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Abstract 

Background: Killer-cell Immunoglobulin-like Receptors (KIR) are the members of inhibitory and activating 

receptors expressed mainly on the natural killer cells. KIR genes family is polymorphic strongly and its genomic 

diversity results in gene content and allelic polymorphism. The aim of this study was to report the distribution of the 

KIR genes in the Lur population for the first time. Materials and Methods: In this study, 100 unrelated healthy Lur 

individuals were KIR typed by polymerase chain reaction-sequence specific primers genotyping assay. Finally, Lur 

KIR genes distribution was compared with other Iranian populations. Results: Twenty-two different genotypes were 

found in the Lur population. The most common non-framework genes were KIR2DP1 and KIR2DL1 with a 

frequency of 98% and KIR3DL1 and KIR2DS4 with a frequency of 96% in the Lur population. The most common 
observed KIR genotype (AA genotype) consisted of six inhibitory genes, one activating gene and two pseudogenes, 

was occurred with a frequency of 29% in the Lur population. Discussion: The results show that KIR genes 

distribution in the Lur population has similar features with other Iranian populations studied before, but it is still 

unique because of decrease or increase in some loci frequencies. 
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1. Introduction 
Killer-cell immunoglobulin-like Receptors 

(KIRs) are regulator molecules expressed on the 

Natural Killer (NK) cells and some of the T 

lymphocyte subsets. These polymorphic receptors 

interact with specific motifs of human leukocyte 

antigen (HLA) class I molecules and modulate 

cytolytic activity of the NK cells. Some KIRs interact 

with HLA-C, HLA-BW4, HLA-A3/A11, and HLA-G 

molecules of target cells. However, for some KIRs 

the corresponding ligands are still unknown (1-3).  

The KIR genes locate on chromosome 19 in the 

leukocyte receptor complex. These receptors are 
divided into two groups based on the number of their 

extracellular immunoglobulin domains (3D or 2D). 

Those with long (L) cytoplasmic tails bearing 

immune receptor tyrosine-based inhibitory motifs 

(ITIMs) are inhibitory receptors (3DL and 2DL), 

While those with short (S) cytoplasmic tails bearing 

no ITIMs are activating receptors (3DS and 2DS). To 

date, 14 KIR genes and 2 pseudogenes have been 

described. Seven genes of KIR3DL1-3, KIR2DL1-3 

and KIR2DL5 encode for the inhibitory KIR (iKIR), 

six genes of KIR3DS1 and KIR2DS1-5 encode for 
activating KIRs (aKIR), one gene encodes for 

KIR2DL4 with both inhibitory and activating 

functions, and two genes of KIR2DP1 and KIR3DP1 

are pseudogenes that do not encode a functional KIR 

molecule (4-7). Haplotypes A and B are the two basic 
haplotypes that have been defined on the basis of 

gene content (8-12). 

Given the significant racial (13-31) and ethnic 

(32, 33) differences in the distribution of the KIR 

genes as well as association of KIR genes with 

diseases (34), the aim of this preliminary study was 

to determine the frequency of KIR genes in the Lur 

population living in the Lorestan province of Iran. 

We also compare the data so obtained with those 

previously described in other Iranian populations. 

 

2. Materials and methods  
2.1. Population samples 

One hundred unrelated healthy Lur individuals 

18-35 years old, male and female each 50, were 

randomly selected for this study. Lur people live in 

the Lorestan province of Iran and speak Luri, a 

dialect of Persian language. All participants were 

confirmed to have parents of the same ethnic group, 

and those with mixed parentage were excluded. In 

addition, none of the individuals had a personal or 

family history of cancer or autoimmune diseases. 

Whole blood samples were collected with the written 
consent of the individuals. The study was reviewed 

and approved by the ethics committee of the Lorestan 

University of Medical Sciences.  

2.2. KIR genotyping 
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Genomic DNA was extracted from peripheral 

blood leukocytes by EXTRA GENE I kit (BAG, 

Germany) according to the manufacturer’s 

instructions and DNA concentration and the ratio 

(OD260/OD280) were evaluated. DNA samples were 

genotyped for the presence or absence of 16 KIR 
genes by KIR TYPE kit (BAG, Germany), based on 

polymerase chain reaction-sequence specific primers 

(PCR-SSP) assay.  

PCR-SSP was performed following the 

manufacturer's instructions. Briefly, 52 µl of DNA at 

a concentration of 25-40 ng/µl with ratio>1.5 was 

mixed with 26 µl of 10x PCR Buffer, 2.1 µl of Taq 

polymerase and 180 µl of distilled water. Ten µl of 

this mixture was used for each reaction. The reaction 

was amplified by a MYCYCLER (BioRad, USA) 

PCR system under the thermal and time conditions 

recommended by the manufacturer, which started 
with a heating temperature of 94°C for 2 min, 

followed by 10 cycles of 15 s at 94°C, 50 s at 65°C 

and 45 s at 72°C and 20 cycles of 15 s at 94°C, 50 s 

at 61°C and 30 s at 72°C.  

The PCR products were analyzed in 2% agarose 

gel stained with ethidium bromide. The DNA 

separation was performed at 200 volts for 20 minutes. 

