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Introduction

Liver fibrosis is a common pathological feature of various 
hepatic diseases, such as viral hepatitis, alcoholic liver dis-
ease and nonalcoholic steatohepatitis, ultimately leading to 
irreversible cirrhosis and to liver cancer.1 The pathogenic 
mechanisms of fibrosis are still not fully understood and 
consequently an effective treatment is yet to be developed. 
Generally, the fibrosis is initiated by intrahepatic hepatocyte 
death, which induces hepatic stellate cells (HSCs) prolifera-
tion, differentiation, collagen overproduction, and thus fibro-
genesis.2 As an important component of innate immunity, 
natural killer (NK) cells are enriched in the liver.3 NK cells play 
critical roles in innate immune defense against bacterial, viral, 
and parasitic pathogens, as well as tumor suppression through 
the natural cytotoxicity and cytokine secretion.4 Accumulating 
evidence indicates that NK cells are able to limit liver fibrosis 
via killing HSCs through inducing apoptosis and generat-
ing antifibrotic cytokines.5 Several recent studies have shown 
that exosomes derived from NK cells also exert an inhibitory 
effect on HSCs proliferation and activation, thereby alleviat-
ing fibrosis.6,7 However, with the progress of the hepatic injury 
to the chronic or advanced stage, the function of NK cells is 
exhausted and they fail to halt fibrosis. Therefore, activating 

NK cells at the early stage of diseases or restoring them at the 
advanced stage of fibrosis might provide promising therapeu-
tic strategies for this disease. This review briefly summarizes 
the fibrogenesis, the phenotypic characteristics of NK cells in 
the liver, as well as emphasizes the antifibrotic mechanisms of 
NK cells and discusses the potential of NK cells as therapeutic 
targets for liver fibrosis.

The formation of fibrosis

In the process of fibrogenesis, hepatocyte death is regarded 
as an initial event. The main causes of hepatic damage are 
lipid deposition and abnormality of cholesterol metabolism 
in hepatocytes. Lipid peroxidation induce oxidative stress 
and mitochondrial dysfunction, thus leading to hepatocyte 
necrosis and apoptosis.8 Lipid overload in hepatocytes also 
drives the inflammatory response that further induces the 
inflammasome activation and hepatocyte pyroptosis.9 In 
addition, free cholesterol mediates the apoptotic and necrotic 
hepatocyte death through the JNK1 signaling.10 Dead hepat-
ocytes releases a variety of intracellular contents, such as 
nucleic acids, intracellular proteins, and mitochondrial com-
pounds, which trigger inflammatory responses and immune 
reactions, exacerbating hepatocyte damage.11
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Impact Statement

Liver fibrosis can progress to irreversible cirrhosis 
and cancer, so it remains as an unresolved health 
burden. Currently, many treatments have improved 
fibrosis at the early stage of this disease, but fail 
to halt fibrosis progression in the advanced stage. 
A new angle for therapy is required and activating 
natural killer is a target worth paying attention to as 
it is an essential component of innate immunity in 
the liver. This work details crucial insights on the 
antifibrotic mechanisms of NK cells for the develop-
ment of novel therapeutic targets for liver fibrosis.
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Hepatocyte death provides sufficient signals for the 
hepatic fibrogenesis. The extracellular matrix is mainly pro-
duced by myofibroblasts, which are derived from the acti-
vated HSCs, portal fibroblasts, and bone marrow-derived 
progenitor cells.12 HSCs are activated to induce fibrogenesis 
in response to toxic liver injury, whereas both activated HSCs 
and portal fibroblasts are responsible for cholestatic liver 
fibrosis.13 Thus, this review will focus on the role of HSCs 
in liver fibrosis and the effects of NK cells on HSCs. Cellular 
debris and contents released from dead hepatocytes provoke 
the activation and transformation of HSCs. For instance, the 
phagocytosis of apoptotic bodies by HSCs triggers a profibro-
genic response.14 DNA fragments interacting with Toll-like 
receptor (TLR) 9, a major components of innate immunity, 
promotes HSCs activation.15 Inflammasomes recruits and 
activates inflammatory cells which secrete cytokines and 
growth factors to establish the inflammatory microenviron-
ment that induces HSCs activation and fibrogenesis.16 For 
example, platelet-derived growth factor, interleukin (IL)-
1, angiotensin II, tumor necrosis factor (TNF)-α and leptin 
are proved to be mediators of HSCs proliferation, while 
transforming growth factor β, and IL-17 evoke the differen-
tiation of HSCs into myofibroblast-like cells, which express 
α-smooth muscle actin and generate numerous collagens, 
thus leading to liver fibrosis.17,18

