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Abstract. NK cell function is controlled by the cell expression of killer imnmunoglobulin-like
receptors (KIRs) and their ligation with the corresponding HLA ligands. Various malignan-
cies have been associated with certain KIRs surface cell expression and various KIR/
HLA ligand combinations. Prior research using case/control study design demonstrates
the role of KIR and KIR HLA ligands as genetic factor involved in tumor susceptibility.
The objective of this study was to investigate the family-based association of KIRs, HLA
class I ligands and KIR/ligand combinations with leukemia diagnosis in families having a
leukemia diagnosed child. Sixty-seven families that met the index leukemia case criteria
(acute lymphoblastic leukemia, ALL, n = 45; acute myeloid leukemia, AML, n = 13; chronic
myeloid leukemia, CML, n = 9; first degree healthy relatives n = 159) were examined.
Our study consisted of two phases. In Phase1 case-control study, we primarily compared
patients to their healthy siblings to asses if a marker or genotype may be associated with
leukemia, excluding the impact of the environment. Phase 2 consisted of a secondary
family-based association study. KIR genotyping was performed by PCR-SSP method. KIR
HLA ligands were defined by direct method using PCR-SSP method and/or indirect base
on high resolution typing of HLA-A, -B, -C alleles. Results of phase 1 showed an increase
in the frequency of KIR genotype (with a ratio = 0.57; higher frequency for inhibitory KIRs
vs. activating KIRs) among leukemia patients compared to healthy siblings. Results of the
phase 2 familial study observed an association between HLA-C1+/BB**+/AB"*+ haplotype
(a mediator of inhibitory signals) and leukemia. Also, we concluded that the absence of
HLA-AB" alleles was related to leukemia development.
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INTRODUCTION important role as first line in self- immune defense.

Growing evidence suggests the relevance of NK cell

There is potential for transformation of normal  surface receptors members of the immunoglobulin
cells in tumor cells in each organism. In healthy  superfamily, particularly KIR and corresponding KIR
individuals, tumor transformed cells are de- ligands in tumor development and susceptibility [1].
stroyed by the self-immune system. NK cells play an ~ So far 16 KIR genes and 907 KIR alleles and en-
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coding KIRs have been described [1]. HLA class |
molecules act as specific ligands for some of these
receptors [2-10].

HLA-C1 ligand group (serine and asparagine resi-
dues at positions 77 and 80 in the alpha 1 helix of the
MHC class | heavy chain) binds specific KIR2DL1,
while C2 allotypes (asparagine and lysine residues at
the same positions) bind KIR2DL2/2DL3 [2, 3]. HLA-
A and B alleles with Bw4 epitope act as ligands for
KIR3DL1 [3, 4]. The strength of KIR/ligand binding
depends on the amino acid at position 80 in Bw4 mol-
ecules. Bw4 alleles with isoleucine (Bw4'°) are more
potent ligands for KIRs in comparison to Bw4 alleles
with threonine (Bw4T™0) at this position [5]. KIR3DL2
recognizes HLA-A3 and HLA-A11 with selected pep-
tides like EBV-encoded peptide [6]. The activating
KIRs: 2DS1, 2DS2 and 3DS1 are thought to share
HLA ligand binding specificities with their inhibitory
counterparts: KIR2DL1, 2DL2/2DL3 and 3DLA1, re-
spectively. KIR2DS1 binds weakly to HLA-C2 allo-
types [7], KIR2DS2 may interact weakly to HLA-C1
[7] and KIR3DS1 with HLA-Bw4 molecules [9, 10].

Recently, considerable data from case/controls
studies demonstrate the role of KIR and KIR HLA
ligands as genetic factor involved in tumor suscep-
tibility [1]. It could be implied that genetically prede-
termined KIR/HLA combinations in terms of stronger
activation or lower inhibitory potential influence NK
antitumor activity and malignancy susceptibility [11].
As such, KIR-mediated activation due to activating
receptors KIR3DS1, KIR2DS3 and KIR2DS1 was
associated with protection from hematology malig-
nancies [12-14]. Similarly, genotypes with inhibitory
potential are presented as risk factors for tumor
development as KIR2DL2/2DL3/HLA-C1 in leuke-
mia patients [15]. However, additional data contra-
dicts the hypothesis of KIR2DS1 [16-18], KIR2DS3
[17, 18], KIR2DS2 and KIR2DS5’s as predispos-
ing mediating activation effect for leukemia [18].
Nevertheless, none of the prior studies considered
the environmental factors, which also influence tu-
mor development. We found only two prior studies
evaluating KIR/HLA polymorphisms in the context
of oncohematological diseases [13, 19]. Besson et
al’s work [13] demonstrates the activating receptors
KIR3DS1 and KIR2DS1 as protective factors in a
familial study of Hodgkin’s lymphoma. Sugioka et al.
[19] report KIR2DL2, KIR2DL5, KIR2DS1, KIR2DS2
and KIR2DS3 as being protective in a group of pa-
tients with various hematological diseases com-
pared to healthy family members.

