1' frontiers
in Immunology

REVIEW
published: 30 April 2019
doi: 10.3389/ mmu.2019.00946

OPEN ACCESS

Edited by:
Simona Sivori,
University of Genoa, Italy

Reviewed by:
Rafael Solana,
Universidad de Cérdoba, Spain
Daniela Pende,
Ospedale San Martino (IRCCS), Italy

*Correspondence:
Domenico Mavilio
domenico.mavilio@unimi.it

Specialty section:
This article was submitted to
NK and Innate Lymphoid Cell Biology,
a section of the journal
Frontiers in Immunology

Received: 01 February 2019
Accepted: 12 April 2019
Published: 30 April 2019

Citation:

Mikulak J, Bruni E, Oriolo F, Di Vito C
and Mavilio D (2019) Hepatic Natural
Killer Cells: Organ-Speci c Sentinels
of Liver Immune Homeostasis and
Physiopathology.

Front. Immunol. 10:946.

doi: 10.3389/ mmu.2019.00946

Check for
updates

Hepatic Natural Killer Cells:
Organ-Speci ¢ Sentinels of Liver
Immune Homeostasis and
Physiopathology

Joanna Mikulak *2, Elena Bruni *?, Ferdinando Oriolo *?, Clara Di Vito * and
Domenico Mavilio 1%

1 Unit of Clinical and Experimental Immunology, Humanitas @ical and Research Center, Milan, Italy, Department of Medical
Biotechnologies and Translational Medicine, Universityfdilan, Milan, Italy

The liver is considered a preferential tissue for NK cells sielency. In humans, almost
50% of all intrahepatic lymphocytes are NK cells that are stngly imprinted in a
liver-speci ¢ manner and show a broad spectrum of cellular Bterogeneity. Hepatic
NK (he-NK) cells play key roles in tuning liver immune respsa in both physiological
and pathological conditions. Therefore, there is a pressigneed to comprehensively
characterize human he-NK cells to better understand the rated mechanisms regulating
their effector-functions within the dynamic balance betwen immune-tolerance and
immune-surveillance. This is of particular relevance in e¢hliver that is the only solid
organ whose parenchyma is constantly challenged on daily s by millions of foreign
antigens drained from the gut. Therefore, the present rewe summarizes our current
knowledge on he-NK cells in the light of the latest discovegs in the eld of NK cell
biology and clinical relevance.
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INTRODUCTION

The liver is the largest solid organ in our body receivingrg\day more than 2,000 liters of blood
from dual blood supply. Nearly 80% of blood derive from the gdstestinal tract via the portal
vein, thus being constantly lled of large amounts of foremmtigens. The remaining 20% of blood
is supplied from the hepatic artery that together with the portainvterminates into the capillary
system of the liver, sinusoids, and leaves liver parenchimoaigh the hepatic vein.

This large in ow of antigens makes the liver an important immalogical organ in which a
unique microenvironment shapes both innate and adaptive imewesponses in order to maintain
a correct balance between immune tolerance and immune dcivdl, 2). Dysregulation of
immune cells in the liver is critical in the pathogenesis ofeal hepatic diseases, including viral
hepatitis, autoimmune disorders and tumors. Liver immunengartment consist in diverse innate
populations such as Natural Killer (NK) cells, Natural KillerilNKT) cells, gamma deltagf) T
cells, and adaptive lymphocytes, suchaésT cells and B cellsl( 3). On the other hand, liver
parenchyma is composed by hepatocytes that represent twostlirdhe total liver cells. Other
non-parenchymal cells include liver sinusoidal endotHel&lls (LSECs), Kup er cells (KCs) (i.e.,
liver-resident macrophages), cholangiocytes, biliarigcahd hepatic stellate cells (HSC3) (