With the overproduction and deposition of extracellular 
matrix proteins in the liver, fibrosis may progress to cirrhosis 
and even to cancer, due to normal liver tissue is replaced 
by hepatocytic nodules that cause hepatic dysfunction and 
failure.19 Therefore, suppression of HSCs activation and 
reduction of collagen deposition in the liver might provide a 
promising strategy for the treatment of liver fibrosis.

NK cells in the liver

As a basic component of the innate immune system, NK 
cells elicit the innate immune reaction in response to vari-
ous pathogens, such as tumors, viruses, and bacteria. They 
are abundant in the liver, comprising roughly 40% and 20% 
of total intrahepatic lymphocytes in human and mouse, 
respectively.3 The liver-specific NK cells are originated 
from circulating NK cell precursors and form their peculiar 
morphology and function. Compared with peripheral or 
splenic NK cells, liver NK cells expresses higher levels of 
CD69, an activation marker, and cytotoxic mediators, such 
as perforin, granzyme B and TNF-related apoptosis-induc-
ing ligand (TRAIL, a classical apoptotic inducing molecule), 
suggesting an increased activated potential and cytotoxic-
ity.20,21 According to the expression level of CD56, human NK 
cells are classified to the more cytokine responsive CD56bright 
and the more cytotoxic CD56dim subsets. The CD56bright NK 
cells are predominant in the peripheral blood and spleen, 
but their frequency is equal to the CD56dim NK cells in the 
liver,4,22 indicating that NK cells harbor the equivalent sen-
sitivity and cytotoxicity against abnormal cells in liver dis-
eases. However, the meaning of this distinction needs to be 
investigated.

NK cells recognize their target cells through the receptor-
ligand interaction. Receptors expressed on NK cells are cat-
egorized into the stimulatory and inhibitory receptors, by 

which the opposing signals determine the activation status 
of NK cells and their killing effect on target cells.23 The stimu-
latory receptors, such as NK group 2D (NKG2D), NKp36, 
NKp44, NKp30, NKp46, NKp80, and CD94/NKG2 C, can 
induce NK cell activation; while the inhibitory receptors, 
including the killer cell immunoglobulin-like receptor (KIR), 
and Ly49, are involved in the suppression of NK cell activa-
tion.24 Thus, activating NK cells by regulating the expression 
level of these receptors might increase their cytotoxicity and 
provide a potential therapeutic strategy for chronic liver dis-
eases. A major question that remains is, what switches the 
expression of the stimulatory and inhibitory receptors on NK 
cells in various liver diseases and whether these two kinds 
of receptors have reciprocal effects.

Mechanisms of NK cell-mediated 
cytotoxicity to HSCs

Receptor-ligand interactions

The function of NK cells is regulated by various receptors, 
and their cytotoxicity against target cells mainly depends on 
the interactions between activating receptors or inhibitory 
receptors of NK cells and corresponding ligands on target 
cells. Under physiological condition, HSCs express major 
histocompatibility complex (MHC) I, which binds to inhibi-
tory receptors of NK cells and suppresses their activation.25 
Once stimulated by hepatocyte damage signals, HSCs gener-
ate amounts of retinoic acid and increases the expression of 
retinoic acid early transcript (RAE)-1, a ligand for the acti-
vating NK cell receptors, thus leading to the NK cell killing 
of activated HSCs. However, NK cells fail to kill quiescent 
HSCs because of their low express level of RAE-1.26