Thus, we hypothesized that a family-based study will
determine whether there are genetic differences that
act as predetermined predisposing factors for leuke-

mia development, assuming that leukemia affected
and non-affected siblings were exposed to similar
environmental factors.

MATERIAL AND METHODS

Study population

Sixty-seven families were included that met the in-
dex leukemia case. Patients study sample consisted
of ALL (n = 45, 30 males and 15 females; average
age 19 £ 10.1 years), AML (n = 13, 7 males and 6
females; average age 35 + 13.5 years) and CML (n
=9, 7 males and 2 females; average age 38.4 £ 12.1
years). First degree healthy relatives (97 parents and
62 siblings) were included in the study after an in-
terview in order to elicit their medical history. Writ-
ten and informed consent was obtained from parents
and written and informed assent was obtained from
children participants. The study was approved by the
local ethics committee and IRB boards.

Methods

Measures

DNA was extracted from peripheral blood using iPrep
PureLink® gDNA™ Blood kit (Invitrogen, USA) and
iPrep™ Purification instrument (Invitrogen, USA).

KIR genotyping was performed by PCR-SSP method
with commercially available Olerup SSP® KIR typing
kit (Olerup SSP AB, Sweden). Briefly 24 locus specif-
ic primer sets in KIR genotyping kit allow detection of
16 KIR genes and pseudogenes and discrimination
of KIR2DL5A, KIR2DL5B, KIR3DL1*004 alleles and
two groups KIR2DS4 alleles (group 1 — KIR2DS4*001
from group 2 — KIR2DS4*003/004/006/007). The re-
sults obtained were interpreted using the worksheet
provided by the manufacturer.

KIR HLA Ligands were determined using direct ge-
notyping by commercially available Olerup SSP® KIR
HLA ligand typing kit (Olerup SSP AB, Sweden) and/
or indirect using KIR ligand calculator [20] base on
high resolution typing of HLA-A, -B, -C alleles (Al-
leleSEQR HLA-A, -B and -C PCR/Sequencer Kit,
Atria Genetics, USA) as previously described [21].
KIR HLA ligand typing kit use 5 primers sets to dis-
tinguish HLA-C1, -C2, -Bw4'8, -Bw4™° and -AB"+
ligand group. The results obtained were interpreted
using the worksheet provided by the manufacturer.
HLA-A3 and HLA-A11 was determined based on indi-
vidual HLA-A genotype, which was examined by OlI-
erup SSP® “HLA-A low resolution” (Olerup SSP AB,
Sweden) or by AlleleSEQR HLA-A PCR/Sequencer
Kit (Atria Genetics, USA) according to the manufac-
ture’s instruction.
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KIR gene, HLA class | ligand group and KIR/HLA li-
gand combination frequencies were estimated by di-
rect counting. Individual KIR haplotype and KIR gen-
otype were defined according to the allele frequency
net database (AFND) [1, 22].

Data Analysis

In the present study we used two models for com-
parative analysis.

Phase 1: In the case/control study we compared car-
rier frequencies, in terms of the presence or absence
of KIR genes, their HLA ligands and KIR/HLA ligand
combinations between patients and their healthy sib-
lings using Pearson’s chi-squared test and Fisher
exact test. Also, KIR haplotype and KIR genotype
frequencies were included in the analysis. Odds ra-
tios (ORs) with 95% confidence intervals (Cls) were
calculated for variables with statistical significance.
Statistical analysis was performed using SPSS for
Windows, version 16.0 (SPSS Inc., Chicago, IL).

