
EDITORIAL

iNKT cells in chronic HBV: a balancing act
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Hepatitis B virus (HBV) is a major cause of chronic liver

disease. Worldwide, more than 350 million people are

chronically infected with HBV and therefore at risk of

dying prematurely from liver failure or liver cancer. The

pathogenesis of HBV-induced hepatitis is determined by

the immune system. Thus, the natural clinical course of

chronic HBV infection, which is defined by the persistent

presence of HBsAg, is strictly linked to the immune

response and can be subdivided in different phases [1]:

first, the immunotolerant phase that is characterized by

extremely high HBV-DNA, low transaminase levels and

lack of anti-HBeAg in the sera of patients; second, the

immunoactive phase with intermitting high HBV-DNA and

transaminase levels; and third, a low-replicative phase, also

called the inactive carrier phase, which is marked by low

HBV-DNA, normal transaminases and the presence of anti-

HBeAg. Although viral replication can be efficiently sup-

pressed by current antiviral treatment strategies, chronic

HBV infection remains largely incurable, as the virus can

persist in the liver cell as a covalently closed circular DNA

(cccDNA). Immunotherapy is considered a promising

approach for HBV cure since HBV-specific immunity has

been shown to determine the outcome and course of acute

and chronic HBV infection. A prerequisite for successful

immunotherapeutic approaches, however, is a detailed

understanding of the role of the immune system in the

different phases of chronic HBV infection.

Intense research addressing immune responses in HBV

infection has revealed that conventional T cells are the

major effector cells in the elimination of HBV [2, 3]. In

agreement with this, conventional T cell function is

impaired in chronic HBV infection [4]. Effective T cell

function depends on a proper induction of innate immune

responses and an orchestrated cross-talk between the innate

and adaptive immune system. Indeed, in the chimpanzee

model, it has been observed that HBV infection does not

strongly induce interferon stimulated genes, indicating a

lack of early viral sensing by the immune system [5].

However, not much is known about the cross-talk of the

innate and adaptive immune system in humans during

HBV infection. Innate immune cells which bridge the gap

between innate and adaptive immunity include natural

killer T (NKT) cells. NKT cells are unconventional T cells

that are subgrouped into type I, also known as invariant

NKT (iNKT) cells, and type II, non-invariant NKT cells.

Human iNKT cells are characterized by the expression of

an invariant Va24-Ja18/Vb11 T cell receptor [6, 7]. Upon

antigenic stimulation by CD1d-presented lipid antigens

(e.g. a-GalCer), iNKT cells produce Th1, Th2 and Th17

cytokines and inflammatory mediators induce perforin

expression rendering iNKT cells cytotoxic [8, 9].

In this issue, Li M. et al. compared frequencies and

functional profiles of circulating iNKT cells derived from

patients chronically infected with HBV, which has been

categorized into immunotolerance (n = 16), inactive car-

rier (n = 25) and immunoactive phases (n = 19) [10]. In

the immunotolerance phase of chronic HBV infection, a

reduced frequency of iNKT among CD3? T cells was

found compared to healthy controls. In contrast, chroni-

cally HBV-infected patients in the immunoactive and

inactive carrier phases displayed increased levels of iNKT

cells among CD3? T cells compared to healthy donors.
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These results extend previous data by Fisicaro et al., who

reported high frequencies of activated iNKT cells early

during HBV infection [11].

Interestingly, Li M. et al. also observed functional dif-

ferences of iNKT cells derived from the different phases of

HBV infection [10]. Indeed, while inactive carriers and

healthy controls showed comparable levels of the Th1

cytokine IFNc and the Th2 cytokine IL-4, chronically

HBV-infected patients in the immunotolerant and

immunoactive phases displayed lower IFNc levels. How-

ever, it remains an open issue whether the impaired IFNc
production of iNKT cells in immunotolerant and