Increasing activating NK cell receptors have been dis-
covered, among which NKG2D and NKp46 are considered 
to play a vital role in the killing effect of NK cells. NKG2D 
binding to its ligands such as MICA (MHC class I polypep-
tide-related sequence A), ULBP (UL16 binding protein), both 
of which are expressed on activated HSCs, effectively trig-
gers NK cell-mediated cytotoxicity.27 With the HBV-infected 
liver fibrosis progression, the expression level of NKG2D 
is increased, which regulates the anti-viral function of NK 
cells by killing the HBV-infected hepatocytes.28 Similarly, 
NK cells from patients with non-alcoholic steatohepatitis 
(NASH) have higher levels of NKG2D than NK cells from 
healthy individuals, along with elevated gene and protein 
expression of its ligands MICA in HSCs,29,30 suggesting 
an increased cytotoxic activity of NK cells against HSCs. 
However, in patients with alcoholic liver fibrosis, the num-
ber and cytolytic activity of NK cells expressing NKG2D 
are significantly decreased compared to those of patients 
without liver disease.31 In addition to stimulating NK cells 
to kill activated HSCs, NKp46 also participates in hepatic 
tissue repair and remodeling. The NKp46-mediated kill-
ing to HSCs is attributed to the interaction with its ligand 
NCR1.32 In HBV-related advanced hepatic fibrosis, intra-
hepatic NK cells have a reduced expression of NKp46 and 
cytotoxic function, implying the inhibition of immune func-
tions of NK cells.33 The circulating NK cells from chronic 
HBV-infected patients present decreased NKp46 expression 
and cytolytic activity, which indicates that NKp46 could 
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suppress HBV replication and alleviate liver damage and 
fibrosis.34 Likewise, both NKp46 and NKp30 are diminished 
in chronic HCV-infected patients, and NK cells are incapa-
ble of controlling virus load.35 One explanation might be 
that NK cells with low expression of NKp46 have a reduced 
interferon (IFN)-γ secretion, resulting in HCV replication and 
liver fibrosis.36 Besides, hepatic NK cells expressing NKp46 
produce numerous TNF compared to circulating NK cells, 
which might contribute to virus clearance and thus allevi-
ating fibrosis process.37 These results imply that activating 
NK cell receptors block hepatitis virus replication and medi-
ate the killing of NK cells to activated HSCs, ameliorating 
hepatic fibrosis. However, the expression level of activating 
NK cell receptors decrease in advanced stage of liver dis-
eases remains further solved. Furthermore, increasing stud-
ies have demonstrated that several NK cell receptors also 
mediate the killing of NK cells to activated HSCs, such as 
KLRG138 and TLR9.39 Therefore, further clarifying activating 
NK cell receptors and their functions are expected to provide 
potential therapies for liver fibrosis.

Meanwhile, reducing the expression of inhibitory NK 
cell receptors also enhances the cytotoxic attack of NK 
cells against HSCs. Once activated, HSCs downregulate 
the expression of MHC I, which reduces the function of 
inhibitory NK cell receptors and increased cytotoxicity.40 
For instance, the NKG2A and KIR are the common inhibi-
tory NK cell receptors for inhibiting NK cell activation. In 
HCV-infected patients, the increased expression of NKG2A 
leads to a reduced cytolytic activity against virus-stimulated 
hepatocytes and an enhanced virus load.35 Experimentally, 
reducing the expression of KIR in NK cells by siRNA-
mediated knockdown increases HSCs death and attenuates 
hepatic fibrosis.40 Besides, silencing the inhibitory NK cell 
receptor Ly49 in mice stimulates NK cells and facilitates their 
antifibrogenic activity.41 These findings indicate that decreas-
ing the expression of inhibitory NK cell receptors suppresses 
hepatitis virus replication and augments the killing effect of 
NK cells, thereby alleviating liver fibrosis. However, whether 
the expression of inhibitory NK cell receptors alters with the 
progression of hepatic diseases remains to be determined. 
Investigating the functions and the regulatory mechanisms 
of these receptors will provide new insight in the etiology of 
fibrogenesis.

