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Introduction

Summary

Natural killer (NK) cells have been implicated in tumour surveillance and
in the early control of several microbial infections. In autoimmune disease
their involvement in these processes has been evaluated in animal models,
with conflicting results. Both a disease-controlling and a disease-promot-
ing role have been suggested. In human autoimmune disease only a few
studies, mainly descriptive, have demonstrated qualitative and quantita-
tive modification of NK cells. These changes were observed on blood- or
tissue-infiltrating NK cells. Taken together with our expanding knowledge
of the genetical variability of NK cell receptors and NK cell physiology,
these findings pave the way for the dissection of the role of NK cells in
human autoimmune diseases. NK cells may be directly involved in these
diseases through their potential autoreactivity or through their interaction
with dendritic cells, macrophages or T lymphocytes, thereby inducing
excessive inflammation or favouring the adaptive autoimmune response.
Thus, NK cells may be implicated in the onset, the maintenance or the
progression of autoimmune diseases. Some reports also suggest the
involvement of NK cells in the treatment of human autoimmune disease
by biotherapies. All these observations suggest that NK cells are involved
in the complex processes of autoimmune diseases. Nevertheless, further
careful analysis of NK cells at different steps of these diseases, in different
tissues and through combined genetical and functional studies will con-
tribute to a better understanding of their role in autoimmune diseases.
This knowledge might allow the development of new therapeutic strategies
based on NK cells for the treatment of some autoimmune diseases.

Keywords: autoimmune diseases; innate immunity; natural killer cells;
systemic lupus erythematosus

all share the presence of an adaptive B-cell (auto-
antibody) and/or T-cell (autoreactive T-cell) response

The treatment of individuals with human autoimmune
diseases and the achievement of improvements in their
quality of life remain a challenge in 2010, despite our
increasing knowledge of the immunological basis of these
diseases. Several new molecules, in particular monoclonal
antibodies targeting lymphocyte subsets or cytokines, have
recently resulted in clear benefits for these patients. Iden-
tification of new cellular or molecular targets should
allow new therapeutic improvements. Studies on NK cells
and NK cell receptors are therefore of great interest.
Autoimmune diseases can be divided into two catego-
ries: tissue-specific autoimmune diseases (e.g. diabetes
mellitus or multiple sclerosis) and systemic autoimmune
diseases (e.g. systemic lupus erythematosus). Despite
great diversity in clinical and biological symptoms, they

against self. For the majority of these diseases, the auto-
antigens have been identified and are the target of this
acquired autoimmune ‘response’. Some studies have
shown that the acquired B- or T-cell autoimmune
response arises a long time before clinical symptoms
appear.' This indicates that the development of an auto-
disease is a several-year-long ‘multi-step’
process. This process is under the control of the genetic
background and as yet poorly defined environmental

immune

factors.” In such a dynamic process the involvement of
NK cells should be investigated at both preclinical and
clinical stage. Most of our knowledge of NK cells in
human autoimmune diseases comes from analyses of
NK cells from patients in the clinical stages of disease
and is merely correlative.
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NK cells have been first described by their ability to
kill leukaemic cells without prior sensitization. They rep-
resent a small proportion of blood lymphocytes and do
not express a specific receptor for antigens, as do T and
B cells. NK cells have been implicated in tumour sur-
veillance and in the early control of microbial infections,
including infections with viruses (such as herpesvirus)
and intracellular parasites (such as Plasmodium falcipa-
rum). Their natural cytotoxicity is under the control of
natural cytotoxicity receptors (NCRs) and their anti-
body-dependent cytotoxicity is linked to the engagement
of CD16/FcyRIlla.’ In addition to NCRs, NKG2D acti-
vating NK receptor (NKG2D), DNAX accessory mole-
cule-1 and NK receptor of 80kDa are also activatory
receptors and some of their ligands are expressed under
inflammatory conditions and have been implicated in
autoimmune diseases. The identification of a large mul-
tigenic and multiallelic family of cell surface receptors
specific for human leucocyte antigen (HLA) class I mol-
ecules [the killer-cell immunoglobulin-like receptors
(KIRs)*] which control NK cell activation has improved
our knowledge on the association of genetic background
and autoimmune disease. Most studies on KIRs have
been based on the missing self theory, and have investi-
gated variation in KIR genotypes together with HLA
class I gene polymorphism.

