
 

Copyright© 2011, IRANIAN JOURNAL OF ALLERGY, ASTHMA AND IMMUNOLOGY. All rights reserved.                    189 

ORIGINAL ARTICLE 

Iran J Allergy Asthma Immunol 

September 2011; 10(3): 189-194. 

 

 

Study of KIR Expression and HLA Ligands in CD56
+
 Lymphocytes of Drug 

Resistant Tuberculosis Patients 
 

Tahereh Mousavi1,2,3, Farhad shahsavar4, Parisa Farnia5, Nader Tajik1,3, and Mahbubeh Soofi6 

 

1
 Department of Immunology, Tehran University of Medical Sciences, Tehran, Iran 

2
 Microbial Resistance Research Center, Tehran University of Medical Sciences, Tehran, Iran 

3
 Immunology Research Center, Tehran University of Medical Sciences, Tehran, Iran 

4
 Department of Immunology, Lorestan University of Medical Sciences, Khorram Abad, Iran. 
5
 Mycobacteriology Research Center (NRITLD), Massih Daneshvary Hospital, Tehran, Iran 

6
 Department of Microbiology, Ghom University of Medical Sciences, Ghom, Iran 

 

Received:  14 September 2010 ; Received in revised form: 15 November 2010 ; Accepted: 23 January 2011 

 

 

ABSTRACT 

 

Analysis of receptor–ligand interactions in the context of diseases necessitates to 
understand how HLA–KIR genotypes function in diseases. Although CD56+ lymphocytes 
are derived from multiple lineages, they share a functional association with 
immunosurviellance and antimicrobial responses.  

The present study aimed to determine whether KIR phenotype in CD56 lymphocytes and 
corresponding HLA-class 1 ligands are associated with multidrug resistance tuberculosis 
(MDR-TB). We compared the frequencies of HLA-C and HLA-BW4 genes, the expression 
of KIRs 2DL1/2DS1, 2DL2/2DL3, 3DL1, and 2DS4 and the combinations of HLA/KIR 
in 32 Nifamycin and Isoniazid-resistant TB with those in 68 drug non resistant (NR) sputum 
smear positive pulmonary TB patients. PCR-SSP and flow cytometry were performed for 
HLA and KIRs typing, respectively.  

We showed no significant differences between inhibitory or activating KIRs as well as 
HLA ligands in MDR TB patients compared with NR-TB . The combinations of inhibitory 
KIR-HLA ligands in MDR-TB were much more prevalent, but not statistically significant 
than in NR patients (p=0.07). The frequency of MDR patients with all HLA-C and HLA-
BW4 ligands was higher than NR-TB (p<0.009). Conversely, the percentage of MDR 
patients having only one kind of HLA gene was significantly lower than NR-TB (p<0.01). 
We conclude that the expression of inhibitory KIRs with corresponding HLA ligands genes, 
and/or co-existence of three HLA class 1 ligands for inhibitory KIRs may be associated with 
drug resistance in pulmonary tuberculosis. 
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INTRODUCTION 

 

Tuberculosis (TB) is one of the major infectious 

diseases causing morbidity and mortality in the world.
1
 

Treatment of patients with drug resistant strains of 

tuberculosis is expensive, difficult, and less effective.
2
 

Understanding of the immune response generated 

against tuberculosis has been improved due to advances 

in immunological tools. The inflammatory environment 

upon M.tb infection recruits innate effector cells such 

as macrophages, polymorphonuclear neutrophils 

(PMN) and NK cells to the infectious area. This 

eventually leads to the establishment of acquired T cell 

immunity which appears to be protective in more than 

90% of infected individuals.3 

Host susceptibility factors and immunological 

differences between TB patients and healthy 

individuals were studied in many investigations. 

Identification of risk factors could help to understand 

the causal associations especially in multi-drug 

resistant (MDR) TB. Several evidences indicated the 

involvement of the major histocompatibility complex 

(MHC) in susceptibility to TB. Association of HLA, 

with development of pulmonary TB has been 

established in various studies in different ethnic 

groups.
4-6

 In our country a report on the frequencies of 

HLA-B17 and -DR14 in TB patients suggests that these 

alleles could be either positively or negatively 

associated with pulmonary TB.7 A study on leukocytes 

and CD56/CD16 lymphocytes of TB patients was 

previously reported from our laboratory.8 However, 

genetic host susceptibility to MDR-TB is not clearly 

defined in most of reported studies.9,10  

Killer cell immunoglobulin-like receptors (KIRs) 

are polymorphic glycoproteins expressed on the cell 

surface of natural killer (NK) and subsets of T cells. 

