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	 Background:	 Killer cell immunoglobulin-like receptors (KIRs) are a family of inhibitory and activating receptors expressed 
by natural killer (NK) cells and regulate NK cell activity in the innate response against viral infections. The aim 
of this study was to determine the possibility of KIR genes and genotypes as a candidate for susceptibility to 
or protection against chronic hepatitis B virus (HBV) infection or spontaneous remission of the infection in a 
Turkish cohort.

	 Material/Methods:	 The present study was carried out on 37 patients with chronic HBV infection, 36 patients in spontaneous re-
mission of HBV infection, and 85 healthy subjects. Sequence-specific oligonucleotide probes analysis was used 
to investigate 16 KIR genes. All data were statistically analyzed by the Fisher exact test.

	 Results:	 The rate of inhibitory KIR2DL3 (p=0.0) and 3DS1 (p=0.0) were higher in the healthy group than the group com-
posed of chronic HBV patients and patients with spontaneous remission. There were no statistically signifi-
cant differences between the rate of AA and Bx genotypes of chronic HBV patients and patients with sponta-
neous remission and the control group (p>0.05).

	 Conclusions:	 Our results suggest that KIR2DL3 and KIR3DS1 genes could be protector genes for HBV infection and they could 
be important immuno-genetic markers in determining antiviral immunity in the Turkish population.
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Background

Hepatitis B virus (HBV) is a hepatotrophic virus that causes a 
major global health problem. An estimated 2 billion individu-
als have been infected with HBV and approximately 350 mil-
lion have the chronic disease [1]. Although the mechanism of 
HBV pathogenesis remains elusive, host genetic factors are pro-
posed to govern the pathology of disease progression or regres-
sion, along with viral and environmental factors. NK cells are 
activated in the early response to infection, and there is sub-
stantial population variability in the rates of HBV infection [2]. 
Killer cell immunoglobulin-like receptors (KIRs) are members 
of the group of cell-surface molecules that activate or inhibit 
NK cell interaction with HLA class I molecules on the surface 
of target cells [3,4]. Although detailed genetic and function-
al analyses exploring KIR influences on HBV in large cohorts 
are lacking, accumulating evidence supports that NK cell ac-
tivation contributes to inflammation and liver injury during 
HBV infection both in HBV transgenic mice and in HBV infect-
ed patients [5–8].

KIRs are members of the immunoglobulin superfamily of re-
ceptors and are encoded on chromosome 19q13.4. The KIR 
gene cluster comprises up to 16 highly homologous and close-
ly linked genes and pseudogenes [3,4]. Fourteen of them en-
code receptors triggering either inhibition (3DL1–3, 2DL1–3, 
2DL5) or activation (3DS1, 2DS1–5) and/or both (2DL4), and 
2 pseudogenes (2DP1 and 3DP1) do not encode cell-surface 
receptors [3]. KIR2DS4 has 12 alleles, of which 9 have nucle-
otide changes in coding regions. Only 2DS4*00101, *00102, 
and *00103 encode for cell-surface receptors, while the re-
maining alleles, 2DS4*003/4/6/7/8/9, carry a 22-base pair de-
letion in exon 5, which causes a frame shift, yielding a trun-
cated KIR2DS4 protein with loss of the transmembrane and 
cytoplasmic domains of the full-length KIR2DS4 protein [9]. 
Additionally, different combinations of KIR genes generate in-
herited haplotypes that can be divided into 2 basic groups – 
A and B – on the basis of their gene content [3].

Polymorphic KIRs, which interact with HLA class 1, are largely 
inhibitory and exhibit substantial genetic diversity. The result 
is a significant variation of NK cell repertoire between individ-
uals and also between populations [10,11]. As each KIR-ligand 
interaction may have differential effects on NK cell activation 
and inhibition, this diversity has important potential influenc-
es on the host response to infections. Genetic studies have 
demonstrated associations between specific KIR-ligand com-
binations and the pathogenesis and progression of diverse vi-
ral infectious diseases [12–17]. There is still limited data on 
the relationship of KIR genes and chronic HBV infection in 
the literature. Additionally, to our knowledge, no analogous 
study has been performed in our population thus far. The aim 
of this study was to analyze whether inhibiting or activatory 

KIR genes and different KIR genotypes have an association in 
the progression of HBV infection in a Turkish population. This 
may help to explore some of the possible immune genes that 
could be important in predisposition to chronic HBV infection.

