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Abstract
Background & Aims: During chronic hepatitis B virus (HBV) infection, suppressed
functionality of natural killer (NK) cells might contribute to HBV persistence but the
underlying mechanisms remain elusive. A peculiar feature of HBV is the secretion of
large amount of hepatitis B surface antigen (HBsAg). However, the effect of HBsAg
quantities on NK cells is unclear. The aim was to determine the effects of HBsAg
quantities on NK cell functionality in patients with chronic hepatitis B (CHB).
Methods: Eighty CHB patients were included and categorized into four groups based
on their HBsAg levels. As a control, 30 healthy donors were enrolled. NK cell frequency, phenotype and function were assessed using flow cytometry and correlated
with HBsAg levels and liver enzymes.

Abbreviations: ALT, alanine aminotransferase; AST, aspirate aminotransferase; CHB, chronic hepatitis B; DC, dendritic cell; GM-C SF, granulocyte-macrophage colony-s timulating factor;
HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HDV, hepatitis D virus; HIV, human immunodeficiency virus; IFN,
interferon; KIR, killer immunoglobulins-like receptor; KLRG1, killer cell lectin-like receptor subfamily G member 1; MIP-1β, macrophage inflammatory protein-1β; NK, natural killer;
PBMC, peripheral blood mononuclear cell; PBS, phosphate-buffered saline; PD-1, programmed cell death protein 1; PMA, phorbol-12-myristate-13-acetate; TIGIT, T cell
immunoreceptor with Ig and ITIM domains; TNF, tumour necrosis factor; TRAIL, tumour necrosis factor (TNF)-related apoptosis-inducing ligand.
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Results: Compared to the healthy controls, a reshaping of NK cell pool towards more
CD56bright NK cells was observed during CHB infection. Importantly, NK cells in patients with low HBsAg levels (<100 IU/mL) displayed an activated phenotype with increased expression of activation makers CD38, granzyme B and proliferation marker
Ki-67 while presenting with defective functional responses (MIP-1β, CD107a) at the
same time. Furthermore, NK cell activation was negatively correlated with patient
HBsAg levels while NK function correlated with patient age.
Conclusions: The differential regulation of NK cell phenotype and function suggests
that activation of NK cells in patients with low serum HBsAg levels may contribute to
HBV clearance.
KEYWORDS
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Lay summary
Here, we comprehensively analyse NK cell phenotype and function in patients with
chronic hepatitis B in relation to HBsAg levels and correlate NK cell parameter with
HBsAg and ALT levels. Through multiparameter flow cytometry, we were able to
identify NK cell functionality that was associated with HBV functional cure.

1 | I NTRO D U C TI O N

These evidences have suggested that HBsAg has a generic immunosuppressive activity on NK cell activation and function. In the

Hepatitis B virus (HBV) chronically infects around 250 million peo-

present study, we thereby hypothesized that HBsAg level may be

ple worldwide and has a high risk developing into liver cirrhosis and

associated with NK cells activation and function in a concentration-

hepatocellular carcinoma (HCC).1 In chronic hepatitis B (CHB) pa-

dependent manner in CHB patients.

tients, both innate and adaptive immune responses are weak and

To investigate this phenomenon, we selected patients with vary-

rarely lead to viral clearance. 2,3 The mechanism for these impaired

ing levels of HBsAg and categorized them in four different groups

immune responses is still elusive. A peculiar feature of HBV is the

based on serum HBsAg quantity solely, and measured their NK cell

secretion of large amounts of hepatitis B surface antigen (HBsAg)

phenotypes and functions relative to healthy controls and compar-

4

by hepatocytes. It has been suggested that high levels of HBsAg

ing different groups.

can have an impact on immune cell phenotype and function thereby
contributing to HBV persistence.5,6 For example, HBsAg can bind to
monocytes and dendritic cells (DCs) and thus suppress their function by interfering with the production of the immunoregulatory cytokines interleukin-12 (IL-12) and IL-18.7,8

2 | M E TH O DS
2.1 | Patient material

Natural killer (NK) cells are innate effector cells, which play an
important role in host defense against various viruses.9 NK cells rep10

resent 15% and 30%-4 0% of all peripheral blood

A total of 80 CHB patients were included. These patients were recruited

and intrahepatic

either at the outpatient clinic of the Department of Gastroenterology

lymphocytes,11 respectively. Two major subsets of blood NK cells

and Hepatology at Essen University Hospital in Germany or at the

have been identified based on the density of CD56: CD56bright and

outpatient clinic of Department of Gastroenterology, Hepatology,

CD56dim.12 These two subsets display different phenotypes, tissue

and Endocrinology at Hannover Medical School in Germany. All pa-

13-16

distributions and functionalities.

