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1. Introduction

ABSTRACT

Objective: To identify the possible association of killer cell immunoglobulin like receptors (KIRs)
gene polymorphisms in patients with dengue virus infection.

Methods: Seventeen known KIRs were determined in 30 dengue patients and 40 healthy
individuals by the sequence specific primer polymerase chain reaction method. Associations
with specific KIR genes were tested using the Chi—squared test and Fisher test using Epilnfo 7
software.

Results: All frame work genes and pseudo genes were detected among 97¢, and 98¢, of all dengue
cases and healthy individuals respectively. The total carriage frequency of KIR3DL1 and KIR2DL2
were decrease in dengue patients compared with healthy individuals (P=0.0000 and P=0.0005
respectively) from A haplotype and inhibitory receptors.

Conclusions: The KIR polymorphisms may be associated with susceptibility to dengue virus
infection. It could be suggested that KIR3DLI and KIR2DL2 were susceplibility genes for dengue
virus. However, these findings provide certain support for hypothesis, that KIR genes influence
susceptibility and may play a role in the clearance of dengue virus infection.
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cells are a key component of the innate immune system
and are crucial in defense against viruses. NK cells are

Dengue has emerged as a global health problem, as
evidenced by a series of epidemics throughout the tropical,
subtropical and temperate regions of the world. The WHO
has reported that there are 50—100 million infections
worldwide every year, now endemic in more than 100
countries and mostly affect Asia, Africa, and the Americas
with Southeasern Asialll. The pathophysiology of dengue
virus (DENV) infection is multifactorial involving complex
interactions among viral and host factors. The viral factors
include serotype/genotype of the infecting DENV, virulence
of the virus and the extent of viremial2l. Natural killer (NK)

fast—acting lymphocytes that provide the first line of
defense against viral infections, tumor transformation and
autoimmune diseases(3].

Killer cell immunoglobulin like receptors (KIRs) are
expressed by NK cells and certain T lymphocytes where
they regulate specificity and function by interaction with
human leucocyte antigen (HLA) class T molecules and
located on chromosome 19q13.4, highly polymorphicl4l.
KIRs contain both inhibitory and activating receptors. KIR
receptors have been characterized in humans that comprise
either two (2D) or three (3D) extracellular immunoglobulin
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like domains and either a long (L) or short (S) cytoplasmic
tail. Long—tailed receptors carry one or two immunoreceptor
tyrosine—based inhibitory motifs that contribute to inhibitory
signaling. Short—tailed receptors have a lysine residue in
their transmembrane domain that is required for pairing
with the immunoreceptor tyrosine—based activation motifs—
containing adaptor DAP12[4l. Human NK cells largely use
KIRs to differentiate between the unhealthy targets from the
healthy selffsl.

Earlier studies have demonstrated that KIR genes are
involved in the pathogenesis of a various of diseases,
including rtheumatoid arthritis, vasculitis, psoriatic arthritis,
type 1 diabetes mellitus, leprosy, hepatitis B virus, psoriasis
vulgaris infection and malarial6-12]. However till now, the
role of KIR polymorphisms in patients with dengue infection
has not been investigated. Therefore, the present study
was designed to investigate the KIR gene polymorphisms in
dengue cases and healthy individuals by sequence specific
primer polymerase chain reaction (SSP-PCR), with special
attention given to the association between KiRs and the DENV
infection.

2. Materials and methods
2.1. DNA extraction

During the period from 2011 to 2012, we studied thirty
patients (mean age 35 years) with clinical features of
DENV infection and positive for either IgM ELISA or reverse
transcription—polymerase chain reaction for dengue virus
infection. Another fourty samples (mean 36.5 years) were
obtained from apparently healthy individuals who were
negative for IgM and IgG antibodies against dengue infection
and who did not have any clinical features of dengue
infection. The chromosomal DNA was extracted by using
the QiAmp DNA Blood Maxi Kit (Qiagen) and stored at —20 °C
before use.

