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Abstract

Chronic hepatitis C (CHC) affects the activity of natural killer (NK) cells, but successful interferon- 
free treatment partially restores it. The goal of this study was to assess whether gender influences NK 
functionality. We examined 21 post-menopausal women and 24 men with CHC who were treated with 
direct-acting antivirals (DAA) and 33 healthy volunteers. Using flow cytometry, we analysed KIR2DS4, 
NKG2D, NKp30, KIR2DL2/DL3, NKG2A and TRAIL on the surface of NK cells. Intracellular gran-
zyme B was also assessed and serum CXCL10 was quantified via ELISA. Overall, patients with CHC 
had higher expression of KIR2DS4, NKG2A, and NKp30 relative to the control group. Further, CHC 
patients had a lower percentage of NK cells among lymphocytes relative to the control group. After 
treatment, KIR2DS4, KIR2DL2/DL, NKG2A, TRAIL and NKp30 on NK cells were decreased whilst the 
percentage of NK cells and the expression of granzyme B and NKG2D increased. Prior to treatment, 
serum CXCL10 was elevated, but it was inhibited post-treatment. We observed gender-specific differ-
ences in the expression of KIR2DL2/DL3 (higher in women) and NKp30 (elevated in men) compared to 
CHC/control groups. After treatment, KIR2DL2/DL3, NKp30 and CXCL10 dropped only in the female 
group while granzyme B increased in the male group. In conclusion, the response of NK cells among 
men and women of post-menopausal ages with CHC differs. Our research may lead to more studies on 
the different nature of female and male immune systems in the context of HCV infection and treatment.
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Introduction

Natural killer (NK) cells are a crucial element of the 
host’s innate immune response to viral infections. The 
protective and effector functions of NK cells involve two 
strategies. Firstly, they induce cell death through the con-
trolled release of cytotoxic granules containing perforin 
and granzymes or by inducing death receptor-mediated 
apoptosis, which is facilitated by the expression of Fas  
ligand or TNF-related apoptosis-inducing ligand (TRAIL) 
[1]. Secondly, NK cells can produce pro-inflammatory 
and immunosuppressive cytokines as well as chemokines 
which amplify and facilitate the success of the initial host 
immune response during pathogen challenge [2].

NK cells do not possess antigen-specific receptors, 
nor are they activated by antigen presentation. Rather, NK 
activation is regulated by several inhibitory or activating 
surface receptors on the NK cell surface and their ligands 
on target cells. On healthy cells, major histocompatibility 
complex (MHC) class I molecules prevent the mobiliza-
tion and cytotoxic action of NK cells via the presence of 
inhibitory KIR receptors. Virus-infected cells usually have 
decreased expression of MHC class I and decreased pre-
sentation of stimulating ligands [3].

Chronic hepatitis C (CHC) does not lead to increased 
activation of NK cells; however, CHC has been shown to 
dysregulate NK cell functionality [4]. The expression of 
particular activating and inhibiting receptors on NK cells 
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is distorted; nevertheless, authors have reported various 
results of their studies [5-17].

Female and male immune systems differ in many as-
pects. However, the main differences underpinning sexual 
dimorphism are hormonal and genetic. Females develop en-
hanced innate and adaptive immune responses compared to 
males, which makes them less predisposed to various in-
fections and malignancies, but more susceptible to autoim-
mune diseases [18]. Additionally, males have a higher count 
of total NK cells, a higher frequency of CD56dim NK cells 
and higher expression of CD57, which is found on NK and  
T cell surfaces [19]. In women of reproductive age, oes-
trogen inhibits NK cell cytotoxicity at the ovulatory phase 
[20]. However, women over the age of 70 have more vigor-
ous NK cell cytotoxic activity relative to men [21]. Among 
chronically hepatitis B virus (HBV)-infected patients,  
intrahepatic NK cells have higher degranulation activity in 
women and correlate with the oestradiol level [22].

Interestingly, gender disparity has an impact on the 
prognosis in CHC infection. Immunological differences 
combine with hepatoprotective effects of oestradiol and 
oestrogen [23]. As a result, in hepatitis C virus (HCV)-as-
sociated cirrhosis, male patients with hepatocellular car-
cinoma (HCC) have a worse clinical outcome relative to 
women [24]. Further, short HCV infections treated with 
interferon-based therapies had a higher chance of success in 
females [25]. Additionally, among HCV-infected patients 
treated with direct-acting antivirals (DAA), the rate of HCC 
recurrence and occurrence is higher among men [26]. 