During chronic HBV infection,

tients gave informed consent for the investigation of immunological

NK cells are pivotal for the antiviral defense against HBV but have

parameters as part of protocols approved by the ethics committee

also been implicated as drivers of liver pathology.17,18 Some studies

of Essen University Hospital and Hannover Medical School. All en-

have indicated that HBsAg may impact NK cell phenotype or func-

rolled CHB patients met the following criteria: HBsAg positivity for

tion.

5,19-21

Cytotoxicity and activation of NK cell have been nega-

at least 6 months; absence of human immunodeficiency virus (HIV),

tively correlated with HBsAg levels. 21,22 Besides, HBsAg has been

hepatitis C virus (HCV) or hepatitis D virus (HDV) co-infection; with-

shown to block the activation, cytokine production and cytotoxic

out evidence of decompensated liver cirrhosis and HCC; absence of

granule release of the human NK cell-line NK-92 cells in vitro. 21

autoimmune disease, immunosuppressive agents, organ transplant or

|
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other comorbid illnesses that may affect immune response; without

3

2.2 | Flow cytometry

evidence of alcoholic hepatitis or nonalcoholic fatty liver disease; and
none of the patients had received interferon (IFN)-based antiviral

Cryopreserved PBMCs were thawed and wash twice with phosphate-

therapy at the time of investigation. Patients were classified into four

buffered saline (PBS). Surface staining was performed by incubating the

groups according to their HBsAg level: HBsAg <100 IU/mL (n = 20),

cells for 30 minutes in the dark at 4℃ with the desired monoclonal an-

HBsAg 100-1000 IU/mL (n = 21), HBsAg 1000-10 000 IU/mL (n = 19)

tibody combination. For intracellular staining, cells were fixed and per-

or HBsAg >10 000 IU/mL (n = 20) (Figure 1A; Figure S1). As con-

meabilized using the fixation/permeabilization buffer set (eBioscience)

trols, 30 healthy donors were recruited at Essen University Hospital.

for 45 minutes at room temperature and then stained with the desired

Patient characteristics at the time of collection are described in

antibody combinations. The monoclonal antibodies used for NK cell

Table 1 and the detailed information is shown in Table S1. Peripheral

staining are listed in the Table S2. The data were acquired on a Beckman

blood mononuclear cells (PBMCs) were isolated by standard density-

Cytoflex and analysed with Flowjo software version 10.3 (Tree star). Cell

gradient separation from all the patients and healthy donors and

debris and dead cells were excluded from the analysis based on forward/

cryopreserved in liquid nitrogen for later analysis.

sideward scatter signals and Zombie (Biolegend) staining.

F I G U R E 1 Overview of the study design and the levels of NK cells in chronic hepatitis B patients compared to healthy donors. (A)
Schematic representation of the study design. (B) Gating strategy to identify total, CD56dim and CD56bright NK cells. (C) Frequency of total,
CD56dim and CD56bright NK cells out of total lymphocytes and (D) the frequency of CD56dim and CD56bright subsets out of total NK cells were
determined in CHB patients with different HBsAg levels compared to healthy controls. The graph represents counts of healthy controls
(n = 30) and chronic HBV patients with HBsAg <100 IU/mL (n = 20), 100-1000 IU/mL (n = 21), 1000-10 000 IU/mL (n = 19) or >10 000 IU/
mL (n = 20). Statistical analysis was performed via ANOVA with Kruskal-Wallis test followed by Dunn's multiple comparison test. *P < .05.
The horizontal bars represent mean. CHB, chronic hepatitis B; DCM, dead-cell marker; FSC, forward scatter; HBsAg, hepatitis B surface
antigen; NK, natural killer; PBMC, peripheral blood mononuclear cells; SSC, side scatter
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TA B L E 1

Clinical characteristic of study subjects
Chronic hepatitis B patients (HBsAg, IU/mL)

Characteristic

Healthy

<100

100-1000

1000-10 000

>10 000

Number

30

20

21

19

20

Age (y)

45 (23-71)

