood during and 
after treatment with DAAs. a 
The expression of NKG2A of 
one CHC patient at baseline, 
12 W and Pt-24 W. b Changes 
in the frequency of NKG2A+ 
natural killer (NK) cells in 
whole NK cells during and after 
treatment with direct antiviral 
agents (DAAs). c Changes in 
the frequency of NKG2A+ NK 
cells in CD56bright NK cells 
during and after treatment 
with DAAs. d Changes in the 
frequency of NKG2A+ NK cells 
in CD56dim NK cells during 
and after treatment with DAAs. 
e Changes in the frequency of 
NKG2A+ NK cells in CD56neg 
NK cells during and after treat-
ment with DAAs. *P < 0.05 
between different time points. 
#P < 0.05 between each time 
point and healthy controls
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Furthermore, both the specific lysis of HCV-infected cells 
and the inhibition of HCV replication increased after treat-
ment with DAAs. These results further demonstrate that the 
potential inhibition ability and cytotoxicity of NK cells in 

CHC patients were upregulated after treatment with DAAs, 
even if the functional markers were at a very low level. [32] 
When patients are infected with HCV without being treated 
with antiviral therapy, their NK cells are overactivated, 

Fig. 4   Changes in the ratio of NKp46 and NKG2A of NK cells from 
peripheral blood during and after treatment with DAAs. a Changes 
in the ratio of NKp46 and NKG2A from whole natural killer (NK) 
cells during and after treatment with DAAs. b Changes in the ratio of 
NKp46 and NKG2A from CD56bright NK cells during and after treat-
ment with DAAs. c Changes in the ratio of NKp46 and NKG2A from 

CD56dim NK cells during and after treatment with DAAs. d Changes 
in the ratio of NKp46 and NKG2A in CD56neg NK cells during and 
after treatment with DAAs. e The amplitude of NKp46/NKG2A 
frequency changes after 24 weeks post treatment (Pt-24 W) in each 
NK cell subset. *P < 0.05 between different time points. #P < 0.05 
between each time point and healthy controls

Fig. 5   Specific lysis of HCV-infected cells and inhibition of HCV 
replication after coculture of patients’ NK cells with JFH-Huh7 cells 
before and after treatment with DAAs. a Specific lysis of hepatitis C 
virus (HCV)-infected cells after coculturing patients’ natural killer 

(NK) cells with JFH-Huh7 cells before and after treatment with direct 
antiviral agents (DAAs). b Inhibition ratio of HCV replication after 
coculture of patients’ NK cells with JFH-Huh7 cells before and after 
treatment with DAAs. *P < 0.05 between different time points
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which means that these NK cells have a high expression of 
functional markers, such as IFN-γ and granzyme B but have 
little cytotoxicity and inhibition ability against additional 
HCV infection. After using DAAs, the HCV RNA is rap-
idly eliminated. As functional markers are downregulated, 
the activity of NK cells is normalized to, or trending to, a 
level in healthy controls. The potential inhibition ability is 
upregulated as well but may be later than NK cell normaliza-
tion; at Pt-24 W, the inhibition ratio of HCV RNA was still 
significantly less than that of healthy controls. In other stud-
ies, some researchers suggest that in HCV/HBV coinfected 
patients, when HCV is cured by DAAs, the patient’s immune 
system is less active, and HBV may supersede the patient’s 
immune control and reactivate. [31] However, in our study, 
we found that the potential activity of NK cells was upregu-
lated after treatment with DAAs, which is inconsistent with 
previous studies.

Our results show that NK cell cytotoxicity and poten-
tial inhibition ability were upregulated after treatment 
with DAAs. The NK cell activity was normalized after 
treatment with DAAs. CD56bright NK cells play an impor-
tant role in this process. Our results give an inconsistent 
opinion about HBV reactivation in HBV/HCV coinfected 
patients. Further work about patients coinfected with 
HBV/HCV needs to be performed in the future to explain 
the mechanism of HBV reactivation in HBV/HCV coin-
fected patients after treatment with DAAs.
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