Together, these lines of evidence suggest that gen-
der-specific effects may have a significant effect on disease 
outcome and treatment. This study aimed to investigate the 
influence of gender on changes observed in NK cells of 
chronically HCV-infected patients who were successfully 
treated with novel, interferon-free therapies. 

Material and methods
Ethical statement

This study was carried out in accordance with the Dec-
laration of Helsinki of the World Medical Association and 
was approved by the Ethical Committee of Poznan Univer-
sity of Medical Sciences.

Study design
Patients who were treated at the Department of Infec-

tious Diseases, Hepatology and Acquired Immunodefi-
ciencies of Poznan University of Medical Sciences were 
inducted into this study. The final cohort consisted of  
45 patients with CHC genotype 1b and qualified for DAA 
treatment (21 females and 24 males) and had differing 
stages of liver fibrosis. To eliminate the impact of rapid 
hormonal changes in the course of the menstrual cycle, 
only post-menopausal women were included. The exclu-
sion criteria were as follows: the presence of HCC or any 

other malignancy, human immunodeficiency virus (HIV) 
co-infection, presence of HBsAg, any active infection (oth-
er than HCV), and the current administration of any immu-
nomodulatory or immunosuppressive drugs.

Patients were tested up to 7 days before the treatment 
(T0) and twice after the completed regimen – an average 
of 200 days after the first dose (T1) and 167 days later 
(T2). The treatment regimens for all patients were as fol-
lows: 16 patients were treated with sofosbuvir/ledipasvir + 
ribavirin (8 females and 8 males); 7 patients were treated 
with sofosbuvir/ledipasvir only (2 females and 5 males);  
7 patients who received regimens consisting of ombitasvir/
paritaprevir/ritonavir + dasabuvir (2 female and 5 males); 
4 patients who received grazoprevir/elbasvir (2 female and 
2 males); 8 who received sofosbuvir/velpatasvir (4 females 
and 4 males); and 4 patients who received glecaprevir/paren-
thetic (3 females and 1 male). All treatments regimens were 
prescribed in accordance with Polish recommendations [27]. 
All patients completed the therapy and achieved a sustained 
virological response (SVR). A group consisting of 33 vol-
unteers without HCV infection (22 men and 11 women) of 
post-menopausal age, meeting the same exclusion criteria 
as the study group, served as the control group. 16 subjects 
within the control group had a history of excess alcohol in-
take but adhered to a six-month abstinence period before the 
study. Some of these participants included individuals with 
hepatic fibrosis due to alcohol-related liver disease. They 
did not display any evidence of other types of liver diseases.

Liver pathology assessment
Liver stiffness was quantified using the transient elas-

tography technique, using the FibroScan Compact device 
(Echosens, Paris, France) in compliance with the manufac-
turer’s instructions [28].

Flow cytometry
Cell immunophenotyping was performed by flow cy-

tometry using the direct fluorescence method, which we 
described in our previous study [29]. Briefly, the appro-
priate fluorochrome-labelled monoclonal antibodies (de-
scribed in Table 1) were added to the cytometric tubes at 
a rate of 5 µl each. 100 µl of peripheral blood previously 
mixed with an anticoagulant solution (EDTA) in vacutain-
er tubes was added to the test tubes. Samples were mixed 
gently by vortex and incubated for 15 min at room tem-
perature and protected from light. After this time, 500 µl of 
erythrocyte lysis buffer (Becton Dickinson) was added to 
the test tubes and the tubes were incubated for 10 min. Ly-
sis was stopped by adding phosphate-buffered saline (PBS) 
solution. Samples were then centrifuged at 1500 rpm for  
5 min at room temperature to separate residual lysed eryth-
rocytes, plasma proteins, and other morphotic elements of 
blood from leukocytes. The supernatants were discarded. 
This step was repeated twice. Granzyme B was studied 
intracellularly after the additional permeabilisation of cells 
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with Perm/Wash buffer (BD Biosciences). The cell pel-
lets were resuspended in 200 µl of PBS. The samples were 
then acquired using a FACS Canto flow cytometer (Becton 
Dickinson). The obtained results were analysed with the 

FACS Diva software (Becton Dickinson), integrated with 
the cytometer. For each examined antibody, the percentage 
of positive cells and mean fluorescence intensity (MFI) 
were determined (Fig. 1).