Granule exocytosis

Granule exocytosis is defined as a process involving the 
generation of perforin and granzyme (A, B) containing 
granules, which are secreted from NK cells after interaction 
with target cells.42 For elimination of target cells, perforin 
perforates the cell membrane and subsequently granzyme 
release into target cells where both caspase-dependent and 
independent pathways are activated to induce cell apop-
tosis.43 In liver fibrosis, activated NK cells tend to present 
potent degranulation activity, and produces a large amount 
of perforin and granzyme, which induce HSCs apoptosis 
and thus limit fibrosis.44 At the initial stages of liver fibro-
sis, the invariant NK T cells accumulate in the liver and 
eliminate activated HSCs by granule exocytosis pathway.45 
Moreover, this pathway is necessary for the specific NK cell 

killing of senescent fibroblasts and the clearance of senescent 
activated HSCs.46 This result suggests that NK-cell-mediated 
cytotoxicity to senescent HSCs exerts immune surveillance 
to ameliorate liver fibrosis. The chemokine CXCL10 exhibits 
potent chemotactic capacity for cells expressing its cognate 
receptor CXCR3. In CXCL10-deficient mice, the number of 
NK cells and granzyme B expression are increased to control 
HSC activity and fibrosis.47 Intrahepatic NK cells, recruited 
through CXCL10-CXCR3 interaction, exhibit high levels of 
activation and play a protective role against the fibrosis pro-
gression in NASH.48

Whether CXCL10 affecting the killing function of 
NK cells remains to be further explored. In addition, the 
degranulation activity of NK cells is influenced by hepatic 
fibrosis progression. In HCV-infected patients, the number 
of intrahepatic NK cells increases at early stage of inflam-
mation whereas their degranulation activity is impaired in 
the advanced inflammation and fibrosis stage.49 Therefore, 
uncovering the factor that responsible for suppression of 
degranulation activity in advanced hepatic diseases, will 
be conducive to develop promising strategies to limit liver 
fibrosis progression.

Death receptor-mediated apoptosis

The ligands on the surface of NK cells, including TRAIL 
and Fas ligand (FasL, a member of the TNF family of death-
inducing ligands), bind to corresponding receptors on target 
cells, contributing to caspase activation and cell apoptosis. 
The quiescent HSCs can escape from the killing by NK cells 
since a lacking of ligands for NK cell activation.1 Activation of 
HSCs results in increased expression of the TRAIL receptors, 
leading to enhanced cytotoxicity of NK cells against HSCs. 
In the preclinical setting, recombinant expression of human 
TRAIL on HSCs induces HSCs apoptosis, while blocking 
TRAIL by antibodies antagonizes this effect.50 This finding 
suggests that NK cells effectively eliminate activated HSCs 
in a death receptor-dependent manner, thus mitigating fibro-
sis. This process is regulated by various signal pathways. 
For example, NK cells are activated to kill HSCs in response 
to IL-18 and TLR3 ligand stimulation via the p38/PI3 K/
AKT signaling, a key pathway to preserve energy balance 
and coordinate metabolism in eukaryotic cells.51 Activation 
of STAT1, an essential component of IFN-signaling, attenu-
ates liver fibrosis through increasing TRAIL expression on 
NK cells and the killing attack against activated HSCs.52 In 
addition, bone marrow-derived M1 macrophages increase 
the number of NK cells, which release numerous TRAIL 
and induce HSCs apoptosis, suggesting that recruitment of 
activated NK cells by modulating the hepatic microenviron-
ment could elicit HSCs death.53 A series of clinical investi-
gations also confirm the death receptor-mediated NK cell 
killing of HSCs. In HCV-associated fibrogenesis, NK cells 
from HCV-infected patients induce apoptosis of activated 
HSCs in the TRAIL and FasL-dependent manner.54 With the 
disease progression to chronic HCV infection, the TRAIL 
expression of intrahepatic NK cells decreases and their cyto-
toxicity is compromised, which results in viral persistence 
and fibrosis aggravation.55 In addition, NK cells promote 
TRAIL-mediated death of HSCs at early stages of NASH, 
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but excess lipid accumulation in hepatocytes contributes to 
the loss of cytotoxic activity in NK cells, which causes the 
progression of fibrosis at later stages of the disease.56 Chronic 
alcohol consumption reduces the expression of TRAIL on 
NK cells and predisposes them to decreasing in function, 
which aggravates the development of fibrosis.57 However, 
in HBV-related liver failure, highly activated NK cells kill 
hepatocytes through Fas/FasL pathway.58 Besides, increased 
circulating inflammatory cytokines, such as IL-6 and IL-8, 
expedite the TRAIL-mediated NK cell cytotoxicity against 
hepatocytes.59 Therefore, hyperactivated NK cells induce 
hepatocytes damage in the advanced stage of hepatic dis-
eases, thereby exacerbating liver fibrosis. Experimentally, 
administration of PEGylated TRAIL induces apoptosis of 
activated HSCs and further blocks liver fibrotic progres-
sion.60 Activation of death receptor-mediated HSCs death 
by NK cells might provide a promising therapy for liver 
fibrosis.