Phase 2: In the family-base study, a 2" analysis with
“transmission disequilibrium test” (TDT) was con-
ducted [23]. Measures of pairwise linkage disequi-
librium (LD) between KIR genes in, such as D’ and
r2 [24], were estimated using Haploview (http://www.
broad.mit.edu/personl/jcbarret/haplo/) according to
the model of Besson et al [13]. |D’| and r2 varied be-
tween 0 and 1. The TDT analysis was used to evalu-
ate if there is distortion in the trasmmission of alleles
of interest (KIR and KIR HLA class | ligands) from
parents to affected offspring. TDT was performed af-
ter genotypic reconstruction for each KIR gene, us-
ing all first-degree members of the families. In cases
were one parent was missing (18/67 in our sample)
families can be analysed either by method of Knapp

M (RC-TDT) [25] or by method of Spielman RS (Sib-
TDT) [26]. The family-based association study was
conducted by FBAT program [27], in which these
three described methods for genotype reconstruction
are implicated (TDT, RC-TDT, and Sib-TDT).

RESULTS

I. Phase 1. Case-control association study
1. KIR gene, haplotype and genotype frequencies

The presence of the 16 KIR genes (14 genes and 2
pseudogenes) in patients and their healthy siblings
are presented in Table 1.

The frequency of the KIR genotypes (presence/
absence of KIR gene) in each of the two groups is
showed in Table 2.

In both patients and non-affected brothers/sisters
KIR genotype ID1 was the most frequent, which cor-
responds to homozygous carrier of two KIRA haplo-
types (KIRAA). No other KIRAA haplotype combina-
tion was found, so the frequency of KIRAA in each
group was relevant to KIR genotype ID1 rate (21.4%
and 29.0 % respectively). All other individuals were
KIRBx (KIRBB or KIRAB) (Table 2).

Although no significant difference in frequency of KIR
genes, genotypes and haplotype combinations were
found when patients and healthy siblings were com-
pared, we analysed the frequency of genotypes with
respect to the ratio of the number of activating to inhib-
itory KIR genes calculated for all individuals according
to the model of Karabon et al. [12]. In this approach
KIR2DL4 was included in activating KIR group (the
transmembrane arginine near extracellular domain
has predominantly activating function [28, 29]).

Table 1. Frequencies of KIR genes in leukemia patients (n = 56) and their healthy siblings (n = 62)

Patients n (%) Healthy siblings n (%) p
KIR2DL1 54 (96.4) 61(98.4) ns
KIR2DL2 40 (71.4) 39 (62.9) ns
KIR2DL3 46 (82.1) 53 (85.5) ns
KIR2DL5 36 (64.3) 36 (58.1) ns
KIR3DL1 52 (92.9) 59 (95.2) ns
KIR2DS1 24 (42.9) 23(37.1) ns
KIR2DS2 40 (71.4) 33 (62.9) ns
KIR2DS3 27 (48.2) 29 (46.8) ns
KIR2DS4 53 (94.6) 59 (95.1) ns
KIR2DS5 24 (42.9) 19 (30.7) ns
KIR3DS1 24 (42.9) 24 (38.7) ns
KIR3DL2/KIR3DL3/KIR2DL4 56 (100) 62 (100) ns
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Table 2. Frequency of KIR genotypes in leukemia patients (n = 56) and their healthy siblings (n = 62)

£s

°% 5| 5| gl

, . &2 g ] ] &
Patients | Healthy sibs x §
n (%) n (%) ID* | & ©
12(21.4) | 18(29.0) 1 | AA
7 (12.5) 8 (12.9) 5 | Bx
6 (10.7) 5(8.2) 4 | Bx
2 (3.6) 3(4.8) 2 | Bx
8 (14.2) 8 (12.9) 6 | Bx
4(7.1) 4 (6.5) 3 | Bx
3(5.4) 4 (6.5) 71 | Bx
4(7.1) 2(3.2) 73 | Bx
1(1.8) 1(1.6) 69 | Bx
2(3.6) 1(1.6) 72 | Bx
1(1.8) 1(1.6) 81 | Bx
2(36) 0 9 | Bx
2(36) 0 13 | Bx
1(1.8) 0 150 | Bx
1(1.8) 0 70 | Bx
0 3(4.8) 7 | Bx
0 1(1.6) 22 | Bx
0 1(1.6) 62 | Bx
0 1(1.6) 90 | Bx
0 1(1.6) 104 | Bx

2DS2
2DS3
2DS5

2DL4
2DP1
3DP1

2DL2
2DL5
3D$1
2D$1
3DL2, 3DL3

The filled squares correspond to the presence of the KIR gene and the empty squares — to lack of the corresponding KIR
gene; * Identification number defined according to http://www.allelefrequencies.net/kir6001a.asp

Only Group 1 KIR2DS4 alleles (2DS4*001) positive
individuals accounted as positive for this activating
KIR gene. Group 2 KIR2DS4 alleles (included the
deleted 2DS4*003, *004) were not functional. Ratios
ranged from 0.2 (prevalence of inhibitory KIR genes)
to 1.20 (overrepresentation of activating KIR genes).

