1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

fg)%
S

O

R HE

,NS

N4

NS

NIH Public Access

Author Manuscript

Published in final edited form as:
Curr Opin Immunol. 2013 December ; 25(6): 697—703. doi:10.1016/j.c0i.2013.09.008.

Natural killer T (NKT) cells in autoimmune hepatitis

Jochen Mattnerl2

1 Mikrobiologisches Institut — Klinische Mikrobiologie, Immunologie und Hygiene,
Universitatsklinikum Erlangen und Friedrich-Alexander Universitat Erlangen-Nurnberg, D-91054
Erlangen, Germany

2 Division of Cellular and Molecular Immunology, Cincinnati Children's Hospital, Cincinnati, OH
45229, USA

Abstract

Natural killer T (NKT) cells represent an innate-like lymphocyte population endowed with unique
antigen recognition and tissue distribution features. Their abundance in the microvascular
compartments of the liver allows NKT cells to immediately respond to lipid antigens and soluble
factors circulating through the portal vein system by releasing tremendous amounts of different
cytokines and chemokines. Subsequently, dependent on the nature of the lipid antigen encountered
as well as the accessory signal(s) provided, NKT cells not only contribute to the maintenance of
immune tolerance, but also direct adverse immune reactions locally and systemically. Focusing on
their potent immunomodulatory features and their interactions with various innate and adaptive
immune cells, the role of NKT cells in perpetuating the loss of liver-specific immune tolerance
will be discussed.

Introduction

The liver commands various specific functions in the carbohydrate, protein and lipid
metabolism in the body. Among those are the synthesis of hormones and plasma proteins,
the detoxification of harmful substances, the metabolism of different drugs, the
decomposition of red blood cells, the storage of glycogen, the synthesis of fatty acids and
the control of the systemic lipid circulation through the synthesis of lipoproteins.

The exposure to all of these metabolic products as well as to multiple other molecules
absorbed in the intestinal system renders the liver an organ that needs to distinguish between
harmless and dangerous antigens in order to not only maintain immune tolerance on the one
hand, but also to mount appropriate immune responses against pathogens on the other.
Different T cell populations play a pivotal role in these processes. Among the liver-specific
tolerogenic immune mechanisms the induction of T cell tolerance or the generation of
regulatory T cells due to the cross-presentation of antigens by liver sinusoidal cells, T cell
apoptosis mediated by hepatic stellate cells and the inactivation of T cells by antigenic
priming havebeen discussed [1]. In contrast, altered pathways of T cell survival and antigen
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presentation [2] as well as modified cytokine milieus or costimulatory signals [3] might
drive tissue damage due to an aberrant activation of the immune system.

The liver as an innate immune organ

NKT cells

The cellular composition of the liver is unusual compared to other secondary immune organs
as components of the innate immune system such as Kupffer and stellate cells, dendritic
cells (DCs), natural killer (NK) and NKT cells constitute the majority of immune cells [4].
In contrast, B cells are underrepresented [5] and CD8-positive T cells that frequently display
memory and innate (-like) features outnumber CD4-positive T cells [6].

The specific metabolic features of the liver as well as their location at the interface between
the intestinal and systemic blood circulation might be involved in the selection of the hepatic
immune cell repertoire as well as the control of the respective immune reactions (Figure 1).
The concentration of lipids in hepatic DCs, for example, defines the initiation and generation
of immunogenic versus tolerogenic immune responses in mice and humans [7°].
Furthermore, scavenger receptors [8] expressed on liver sinusoidal endothelial and Kupffer
cells mediate the uptake of glycolipids [9] and might subsequently shape NKT cell
responses through controlling the availability of lipid antigens.

Thus, although being an overall tolerogenic organ, the liver can become the target of adverse
immune reactions in liver-specific and systemic immune-mediated diseases dependent on
the triggers involved and the subsequent cellular and molecular immune responses elicited.