52 (22-68)

48 (27-71)

44 (27-69)

38 (24-52)

Gender

P value

.019
.321

Female

14 (46.7%)

8 (40%)

10 (47.6%)

5 (26.3%)

5 (25%)

Male

16 (53.3%)

12 (60%)

11 (52.4%)

14 (73.7%)

15 (75%)

HBV DNA (IU/mL)

–

<10 (<10-1200)

29 (<10-17 090)

140 (<10-331 800)

71.5 (<10-414 000)

.279

HBV genotype

–

A1/C1/D6/E1/n.a 11

A4/B1/D8/n.a 8

A1/C1/D7/F1/n.a 9

A5/B1/D9/n.a 5

–

HBsAg (IU/mL)

–

19.65 (0.4-78)

550 (102-998)

2061 (1257-8768)

20 956 (10 098-124 827)

<.0001

HBeAg neg/pos

–

Neg18/n.a 2

Neg 18/n.a 3

Neg 18/n.a 1

Neg 15/pos 4/ n.a1

–

ALT (U/L)

–

27 (14-78)

25 (14-62)

28 (14-156)

39 (21-154)

.093

AST (U/L)

–

28.5 (13-137)

23 (11-51)

24 (13-70)

28 (15-155)

.345

Bilirubin (mg/dl)

–

0.65 (0.4-7 )

0.7 (0.2-10)

1.05 (0.5-13)

0.7 (0.4-15)

.166

Fibroscan (kPa)

–

5.8 (3.3-25.1)

5.6 (2.3-11.8)

5.7 (4.3-17)

5.9 (2.2-9.6)

.774

Note: Unless otherwise indicated, values represent median (range). ALT and AST values from 13 individuals were not available (two in the group with
HBsAg <100 IU/mL, four in the group with HBsAg 100-1000 IU/mL, two in the group with HBsAg 1000-10 000 IU/mL and three in the group with
HBsAg >10 000 IU/mL). Fibroscan data from 19 individuals were not available (three in the group with HBsAg <100 IU/mL, seven in the group with
HBsAg 100-1000 IU/mL, four in the group with HBsAg 1000-10 000 IU/mL, five in the group with HBsAg >10 000 IU/mL).
Abbreviations: ALT, alanine aminotransferase; AST, aspirate aminotransferase; CHB, chronic hepatitis B; HBeAg, hepatitis e antigen; HBsAg, hepatitis
B surface antigen.

2.3 | Functional NK cell assays

samples. Correlations were analysed by Spearman's correlations.
For creation of correlation matrix, the R-packages, Hmisc v.4.2-0 and

The functional assays were performed as previously described. 23 In

corrplot v.0.84 were used in R version 3.6.1. P < .05 was considered

brief, frozen PBMCs were thawed and later either rested or stimu-

significant.

lated overnight with IL-12 (10 ng/mL; PeproTech) and IL-18 (100 ng/
mL; R&D Systems) and then co-cultured with or without K562 cells
at a 10:1 effector to target ratio for 6 hours. Five functional markers were detected by flow cytometry after the incubation, including CD107a, interferon-γ (IFN-γ), tumour necrosis factor (TNF),
macrophage inflammatory protein-1β (MIP-1β) and granulocyte-
macrophage colony-stimulating factor (GM-C SF).

3 | R E S U LT S
3.1 | Increased frequency of CD56bright NK cell
compartment in CHB patients with higher HBsAg
levels

To investigate the regulatory function of NK cells, cells were
stimulated for 6 hours with phorbol-12-myristate-13-acetate (PMA;

Changes in peripheral blood NK cell compartment have been re-

50 ng/mL, Sigma-Aldrich) and ionomycin (1 μg/mL, Sigma-Aldrich)

ported in patients with chronic HBV. 24,25 However, data on NK

in the presence of monensin (1 μg/mL, eBioscience) and Brefeldin

cells in CHB patients with different levels of HBsAg were lack-

A (BFA; 1 μg/mL, eBioscience). IL-10 and TGF-1β were detected by

ing till date. Here, we assessed the frequencies of total NK cells,

flow cytometry after incubation.

