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Abstract—Killer cell immunoglobulin-like receptor (KIR) molecules on the surface of Natural Killer cells
HLA class I by interacting directly with their molecules, they cause inhibition or triggering of cytokine syn-
thesis. The KIR gene family, plays an important role in the regulation of the immune response, is located in
the 19q13.4 region in humans and consists of 15 homologous genes. Inhibitory KIR (iKIR) genes are 2DL1,
2DL2, 2DL3, 2DL4, 2DL5, 3DL1, 3DL2, 3DL3, activating KIR (aKIR) genes are KIR2DS1, KIR2DS2,
KIR2DS3, KIR2DS4, KIR2DS5, KIR3DS1; two KIR pseudogenes are KIR2DP1 and KIR3DP1. There is
not enough data on the KIR gene profile of the Turkish population. It was aimed to determine the genotype
distrubition of KIR2DSI1, KIR2DS2, KIR2DS3, KIR2DS4, KIR2DS5, KIR3DSI, KIR2DLI1-5,
KIR3DL1-3) genes in the Southeastern Anatolia Region (SAR). In the present study 200 unrelated healthy
individuals were included. Polymerase-chain reaction with sequence-specific primers method (PCR-SSP)
were performed. 3DL3 had the highest (99.5%) frequency and the lowest frequency among the inhibitory
KIR genes was obtained for 2DL2 (56.5%). The highest frequency among the activator KIR genes was
obtained for 2DS4 (93.5%) and the lowest was for 2DS5 (28%). It can be concluded that the SAR population
has similar KIR gene features to the Caucasians. But studies with more extensive sample groups are needed

to understand the relationship between KIR gene distribution and similarities between populations.
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INTRODUCTION

Killer cell immunoglobulin-like receptors (KIR)
are glycoproteins expressed on the exterior face of nat-
ural killer (NK) cells (Tajik et al., 2009). One of the
most important components of innate immunity, NK
cells play a significant part in protecting against viral
infections as well as infectious illnesses (Purdy and
Campbell, 2009; Shi et al., 2013). NK cells are lym-
phocytes originating in the bone marrow and consist-
ing of 10—15% of circulating lymphocytes (Varbanova
et al., 2016). KIRs are recognized as CD158, located
on chromosome 19q13.4 and a subgroup of T cells
(Machado-Sulbaran et al., 2017). There is an interac-
tion of certain KIRs with HLA-C (C1 group,
KIR2DL2/3 and KIR2DS2/3; C2 group, KIR2DL1
and KIR2DS1), HLA-Bw4 (KIR3DL1), HLA-
A3/Al1l (KIR3DL2) and HLA-G (KIR2DL4) mole-
cules of target cells (Tajik et al., 2009). KIR moderates
the mission of NK cells through reactions with human
leukocyte antigen (HLA) class I molecules (Tajik
et al., 2009). According to the interplay with HLA
class I molecules, KIR regulates NK cells function as

an inducer or a suppressor (Ozturk et al., 2012). The
classification of KIR genes as activating or inhibiting is
based on the tail length of the intracellular domains
(Tajik et al., 2009). The cytoplasmic tails of inhibitory
KIR (iKIR) genes are long, whereas the cytoplasmic
tails of activating KIR (aKIR) genes are short. While
aKIR lacks an immunoreceptor tyrosine-based inhib-
itory motif (ITIM), iKIR does have at least one ITIM
(Martin et al., 2000). iKIRs consisted of eight genes as
2DL1, 2DL2, 2DL3, 2DL4, 2DL5, 3DL1, 3DL2,
3DL3; aKIRs consisted of six genes as KIR2DSI,
KIR2DS2, KIR2DS3, KIR2DS4, KIR2DSS5,
KIR3DS1; two KIR pseudogenes are KIR2DP1 and
KIR3DPI1 (Bolarin et al., 2021). A and B haplotypes
are the two groups into which KIR haplotypes are
divided (Hiby et al., 2010). Inhibitory KIR3DL3,
KIR2DL3, KIR2DL1, KIR2DL4, KIR3DLI,
KIR3DL2 genes, pseudogens KIR2DP1, KIR3DP1
and activating KIR2DS4 constitute haplotype A that is
identified with a stable content. Conversely, haplotype B
has 5 different aKIRs. The genes with the highest
diversity in haplotype A are located in the telomeric
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region, while in haplotype B they are located in the
centromeric region (Pyo et al., 2010). KIR genes are
very important in determining the susceptibility of
individuals to diseases, as each KIR-ligand interaction
may cause different effects on NK cells (Alomar et al.,
2017; Hollenbach et al., 2009; Shastry et al., 2008;
Tozkir et al., 2016). Since the KIR and HLA gene
regions are highly polymorphic, they are also very
valuable tools for anthropological studies to under-
stand the history of human populations, migrations,
mixing, or pathogen outbreaks (Parham and Moffett,
2013). Anatolia is geographically located between the
Caucasus, Central Asia, the Levant, and Eastern
Europe (Kuhn, 2002). Turkey consists of seven geo-
graphical regions. One of these regions is the South-
eastern Anatolia Region (SAR). The SAR, located in
Upper Mesopotamia, hosted many civilizations
throughout history and therefore has ethnic diversity.
Population studies to determine the genotype/haplo-
type distribution of KIR genes are increasing day by
day, but there is still a lack of information for some
populations. There is limited data on the KIR gene
profile of the Turkish population in the Alelle Fre-
quency Net Database (www.allelefrequencies.net/)
(Ozturk et al., 2012). The goal of this study was to
determine the genotype distribution of activating and
inhibitory KIR genes (KIR2DS1, KIR2DS2,
KIR2DS3, KIR2DS4, KIR2DS5, KIR3DSI,
KIR2DL1-5, KIR3DL1-3) in healthy volunteers in
the SAR Population of Turkey.