Among the immune compartment, hepatic NK (he-NK) cells that ton both liver resident
(Ir-NK) or either transient through the adult liver conveinhal NK (cNK) cells, are particularly
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abundant and can account up to 50% of total hepatic lymphocyte®0%), mostly express lower levels of NKp46 and CD94/NKG2A
(Figure 1). These innate immune e ectors play key roles inand higher amounts of iKIRs and CD94/NKG2C heterodimer
order to retain a certain degree of unresponsiveness to “non-L7). This population exerts both high cytotoxicity and ADCC
self” antigens, while are ready to attack and eliminate the t given its high constitutive expression of CD16 in response to
dangers to the host2( 4, 5). Since their discovery in the early activation by IL-12, IL-15, and IL-181@). Moreover, it has
1980s, NK cells have been valued for rapid recognition anbeen reported that CD38" NK cells can also rapidly produce
clearance of viral-infected, tumor-transformed and ssextcell [IFN-g in response to stimulation with IL-2 and/or IL-15
targets in the absence of antigen speci cit§).(Cytotoxicity (19. Hence, CD589" and CD56™ NK cell subsets ful ll
and interferon(IFN)g production represent the main e ector- distinct roles in immunity, with the rst one serving more as
functions of mature NK cells and are controlled by a dynamidmmune-modulator and the second population acting mainly
balance exerted by an array of inhibitory (iNKRs) and activgit as cytotoxic e ector. An additional NK cell subset identi echo
(aNKRs) receptors di erently expressed on the cell surfage ( the basis of CD56 and CD16 surface expression is represented
The dominant mechanism regulating the priming and activatio by anergic CD5%8YCD16°°% (CD56'9) cells that are present
of resting NK cells is based on the engagement of several INKRs very low frequency under physiologic conditions, while
that bind several alleles of the major histocompatibilitygdex  pathologically expanded during the course of several dissrder
class | (MHC-I) expressed on the surface of autologous cellsuch as viral infections and autoimmune diseagés4{1). More
This recognition spares from NK cell killing all “self” tatge recently, an unconventional population of CO%8/CD169
thus ensuring a perfect NK cell tolerance toward our own(unCD56M) NK cells has been described. This latter subset can
cells. These iNKRs include inhibitory Killer Ig-like recepo exert potent cytotoxicity and is extremely rare in healthydos,
(iKIRs) that recognize classical MHC-I alleles and the C-typevhile representing the main cNK cell population in the rst
lectin like receptor NKG2A that forms a heterodimer with weeks after haploidentical hematopoietic stem cell transplants
the CD94 molecule (CD94/NKG2A), binding HLA-E, a non- (haplo-HSCT). This high frequency of unCD%8 NK cells
classical MHC-I complexg 9). Either the decreased expressionin aplastic patients aected by hematologic malignancies
or the absence of MHC-I on target cells triggers NK celland receiving haplo-HSCT suggests novel pathways of NK
killing, a phenomenon known as “missing-self hypothesisg’ vi cell ontogenesis and di erentiation that are currently bgin
the employment of aNKRs that, in turn, bind their putative investigated%2, 23).
ligands expressed on viral-infected, malignant or stress#id. The distribution of NK cell subsets in human tissues is very
The Natural Cytotoxicity Receptors (NCRs) NKp30, NKp46 andbeculiar and di ers from what we observe in peripheral blood.
NKp44, the C-type lectin receptors NKG2D and CD94/NKG2CNotably, CD58™ NK cells are found in high amounts in bone
heterodimer, DNAM-1, SLAM family receptors such as 2B4, andnarrow, lung, spleen, subcutaneous adipose tissue and breast
activating KIRs (aKIRs) are the main aNKRs inducing NK celtissue. Instead, CD86" NK cells are present at high frequency
cytotoxicity (7, 10, 11). in lymph nodes, gut, liver, uterus, visceral adipose tissueradr
Under homeostatic conditions, human circulating cNK gland and kidney %4, 25). Hence, other than the phenotypic
cells represent about 5-15% of circulating lymphocytes andnd functional diversities of these latter two subsets ingferal
are subdivided into two main subsets de ned on the basidlood, the spectrum of human NK cell populations in tissues is
of their dierential expression of CD56 and CD16, namely much broader and likely depends on speci ¢ imprinting given by
CD569"/CD16™9  (CD56M9)  and CD56'™/CD16°°S  local microenvironments and by the chronic exposure to faneig
(CD56"™) NK cells (L2). It is largely accepted that CD%BM  antigens/in ammatory stimuli.
NK cells are the precursors of the more mature CHB6 Here, we review our current knowledge in regard to he-NK
NK cells, however, the developmental relationship betweecells with a particular focus on the breadth and generatiohesf
the di erent types of human NK subsets has not been nallyNK cell heterogeneity, under both homeostatic conditiomsl a
claried (13 14). In this context, a recent study proposesduring the course of liver diseases.
for two CD5@"9" and CD56'™ NK cell subsets distinct
ontologies (4). The low amounts of intracellular cytotoxic
granules (i.e., Perforin and Granzymes A-B) parallel thdHETEROGENEITY OF LIVER RESIDENT
poor cytotoxic potential of CD3BI" NK cells that are also NK CELLS
unable to perform the antibody (Ab)-dependent cellular
cytotoxicity (ADCC) in line with their undetectable expréms  The liver is populated by both transient cNK cell subsets and Ir-
of CD16 (L2). On the other hand, this latter subpopulation NK cells that are phenotypically and functionally distingugsh
exerts important regulatory functions through secretion of(Figure 1). The rst identi cation of tissue resident NK cells
chemokines and pro-in ammatory cytokines [i.e., IFy-Tumor  occurred in murine livers and rapidly expanded in other
Necrosis Factor(TNFg#] in response to di erent stimuli [i.e., tissuesZ6).Lr-NK cells soon displayed heterogenous phenotypic
interleukin (IL)-1b, IL-2, IL-12, IL-15, and/or IL-18] delivered pro lesin di erent species with unique anatomical identitidsat
by surrounding cells at tissue sites [i.e., macrophagegjrien re ectthe impact of this peculiar tissue-niche in generatgitper
cells (DCs), and T lymphocytesp,(15, 16). CD56"19"t NK  cytotoxic or tolerogenic lymphocytes.
cells likely give rise to terminally di erentiated CD%8 NK Murine Ir-NK cells carry a CD49&%DX5"¢Y phenotype that
cells as they represent the largest population in blood (up tdi ers from CD49d"®9YDX5P%S cNK cells in moused7, 28). It
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FIGURE 1 | Human hepatic and conventional NK cell subsets, distributin, and phenotype. Human blood circulating conventional NKcNK) cells contain two main
subsets: CD569M (cNKAIM) and CD5E19Nt (cNKPIINt cells. Human hepatic NK (he-NK) cell compartment containdiver resident NK (Ir-NK) cells, memory-like NK
(mlI-NK) cells and transient conventional NK (cNK) cells nmdy represented by recirculating cNRIM cells through the liver blood system (gray arrow). Lr-NK anchl-NK
cell subsets show transcriptional and phenotypic differeces compared to the conventional cNK cell subsets.