NKT cells can be divided into two distinct subpopulations, namely type | and type 1l NKT
cells [10]. Whereas conventional T lymphocytes exhibit diverse T cell receptors (TCRS),
clonally expand upon antigen encounter and react to peptide antigens, type | NKT cells
express a semi-invariant TCR (Va14Ja18/VB2,7,8 in mice and Va24Ja18/VVB11 in
humans) and recognize — in an innate pattern recognition like manner — a broad range of
self-lipid and microbial-lipid antigens including glycosphingolipids, glycerophospholipids,
lysophospholipids and cholesterol esthers presented by the atypical MHC-I (-like) molecule
CD1d on antigen presenting cells (APCs) [11-14]. In contrast, type 1l NKT cells exhibit a
more diverse T cell receptor repertoire and react to mammalian and microbial phospholipids
[15] and sulfatides [16,17].

Both NKT cell populations are endowed with potent immunomodulatory functions and
bridge the innate with the adaptive immune response [18]. While the type | NKT cell subset
represents up to 30% of the T cells in the liver of mice [19], the majority of NKT cells in
humans consists of type Il NKT cells [10]. TCR-dependent and TCR-independent activation
signals contribute to the distribution of type | NKT cells and their phenotypic presentation in
the liver [20]. For example, type | NKT cells immediately arrest upon engagement of their
TCRs by glycolipids, while they continue to migrate upon exposure to soluble factors such
as 1L-18 [21]. Accordingly, type | NKT cells activated by microbial glycolipid antigens
contribute to bacterial clearance (cognate activation), while toll-like receptor (TLR)-elicited
cytokine responses of myeloid cells infected by bacteria that do not contain lipids in their
cell wall recruit type | NKT cells as part of an inflammatory cellular network (bystander
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activation) [22°°]. Thus, the CD1d-mediated presentation of lipid antigens and the provision
of accessory signals by stellate [23], Kupffer [24], sinusoidal endothelial [25°°] or myeloid
suppressor cells [26] as well as hepatocytes [27] shape the NKT cell response in the liver
(Figure 1). Furthermore, the sympathetic nervous system modulates the behavior of hepatic
type | NKT cells independent of CD1d presented lipid antigens [28]. In contrast,
chemokines such as CXCR6, LFA-1 or ICAM-1 [25,29,30] promote the accumulation of
type | NKT cells in the liver. As there exists only sparse evidence for NKT cell trafficking to
diseased and/or inflamed tissues, the reactivity of the NKT cell TCR that is specific for lipid
antigens combined with the abundance of NKT cells in the liver and their potent
immunomodulatory features suggests NKT cells as critical mediators of hepatic immune
homeostatic mechanisms.

Autoimmune liver diseases

Autoimmune hepatitis (AIH) represents next to primary sclerosing cholangitis (PSC) and
primary biliary cirrhosis (PBC) one of the three main pathogenic entities of idiopathic
autoimmune diseases of the liver with distinct clinical, serologic and histologic profiles [31].
In contrast to the immune-mediated damage of small and large intrahepatic bile ducts that
are associated with mixed cellular infiltrates in PBC [32] and PSC [33], AlH is characterized
by a plasma cell-dominated inflammation of the liver parenchyma [34]. While anti-
mitochondrial antibodies represent the hallmark of PBC [32], dominant pathogenic
autoantigens specific for PSC and AlIH have not yet been identified.

The identification of pathways underlying the generation and propagation of autoimmune
lymphocytes [35] in all three disorders has been difficult, as complex interactions between
environmental factors and genetic traits are thought to contribute. Interestingly, the immune-
mediated damage is specific for defined cell subsets in the liver, although the autoantigens
described are ubiquitously expressed in other intra-hepatic and extra-hepatic tissues. Thus,
distinct triggers and cell-specific/tissue-specific pathogenic pathways likely initiate the
compartment-specific hepatic damage.