Cytokine-induced death

As an important antifibrotic cytokine, IFN-γ is released from 
NK cells to accelerate activated HSCs death.61,62 IFN-γ binds 
to its receptor expressed on the surface of HSCs and sub-
sequently induces phosphorylation of JAK, leading to the 
activation of STAT1 signals, ultimately to cell cycle arrest 
and proliferation inhibition of HSCs.52 In both HBV-infected 
patients and the liver fibrosis mouse model, IFN-γ inhibits 
the proliferation of liver progenitor cells that are associated 
with inflammation and fibrosis in chronic liver diseases, thus 
attenuating fibrosis.63 Besides, NK cells regulate hepatic mac-
rophages polarization via IFN-γ in a NASH mouse model, 
suppressing the expression of profibrogenic genes, including 
α-smooth muscle actin, type I collagen, and tissue inhibitor 
of metalloproteinase.64 NK cells are activated to limit tis-
sue damage and fibrosis during NASH, whereas NK cell 
deficiency exhibits more severe NASH disease phenotype.64 
Loss of the cytotoxic activity of NK cells during NASH could 
potentially cause the higher susceptibility of NASH patients 
to liver cancer at later stages of the disease.65 However, in a 
steatohepatitis mouse model, the expression levels of these 
fibrosis-related genes are suppressed by IFN-γ knockdown, 
since the NK cell-secreted IFN-γ stimulates macrophages to 
produce TNF-α that further triggers liver inflammation and 
fibrosis.66 These results suggest that NK cell-derived IFN-γ 
exerts dual effects through modulating macrophage-medi-
ated inflammation under different pathological conditions, 
is associated with the development of fibrosis. The differ-
ent effects of IFN-γ on fibrosis in different disease models 
might be associated with different cell types and coexist-
ent cytokines in the microenvironment,67,68 but this needs 
confirmation. Moreover, other cytokines, such as IFN-α, has 
been found to increase expression of TRAIL on the surface 
of NK cells,69 suggesting NK cell-secreted cytokines activate 
the death-receptor pathway to induce HSCs apoptosis. The 
release of IFN-γ from NK cells is regulated by various media-
tors. A recent study has revealed that activation of mGluR5 
in NK cells increased the production of IFN-γ via the MEK/
ERK pathway, contributing to the increased cytotoxicity 
against activated HSCs.70 In HCV-related hepatic fibrosis, 

hepatocytes produce profibrotic factors such as macrophage 
colony-stimulating factor and IL-34, which suppress the 
IFN-γ generation of NK cells and thus impair the IFN-γ-
induced killing of HSCs.71 The retinol and its metabolites 
are implicated in the killing of HSCs by NK cells; inhibi-
tion of ADH3, one of retinol metabolizing enzyme, enhances 
IFN-γ production and cytotoxicity of NK cells against HSCs, 
thus hampering alcohol-induced fibrogenesis.72,73 However, 
direct IFN-γ treatment fail to activate NK cells or suppress 
activated HSCs in chronically alcohol-fed mice, showing no 
beneficial effects of IFN-γ in alcoholic liver fibrosis.74 One 
explanation might be that alcohol-induced IL-10 and TGF-
β release by monocytes and activated HSCs restrains the 
activation status of NK cells.75 Consequently, theses regula-
tors that are responsible for IFN-γ generation in NK cells 
might contribute to developing potential therapeutic tar-
gets for liver fibrosis. Important to note is that peripheral 
invariant NKT cells, expressing markers of both T and NK 
cells, produce large amounts of cytokines, including IL-4 and 
IL-13, which cause excessive activation HSCs and accelerate 
the progression of fibrosis to cirrhosis in HBV-related dis-
eases.76,77 Therefore, future studies to clarify the role of NK 
cell-derived cytokines in different stages of hepatic diseases 
are needed.

