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a b s t r a c t

Introduction: Rheumatoid arthritis (RA) is an autoimmune and chronic inflammatory disease of unknown
etiology. Killer cell immunoglobulin-like receptors (KIR) expressed on surface of natural killer cells and
CD28 null T-cells which are present in synovial membrane of RA. The present study has evaluated asso-
ciations of KIR genes with RA among North Indian population from Uttar Pradesh.
Materials and methods: KIR genotypes were determined in 100 RA cases and 100 healthy controls using
sequence specific primer polymerase chain reaction (PCR-SSP) method.
Results: RA cases positive for KIR3DS1 (OR = 1.17, p-value = 0.0498) and KIR2DS2 (OR = 2.21, p-
value = 0.0120) showed risk associations. While, KIR2DL2 (OR = 0.40, p-value = 0.0026), KIR2DL3
(OR = 0.44, p-value = 0.0283) and KIR3DL1 (OR = 0.32, p-value = 0.0012) showed protective associations.
Increased incidence of BB genotype (45%) was revealed among cases. Risk association was noted against
telomeric region (OR = 2.12, p = 0.0120) genes for RA. Pair-wise linkage disequilibrium (LD) analysis
among RA cases revealed KIR2DS1-2DL1 (D0 = 0.83, r2 = 0.36), KIR3DL1-3DS1 (D0 = 1, r2 = 0.58) and
KIR2DL1-2DL2 (D0 = 1, r2 = 0.61) to be in significant LD. KIR3DS1 and KIR2DS3 genes showed significant
risk associations among RA patients with extra-articular manifestations (OR = 5.14, p-value = 0.0018;
OR = 3.79, p-value = 0.0106) and in limited range of motion in affected joints (OR = 14.91,
p-value = 0.0001; OR = 2.95, p-value = 0.0126).
Conclusion: The KIR activating genes have risk association with RA in the present study.
� 2014 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights

reserved.

1. Introduction

Rheumatoid arthritis (RA) is an autoimmune disease affecting
1% of the world population, in which chronic inflammatory
response develops [1]. RA is determined by an inflammation of
the synovial membrane leading to destruction of cartilage and
bone [2]. Several studies [3–5] have investigated the potential
involvement of Natural Killer (NK) cells in RA. NK cell-like lympho-
cytes have been demonstrated in the affected joints in RA patients.
It is proposed that NK cells may have a regulatory role through the
release of cytokines and cross-talk with dendritic cells [3]. It is also

apparent that cytokines play a major role in RA. Reduced NK cell
activity has been shown to occur in patients with RA [6–9].

The NK cells display killer cell immunoglobulin-like receptors
(KIRs). The KIRs comprise a multigene family of receptors. Highly
polymorphic KIR haplotypes are located on chromosome 19q13.4
and are classified into group A or B. The classification is based on
the number and type of genes which encode inhibitory and activat-
ing KIRs. Group B haplotypes are determined due to the presence of
one or more of the KIR2DL5, KIR2DS1, KIR2DS2, KIR2DS3, KIR2DS5
and KIR3DS1 genes, where-else, group A haplotypes are character-
ized by the absence of all these genes [10,11]. KIRs are expressed
on the surface of CD8 + T cells, CD4 + CD28 null T-cells, and natural
killer (NK) cells. Activatory KIR functions as a co-stimulatory mol-
ecule on CD4 + CD28 null T-cells, which may lead to the clonal
expansion of these cells [4]. RA patients show expanded
CD4 + CD28 null T-cells, which play a direct role in acute coronary
syndrome [12] like vascular injury. Therefore, KIR may be involved
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in the pathogenesis of RA. In contrast, CD56 bright KIR-negative
cells have been shown to accumulate in the synovial fluid of
patients with RA [13].

Previous studies revealing the involvement of KIR receptors in
RA have presented a debatable picture. KIR2DS2 is reported to be
a risk factor among Caucasian patients with RA [9] and KIR2DS4
was shown to be increased in patients with RA from Taiwan [14].
However, a study among the Japanese population has not found
any significant change in KIR gene frequencies in patients with
RA as compared to controls [15].

In addition to studies on RA, association of activating KIR recep-
tors KIR2DS1 [16,17] and KIR2DS2 [16] have been reported in pso-
riatic arthritis. While higher prevalence of KIR2DL5 [18] and
KIR2DS1 [18,19] have been reported among psoriasis vulgaris
cases. The conflicting evidence, in the frequency of KIR receptors,
led us to examine the KIR frequency in a cohort of patients and
controls with chronic RA from north India.