is still unclear how the development and di erentiation of Ir- expression of the chemokine receptors CXCR6 and CCR5 and
NK cells is regulated, but this latter subset seems to be mo# the tissue-residency marker CD698( 45, 46). As a matter
terminally di erentiated as it lacks or has decreased exjwess of fact, these 3 surface markers are absent on CD5Be-
of CD11b, Ly49, CD43, and KLRG1 (i.e., surface markemsK cells. Hence, the CDBE"/CCRFOYCXCREICDEIPOS
present on mature cells) compared to murine cNK celig)( phenotype identi es human Ir-NK cells that also appear to be
Several experimental ndings indicated that Ir-NK and cNK more heterogeneous in their development pathways compared
cells likely develop from separated innate lymphoid cell JILCto murine counterparts as they express high levels of Eomes
lineages 19). Moreover, a common ILC progenitor subset abletranscripts rather than T-bet3@, 45, 46). Indeed, only those 3%
to di erentiate in Ir-NK cells but not in cNK cells has been of human CD49B°YCD5619" |r-NK cells resulted positive for
described §0). Indeed, Ir-NK and cNK cells rely on dierent T-bet, while the transcription factor Hobit was found positioe
transcriptional factors for their development, since the prese  all CD5@"9 I--NK cells (28, 37).
of T-bet de ciency in mice is associated with the depletion Very little is known about the mechanism(s) regulating both
of Ir-NK cells, while Eomes is critical for the maintenance o recruitment and retention of NK cells in the liver. Within the
cNK cell homeostasisTéble 1) (31, 32). More recently, the new hepatic microenvironment, NK cell interactions with LSECs
transcription factors Hobit and the aryl hydrocarbon recepto certainly play a key role, as the masking of CD2, CD11a,
(AhR) have been reported to induce the development of di erentCD18, and CD54 (ICAM-1) with neutralizing monoclonal Abs
tissue-resident NK cells, including Ir-NKg, 34). (mAbs) block their recruitment to the liver38. Moreover,
Human Ir-NK cells were rst described in 1976 and werethe constitutive high surface levels of CXCR3, CXCR6, and
originally called “pit cells.” Only later, they were de neds a CCR5 on Ir-NK cells are important in the retention of these
highly cytotoxic NK cells resident in the hepatic sinusoi@$,( hepatic lymphocytes. Indeed, the engagement of these chamoki
43, 44). Di erently from murine and their human counterparts receptors following the binding with their cognate ligands
in peripheral blood, CD58™ and CD56"9" NK cells are (i.e., CCL3, CCL5 and CXCL16, respectively) expressed by
present at similar frequencies in liver and the latter subsetholangiocytes, LSECs, hepatocytes, and KCs, is associtited w
likely corresponds to the murine CD4%¥DX5"Y Ir-NK  liver homing @5, 47). Sinusoidal endothelial cells also express
cells, as they both share the same transcriptional factor TWAP-1 that, in turn, binds Siglec-9 expressed on cNK cells, thus
bet and are negative for EomedJaplel) (28. However, mediating their migration to the liver47, 48). This latter pathway
CD49&°CD56”9" [ymphocytes account for only 3% of all seems a mechanism restricted to hepatic tra cking, since VAP
humans he-NK cells and do account for all COS#" Ir- 1P cNK cells do not express L-selectin (CD62L) and CCR7
NK cells. In this regard, it is well known that several murinereceptor required for homing in secondary lymphoid tissu&g (
NK cell markers are not phylogenetically conserved in their Another important question is whether he-NK cells stably
human counterparts and this largely explains the absence oéside in the liver or recirculate through liver sinusoids.
a phenotypic match between murine and human Ir-NK cellsExperimental evidence obtained from human transplanted live
Only recently, the phenotype of human C3%8™ Ir-NK cells  revealed that EomB8" Ir-NK cells can persist for decades, thus
has been better characterized by disclosing their constéu further supporting the idea that these cells represent a lovedli
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TABLE 1 | Comparison of NK cell subsets in humans and mice.