Human NK cells are wusually characterized as
CD3™ CD56" cells. Blood NK cells can be divided into
two major subtypes, CD56""¢" and CD56%™° The for-
mer subtype represents about 10% of circulating NK
cells; these cells express low levels of CD16 and perforin,
produce high amounts of cytokines in response to
cytokines such as interleukin (IL)-12 and IL-18, and
represent the major fraction of NK cells in lymph
nodes.® CD56%™ NK cells express high levels of CD16,
perforin and KIRs and can be cytotoxic as well as being
cytokine producers.

In studies of mouse models of autoimmune diseases, it
has been shown that NK cells have either a disease-
promoting or a disease-controlling role.” Controversial
findings regarding NK cell depletion in the experimental
autoimmune encephalomyelitis model have complicated
the picture.® These apparently conflicting results may be
related to differences in the strains and model systems
used. Divergent effects of specialized NK cell subsets have
also been suggested to explain these discrepancies. Studies
in humans have also produced some contradictory results,
although some of these results should be treated with
caution as the distinctions among NK, NKT and T cells
expressing NK cell receptors were not always clearly
addressed. In this review, we focus on current knowledge
regarding NK cells and NK cell receptors in human
autoimmune diseases using the example of systemic lupus
erythematosus (SLE), a prototypic human autoimmune
disease.

Observed changes in NK cells in human
autoimmune diseases

Changes in circulating blood NK cells

Quantitative and qualitative NK cell variations have been
reported in human autoimmune diseases. In several cases
of autoimmune disease, a reduction in the number of cir-
culating NK cells has been shown.””'> This quantitative
defect is usually paralleled by a decrease in NK cell cyto-
toxicity.”'* This defect gave rise to the hypothesis that
circulating NK cells are involved in the control of the
autoimmune reaction, as has been shown for regulatory T
cells. It could also be interpreted as a consequence of
chronic NK cell activation associated with excessive NK
cell apoptosis. A decrease in NK cell differentiation from
haematopoietic stem cells has also been proposed to
explain in part the NK cell deficiency.'* Very few changes
in NK cell receptor expression have been found in these
autoimmune diseases, and these changes do not seem to
explain the functional deficiency observed.'>'>'® The
findings of these studies underline the difficulties inherent
in correlating quantitative and qualitative NK cell varia-
tions with autoimmune disorders and in distinguishing
between a causative role and a consequence of the disease
or associated treatments. For example, severe varicella was
reported to be associated with profound NK cell defi-
ciency, which was first thought to be causative but finally
found to be transiently caused by the infection.'”
Intriguingly, NK-lymphoproliferative disease of granular
lymphocytes (LDGL), a rare condition in which there is a
chronic excess of circulating NK cells, is also associated
with autoimmune manifestations.'®'® In this chronic hae-
matological disease, NK cell cytology is normal but NK
cells show profound changes in their inhibitory and
activating receptors.’>>> This condition, which is very
similar to the T-cell phenotype of LDGL, suggests that NK
cell proliferation in humans may ‘induce’ autoimmune
diseases. However, the mechanism by which NK-LDGL
induces tissue or cell injury has not been elucidated.

