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Summary

Killer cell immunoglobulin-like receptors (KIRs) are a diverse family of acti-
vating and inhibitory receptors expressed on natural killer (NK) cells and T
cells, the genes of which show extreme polymorphism. Some KIRs bind to
human leucocyte antigen (HLA) class I subgroups, and genetic interactions
between KIR genes and their ligand HLA have been shown to be associated
with several autoimmune diseases. The present study aimed to investigate
whether the combinations of KIR genes and HLA-Cw ligands associate with
the susceptibility of systemic lupus erythematosus (SLE). Polymerase chain
reaction using sequence-specific primers was used to determine the geno-
types of KIR genes and HLA-Cw alleles. We found that the frequencies of
HLA-Cw07 were statistically significantly higher in the patient group than
those in the control group (P = 0·009). KIR2DS1+HLA−CwLys was more
common in subjects with SLE compared to control subjects (P = 0·015). In
addition, the frequency of KIR2DS1 was increased in SLE when KIR2DL1/
HLA-Cw are absent, and the difference was significant (P = 0·001). KIR geno-
type and HLA ligand interaction may potentially influence the threshold for
NK (and/or T) cell activation mediated through activating receptors, thereby
contributing to the pathogenesis of SLE.

Keywords: genes, killer cell immunoglobulin-like receptors, systemic lupus
erythematosus

Accepted for publication 5 January 2015

Correspondence: H. Sun, Medical Research

Center of Shandong Provincial Qianfoshan

Hospital, Shandong University, Jinan, Shandong

250014, China.

E-mail: hongjunsun2011@126.com

D. Xu, Department of Nephrology, Shandong

Provincial Qianfoshan Hospital, Shandong

University, Ji-nan 250014, China.

E-mail:xudongmei63@163.com

1Yanfeng Hou and Caiqing Zhang contributed

equally to this work.

Introduction

Systemic lupus erythematosus (SLE) is a systemic autoim-
mune disorder characterized by the production of a broad
variety of autoantibodies and subsequent immune complex
deposition, which results in chronic inflammation in multi-
ple organ systems. Although the pathogenesis of SLE has
still not been clarified, the involvement of genetic factors is
supported by twin concordance studies as well as by numer-
ous reports on individual associations with candidate genes
[1–5]. The immunological abnormalities of SLE are
thought to be complex, and involve multiple genes encod-
ing different molecules with significant functions in the
regulation of the immune system.

Immunological disturbance is of importance, as SLE
exhibits myriad aberrations in the immune system that
involve both natural killer (NK) and T cells, resulting in the
activation of polyclonal B cells and the production of
autoantibodies. As a result, the chronic inflammation of
multiple organs occurs. A number of studies [6,7] suggested

recently that impaired NK cell differentiation in SLE could
contribute to immune system dysregulation. As our under-
standing of NK cell biology has improved, it has become
clear that NK cell responses are dictated by the balance
between inhibitory and activating signals originating from
cell surface receptors [8]. Of these receptors, killer cell
immunoglobulin-like receptors (KIRs), which are expressed
by NK cells and subsets of T lymphocytes, have generated
considerable interest in recent years. In fact, the functions of
NK and T cells are modulated, in part, by KIRs that recog-
nize HLA class I molecules on target cells.

KIRs are encoded by a family of tightly clustered 14 KIR
genes and two pseudogenes on the leucocyte receptor
complex at chromosome 19q13·4 [9,10]. These multi-gene
KIRs interact with their polymorphic HLA-A, HLA-B and
HLA-C ligands to diversify and individualize the human
immune system [11]. The binding of inhibitory KIR (desig-
nated 2DL and 3DL) to specific HLA molecules has been
demonstrated clearly and correlates well with their ability to
inhibit NK cytolysis of target cells bearing those HLA
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allotypes. The major ligands for inhibitory KIRs are HLA-C
molecules [12].