MIHCIOGLU et al.

MATERIALS AND METHODS
Study Group

The study included 200 unrelated healthy volun-
teers, 100 females and 100 males, ranging in age from
20 to 65 years. Subjects were randomly selected from
the provinces of the SAR; Gaziantep (n = 36), Kilis
(n = 12), Sanliurfa (n = 36), Siirt (n = 4), Batman
(n = 12), Diyarbakir (n = 32), Sirnak (n = 22), Adiya-
man (n = 16), Mardin (n = 30) (Fig. 1), they had no
history of a genetic disorder. This study was approved
by the Ethics Committee of Clinical Research at
Gaziantep University (February 23, 2015, 20/5162).

DNA Isolation

Blood samples were taken into EDTA tubes and
DNA isolation was performed using the salting-out
method (Miller et al., 1988). After qualification and
quantification analyses, all DNA samples were stored
at —80°C until genotyping.

KIR Genotyping

The genotype distribution of eight inhibitory KIR
genes (KIR2DL1, KIR2DL2, KIR2DL3, KIR2DL4,
KIR2DLS, KIR3DLI1, KIR3DL2, KIR3DL3) and six
activating KIR genes (KIR2DS1, KIR2DS2,
KIR2DS3, KIR2DS4, KIR2DS5, KIR3DS1) were
determined by the polymerase-chain reaction with
sequence-specific primers method (PCR-SSP). This
method was worked out for detecting the absence or

Southeastern Anatolia of Turkey

Adivaman 16
Batman 12
Diyarbakir 32
Gaziantep 36
Kilis 12
Mardin 30
Siirt 4
Sanliurfa 36
Sirnak 22

Fig. 1. Distribution of the samples (» = 200) from nine geographic location of the Southeastern Anatolia Region of Turkey

marked as white and black colour.
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Table 1. Primer sets for PCR-SSP analysis of KIR genes

S319

Gene name Primer sequence PCR product, bp

FP 5'-ttggtcagatgtcatgtttgaa-3"*

KIR2DL1 143
RP 5'-tccctgecaggtcttgeg-3"+*
FP 5'-aaaccttctctctcagecca-3'

KIR2DL2 142
RP 5'-gcectgeagagaacctaca-3'
FP 5'-acaagaccctcaggaggtga-3'

KIR2DL3 160
RP 5'-gcaggagacaactttggatca-3'
FP 5'-tcaggacaagccctctge-3'

KIR2DLA4 130
RP 5'-gacagggaccccatctttc-3'
FP 5'-atctatccagggaggggag-3'

KIR2DLS 148
RP 5'-tcatagggtgagtcatggag-3'
FP 5'-tgagcacttctttctgcacaa-3'

KIR3DLI1 129
RP 5'-taggtccctgcaagggeaa-3'
FP 5'-aaacccttcctgtctgeec-3'

KIR3DL2 134
RP 5'-tggaagatgggaacgtggc-3'
FP 5'-gcaatgttggtcagatgtcag-3'

KIR3DL3 199
RP 5'-agccgacaactcatagggta-3'
FP 5'-gtaggctccctgcaggga-3'

KIR2DS1 148
RP 5'-acaagcagtgggtcacttgac-3'
FP 5'-ctgcacagagaggggaagta-3'

KIR2DS2 177
RP 5'-cagagggtcactgggagc-3'
FP 5'-accttgtcctgcagetect-3'

KIR2DS3 160
RP 5'-agcatctgtaggttcctect-3'
FP 5'-cagctcccggagctecta-3'