Changes in tissue NK cells

NK cells are abundant in the human liver and uterus.
Both liver and uterine NK cells are specialized NK cells
and differ from circulating blood NK cells. Uterine NK
cells are the most important uterine lymphocyte subset
during pregnancy.** Thus, the roles of uterine NK cells in
pregnancy, and particularly in manifestations of autoim-
mune diseases during pregnancy, have been explored. In
women with recurrent miscarriage associated with auto-
immune diseases, changes in the NK cell compartment
have been demonstrated for blood but not tissue NK
cells. In contrast to blood NK cells, the roles of tissues
NK cells have not been systematically explored in autoim-
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mune diseases. Such studies were hampered for a long
time by the lack of specific NK cell markers. However, in
inflammatory myopathies, autoimmune diseases charac-
terized by muscle injuries secondary to muscle infiltration
by inflammatory cells and an increase in tissue HLA class
I expression, NK cells were not found.?” In type I diabe-
tes, NK cells were found to be localized around the pan-
creatic islets in recently diagnosed patients.”® In a larger
post-mortem series, pancreas-infiltrating NK cells were
not found.”” This suggests that NK cells could participate
in the destruction of pancreatic beta cells before the clini-
cal onset of diabetes.

In rheumatoid arthritis (RA), an autoimmune disease
characterized by joint inflammation, synovium-infiltrating
NK cells have been documented.”® These NK cells are
CD56"8% and produce more interferon (IFN)-y than
blood NK cells from the same patients.> Moreover, these
NK cells can induce the differentiation of monocytes into
dendritic cells (DCs). Thus, in RA tissue, NK cells are
characterized by disease-promoting functions, which is in
contradiction to findings that circulating NK cells in
patients with RA are reduced in number and have
reduced functions.'>'* Such observations underline the
importance of studies on tissue NK cells in autoimmune
disease in parallel with blood NK cell changes.

Genetic associations

Inhibitory and activating KIRs belong to a family of
highly homologous receptors recognizing major histo-
compatibility complex (MHC) class I molecules. The
genes coding for these receptors are all located on

NK cells and autoimmunity

19q13.4.>° Interindividual variability is explained by
variation in gene number, depending mainly on the set of
activating NK cell receptors, and allelic variability in KIR
genes.* This interindividual variation in genes and alleles
coding for inhibitory and activating receptors for MHC
class I molecules, mainly expressed by NK cells, has raised
the question of a genetic KIR/HLA class I background for
susceptibility to autoimmune disease. In type 1 diabetes
mellitus, an association with the 2DS2/HLA-C1 geno-
type’ and a decrease in the proportion of inhibitory
KIR/HLA genotype combinations were reported.”’ In
psoriatic arthritis, the 2DS1/2DS2 genotype and HLA-Cw
homozygosity were associated with susceptibility to devel-
oping the disease.”**> Similarly, systemic sclerosis was
associated with the 2DS2*/2DL2" genotype® and with the
2DS1%/2DS2” genotype.” Moreover, KIR 2DS1" patients
with progressive systemic sclerosis displayed a significant
decrease in the amount of inhibitory KIR corresponding
to the appropriate HLA-C ligand.” In a Canadian cohort
of patients with SLE, an increase in the prevalence of the
2DS1*/2DS2™ genotype was documented.’

Thus, genetic data obtained from KIR/MHC class I
association studies have identified genotypes associated
with enhanced susceptibility to the development of auto-
immune diseases or their severe forms (Table 1). Most
of these situations seem to be associated with a potential
lack of NK cell inhibition or with excessive NK cell acti-
vation through MHC class I receptor signalling. These
interesting results need to be confirmed in gain or loss
of function studies. Moreover, genetic studies on KIR
genes should focus not only on NK cells but also on
other T-cell subsets expressing these receptors. This

Table 1. Natural killer (NK) cell changes in blood or tissues and NK cell receptor genes associated with some autoimmune diseases in humans

