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Abstract

Background: The pathophysiology underlying the progression and development of autoimmune
conditions, such as Rheumatoid Arthritis (RA), is a result of dysregulations of the immune system.
Research has explored the genetic alterations present in RA; however, limited studies have examined the
role of Killer cell Immunoglobulin-like Receptors (KIR) and Human Leukocyte Antigen (HLA) molecules
in RA. Therefore, the aim of this study was to examine KIR genes, their HLA ligands, and KIR-HLA
compounds in patients with RA.

Methods: In this case-control study, a total of 50 patients with RA and 100 healthy individuals were enrolled.
DNA samples were evaluated using PCR with sequence specific Primers (PCR-SSP). Odds ratio (OR) with a
95% confidence interval (CI) were reported.

Results: Among the KIR genes examined, KIR2DLA (p= 0.0255, OR= 0.389, 95% CI= 0.210-0.722)
and KIR2DS4-full (p< 0.0001, OR=6.163, 95% CIl=3.174-11.968) were observed to have a statistically
significant correlation with disease susceptibility to RA. As an inhibitory gene, KIR2DLA was observed
to have a protective effect against RA while KIR2DS4-full as an activating gene, was found to increase
risk for RA. No significant associations were found between any of the other KIR genotypes, HLA
ligands, or KIR-HLA compounds examined in this study to RA susceptibility.

Conclusions: In this study of RA in the Lur population of Iran, KIR2DS4-full was observed to increase
susceptibility to RA, while KIR2DL5A was found to act as a protecting factor based on both the cross Table and
regression analyses. Further research should focus on repeating this study in additional populations.
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Introduction

Rheumatoid Arthritis (RA) is a common multiorgan involvement (3). An estimated 0.5-1
chronic autoimmune disorder characterized by percent of the world's population are affected by
synovitis, chronic hyperplasia, bone erosion, RA (4). The prevalence of RA depends on age
progressive joint damage, irreversible loss of and gender, occurring three times more often in
bone shape and mobility problems (1, 2). It is women than in men (5).

considered a systemic autoimmune disease with
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A growing body of literature has found a
range of genetic and environmental factors
contributing to the incidence of RA including,
cigarette smoke, certain ethnicities, age,
epigenetic factors, and immunological factors
(6). It has been shown that approximately 60%
of the genetic contribution to RA susceptibility
is present in populations of different ethnicities
(2). Human leukocyte antigen (HLA)-DR
appears to hold the most significant role among
the potential predisposing genetic factors for
RA as the example of a gene cluster associated
with ethnicities. Some of the most important
genes involved in RA have been found to be
PTPN22, PAD14, EGFR, MHTFR, IL-23R,
CD226, HLA-DR, STST4, TRAF1/C5, CCRS,
HLA-G, BACH2, etc. (7). Among the different
genes, HLA-DRB1 has the strongest
relationship with RA with a sequence of
specific amino acids in areas 70-74 of the third
variable region called the Shared Epitope (8).
Other mechanisms involved in the development
and progression of RA include molecular
imitation by certain microbial peptides and the
activation of inflammatory pathways by T-cell
antigen detection and the innate immune
response. Among the proposed factors involved
in RA, natural killer (NK) cells have been
observed to have an important role in disease
development and pathogenesis (9).

As a critical part of the immune system, NK
cells originate from bone marrow precursors.
They have a critical role in the first line of
defense against pathogens and inhibiting tumor
growth. Two major NK cell subsets exist:
CD16*CD56%™ with high killing ability and
CD16°CD56""" with high cytokine secretion
(10, 11). A sharp increase in the CD56°"9"
subtype has been observed in the synovial fluid
of patients with RA (12). The activity of NK
cells is regulated by cell surface receptors,
which can exhibit either inhibitory or activating
functions. Two families of NK cells receptors
include the immunoglobulin superfamily and
the large family of C-type lectins located on
chromosomes 12 and 19, respectively (13, 14).