2.2. KIR genotyping

Genotyping of KIR alleles were performed to detect the
presence or absence of 17 KIR genes such as KIR2DLI,
KIR2DL2, KIR2DL3, KIR2DL4, KIR2DLS5, KIR2DSI, KIR2DS2,
KIR2DS3, KIR2DS4, KIR2DSS5, KIR3DL1, KIR3DL2, KIR3DL3,
KIR3DS1, KIR2DP1, KIR3DP1 and KIR3DX1 by the SSP-PCR
method as described earlier13].

Briefly, PCR was performed in 12.5 pL of reaction mixtures
containing 100 ng of genomic DNA, 10 pmol of each primer, 2
mmol/L, deoxyribonucleotide triphosphate (Bangalore Genei,
India), 2.5 mmol/L, MgCl, and 1 1U of DNA Tag polymerase
(Bangalore Genei, India) and carried out in a GeneAmp PCR
system 2720 (Applied Biosystems, USA). The PCR conditions
were as follow as: 95 °C for 2 min for initial denaturation was
followed by 10 cycles of 94 °C for 10 seconds and 65 °C for 40
seconds, then 20 cycles of 94 °C for 20 seconds, 61 °C for 20
seconds and 72 °C for 30 seconds. The amplified PCR products
were electrophoresed in 2.5% agarose gels, containing pre—
stained with ethidium bromide and viewed under UV trans—

illuminator. Furthermore, genotypes observed in this study
were defined as haplotype combinations, AA, AB, and BB[141.

2.3. Statistical analysis

Associations with specific KIR genes were tested using the
Chi—squared test and Fisher test using Epilnfo 7 software
(www.cde.gov/epiinfo). P<0.05 (two—tailed) was considered
statistically significant.

3. Results
3.1. Carrier frequency of each KIR genes

A total of 30 dengue patients and randomly selected 40
healthy individual DNA samples were analyzed to look for an
association with KIR genes in DENV infection. The number
of individuals carrying each KIR gene, individual KIR gene
frequencies, inhibitory/activating KIR gene and interactions
were counted. The carrier frequency of each KIR genes
among patients with dengue virus infection and healthy
individuals is shown in Table 1.

Tablel
Comparison of carrier frequency of KIR genes A haplotype B haplotype and

framework/pseudo genes in dengue cases and healthy individuals.

KIR alleles Dengue Healthy individuals P value
(n=30)% F (N) n=40)% F (N)
A haplotype 2DL1 100.0 (30) 100.0 (40) -
associated KIR genes 2DL3 83.3 (25) 85.0 (34) 0.8860
3DLI 20.0 (6) 100.0 (40) 0.0000
2DS4 56.6 (17) 77.5 31) 0.1100
B haplotype 2DI1.2 63.0 (19) 97.5 (39) 0.0005
associated KIR genes 2DLS 86.6 (26) 82.5 (33) 0.8869
3DS1 53.3 (16) 62.5 (25) 0.5993
2DS1 50.0 (15) 40.0 (16) 0.5549
2DS2 76.6 (23) 75.0 (30) 0.9039
2DS3 46.6 (14) 65.0 (26) 0.1971
2DS5 46.6 (14) 60.0 (24) 0.3866
Framework genes/  2DL4 97.5 (29) 100.0 (40) -
pseudo genes 3DI1.2 97.5 (29) 97.5 (39) -
3DL3 97.5 (29) 97.5 (39) =
2DP1 97.5 (29) 97.5 (39) =
3DP1 100.0 (30) 100.0 (40) =

All frame work genes and pseudo genes were detected among
97% and 98% of all dengue cases and healthy individuals
respectively. Both groups contain, KIR2DI4 (96.6% and 100%),
KIR3DL2 (96.6% and 97.5%), KIR3DL3 (96.6% and 97.59%), KIR2DP1
(96.6% and 97.5%), KIR3DP1 (100.0% and 100.0%) and KIR3DX1
(96.6% and 97.5%) genes were found respectively.