Autoimmune disease

Changes in circulating or tissue NK cells

Genetic susceptibility

SLE

Sjogren’s disease

Systemic sclerosis
Antiphospholipid syndrome

Pemphigus vulgaris
Rheumatoid arthritis

Spondylarthropathies
Psoriasis/psoriatic arthritis
Ulcerative colitis

Diabetes

Multiple sclerosis

Decreased number and functions
Decreased number
Decreased number and functions

Increased number

Increased number

Decreased number and functions in blood. Increased
number in synovial fluid

Increased frequency of KIR2DL3 expression

Decreased number and functions in blood. Increased
number in synovial fluid

Unknown

Infiltrating NK cells in pancreas? Decrease in NK cell
number and functions in blood

Association of an increase of a specific NK cell subset
with the control of the disease

2DS17/2DS2”
Not analysed
2DS1/2DL1

2DS17/2DS2”
Not analysed
Not analysed

Some association of KIR genes with clinical
manifestations of rheumatoid arthritis.

Association with KIR2DS4?

Association with 3DS1 and protective role of 3DL1
2DS1/2DS2, HLA-Cw homozygosity

KIR 2DL2/2DS2 frequency. Protective effect of
KIR 2DL3 in the presence of its ligand

HLA, human leucocyte antigen; KIR, killer-cell immunoglobulin-like receptor; SLE, systemic lupus erythematosus.
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model has also to take into account KIR allelic variants
and variegation of KIR distribution on NK cells for a
given genotype.

In addition to studies on KIR/HLA, there have been
studies carried out showing clinical associations of auto-
immune disease with the FcyRIIla polymorphism. Poly-
morphism at position 158 results in either valine (V) or
phenylalanine (F) expression of the FcyRIIIa receptor and
has been reported to influence human IgG; binding and
antibody dependent cellular cytotoxicity (ADCC) activity.
These results strongly suggests a role for NK cells because
of their high level of expression of CD16 and their ADCC
function. The FcyRIIla F/F genotype is associated with
SLE nephritis.’® Interestingly, genetic polymorphism in
the FcyRIIla gene have been also shown to influence the
response to monoclonal therapeutic antibodies such as
anti-CD20.%” In haematological malignancies NK cell par-
ticipate to the therapeutic effect of CD20 depleting the
B cell compartment through ADCC.*® The therapeutic use
of these monoclonal antibodies has now been extended to
the treatment of autoimmune diseases. This raises the
question of the influence of quantitative and functional
deficiencies in NK cells in the therapeutic response.

Hypothesis of a role of NK cells in autoimmune
diseases

‘Rupture’ of NK cell tolerance

Rupture of NK cell tolerance to self can be brought about
either by the removal of inhibitory signals or by the addi-
tion of excessive activating signals (Fig. 1a). In such a case,
NK cells can be responsible for tissue injuries through the
effects of their natural cytotoxicity. Patients with transpor-
ter associated peptide (tap) deficiency do not express MHC
class T molecules and thus correspond to the model of the
removal of inhibitory signals. These patients present severe
tissue destruction usually following bacterial infections.?® Tt
has been suggested that tissue injuries are at least in part
attributable to NK cell cytotoxicity that is not inhibited by
MHC class I recognition. However, the absence of MHC
class I expression is not enough to induce NK cell cytotox-
icity. For example, erythrocytes express very few MHC class
I molecules at baseline level, and are not lysed by NK cells
in normal conditions. This model is also in disagreement
with the recent finding of MHC class I-guided NK cell edu-
cation. MHC class I molecules influence NK cell education
and tolerance by inducing responsiveness of the NK cell
upon ligation of the cognate inhibitory receptor. This
explains the fact that NK cells lacking the appropriate
inhibitory receptor to self (a substantial number of NK cells
in normal individuals) are self tolerant because of their
hyporesponsiveness.***'

More evidence has been obtained for the disruption of
NK cell tolerance by an excessive activatory signal. The