The effects of NK cells on hepatocytes

Generally, healthy hepatocytes express MHC-I that inter-
acts with inhibitory receptors on NK cells and prevents the 
activation of NK cells.78 During acute viral infection, both 
HBV and HCV invade hepatocytes, which upregulates the 
expression of NKG2D ligands and further induces NK cell 
activation.79,80 Clinical observations found that NK cells 
from acute hepatitis virus-infected patients displayed the 
increased cytotoxicity and IFN-γ production, and were asso-
ciated with viral clearance in these patients.80,81 Preclinical 
settings further unveiled that NK cells activation with ele-
vated degranulation and IFN-γ is capable of controlling viral 
replication by recognizing and lysing virus-infected hepato-
cytes during acute viral hepatitis.82,83 However, in chronic 
viral hepatitis, frequencies and cytotoxic functions of NK 
cells are diminished, which contributes to fibrosis and malig-
nant transformation.84 Thus, improving NK cell cytotoxicity 
against virus-infected hepatocytes in acute viral hepatitis has 
been regarded as a potential therapeutic strategy to postpone 
diseases progression.85

NK cells play a key role in mediating the cytolysis of 
infected hepatocytes in the FasL and TRAIL dependent man-
ners.58,59 Previous study showed that TRAIL (+) NK cells 
were enriched in the liver of patients with chronic HBV infec-
tion, and were accompanied by hepatocytes that expressed 
increased levels of DR5, a TRAIL receptor.86 Similarly, dele-
tion of hepatic protective factors, such as NEMO and GNMT, 
caused the upregulation of DR5, which activated TRAIL (+) 
NK cells to induce hepatocytes death.87,88 These results imply 
that TRAIL (+) NK cells are the main inducer of hepatocytes 
death through the TRAIL/DR5 interaction. However, there 
is evidence that TRAIL (+) NK cells from patients with virus-
related liver cirrhosis induce normal hepatocyte apoptosis 
in vitro.89 The reason for this is that TRAIL (+) NK cells lack 
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the Ly-49 inhibitory receptor that recognizes MHC I, which 
makes them more susceptible to hepatocytes.90 By contrast, 
the remaining TRAIL (-) NK cells that account for 60%-70% 
of hepatic NK cells upregulate the expression of Ly-49 recep-
tor in response to toxic stimulus and prevent normal hepato-
cyte killing.90

In conclusion, the killing of NK cells on hepatocytes pro-
vides some insight into the NK cell-activating therapeutic 
strategies in liver fibrosis. In the acute stages of viral hepa-
titis, activated NK cells participate in elimination of virus-
infected hepatocytes, thus reducing viral replication and 
HSCs activation. However, TRAIL (+) NK cells kill both 
injured and normal hepatocytes due to devoid of inhibitory 
receptors that recognize MHC I, whereas TRAIL (-) NK cells 
express inhibitory receptors and protect normal hepatocytes 
from killing. Thus, upregulating the expression of inhibi-
tory receptors in TRAIL (+) NK cells, as well as increasing 
the expression of activating receptors in TRAIL (-) NK cells 
might exert the antifibrotic function of NK cells with safety 
and efficacy.