CD56 dim and CD56 bright NK cells in CHB patients with different
HBsAg levels in comparison to healthy controls. The gating strat-

2.4 | Statistics

egy to identify total NK cells and the two subsets of CD56 dim and
CD56 bright NK cells are displayed in Figure 1B. The frequency
of total NK cells as well as CD56 dim and CD56 bright NK cells out

Data were analysed using GraphPad Prism version 8. The data sets

of total lymphocytes did not exhibit significant differences in

were first evaluated for normality of the data distribution using the

CHB patients compared to healthy controls, although a positive

D'Agostino-Person omnibus normality test. Statistically significant

trend was observed for the CD56 bright NK cell subpopulation

differences among multiple groups were determined as appropriate

(Figure 1C). Importantly, the percentage of CD56 bright subpopula-

using the Kruskal-Wallis test followed by Dunn's multiple compari-

tion out of total NK cells was significantly increased in patients

son test, or the ordinary one-way ANOVA followed by Holm-Sidak's

with high HBsAg levels (>1000 IU/mL) compared to healthy con-

multiple comparisons test for pairwise comparison of unpaired

trols, whereas CD56 dim NK cells were significantly reduced in

|
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these patients (Figure 1D). In addition, we did not observe sig-

no major overall differences of the activation receptors NKG2D,

nificant differences of the non-classical NK cell subpopulation,

NKp46 and DNAM1 on total and CD56dim NK cells for the differ-

CD56

neg

CD16

bright

cells, in patients with different HBsAg titers

ent groups of patients with varying amounts of HBsAg (Figure 2A;

(Figure S2). In summary, patients secreting high levels of HBsAg

Figure S3A). However, the expression of NKp46 in the CD56bright

presented with a shift in their NK cell compartment towards a

subpopulation was significantly decreased in patients with low

higher CD56

bright

NK cells.

HBsAg (<100 IU/mL) relative to healthy controls (Figure 2A;
Figure S3A). Interestingly, the expression of Tim3 on CD56bright NK

3.2 | NK cells exhibited an activated phenotype in
CHB patients with low HBsAg levels

cells was significantly decreased in patients with high HBsAg levels
compared to patients with relatively low HBsAg levels, while the expression of T cell immunoreceptor with Ig and ITIM domains (TIGIT)
on total and CD56dim NK cells was significantly increased in patients

To analyse in more detail the phenotype of NK cells, we stained for

with highest HBsAg levels relative to the healthy controls (Figure 2B;

NK cell activating and inhibitory receptors as well as activation, ex-

Figure S3B). However, the other two exhaustion markers, killer cell

haustion and proliferation markers in the different patient groups

lectin-like receptor subfamily G member 1 (KLRG1) and programmed

and healthy controls. Spider plots shown in Figure 2A,B depict the

cell death protein 1 (PD-1), were similarly expressed on NK cells and

expression of the surface markers in total NK cells and the two NK

their subsets among the five groups (Figure 2B; Figure S3B).

cell subsets. The expression of CD161 on total and CD56dim NK cells

More importantly, a significant increase in activation/prolif-

was significantly increased in patients with relatively low HBsAg

eration markers (CD38, granzyme B and Ki-67) was detected in

(100-1000 IU/mL) compared to healthy controls, while there were

NK cells from CHB patients with relatively low HBsAg level (<100

F I G U R E 2 Phenotypic characteristics of natural killer (NK) cells in chronic hepatitis B patients with varying amounts of HBsAg. (A) Radar
plots depicted the expression of various activating receptors (NKG2D, NKp46, DNAM1 and CD161) for total NK, CD56dim and CD56bright
subgroups in the four patient groups and healthy controls. (B) Radar plots depicted the expression of four exhaustion markers (Tim3, PD-1,
TIGIT and KLRG1) on NK cells. Depicted here is the percentage expression of each marker. Mean values are shown. The graph represents
counts of healthy controls (n = 30) and chronic HBV patients with HBsAg <100 IU/mL (n = 20), 100-1000 IU/mL (n = 21), 1000-10 000 IU/
mL (n = 19) or >10 000 IU/mL (n = 20)

6
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F I G U R E 3 Activation and proliferation of natural killer (NK) cells in chronic hepatitis B patients with different HBsAg levels. Mean
fluorescence intensity (MFI) of activation marker (TRAIL, CD38) and percentage of CD69, granzyme B and proliferation marker Ki-67 on
total, CD56dim and CD56bright NK cells in healthy controls and patient groups were determined. The graph represents counts of healthy
controls (n = 30) and chronic HBV patients with HBsAg <100 IU/mL (n = 20), 100-1000 IU/mL (n = 21), 1000-10 000 IU/mL (n = 19) or
>10 000 IU/mL (n = 20). Differences between multiple groups were determined via the Kruskal-Wallis test followed by Dunn's multiple
comparison test, *P < .05, **P < .01, ***P < .001. The horizontal bars represent mean

|
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or 100-1000 IU/mL), both compared to healthy donors and compared to patients with higher HBsAg levels (Figure 3). However,