Species Subset Phenotype Precursors Transcription References
factors

Mouse eNK CD49a"eIDX5P0s Lin"9CD27POSCD107"€9CD244POSCD122POS|L7RA®Y  Eomes ©8-33)

Mouse I--NK/ml-Ir-NK CD49aP°SpX5'eY PLZFPOSLinMed]7RaPOS cKitPOS a4 7POS T-bet, PLZF, (28-35)
Hobit, AhR

Human cNKdim cDs56dMcD16POS CD56119MCD94POSNKp8OPOS CD16"eICD571ed T-bet, Eomes (13, 14)

Human cNKPright cD561ghtcp16ned Lin"€9CD34"9ICD117POSCD94"eICD16MeY T-bet, Eomes (13, 14)

Human Ir-NKbright CCR5POSCXCREPOSCDBIPPS  CD56PMINtEomedoWeNKbright Eomedhigh, (28, 29, 36—

ml-NKPright CXCREPOSCD94/NKG2CPS  |--CD49aPosCD56Pright Hobit T-bet, 42)

Hobit

tissue-resident subset!§). In addition, CD5&"9"YEome&¥™ and Perforin) and stronger cytotoxic potentials compared to
cNK cells recruited to the liver have the potential to becomeheir circulating counterparts 4, 42, 56). In particular, Ir-
CD56"19"/Eomesiah NK cells. This last piece of data suggestsNK cells are characterized by higher constitutive expression
that cNK cells can also represent precursors of their liverdent  of TRAIL and FasL compared to cNK cells, thus suggesting
counterparts, although the associated mechanisms invalved that the tissue resident subset employs di erent mechanisms
this process have not yet been discloséd.(Interestingly, the to eliminate targets (i.e., apoptosi€)7j. Moreover, both cNK
administration of an antiadbl and -a4b7 integrins mAb (i.e., cells and Ir-NK cells are able to secrete large amount of IFN-
natalizumab) in patients with multiple sclerosis is assedatith g, but the latter population is much more e cient in the
an remarkable increased frequency of NK cells in periphergroduction of TNFa and Granulocyte-macrophage colony-
blood, thus indicating that they can migrate across thestimulating factor (GM-CSF), and in case of murine Ir-NK
tissue endothelial barriers including the hepatic ongg £0). cells IL-2, all key players in in ammatory responses at tissue
However, it is important to highlight that he-CDS8' NK  sites 81, 32, 57).
cells are transcriptionally and phenotypically similar to ithe The need of keeping an optimal degree of immune-
circuiting counterparts and this evidence indicates thaithikely  tolerance vs. foreign antigens while ensuring a correct imeaun
recirculate through the liver blood system without beintaieed  surveillance against potential threats (i.e., infectionsndts,
in the organ. This is not the case for Ir-CD%8" NK cells that  aberrant in ammation, and autoimmunity) certainly explan
are also transcriptionally di erent from their homologs in ¢h the particularly high level of heterogeneity and complexify o
peripheral blood 45). he-NK cells. Indeed, these features are peculiar of the liver
The liver is also home of peculiar and newly identi ed Ir- microenvironment that is able to induce the non-conventn
NK cells endowed with unique adaptive traits and showindlong-lived” and “memory like” innate immune e ectors also
hapten-speci city b1, 52). The phenotype of these so-calledwithin NK cell compartment.
“memory like” NK (mlI-NK) cells in mice is CD4¥8%DX5"€Y
and matches with murine Ir-NK cells5(, 52). It has been also
shown that CXCR®S he-NK cells can retain an unconventional NK CELLS IN LIVER TOLERANCE
immunologic memory versus viral antigens including ingeted AND HOMEOSTASIS
vesicular stomatitis virus (VSV), human immunode ciency
virus (HIV) and inuenza (53, 54). Most of the studies Human liver developed a high degree of immune tolerance
characterizing human ml-NK cells focused their investigjabn  as demonstrated by the clinical evidence indicating thaerli
cytomegalovirus (HCMV) infection, that induces the expamsio allografts are less likely to be rejected than other tramgpth
of “speci ¢’ CD94/NKG2®° NK cells able to produce a higher organs £68). Several actors play di erent and fundamental roles