Activating NK cells for the anti-fibrotic 
therapy

With liver disease progression to fibrosis, the activity of NK 
cells increases at the early stage but reduces at the advanced 
stage. A previous study showed that intrahepatic NK cells, 
isolated from HCV-infected patients, produced amounts of 
IFN-γ at early stage of inflammation whereas the degranula-
tion activity of these cells was compromised in advanced 
inflammation and fibrosis stage.49 This defective function 
of NK cells also occurs in chronic HCV infection, where NK 
cells accumulate in the liver but display impaired degranu-
lation and decreased IFN-γ secretion in response to HSCs.91 
Also, in HIV/HCV-coinfected patients, the loss of NK cell 
killing effects is related to advanced liver fibrosis.92 When 
the HCV-related fibrosis progresses to cirrhosis, virus eradi-
cation partially restores the function of NK cells,93 suggest-
ing an irreversible damage to NK function at the advanced 
stage of liver fibrosis. Consistent with this result found in 
HCV-related fibrosis, the expression of activating NK cell 
receptors, the production of cytokines, and the cytotoxic 
function of NK cells are suppressed in chronic HBV94 and 
Schistosoma japonicum infection.95 The dysfunction of NK 
cells facilitates the development of liver fibrosis, and the 
diminished NK cell activity is related to the severity of liver 
damage.96 Although the exact mechanism of abnormality of 
NK cells in the advanced stage of liver fibrosis remains an 
enigma, one possible explanation for that is the activated 
HSCs disrupt the antifibrotic capacity of NK cells through 
a TGF-β-dependent emperipolesis.97 A recent study has 
found that increased insulin levels enhance NK cell cytotoxic 
activity to HSCs in the early stage of NASH-related fibrosis 
whereas insulin resistance impairs NK cell activity in the 
advanced stage of fibrosis, suggesting the aberrant function 
of NK cells is related to insulin levels.98 Therefore, the main-
tenance of antifibrotic function of NK cells at the early stage 
of liver diseases halt the development of fibrosis.

Modulation of the expression of activating and inhibi-
tory NK cell receptors is regarded as a promising strategy 

to activate NK cells. In carbon tetrachloride (CCl4)-induced 
liver fibrosis mouse model, cultured mycelium cordyceps 
sinensis increased the numbers of hepatic NK cells and the 
expression levels of NKG2D, which alleviates the fibrosis 
development.99 Analogous to this effect, Salvia Miltiorrhiza, 
a Chinese herbal medicine, is also shown to promote the 
expressions of NKG2D and inhibit the HSCs activation.100 
However, the antifibrotic function of NK cells is abrogated 
by chronic alcohol consumption.74 These findings indicate 
that increasing the expression of activating NK cell receptors 
could intensify the antifibrotic function. In addition, using 
siRNA to reduce the expression of KIR,40 hepatic fibrosis is 
attenuated, suggesting that suppression of inhibitory NK 
cell receptors stimulates NK cells and promotes their anti-
fibrogenic activity. Therefore, increasing the expression of 
activating NK cell receptors and/or reducing the expression 
of inhibitory NK cell receptors are expected to halt fibrosis 
progression, but of course this needs to be confirmed in clini-
cal investigations.

In addition, an enhancement of NK cell-derived cytokines 
promotes the cytotoxicity of NK cells against HSCs. A study 
revealed that administration of herbal agents stimulate NK 
cells to produce IFN-γ, thus exerting an antifibrotic effect.100 
Another herbal agent, Yu Gan Long, is also shown to accel-
erate the extracellular matrix degradation by modulating 
the balance among IL-4, IL-17α, and IFN-γ in CCl4-induced 
hepatic fibrosis.101 Furthermore, exogenous IFN-γ supple-
ment specific delivering to HSCs increases its antifibrotic 
potency and safety for the treatment of liver fibrosis.102 In 
HCV-infected patients, NK cells express high levels of TRAIL 
in response to PEG-IFN-α therapy, which is associated with 
control of HCV infection and improvement of liver fibrosis.69 
Therefore, increasing the level of antifibrotic cytokines allevi-
ate liver fibrosis, but the efficacy and safety still need further 
verification.

Considering that NK cells eliminate virus-infected hepat-
ocytes in the acute stages of viral hepatitis, activating NK 
cells is beneficial to improve virus-related fibrosis. However, 
it must be noted that TRAIL (+) NK cells also kill normal 
hepatocytes. Thus, activating NK cells by modulating the 
activating and inhibitory receptors should consider whether 
NK cells express TRAIL.