The immunoglobulin  superfamily has
several members including the Killer cell
Immunoglobulin-like Receptors (KIR), Natural

Cytotoxicity Receptors (NCR), and the Fc
epsilon receptor (FCeR). The KIR holds a key
role in the ability of NK cells to recognize self
from non-self-ligands (15-20). These receptors
are regulatory molecules found on the surface
of NK cells and some T cell subgroups,
including TCD8+ and TCD4CD28 null. They
are located on the 19q13.4 chromosome in the
LRC locus (21, 22), which includes a
centromeric region and a telomeric region
separated by KIR2DL4 in all haplotypes. This
cluster is surrounded by KIR3DL2 at the end of
the telomere and KIR3DL3 at the end of the
centromere (23). The vast diversity of KIR gene
loci is a result of gene duplication (24), non-
allelic homologous recombination, diverse
alleles due to the exchange of amino acids in the
polymorphic region, nucleotide mutations, and
haplotype variety. These variations create a
range of genotypes within the population. This
polymorphism of the KIR gene makes it such
that it is extremely rare for two unrelated people
have the same KIR genes. Some of these KIR
variants contribute to the pathogenesis of
autoimmune disorders (25, 26). Thus far,
fourteen KIR genes and two pseudo genes have
been identified in humans including: seven
inhibitory genes, six activating genes, and one
gene with both inhibitory and activating
functions (KIR2DL4). The genes are named
based on the structure of the molecules they
encode for (27). After binding to their
respective ligands, inhibitory KIRs (iKIRs)
signal through their Immunoreceptor Tyrosine-
based Inhibition Motifs (ITIMs) in their
cytoplasmic sequence. Activating KIRs (aKIR)
do not carry any signal motifs. They function
through the use of membrane-bound signaling
adaptor proteins, DAP10 and DAP12 (28).
After binding to the receptor through the
immunoreceptor  tyrosine-based  activation
motif (ITAM), these molecules trigger an
activation signal (29). The most common KIR
haplotype in humans is relatively simple and
carries five inhibitory genes (KIR2DL1,
KIR2DL3, KIR3DL1, KIR3DL2, KIR3DL3),
one activating gene (KIR2DS4), one gene with
both activating and inhibitory functions
(KIR2DL4), and two pseudo genes, commonly
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known as the group A KIR haplotype (30). The
KIR-HLA interactions are involved in the
pathogenesis of many diseases, including both
autoimmune and inflammatory diseases (31,
32). Both KIR and HLA clusters have a high
diversity among different populations that this
variation is attractive in bioinformatics and
anthropology (33-35).

Previous studies exploring the relationship
between KIR and RA have conflicting and
ambiguous results. Due to the inconsistent
findings, the limited number of studies
examining KIR-HLA and RA, and the diverse
range of ethnicities in Iran, the aim of this study
was to explore the relationship between KIR
and their respective HLA ligands in RA
susceptibility among the Lur population of Iran.

Materials and Methods

Design and patients

In this case-control study, a total of 50 patients
with RA (35 women and 15 men) were
enrolled. Participant demographics included
an average age of 46.5 years, in which the
mean age of women was 44 years and men was
52.4 years. Patients with RA were initially
diagnosed according to the criteria of the
American Rheumatology Association and
referred to the hospitals of Shahid Rahimi and
Shohadaye Ashayer of Khorramabad, Lorestan
Province, Iran. Exclusion criteria included
patients who were not of Lur heritage and
those with additional comorbidities, such as
malignancies. Genomic DNA of the
participants was extracted from the white
blood cells of peripheral blood samples. A total
of 100 healthy controls were selected from a
previous study by Shahsavar et al. (36). All
controls were of Lur heritage and have lived in
Lorestan.

KIR genotyping

The KIR-TYPE kit (BAG Health Care GmbH,
Germany) was used to determine the expression
of KIR genes using polymerase chain reaction
technology and sequence-specific primers (PCR-
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SSP). Our PCR products included 20 KIR genes,
2DL1,2DL2, 2DL3, 2DL4, 2DL5 (with two form
2DL5A and 2DL5B), 2DS1, 2DS2, 2DS3,
2DS4-full, 2DS4-del, 2DS4-del(*008), 2DS5,
3DL1, 3DL2, 3DL3, 3DS1, 2DP1, 3DP1-full,
and 3DP1-del for patients with RA and healthy
controls according to the kit's brochure. In
order to prepare the mixture of reaction, 180 pl
of molecular grade water, 26 pl of master mix
(10 x PCR buffer) and 2.1 pl of Tag DNA
polymerase enzyme (500 U) was transferred to
a 2 ml microtube. Then, 10 ul of the prepared
mixture was transferred to strip number 1
(negative control). Next, 52 ul of DNA (25-40
ng/pl) was added to the solution prepared in
the microtube. After a few seconds of
microfusion, 10 pl of the prepared mixture was
transferred to strip numbers 2-22.