In A haplotype, the maximum f{requencies of two alleles
KIR2DL1 and KIR3DLI were from healthy individuals, KIR2DLI
were observed 100.0% from dengue cases. Although, B haplotype
the minimum frequencies of one allele KIR2DSI of 40% were
from healthy individuals, alleles KIR3DLI, KIR2DSI and KIR2DS5
were observed 20.0%, 50.0% and 46.6% from dengue cases
respectively. However, the total carriage frequency of KIR3DLI
and KIR2DL2 were lower in dengue patients than in healthy
individuals (P=0.0000 and P=0.0005, respectively).
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3.2. Inhibitory KIRs in dengue cases and healthy individuals

Further, these 17 KIR genes contain activating receptors
and inhibitory receptors. The activating receptors were
observed in dengue cases and healthy individuals. The
difference in the dengue cases and healthy individuals
was not statistically significant. The frequency of KIR2DL2
(corrected P=0.0005, OR=0.044, CI: 0.001-0.358) and
KIR3DLI (corrected P=0.0000, OR=0.000, CI: 0.000—0.036) was
statistically significant. The remaining alleles were not
difference in statistical significance in inhibitory receptors.

The frequency of KIR genes carrying the different
heterozygous and homozygous genotypes.

Furthermore, representative of AA, BB and AB genotypes
and their assumed haplotype combinations were observed
from dengue patients and healthy individuals. The highest
frequencies of genotypes in patients and controls were
homozygote BB genotype and heterozygote AB, respectively.

Two (6.6%) were heterozygous (AB genolypes), which in
other words is a combination of A and B haplotypes, 28
(93.3%) showed a combination of B haplotypes from 30 dengue
cases. However, none of the genotypes had a combination of
A haplotype. In healthy individuals, 26 (65%) heterozygous
AB genotypes were observed to be combination of A and
B haplotypes, 14 (35%) homozygous BB genotypes were
observed to be combination of B haplotypes and none of
the homozygous AA genotypes were observed. Interestingly,
both the homozygous BB genotypes and heterozygous
AB genotypes (P=0.000003) differences were statistically
significant.

4. Discussion

NK cells are an essential component of innate immunity
and provide a crucial initial defense against pathological
organisms during the time (0-5 d) when the adaptive
immune system is processing antigenl!5l. A striking feature
of KIR genes is their lack of conservation among species and
their rapid evolution, which cannot be accounted solely by
divergence in HLA class I moleculesli6l. If KIR gene evolution
were pathogen driven, some of the diversity would be
expected to correlate with resistance or sensitivity to certain
infectious diseases. Several genetic studies on viral infection
have revealed an influence of HLA—KIR gene interactions on
disease outcomell7l. This data clearly presented that there
was a difference in the frequencies of these KIR genes in
dengue patients and healthy individuals. Recently, most
of the studies focused on human genetic factor relevant to
infectious diseases in HLA genetic alterationl!8].

The present study establishes the presence/absence of 17
KIR genes in dengue infected and healthy controls. Earlier
studies have suggested the possibility of KIR3DLI evolution
maintains variation in KIR3DL1 cell-surface expression
levels, potentially due to the effect of such variation on
functional capacityl19]. In the two unrelated viral infections,
hepatitis C virus and human T lymphotropic virus type 1,
possession of the KIR2DL2 gene enhanced both protective
and damaging HLA class I-restricted anti-viral immunityl20].

The inhibitory KIR genes 2DL2 is linked together as a
cluster in the centromeric half of the KIR gene complex.
Investigation of these frequencies relative to the frequencies
of the haplotype combination AB/BB revealed that haplotypes
with both KIR3DLI and KIR2DL2 account for a proportion of
the A and B haplotypes. A similar distribution among the
leprosy cases, with a reduced frequency of AA haplotype in
borderline patients (20.0%) compared with controls (33.9%),
was observed but it was not statistically significant/9].