There are many allelic variants of HLA-C, but in terms of
KIR recognition these can be reduced to two groups:
HLA-C1 molecules (characterized by asparagines at posi-
tion 80) are recognized by inhibitory KIRs, KIR2DL2 and
KIR2DL3, whereas HLA-C2 molecules (characterized by
lysine at position 80) are recognized by KIR2DL1 [10,13]. It
has been suggested that the ligands for activating KIRs rec-
ognize the same HLA-B or HLA-Cw molecules as are recog-
nized by their related inhibitory KIRs, but with poorly
binding affinities [14]. Overall, upon interaction with HLA
class I ligands, KIR genes provide inhibitory or activating
signals to regulate the activation of NK cells and T cells,
which contributes to the pathogenesis of diverse types of
disease. Because both HLA-C and KIR genes are polymor-
phic and are encoded on different chromosomes, an indi-
vidual may have both KIRs and the corresponding HLA-C
ligands, may have only KIRs and no corresponding HLA-C
ligands or may have only the HLA-C ligand but no KIR for
a certain HLA–KIR interaction. Such diversity of KIR and
HLA-C genes among individuals might be related to the
heterogeneity of the immune response to infectious agents
or susceptibility to autoimmune or inflammatory diseases
[10]. In recent years, many studies in different populations
have shown associations of specific KIR alleles with HLA-C
alleles and autoimmune diseases [15–18].

Previously, we have demonstrated that the total carriage
frequency of KIR2DL2 and KIR2DS1 and the number of
activating KIRs increased in SLE patients compared with
that in healthy subjects [19]. The aim of this study was to
investigate further the role of the HLA-Cw/KIR pairs in SLE
in our population.

Patients and methods

Patients and control

We recruited 236 patients (210 females, 26 males) with SLE
from Shandong Qianfoshan Hospital. All patients fulfilled
the American College of Rheumatology revised criteria for
the disease [20], and all patients gave informed consent.
Their mean age was 28·78 ± 11·31 years (range = 13–
55 years). The control samples were obtained from 230
random healthy Chinese individuals. The control popula-
tion consisted of unrelated ethnicity-, age- and sex-matched
individuals. Subjects with other autoimmune disease were
excluded from our study.

Genome DNA extraction

Genomic DNA was extracted from 5 ml ethylenediamine
tetraacetic acid (EDTA)-treated peripheral blood using the
standard salting-out procedure.

KIR genotyping

Similar to MHC loci, KIR sequences are highly polymor-
phic. A typical feature of KIR haplotypes is the high vari-
ability in the number and type of genes they contain. The
most extreme aspect of KIR polymorphism is the varying
composition of the genes, which is based on the presence or
absence of KIR genes in the genomes of different individu-
als. We present here a refined polymerase chain reaction
(PCR) sequence-specific primer (PCR–SSP) method for
KIR genotyping in all the recruited subjects. KIR
genotyping was performed by KIR locus typing to detect
the presence or absence of a total of 14 KIR loci and one
pseudogene, KIRZ. Among them, eight KIR genes (2DLI,
2DL2, 2DL3, 2DL4, 2DL5, 3DL1, 3DL2 and 3DL3) were
responsible for inhibitory functions and six KIR genes
(2DS1, 2DS2, 2DS3, 2DS4, 2DS5 and 3DS1) for conveying
activating functions. The PCR–SSP primers used for the
detection of KIR loci were based on primer sites that have
been described previously [21]. Among the 29 pairs of
primers (synthesized by Shanghai BoYa Biotechnology Co.
Ltd, Shanghai, China), one pair of primers was used to
amplify the 2DS5 gene and two pairs of primers were used
to amplify each of the other 14 genes, in order to ensure a
high detectable rate of positive genes. The framework genes
(2DL4, 3DL2 and 3DL3) served as positive markers of PCR.
PCR reaction was carried out on a 9700 thermal cycler (PE
Applied Biosystems, Foster City, CA, USA). Specifically,
20–50 ng DNA was amplified in a 20 ml reaction containing
0·2 mM deoxyribonucleotide triphosphate (dNTP), 2 mM
MgCl2, 214·3 nM primer and 0·5 U Taq polymerase. After
the initial denaturation for 1 min at 96°C, the samples were
amplified under the following conditions: five cycles of 25 s
at 96°C, 45 s at 65°C and 30 s at 72°C; 21 cycles of 25 s at
96°C, 45 s at 60°C and 30 s at 72°C; five cycles of 25 s at
96°C, 1 min at 55°C, 2 min at 72°C; and a prolongation of
10 min at 72°C. PCR products were separated on
1·5% agarose gels containing ethidium bromide. After elec-
trophoresis, the agarose gel was scanned and imaged by
Alphaimager TM 2200 instrument (Alpha Innotech Corpo-
ration, San Leandro, CA, USA). All typing was repeated at
least once.