7

3.3 | NK cell maturation was not influenced in
patients with varying HBsAg levels

TNF-related apoptosis-inducing ligand (TRAIL) was similarly expressed in the four patient groups and the healthy controls. Taken

The increase in the CD56bright NK cell subpopulation suggests al-

together, NK cells in patients with low HBsAg levels displayed an

tered NK-cell differentiation in patients with higher HBsAg levels.

activated phenotype compared to healthy control and other pa-

CD56bright NK cells are considered to be precursors of CD56dim NK

tient groups.

cells, and within CD56dim NK cells, loss of NKG2A together with

F I G U R E 4 Natural killer (NK) cell differentiation was not affected by HBsAg levels. (A) Representative staining and the percentage of
NKG2A, KIRs and CD57 on CD56dim NK cells were summarized for all groups. (B) Representative staining and the MFI of the transcription
factors for Eomes, T-bet on CD56dim NK cells were summarized. (C) Representative staining for Eomes and T-bet was shown by the quadrant.
And Boolean analysis of CD56dim NK cells displayed different combinations of Eomes and T-bet expression. The graph represents counts of
healthy controls (n = 30) and chronic HBV patient with HBsAg <100 IU/mL (n = 20), 100-1000 IU/mL (n = 21), 1000-10 000 IU/mL (n = 19)
or >10 000 IU/mL (n = 20). Differences between multiple groups were determined by ANOVA with Kruskal-Wallis test followed by Dunn's
multiple comparison test, *P < .05, **P < .01. The horizontal bars represent mean. FMO, fluorescence minus one; MFI, mean fluorescence
intensity
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sequential acquisition of killer immunoglobulins-like receptors (KIRs)

cells was higher in patients with highest HBsAg levels compared to

15

and CD57 expression reflects a continued differentiation process.

healthy controls after stimulation of PMA and ionomycin (Figure S6A).

To determine the role of HBsAg on CD56dim NK cell differentiation,

Taken together, NK cells from CHB patients with relatively low HBsAg

we evaluated the expression of these three markers on CD56dim NK

levels (<100 IU/mL) exhibited blunted functional responses.

cells from CHB patients with different HBsAg levels and healthy

To evaluate the regulatory function of NK cells, the expression

controls. However, no difference in expression of NKG2A, CD57 and

of IL-10 and TGF-1β was measured after stimulating with PMA and

KIRs could be noted in patients compared to controls, neither when

ionomycin. We found significant increase of IL-10 secretion on NK

assessing one receptor at a time nor when performing a Boolean

cells in several patient groups compared to that of healthy controls

analysis (Figure 4A; Figure S4).

(Figure S6A). However, no major differences were found when com-

NK cell maturation is also gradually coupled with a decrease in
Eomes and an increase in T-bet expression.26 We found that the expression of T-bet was decreased in CHB patients as compared to the

paring the four patient groups. In addition, TGF-1β production on NK
cells also did not exhibit any significant differences among the five
groups (Figure S6A).

healthy controls; however, statistical significance was observed only
for the group with middle HBsAg levels (100-1000 IU/mL) (Figure 4B).
Consistently, the decreased trend of the percentage of EomeslowT-
bethigh NK cells was observed in the four patient groups compared to

3.5 | Correlation between NK cell parameters with
virological and biochemical events

the healthy control as corroborated by simultaneous analysis of expression patterns of Eomes and T-bet on CD56dim NK cells (Figure 4C).