Table 1. Antibodies used in the study for cell immunophenotyping

Antibody Fluorochrome Clone Source

CD3 PerCP SK7 BD Biosciences

CD16 FITC NKP15 BD Biosciences

CD56 PE-Cy 7 NCAM16.2 BD Biosciences

CD158b (KIR2DL2/DL3) APC DX27 Miltenyi Biotec

CD158i (KIR2DS4) PE JJC11.6 Miltenyi Biotec

CD159a (NKG2A) PE REA110 Miltenyi Biotec

CD314 (NKG2D) APC BAT221 Miltenyi Biotec

CD337 (NKp30) APC AF29-4D12 Miltenyi Biotec

CD253 (TRAIL) PE RIK-2.1 BD Pharmingen

Granzyme B PE GB11 BD Pharmingen

Fig. 1. Gating strategy for cytometric evaluation of NK cells. Percentage and histogram for mean fluorescence intensity 
(MFI) of the tested antigens. Graphs are from BD FACSDiva Software v. 6.1.2 Firmware v. 1.8 (BD FACSAria)
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ELISA

The serum concentration of human CXCL10/IP-10 
was measured using the appropriate DuoSet Immunoassay 
Development kits (R&D Systems, Minneapolis, USA), in 
accordance with the manufacturer’s instructions.

Statistical analysis

Statistical analyses were conducted using the STATIS-
TICA software version 13.0 (StatSoft, Cracow, Poland). 
As the Shapiro-Wilk test indicated that the data from most 
variables were not normally distributed, non-parametric 
tests were used; dependent variables were analysed with 
the Wilcoxon signed-rank test and non-dependent variables 
were analysed with the Mann-Whitney U test. A p-value  
≤ 0.05 was considered statistically significant [30].

Results
Among the patients who met the inclusion criteria, 

66.7% had radiological and biochemical indicators of liver 
cirrhosis which were confirmed by FibroScan. There were 
no significant differences regarding liver function, nor ba-
sic biochemical and morphological parameters between 
the genders (Table 2). After treatment, hepatic stiffness, 
alanine transaminase (ALT), aspartate transaminase (AST) 
and total bilirubin level were significantly decreased in 
all patients (p = 0.002, 0.00002, 0.00002 and 0.007, re-
spectively). Further, both the platelet (PLT) and white 
blood cell (WBC) counts were significantly increased  
(p = 0.0004 and 0.00002, respectively). These changes 
were similar between genders.

There were significant changes in the expression of 
NK receptors and their MFI after the treatment. Further, 
the percentage of NK cells among all lymphocytes was 
significantly lower in the CHC group relative to the control 
group (p = 0.004). However, treatment was observed to 
rescue the percentage of NK recruitment at both the T1 and 
T2 timepoints (p = 0.01 and 0.03, respectively). Addition-
ally, no differences in NK cell frequency were observed 
between the control group and the cured population. 

We assessed three activating NK receptors: NKG2D, 
NKp30 and KIR2DS4. Our data indicate that only the ex-
pression of KIR2DS4 in patients with CHC (p = 0.009) 
remained increased after the treatment (p = 0.03 at T1). 
MFI of NKp30 was significantly increased in patients with 
CHC relative to the control group (p = 0.04) and there was 
a visible but statistically insignificant increase in the MFI 
of KIR2DS4. After the treatment, the intensity of fluores-
cence of those receptors was decreased at T1 (p = 0.007 
and 0.0005, respectively), while at T2, diminished expres-
sion of KIR2DS4 was observed (p = 0.006).

Additionally, two inhibitory receptors present on 
the surface of NK cells, NKG2A and KIR2DL2/DL3 
(CD158b), were analysed. No changes in the expression 

of NKG2A and KIR2DL2/DL3 (CD158b) on NK cells, 
regardless of HCV status, were observed. However, the 
MFI of NKG2A was significantly increased among CHC 
patients relative to the control group (p = 0.0006). CD158 
was also elevated, but this increase was not statistically 
significant. After therapy, the MFI of both receptors was 
decreased (p = 0.0004 and 0.003 in T1, p = 0.0006 and 
0.03 at T2, respectively).