The amplification was checked on a UV 

transilluminator and photographed. The typing was 

interpreted by a worksheet. Samples containing at 

least one of the KIR B loci including KIR2DL2, 
KIR2DL5, KIR2DS1, KIR2DS2, KIR2DS3, 

KIR2DS5 or KIR3DS1 were assigned to the Bx 

genotype. Samples lacking all of the B loci were 

assigned to the AA genotype (35).  

2.3. Statistical analysis 

The percentage of the population positive for 

KIR genes and genotypes was determined by direct 

counting. Differences between the Lur population 

and other Iranian populations in the distribution of 

KIR genes were determined by the chi-squared test 

with Yate's correction, assuming the existence of the 

Hardy-Weinberg equilibrium. All presented P values 
are uncorrected and labeling with (a) indicates values 

which remain significant after correction (Pc<0.05). 

Principal component analysis (PCA) was performed 

using SPSS 18 software to determine genetic 

affinities according to KIR locus data from 6 

different Iranian populations, i.e. the Lur population 

described in this study and 5 populations described 

elsewhere (32, 33). 

 

3. Results 

The frequencies of KIR genes in 100 unrelated 
healthy Lur individuals are shown in Table 1. The 

KIR2DL4, KIR3DL2, and KIR3DL3 framework 

genes and the KIR3DP1 pseudogene were founded in 

the Lur population with a frequency of 100%. The 

most frequent non-framework genes were KIR2DL1 

and KIR2DP1 with a frequency of 98% and 

KIR3DL1 and KIR2DS4 with a frequency of 96%. 

The KIR2DS3 and KIR2DS5 activating KIR genes 

had the lowest frequency in the Lur population (34% 

and 40%, respectively). 
The representation of KIR genotypes in 100 

unrelated healthy Lur individuals is shown in Figure 

1. We identified 22 different KIR genotypes in the 

Lur population. All of the genotypes contained 9 to 

16 KIR genes. The simplest KIR genotype (number 

1) included 9 KIR genes. The most complex 

genotype (number 5) comprised of 16 KIR genes. 

The most frequent genotype (number 1), observed in 

all populations, was occurred in 29% of the Lur 

population. This genotype bearing six inhibitory 

genes, one activating gene and two pseudogenes was 

consistent with the AA genotype. Other analyzed 
individuals (71%) had more than one activating gene 

and thus were assigned as Bx genotypes (Figure 1 

and Table 1). In the present study, eleven genotypes 

had a frequency of 1%. 

All observed genotypes had either KIR2DL2 or 

KIR2DL3 gene, which encodes receptors with HLA-

C1 specificity. However, 42% of the Lur individuals 

had both KIR2DL2 and KIR2DL3. Seventeen 

genotypes, including five common genotypes, carried 

each four specific inhibitory KIR genes KIR2DL1, 

KIR2DL2/3, KIR3DL1, and KIR3DL2 for class I 
HLA and were represented in 94% of the Lur 

population. Also, 6% of the Lur individuals lacked 

either KIR2DL1 or KIR3DL1 gene, which encodes 

receptors with HLA-C2 and HLA-Bw4 specificities, 

respectively. 

 

4. Discussion  
In this study, 16 KIR genes were tested in 100 

unrelated healthy Lur individuals. The frequency of 

KIR genes in the Lur population and some other 

Iranian populations are indicated in Table 1, which 

also shows any significant differences. The frequency 
of inhibitory KIR genes KIR2DL1, KIR2DL3, 

KIR2DL4, KIR3DL1, KIR3DL2, and KIR3DL3, 

pseudogenes KIR2DP1 and KIR3DP1, and activating 

gene KIR2DS4 were high in all of the Iranian 

populations, including the Lur population. 

Comparing the results of the present study with 

those of Ashouri et al (32) and Hiby et al (33) studies 

in the other Iranian populations, proved high 

similarity in KIR gene frequencies in the Lur, 

Bakhtiari, and Jonobi populations (Table 1). Among 

neighboring populations, the most similar to the Lur 
population in distribution of KIR genes, was the 

Bakhtiari population, and this can be confirmed on 

the common ancestral origin of these populations. 

Also, the comparison of the results of this study with 
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those of Tajik et al (31) study in 200 unrelated 

healthy individuals from across Iran showed that the 

KIR gene frequencies in the Lur population has no 

significant difference with the general Iranian 

population. On the other hand, in the Lur population, 

considerable differences with the other Iranian 
populations were found for some of the KIR loci 

(Table 1): KIR2DS1, KIR2DS5, and KIR3DS1 with 

Persian population, KIR2DS2 with Azari population, 

and KIR2DS3 with Arab and Azari populations. Two 

activating KIR genes, KIR2DS3 and KIR2DS5, had 

the lowest observed frequencies in the Lur 

population. However, the frequency of KIR2DS5 

gene was higher than that observed in the other 

Iranian populations. In addition, major differences 

were observed between the Lur population and the 

Azari and Persian populations. For example, 

KIR2DS1 and KIR2DS5 frequencies in the Persian 
population were lower than that observed in the Lur 

population (35% and 25.4% vs. 48% and 40%, 

respectively). In contrast, KIR2DS2 and KIR3DS3 

frequencies were higher in the Azari population than 

that observed in the Lur population (70.2% and 

53.5% vs. 55% and 34%, respectively). 