As a next step, we set out to explore potential correlations between

However, no major differences were found when comparing the four

the alterations in NK cell phenotype and function and the virological

patient groups. In summary, NK cell maturation was not influenced by

and biochemical events in patients with varying HBsAg levels. As ac-

the HBsAg concentration, but NK cells in HBV patients showed less

tivation and functional markers exhibited significant differences, we

matured transcription factors than those of healthy controls.

correlated these markers with the alanine aminotransferase (ALT)
and HBsAg levels as well as patient age. The exhaustion marker Tim3

3.4 | Decreased functional responses of NK cells in
CHB patients with low HBsAg levels

and the activation markers granzyme B and CD69 in the CD56bright
subpopulation negatively correlated with HBsAg levels (Figure 6A).
Of note, several functional markers CD107a, IFN-γ and GM-C SF
on total and CD56dim NK cells were positively correlated with pa-

To evaluate whether CHB patients with different amounts of HBsAg

tient age, either stimulated by IL-12/IL-18 or IL-12/IL-18 plus K562

displayed different NK cell functionality, we analysed the capacity of

target cell (Figure 6B). On the contrary, MIP-1β production by total

NK cells to respond functionally against target cells with or without

and CD56dim NK cells was positively correlated with HBsAg levels

IL-12 and IL-18 stimulation in the four patient groups and healthy con-

(Figure 6B). Other function markers also exhibited positive correla-

trols. Five NK cell functions were simultaneously measured within the

tion trend with HBsAg levels but without statistical significance.

CD56dim and CD56bright NK cell subpopulation, including degranula-

For correlation in each patient group, negative correlation be-

tion CD107a, cytokines (TNF, IFN-γ and GM-CSF) and the chemokine

tween CD107a and HBsAg levels was only observed in patients

(MIP-1β) (Figure 5A). Compared to the healthy control, minor but

with low HBsAg levels when stimulated with IL-12/IL-18 plus K562

significant differences in NK cell function were detected in patients

target cell (Figure 6C). Consistently, most other function markers

with relatively low HBsAg levels (<100 or 100-1000 IU/mL), includ-

also exhibited negative correlation trend with HBsAg levels in low

ing lower secretion of MIP-1β and the capability to degranulate, ie,

HBsAg group (<100 IU/mL) while displaying positive correlation

CD107a within the CD56dim and CD56bright NK cell compartment

trend in other three patient groups. In contrast, the correlation be-

(Figure 5B; Figure S5A,B). Consistently, significantly fewer NK cells

tween NK cell parameters and liver enzyme (ALT) showed opposite

responded with 1, 2 or 3 functions simultaneously following stimula-

trend. Most function markers on total or CD56dim NK cells exhib-

tion in patients with low HBsAg levels (<100 IU/mL) both compared

ited positive correlation trend with ALT levels in low HBsAg group

to healthy control and patients with high HBsAg levels (1000-10 000

(<100 IU/mL) while displaying negative correlation trend in other

or >10 000 IU/mL) (Figure 5C). In addition, CD107a production on NK

three patient groups (Figure 6C). In addition, a difference between

F I G U R E 5 Patients with low amount of HBsAg exhibited suppressed degranulation and chemokine secretion by NK cells. (A)
Concatenated flow cytometry plots of one representative healthy control showed staining of CD107a, interferon-γ (IFN-γ), tumour necrosis
factor (TNF), macrophage inflammatory protein-1β (MIP-1β), and granulocyte-macrophage colony-stimulating factor (GM-C SF) for CD56dim
NK cells after the indicated stimulations. (B) The percentage of functional makers on CD56dim and CD56bright NK cells from healthy control
and different patient groups was shown. Mean values were shown. (C) The numbers of function, as defined by Boolean gating, exhibited by
CD56dim or CD56bright NK cells from healthy control and different patient groups. The pie charts indicated the proportions of cells exhibiting
each number of simultaneous functions. Mean values were shown. Statistical analysis between multiple groups was performed via Kruskal-
Wallis test. *P < .05, **P < .01, indicate significance level when comparing healthy controls with different patient groups; #P < .05, ##P < .01,
indicate significance level when comparing patients of HBsAg <100 IU/mL with other patient groups