amount of IFNg when these “adaptive” NK cells are re-in the maintenance of liver tolerogenic NK celRidure 2). KCs
challenged with the same virugi@ 41, 55). Interestingly, it produce high doses of IL-10 which was observed to be critical i
has been reported that the small subset of C¥4%aD56°"9"  the control of mice intrahepatic NK cell-mediated alloresitti
Ir-NK cells is characterized by a clonal-expansion of NK(59.Indeed, animpaired ability of liver macrophages to produce
cells expressing CD94/NKG2C heterodim&g)( However, the this anti-in ammatory cytokine boost the IFNydependent
existence of a speci c viral-antigen recognized by a giverREIK priming of he-NK cells in response to double strand RNA
expressed on human ml-NK cells is still being debated andxposure §0, 61). Moreover, the interplay between cNK cells
never formally demonstrated. This is indeed a very hot neea co-cultured with human hepatic cells, and DCs induces the
topic in the eld of NK cell homeostasis that requires further expansion of tolerogenic T cells (Tregs) via the engagement
experimental evidence and investigations. of CD94/NKG2A, which is a mechanism able to trigger the
Lr-NK cells are characterized by di erent features and carproduction of both transforming growth factdo-(TGF-b) and
kill di erent targets as well as secrete cytokines. They havi-10 (62, 63). Interestingly,n vitro stimulation of human cNK
higher intracellular amounts of lytic granules (i.e., Gzgmes cells with apoptotic cells develops tolerance in these innate
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FIGURE 2 | Involvement of he-NK cells in the maintenance of hepatic
tolerance and homeostasis. NK cells promote hepatic tolenace by interplaying
with hepatocytes via CD94/NKG2A that in a TGH-mediated manner
modulate DCs that further prompt expansion of tolerogenic ©4P°SCD25P%S
Treg cells. On the other hand, Treg cells along with hepatic ®s and apoptotic
cells contribute to the production of immunosuppressive fators IL-10 and
TGF-b that can induce tolerogenic he-NK cells. Green arrows showtimulatory
connection and red lines inhibition.

e ector cells via the secretion of TGthat, in turn, suppresses
their autocrine IFNg production 64).

biliary cholangitis (PBC), and primary sclerosing cholarmiti
(PSC) e, 71).

Although T cells have been reported to play a prominent role
in the pathogenesis of AlH, several lines of evidence shohagd t
also autoreactive he-NK cells are expanded in this autoimmune
liver disorder (2). Indeed, thein vivo administration of Poly
I:C in mice induces the onset of AIH in which activated
intrahepatic NK cells actively contribute to liver damage)(
Additionally, the low frequency of the inhibitory KIR/KIR-
ligand combinations KIR3DL1/HLA-Bw4 and KIR2DL3/HLA-
C1 coupled to the high frequency of the HLA-C2 high a nity
ligands for KIR2DS1 may contribute to unwanted NK cell
autoreactivity in AIH (74). The expansion of aberrant NK cells
able to kill autologous cholangiocytes represents also one of
the pathogenic mechanisms present during the course of PBC
(75, 76). Indeed, the frequency of he-CD%8 NK cells in
PBC is higher compared to that of healthy livers. However,
it is still unclear whether the expansion of autoreactive he-
NK cells targeting autologous biliary epithelial cells is die
associated with breach of liver immune tolerance or if tisisi
secondary event linked to the high degrees of immune adtimat
and in ammation present in PBC 17). Another mechanism
employed by cNK cells to lyse “self” cholangiocytes relies on
the engagement of TRAIL pathway. As a matter of fact, the
downstream death signal delivered by TRAIL receptor 5 is
higher in PBC patients and induces cholestatic liver injury
(78 79. Another study also reported a protective role of
intrahepatic NK cells in PBC patients, as the presence of low