To assess the primary mechanisms of NK cell cytotox-
icity, we measured the expression and MFI of the TRAIL 
protein and granzyme B. In the study group, an increase 
in granzyme B (p = 0.02 at T1) and a decrease of TRAIL 
expression on NK cells (p = 0.04 at T2) were observed 
after DAA treatment.

Finally, serum levels of the NK-chemoattractant 
chemokine C–X–C chemokine 10 (CXCL10) were an-
alysed via ELISA. CXCL10 was significantly elevated 
among chronically HCV-infected patients (p = 0.001) and 
was decreased after therapy (p = 0.001 at T1 and 0.00003 
at T2) (Table 3).

We then compared all the parameters detailed above 
between the male and female groups. The MFI of 
NKp30 was higher only in males (median 3209 vs. 2697,  
p = 0.016) and the MFI of KIR2DL2/DL3 was elevated in 
females (median 7272 vs. 4915, p = 0.02) when comparing 
CHC patients to the control group. Furthermore, there were 
a few significant differences in NK cells during HCV erad-
ication between men and women. These data are presented 
in the Figures 2-5.

Discussion
After successful DAA therapy, liver fibrosis was de-

creased and there was a significant improvement in bio-
chemical and haematological parameters. These data are 
comparable to the changes presented in the literature [31]. 
Interferon-free HCV therapies are undoubtedly a great 
achievement of modern medicine.

Within the CHC patient group, several phenotypic 
changes in NK cells were partially restored after the erad-
ication of the hepatitis C virus. Generally, these phenotyp-
ic changes were consistent with those described in other 
studies (Table 4). 

The expression of inhibitory receptors such as 
KIR2DL2/DL3 or NKG2A is largely determined by ge-
netics [32]. Therefore, the dynamics of the receptor that we 
have described in this study are consistent with the results 
of other studies. 

The upregulation or activation of receptor expression 
is environmentally influenced [32]. Thus, the diversity of 
expression of NKG2D and NKp30 observed in this study 
relative to previous studies on HCV-infected patients can 
likely be attributed to environmental factors. Further, the 
expression profile observed in CHC patients relative to the 
control groups seems to be the essential factor that can be 



Central European Journal of Immunology 2021; 46(4)

Gender as a factor affecting NK cell activity in patients successfully treated for chronic hepatitis C with direct-acting antivirals

485

Table 2. Characteristics of the control group and the study group before the treatment (T0), then 6 months (T1) and one 
year (T2) after the beginning of DAA treatment. ALT – alanine transaminase, AST – aspartate transaminase. Presented 
p values refer to differences between the control group and T0 (p1, Mann-Whitney U test), then between T0 vs. T1 and 
T0 vs. T2 (p2 and p3, respectively; Wilcoxon signed-rank test). In the Mann-Whitney U test, there are no significant 
differences between females and males in the presented parameters. Data are median (interquartile range)

Parameter Control T0 T1 T2 p1 p2 p3

Total number 33 45 45 29 – – –

Female 11 21 21 11 – – –

Male 22 24 24 18 – – –

Age (years) 47 (31-65) 62 (56-68) 62 (56-68) 62 (51-70) .003 – –

Female 52 (44-60) 66 (59-69) 66 (59-69) 66 (56-70) .004 – –

Male 38 (30-66) 60 (46-65) 60 (46-65) 61 (44-67) > .05 – –

Estimated time of infection (years) – 37 (33-41) 37 (33-41) 36 (32-42) – – –

Female – 37 (34-43) 37 (34-43) 39 (34-43) – – –

Male – 36 (31-40) 36 (31-40) 35 (28-39) – – –

Number of patients with liver 
cirrhosis

7 30 30 15 – – –

Female 2 15 15 6 – – –

Male 5 15 15 9 – – –

Liver fibrosis (kPa) 6.0 (4.3-12.0) 24.8 (8.5-36.3) 16.2 (6.8-27.4) 9.0 (6.2-23.3) < .001 .007 < .001