KIRs interact with specific motifs on HLA class I 

molecules and modulate NK cytolytic activity.
11-13

 

KIRs have a multifunctional role in disease. Many 

studies have been performed to determine the role of 

these receptors and also their HLA class I ligands in 

human diseases. Salim I et al. have summarized the 

findings from a number of disease association studies 

and discussed on the activating and inhibitory roles of 

this genes.14 

Up to 15 activation and inhibitory KIR genes are 

expressed on NK cells. All mature NK cells express at 

least one receptor specific for self MHC. Besides NK 

cell connecting innate and adaptive immunity, NK is an 

effector lymphocyte in the early immune response by 

killing the abnormal cells and by releasing 

immunomodulatory cytokines.15,16 17 

Human NK cells share granulysin with cytotoxic T 

cells to kill M. tuberculosis. NK cells are able to 

directly lyse M. tb-infected monocytes and 

macrophages in vitro18 they mediate early protection 

against M.tb and a variety of intracellular pathogens.
19

 

However, although the recent reports indicate the role 

of NK cells to mounting a strong response to M. 

tuberculosis, their exact function in vivo remains 

unclear. 

CD56 expressing NK cells comprise 5–10% of the 

PBMCs. CD56 or neural cell adhesion molecules are 

expressed on the surface of neurons, glia, skeletal 

muscle, activated T cells and natural killer cells. They 

have a role in cell-cell adhesion and are involved in the 

mechanisms by which these cells home into 

inflammation areas In this study we investigated. 

CD56/KIR bearing NK and activated NK-T cells in 

PBMCs from MDR and DR tuberculosis patients using 

antibodies against CD56 and KIRs. As the KIR genes 

are not always expressed on the cell surface, the 

purpose of this study was to determine whether KIR 

expressions and their HLA ligands either alone or in 

combinations are associated with MDR- TB. For this, 

we compared the frequencies of each KIR phenotype as 

well as HLA-C and HLA-Bw4 alleles in MDR- TB 

patients with those in drug non resistant (NR) TB 

patients.
20

 

 

PATIENTS AND METHODS 

 

The study consisted of 100 patients referred to 

Masih Daneshvari hospital during the period between 

2007-2009. All patients had symptoms of pulmonary 

tuberculosis and were classified into two groups; 

MDR-TB (n = 32) and drug sensitive group (n = 68) 

based on the resistance to both rifampicin and 

isoniazid, determined by drug sensitivity testing.
21

 

Resistance was indicated by the growth of more than 

1% of the colonies in the drug-containing medium. 

This research project had been approved by the 

university. More over an informed consent was taken 

from all participants. 

Monoclonal antibodies (mAbs) -The mAbs used     

in this study were FITC–conjugated anti-CD56,         

PE-conjugated anti-CD 158a/h (KIR2DL1/2DS1),     

PE-conjugated anti-CD 158b (KIR2DL2/2DL3),      
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PE-conjugated anti-CD 158 e (KIR3DL1), PE-

conjugated anti-CD158i (KIR2DS4) and PE or FITC 

conjugated mouse isotype controls. All antibodies were 

obtained from CALTAG laboratories, CA.   

 Flow cytometry Peripheral blood mononuclear 

cells (PBMCs) were separated from heparinized blood 

by Lymphoprep (Axis-shield AS, Oslo, Norway) 

gradient centrifugation. In order to exclude adherent 

cells, Each PBMC was incubated in a culture dish in a 

humidified 5% CO2, 95% air atmosphere at 37 
o
C for 

60 minutes. After incubation, non adherent cells were 

collected and washed twice in phosphate-buffered 

saline (PBS). Two-color immunofluorescence staining 

was carried out for surface phenotyping using mAbs to 

CD56 and one anti- KIR. The stained cells were then 

suspended in 0.5 ML of PBS and analyzed by flow 

cytometry. Lymphocyte subsets were identified by 

gating analysis, and fluorescence profiles were 

obtained for 10000 cells from each sample. Negative 

controls for each experiment were performed with 

FITC- and PE-labeled mouse immunoglobulin-G and 

unlabeled samples. The frequency of each KIR-

expressing CD56+ lymphocytes was calculated using 

dot plots. 