HLA genotyping

The EPITOP-TYPE kit (BAG Health Care
GmbH, Germany) based on the PCR-SSP
method was used to determine the presence of
HLA alleles. In this study, we evaluated 5
HLA-ligand alleles including HLA-C1, HLA-
C2, HLA-Bw4T, HLA-Bw4l, and HLA-Bw4A
according to the kit brochure. In order to
prepare the mixture of reaction, 55 ul of
ordinary grade water, 8 pl of master mix (10
x buffer) and 0.64 pl of Tag DNA polymerase
enzyme (500 U) was transferred to a 2 ml
microtube. Then, 10 pl of the prepared
mixture was transferred to strip number 6
(negative control). Next, 16 pl of DNA (25-
40 ng/ul) was added to the solution prepared
in the microtube (first stage). After a few
seconds of microfusion, 10 ul of the prepared
mixture was transferred to strip numbers 1-5.

Gel electrophoresis

Following PCR, gel electrophoresis was
performed using horizontal electrophoresis
and immersion of the gel in 1 X TBE buffer
and Erythrogel dye solution. The results were
reviewed and recorded using the GelDoc
device (Fig. 1).
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Fig. 1. Gel electrophoresis of the PCR products. A) KIR genes including 1: 2DL1, 2: 2DL2, 3: 2DL3, 21:_2DL4, 5: 2DL5A, 6:
2DL5B, 7: 2DS1, 8: 2DS2, 9: 2DS3, 10: 2DS4-full, 11: 2DS4-del, 12: 2DS4-del(008), 13: 2DS5, 14: 3DL1, 15: 3DL2, 16: 3DL3,
17: 3DS1, 18: 2DP1, 19: 3DP1-full, 20: 3DP1-del. B) HLA genes including 1: C1, 2: C2, 3: BwWAT, 4: Bw4l, 5: A Bw4.

Statistical analysis

Chi-square test with Yate's correction and
multivariable logistic regression were used to
analyze the data. After calculating the odds ratio
(OR) with 95% confidence interval (Cl), the
results were reported at a significance level of
0.05.

Ethical considerations

Approval of the methods for this study was
provided by the ethics committee of Lorestan
University of Medical Sciences (registration
number IR.LUMS.REC.1396.375). Informed
consent was obtained from each participant prior
to taking part in the study.

Results

In our study population, a total of 22 genotypes
were observed in the case and control groups.
As expected, most of the participants had the
AA genotype (CACA-tAtA) (28% of the cases
and 29% of the controls). No significant
differences were observed among the
genotypes (Table 1).

Our findings show that the inhibitor gene,
KIR2DL5A (p= 0.0255, OR= 0.389, 95% ClI=
0.210-0.722), and the activating gene,
KIR2DS4-full (p< 0.0001, OR=6.163, 95%

Cl= 3.174-11.968), had a significant
association with RA  susceptibility. No
significant relationship was observed between
other KIR genes and susceptibility to RA. After
Bonferroni correction, only the relationship
between KIR2DS4-full and increased risk for
RA remained statistically significant (Table 2).
For the examination of the HLA ligand alleles,
our findings showed no significant relationship
between any of the examined HLA alleles and
RA susceptibility (Table 3). No significant
differences were found for any of the examined
combinations of HLA-KIR (Table 4).
Haplotypes of KIR were studied according to
previously reported methods (37). Protection
against RA was found to only be associated
with the centromeric A haplotype, however,
after Yate’s correction, this difference did not
remain statistically significant (Table 5). The
mean of B score (the count of B haplotype in a
genotype from 0 to 4) was observed to be higher
in the group with RA (1.40 vs 1.17), although
this was not statistically significant (p= 0.201,
independent t test) (Table not shown).

Multivariable logistic regression was also used
to reach the adjusted effects of KIR genes on
disease susceptibility without confounding
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effects of other KIR genes. Our findings show
that KIR2DS4-full exhibited the strongest risk
association with RA (p< 0.001, adjusted OR=
18.531, 95% Cl= 5.453-62.972) followed by
KIR2DS4-del (p= 0.034, adjusted OR= 3.894,
95% Cl=1.107-13.690). KIR3DL1 showed the
strongest protecting association with RA (p=
0.037, adjusted OR= 0.073, 95% Cl= 0.006-

0.850) followed by KIR2DL3 (p= 0.013,
adjusted OR= 0.136, 95% CIl= 0.028-0.657)
and KIR2DL5A (p=0.021, adjusted OR=0.195,
95% Cl= 0.049-0.783). After Bonferroni
correction, only the association of KIR2DS4-
full and increased risk for RA remained
significant (Table 6 and Fig. 2).