HLA-C genotyping

We performed HLA-C genotyping on the DNA of all
samples. Genomic DNA was amplified using sequence-
specific primers, as described previously [22,23]. The final
volume PCR mixture was 20 μl, including 20–50 ng
genomic DNA, 10 μl of 2 × GC PCR Buffer (TaKaRa Bio
Inc., Shiga, Japan), 0·2 mM dNTP, 1 μM allele-specific
primer, 0·1 μM of DRB1 control primers and Taq DNA
polymerase 1 U. Cycling was carried out in a 9700 thermal
cycler (PE Applied Biosystems) under the following condi-
tions: 1 min at 96°C, five cycles of 96°C for 30 s, 68°C for
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45 s, 72°C for 60 s; 21 cycles of 96°C for 30 s, 63°C for 50 s,
72°C for 60 s; four cycles of 96°C for 30 s, 55°C for 1 min,
72°C for 2 min, followed by a final extension step for
10 min at 72°C. PCR products were electrophoresed in
1·5% agarose gels containing ethidium bromide, and pre-
dicted size products were visualized under ultraviolet light.
All typing was repeated at least once.

Statistical analysis

Frequency differences of HLA-Cw allelic gene and KIR/
HLA-Cw combinations were tested for significance by the two-
tailed Fisher’s test or χ2 test. To correct for incidental
significance, the P-value (if <0·05) was multiplied by the
number of comparisons, and a corrected P-value (Pc) ≤ 0·05
was considered statistically significant. Analyses were per-
formed using the sas version 9·0 statistical package.

Results

Distribution of HLA-Cw*01–08 alleles in patients
with SLE

We studied HLA-Cw01-08 alleles which are specific for the
KIR locus. The frequency of HLA-Cw alleles in 236 indi-
viduals with SLE compared with 230 control subjects is
shown in Table 1. HLA-Cw07 was identified in 41·10% of
patients, but in only 29·13% of the control subjects
(P = 0·009; Table 1).

KIR/HLA-Cw combinations

We next analysed combinations of activating/inhibitory
KIR-2D and their HLA-Cw ligands for a possible associa-
tion with SLE. Four combinations, KIR2DL1/HLA-CwLys,
2DS1/HLA-CwLys, KIR2DL2/2DL3/HLA-CwAsn and 2DS2/
HLA-CwAsn, were analysed. The genotype KIR2DS1+HLA-
CwLys was more common in subjects with SLE compared to
control subjects (P = 0·015; Table 2).

Activating KIR2D while absence of ligands for
corresponding inhibitory KIRs

Martin et al. [21] believed that individuals expressing only
activating KIR, while HLA ligands for the corresponding
inhibitory KIRs were missing, would allow a greater impact
of stimulatory KIRs on NK cell function, enhancing activa-
tion. We determined the frequency of activating KIR2D
with the absence of the KIR2DL/HLA-Cw combination; the
frequency of KIR2DS1 was increased when KIR2DL1/
HLA-Cw are absent in SLE, and the difference was signifi-
cant (P = 0·001; Table 3, Fig. 1).