Female 5.5 (4.3-12) 24.8 (8.7-45.4) 15.3 (6.8-26.7) 11.6 (6.8-25.4) .005 > .05 .033

Male 6.8 (4.8-12.6) 25.4 (7.4-35.4) 15.9 (6.5-30.8) 8.8 (6.0-18.0) < .001 .029 .004

White blood cells ×103 WBC/mm3 6.5 (5.7-7.0) 5.0 (4.3-6.2) 6.1 (5.1-7.3) 6.0 (5.5-7.7) .001 < .001 .001

Female 6.0 (4.5-6.5) 4.9 (4.3-5.8) 6.4 (4.9-7.3) 6.0 (4.7-7.2) .002 .021 > .05

Male 6.8 (5.7-8.0) 5.3 (4.2-6.4) 6.1 (5.1-7.2) 6.4 (5.5-9.0) > .05 .006 .008

Haemoglobin (g/dl) 14.3 (13.1-15.2) 13.7 (12.3-14.8) 13.7 (12.9-14.9) 14.0 (13.4-15.2) > .05 > .05 > .05

Female 13.1 (12.3-14.6) 13.5 (14.1-15.5) 13.6 (12.9-14.5) 13.6 (13.3-14.1) > .05 > .05 > .05

Male 14.8 (14.1-15.5) 14.1 (12.7-15.2) 14.4 (13.0-15.0) 14.6 (13.4-15.9) > .05 > .05 > .05

Platelet count, ×103 platelets/mm3 225 (176-259) 109 (75-159) 130 (92-189) 132 (101-203) < .001 < .001 = .002

Female 244 (225-259) 105 (75-159) 113 (92-213) 124 (101-203) < .001 .029 > .05

Male 214 (167-262) 111 (74-157) 137 (94-170) 153 (109-227) < .001 < .001 .004

ALT level (IU/ml) 29 (19-39) 58 (42-97) 21 (17-31) 20 (15-25) < .001 < .001 < .001

Female 36 (18-39) 69 (42-106) 23 (17-34) 21 (12-31) .015 .010 .004

Male 29 (19-42) 57 (42-81) 19 (17-30) 20 (15-25) < .001 < .001 < .001

AST level (IU/ml) 24 (20-29) 60 (37-78) 27 (20-36) 21 (17-28) < .001 < .001 < .001

Female 27 (23-37) 72 (42-120) 30 (24-36) 22 (17-31) .004 .003 .004

Male 23 (19-29) 51 (37-64) 24 (18-35) 21 (16-26) < .001 .002 < .001

Total bilirubin (μmol/l) 9.3 (6.8-12.2) 14.3 (10.3-21.7) 10.3 (7.4-17.8) 9.0 (7.7-10.7) < .001 .007 < .001

Female 7.2 (6.2-9.3) 14.3 (10.3-23.2) 11.3 (7.4-16.0) 9.7 (7.8-10.7) < .001 .009 .008

Male 10.3 (7.4-16.1) 14.8 (10.7-21.1) 9.0 (7.3-23.6) 9.0 (6.7-12.6) .048 > .05 < .001

attributed to these differences. For instance, the expres-
sion of NKp30 in patients with CHC may depend on the 
stage of liver disease. According to our research, NKp30 
expression may also be related to gender diversity. In the 
studies mentioned above, the experimental cohorts had 
a different percentage of female patients (45% and 23%, 

respectively), which could have an impact on the results. 
The expression of NKG2D may be more dependent on 
ALT activity. As one study showed, the expression of this 
receptor is lower in patients with CHC and normal ALT 
activity [10]. However, we still cannot exclude the effect 
of other factors. 
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Table 3. Median values (and interquartile range) of the NK cells’ parameters measured in the healthy control group 
(control), in chronically HCV-infected individuals before the treatment (T0), then 6 months (T1) and one year (T2) 
after the beginning of DAA treatment. Underlined numbers differ significantly from those in the control group in the 
Mann-Whitney U test. Highlighted windows present values that changed significantly after the successful treatment in 
the Wilcoxon signed-rank test – blue colour indicates a decrease and red means an increase

Control T0 T1 T2

NK/sample % 3.2 (2.3-5.4) 2.7 (2.0-3.9) 2.8 (1.7-4.0) 2.9 (1.6-4.1)

