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Hepatitis B vaccine and NK cells: a new 
player in memory
Maike Hofmann    ,1,2 Robert Thimme    1,2

Hepatitis B is a major global health burden 
caused by the HBV. Infection with HBV 
induces a necro- inflammatory liver disease 
and can either be self- limiting or persisting. 
Persisting or more precisely chronic HBV 
infection can progress to liver cirrhosis, 
end- stage liver disease and even liver 
cancer and thus results in an increased risk 
of dying prematurely. An effective and safe 
vaccine is available that confers over 95% 
protection by eliciting an immune response 
against the surface antigen of HBV 
(HBsAg). Indeed, a protective adaptive 
memory response mediated by memory T 
cells, memory B cells and anti- HBsAg anti-
bodies is detectable on Hepatitis B 
vaccination.1

Generally, current vaccination strategies 
target the adaptive arm of the immune 
system exploiting its capacity to estab-
lish a long- lasting protective immuno-
logical memory. However, it is becoming 
increasingly clear that not only the adap-
tive immune cells, the B and T cells, adapt 
their function on pathogen encounter to 
mediate protection on reinfection but 
also the innate immune system is able to 
establish a memory state that is called 
‘trained immunity’ or ‘innate memory’.2 
For example, natural killer (NK) cells 
are innate cytotoxic lymphocytes that are 
important in the early immune response 
towards viral infections and can mediate 
trained rather unspecific immunity or even 
specific innate immune memory responses 
on re- challenge.3 However, only very 
little is known about the role of trained or 
innate memory immunity in vaccination, 
more specifically about memory NK cells.4

In Gut, Wijaya et al5 now report the 
emergence of a memory NK- cell response 
after hepatitis B vaccination. The authors 
compared NK- cell responses of 20 healthy 
individuals without a previous HBV 
infection, including 12 vaccinated and 8 
non- vaccinated individuals. Functional, 
phenotypic and transcriptomic analyses 
of the respective NK- cell response were 

performed by applying flow cytometry, 
ELISA and single- cell RNA sequencing 
technologies. In addition, NK- cell 
responses of 10 chronically HBV- infected 
patients with low viral loads were assessed.

NK cells from vaccinated compared 
with non- vaccinated individuals exhibited 
increased degranulation and proliferation 
following cocultivation with autologous 
monocyte- derived dendritic cells pulsed 
with HBsAg that is included in the hepa-
titis B vaccine. This was not the case after 
a respective re- exposure to the hepatitis B 
core antigen (HBcAg) that is not part of 
the hepatitis B vaccine (figure 1). These 
data clearly indicate an antigen- specific 
NK- cell memory response after hepatitis 
B vaccination. The activating NK- cell 
receptor NKG2D and its stress- induced 
ligand ULBP-1, an unconventional major 
histocompatibility complex class I (MHC- 
I)- like molecule, are shown to be important 
in mediating this NK- cell memory 
response after Hepatitis B vaccination. 
Still, the exact mechanism of the observed 
HBsAg- specific response remains open. 
Antiviral NK- cell memory has been best 
described in the context of cytomegalo-
virus infection.6 Here, it has been demon-
strated that the recognition of viral UL40 
peptides together with the non- classical 
MHC- I molecule HLA- E by the activating 
receptor NKG2C drives the clonal expan-
sion of memory- like NKG2C+ NK cells.7 

Future studies are required to unravel 
whether similar mechanisms are involved 
in the HBsAg- specific NK- cell memory 
response or whether hepatitis B vaccina-
tion increases an HBsAg- triggered stress 
response leading to NK- cell stimulation 
via the NKG2D/ULBP-1 axis.

Wijaya et al5 identify the inhibitory 
receptor KLRG1 and not NKG2D as a 
marker molecule of NK cells that poten-
tially mediate the observed HBsAg- 
specific cytotoxic NK- cell response 
challenging the role of the NKG2D/
ULBP-1 axis in driving the emergence of 
a distinct NK- cell memory population 
after Hepatitis B vaccination. KLRG1+ 
NK cells in hepatitis B- vaccinated individ-
uals are characterised by a mature effector 
phenotype with a high capacity to degran-
ulate as a surrogate for cytotoxicity. This 
is in line with a previous study showing 
that KLRG1+ compared with KLRG1− 
NK cells in humans exhibit an enhanced 
degranulation capacity.8 However, inter-
feron gamma (IFNγ) production was not 
increased in KLRG1+ versus KLRG1− 
NK cells after target cell stimulation in 
this study.8 Thus, this may explain the 
observation by Wijaya et al5 that the 
HBsAg- specific NK- cell memory response 
mediated by KLRG1+ NK cells after 
hepatitis B vaccination is not detectable 
on the level of IFNγ secretion.

Of note, Wijaya et al5 also report that 
HBsAg- specific NK- cell responses in 
chronically HBV- infected patients are 
similarly enhanced compared with hepa-
titis B- vaccinated individuals. In contrast 
to hepatitis B vaccination, an enhanced 
NK- cell response after HBcAg re- expo-
sure is generated in chronic HBV infection 
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Figure 1 Hepatitis B virus (HBV) antigen- specific NK- cell responses in hepatitis B (HepB)- 
vaccinated individuals and patients chronically infected with HBV. Increased degranulation of 
natural killer (NK) cells is detectable on stimulation with HBsAg- pulsed monocyte- derived dendritic 
cells (moDC) after HepB vaccination and in chronic HBV infection. HBcAg- pulsed moDCs, however, 
only mediate an enhanced degranulation of NK cells obtained from chronically HBV- infected 
patients. This probably reflects different antigen exposure in HepB vaccination versus chronic HBV 
infection.
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reflecting the differences in antigen expo-
sure and thus further supporting the 
antigen- specific nature of the enhanced 
NK- cell response (figure 1). Importantly, 
this finding also uncovers a potential 
major difference between innate memory 
NK- cell and adaptive memory T- cell 
responses as functionality per se and also 
the memory establishment of T cells are 
impaired in chronic HBV and even gener-
ally in chronic viral infection.9 10 However, 
to further confirm that HBV antigen- 
specific NK- cell responses are indeed not 
affected by chronic HBV infection a more 
comprehensive analysis including resolved 
HBV infection is required.

In summary, the study by Wijaya et al5 
highlights that hepatitis B vaccination not 
only induces adaptive immune memory 
but also trains the NK- cell response. This 
finding provides new insights into the 
immunity generated by hepatitis B vacci-
nation and therefore into the modes of 
action of vaccines in general. In addition, 
the fact that the HBV antigen- specific 
NK- cell response is similarly enhanced 
in chronic HBV infection compared 
with hepatitis B vaccination renders the 
NK- cell response an attractive target for 
novel treatment strategies in HBV cure. 
Hence, trained or innate memory NK- cell 
responses should be considered in the 
design of vaccines and immunotherapies 
in the context of viral infections.
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