Discussion

The extent to which KIRs act as inhibitory self-receptors
depends upon an individual’s HLA type. KIR recognition of
specific HLA class I allotypes contributes to the array
of receptor–ligand interactions that determine the response
of an NK cell to its target. If the polymorphism of both
HLA and the KIR–gene complex is considered together,
then dissimilar numbers and qualities of KIR/HLA pairs
appear to function in different individuals. In addition, the
independent segregation of HLA and KIR genes raises the
possibility that any given individual can express the receptor
or the ligand only, or both receptor and ligand. Several
studies on autoimmune or inflammatory diseases, including
psoriatic arthritis [24], type 1 diabetes mellitus [25], rheu-
matoid arthritis [26] and scleroderma [27], unequivocally
demonstrated an association of ‘less inhibitory’ KIR2DS
and 2DL profiles, either alone or in combination, with
HLA-Cw groups.

We have shown previously that the frequency of
KIR2DL2 and KIR2DS1 increased in SLE patients com-
pared with that in healthy subjects. It is well known that the

Table 1. The frequencies of human leucocyte antigen (HLA)-

Cw*01–08 genes in patients and control subjects.

HLA-Cw Control (n = 230) SLE (n = 236) P

Cw01 }43 (18·70%) 35 (14·81%) 0·286

Cw 02 4 (1·74%) 3 (1·27%) 0·486

Cw 03 86 (37·39%) 74 (31·35%) 0·174

Cw 04 30 (13·04%) 22 (9·32%) 0·239

Cw 05 5 (2·17%) 7 (2·96%) 0·772

Cw 06 37 (16·08%) 49 (20·76%) 0·232

Cw 07 67 (29·13%) 97 (41·10%) 0·009

Cw 08 102 (44·35%) 96 (40·68%) 0·454

Significant differences between patients and controls in genotype

frequency are shown in bold type. P-values < 0·05 were considered sta-

tistically significant.

Table 2. The frequency of killer cell immunoglobulin-like receptor–

human leucocyte antigen (KIR-HLA)-Cw in systemic lupus

erythematosus (SLE) and control subjects.

KIR-HLA-Cw

Control

(n = 230)

SLE

(n = 236) P

KIR2DL1+HLA-CwLys 65 (28·26%) 78 (33·91%) 0·271

KIR2DL2/3+HLA-CwAsn 198 (86·08%) 207 (87·71%) 0·681

KIR2DS1+HLA-CwLys 36 (15·65%) 59 (25·00%) 0·015

KIR2DS2+HLA-CwAsn 40 (17·39%) 49 (20·76%) 0·410

P-values < 0·05 were considered statistically significant.

Table 3. Frequency of activating killer cell immunoglobulin-like recep-

tor (KIR)2D in the absence of ligands for corresponding inhibitory

KIRs.

KIR-HLA-Cw Control SLE P

KIR2DS1(+)2DL1-HLA-CwLys(–) 72 (31·30%) 110 (46·61%) 0·001

KIR2DS2(+)2DL2-HLA-CwAsn(–) 7 (3·04%) 4 (1·69%) 0·376

P-values < 0·05 were considered statistically significant.
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function of KIR is highly dependent upon the HLA mol-
ecules expressed on target cells. HLA-C alleles, the ligands
of KIR2D genes, are highly polymorphic; these loci segre-
gate to KIR genes, and NK cells can express KIRs for which
there is no known HLA ligand present. In this study, we
showed that HLA-Cw*07 was present more frequently in
SLE patients than in healthy subjects, which is consistent
with the findings reported by Kong et al. [28]. HLA-C is the
classic HLA-I gene, which was on the short arm of human
chromosome 6, between HLA-A and B. This was found in
1970, and the C seat was identified in 1975. According to
loci recognized by KIR2D, we divided HLA-C into group 1
(Cw*01/3/7/8, Asn80) and group 2 (Cw*02/4/5/6/, Lys80).
We found that the HLA-Cw group 1 was more common in
both SLE and control, and HLA-Cw07 was increased in
patients with SLE. The HLA-C imbalance between groups 1
and 2 will impact more easily upon the interplay between
HLA-C/KIR genes, leading to a genetic susceptibility to
inappropriate or dysregulated NK cell surveillance.