NK/lymph % 15 (9.5-19.5) 9.1 (7.0-13.8) 12.7 (7.3-16.8) 11.2 (7.0-16.0)

NK GRANZ B % 88.6 (80.9-94.2) 88.4 (75.2-93.9) 92.7 (87.0-96.2) 90.1 (86.7-93.8)

GRANZ B MFI 7205 (4088-8714) 6872 (5390.5-9889.5) 7109 (4862.5-9137.5) 6918 (4169-10281)

NK KIR2DS4+ % 1.7 (0.7-6.4) 6.8 (1.8-29.6) 6.9 (1.5-30.1) 3.1 (1.4-13.9)

NK KIR2DS4+ MFI 1416 (943-4148) 1774 (1118.5-8416) 1546 (988.5-4869.5) 1306 (858-4362)

NK KIR2DL2/DL3+ % (cd158b) 28.1 (22.3-39.1) 35.8 (27.5-42.8) 31.1 (22.2-42.3) 29.5 (23.6-39.5)

NK KIR2DL2/DL3+ MFI 5142 (3796-5978.5) 6293 (4513-7851) 4199 (3331-6662) 4668 (3760.5-5795)

NK NKG2A+ % 42.0 (30.0-47.4) 43.7 (31.5-55.3) 40.4 (27.9-57.3) 38.8 (30.4-51.7)

NK NKG2A+ MFI 6454 (4514-8662) 9298 (7041-10959) 7328.5 (5738-9156.5) 5364 (4784-7518)

NK NKG2D+ % 76.6 (63.2-86.4) 72.9 (64.5-83.5) 77.3 (67.0-82.1) 85.1 (65.2-89.7)

NK NKG2D+ MFI 3033.5 (2688.5-3571.5) 3163 (2566-3407) 2958 (2414-3371) 2669 (2284-3511)

NK TRAIL+ % 0.4 (0.0-1.0) 0.7 (0.2-1.6) 0.3 (0.0-1.1) 0.2 (0.0-0.8)

NK TRAIL+ MFI 1172 (984-1394) 1093 (904-1207) 999 (868-1377) 980 (851.5-2926)

NK NKp30+ % 63.9 (42.3-74.2) 66.6 (53.5-73.5) 65.3 (48.9-76.1) 53.9 (52.2-67.4)

NK NKp30+ MFI 2958 (2246-3239) 3198.5 (2604-3808) 2635.5 (2129-3066.5) 2107.5 (1755.5-2435.5)

Serum CXCL10 (pg/ml) 74.8 (30.3-133.9) 140.3 (86.9-214.5) 91.1 (53.9-146.0) 64.9 (34.9-127.4)