A recent study on NK cell dysfunction in overactive
immune responses to HINI infection showed KIR3DLI/SI and
KIR2D12/L3 allotypes and cognate HLA ligands in HIN1[21].
However, indicating these two alleles KIR3DL1 and KIR2DI.2
susceptibility of DENV infection. In this present study the
dengue cases were associated with reduced quantity of the
inhibitory KIR3DLI allele and an increased quantity of the
activatory KIR3DS1 allele. This data clearly showed there was
a difference in the frequencies of KIR alleles. The presence
of inhibitory receptor KIR3DL! and another inhibitory
receptor KIR2DL2 was statistically significant in patients
with DENV infection compared to healthy individuals.
This association might reduce the risk for DENV infection.
These results revealed a role of inhibitory KiRs. However,
we may conclude that inhibitory KIRs, in synergy with T
cells, are a major factor of the outcome of persistent viral
infection. Although obtained in a relative small cohort of
study subjects, it confirms that NK cells play a role in this
phenomenon and suggest a possible explanation for the
increased NK activity seen in dengue patients.
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Comments

Background

KIRs are a family of highly polymorphic activating and
inhibitory receptors that serve as key regulators of human
NK cells. The authors have attempted to identify the possible
association of KIRs gene polymorphisms in patients with
DENV infection.

Research frontiers

The authors collected DNA samples from a total 30 dengue
patients and randomly selected 40 healthy individual and
analyzed the samples to explore an association with KIR
genes in DENV infection. The number of individuals carrying
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each KIR gene, individual KIR gene frequencies, inhibitory/
activating KIR gene and interactions were counted.

Related reports

Earlier studies have demonstrated that KIR genes are
involved in the pathogenesis of a various of diseases,
including malaria (Yindom et al., 2012). However till now, the
role of KIR polymorphisms in patients with dengue infection
has not been investigated. Therefore, the present study
was designed to investigate the KIR gene polymorphisms in
dengue cases.

Innovations & breakthroughs

KIR genes are involved in the pathogenesis of a various of
diseases, including rtheumatoid arthritis, vacuities, psoriatic
arthritis, type 1 diabetes mellitus etc. The present study
was designed to investigate the KIR gene polymorphisms
in dengue cases and healthy individuals by SSP-PCR, with
special attention given to the association between KIRs and
the DENV infection.

Applications

Dengue is a serious public health problem and vector
control is the only option to control the spread of the
disease. No vaccine or specific treatment is available for
dengue fever. Hence, these findings that KIR genes influence
susceptibility and may play a role in the clearance of DENV
infection, will be useful for develop a novel tool to fight
against dengue infections.

Peer review

This is a well designed research study to know the
possible association of KIRs gene polymorphisms in patients
with DENV infection. In view of the significant regulatory
influences of KIRs on immune function and human health, it
is essential to encourage research on KIRs.

References

[1] Chaaithanya IK, Bhattacharya D, Muruganandam N, Thamizhmani
R, Babu BV, Sundaram SG, et al. Dengue: a newly emerging viral
infection in Andaman and Nicobar Islands, India. Epidemiol
Infect 2012; 140(10): 1920—1924.

[2] Martina BE, Koraka P, Osterhaus AD. Dengue virus pathogenesis:
an integrated view. Clin Microbiol Rev 2009; 22(4): 564—581.

[3] Liaskou E, Wilson DV, Oo YH. Innate immune cells in liver
inflammation. Mediators Inflamm 2012; 2012: 949157.

[4] Kimoto Y, Horiuchi T, Tsukamoto H, Kiyohara C, Mitoma H,
Uchino A, et al. Association of killer cell immunoglobulin—
like receptor 2DLS5 with systemic lupus erythematosus and
accompanying infections. Rheumatology (Oxford) 2010; 49(7):
1346—1353.

[5S] Rajalingam R. Human diversity of killer cell immunoglobulin—
like receptors and disease. Korean J Hematol 2011; 46(4): 216—228.

[6] Yen JH, Lin CH, Tsai WC, Wu CC, Ou TT, Hu CJ, et al. Killer cell
immunoglobulin—like receptor gene’s repertoire in rheumatoid
arthritis. Scand J Rheumatol 2006; 35(2): 124—127.

[7] Martin MP, Nelson G, Lee JH, Pellett F, Gao X, Wade J, et al.

Cutting edge: susceptibility to psoriatic arthritis: influence
of activating killer Ig—like receptor genes in the absence of
specific HLA—-C alleles. J Immunol 2002; 169(6): 2818—2822.