Target cell Tissue/cell lysis

/ ™
e
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Figure 1. Mechanisms by which natural killer (NK) cells can induce
tissue/cell injuries in autoimmune diseases. (a) NK cells can lyse tar-
get cells by natural cytotoxicity. Natural cytotoxicity is regulated by
the balance of inhibitory [recognition of human leucocyte antigen
(HLA) class I molecules] and activating signals. Both changes in
major histocompatibility complex (MHC) class I recognition and the
expression of activation ligands by the target cell can modulate NK
cell cytotoxicity. For example, the expression of MHC class I poly-
peptide-related sequence (MIC) molecules that are ligands for the
activating NKG2D receptor is induced in stressed cells in inflamma-
tory conditions. (b) NK cells are responsible for antibody dependent
cellular cytotoxicity. They can bind autoantibodies through the
FeyRlIlIa. (c) NK cells produce several cytokines. They can induce an
inflammatory response and promote the recruitment and activation
of immune cells in tissues. GM-CSF, granulocyte—-macrophage
colony-stimulating factor; IFN, interferon; IL, interleukin; MIP, mac-
rophage inflammatory protein; TNF, tumour necrosis factor.

ligands of the activating receptor NKG2D are the MHC
class T polypeptide-related sequence A (MICA) and MICB
proteins and the cytomegalovirus UL-16 binding protein.
In the model of celiac disease (gluten-sensitive enteropa-
thy, both the over-expression of MIC by the gut
epithelium and local IL-15 production induce a local
NKG2D-mediated lysis of gut epithelial cells by intra-
epithelial lymphocytes (IELs) independently of T-cell
receptor (TCR) specificity.*>** High levels of MICA have
also been found on intestinal epithelial cells from patients
with Crohn’s disease, and in serum from patients with
RA. Thus, the expression of stress signals, such as MIC
molecules recognized by NKG2D, can induce autoreactive
cell cytotoxicity. Such ‘rupture of tolerance’ mediated by
engagement of activatory receptors has been shown for
T-cell subsets but not NK cells in human autoimmune
diseases.

Control of the autoimmune response by NK cells

Innate immune cells participate in the early stages of
immune defence. NK cells are present at inflammatory

454 © 2010 The Authors. Immunology © 2010 Blackwell Publishing Ltd, Immunology, 131, 451-458



sites and in lymph nodes where they can co-operate with
other immune cells.® NK cells can also participate in the
exposition of autoantigens through cell lysis. Thus, NK
cells have been shown to initiate robust adaptive immune
responses via killing of antigen-expressing target cells.*’
Interaction through cell-cell contact between NK cells and
DCs, influenced by the local cytokine environment, can
lead to: (i) NK cell-mediated killing of immature mono-
cyte-derived DCs (iDCs); (ii) DC-induced NK cell prolif-
eration through IL-12 production; (iii) NK cell-dependent
DC maturation. NK cells can discriminate between mye-
loid iDCs, which typically under-express MHC class I
molecules, and mature DCs, which up-regulate MHC class
I expression after antigen uptake.*® The killing of iDCs by
NK cells has been interpreted as a control of the quality
of DCs, allowing only mature DCs to migrate to the
lymph node. Both NK cell deficiency, as observed in sev-
eral autoimmune diseases, and activated NK cells can
potentially modify their interaction with DCs and thus
the specific T-cell response (Figs 2 and 3).

CD56"€" NK cells from patients with RA can induce
monocytes to differentiate into DCs, which is initiated by
local IL-15 production.”” These DCs are functional anti-
gen-presenting cells and can promote CD4" T-cell activa-
tion and their polarization to Thl cells. These results
suggest that NK cells can sustain joint inflammation in
RA. NK cells also promote the Thl polarization of CD4"*
T cells through the production of IFN-y.*®

This picture is complicated by IL-10 production by NK
cells under certain conditions.*” The production of the
anti-inflammatory cytokine IL-10, in contrast to IFN-y,
can inhibit DCs. Thus, NK cells can also be considered

Exposition of autoantigens

Control of the adaptive
autoimmune response

NK cells and autoimmunity

immune regulatory cells that can dampen antigen presen-
tation by antigen-presenting cells and the proliferation of
T cells.”® Little is known about IL-10-producing NK cells
in human diseases.