HLA typing- DNA was extracted from each 

peripheral blood.  PCR-SSP method was performed for 

HLA- typing (KIR-TYPE/EPITOP-TYPE kit, BAG 

health care, Germany) according to recommended 

instruction.  

Statistical analysis - Data obtained from flow 

cytometry are expressed as percentages. Data were 

analyzed using SPSS program. The Pearson chi-square 

or Fishers exact tests was performed to assess the 

association of KIR surface antigens and HLA genes 

(alone or in- combination) with MDR-TB. All 

statistical tests were considered as significant if P < 

.05. 

 

RESULTS 

 

We investigated the expression of KIRs on the 

surface of lymphocytes with and without their 

corresponding HLA class 1 ligands. We stained 

PBMCs using mAbs to CD56 and KIRs and gated 

lymphocyte area to detect positive cells. Therefore, the 

majority of NK and NK-T, the important effector cells 

against M.tb infection existed in gated region. All 

results obtained from flow cytometry in two groups of 

TB patients are represented in figures 1 to 3. 

Considering any distinct  KIR or HLA marker, neither 

KIRs molecules (2DL1, 2DL2/ 2DL3, 2DL1/2DS1, 

3DL1 and KIR2DS4), nor HLA genes (C1group, 

C2group and Bw4 motifs) showed significant 

differences (P≥ 0.1) between MDR and NR TB patients 

(Figures 1and 2). Moreover, we compared MDR and 

DR TB patients based on the number of HLA-class 1 

alleles in each patient. According Data represented in 

figure 2, the majority of MDR patients had all three 

ligands (HLA-C1and 2 groups, HLA-BW4) in their 

genome (p<0.007). Conversely, the percentage of MDR 

patients having only one kind of HLA ligand gene for 

inhibitory KIRs was significantly lower than those in 

NR-TB (p<0.009). Regarding KIR/HLA combinations, 

as shown in figure 3, although the majority of MDR-

TB patients with inhibitory KIRs were positive for 

corresponding HLA ligands. The differences between 

MDR and NR TB patients were not found to be 

statistically significant (p≥ 0.08).  

 

 

Figure 1. Distribution of KIRs molecules in drug sensitive 

(NR-TB) and drug resistant (MDR) tuberculosis patients.  

PBMCs were double-stained with anti-CD56 and anti- 

CD158i for KIR2DS4 or anti-CD158a/h for 

KIR2DL1/2DS1 or anti-CD158e for KIR3DL1 or anti-

CD158b for KIR2DL2/2DL3. No significant differences 

are seen between two groups (p ≥ 0.1).   

 

 

Figure 2. Distribution of HLA class-1 ligands for 

inhibitory KIRs in MDR and NR tuberculosis. The 

significant decrease for having only 1 HLA (P≤ 0.009) and 

increase for having the three HLA ligand (P≤ 0.007) are 

seen in MDR-TB compared with ND-TB patients.  
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Figure 3. Distribution of different KIR molecules and 

their corresponding ligands in drug sensitive and MDR 

tuberculosis patients. PBMCs were double-stained with 

anti-CD56 and anti- CD158i for KIR2DS4 or anti-

CD158a/h for KIR2DL1/2DS1 or anti-CD158e for 

KIR3DL1 or anti-CD158b for KIR2DL2/2DL3.  HLA 

alleles were typed using PCR- SSP. No significant 

difference is detected between two patients groups (p≥ 

0.01). 

 

DISCUSSION 

 

MDR- TB is a growing problem worldwide. It also 

increases the mortality rate by co-infection with human 

immunodeficiency virus. Only a small percentage of 

patients infected with Mycobacterium tuberculosis 

develop clinical TB. Reports on the clinical and 

immunogenetic association for the development of 

multi-drug resistant tuberculosis suggest that HLA 

complex acts as an independent predictor for the 

development of MDR-TB.10,22 However, association of 

KIR/HLA with multidrug resistance TB has not been 

studied yet. 

