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Pit cells were first described by Wisse et al.1 in 1976. Later, Kaneda et al.2 referred to this
cell type as “natural killer (NK) cells” due to their resemblance to large granular
lymphocytes that are known to possess NK cell activity. In 1984, Kaneda et al.3 also
observed that in autoimmune hepatitis, these pit cells (now known as liver-specific NK
cells) were frequently seen in close contact with hepatocytes that eventually showed
degenerative or immature features, providing the first evidence that NK cells may contribute
to hepatocellular damage in autoimmune hepatitis. Although more than 2 decades have since
passed and the accumulating evidence indicates that NK cells are involved in the
pathogenesis of many types of human autoimmune diseases,4 little is known about the role
of NK cells in autoimmune liver disease specifically. To date, there are several studies
reporting that NK cell functions are dysregulated in autoimmune hepatitis, primary
sclerosing cholangitis, and primary biliary cirrhosis (PBC). These data show that in patients
with PBC, there was increased cell-killing activity and decreased cytokine production in NK
cells5 and that there appeared to be a genetic link between NK cell receptor ligand
expression and susceptibility to primary sclerosing cholangitis.6 However, the mechanism
by which NK cells are activated and contribute to the pathogenesis of autoimmune liver
disease was largely unknown until Shimoda et al.7 published their recent data in this issue of
HEPATOLOGY.

NK cells represent a small percentage of blood lymphocytes that have the ability to kill
cancer cells and virus-infected cells through release of small cytoplasmic granules of
perforin, granzymes, Fas ligand, or TRAIL (tumor necrosis factor–related apoptosis-
inducing ligand). In contrast to the low percentage of NK cells in peripheral blood, liver
lymphocytes are enriched in NK cells, accounting for 15%-30% of all liver lymphocytes that
play an important role in immunosurveillance against tumor transformation and viral
infection in the liver.8 It was originally thought that without requirement of activation, NK
cells can kill target cells that are missing “self” markers of the major histocompatibility
complex class I. It is now known that NK cells do require activation before killing target
cells. Activation of NK cells is determined when there is an imbalance of signals from
stimulatory and inhibitory receptors on the NK cells that interact with corresponding
stimulatory and inhibitory ligands from target cells, respectively.9 If the stimulatory signal
dominates over the inhibitory signal, NK cells become activated and kill target cells. NK
cell stimulatory receptors include NKG2D, NKp46, NKp30, NKp44, and DNAC accessory
molecule-1 (CD226). Among them, the NKG2D is the best characterized and is known to be
activated by stimulatory ligands including RAE-1 (retinoic acid early inducible gene 1),
histocompatibility 60, UL-16 binding protein-like transcript 1 expressed on mouse target
cells, and MICA/B (major histocompatibility complex class I–related molecule A/B) and
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UL-16 binding proteins expressed on human target cells.9,10 In addition, NK cells are also
activated by a variety of cytokines including interferons (IFNs), interleukin-2 (IL-2), IL-18,
IL-12, and IL-15. Evidence has shown that type I IFNs play a key role in inducing NK cell
activation, which in turn mediates death to virus-infected hepatocytes and inhibits hepatitis
virus replication.11,12 Additionally, several Toll-like receptor (TLR) ligands can directly
activate NK cells13 or stimulate surrounding antigen-presenting cells to produce cytokines
that subsequently induce NK cell activation indirectly.14,15 TLRs are a group of proteins that
recognize well-conserved microbial structures known as pathogen-associated molecular
patterns. The TLR1, TLR2, TLR4, TLR5, TLR6, TLR10, and TLR11 proteins (TLR11 is
present in mice, but not humans) are associated with plasma membranes and recognize
bacterial cell wall components such as bacterial flagellin and viral particles. These proteins
are distinct from TLR3, TLR7, TLR8, and TLR9, which are localized to the endosomes and
recognize bacterial and viral nucleic acids. Many of the NK cell stimulatory ligands,
cytokines, and TLR ligands have been implicated in NK cell activation, subsequently
inducing liver injury, and inhibiting liver fibrosis and liver regeneration in animal models8

and in patients with viral hepatitis11,16 or nonalcoholic steatohepatitis.17

In this issue of HEPATOLOGY, Shimoda et al.7 provide evidence that in vitro activation of hepatic
NK cells from patients with PBC required both TLR4 (direct stimulation) and TLR3
(indirect stimulation by activating monocytes to produce IFN-α, which then directly
simulates NK cells). They also reported findings that in vitro treatment with TLR ligands
and/or IFN-α did not affect the expression of NK cell stimulatory and inhibitory receptors
on NK cells. However, it is not clear whether the expression of these NK cell receptors and
their corresponding ligands on biliary epithelial cells were up-regulated in vivo in patients
with PBC. A previous study reported that expression of NK cell stimulatory ligands was up-
regulated in the livers of infants with biliary atresia and contributed to activation of NK cell–
mediated ductal injury in these patients.18 Moreover, given the fact that inflammatory
cytokines and several TLR ligands, which are elevated in the livers of patients with PBC,
have been shown to augment the expression of NK cell stimulatory receptors and their
ligands in liver injury models,8,19 it is plausible that the expression of these receptors and
their ligands are up-regulated and contribute to the pathogenesis of PBC via activation of
NK cells. Further studies are required to confirm this speculation.