Table 1. Genotypes of KIR among the participants.

KIR genes ;\a &
Inhibitory Activating Pseudo S| £
: HE
> w g § 2
%gg§§jﬁﬁjﬂjﬁﬁmwmaaaaa§-§.g-E§
g |3 aeaeeaggeeeeeeegg-gg
£ £|% 5
| T
[T
A 1 [caA| 4] 0 6 | 1 | 29 | 14(29) | 08984
TAIA
BX | 2 [cAaA | 2 | 1 7| 4] 12] 49 | oean
tAB
3 |caB-| 3] 0 7 | 2 [ 10] 500 1
tAIA
4 [cAB-| 3 | 1 8 | 3 7| 20 | o754
TAIA
5 [cAaB-| 2 | 2 8 | 6| 7| 200 | o714
tAB
6 |[cAB-| 2 | 1 8 | 5 7| 48 | 087
tAIB
7 [cAaB-| 2 | 1 8 | 5| 6 | 24 | 04651
tAIB
8 | BB-| 1| 1 7| 3] 4] 48 | o506
AIA
9 | cBB-| 1| 2 71 6 [ 3] 36 | o065
tAB
10 [cAB-| 2 | O ‘ 8 ] o 2| o0 [ o803
tAIB
11 [ cBB-| 1 | 0 . 6 | 4| 2| 00 | 08013
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12 [ cAB-| 1 | 3 ‘ 7|1 5] 1] 00 | 0478
tBtB
13| BB | 0| 3 . 6 | 5 | 1 | 36) | 02097
tBtB
14 [ cAcA | 1| 2 ‘ 6 | 3| 1] 00 | 0478
BB
15 [ cAcB- | 1 | 2 ‘ 71 4] 1] 12 | 06147
BB
6 [ cAB-| 2 | 1 ‘ 8 | 4] 1] 120 | 06147
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Table 2. Distribution of KIR genes and their associations with RA.

KIR gene Freqguency in I_:requency Od(_JIs 95% ClI pvalue?
cases incontrols  ratio

2DL1 50 (100%) 98 (98%) 5101  0.242-107.624  0.8013
2DL2 31 (62%) 54 (54%) 1389  0.791-2.442 0.4489
2DL3 37 (74%) 88 (88%) 0388  0.183-0.822 0.0528
2DL4 50 (100%) 100 (100%) 1 0.019-50893 1
2DL5 30 (60%) 61 (61%) 0959  0.544-1.691 0.9059
2DL5A 11 (22%) 42 (42%) 0389  0.210-0.722 0.0255*
2DL5B 23 (46%) 31 (31%) 1896  1.064-3.380 0.1044
3DL1 47 (94%) 96 (96%) 0653  0.178-2.387 0.8911
3DL2 50 (100%) 100(100%) 1 0.019-50893 1
3DL3 50 (100%) 100(100%) 1 001950893 1
2DS1 23 (46%) 48 (48%) 0923  0.529-1.608 0.9539
2DS2 31 (62%) 55 (55%) 1334  0.759-2.346 0.5209
2DS3 19 (38%) 34 (34%) 119 0.667-2.121 0.7627
2DS4 46 (92%) 96 (96%) 0479  0.139-1.646 0.5206
2DSAfull 42 (84%) 46 (46%) 6.163 3.174-11968  0.0001**
2DSAdel 38 (76%) 72 (72%) 1231  0.654-2.320 0.7441
2DS5 20 (40%) 40 (40%) 1 0.568-1.761 1
3DS1 23 (46%) 45 (45%) 1041  0597-1.817 0.9077
2DP1 50 (100%) 98 (98%) 5101 0.242-107.624 0.8013
3DP1 50 (100%) 100(100%) 1 001950893 1
3DP1full 25 (50%) 39 (39%) 1564  0.892-2.742 0.2674
3DP1del 48 (96%) 90 (90%) 2667  0.807-8.806 0.3382

Chi-square with Yate's correction. * Significant at 0.05. ** Significant at 0.0023 (Bonferroni correction).

Table 3. Distribution of HLA ligand alleles and their associations with RA.

HLAligand Freduency Frequency —Odds — gpo, o p value*
incases incontrols  ratio
HLA-C1 41 (82%) 75 (75%) 1518 0.768-3.000 0.4482
HLA-C2 33(66%)  71(71%) 0793  0436-1.1440 06612
HLABWA  39(78%)  73(73%) 1311 06822504 06422
HLA-BW4T 8(16%) 9 (9%) 1.926 0.808-4.592 0.3165
HLA-BW4 | 25 (50%) 51 (51%) 0.961 0.552-1.673 0.9081
HLA-A-BW4 18 (36%) 33 (33%) 1.142 0.637-2.047 0.9665

Chi-square with Yate's correction.