NK cell activity in TB infection is controlled by 

cytokines and a complex repertoire of activating and 

inhibitory receptors. Due to the involvement of KIR-

HLA combinations mentioned in some infectious and 

non-infectious diseases
23-25

 we investigated a number 

of HLA class 1 genes (HLA-C and HLA-BW4) and 

expression of their corresponding inhibitory receptors 

(KIR2DL1, KIR2DL2 / KIR2DL3, KIR3DL1) as well 

as activating KIR2DS4 expression in peripheral blood 

lymphocytes from TB patients. For this, we selected 

CD56 positive lymphocytes to investigate the 

expression of KIRs on the surfaces of NK and activated 

T cells.  

It has been reported that diverse human peripheral 

blood lymphocytes (PBL) populations express CD56 

molecule on their surfaces. Among these lymphocytes, 

NK and NK-T cells are identified.
20

 The killing activity 

of CD56 lymphocytes is balanced by contra-regulatory 

signals derived from inhibitory and activating KIR 

receptors.
26-29

 In this study, as the CD56 bearing 

adherent cells had been removed from PBMCs, all 

CD56/KIR positive NK and activated T lymphocytes 

were included in the experiments.  

Although, the number of TB patients with 

KIR2DL1 or KIR2DL3 genes have been previously 

shown to be different compared with controls,
26,30

 we 

found no significant differences between expression of 

either inhibitory or activating KIRs in MDR-TB 

compared to DR-TB patients. We suggest that different 

results (phenotype versus genotype studies) could be 

due to the failure of some KIR gene expression or 

differences in case/control populations.   

Until now, there is no documented report on the 

HLA associations with MDR-TB from Iran. In this 

study no changes of HLA-C and BW4 allele 

frequencies were detected in MDR compared to NR –

TB patients. We also calculated the percentages of 

different combinations of HLA ligands to determine the 

frequencies of MDR and NR TB-patients bearing one, 

two or three HLA alleles in their genomes. After 

analysis of HLA alleles, we noted that the percentage 

of patients bearing only one ligand for inhibitory KIRs 

was significantly lower in MDR in comparison to those 

in NR-TB. Conversely, higher proportion of MDR-TB 

patients had all three kinds of HLA-class 1 genes. 

Thus, coexistence of HLA-class 1 ligands may lead to 

more inhibition of cytotoxic activities in TB patients 

resulting drug resistance status. 

As the allelic diversity of KIRs and their respective 

MHC class 1 ligands creates a further level of 

complexity to interpretation, both KIRs and their HLA 

class 1 ligands must be considered together in disease 

association studies.28,30 However, all KIR alleles do not 

express on the cell surface and/or are not functional. 

Therefore, to understand any relationship between 

these markers and MDR-TB, we studied on the 

expressed KIR molecules and HLA ligand genes 

together. Analysis of KIRs phenotypes together with 

related HLA ligands indicated that the percentages of 

any combination of KIR/HLA was higher, but not 

statistically significant in patients with MDR-TB 

compared to NR-TB. Thus, we suggest that expansion 

of inhibitory KIRs plus their HLA ligands may 

associate with drug resistance and reducing NK cell 

activation in TB patients. However, as we found no 

statistically significant differences between MDR and 

NR-TB, this could be attributed to limited sample sizes. 
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Taken together, some different findings are noted 

between this study and other reports investigated on 

KIRs and HLA ligands associations.10,22-26,31-33 We 

suggest that inconsistency between our and others 

results may be attributed to: 1) different study subjects, 

in many reports subjects were TB patients and normal 

controls while in this study MDR patients were 

compared with NR-TB. 2) Different methods for KIR 

assay; in the majority of studies KIRs were detected 

genetically while in this study phenotypes of gene 

expressions were studied. In this study the importance 

of KIR expressions was shown besides the genetic 

studies.  Although our results suggest greater inhibition 

in MDR patients relative to drug sensitive TB controls, 

further studies on other KIRs and also HLA and non 

HLA ligands are needed to confirm these findings. We 

suggest that phenotypic studies and genetic link for 

disease development could help to improve treatment 

strategies in MDR-TB. However, in order to confirm 

the exact influence of KIR/HLA combinations in 

MDR-TB, studies on extended number of patients are 

required. We Hope that a molecular basis for MDR-TB 

associations with HLA– KIR combinations will be 

provided in near future. 

 

ACKNOWLEDGMENTS 

 

We would like to thank all patient participants for 

their kind collaboration in the study. This study was 

partially funded by Immunology Research Center, 

Tehran University of Medical Sciences. 