immunoactive HBV patients is due to a common mecha-

nism or rather reflects immaturity of the immune system in

the immunotolerant phase and exhaustion-like mechanisms

in immunoactive HBV patients. It is important to note that

a negative correlation between serum HBV-DNA and

IFNc-producing iNKT cells could be observed irrespective

of the clinical phase of chronic HBV infection. In contrast,

IL-4 production by iNKT cells positively correlated with

serum HBV-DNA of patients chronically infected with

HBV. In line with this, an increased proportion of iNKT

cells derived from immunotolerant and immunoactive

HBV patients produced IL-4 compared to inactive carriers

and healthy donors. These results suggest that iNKT cells

from chronic HBV patients are not generally impaired in

their function but rather possess an imbalanced function-

ality (Fig. 1). Whether this functional alteration results

from a redistribution of iNKT cell subsets [12] or from

distinct (re-)differentiation due to persisting antigenic

stimulation or chronic exposure to inflammatory mediators

remains an open question. Of note, it has been shown that

iNKT cells can be activated both by IL-12 in a HBV mouse

model and by ER-derived phospholipid antigens that are

induced upon HBV infection of murine and human hepa-

tocytes in vitro [13]. Additionally, Li M. et al. observed

minor differences comparing patients chronically infected

with HBV before and under entecavir treatment with a

slight increase in IFNc-producing and a decrease in IL-4-

producing iNKT cells [10]. These results possibly reflect

plasticity of iNKT cells, either on a single cell or on a

population level, in chronic HBV infection that is influ-

enced by viral load.

The interest in targeting iNKT cells in immunotherapy

in the context of liver disease is based on the fact that

iNKT cells represent 10–15 % of liver lymphocytes in

humans [14, 15]. Furthermore, iNKT cells have well-de-

scribed modulatory effects on CD8? T cells, the main

effector cells in the elimination of HBV [16]. These

modulatory effects comprise indirect measures such as

licensing of dendritic cells that then in turn cross-present

antigen to CD8? T cells as well as having direct influences

on CD8? T cells via cytokines. Interestingly, in HBV

mouse models, for example, it has been described that

activation of iNKT cells can enhance T cell-mediated

immunity and can lead to HBV elimination [17, 18]. Yet,

in a clinical trial, intravenous administration of a-GalCer, a
well-described prototypic antigen recognized by iNKT

cells, failed to induce a protective effect in chronic HBV

patients [19]. According to these inconsistent results,

accumulating evidence suggests dual or even opposing

roles of iNKT cells in liver pathology, like injury and

regeneration or fibrosis and tumor development. This is, for

example, illustrated by the protective role of iNKT cells in

mouse models of acute liver injury, whereas in chronic

conditions iNKT cells can promote liver injury [20]. The

mechanisms responsible for this complex role of iNKT

cells in liver pathologies are not completely understood but

include the secretion of a variety of cytokines by iNKT that

have different functions and can act synergistically

depending on other factors, for example environmental

factors. Environmental factors include mediators such as

cytokines induced by surrounding non-resident cells and

tissue-specific signals by resident and stoma cells. These

factors also influence the cytokine pattern secreted by

iNKT cells and thus establish a complex feedback loop.

This demonstrates that iNKT-cell function and the conse-

quent effects are versatile and context-dependent, and

therefore modulation of iNKT cells, for example by

specific antigenic stimuli and/or cytokine combinations,

has to be exactly balanced in order to obtain beneficial

effects in immunotherapy in liver diseases such as chronic

HBV infection.

In sum, Li M. et al. demonstrate differences in the

functional immune profile of iNKT cells during the dif-

ferent phases of chronic HBV infection [10], emphasizing

the importance of taking dynamic aspects of the clinical

course into account when analyzing the immune response

in HBV with the aim of defining targets and establishing

strategies for immunotherapy in HBV infection. Moreover,

this study also suggests that the interface between the

innate and adaptive arm of the immune system is probably

an important rheostat in balancing immune responses in

viral hepatitis. This is even further supported by the

Fig. 1 Functional alterations of iNKT cells in chronic HBV infec-

tion. In healthy donors, a large proportion of circulating iNKT cells

produces IFNc. This proportion of IFNc-producing iNKT cells is

reduced in the blood of patients chronically infected with HBV in the

immunotolerance and immunoactive phases, which are characterized

by high viral loads. In inactive HBsAg carriers, however, the

functional profile of circulating iNKT cells is similar to healthy

donors with respect to IFNc and IL4 production
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emerging findings about the role of other lymphoid cells in

healthy and diseased livers that bridge the gap between

innate and adaptive immunity, for example MAIT cells and

innate lymphoid cells [21].
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