Dierent studies demonstrated that he-NK cells are aISONK cell/cholangiocytes ratio is associated with higher 4§N

important in regulating the unique capacity of liver to regesie
itself after tissue damagé5, 66). In this regard, in then vivo
model interaction of cNK cells with surrounding di erent ler-

resident cells (i.e., KCs, broblast, and stem cells) irefic

production. This can induce or increases the expression of MHC-
I and -1l on cholangiocytes that are, in turn, spared from the
lysis exerted by autoreactive NK cells. This latter protective
mechanism is particularly relevant in the initial stages 8

the secretion of growth factors, hormones, cytokines, and;,.a it can slow its progression to liver failugs).

chemokines able to induce the proliferation/regeneration o
hepatic tissued?). In particular, the activation of he-NK cells is

associated with de novoproduction of CXCL7, CXCL2, CCL5
and IL-8 that, in turn, can recruit and di erentiate mesenchgl
stem cells substantially contributing to the so-callesstitutio ad

integrum” of this organ £5). This is a process that needs to be

nely tuned and regulated since paradoxically over-stimigat

of mouse he-NK cells can inhibit, rather than promoting, live

Among the three main liver autoimmune diseases, PSC
represents the one whose pathogenesis is still largely unknown.
However, the presence of certain HLA alleles or genetic ntwia
of the NKG2D ligand MIC-A had been associated with higher
risks of developing PBC. Indeed, both these molecular pagtern
regulate NK cell recognition of cholangiocytesl), Similar to
AIH and PBC, an increase of he-NK cell frequency was detected
in PSC patientsq2, 83). The most prominent current working

regeneration through the aberrant signaling pathway exeble |\ oihesis postulates that, similar to PBC, the engagement
IFN-g on those factors (i.e., STAT1, IRF-1, and p21cipl/waflyt TR could induce the he-NK-mediated destruction of

regulating hepatocyte proliferatior6§, 69). This is the case of

in vivo activation with high doses of the immuno-stimulant

Polyinosinic:polycytidylic acid (Poly 1:CY().

NK CELLS IN THE PATHOGENESIS OF
AUTOIMMUNE LIVER DISEASES

cholangiocytes in PSC patient$2( 79). Finally, another study
reported that Ir-NK cells from PSC patients are impaired in thei
cytotoxicity due to the high levels of local TNFproduction
(84). Taken together, these contradictory data and speculaiion
regard to PSC pathogenesis re ect our general lack of knayded
in regard to the mechanistic roles and clinical impact of he-NK
cells in liver autoimmune diseases.

Those mechanisms that make it possible for the liver to dgvelo
immunologic tolerance also expose this organ to the onset

of immunological diseases. In this context, the presence ¢{|K CELLS IN LIVER CANCER

dysfunctional he-NK cells can actively contribute to the&ch of

immunological tolerance and in the appearance of autoimmuneHepatocellular carcinoma (HCC) is the most common leading
liver diseases including autoimmune hepatitis (AlIH), primar cause of liver-cancer related death worldwid&)( Among
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the main predisposing risk factors of HCC, there are chronianleashes NK cell-mediated resistance to hepatic carciresigen
viral infections by hepatitis B virus (HBV) and hepatitis C and liver metastasis of CRCL{§. Moreover, using a mouse
virus (HCV), alcohol related cirrhosis and non-alcoholteato- model of cholangiocarcinoma (CCA), it has been demonstrated
hepatitis @6). The liver is also the rst site of colorectal that adoptive NK cell transfer limits tumor growth and imprave
cancer (CRC) metastatic disseminatidv), NK cells had been the prognosis of this aggressive liver cancer, althoughetfaed

rst discovered due to their ability to kill tumor-transfoned mechanisms associated to NK cell control of CCA have not yet
cells (i.e., immune surveillance) and are able to providéeen elucidatedl(09.

protection in hematological malignancies, solid primary cars

and metastatic lesions3§ 89). This important feature is also

valid for HCC as human cNK cells were shown to be highiyf [VER NK CELLS AND VIRAL INFECTION
cytotoxic against HepG2 hepatocellular carcinoma cellst?,

56). Moreover, it has been reported that higher numbers oHCV and HBV infections represent the main two infectious
total tumor in ltrating CD56P°S he-NK cells predict a better diseases inducing liver inammation and failure1%0.
outcome for HCC in terms of patient overall survival (OS¢  Controversial data are available regarding the immuneustaf
92). Other retrospective studies showed that high frequenzies he-NK cells in acute and chronic liver viral infectiorfiSgure 3).

