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Genes encoding KIRs vary in frequency among different populations and ethnic groups. This study inves-
tigated the KIR gene frequency distribution in 148 healthy unrelated Saudi subjects and compared the
results with other published findings. All inhibitory and activating KIR genes were present at variable
frequencies, with A haplotype-associated genes (KIR2DL1, -2DL3, -3DL1, and KIR2DS4) being observed
at higher frequencies (88.9–99.5%) than B haplotype-associated genes (KIR2DS1, -2DS2, -2DS3, -2DS5,
-2DL5 and -2DL2) (31.1–70.1%). Thirty-one different KIR genotypes were observed, and AA genotypes dis-
played the highest frequency (18.2%). This Saudi population possesses similar KIR gene distributional
characteristics to those reported in other neighboring populations (e.g., Lebanese) and shows disparities
in certain genes and gene contents from other populations (e.g., Australian Aborigines). These findings
can be used as a reference control in future studies evaluating the functional significance of the KIR genes
and their associations with specific diseases.
� 2014 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights

reserved.
1. Introduction

Human natural killer (NK) cells are a subset of lymphocytes that
have the ability to react with cells lacking human leukocyte anti-
gen (HLA) class I without prior immunological exposure [1]. NK cell
function is determined by killer immunoglobulin receptors (KIRs)
and the type of HLA ligand on the surface of target cells [2]. Binding
of KIRs to putative ligands can induce suppression or activation of
NK cells. NK cell-mediated cytotoxicity depends on a fine balance
between the inhibitory and activating signals induced by KIR mol-
ecules on the NK cell surface [3,4].

KIR genes are highly polymorphic and are located on chromo-
some 19q13.4 [5]. In humans, 16 KIR genes have been identified,
defined as the KIR2DL1, -2DL2, -2DL3, -2DL4, -2DL5, -3DL1, -3DL2,
-3DL3, -2DS1, -2DS2, -2DS3, -2DS4, -2DS5, -3DS1, -2DP1 and
-3DP1 genes. With few exceptions, each KIR gene typically encodes
either an inhibitory or activating molecule [6]. Two groups of KIR
haplotypes have been defined, designated A and B based on their
KIR gene content [7]. The A haplotype is composed of six inhibitory
KIR genes: KIR2DL1, -2DL3, -3DL1, -3DL2, -3DL3 and -2DL4; one
activating KIR gene: KIR2DS4; and two pseudogenes KIR2DP1 and
-3DP1. The B haplotype differ in its gene content, which is
determined mainly by the presence or absence of the genes that
are not part of the A haplotype. [5]. The framework KIR3DL2,
-3DL3 and -2DL4 genes are present in both the A and B haplo-
types, and most activating KIR genes are found within the B
haplotype [8].

Full-length sequencing of KIR haplotypes showed that the
framework regions divide the KIR locus into two parts: centro-
meric (C) and telomeric (T) segments that differ in their gene con-
tents [5,9,10]. The centromeric part of the A haplotype contains
KIR2DL3, -2DL1 and -2DP1, in addition to 3DL3 and -3DP1,while
the telomeric part contains the KIR3DL1 and -2DS4 genes, in
addition to KIR2DL4 and -3DL1. Unlike the A haplotype, which is
fixed, uniform and conserved, the B haplotype is polymorphic
and exhibits a variable centromeric end that includes the KIR2DS2,
-2DL2, -2DL5B, -2DS3 and -2DS5 genes, in addition to KIR3DL3
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and -3DP1, while the telomeric part of the B haplotype contains the
KIR3DS1 and -2DS1 genes, in addition to KIR2DL4 and -3DL1
[10,11]. Therefore, diversity is generated in the KIR locus by the
content of group A and group B haplotype genes and the allelic var-
iation that occurs within both the centromeric and telomeric re-
gions [12]. KIR allelic products have been shown to differ in their
specificity and affinity regarding ligand binding [13], and these
allelic differences may contribute to disease susceptibility and pro-
gression [14]. The frequencies of KIR genes and haplotypes show
great variation among different populations, and the crucial func-
tion of KIRs in immunity may have an impact on susceptibility to
infection, autoimmune diseases and transplantation outcomes
among different ethnic groups [10,15,16].