To date, the extremely rare cases of selective NK cell
deficiencies in humans have not helped to elucidate
in vivo the role of NK cells in the onset and/or progres-
sion of autoimmune diseases.”"

NK cell control of macrophage activation

The rare disease haemophagocytic lymphohistiocytosisis
(HLH) is characterized by an intrinsic defect of NK cell
and T-cell cytotoxicity related to the perforin/granzyme
release pathway. It is sometimes an acquired condition
associated with autoimmune diseases and viral infections.
In all cases, a marked decrease in NK cell numbers and
functions is reported.”® This is associated with a decrease
in cytotoxic T-cell counts, an increase in the numbers of
some T cells and sustained macrophage activation, with
the production of excessive amounts of IFN-y, tumour
necrosis factor (TNF)-o, IL-18, IL-1 and IL-6. Interaction
between human NK cells and macrophages is bidirec-
tional and can result in activation of NK cells or in the
regulation of macrophage activity through direct killing
of macrophages. For example, cytolysis of lipopolysaccha-
ride-activated macrophages is triggered by the recognition
of inducible NKG2D ligands by NK cells.”®> In HLH, a
defective NK cell compartment, reminiscent of observa-
tions in other autoimmune diseases, is associated with
excessive activation of other immune cells (such as
macrophages) capable of a deleterious inflammatory

Effector of the autoimmune
response cell/tissue injuries

©

Macrophage

Figure 2. Hypothesis for the protective role of natural killer (NK) cells in autoimmune diseases. NK cells may participate in the control of an

autoimmune disease at different stages. First, NK cells could control the release of autoantigens, for example by modulating the control of envi-

ronmental factors such as viral infections. NK cells may also control the adaptive immune response through its interaction with dendritic cells

(DCs) by killing immature DCs that present autoantigens. By producing interleukin (IL)-10, NK cells can also modulate the adaptive immune

response. Finally, NK cells can control the activation of macrophages that are responsible for tissue injury through chronic inflammation.
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Control of the adaptive
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Figure 3. Hypothesis for the detrimental role of natural killer (NK) cells in autoimmune diseases. NK cells may participate in the induction, the

maintenance of the autoimmune reaction and the direct cell or tissue injuries in autoimmune diseases. First, NK cell cytotoxicity can lead to

abnormal exposure of autoantigens. Secondly, during the adaptive immune response they can induce the maturation of autoantigen-presenting

dendritic cells (DCs) and induce the differentiation of monocytes into antigen-presenting cells in inflamed tissues such as the joints of patients

with rheumatoid arthritis (RA). Finally, NK cells can directly promote cell or tissue injuries during chronic inflammation in autoimmune diseases

by exerting natural cytotoxic effects against cells expressing activating ligands for natural cytotoxicity receptors (NCRs), by ADCC and indirectly

through activation of macrophages. ADCC, antibody dependent cellular cytotoxicity.

response. This observation suggests the hypothesis that
defective NK cells can lead to abnormal inflammation.

The example of SLE, a prototypical autoimmune
disease

SLE is characterized by a non-tissue-specific autoimmune
reaction.”® Chronic inflammation can lead to organ dam-
age with loss of function. It primarily affects young
women and the chronic course of the disease is associated
with flare-ups. SLE is characterized by polyclonal B-cell
activation and the production of autoantibodies against
several nuclear proteins and, more specifically, double-
stranded DNA.>* Defective control of apoptosis is thought
to induce this autoimmune response through an excessive
exposition of nuclear autoantigens. Genetic associations
of KIR genotype contents and FcyRIIIA polymorphism
have been demonstrated in some SLE populations.’>>® In
SLE, blood NK cells show a variable and usually moderate
NK cell quantitative deficiency and a decrease in
CD4" CD25" regulatory T cells.”'""> This alteration of
NK cell function cannot be related only to the decrease in
NK cell counts, as studies on sorted NK cells have con-
firmed a cytotoxic defect.”'* Extensive phenotypic charac-
terization of NK cells in SLE patients have shown only
mild changes. In a Swedish cohort of lupus patients, an
increase in the proportion of CD56"" NK cells was
observed without a correlation with the severity of the
disease.” In this study, as in our study,"” the expression
of the different NK inhibitory and activating receptors