 

REFERENCES 

 

1. Dye C. Global epidemiology of tuberculosis. Lancet 

2006; 367:938-940. 

2. World Health Organization. Antituberculosis drug 

resistance in the world: the WHO/IUATLD Global 

project on antituberculosis drug resistance surveillance, 

1994–1997. WHO Global Tuberculosis Program, Geneva, 

Switzerland; Report No: WHO/TB/1997;229. 

3. Sutherland JS, Jeffries DJ, Donkor S, Walther B, Hill PC, 

Adetifa IM, et al. High granulocyte/lymphocyte ratio and 

paucity of NKT cells defines TB disease in a TB-endemic 

setting. Tuberculosis (Edinb) 2009; 89(6):398-404.  

4. Terán-Escandón D, Terán-Ortiz L, Camarena-Olvera A, 

González-Avila G, Vaca-Marín MA, Granados J, et al. 

Human leukocyte antigen associated susceptibility to 

pulmonary tuberculosis. Molecular analysis of class II 

alleles by DNA amplification and oligonucleotide 

hybridization in Mexican patients. Chest 1999; 

115(2):428–33. 

5. Dubaniewicz, A, Lewko, B, Moszkowska, G, Zamorska, 

B, Stepinski J. Molecular subtypes of the HLA-DR 

antigens in pulmonary tuberculosis. Int J Infect Dis 2000; 

4(3): 129–33. 

6. Rahmajothi V, Pitchappan RM, Kakkanaiah VN, 

Sashidhar M, Rajaram K, Ramu S, et al. Association of 

pulmonary tuberculosis and HLA in South India. 

Tubercle 1991; 72(2):123–32. 

7. Mahmoudzadeh-N H, Khalili G, Fadavi P. Allelic 

Distribution of Human Leukocyte Antigen in Iranian 

Patients With Pulmonary Tuberculosis. Hum Immunol 

2003; 64(1):124–9. 

8. Mousavi T, Farnia P, Tajik N, Soofi M. A comparative 

study on leukocytes and subsets of CD56/CD16 

lymphocytes in MDR pulmonary tuberculosis. Iran J 

Immunol 2010; 7(1):49-56. 

9. Park M, Song E, Park H, Kwon S, Han S, Shim Y. 

HLADRB1and DQB1 gene polymorphism is associated 

with multidrug resistant tuberculosis in Korean patients. 

Hum Immunol 2002; 63:S33. 

10. Sharma SK, Turaga KK, Turaga A, Balamurugan PK, 

Saha RM, Pandey NK, et al. Clinical and genetic risk 

factors for the development of multi-drug resistant 

tuberculosis in non-HIV infected patients at a tertiary care 

center in India: a case-control study. Infect Genet Evol 

2003; 3(3):183–8. 

11. Moretta A, Sivori S, Vitali M, Pende D, Morelli L, 

Augugliaro R, et al. Existence of both inhibitory (p58) 

and activating (p50) receptors for HLA-C molecules in 

human natural killer cells. J Exp Med 1995; 182(3):875-

84. 

12. Martin Am, Freitas EM, Witt CS, Christiansen FT. The 

genomic organization and evolution of the natural killer 

immunoglobulin- like receptor (KIR) gene cluster. 

Immunogenetics 2000; 51(4-5):268-80. 

13. Selvakumar A, Steffens U, Dupont B. Polymorphism and 

domain variability of human killer cell inhibitory 

receptors. Immunol.Rev 1997; 155:183-96. 

14. Khakoo SI, Carrington M. KIR and disease: a model 

system or system of models?  Immunol Rev 2006; 214: 

186–201. 

15. Passweg JR, Koehl U, Uharek L, Meyer-Monard S, 

Tichelli A. Natural-killer-cell-based treatment in 

haematopoietic stem-cell transplantation. Best Pract Res 

Clin Haematol 2006; 19(4):811-24.  



T. Mousavi, et al. 

194/ IRANIAN JOURNAL OF ALLERGY, ASTHMA AND IMMUNOLOGY                Vol. 10, No. 3, September 2011 

16. Azuz-Lieberman N, Markel G, Mizrahi S, Gazit R, Hanna 

J, Achdout H, et al. The involvement of NK cells in 

ankylosing spondylitis. Int Immunol 2005; 17(7):837-45. 