The difficulty to induce autoreactive immune responses to liver antigens in animal models
reflects one of the problems contributing to the lack of understanding the underlying
pathogenic mechanisms. It is even unclear to date whether the antigens that trigger the
generation and propagation of autoreactive lymphocytes originate from the liver or extra-
hepatic tissue sites. Frequently, liver-specific tolerance can only be broken through the
introduction of vectors expressing ectopic antigens under experimental conditions. For
example, the infection with a liver-tropic adenovirus expressing human cytochrome P450
2D6 (Ad-2D6), an autoantigen of AlH, triggers significantly more severe liver damage in
wild-type mice when compared with transgenic mice expressing the identical human
CYP2D6 protein in the liver [36]. Accordingly, the xeno-immunization of mice with human
antigens and IL-12 suggested that peripheral tolerance can be directly broken [37] and
pathogenic lymphocyte populations propagated/generated in the liver. In contrast, the
migration of dysregulated T cells primed in the spleen (along the CCR6-CCL20 axis) is
responsible for the induction of fatal hepatic tissue damage in thymectomized PD-1 ~*~ mice
[38].
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Different bacteria have been linked to the pathogenesis of PBC and PSC [39,40]. The
induction of biliary inflammation in an infection-induced model resembling PBC, for
example, was strictly dependent on chronic bacterial persistence [41]. Once disease was
established and bacterial infection cleared, however, conventional donor T cells adoptively
transferred liver lesions into recipient mice suggesting an autoimmune component. Although
the antigens these T cells are reacting to are unknown, molecular mimicry might be critical
for the induction and maintenance of biliary liver disease as phylogenetically related
proteins of the infectious agent utilized in this model exhibit a striking homology to the
mitochondrial hallmark antigens of PBC patients [42,43].

Although multiple triggers including microbial and environmental antigens, genetic
predisposition and dys-regulated immune responses have been implicated in the
pathogenesis of all three disorders, the exact mechanisms leading to the breakdown of
tolerance specifically in the liver environment have remained unknown.

Role of NKT cells

While type Il NKT cells protect from AlH [44,45], type | NKT cells promote autoimmune
liver diseases: firstly PBC patients reveal a striking redistribution of NKT cells from the
blood to the liver [46] and the genetic deletion of NKT cells in mouse models of PBC
ameliorates biliary liver pathology [41,47]; secondly NKT cell-deficient mice or animals
with reduced hepatic NKT cell numbers exhibit less severe liver pathology than wild-type
controls in response to concanavalin A (ConA) in animal models of AIH [25°*,48] and the
adoptive transfer of hepatic NKT cells sensitized NKT cell-deficient mice to ConA-
mediated hepatitis [48]. Albeit there exist no data for PSC in patients or animal models,
these studies collectively suggest that type I NKT cells might promote the breakdown of
hepatic tolerance and thus play a central role in initiating and perpetuating autoimmune liver
damage.

Different cytokines such as TNF-a, IFN-y and IL-4 that are released upon application of
ConA or a-GalCer have been suggested to mediate hepatic inflammation and parenchymal
necrosis [49-51]. TNF-a and IFN-y exacerbate liver injury through the recruitment of
dysregulated T cells to the liver [52] or the induction of hypercoagulation [53]. IL-4
promotes the infiltration of the liver parenchyma by neutrophils upon type I NKT cell
activation [54]. In contrast, the role of IL-17 has remained controversial [55,56], while IL-15
inhibits ConA-mediated liver injury via type | NKT cell-dependent mechanisms [57].

Type | NKT cells exhibit their pathogenic effects also due to cognate or costimulatory
interactions with other tissue-destructive and/or auto-reactive immune cell populations:
CD1d-restricted NKT cells, for example, promote the expansion and generation of
autoreactive B cell responses [41] and stimulate intrahepatic CD8 T-cell effector responses
to antigens expressed in the liver [58]. As NKT cells cross-talk to many other immune cell
populations [59], there are likely more cellular circuits involved in these pathogenic
mechanisms that need to be elucidated in the future.
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Profibrotic effects of NKT cells in liver pathology

NKT cells do not only promote inflammatory immune reactions in the liver, but also
contribute to hepatic fibrogenesis: profibrotic effects of NKT cells were observed after the
application of xenobiotic or chemical compounds, methionine-choline-deficient diet, in
Hepatitis B Virus-transgenic mice as well as in models of PBC and nonalcoholic
steatohepatitis [60-67]. Inflammatory mediators drive chronic liver inflammation and
progression to liver fibrosis in these models. However, type | NKT cells are not always
fibrinogenic: particularly in CClg-induced liver injury [61] the nature of the lipid antigen
presented to the NKT cells appears to be critical whether NKT cells exhibit pro-fibrotic or
anti-fibrotic effects.