was not statistically different from that of the control
group. In Sjogren’s syndrome, an autoimmune disease
similar to SLE and characterized by inflammation of the
exocrine glands, as in RA, circulating NK cell counts were
also shown to be reduced and associated with decreased
cytotoxic functions.'>'* In SLE it has been shown that
the quantitative NK cell deficiency correlates with some
clinical manifestations such as nephritis and thrombocy-
topenia during flare-up of the disease.'* Thus it has been
postulated that the decrease in NK cell number and func-
tion is implicated in the inflammatory process of SLE.
However, this decrease could also be a consequence of
the disease, through chronic NK cell activation leading to
anergy, through relocalization of NK cells in tissues, or
through a defect in NK cell differentiation. SLE NK cells
express lower perforin levels (mRNA and protein), sug-
gesting chronic activation. It has also been shown that
blood or bone marrow haematopoietic stem cells (HSCs)
of SLE patients have lower proliferative indices than those
of controls. Moreover, these HSCs generated a lower pro-
portion of NK cells when cultured with IL-15 as com-
pared with the control HSCs."* This suggests that both a
‘central’ and a ‘peripheral’ mechanism are implicated in
the decrease in NK cell numbers in SLE.

However, the question of how NK cell deficiency par-
ticipates in the control of the course of SLE remains
completely unanswered. With regard to the key role of
plasmacytoid DCs in SLE, it can be hypothesized that
defective control of immature DCs by NK cells is
involved.
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Conclusion

While inappropriate activation of cells of the adaptative
immune response was mainly reported in autoimmune
diseases, numerous observations suggest a role for NK
cells in these disorders. To date, NK cells have not been
specifically targeted by treatments of autoimmune dis-
eases. However, some biotherapies are associated with
changes in the circulating NK compartment. For example,
daclizumab (anti-IL-2Ra) in multiple sclerosis is associ-
ated with an increase in the number of CD56"¢" NK
cells.”® The same change is observed in the treatment of
uveitis with daclizumab.”’” Interestingly, the expansion of
blood NK cells has been found to be correlated with the
suppression of disease activity, and NK cells isolated from
patients during treatment were able to kill autologous-
activated T cells.”® From another point of view, NK cells
play an important role, through ADCC, in the efficacy of
monoclonal antibodies used to treat human diseases.”
Thus, identifying the modifications of NK cells and the
role of NK cells in autoimmune diseases will help to
define new therapeutic targets and to optimize the effi-
ciency of current biotherapies in such indications.

It has been suggested that NK cells have a disease-pro-
moting or a disease-controlling role in autoimmune dis-
eases, depending on the disease and the NK cell subset
analysed. A disease-controlling role is clearly suggested by
studies in SLE patients in which circulating NK cells are
reduced in number and functions. These abnormalities
have been shown to correlate with some clinical manifes-
tations of the disease. Such modifications of NK cells mir-
ror the protective role of NK cells proposed in the model
of multiple sclerosis where an increase in the numbers of
circulating NK cells correlates with remission of the dis-
ease. However, despite clinical correlative evidence, the
mechanisms by which NK cells control autoimmune dis-
ease remain unknown. Moreover, it is difficult to recon-
cile the dual NK cell roles in different autoimmune
diseases. Perhaps NK cells can have either a protective or
a disease-promoting role in a given autoimmune disease
at different stages of the disease (e.g. onset and/or pro-
gression) in a several-year-long process. Thus, forthcom-
ing studies should focus on tissue NK cells and NK cell
interactions with other immune cells at sites of inflamma-
tion at different phases of the development of autoim-
mune diseases.
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