KIR2DS4 224
RP 5'-tgacggaaacaagcagtgga-3'
FP 5'-cagagaggggacgttaacc-3'

KIR2DS5 174
RP 5'-tccagagggtcactggge-3'
FP 5'-tccatcggttccatgatgeg-3'

KIR3DS1 111
RP 5'-gaccacgatgtccagggga-3'

* FR: forward primer, ** RP: reverse primer.

presence of KIR genes loci. Primer sets designed spe-
cifically for each gene were used for the amplification
of KIR genes (Table 1) (Tajik et al., 2009). In order to
ensure the reliability of the PCR process; primers
designed specifically for the non-polymorphic region
of the growth hormone gene were added to each PCR
reaction as a positive internal control. PCR mix;
totally of 15 uL was prepared, containing 100 ng of
DNA, gene-specific primers (0.1—0.8 mM) and inter-
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nal control primers (0.2 Mm), 200 mM dNTP,
10x PCR buffer, 2 mM MgCl,, and 0.5 u Taq Poly-
merase. Reaction condition, heating temperature
94°C for 2 min, 94°C for 10 s and 65°C for 60 s
(10 cycles); 94°C for 10 s, 61°C for 50 s and 72°C for
30 s (20 cycles).

PCR products were separated in a 2% agarose gel
stained with ethidium bromide and bands were visual-
ized by using an ultraviolet transilluminator.
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Activating KIR genes

Fig. 2. Distribution of KIR genes frequencies in Southeastern Anatolia population (n = 200).

Statistical Analysis

After determining the presence or absence of KIR
genes in each individual, the genotype frequency for
each gene was determined by the direct counting
method. Other populations’ data were obtained from
the Allelle Frequency Net Database (www.allelefre-
quencies.net/) (Suzuki et al., 2004; Majorczyk et al.,
2007; Norman et al., 2007; Tajik et al., 2009;
Velickovic et al., 2009; Ozturk et al., 2012; Prakash
et al., 2013; Spiroski et al., 2013; Osman et al., 2014)
and compared to the current study’s data. The per-
centages in the country populations were calculated by
the Comparison of Two Independent Proportions.
Using KIR locus data from 12 distinct populations as
well as the Southeastern Anatolia population, princi-
pal component analysis (PCA) was used to identify
genetic relationship. The SPSS statistical software
package version 22.0 was used for analysis. Statistical
significance was accepted at the p < 0.05 level.

RESULTS

Genotyping of KIR genes was performed using the
PCR-SSP method in a total of 200 unrelated individ-
uals from the SAR. The frequencies (%) of eight inhib-
itory and six activating KIR genes are given in Fig. 2.

When the frequencies of activating and inhibitory
genes were compared, it was observed that the fre-
quencies of inhibitory KIR genes were generally

higher than those of activating genes. Among the
inhibitory KIR genes, 3DL3 had the highest (99.5%)
frequency, which was followed by 2DL4 (97.5%),
3DL1 (96.5%), 3DL2 (95.5%), and 2DL1 (95.5%).
The lowest frequency among the inhibitory KIR genes
was obtained for 2DL2 (56.5%). The frequencies of
2DL3 and 2DL5 were 74.5 and 61.5%, respectively.
The highest frequency among the activator KIR genes
was obtained for 2DS4 (93.5%) and the lowest was for
2DS5 (28%). The gene frequencies of the remaining
activating KIR genes were; 2DS2 (61.5%), 2DS1
(49%), 2DS3 (42.5%), and 3DS1 (36.5%).

The KIR gene profiles of the Southeastern Anato-
lia population and other selected 12 populations were
compared (Table 2). The KIR2DLI1 frequency was
similar to the other populations except Indonesian
(p < 0.05) and particularly North Indian (p < 0.01).
The KIR2DL2 frequency was close to the Iranian,
Polish and Moskow (Russia) populations, while there
was significantly difference between the Swedish, and
Japanese (p < 0.05), North Indian, and Indonesian
(p < 0.01) populations. The distribution of KIR2D1.3
was similar to the populations of Saudi Arabian, South
Turkey, and North Indian, compared to the other nine
populations. The frequency of KIR2DL4 SAR was
close to other populations except Polish, Macedonian,
North Indian, and the Iranian population. The fre-
quency of KIR2DLS5 was found to be the close in the
Iranian population and SAR. KIR3DLI1 frequency

BIOLOGY BULLETIN  Vol. 50
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was similar to other populations except populations of
Iran, South Turkey (p < 0.05) and North India (p <
0.01). Remarkably, frequency of KIR3DL2 was sig-
nificantly different than the other 12 populations.
When considering the frequency of KIR3DL3, inter-
estingly there was no significant difference between
SAR and all other populations.