DU et al.
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F I G U R E 6 Correlation between natural killer (NK) cell markers and virological and biochemical parameters. (A) Correlation analysis of
HBsAg levels with the percentage of markers on NK cells from chronic hepatitis B (CHB) patients (n = 80), namelym CD38, CD69, Tim3,
Ki-67 and granzyme B. (B) Pair wise spearman correlations between the indicated NK cells parameters in CHB patients with HBsAg (n = 80),
patient age (n = 80) and ALT (n = 71) levels. (C) Pair wise spearman correlations between the indicated NK cells parameters in each patient
group with HBsAg levels (n = 20, 21, 19 and 20 for HBsAg <100, 100-1000, 1000-10 000 and >10 000 IU/mL, respectively), and ALT levels
(n = 18, 17, 17 and 19 for HBsAg <100, 100-1000, 1000-10 000 and >10 000 IU/mL, respectively). Colour intensities indicate Spearman's
rank correlation coefficients according to the legends. Significant (P < .05) correlations are highlighted with red squares. (D) Correlation
matrices of different NK cell parameters in the respective CHB patient groups. Red circles indicate positive correlation and blue circles
indicate negative correlation, and circle size indicates strength of correlation. K represents K562 cell stimulation; I represents IL-12 + IL-18
stimulation; and KIL represents the stimulation of IL-12 + IL-18 + K562
low HBsAg (<100 IU/mL) and high HBsAg (>10 000 IU/mL) could

4 | D I S CU S S I O N

be observed when we assessed correlation between different markers on NK cells (Figure 6D). As a result, both HBsAg and ALT levels

We here comprehensively analysed NK cell phenotype and func-

may influence NK cell activation and function; and the correlation

tion in CHB patients in relation to HBsAg levels. Overall, our data

pattern differs between patients with low HBsAg (<100 IU/mL) and

suggested that (a) reshaping of the NK cell pool towards more

high HBsAg levels (>10 000 IU/mL).

CD56bright NK cells occurred in CHB patients with high HBsAg levels,
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(b) CD56bright NK cell activation markers were negatively correlated

activity and dysfunctional cytokines production.30 In our current

with HBsAg levels, (c) NK cell functional markers were negatively

study, the functional impairment was mainly confined to cytotox-

correlated with patient age, and (d) NK cells in CHB patients with low

icity and chemokine (MIP-1β) production. It has been reported that

HBsAg levels (<100 IU/mL) displayed an activated phenotype with

NK cell cytotoxicity is negatively correlated with HBsAg level21 but

increased expression of proliferation and activation makers while

positively correlated with ALT level.31 In line with these findings, we

presenting with defective functional responses at the same time.

observed that in patients with low HBsAg levels, CD107a responses

We observed a restructuring of the NK cell compartment with a rel-

against K562 and IL12/IL18 stimulation were negatively correlated

ative increase of CD56bright NK cell subset in patients with high HBsAg

with HBsAg level. Consistently, both NK cell functional responses

levels. This increase of CD56bright NK cells could hint towards changes

and the ALT levels in patients with extremely lower HBsAg levels

in the maturation status of NK cells in these patients as CD56

bright

NK

cells are considered as predecessors of CD56dim NK cells.15 NK cell
differentiation within CD56dim NK cells is associated with increased
expression of KIRs, CD57 and loss of NKG2A,27 and this is also coupled with a decrease in Eomes and an increase in T-bet expression.

26

(<10 IU/mL, n = 7) were relatively higher than those of patients with
HBsAg above 10 IU/mL (10-100 IU/mL, n = 13) (data not shown).
These findings may indicate that the differential NK cell functional
responses may indeed reduce some liver inflammation which would
be required to clear HBsAg.

Previous data from our group indicated that differentiation within

A recent study also reported that the duration of HBsAg ex-

CD56dim NK cell subset was not affected in HBV, HCV or HDV infec-

posure rather than quantity of HBsAg associates with the level of

tion as displayed by surface expression of KIR, CD57 and NKG2A.24

HBV-specific T cells response.32 Similarly, in our study, patient age

In line with this, our current results did not reveal any differences in

which corresponds to the duration of infection,4 is negatively cor-

expression of those three markers in patients with CHB. However, the

related with HBsAg levels; and CD107a and cytokines production

percentage of EomeslowT-bethigh CD56dim NK cells displayed decreased

of CD56dim NK cells against K562 and IL-12/18 stimulation was neg-

trend in CHB patients, which is consistent with the increased propor-

atively correlated with patient age. Consistently, several functional

bright

markers of NK cells were significantly lower in patients older than

NK cell subset has been shown to positively correlate with patients'

44 compared to the younger patients in the group of lowest HBsAg

ALT level, suggesting a possible role for these cells in liver inflamma-

levels (Figure S7E). Therefore, the defective functional responses of

tion.25 This assumption was not studied here as most of patients in our

NK cells might associate with the duration of HBsAg. However, age

cohort had normal ALT levels or they received anti-viral therapy.