Fig. 2. Mean fluorescence intensity (MFI) of NKp30 on NK cells before (T0) and after (T1) the treatment in female and 
male patients. In the Wilcoxon signed-rank test, mean MFI in females decreased significantly (p = 0.01) while in males 
it did not change. Different colours represent treatment regimens received by each patient: GLE/PIB – glecaprevir/pi-
brentasvir, GZR/EBR – grazoprevir/elbasvir, OBV/PTV/r + DSV – ombitasvir/paritaprevir/ritonavir + dasabuvir, SOF/
LDV – sofosbuvir/ledipasvir, SOF/LDV + RBV – sofosbuvir/ledipasvir + ribavirin, SOF/VEL – sofosbuvirr/velpatasvir
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Fig. 3. Mean fluorescence intensity (MFI) of KIR2DL2/DL3 on NK cells before (T0) and after (T1) the treatment in fe-
male and male patients. In the Wilcoxon signed-rank test, mean MFI in females decreased significantly (p = 0.04) while in 
males it did not change. Different colours represent treatment regimens received by each patient: GLE/PIB – glecaprevir/
pibrentasvir, GZR/EBR – grazoprevir/elbasvir, OBV/PTV/r + DSV – ombitasvir/paritaprevir/ritonavir + dasabuvir, SOF/
LDV – sofosbuvir/ledipasvir, SOF/LDV + RBV – sofosbuvir/ledipasvir + ribavirin, SOF/VEL – sofosbuvir/velpatasvir
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Fig. 4. Serum levels of CXCL10 before (T0) and after (T1) the treatment in female and male patients. In the Wilcoxon 
signed-rank test, mean concentration in females decreased significantly (p = 0.002) while in males it did not change. 
Different colours represent treatment regimens received by each patient: GLE/PIB – glecaprevir/pibrentasvir, GZR/
EBR – grazoprevir/elbasvir, OBV/PTV/r + DSV – ombitasvir/paritaprevir/ritonavir + dasabuvir, SOF/LDV – sofosbuvir/
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Fig. 5. Percentage of NK cells expressing granzyme B in female and male patients before the DAA treatment (T0) and 
after (T1). In the Wilcoxon signed-rank test mean percentage in males increased significantly (p = 0.008) while in fe-
males it did not change. Different colours represent treatment regimens received by each patient: GLE/PIB – glecaprevir/
pibrentasvir, GZR/EBR – grazoprevir/elbasvir, OBV/PTV/r + DSV – ombitasvir/paritaprevir/ritonavir + dasabuvir, SOF/
LDV – sofosbuvir/ledipasvir, SOF/LDV + RBV – sofosbuvir/ledipasvir + ribavirin, SOF/VEL – sofosbuvir/velpatasvir
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In the current study, we observed decreased expression 
of the activating receptor, KIR2DS4, after the DAA treat-
ment. This observation is highly novel. Additionally, our 
data describing the expression of TRAIL and serum con-
centrations of CXCL10 are consistent with other studies. 
In contrast to published studies, we observed a female-spe-
cific, post-treatment decrease of CXCL10 and a male-spe-
cific, post-treatment increase of granzyme B on NK cells. 
More research is required to better understand the mecha-
nism behind these observations.

Our data showed a few differences between genders in 
the reaction of NK cells to the successful treatment of CHC. 
NKp30 is an activating receptor that plays a central role in 
the resistance to infectious disease [33]. Its high baseline 
expression favours a rapid reaction of NK cells to infections 
such as malaria [34]. The expression of NKp30 is likely 
hormone-dependent as its expression has been observed to 
change during the different phases of the menstrual cycle 
[35]. In various studies, NKp30 was either increased or 
decreased in chronically HCV-infected patients. Its role in 
CHC disease remains elusive. One hypothesis states that in 
chronically infected patients, NKp30 is increased but is in-
active [36]. Further, researchers have shown that NKp30 is 
decreased among patients who clear HCV spontaneously in 
the acute phase of the disease [16]. In our study, the MFI of 
NKp30 was increased only in chronically infected males but 

not in females. After treatment, NKp30 decreased signifi-
cantly in women, leaving them with final values that were 
lower than in healthy controls. This result may indicate that 
the female response to infectious disease may be diminished 
even after successful HCV treatment.

The killer cell immunoglobulin-like receptor (KIR) 
repertoire on NK cells depends both on KIR and HLA 
gene polymorphisms [37]. Depending on the KIR gen-
otype, male and female patients may have a different 
probability of becoming chronically HCV-infected [38]. 
Haplotype A of KIRs includes KIR2DL2/DL3 (CD158b), 
an inhibitory receptor that senses HLA-1 expressing cells 
and prevents NK cells from auto-aggression. When ex-
cessively activated, KIR2DL2/DL3 induces susceptibili-
ty to malignancies such as melanoma and its metastasis 
[37]. In children with CHC, KIR2DL2/DL3 is associat-
ed with more advanced liver fibrosis [39]. Additionally, 
there is a link between KIR2DL2 genes and HCV-related 
lymphoproliferative disorders [40]. The co-expression of 
KIR2DL2 with HLA-C1 is a significant risk factor of HCC 
development in HCV-infected patients [41, 42]. Some pa-
pers have reported increased expression of KIR2DL2 in 
chronic HCV infection, while others show that it remains 
unchanged. Our data indicate that the MFI of CD158b 
on NK cells increases in HCV-infected females relative 
to healthy controls. Further, our data show that this ob-
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Table 4. Parameters of NK cells examined in the current study and assessed by other authors. Arrows indicate alterations observed among 
chronically HCV-infected patients and changes after the successful therapy with DAA

Parameters NK effector function Chronic HCV infection After DAA treatment

In the literature Our results In the literature Our results

KIR2DS4
(CD158i)