Material and Methods

Study subjects and samples

The patient groups consisted of 37 patients (17 male, 20 fe-
male) with chronic HBV infection and 36 patients (15 male, 21 
female) in spontaneous remission state of HBV infection diag-
nosed at the Department of Infectious Diseases of the Cukurova 
University, Balcalı Hospital. The diagnostic criterion for chronic 
HBV adopted in this study was previously described [18]. The 
control group consisted of 85 healthy subjects (38 males and 
47 females). The ages ranged from 18 to 70 years (mean, 43 
years) for the patients with chronic HBV, from 19 to 78 years 
(mean, 42.6 years) for the patients with spontaneous remis-
sion, and from 19 to 74 years (mean, 42.5 years) for the con-
trol group. All individuals included in this study were from the 
Cukurova region of Turkey and they were all matched for eth-
nicity. They were also unrelated and randomly selected. All the 
enrolled subjects had no serological evidence of hepatitis C 
virus, hepatitis D virus, and HIV infections, and had no other 
diseases such as diabetes, malignant tumor, or autoimmune 
diseases. Samples were collected after informed written con-
sent that was obtained from all participants, and the study 
was approved by the Cukurova University Ethics Committee.

Laboratory diagnosis of patients with chronic HBV 
infection

Diagnosis of chronic HBV infection was based on seropositivi-
ty for anti-HBV antibody using electrochemiluminescence im-
munoassay (Roche Diagnostics, GmbH, Mannheim, Germany) 
and the confirmation of HBV DNA using Light Cycler 2.0 re-
al-time polymerase chain reaction (Roche Diagnostics, GmbH, 
Mannheim, Germany).

KIR genotyping

DNA from a venous blood sample of each subject was extract-
ed by DNA isolation kit (QIAamp DNA blood mini kit, cat no: 
51104, QIAGEN Vertriebs GmbH, Vienna, Austria). Genotyping 
of KIR genes was performed using the multiplex KIR-SSO typing 
kit from Tepnel Lifecodes Corporation (Ref: 545110R, CT, USA). 
This product consists of a mixture of locus-specific oligonucle-
otide probes coupled to color-coded microspheres (Luminex 
Corp) and 2 PCR reactions for the amplification of KIR-exons 
4, 5, 7, 8, and 9. To type each sample, PCR was performed and 
the product was hybridized with the SSO-probe mixture using 
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the manufacturer’s protocol. After hybridization, the sample 
plate was placed in a Luminex instrument for analysis.

Prediction of group-A/-B KIR haplotypes

Frequencies of group-A and -B KIR haplotypes were deduced 
from the genotype data [19]. In individuals carrying only 
KIR3DL3, 2DL3, 2DL1, 2DP1, 3DP1, 2DL4, 3DL1, 2DS4 and 3DL2, 
a fixed-gene content characteristic of group-A haplotypes was 
considered carrying 2 copies of group-A KIR haplotypes (AA 
genotypes). If any of genes KIR2DL2, 2DL5, 3DS1, 2DS1, 2DS2, 
2DS3 and/or 2DS5 were present, then the genotype was con-
sidered as having B haplotype (Bx) [19].

Statistics

The percentage of each KIR gene in the patient and control 
groups was determined by direct counting (individuals posi-
tive for the gene/individuals tested per population×100). Data 
analysis was performed with the statistical software Minitab 
Version 15. Differences between 2 groups in the distribution 
of each KIR gene were estimated by 2-tailed Fisher’s exact 
test and p<0.05 was considered to be statistically significant.

Results

Distribution of KIR genes and genotypes in chronic HBV 
patients

Framework genes KIR2DL4, 3DL2, 3DL3, and 3DP1 were pres-
ent in all of the samples (Figure 1). Among inhibitory KIR 
genes, 2DL1 and 3DL1 had higher frequencies in all samples 
of chronic HBV patients, which were more than 78.4%. With 
the exception of KIR2DS4, frequencies of the remaining acti-
vating genes were all lower than 54.1% (Table 1). Twenty dif-
ferent genotypes were found in 37 patients with chronic HBV. 
The most frequent genotype, found in 13.5% of patients, was 
AA180 genotype, which consists of only 1 activating gene – 
2DS4. Additionally, 2 more AA genotypes were found in the pa-
tient group – AA1 (10.8%) and AA156 (8.1%) (Figure 1). Other 
patients demonstrated the presence of more than 1 activat-
ing gene and thus were considered as Bx (67.6%). Eleven gen-
otypes were seen only once (Figure 1).