Table 4. Distribution of HLA-KIR combinations and their associations with RA.

HLA-KIR

Frequency Frequency

Odds

combination s | emindl | e | ood)  PUELS
EK}S{;@" 4182%) 75 (75%) 1518  0768-3003 04482
Hoczand 33(66%)  69(69%) 0872 04821577 08527
SN and 40(80%)  69(69%) 1797 09403435 02184
Ef;;g;za”d 28(56%) 43 (43%) 1687 09642951  0.1836
EK}S;B‘”" 14 (28%) 36 (36%) 0691  0.380-1.257  0.4260
EKQE',&”{‘ and 18 (36%) 35 (35%) 1.044  0585-1.864  0.9039

Chi-square with Yate's correction.
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Table 5. Distribution of KIR haplotypes and their associations with RA.

Haplotype

Included Frequency Frequency
in controls

genes

in cases

Odds
ratio

95% ClI

p-value

p-value
(Yate's
correction)

Centromeric A

2DL3
2DL1

37 (74%)

88 (88%)

0.388

0.183-0.822

0.0301*

0.0528

Centromeric B

2DS2
2DL2
2DS3
2DL5
2DL1

30 (60%)

54 (54%)

1278

0.729-2.239

0.4853

0.6007

Telomeric A

3DL1
2D34

46 (92%)

96 (96%)

0479

0.139-1.646

0.3041

0.5206

Telomeric B

3DS1
2DL5
3DS3
2DS1
2DS5

24 (48%)

45 (45%)

1128

0.647-1.967

0.7282

0.8621

*Significant at 0.05.

Table 6. Prediction of RA through complete profile of KIR using multivariable logistic regression.

Adjusted

KIR genes odds ratio 95% ClI SE z p value -log(p)

KIR2DL4 NA

KIR3DL2 NA

KIR3DL3 NA

KIR2DP1 NA

KIR2DL1 NA

KIR2DL2 5.284 0.292-95.64 7.807 1.13  0.260 0.585202
KIR2DL3 0.136 0.028-0.657 0.109 -2.48 0.013* 1.884818
KIR2DL5A 0.195 0.049-0.783 0.138 -2.31 0.021* 1.674194
KIR2DL5B 0.83 0.311-2.212 0.415 -0.37 0.709 0.149176
KIR3DL1 0.073 0.006-0.850 0.091 -2.09 0.037* 1.435487
KIR2DS1 0.696 0.041-11.707  1.002 -0.25 0.801 0.096277
KIR2DS2 0.301 0.016-5.798 0.454 -0.8 0.426 0.370124
KIR2DS3 0.593 0.116-3.021 0.492 -0.63 0.529 0.276502
KIR2DS4full 18.531 5.453-62.972 11565 4.68  <0.001*** 5537358
KIR2DS4del 3.894 1.107-13.69 2498 212  0.034* 1.467455
KIR2DS5 0.91 0.116-7.131 0.956 -0.09 0.929 0.032058
KIR3DS1 6.873 0.625-75.614 8409 158 0.115 0.938657
KIR3DP1full 1.575 0.621-3.991 0.747 0.96 0.338 0.470567
KIR3DP1del 1.343 0.173-10.412 1404 0.28 0.778 0.109256
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Nagelkerke R square= 0.429. NA: not applicable because of collinearity. * Significant at 0.05.
*** Significant at 0.001.
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Fig. 2. Manhattan plot of the logistic regression model showing —Log10 of P value for each gene. The reference lines indicate

significance levels 0.05, 0.001 and 0.00001.

Discussion

This genetic association study was designed to
determine the role of KIR genes in susceptibility
to RA in the Lur population of Iran.
Autoimmune diseases result from the failure of
immune tolerance mechanisms to prevent
reactions to self-antigens or unregulated activity
of the immune system, both leading to tissue
damage (38). NK cells detect class | HLA
through their KIR cell surface receptors which,
upon binding, can have different effects on the
immune system in different individuals due to
KIR gene polymorphism. RA is one of the most
common autoimmune diseases in  which
overactive NK cells play a major part in the
susceptibility and pathogenesis of RA. However,
the exact role of NK cells and whether they are
beneficial or harmful in disease progression
remains controversial (39).