[8] van der Slik AR, Koeleman BP, Verduijn W, Bruining GJ, Roep
BO, Giphart MJ. KIR in type 1 diabetes: disparate distribution of
activating and inhibitory natural killer cell receptors in patients
versus HLA—-matched control subjects. Diabetes 2003; 52(10):
2639-2642.

[9] Franceschi DS, Mazini PS, Rudnick CC, Sell AM, Tsuneto
LT, de Melo FC, et al. Association between killer—cell
immunoglobulin-like receptor 7 genotypes and leprosy in
Brazil. Tissue Antigens 2008; 72(5): 478—482.

[10] Zhi-ming L, Yu-lian J, Zhao-lei F, Chun—-xiao W, Zhen—
fang D, Bing—chang Z, et al. Polymorphisms of killer cell
immunoglobulin-like receptor gene: possible association with
susceptibility to or clearance of hepatitis B virus Infection in
Chinese Han population. Croat Med J 2007; 48(6): 800—806.

[11] Suzuki Y, Hamamoto Y, Ogasawara Y, Ishikawa K, Yoshikawa
Y, Sasazuki T, et al. Genetic polymorphisms of killer
cell immunoglobulin-like receptors are associated with
susceptibility to psoriasis vulgaris. J Invest Dermatol 2004;
122(5): 1133—1136.

[12] Yindom LM, Forbes R, Aka P, Janha O, Jeffries D, Jallow M,
et al. Killer—cell immunoglobulin-like receptors and malaria
caused by Plasmodium falciparum in The Gambia. Tissue
Antigens 2012; 79(2): 104—113.

[13] Vilches C, Castafio J, Gomez—Lozano N, Estefania E. Facilitation
of KIR genotyping by a PCR—SSP method that amplifies short
DNA fragments. Tissue Antigens 2007; 70(5): 415—422.

[14] McQueen KL, Dorighi KM, Guethlein LA, Wong R, Sanjanwala B,
Parham P. Donor—recipient combinations of group A and B KIR
haplotypes and HLA class I ligand affect the outcome of HLA—
matched, sibling donor hematopoietic cell transplantation. Hum
Immunol 2007; 68(5): 309—323.

[15] Ashouri E, Farjadian S, Reed EF, Ghaderi A, Rajalingam
R. KIR gene content diversity in four Iranian populations.
Immunogenetics 2009; 61(7): 483—492.

[16] Bonagura VR, Du Z, Ashouri E, Luo L, Hatam LJ, DeVoti JA, et
al. Activating killer cell immunoglobulin—like receptors 3DS1
and 2DSI protect against developing the severe form of recurrent
respiratory papillomatosis. Hum Immunol 2010; 71(2): 212—219.

[17] Béziat V, Traherne JA, Liu LL, Jayaraman J, Enqvist M, Larsson
S, et al. Influence of KIR gene copy number on natural killer
cell education. Blood 2013; 121(23): 4703—4707.

[18] Singh KK, Spector SA. Host genetic determinants of human
immunodeficiency virus infection and disease progression in
children. Pediatr Res 2009; 65(5 Pt 2): 55R—63R.

[19] Thomas R, Yamada E, Alter G, Martin MP, Bashirova AA,
Norman PJ, et al. Novel KIR3DL! alleles and their expression
levels on NK cells: convergent evolution of KIR3DL! phenotype
variation? J Immunol 2008; 180(10): 6743—6750.

[20] Seich Al Basatena NK, Macnamara A, Vine AM, Thio CL,
Astemborski J, Usuku K, et al. KIR2DL2 enhances protective
and detrimental HLA class [-mediated immunity in chronic
viral infection. PLoS Pathog 2011; 7(10): €1002270.

[21] La D, Czarnecki C, El-Gabalawy H, Kumar A, Meyers AF,
Bastien N, et al. Enrichment of variations in KIR3DL1/S1 and
KIR2DL2/L3 among HIN1/09 ICU patients: an exploratory study.
PLoS One 2011; 6(12): €29200.