Conclusion and future direction

As an essential component of the innate immune system 
in the liver, NK cells exert the antifibrotic function in liver 
fibrosis. In response to toxic stimulus, hepatocytes damage 
activates both HSCs and NK cells. By receptor-ligand inter-
actions, NK cells kill activated HSCs and virus-infected 
hepatocytes via several mechanism including granule 
exocytosis, TRAIL- and FasL-mediated apoptosis, and 
secretion of antifibrotic cytokines, thus alleviating fibrosis 
(Figure 1). In a series of preclinical settings, activating NK 
cells has been employed as a novel therapeutic strategy for 
liver fibrosis, including herbal-mediated NK cell activa-
tion, modulating the expression of activating and inhibi-
tory receptors, and supplement with antifibrotic cytokines 
(Table 1). However, the efficacy and safety still need to be 
confirmed.
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Although increasing studies have investigated the effects 
of NK cells in liver fibrosis, a number of issues remain to be 
resolved. (1) Liver fibrosis can also be influenced by other 
cells, such as portal fibroblasts, bone marrow-derived pro-
genitor cells and immune cells. Moreover, Kupffer cells are 
the major innate immune cells in the liver and play a vital role 
in liver inflammation and fibrosis. Activated Kupffer cells 
create a proinflammatory microenvironment that promotes 

HSC activation. Whether NK cells target these cells? If so, 
what is the meaning for fibrogenesis? (2) There exist differ-
ences in the phenotype and function between circulating and 
intrahepatic NK cells. Clarifying roles of these two kinds of 
NK cells contributes to the development of activating NK 
cell therapies for liver fibrosis. (3) The activation of NK cells 
is modulated by activating and inhibitory receptors. Is there 
any other activating and inhibitory receptors expressed on 

Figure 1. The roles of NK cells in liver fibrosis. Both HSCs and NK cells are activated in response to various stimulus; moreover, NK cells target HSCs via receptor-
ligand interactions, and further kill HSCs and virus-infected hepatocytes through granule exocytosis, TRAIL and FasL-mediated apoptosis, and secretion of antifibrotic 
cytokines, thus attenuating fibrosis.

Table 1. Different therapeutic interventions for liver fibrosis.

Agents or methods Target effects Reference

siRNA targeting KIR Increases the degranulation, activation and antifibrogenic function of NK cells; attenuates HSCs 
activation, serum alanine aminotransferase levels and hepatic fibrosis

Muhanna et al.40

IFN-α Increases the TRAIL expression of NK cells, and controls virus replication Stegmann et al.69

Mycelium cordyceps sinensis Increases the frequency of hepatic NK cells expressed high level of NKG2D and the apoptosis of 
HSCs, improves liver function, and attenuates liver inflammation and fibrosis

Peng et al.99

Salvia Miltiorrhiza Increases the frequency of NK cells, and activities of NKG2D and Nkp46 on NK cells, inhibits 
activation of HSCs in vivo and in vitro, and promotes the activities of NK cells by increasing the 
expressions of IFN-γ

Peng et al.100

Yu Gan Long Decreases liver fibrosis biomarkers including collagen IV, type III precollagen, hyaluronuc acid and 
laminin, α-smooth muscle actin, and liver fibrosis proteins such as p-Smad2, p-Smad3 and Smad4; 
inhibits the expression of IL-1β, IL-6, IL-4, IL-17α but promotes IFN-γ expression

Xia et al.101

IFN-γ Increases the antifibrotic potency and improves the general safety profile in vivo by HSC-specific 
delivery of IFN-γ

van Dijk et al.102
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NK cells? Which activating receptor is predominated in the 
killing of target cells? Whether these receptors affect each 
other? (4) IFN-γ produced by NK cells serves as the anti-
fibrotic factor. If there are any other antifibrotic cytokines 
are secreted by NK cells? Whether their functions are influ-
enced by the inflammatory environment? (5) Given TRAIL 
(+) NK cells can kill normal hepatocytes, activating NK cell 
therapies should make a distinction between TRAIL (+) and 
TRAIL (-) NK cells. Also, preclinical settings about the antifi-
brotic effects of NK should evaluate the toxicity of NK cells 
to hepatocytes. (6) Functional exhaustion of NK cells may 
aggravate fibrosis at the advanced stage of hepatic diseases. 
Therefore, clarifying the mechanism of dysfunction in NK 
cells to develop novel therapies to halt fibrosis, merits fur-
ther research and investigations.
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