Activated NK cells can participate in the pathogenesis of liver diseases directly by killing
liver cells or by producing cytokines that affect liver cells.8 It has been shown that NK cells
are able to kill autologous hepatocytes, stellate cells, and biliary epithelial cells in animal
models of liver injury8,19; however, there are few studies that have examined the
cytotoxicity of human NK cells against autologous liver cells because it is often not feasible
to obtain liver NK cells and liver parenchyma or nonparenchyma cells from the same
individual. However, Shimoda et al.7 took advantage of their ability to isolate primary
human biliary epithelial cells and liver lymphocytes from the same patient, and perform
cytotoxicity assessments with NK cells against autologous biliary epithelial cells. Based on
their results, it was clearly demonstrated that only the specific combination of TLR4 and
TLR3 was able to activate liver mononuclear cells to kill autologous biliary epithelial cells.
It was also found that the liver mononuclear cells from patients with PBC had higher
cytotoxicity after stimulation with TLR4 plus TLR3 than those from patients with viral
hepatitis or alcoholic liver disease; however, why NK cells from patients with PBC had
increased killing activity against autologous epithelial cells is not clear.

So, by what mechanism do NK cells kill biliary epithelial cells? It has been well-
documented that activated NK cells kill target cells by releasing perforin, granzymes, Fas
ligand, and TRAIL under various conditions. In the liver, NK cells express higher basal
levels of TRAIL and have higher cytotoxic activity than peripheral NK cells. Additionally,
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TRAIL expression on liver NK cells is up-regulated by a range of factors (such as IFN-α,
IFN-γ, TLR3 ligand, and so forth) and contributes to liver NK cell killing of activated
stellate cells, stressed hepatocytes, and biliary epithelial cells in animal models of liver
injury and in patients with liver disease.8 Interestingly, Shimoda et al.7 also confirmed that
IFN-α treatment up-regulated TRAIL expression in liver NK cells and that TRAIL was a
major factor contributing to the cytotoxicity of NK cells against autologous biliary epithelial
cells.

Another interesting finding from this publication was that the TLR4 ligand,
lipopolysaccharide (LPS), in synergy with IFN-α, was able to activate NK cells, which may
have significant implications on the pathogenesis of other liver diseases. It is well known
that gut bacteria–derived LPS is central to the pathogenesis of various types of liver
disorders, including steatohepatitis,20,21 fibrosis,22,23 and liver cancer.24 Early studies
suggested that LPS activation of TLR4 on Kupffer cells plays a central role in pathogenesis
of these liver disorders.25 Recent studies report that LPS also activates TLR4 on hepatic
stellate cells,22 sinusoidal endothelial cells,23 and hepatocytes,26 contributing to fibro-
genesis and hepatocellular damage. The study by Shimoda et al.7 highlight an unappreciated
mechanism by which LPS may contribute to the pathogenesis of liver diseases by activation
of NK cells. Although Shimoda et al.7 reported that LPS alone did not induce the
cytotoxicity of NK cells against autologous biliary epithelial cells, previous studies have
shown that human NK cells express TLR4, and that LPS treatment stimulated human CD56+

NK cells to produce IFN-γ.27 This suggests that LPS alone is sufficient to stimulate NK cell
production of cytokines, but is not able to enhance NK cell cytotoxicity. In addition, LPS
can also stimulate macrophages, dendritic cells, and mast cells to produce cytokines that
activate NK cells indirectly. Because hepatic LPS levels are elevated in alcoholic liver
disease,20 it would be interesting to examine whether elevated LPS can activate NK cells,
thereby contributing to the pathogenesis of this disease.

In summary, Shimoda et al.7 provided convincing in vitro evidence that NK cells kill
autologous biliary epithelial cells, and that NK cells from patients with PBC have higher
activity than those from patients with other liver diseases. However, the exact role of NK
cells in the pathogenesis of PBC still remains unsolved. Figure 1 summarizes the potential
roles of NK cell activation in the pathogenesis of PBC. NK cells likely play a detrimental
role in PBC by killing biliary epithelial cells, which can lead to bile duct damage and
abnormal exposure to autoantigens, and by their interaction with antigen-presenting cells
and T cells, thereby enhancing adaptive immune responses. However, NK cells have also
been implicated in suppression of certain types of autoimmune diseases by producing the
anti-inflammatory cytokine (IL-10) that inhibits adaptive immune response, or by directly
killing autologous dendritic cells and T cells.4 Thus, it appears that NK cells play a complex
(either detrimental or protective) role in the pathogenesis of PBC and can modulate the
initiation, maintenance, or the progression of the disease. Greater understanding of the role
of NK cells in PBC may help us identify novel therapeutic strategies for the treatment of this
disorder.
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IL interleukin

LPS lipopolysaccharide

NK natural killer

PBC primary biliary cirrhosis

TLR toll-like receptor

TRAIL tumor necrosis factor–related apoptosis-inducing ligand
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Fig. 1.
Potential roles of NK cells in the pathogenesis of PBC. (A) Several factors may contribute to
NK cell activation, including TLR4 ligand (LPS) and IFN-α produced by TLR3 ligand
(polyinosinic:polycytidylic acid [poly I:C])-activated monocytes, and the interaction of NK
cell stimula-tory ligands and NKG2D on NK cells. (B) Detrimental roles of NK cells in the
pathogenesis of PBC: (b1) activated NK cells kill biliary epithelial cell (BECs) by producing
TRAIL, leading to bile duct damage and autoantigen release. Dendritic cells (DCs) present
autoantigens to T cells, leading to autoimmunity, and (b2) activated NK cells produce
cytokines that enhance functions of antigen-presenting cells and adaptive immunity. (C)
Protective effects of NK cells in the pathogenesis of PBC: (c1) activated NK cells produce
IL-10 that inhibits adaptive immune response, and (c2) activated NK cells kill autologous
DCs and T cells, thereby inhibiting adaptive immune response.
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