2. Materials and methods

2.1. Genomic DNA samples

A total of 100 North Indian patients with chronic RA
(Female = 67 and Male = 33) fulfilling the criteria of the American
College of Rheumatology were examined. Age range was 29–
65 years, with an average age of 46 years, and all patients were
treated with at least one disease-modifying anti-rheumatic drug.
We further categorized the RA cases into three broad groups i.e.,
(i) Cases with all extra articular manifestations (N = 21) placing
the cases who had systemic manifestations like vasculitis, visceral
nodules, sjogren’s syndrome and pulmonary fibrosis, (ii) RA limited
to joints (N = 34) and (iii) Other extra articular manifestations
(N = 45) placing the cases who had destructive polyarthritis along
with extra articular organ involvement and assessed the associa-
tion of various KIR gene content in these categories. The normal
healthy controls consisted of 100 unrelated north Indian individu-
als without any history of RA or any other autoimmune diseases
(Female = 60 and Male = 40) and were from the same ethnic back-
ground. 5 ml of whole blood from RA cases and healthy controls
was collected in EDTA coated collection vials and DNA was
extracted using Quiagen kits (Brand GMbH and Co KG, Cat #
51104). The study was approved by the institute ethics committee
and was performed as per the ethical standards laid down by the
Declaration of Helsinki. Informed written consent was obtained
from all individuals prior to their inclusion in the study.

2.2. KIR Genotyping

KIR typing was performed using a sequence-specific primer
(SSP) approach (Supplementary Table 1). PCR-SSP method was
implemented to study the KIR complement of human genome.
The DNA samples of controls as well as RA patients were typed
for the KIR genes responsible for inhibitory signals (2DL1, 2DL2,
2DL3, 3DL1, 3DL2, 3DL3, 2DL4 and 2DL5), those for activating sig-
nals (2DS1, 2DS2, 2DS3, 2DS4, 2DS5 and 3DS1), and two pseudo
genes (2DP1 and 3DP1), based on the primers described earlier
[20,21] Positive and negative controls were included in every
reaction.

2.3. Statistical analysis

Gene and genotype carrier frequency of KIR was determined by
direct counting. Frequency differences between the RA patients
and control groups for the individual inhibitory and activating
KIR genes as well as for the haplogroups was tested for significance

at 95% confidence limits using Fisher’s exact test. Bonferroni cor-
rection was applied keeping in view the multiple comparisons.
The significance levels of the inhibitory or activating KIR genes
between RA patients and controls were tested and a linear model
with a logistic link was used to test the association between
increasing/decreasing extent of activating/inhibiting interactions
and the prevalence of RA. p-value 6 0.05 were considered signifi-
cant. The Linkage Disequilibrium has been calculated as per the
Lewontin’s principle; strong positive LD has been assigned to the
KIR genes having a LD score ranging between 0.8 and 1. Further
r2 values for all the KIR genes were calculated according to the Cra-
mer’s principle to strengthen the genetic association No significant
differences occurred in the number of females vs. the number of
males having each of the KIR genes. Statistical power of the study
and the sample size estimation was carried out using G⁄Power ver-
sion 2 (Heinrich Heine, Universitat Dusseldorf, Germany). .

3. Results

Significant statistical power was calculated against patient and
control groups (RA-Control: 0.96, RA limited to joints-control: 0.80,
other extra articular manifestations-control: 0.87) which justified
the sample size for the present study (Supplementary Table 2).
However, for all extra articular manifestations the sample size
was inadequate as it was evident from the insignificant statistical
power of the study.

3.1. Variation in KIR gene content

Decreased incidence of KIR2DL2, 2DL3 and 3DL1 genes were
observed among RA patients. Odds of occurrence of RA in patient
group were linearly related to the increased incidence of activating
KIR2DS2 (p = 0.0120, OR = 2.21, 95%CI = 1.22–3.99) and KIR3DS1
(p = 0.0039, OR = 1.53, 95%CI = 0.29–1.96). On the other hand there
was a significant protective effect of inhibitory KIR2DL2
(p = 0.0026, OR = 0.40, 95%CI = 0.22–0.71), 2DL3 (p = 0.0283,
OR = 0.44, 95%CI = 0.22–0.88) and 3DL1 (p = 0.0012, OR = 0.32,
95%CI = 0.16–0.63) gene among patients and controls. Other KIR
inhibitory (KIR2DL1 and 2DL5) and activating (KIR2DS2, 2DS3,
2DS4 and 2DS5) genes revealed no statistical significance against
case and control groups.

3.2. Genotype and haplo-group variation

Genotypic data obtained for the RA patients and controls was
classified into group A and Bx haplogroups (Table 1). The A haplo-
group carries a fixed set of nine genes including a single activating
gene (2DS4), and various inhibitory genes, and is designated as
inhibitory haplogroup. On the other hand haplogroup-Bx is charac-
terized by the presence of additional activating genes and absence
of group-A specific variable inhibitory KIR genes (KIR2DL2, 2DL3
and 3DL1). The total KIR profiles among patients and controls are
shown in Table 2. We have observed significant difference for the
KIR BB and AB genotypes. However, an increased incidence of BB
genotype among patients (45.0%) as compared to controls (34.0%)
was found. AB genotype was found in higher frequency among
the controls (54.0%) in comparison to RA (42.0%) cases. The telo-
meric region (T4) comprising of KIR2DL5, KIR3DS1, KIR2DS5 and
KIR2DS1 genes showed susceptibility (p = 0.0120, OR = 2.12,
95%CI = 1.22–3.99) to RA. Among the four KIR Bx Subgroups
namely C4T4, C4Tx, CxT4, CxTx; C4Tx showed protective association
(p = 0.0001, OR = 0.24, 95%CI = 0.12–0.48) for RA.
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