Distribution of KIR genes and genotypes in patients with 
spontaneous remission

Twenty different genotypes were found in 36 patients with 
spontaneous remission. The most frequent genotype, found 
in 16.7% of patients, was Bx89 genotype. Two different AA 
genotypes – AA180 (13.9%) and AA1 (8.3%) – were found in 
the spontaneous remission group, which consists of only one 

activating gene – KIR2DS4 (Figure 2). Other individuals in this 
group demonstrated the presence of more than 1 activat-
ing gene and thus were considered as Bx (76.8%). Thirteen 
genotypes were seen only once (Figure 2). Framework genes 
KIR2DL4, 3DL2, 3DL3, and 3DP1 were also present in all of the 
samples (Figure 2). Among inhibitory KIR genes, 2DL1 and 3DL1 
had higher frequencies in all samples of chronic HBV patients, 
which were more than 80.6%. With the exception of KIR2DS4, 
frequencies of the remaining activating genes were all lower 
than 63.9% (Table 1).

Relationship of KIR genes and genotypes with HBV 
infection

In the first step, frequencies of individual KIR genes were com-
pared between chronic HBV patients and patients with sponta-
neous remission (Table 1). All 16 KIR genes were compared by 
Fisher’s exact test. There were no statistically significant differ-
ences between these 2 groups. In the second step, frequencies 
of individual KIR genes were compared between the control 
group and the group composed of chronic HBV patients and 
patients with spontaneous remission (Table 2, Figure 3). The 
rate of inhibitory KIR2DL3 (p=0.0) and 3DS1 (p=0.0) were high-
er in the healthy group than the group composed of chronic 
HBV patients and patients with spontaneous remission. Since 
the methods used for KIR genotyping permitted distinguishing 
groups of alleles of activating KIR2DS4, we found that there 
were no statistically significant differences for 2DS4*001 (full-
length exon 5) and 2DS4*003/4/6/7/8/9 (deletion in exon 5) 
alleles between the 2 groups (p>0.05). Additionally, there were 
no statistically significant differences between the rate of AA 
and Bx genotypes of chronic HBV patients and patients with 
spontaneous remission and the control group (p>0.05).

Discussion

NK cells express multiple cell surface receptors, and during 
different infections different receptors are likely to be impor-
tant. Many of these receptors are monomorphic and are ex-
pressed on all NK cells. KIRs have a variegated expression 
pattern, and their complex genetics indicate that they are in-
volved in generating population diversity in antiviral immune 
response. Previous studies have demonstrated several asso-
ciations between various KIR genes and/or their HLA class I 
ligands in clinical progression of HBV infection [20–22] and in 
the progression of this infection to hepatocellular carcinoma 
[23]. These associations could be due to the capacity of inter-
actions of HLA class I molecules -especially HLA-C and HLA-B- 
with KIRs and activation of NK cells.

In the present study, we examined the genes encoding KIR re-
ceptors and KIR genotypes in chronic HBV patients, patients 
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Figure 1. �KIR genotype profiles of patients with chronic HBV. Twenty genotypes that differed from each other by the presence 
(shaded box) and absence (white box) of 16 KIR genes were observed. The figure consisted the percentage frequen-
cy and defined the number of individuals carrying the genotype. Genotype ID refers to genotype classification accord-
ing to www.allelefrequencies.net (43).
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2DS4

Gene
Chronic HBV patients Patients with spontaneous remission

p value
Number % Number %

Inhibitory KIRs 2DL1 35 94.6 34 94.4 1.000

2DL2 20 54.1 24 66.7 0.341

2DL3 13 35.1 10 27.8 0.616

2DL4 37 100.0 36 100.0 1.000

2DL5 22 59.5 17 47.2 0.352

3DL1 26 78.4 29 80.6 0.417

3DL2 37 100.0 36 100.0 1.000

3DL3 37 100.0 36 100.0 1.000

Activating KIRs 2DS1 18 48.6 15 41.7 0.640

2DS2 20 54.1 23 63.9 0.478

2DS3 14 37.8 9 25.0 0.315

2DS4 36 97.3 34 94.4 0.615

2DS5 15 40.5 12 33.3 0.63

3DS1 7 18.9 8 22.2 0.778

Pseudogene 2DP1 34 91.9 34 94.4 1.000

3DP1 37 100.0 36 100.0 1.000

Table 1. �Frequencies of killer immunoglobulin-like receptor (KIR) genes in chronic HBV patients (n=37) and patients with spontaneous 
remission (n=36).
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Figure 2. �KIR genotype profiles of patients with spontaneous remission. Twenty genotypes that differed from each other by the 
presence (shaded box) and absence (white box) of 16 KIR genes were observed. The figure consisted the percentage 
frequency and defined the number of individuals carrying the genotype. Genotype ID refers to genotype classification 
according to www.allelefrequencies.net (43).
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2DS4