PCA mapping using KIR locus data from the 

Lur population and five previously described Iranian 

populations (32, 33) showed relationship of the Lur 

population with the Bakhtiari and Jonobi populations 

and difference between this population and the 

Persian, Azari and Arab populations (Figure not 
shown).  

In the present study, 22 different KIR genotypes 

were observed in the Lur population (Figure 1). The 

five most common genotypes (numbers 1-5) 

observed in the Lur population accounted for 65% of 

all present genotypes, which were also frequent in the 

other Iranian populations. In this study, the AA 

genotype with a frequency of 29% was the most 

common genotype in the Lur population (Table 1). In 

addition, the AA genotype frequency in the Lur 

population was higher than that observed in the other 

Iranian populations. In this context, major differences 
were observed between the Lur population and the 

Arab and Azari populations. Thus, the AA genotype 

frequency in the Lur populations (29%) was higher 

than Arab population (15.8%) and Azari population 

(14.3%). In contrast, Bx genotypes frequency in Lur 

population (71%) was lower than Arab population 

(84.2%) and Azari population (85.7%).  

 

Table 1. The distribution of KIR genes in the Lur population and compared with other Iranian populations. 
 

Jonobi** 

Population 
(n=100) 

F (%) 

Azari* 

population 
(n=48) 

F (%) 

Arab* 

population 
(n=76) 

F (%)  

Bakhtiari* 

population 
(n=96) 
F (%) 

Persian* 

population 
(n=248)  

F (%) 

Lur 

population 
(n=100) 

F (%) 

KIR Genes 

and  

Genotypes 

 

97 

54 

85 

100 

62 

93 

100 

100 

42 
57 

42 

93 

36 

37 

97 

100 

 

26 

74 

 
98 

67.9 

89.2 

100 

73.8 

90.5 

100 

100 
39.2 

70.2
(a) 

53.5
(a) 

98.8 

34.5 

38 

100 

100 

 

14.3(
(a) 

85.7
(a) 

 
100 

63.1 

89.5 

100 

67.1 

85.5 

100 

100 
44.7 

56.3 

50
(b) 

98.7 

35.5 

42.1 

98.7 

100 

 

15.8
(b) 

84.2
(b) 

 
94.8 

54.1 

89.6 

100 

54.1 

95.8 

100 

100 
42.7 

49 

27.1 

97.9 

39.6 

45.8 

96.9 

100 

 

25 

75 

 

98 

56.8 

91 

100 

58 

94 

100 

100 

35
(a) 

54 

38.3 

96 

25.4
(a) 

33
(b) 

98 

100 

 

28.7 

71.3 

 
98 
54 

88 

100 

61 

96 

100 

100 

48 

55 

34 

96 

40 

45 

98 

100 

 

29 

71 

Genes 

2DL1 

2DL2 

2DL3 

2DL4 

2DL5 

3DL1 

3DL2 

3DL3 

2DS1 
2DS2 

2DS3 

2DS4 

2DS5 

3DS1 
2DP1 

3DP1 
Genotypes 

AA 
Bx 

   * Ashouri et al 2009; ** Hiby et al 2010    
  (a) Significant difference after correction (PC>0.05) 
   (b) Significant difference before correction (P>0.05) 
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Bx 

2                 7 4 2 13 12 

3                 7 2 2 11 10 

4                 8 3 2 13 7 

5                 8 6 2 16 7 

6                 8 5 2 15 7 

7                 8 5 2 15 6 

8                 7 3 2 12 4 

9                 7 6 2 15 3 

10                 8 4 2 14 2 

11                 6 4 1 11 2 

12                 7 5 2 14 1 

13                 6 5 2 13 1 

14                 6 3 2 11 1 

15                 7 4 2 13 1 

16                 8 4 2 14 1 

17                 7 4 2 13 1 

18                 7 5 2 14 10 

19                 7 5 2 14 1 

20                 7 3 2 12 1 

21                 7 5 2 14 1 

22                 7 4 2 13 1 

 

Figure 1. Distribution of Killer cell immunoglobulin-like receptors (KIR) genotypes in 100 Lur individuals. 

 
KIR locus data analysis could be applied for 

evaluation of the genetic relationships among 

populations from different geographic areas in 

anthropological studies. Moreover, the determination 

of KIR gene frequencies and also the distribution of 

those genotypes in a population may be used as a 

good reference for genetic studies to identify the 

association between KIR genes and susceptibility to 
specific diseases e.g. infectious diseases (36, 37), 

autoimmune/inflammatory disorders (38, 39), cancers 

(40), and reproduction (41). 

In summary, in this the first study, frequencies of KIR 

genes and those genotypes were determined in the Lur 

population living in the Lorestan province of Iran. Our 

results showed that the Lur population possesses the 

previously reported general features of the other 

Iranian populations, with some additional interesting 

differences. 
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