Activating 
receptor

% ↑ [5] ↑ ?  ↔ (n.s. ↓)

MFI ? ↔ (n.s.↑) ? ↓

NKG2D Activating 
receptor

% ↑ [6]
↔ [7-9]
↓ [10, 11] 

↔ (n.s. ↓) ↔ [7, 12] ↑

MFI ↑ [6]
↓ [8, 13]

↔ (n.s.↑) ↑ [13] ↔ (n.s. ↓)

NKp30 Activating 
receptor

% ↑ [12, 14, 15]
↓ [9, 16]

↔ (n.s.↑) ↓ [12, 15] ↔ (n.s. ↓)

MFI ↑ [14, 15]
↓ [9]

↑ (↔ in 
females)

↓ [7, 13, 15] ↓ (↔ in males)

KIR2DL2/
DL3 
(CD1586)

Inhibiting 
receptor

% ↑ [10, 15] ↔ (n.s. ↑) ↓ [15] ↔ (n.s. ↓)

MFI ↑ [16] ↔ (↑ in 
females)

? ↓ (↔ in males)

NKG2A Inhibiting 
receptor 

% ↑ [9, 15, 17] ↔ (n.s. ↑) ↔ [15] ↔ (n.s. ↓)

MFI ↑ [7, 15, 17] ↑ ↓ [7, 15] ↓

TRAIL Direct 
cytotoxicity 

% ↑ [7] 
↑ [17]

↔ (n.s. ↑) ↓ [7, 12] ↓

MFI ↔ [7] 
↑ [17] 

↔ ↓ [7] ↔ (n.s. ↓)

Granzyme B Cytotoxic 
granules

% ? ↔ ? ↑ (↔ in 
females)

MFI ↑ [13] ↔ ↓ [13] ↔

CXCL10 Chemokine ↑ [7] ↑ ↓ [7] ↓ (↔ in males)

MFI – mean fluorescence intensity, n.s. – statistically non-significant

servation normalises after successful treatment. In males, 
the expression of that receptor remained unchanged in all 
examined groups, regardless of the infection status. 

Activation-induced NK cell death is accompanied by 
the leakage of granzyme B from intracellular granules into 
the cytoplasm. This serine protease contributes to targeted 
cell death, playing an important role in the development of 
autoimmunity, e.g., rheumatoid arthritis [43]. The T-cells 
of patients with HCC have a diminished ability to produce 
granzyme B [44]. Due to its antigen-specific properties, 
this protease is considered a novel therapy for solid tu-
mours [45]. In our study, the percentage of NK cells ex-
pressing granzyme B did not differ between chronically 
HCV-infected patients and controls but was increased in 
treated men relative to women. This finding may suggest 
that males are better protected by NK cells against HCC 
and autoimmunity after therapy. Since the occurrence and 
recurrence rates of HCC are higher among men, the immu-
nological mechanisms of this phenomenon require further 
investigation [26].

 CXCL10 is a chemokine produced by hepatocytes 
and liver-infiltrating lymphocytes during HCV infection. 

It is well understood that CXCL10 induces the migration 
of T cells and NK cells to the liver [46]. High levels of 
CXCL10 are correlated with poor treatment outcomes in 
patients with chronic hepatitis C and decompensated cir-
rhosis treated with DAA [47]. Furthermore, elevated se-
rum concentrations of this chemoattractant are associated 
with HCV-related mixed cryoglobulinaemia, especially 
in patients with clinically active vasculitis [48]. Female 
gender is one of the main factors related to cryoglobulin 
production [49]. Interferon-free therapies seem to decrease 
vasculitis in most HCV patients [50, 51]. In our study, 
CXCL10 levels were reduced in women after therapy. This 
observation confirms the significant role of CXCL10 in 
the pathogenesis of HCV-related mixed cryoglobulinemia. 
CXCL10 is speculated to be a candidate for a novel ther-
apeutic target in this condition [48]. Our study supports 
this concept.

In conclusion, post-menopausal females and males 
differ in the reaction of their NK cells to interferon-free 
therapy of CHC. Our research may lead to more studies on 
the different nature of female and male immune systems in 
the context of HCV infection and treatment.
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