The frequency of KIR2DS1 in SAR was signifi-
cantly different from the South Turkey population (p <
0.05). KIR2DS?2 frequency in SAR was different from
Polish, Indonesian, Saudi Arabian (p < 0.05) and
Swedish, Japan populations (p < 0.01), while it was
close to other populations. The frequency of
KIR2DS3 was significantly different from Polish,
Georgian, Swedish, and Japanese populations (p <
0.05). The KIR2DS4 gene frequency in the studied
population differed significantly from the Georgian
and North Indian populations KIR2DSS5 gene profile
was found to be significantly different from popula-
tions in Iran, Uzbekistan, Saudi Arabia, South Tur-
key, and North India. The frequency of KIR3DSI1 in
SAR was significantly different from the North Indian
population (p < 0.01).

DISCUSSION

The innate immune system’s NK cells are an
essential part of the system. They compose the initial
line of defense against infections and tumors. KIR
receptors regulate the cytotoxic activity of NK cells by
recognizing the HLA class I ligand on target cells
(Machado-Sulbaran et al., 2017). Considerable
genetic diversity reported in KIR genes leads to geno-
type differences in populations from various geo-
graphical regions and ethnic origins.

MIHCIOGLU et al.

In the present study, we investigated the genotype
distribution of activating and inhibitory KIR genes
(KIR2DS1, KIR2DS2, KIR2DS3, KIR2DS4,
KIR2DSS5, KIR3DS1, KIR2DL1-5, KIR3DL1-3) in
the Southeastern Anatolia population. We performed
the PCR-SSP method for investigating the KIR gene
distrubition in 200 healthy volunteers. Although there
were a limited number of studies about Turkey popu-
lation in the database, this was the first one for KIR
gene profiling in the SAR. The results of this study
were compared with other population data obtained
from the database. Generally speaking, the most sig-
nificant difference in both inhibitory and activating
KIR gene distribution was found between the studied
population and the North Indian population. Accord-
ing to our results, the KIR gene profile of SAR was
found to be similar to other Caucasoid populations.
Considerable similarities with other populations were
found for certain KIR genes: KIR2DL1, KIR2DL2,
KIR2DL4, KIR3DL3 (Poland, Iran, Macedonia
populations), KIR2DL5 (Iran), KIR3DL1 (Japan),
KIR2DS1 (Iran and Macedonia), KIR2DS2 (Iran,
Macedonia and Russia-Moskow), KIR2DS3 (Saudi
Arabia and North India), KIR2DS4 (Poland, India,
Saudi Arabia and South Turkey), KIR2DS5 (Poland
and Russia-Moskow), KIR3DS1 (Poland, Uzbeki-
stan and Macedonia). On the other hand, KIR3DL2
was found to be significantly different from all other
populations.

Principal component (PC) maps of activatory and
inhibitory genes were composed separately according
to Table 2. According to the PC map of inhibitory KIR
genes (Fig. 3), North India population is found to be
very far from Caucasian populations, including SAR,
in accordance with the study done in the Iranian pop-
ulation (Tajik et al., 2009). The PC map of activating
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1.0 e
Saudi_Arabia
o Iran
0.5l SOulh,Tél’ke)’.' o, Macedonia
o Russia_Moscow corgta : Wfé(élear? d
a *SAR * ®Japan
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£
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Fig. 3. Principal component map of inhibitory KIR genes data from present study and 12 populations.
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Fig. 4. Principal component map of activatory KIR genes data from present study and 12 populations.

KIR genes (Fig. 4) indicates the relationship of SAR to
other analyzed populations and Georgia population
was found to have the most different activating KIR
gene profile.

Due to its central geographical location, Anatolia
has been a connection point by interacting with other
parts of the Near East and Europe during and after the
Neolithic Age (Omrak et al., 2016). The Ottoman state
annexed Macedonia in the 14th century and Turks
from Anatolia settled in the Balkans (Glinsen, 2013)
Turkish groups such as Azerbaijan Turks, Turkmens,
Kashkays, Khorasan Turks, Halags, Sungurs,
Ebiverdis, Kazakhs, and Uzbeks live in certain regions
of Iran (Gokdag, 2013). The SAR has been exposed to
many migrations throughout history and has hosted
different civilizations. According to our results, the
KIR gene profile of SAR was found to be close to other
Caucasoid populations.

CONCLUSIONS

In conclusion, this was the first study focusing on
the KIR gene profile in the SAR of Turkey. This study
also confirmed that the PCR-SSP method could still
be used for KIR genotyping in different populations.
Our study showed that the SAR population has similar
KIR gene features to the Caucasians in general. The
KIR gene distribution in this community and the
genetic relationship between communities will be bet-
ter understood with additional research using a bigger
sample size and new populations.
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