Gene

Patients with chronic HBV and 
spontaneous remission

Control group
p value

Number % Number %

Inhibitory KIRs 2DL1 69 94.5 82 96.5 0.705

2DL2 44 60.3 50 58.8 0.872

2DL3 23 31.5 66 77.6 0*

2DL4 73 100.0 85 100 0.212

2DL5 39 53.4 58 68.2 0.072

3DL1 55 79.5 74 87.1 0.066

3DL2 73 100.0 85 100.0 1.000

3DL3 73 100.0 85 100.0 1.000

Activating KIRs 2DS1 33 45.2 41 48.2 0.750

2DS2 43 58.9 51 60.0 1.000

2DS3 23 31.5 30 35.3 0.736

2DS4 70 95.9 75 88.2 0.091

2DS5 27 37.0 39 45.9 0.332

3DS1 15 20.5 41 48.2 0*

Pseudogene 2DP1 68 93.2 82 96.5 0.472

3DP1 73 100.0 85 100.0 1.000

Table 2. �Frequencies of killer immunoglobulin-like receptor (KIR) genes in the control group (n=85) and the group composed of chronic 
HBV patients and patients with spontaneous remission (n=73). Statistically significant genes are indicated in bold characters.
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Figure 3. �Distrubition of KIR gene frequencies of chronic HBV patients, patients with spontaneous remission and controls.
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with spontaneous remission, and healthy controls in a Turkish 
cohort. Our results showed that the frequencies of both KIR2DL3 
and KIR3DS1 genes were much higher in healthy controls than 
in chronic HBV patients and patients with spontaneous remis-
sion. This might indicate that the inhibitory KIR2DL3 and acti-
vating KIR3DS1 were possibly protector genes for HBV infec-
tion. Similarly, Gao et al, in their study comparing 182 chronic 
HBV patients with 140 healthy controls, reported that KIR2DL3: 
HLA-C1 homozygosity was protective against HBV infection 
[22] and that KIR2DL1: HLA-C2 was associated with suscep-
tibility to HBV infection. In contrast, Zhi-ming et al showed 
that KIR2DS2 and KIR2DS3 are HBV-susceptive genes, where-
as KIR2DS1, KIR3DS1, and KIR2DL5 may be protective genes 
that facilitate the clearance of HBV [21] in a Han Chinese pop-
ulation. Population genetic analyses have revealed that the 
frequency and distribution of KIR genes and haplotypes vary 
with ethnicity [19]. Although Zhi-Ming’s study and ours were 
done in different populations, the KIR3DS1 gene was found 
as a protector gene in both studies.

In a wider study, Lu et al analyzed KIR genes in 150 patients 
with chronic HBV infection, 251 spontaneous resolvers, and 
451 healthy controls. They found a lower frequency of the 
A haplotype and higher frequency of the B haplotype in pa-
tients exposed to HBV infection compared with healthy con-
trols, implying a susceptibility effect of the B haplotype [20]. 
In our study, there were no statistically significant differences 
between the rate of AA and Bx genotypes of chronic HBV pa-
tients and patients with spontaneous remission and the con-
trol group. Additionally, in a recent study, Pan et al suggest-
ed the association of a combination of full-length form and 

22 bp-deleted form of KIR2DS4 (KIR2DS4/1D) with hepatocel-
lular carcinoma incidence in patients with chronic HBV [23].

Previous studies showed that there are important similari-
ties between inhibitory and activating KIR frequencies of pa-
tients with hepatitis C and HBV infections, despite these vi-
ruses being phylogenetically unrelated. Khakoo et al reported 
that genes encoding the inhibitory NK cell receptor KIR2DL3 
and its ligand, HLA-C1, influence resolution of hepatitis C virus 
infection in Caucasians and African Americans with expected 
low infectious doses of HCV but not in those with high-dose 
exposure [12]. These findings have been confirmed in sever-
al studies [14,20,24,25].

Conclusions

Chronic HBV patients, patients with spontaneous remission 
of HBV infection, and healthy controls in our population dem-
onstrate that KIR2DL3 and KIR3DS1 are important immuno-
genetic markers in determining antiviral immunity. To explore 
the role of KIRs in HBV infections, the interrelation between 
KIR genes, genotypes, and chronic HBV infection should be 
investigated in many different populations. Models based on 
both activating and inhibitory receptors and their ligand in-
teractions could be generated for detailed genetic studies in 
wider groups. The present study was merely performed in a 
small group in Turkey. Thus, in order to confirm the present 
general results obtained in this study, functional studies and 
investigations in different populations are still needed to bet-
ter understand this mechanism.
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