Regulation of NKT cell activation

Various soluble mediators affect the activation of NKT cells. For example, oxygen radicals
released by Kupffer cells promote ConA-hepatitis without affecting the production of
cytokines [68]. Signaling through the IL-12 receptor that is constitutively expressed on type
I NKT cells enhances the release of Th1l and Th2 cytokines during ConA-mediated hepatitis
[69]. In contrast, IL-10 produced by Kupffer cells and regulatory T cells ameliorates ConA-
mediated hepatitis [70]. IL-33, a member of the IL-1 family produced by hepatocytes, has
been recently associated with protective effects in ConA-mediated liver damage, as it
inhibits the systemic release of IFN-vy, IL-17 and TNF-a [71]. Prostaglandin E2 and retinoic
acid also suppress the activation of or cytokine production by NKT cells in vivo [72,73].

Furthermore, various cell surface molecules, particularly NK cell receptors and signaling
pathways have been implicated in the regulation of NKT cell activation. Qa-1P-CD94/
NKG2A interactions inhibit the activation of type | NKT cells as well as ConA-mediated
and a-GalCer-mediated hepatic injury [74]. The protective effects of type Il NKT cells in a
transgenic hepatitis B virus model were mainly related to NKG2D [75] that is expressed by
about 50% of NKT cells. NKG2D as well as NK1.1 have been also associated with changes
in the cytokine expression profile [76].

In contrast, thioredoxin binding protein modulates 2 (TBP2) promotes the susceptibility to
ConA-mediated hepatitis by affecting the lipid metabolism and subsequently NKT cell
activity [77°]. Wnt/p-catenin signaling pathways [78°] or CD28/CD80 and PD-1/PD-L1
costimulatory signals [79°°] contribute to the modulation of NKT cell anergy. In addition,
altered pathways of antigen presentation [80] or the expression of complement receptors
during sepsis [81] might drive tissue damage due to an aberrant activation of type | NKT
cells.

Furthermore, genetic variations [82] as well as the composition of the intestinal microbiota
[83,84"] influence the NKT cell response in the liver. Interestingly, strain-specific
alterations even occur under germ-free conditions [85°].

Conclusions

The abundance of NKT cells in the liver and their remarkable immunomodulatory properties
together with their role as critical mediators of hepatic damage in different animal models
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characterize NKT cells as promising targets for therapeutic intervention in autoimmune liver
diseases. Although NKT cells have been characterized as direct effectors of liver damage or
adjuvant bystanders under the respective disease conditions, further studies are required for
the identification and characterization of firstly, the molecular and cellular mechanisms
precipitated by NKT cells that contribute to the break of peripheral tolerance; secondly, the
relative and absolute defects of NKT cells in the respective hepatic compartments during
different disease stages; thirdly, the tissue-migratory and vessel-evasive capacities of NKT
cells upon lipid antigen encounter and massive cytokine exposure and finally, the ability of
NKT cells to recruit different immune cells to defined hepatic compartments. Consequently,
the analysis of the circuits of these cell—cell interactions and the underlying pathogenic
molecular mechanisms will identify therapeutic targets and approaches for clinical
intervention in the future.
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Lipid antigens as well as accessory signals provided by different antigen-presenting cell subsets define the reactivity and
mobility of NKT cells in the liver. Metabolic and microbial compounds absorbed from the intestinal tract circulate into the
hepatic blood circulation through the portal vein system. Different antigen presenting cells (APCs) lining the microvascular
compartments of the liver take up and process these compounds. Dependent on the type of the APC lipid antigens as well as

accessory signals such as cytokines or costimulatory molecules are provided to NKT cells. NKT cells patrolling the liver

sinusoids release immediately cytokines and/or chemokines upon antigen encounter and shape dependent on the nature of the
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Figure 1.

antigen and accessory signals provided the subsequent immune response.
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