17. Stenger S, Rosat JP, Bloom BR, Krensky AM, Modlin 

RL. Granulysin: a lethal weapon of cytolytic T cells, 

Immunol Today 1999; 20(9):390–4. 

18. Denis M. Interleukin-12 (IL-12) augments cytolytic 

activity of natural killer cells toward Mycobacterium 

tuberculosis-infected human monocytes, Cell Immunol 

1994; 156(2):529–36. 

19. Lamichhane G, Bishai W. Defining the ‘survivasome’ of 

Mycobacterium tuberculosis. Nat Med 2007; 13(3):280-2. 

20. Campbell JJ, Qin S, Unutmaz D, Soler D, Murphy KE, 

Hodge MR, et al. Unique subpopulations of CD56 + Nk 

and NK-T peripheral blood lymphocytes identified by 

chemokine receptor expression repertoire. J Immunol 

2001; 66(11):6477-82. 

21. Canetti G, Fox W, Khomenko A, Mahler HT, Menon NK, 

Mitchison DA, et al. Advances in techniques of testing 

mycobacterial drug sensitivity, and the use of sensitivity 

tests in tuberculosis control programmes. Bull World 

Health Organ1969; 41(1):21-43. 

22. Me´ndez1 A, Granda H, Meenagh A, Contreras1 S, 

Zavaleta R, Mendoza1 MF, et al. Study of KIR genes in 

tuberculosis patients. Tissue Antigens 2006; 68(5):386–9. 

23. Katz G, Gazit R, Arnon TI, Gonen-Gross T, Tarcic G, 

Markel G, et al. MHC Class I-Independent Recognition 

of NK-Activating Receptor KIR2DS41. J Immunol 2004; 

173(3):1819–25. 

24. Mousavi T, Poormoghim H, Moradi M, Tajik N,  

Sahsavar F,  Asadifar B. Inhibitory Killer Cell 

Immunoglobulin-Like Receptor KIR3DL1 in 

combination with HLA-B Bw4 iso is Associated with 

Ankylosing Spondylitis. Iran J Immunol 2010; 7(2):88-

95. 

25. Al Omar S, Middleton D, Marshall E, Porter D, 

Xinarianos G, Raji O, et al. Associations between genes 

for killer immunoglobulin-like receptors and their ligands 

in patients with solid tumors. Hum Immunol 2010; 

71(10):976-81.  

26. Méndez A, Granda H, Meenagh A, Contreras S, Zavaleta 

R, Mendoza MF, et al. Study of KIR genes in tuberculosis 

patients. Tissue antigens 2006; 68(5):386-9. 

27. Fauriat C, Ivarsson MA, Ljunggren HG, Malmberg KJ, 

Michaëlsson J. Education of human natural killer cells by 

activating killer cell immunoglobulin-like receptors. 

Blood 2010; 115(6):1166-74.  

28. Cognet C, Farnarier C, Gauthier L, Frassati C, André P, 

Magérus-Chatinet A, et al. Expression of the HLA-C2-

specific activating killer-cell Ig-like receptor KIR2DS1 

on NK and T cells. Clin Immunol 2010; 135(1):26-32.  

29. Schönberg K, Sribar M, Enczmann J, Fischer JC, Uhrberg 

M. Analyses of HLA-C-specific KIR repertoires in 

donors with group A and B haplotypes suggest a ligand-

instructed model of NK cell receptor aquisition. Blood 

2011; 117(1):98-107. 

30. Rajagopalan S, Long EO. Understanding how 

combinations of HLA and KIR genes influence disease .J 

Exp Med 2005; 201(7):1025–9. 

31. Bao XJ, Hou LH, Sun AN, Qiu QC, Yuan XN, Chen MH, 

et al. The impact of KIR2DS4 alleles and the expression 

of KIR in the development of acute GVHD after 

unrelated allogeneic hematopoietic SCT. Bone marrow 

transplant 2010; 45(9):1435-41.  

32. Carrozzo M, Elia A, Mereu V, Dametto E, Fasano M, 

Broccoletti R, et al. HLA-C/KIR genotypes in oral lichen 

planus patients infected or non-infected with hepatitis C 

virus. Oral Disease 2011; 17(3):309-13. 

33. Sivori S, Falco M, Moretta L, Moretta A. Extending killer 

Ig-like receptor function: from HLA class I recognition to 

sensors of microbial products. Trends immunol 2010; 

31(8):289-94. 

 

 

 

 

 