the speci c intra-tumor NK cell subsets slow the progression In acute HCV infection, he-NK cells show an increased
of liver cancer, as demonstrated for human NKpB%6he-NK  expression of NKp46 and a high ability to degranulate and
cells in CRC metastatic disease and for CD¥¥ED27"*9he- to produce IFNg following a strong activation by IFN/b

NK cells in HCC @3, 94). In addition, the selective engagementand other cytokines (i.e., IL-12, IL-15, IL-18Y11(1, 112.

of NKG2D in both mice and human enhances NK cell anti-Although intrahepatic CD5®89"/NKp46"9" he-NK cells
tumor activity against HCC since the transcriptional modidat contribute to a better control of HCV replication, their
or the interferon-induced expression of this aNKR boostgresence at high frequency is also associated with increased
he-NK cell cytotoxicity and blocks tumor growth9% 96). degrees of liver necrosis and brosis following acute
This potent anti-tumor NK cell e ector-function against HCC infection (113. Interestingly, the livers of those patients
seems to be more e ective in the early stages of the tumaexperiencing self-limiting HCV-1 infection were not enrieth
and decreases as soon as the disease progrdggese@. of CD569"Y/NKp46M9h he-NK cells, but of NK cells are
Indeed, lower frequencies of anergic/dysfunctional C#8@&nd  highly positive for CD57 and KIRs. These ndings suggest
CD5619t NK cells, characterizes end-stages HCC patients botthat terminally-di erentiated NK cells can better control HCV
in peripheral blood and at a tumor site, a phenomenon that is alsinfection (114).

associated with a parallel expansion of CESACD25°° Tregs In the context of HBV infection, early cNK cell responses
and increased secretion of IL-1924 97, 98). Several mechanisms contribute to the initial control of infection and to the
have been proposed to explain, at least in part, the functionalevelopment of an e cient adaptive immune response through
impairments of NK cells in advanced HCC. These include thehe secretion of IFNg, TNF-a, GM-CSF, and TGH able to
increased expression on tumor in ltrating NK cell surface ofinhibit viral replication or to induce the killing of infectedetls
inhibitory checkpoints [i.e., programmed cell death protefD)-  (115-117). In this context, acute HBV infected patients showed
1) and NKG2A] as well as the higher surface levels of PD-&n expansion of CD389" cNK subset, but reduced frequencies
ligands (PD-1Ls) and MHC-I on malignant cells. Both stragsgi of CD56'"™ NK cells. Notably, the in amed lobular necrotic
simultaneously employed by HCC both onimmune-e ectors andareas of HCV-infected livers from the same individuals were
targets have the same aim of evading human NK cell immunesurrounded by NKp4®&S NK cells (L18. In vivo experimental
surveillance, thus sparing tumor cells from NK cell killing3¢  studies also con rmed the presence of a strong activation of
102. It has been also reported that in advanced HCC patientBe-NK cells in response to acute HBV infection, a mechanism
he-NK cells express a speci ¢ inhibitory NKp30 splice varianthat limits viral replication. However, in these animal mosléie
(Ih-NKp30), thus resulting in a de ciency of NKp30-mediated HCV-mediated priming of NK cells was not able to induce an
NK cell activation and function. Interestingly, the solakform  antigen-speci c T cells responsgl(3-121).

of NKp30 ligand (NKp30L) B7-H6 is increased in late stages When both HBV and HCV enter into their chronic stages,
of HCC (103. Another mechanism contributing to cNK cell the frequencies of cNK cells remarkably decrease together
impairment in HCC patients relies on their aberrant interacts  with their ability of producing pro-in ammatory cytokines,
with tumor in ltrating macrophages, inducing a rapid NK cell such as IFN- and TNF- (122-125. Although, he-NK cells
exhaustion both via the engagement of CD48/2B4 and NKp3fhaintain their cytotoxic potential in chronic HBV via the up-
pathways 98 104 105. Additionally, several alterations in the regulation of TRAIL (26 127, however, they pathologically
cytokine milieu of neoplastic HCC tissue can in uence cNKcontribute to eliminate autologous HBV-specic CBB T cells
cell cytotoxicity and cytokine production. These includéubte  expressing high levels of death receptor for TRAIL. Hence,
immune-modulators such as TGH;-prostaglandin E2 (PGE2) or this NK cell-mediated depletion of antigen-specic CI98 T
indoleamine 2,3-dioxygenase (IDO)({5-107). More recently, cells impairs adaptive antiviral immunity in chronic HBV-
it has been reported that IL-1R8 (TIR-8) can serve as anothenfected patients and contributes to viral persistentc2&-130).
important checkpoint able to inhibit anti-tumor NK cell e ectoe Moreover, persistent viral infections have a remarkable irhpac
functions in liver cancer murine models. Indeed, its blod&a on the cNK cell receptor repertoire and profoundly a ect their
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FIGURE 3 | Dichotomy in the he-NK cell response in tumor and viral infeéion. Different soluble factors and cell surface receptorsontribute to positive or either
negative he-NK cell response in both tumor and/or viral infémn. Increased (vertical blue arrows) frequency and effemtfunctions of he-NK cells were observed in
early tumor and acute viral response. On the other hand, NK dedysfunction (vertical red arrows) in late tumor or chrominfection results with lower NK cells
frequency, effector function inhibition and cell exhausin. Arched green arrows show stimulatory connection and redines inhibition.