had minute effect on NK cell phenotype (Figure S7D), indicating that

tion of the CD56

bright

NK cell compartment. Previously, the CD56

In an earlier study, NK cells displayed an inflammatory pheno-

the duration of HBsAg mainly links with NK cell function.

type with increased expression of CD38, Ki-67 and TRAIL in HBeAg-

NK cell cytotoxicity is dependent on the interaction between

negative CHB patients. 25 Consistently, we also found that NK cells

target cell ligands and a series of stimulatory receptors expressed by

in patients with low HBsAg levels displayed an activated phenotype,

NK cells. In our study, the natural cytotoxicity receptor NKp46 was

with increased expression of CD38, granzyme B and Ki-67 but not

significantly decreased on CD56bright NK cells in patients with low

the death ligand TRAIL. Studies have suggested that TRAIL is upreg-

HBsAg levels. This might be associated with the defective functional

ulated on NK cells in the flares of HBV-related liver inflammation17

responses of CD56bright NK cells. In addition, the increased expres-

and NK cells promote liver pathology by depleting HBV-specific

sion of exhaustion marker TIGIT and regulatory cytokine IL-10 on NK

T cells via TRAIL. 28 In our study, TRAIL was similar expressed on

cells in CHB patients may also associate with NK cell dysfunction.33

NK cells among the five groups, indicating that activated NK cells

Surprisingly, the exhaustion marker Tim3 decreased in patients with

in patients with low HBsAg levels might not be immunopathologic.

high HBsAg levels, which is contradictory to a previous study.34

Another study has reported that HBsAg seroclearance after stop-

Indeed, a recent study demonstrated that Tim3 upregulation is a

ping antiviral therapy was associated with an upregulation of CD38

common end-result of NK cell activation by various stimuli and is

expression on CD56dim NK cells. 29 In line with previous work 22 and

not an independent marker of NK cell exhaustion.35 Therefore, the

in our study, we found that CD69 and granzyme B expression on

lower expression of Tim3 on NK cells in patients with high HBsAg

CD56

bright

NK cells negatively correlated with HBsAg levels. Overall,

previous work and our study suggest that the activation of NK cells
might be associated with spontaneous HBsAg clearance in patients
with low HBsAg levels.
However, and surprisingly, we noted that both CD56dim and
CD56bright NK cells presented a functional impairment in patients

level may be associated with a less activated phenotype of NK cells
in these patients.
The most recent work examining the role of NK cells in CHB patients, suggested no significant difference in expression of 33 markers on NK cells between patients with low (<1000 IU/mL, n = 14) and
those with high levels of HBsAg (>10 000 IU/mL, n = 13) including

with low surface antigen. This finding, on the first view, is contradic-

CD57, NKG2D, CD38, CD161, granzyme B, HLA-DR, Tim3 and sev-

tory to the observed activated phenotype in patients with low HBsAg

eral function markers.32 Similarly, in our study, we did not observe

levels. Previous data have shown that chronic HBV infection caused

any differences in the expression of CD57, NKG2D and CD161 on

a broad functional impairment and overall inhibited phenotype of NK

NK cells in patients with low HBsAg levels compared to those with

cells. 24 However, Oliviero et al demonstrated that NK cells in CHB

high levels of HBsAg. On the other hand, expression of granzyme B

patients displayed a functional dichotomy, with enhanced cytolytic

and Tim3 differed in patients with low compared to high HBsAg. The

12
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different results could originate from different group classifications

E T H I C S A P P R OVA L S TAT E M E N T

and study sizes. In our study, we classified patients with HBsAg of

This study complied with Helsinki declaration of 1975. The eth-

<1000 IU/mL into two groups: one with HBsAg of <100 and another

ics committee of Essen University Hospital and Hannover Medical

one with HBsAg of 100-1000 IU/mL. Interestingly, the major differ-

School approved the protocols.

ence was found in patients with the lowest HBsAg levels (<100 IU/
mL) but not in patients with HBsAg between 100 and 1000 IU/mL.
This study has several strengths and limitations as discussed

PAT I E N T C O N S E N T S TAT E M E N T
All patients provided written informed consent.

below. Firstly, a large cohort of patients with varying amounts of
surface antigen was studied. Secondly, patients were selected from
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two different clinical centres, which are more representative than a
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larger studies should accommodate for this. Second, it is uncertain if
the NK cell responses observed towards the golden standard NK cell
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