Saudi Arabia covers 80% of the Arabian Peninsula, mainly in the
central arid region. The remaining 20% comprises Yemen, Oman,
the United Arab Emirates, Qatar, Bahrain and Kuwait. Some reports
have provided support for the ‘‘out-of-Africa’’ hypothesis of human
dispersion, which indicates that immigrants followed a southern
pathway along the tropical coast of the Arabian Peninsula, India,
Southeast Asia and Australia before pursuing the Levantine path-
way [11,17]. The geographical location of the Arabian Peninsula
played an important role in trade, cultural exchange and warfare
following the appearance of the Old World civilizations as well
as the emergence of Islam and the subsequent cultural expansion,
all of which are factors that may have affected the Arab gene pool.
Unlike the population of the coastal area, the central part of the
Peninsula has been stable and is less susceptible to migration-re-
lated factors [17,18]. The present study aimed to investigate and
characterize the KIR genes frequencies and KIR genotype contents
of unrelated healthy Saudi subjects and compare the results with
other populations.
2. Materials and methods

From the available list of potential bone marrow transplant
(BMT) family donors, 148 subjects met the inclusion criteria of
being healthy and unrelated. This entailed the exclusion of siblings
showing identical HLA matching to the patient. In the event of
finding more than one eligible sibling per family, only one sibling
was randomly selected for this study. The sample size of 148 affor-
ded the statistical ability to detect at least a 1.5-fold significant dif-
ference in the odds ratio vs. other populations in at least one KIR
gene. The study received ethical approval from the Institutional
Review Board of King Fahad Medical City (KFMC), and informed
consent was obtained prior to the time of blood collection. Se-
quence-Specific Oligonucleotide Probe (SSOP) kits from One Lamb-
da (San Diego, CA, USA) were used for KIR genotyping, and for
quality assurance purposes, multiple DNA samples with a known
Table 1
The frequencies of KIR genes in our study population compared to previously published d

Population No 2DL1% 2DL3% 2DS4% 3DL1% 2DL2% 2DL5% 2DS

Saudis-2 (current) 148 98 83.1 92.5 94.4 68.2 64.9 43.9
Saudis-1 162 96.3 91.4 93.8 95.7 56.2 56.2 33.3
Jordanians Palestine 105 83 85 88 88 62 63 44
Lebanese 120 99.2 88.3 95 95.8 59.2 58.3 40.8
Omani 99 98 87.9 94.9 96 50.5 59.6 32.3
Moroccans Chaouya 67 95.5 73.1 100 100 70.1 67.2 25.4
Tunisians 114 99.1 91.2 96.5 100 59.6 60.5 22.8
Iranians- Arab 76 100 89.5 98.7 85.5 63.1 67.1 42.7
Indians Paravar 77 97 79 84 84 69 83 65
Indians Kanikar 35 97 77 80 80 74 86 60
Gabonese 54 100 79.6 100 100 64.8 70.4 18.5
Senegalese 118 100 90 100 99 55 52 13
Australian Aborigines 67 72 68 52 55 79 N/R 82
KIR genotype were run in parallel with our study samples. The
same exact results were always obtained for these controls.

2.1. Assigning haplogroup-based genotypes

Individuals carrying one or more of the KIR2DL2, -2DL5, -3DS1,
-2DS1, -2DS2, -2DS3 and -2DS5 genes were considered to be of
group B haplotypes, and conversely, those who did not carry any
of these genes were considered to be of group A haplotypes. Hap-
lotype group ID profiles and the assignment of each individual to
an AA or Bx genotype (x can be either an A or B haplotype) were
obtained according to http://www.allelefrequencies.net [19].

2.2. Centromeric and telomeric genes cluster classification

Based on the presence or absence of the centromeric (C) and
telomeric (T) clusters, Bx genotypes are classified into four subsets:
C4T4 (presence of both C and T), C4Tx (presence of C and absence
of T), CxT4 (absence of C and presence of T) and CxTx (absence of
both) [5].

2.3. Statistical analysis

Using the SAS program [20], the frequencies of positive individ-
uals for each of the 16 KIR genes were determined using an
algorithm based on a direct counting method. Comparisons with
other populations were based on nine KIR genes (KIR2DL1,
-2DL3, -2DS4, -3DL1, -2DL2, -2DS1, -2DS2, -2DS3 and -3DS1). For
this purpose, Fisher’s exact test and logistic regression methodol-
ogy were used. To determine significant differences between our
study population and other populations, the log of the odds (logit)
for the presence of each KIR gene was modeled as a function of
each population. The overall significance level was set at 0.05. Prin-
cipal components analysis (PCA) was conducted using the SAS soft-
ware [20] to determine and portray the genetic differences and
similarities between our study sample and other populations.

3. Results and discussion

3.1. KIR gene frequencies

As explained in Table 1, the framework genes were observed at
a frequency of 100% in our sample and all of the compared popu-
lations (data obtained from http://www.allelefrequencies.net), ex-
cept for 3DL3 in the Moroccan Chaouya population (97%).
Additionally, the inhibitory KIR genes were observed at variable
but high frequencies, except for 2DL2 and 2DL5, which were ob-
served at proportionally lower frequencies. Notably, this case for
all of the compared populations shown in Table 1, except for the
ata for Arabs and non-Arab-related populations.