e ector-functions. Indeed, chronic exposure to HBV inducesfor several aNKRs expressed on Ir-NK cells, such as NKG2D
TGFb production that, in turn, reduces the expression ofand NCRs, also represent a potential clinical therapeutic
NKG2D and 2B4, and their respectively, intracellular adaptostrategy. Moreover, the expression of NKRs can be also
proteins DAP10 and SAP, thus further hampering their abilitymodulated at the transcriptional level. In this regard, the
to eliminate viral infected cells1B81). However, whether this miR-182 has been shown to increase NK cells cytotoxicity in
immunosuppressive mechanism plays a role in shaping he-NKICC patients by regulating the expression of NKG2D and
cells need to be further consolidated. NKG2A (95).
In a new era of cancer immunotherapy, several inhibitory
checkpoints have been targeted also on NK cells through

HEPATIC NK CELLS AS POTENTIAL the development of blocking mAbs unleashing their anti-

THERAPEUTIC TARGETS tumor e ector-functions (L3). In particular, anti-KIR mAbs
are currently being tested in di erent hematological cancers
The possibility of tuning NK cell e ector-functions represant alone or in combination with other treatments40. Another
an important therapeutic strategy for the treatment of seleraimportant NK cell inhibitory checkpoint is anti-NKG2A, whose
liver disorders, as demonstrated for infections and othemasking mAb is currently being tested in several solid tusnor
malignancies 112 113. Among the main methodological and hematologic disease®3( 141+144. More recently, it has
approaches developed in this context, there are protocolseen also reported that NK cells can express PD-1 thus paving
administeringin vivo compounds targeting NK cell activation. the ground in the future to target NK cells also with mAbs
Indeed, the use of several cytokines that can easily readocking PD-1/PD-L1 interactions1¢5. Further clinical trials
and activate liver endogenous NK cells has been extensivelye required to investigate the e cacy of these compounds in
tested in several clinical and experimental trials. IL-12 8 liver cancers.
18 have been shown to e ectively inhibit liver carcinogesesi  Adoptive NK cell transfer therapies have been rst
by boosting NK cell anti-tumor functions 132. Therapies introduced to improve the clinical outcome of patients
with interferons showed anti-viral, anti- brotic and antumor  a ected by hematologic malignancies and undergone alloigene
NK' cell-mediated clinical outcome®§, 133. Two cytokines hematopoietic stem cell transplantation (allo-HSCT}§ 147).
widely adopted to enhance NK cell cytotoxicity are IL-2 andThe great clinical outcome of this strategy in allo-HSCTethgr
IL-15 (134 139. In particular, IL-15 can rescue the anti- with newly available technologies made it possible to develo
tumor activities of intrahepatic NK cells puried from HCC new protocols of adoptive NK cell therapies to treat both
patients ((39. Interestingly, the use of recombinant/modi ed hematologic malignancies and solid tumoi4@-151). More
IL-2 and IL-15 activates both NK and CB® T cells without recently, the possibility of engineering NK cells with di erent
stimulating Tregs and these cytokines are currently beingechnological approaches such as the so-called bi- and tdispe
tested also against hematological cancérs4139. Agonists killer engagers (BiKEs and TriKEs)1H2 or chimeric antigen
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receptors (CARs)1(53 improved both tumor-speci city and the and their abilities to be tolerogenic toward foreign antige
ability of NK cells to reach/in ltrate tumor tissues. Veriitle is  while attacking viruses and tumors. This knowledge is key to
known about the e cacies of adoptive NK cell transfer therapie understand and target those mechanisms participating in the
in liver cancers, a gap that needs to be lled by new experiment onset of hepatic disorders.

and clinical trials.
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