In the present study, KIR2DL3 was observed
to be less prevalent in the patient group and,
before Yate’s correction, have a statistically
significant protective relationship with RA
decreasing susceptibility to RA. Although the

frequency of KIR2DL5 was the same in both the
control and patient groups, one of its subtypes,
KIR2DL5A, was significantly lower in the
patient group, and statistically, it had a
significant  protective affect against the
development of RA. Among the activating
genes, despite the similar presence of KIR2DS4
in both the patient and control groups, one of its
subtypes, KIR2DS4-full, had a much higher
frequency in the patient group than the control
group. This finding indicates a significant
relationship between KIR2DS4-ful and increased
risk for RA. The results of our study suggest that
a reduction in the frequency of KIR2DL3 and
KIR2DL5A genes and an increase in the
frequency of KIR2DS4-full may predispose an
individual to RA. Our logistic regression model
showed a similar result.

In a study by Yen et al. (2001) in Finland,
they observed an increase in the activating genes,
KIR2DS2 and KIR2DS4-full, in patients with
RA, corroborating our findings  (40).
Nevertheless, Kogure et al. (2007) found no
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correlation between the expression of KIR and
disease activity when examining RA in
Japanese patients (41). The results of our study
were consistent with findings from Yen et al.
(2006) in which they observed KIR2DS4 to be
a risk factor for RA (42). Our findings were also
consistent with a meta-analysis by Xiaona Li et
al. (2015) about the protective effect of
KIR2DL3 (43). In an Iranian case-control study
conducted by Nazari et al. (2015), KIR2DL5A,
KIR2DL5B, and KIR2DL2, as well as the
activating KIRs, KIR2DS5 and KIR3DS1, were
found to have a protective effect against RA (9).
A meta-analysis conducted by Aghaei et al.
(2019) found that there were significant
relationships between KIR2DL3, KIR2DL5,
KIR2DS5, and KIR3DL3 and a reduced risk for
RA. However, the findings among the different
studies were not entirely consistent (2).

With respect to the KIR haplotypes, even
though the centromeric A haplotype was more
abundant, its association with RA did not
remain statistically significant following Yate's
correction. Regarding HLA, our study did not
show a significant relationship between any of
the examined HLA ligands and RA. In previous
research studies, Nishimura et al. (2015) in
Brazil, observed an association between the
presence of HLA-DRB1*1402 and HLA-
DRB1*0101 and cutaneous ulcers in patients
with arthritis vasculitis (44). Regarding KIR-
HLA compounds, although our study found
HLA-C1 and KIR2DS2 to be more common in
patients with RA, which was consistent with the
results of a study by Mc Geough et al. in 2010
in Northern Ireland (45), no statistically
significant correlation was observed between
these genes and the degree of RA risk in our
study. This discrepancy could be due to
differences in the type of the study and the type
of ethnicity examined. Among different
ethnicities, some genes have both haplotypes
and genotypes together, resulting in the effects
of single genes being hidden under one another.
In this study, we overcame this limitation with
multiple logistic regression. With respect to the
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KIR2DS4-full gene after adjustment, the OR
almost tripled. In our study, the KIR2DL3 and
KIR3DL1 genes were both observed to have
protective effects against RA. However, this
protection was partially counteracted due to the
simultaneous presence of KIR2DS4 in the AA
genotype, which may confirm the phenomenon
of natural selection during evolution (i.e., the
individuals with harmful genes survived if they
had some other protecting genes). Our study
was consistent with the findings from Yen et al.
(2006) related to the presence of KIR2DS4 as a
risk factor for RA.

Due to financial limitations, this study had a
relatively low sample size and used control
samples from previous work. Regardless of the
low sample size, our study was able to reveal
significant  associations among  groups,
indicating sufficient power. Despite the
limitations, this study added this finding that in
the Lur population of Iran KIR2DS4-full was
the most dominant risk factor for RA among the
KIR genes.

In this study, our findings show KIR2DS4-
full to increase susceptibility to RA whereas
KIR2DL5A was found to be a protective factor
based on both cross Table (unadjusted) and
regression (adjusted) analyses. Furthermore,
KIR2DL3 and KIR3DL1 was observed to have
a protective role and KIR2DS4-del was found to
increase the risk of RA based on the regression
model. However, only the role of KIR2DS4-full
remained statistically significant multiple
comparison wise. Since the association of these
genes with susceptibility to RA is ethnicity
dependent, further research should explore
these relationships in other populations.
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