1% 2DS2% 2DS3% 2DS5% 3DS1% 2DP1% 2DL4% 3DL2% 3DL3% 3DP1%

73 43.2 43.9 35.8 98 100 100 100 100
57.4 38.3 27.8 34.6 96 100 100 100 100
64 37 27 39 N/R 100 100 N/R N/R
59.2 37.5 30.8 35.8 N/R 100 100 N/R N/R
49.5 30.3 39.4 29.3 98 100 100 100 100
65.7 52.2 32.8 25 100 100 100 97 100
59.6 38.6 23.7 23.7 N/R 100 100 100 N/R
56.3 50 35.5 42.1 98.7 100 100 100 100
75 49 66 60 97 100 100 100 100
74 63 60 69 94 100 100 100 100
57.4 35.2 33.3 7.4 100 100 100 100 100
42 24 30 4 100 100 100 100 100
84 81 N/R 78 N/R N/R N/R N/R N/R

http://www.allelefrequencies.net
http://www.allelefrequencies.net
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Australian Aborigines. Worldwide, the frequencies of KIR2DL2 and
KIR2DL5 are reported to be high among the population of Papua
New Guinea (95.5% and 86%, respectively), whereas much lower
values are observed for KIR2DL2 among Japanese individuals, at
8.5%, and for KIR2DL5 among Indian Asians from the West Mid-
lands, England, at 26% [19]. In accordance with previous reports,
KIR3DL1 and KIR3DS1 in this study were ascertained to be either
positive, or one positive while the other negative [1]. The selected
populations for comparison in this study were either of Arab origin
or part of the populations that followed the southern pathway
along the tropical coast of the Arabian Peninsula and India, ending
in Australia, according to the out-of-Africa dispersion theory.

As shown from the determination of the significant differences
for our study population versus others in Table 2, the Australian
Table 2
Statistical significance (p-value) testing of the KIR genes that were commonly reported
(statistically significant values at the <0.5 level are indicated in bold).

Population 2DL1 2DL2 2DL3 2DS1

Saudis-1 0.38 0.03 0.11 0.07
Jordanians Palestine <.001 0.29 0.91 0.91
Lebanese 0.43 0.12 0.36 0.69
Omanis 0.54 0.01 0.45 0.08
Moroccan Chaouya 0.32 0.77 0.06 0.01
Tunisians 0.46 0.15 0.11 <.001
Iranians- Arab 0.98 0.44 0.31 0.87
Indians Paravar 0.41 0.92 0.12 0.002
Indians Kanikar 0.76 0.48 0.31 0.07
Gabonese 0.97 0.64 0.41 <.001
Senegalese 0.96 0.02 0.21 <.001
Australian Aborigines <.001 0.11 <.001 <.001
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3.2. KIR genotype frequencies

KIR genotypes are a set of KIR genes found in one person and are
considered to be more informative markers for differentiating hu-
man ethnic groups than the gene frequencies [21]. As indicated in
Fig. 1, a total of thirty-one different KIR genotype groups were ob-
served. The most prevalent were 3, 6, 4, 5 and 1, in accord with
what has previously been reported [1]. Published reports indicate
that lower frequencies of these genotypes are observed among
North Asian Indian populations, such as Kanikar and Paravar
(2.9%-5.5%), while higher frequencies are found in Japanese and
Chinese Han populations (55.2%-58.7%) [5]. Genotype 6, which in-
cludes all of the inhibitory and activating KIR genes, was observed
at a frequency of 7.9% in this study and at frequencies of 2.8%-5.9%
among populations from Iran and Palestine [5,7]. All subsets of Bx
genotype gene clusters C4T4, C4Tx, CxT4 and CxTx were observed
at frequencies of 19%-31.4% in our study. An absence of one or two
of these genotype subsets has been reported in some other popu-
lations; for instance, C4Cx, which is observed at frequencies of
40.5% among Iranian Azeri and 31.6% among Iranian Arab, was
not detected among American Natives [5].

3.3. Principal components analysis (PCA)

In consideration of the limitations of various typing methods as
a reason for unexpected groupings [2], the Arab populations are
clustered approximately in the middle between Africans and
Asians, as illustrated in Fig. 2. This may support the out-of-Africa
theory of migration, which provides some historical perspective
regarding the genetic relationships between Arabs and both
Africans and Asians. It can also be noted in Fig. 2 that the spatial
distance of Australian Aborigines from the Arab populations sug-
gests an absence of any conceivable genetic link. It is worth noting
that our HLA data (not yet published) revealed close affinities
among Saudi, Omani, Tunisian, Palestinian (Gaza) and Moroccan
populations.
In conclusion, this study was able to characterize and describe
the KIR gene distributions among healthy, non-blood-related
Saudis. These results were consistent with those found in other
neighboring populations, but they also reflected disparities
compared to other non-Arab populations, such as Australian
Aborigines. These findings can be used as a reference control in
future studies evaluating the functional significance of the KIR
genes and their associations with specific diseases.
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