As any effect of KIR on disease susceptibility might
depend upon the presence of putative HLA ligands within
an individual, we analysed combinations of activating/
inhibitory KIR2D and their HLA-Cw ligands for a possible
association with SLE. In the current study, we found that
individuals positive for a combination of KIR2DS1+HLA-
CwLys were more frequently patients than control subjects.
This may explain that, in SLE patients, more activating KIRs
sent more activating signals to NK cells or to T cells, result-
ing in the recruitment of other cells of the immune system,
and this suggested that there were excess immune states in
SLE. This suggested that KIR2DS1+HLA-CwLys might con-
tribute to the pathogenesis of SLE by influencing NK or T
cell activity.

In addition, a significant difference (P = 0·001) was
observed between the SLE and control groups that the fre-
quency of KIR2DS1 was increased when KIR2DL1/HLA-Cw
are absent in the SLE group. Martin et al. [21] reported that
subjects with activating KIR2DS1 and/or KIR2DS2 genes were
susceptible to developing psoriatic arthritis, but only when
HLA ligands for their homologous inhibitory receptors,
KIR2DL1 and KIR2DL2/3, are missing. The absence of
ligands for inhibitory KIRs could potentially lower the
threshold for NK (and/or T) cell activation mediated through
activating receptors, thereby contributing to the pathogenesis
of psoriatic arthritis. They suggested that, in the presence of
their HLA ligands, corresponding inhibitory KIR may neu-
tralize the effect of the activating KIR [21]. Activating KIR
molecules are known to bind poorly to HLA molecules com-
pared with that observed for inhibitory KIR, perhaps explain-
ing the observed dominance of inhibition over activation of
NK or T cells. KIR tetramer-binding studies suggest that
activating and inhibitory receptors recognize the same set of
HLA class I molecules, differing in their binding affinities,
such that the stimulatory KIR is not always sufficient to
trigger an NK cell response to ligands [29]. This allows fine
control during cellular activation. There is support for the
notion that non-HLA molecules (such as foreign or microbial
antigens, aberrantly expressed normal cell surface proteins
or complexes of pathogen-derived peptides bound to MHC
class I molecules) may behave as ligands for activating
KIRs [21].

Some studies have been conducted on the KIR associa-
tion with SLE, and these studies have investigated the fre-
quencies of KIR genes in SLE patients, reporting discrepant
results. Pellett et al. showed that the frequency of KIR2DS1
in the absence of KIR2DS2 was increased significantly in
SLE patients compared with controls [30]. Kimoto et al.
reported that the KIR2DL5 gene was associated significantly
with a reduced risk of SLE, as well as with an increased risk
of infectious events in general in patients with SLE [15]. In
2011, a study suggested that the predisposition to SLE is
associated with the presence of the KIR2DS2+/KIR2DS5+/
KIR3DS1+ profile and with the GTGT deletion at the
SLC11A1 3′-untranslated region (3′-UTR) [16]. Taken
together, those results could mean that individuals with
more stimulatory receptors or fewer inhibitory receptors,
under hypomethylation, could be more susceptible to
develop lupus. This conclusion is also in agreement with a
general tendency for the association of stimulatory KIR
genes with autoimmune disorders [31].

In conclusion, our data indicate that the imbalance of
HLA-C groups 1 and 2 may impact upon the interplay
between HLA-C/KIR genes, leading to genetic susceptibility
to dysregulated NK cell surveillance. In addition, the study
found that not only were the frequencies of KIR2DS1 in
combination with its ligand HLA-C increased statistically
significantly in the patient group, but also when their
homologous inhibitory receptor-ligands were absent. Our
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Fig. 1. The frequency of killer cell immunoglobulin-like receptor

(KIR)2DS1(+)2DL1–human leucocyte antigen (HLA)-CwLys(–) in

systemic lupus erythematosus (SLE) and control group. The frequency

of KIR2DS1 was increased when KIR2DL1/HLA-Cw were absent in

SLE, and the difference was significant (P = 0·001).
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results suggest that KIR genotype and HLA ligand interac-
tion may contribute to the genetic pathogenesis of SLE.
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