KIR genotype corresponding to ratio 0.57 (seven
inhibitory-KIR genes and four activating-KIR genes)
was found to have a tendency for higher frequency
among patients than among their healthy brothers/
sisters (14.3% vs 4.8%, p = 0.078, OR = 2.41 [95%CI
0.73-16.6]) (Table 3).

Table 3. KIR genotypes ration in leukemia patients (n = 56) and their healthy siblings (n = 62)

Ration
Act. KIRs / 0.2 0.33 0.4 043 0.5 0.57 066 | 071 | 0.75 | 0.8 0.83 0.86 1.0 12
Inh. KIRs
Healthy
siblings | 12(19.4) | 3(4.8) | 7(11.3) | 5(8.1) |6(9.7)| 3(48) |5(81)|4(65 ]| 0 |1(16)| O 8(12.9) | 7(11.3) |1 (1.6)
n (%)
Patients
n (%) 6(10.7) |5(8.9) | 6(10.7) | 2(3.6) [5(8.9)| 8(143) |2(3.6)|1(1.8)|1(1.8)|1(1.8)|4(7.1)|11(19.6)| 2(3.6) |2(3.6)
p ns ns ns ns ns 0.078 ns ns ns ns nd ns ns ns
OR 241
[95% ClI] [0.73-16.6]
) Inhibitory KIR profile Inh KIR =
= — — — — — — — — — = = — —/ —AtKkRrR >

Activating KIR profile

Abbr.: ns — not significant, nd — not defined, act. KIR — activating KIR; inh. KIR — inhibitory KIR; [95% CI] confidencial interval
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2. Frequencies of KIR ligands and KIR/ligand
combinations

Not significant associations were observed compar-
ing leukemia patients and their healthy siblings ac-
cording to the frequencies of KIR HLA class | ligands
and HLA class | ligand genotypes (Table 4).

Table 4. Frequencies of KIR ligands and KIR/Li-
gands combinations in leukemia patients (n = 56)
and their healthy siblings (n = 62)

Patients | Healthy siblings | p
n (%) n (%)

HLA-C1 43 (76.8) 45 (72.5) ns
HLA-C2 38 (65.9) 40 (64.5) ns
HLA-C1C1 18 (32.1) 22 (35.5) ns
HLA-C2C2 13(23.2) 17 (27.4) ns
HLA-C1C2 25 (44.6) 23(37.1) ns
HLA-Bw6 43 (76.8) 50 (80.6) ns
HLA-Bw4 38(67.9) 51 (66.1) ns
HLA- Bw4® 30(53.6) 34 (54.8) ns
HLA-Bw4T™ 11 (19.6) 10 (16.1) ns
HLA- Bw4'® B4 2(3.6) 3(4.8) ns
HLA-BwA4"® Bw4'® 7(12.5) 7(11.3) ns
HLA- Bw4™ BwAT 4(7.1) 2(3.2) ns
HLA- AB¥+ 25 (44.6) 26 (42.0) ns
HLA- A3/11 13(23.2) 18 (29.1) ns

The frequencies of inhibitory KIR/ligand combina-
tions and the activating counterpart as well as KIR in-
hibitory/KIR activating countrpart/appropriate ligand
between the two groups are presented in Table 4.

>
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h
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There were no statistically significant differences in
the frequencies of KIR/ligand genotypes between the
compared groups.

Il. Phase 2: Family-based study
1. Genotype reconstruction in families

Genotypic reconstruction in families was carried out
according to the Mendelian laws of inheritance and
the model described by Besson et al. [13]. The pro-
cedure consisted of two steps. In the first step the
following rules were followed:

1. Individuals missing particular KIR were determined
as negative for the two alleles of this gene, for ex-
ample KIR2DS5-/KIR2DS5-.

2. KIR2DL2/2DL3 and KIR3DL1/3DS1 segregate as
alleles.

3. The used KIR genotyping kit could discriminate
two allele groups of KIR2DL5 (2DL5A and 2DL5B)
and KIR2DS4 (group 1 and group 2), which helped in
the segregation analysis.

4. The framework KIR genes were excluded.

5. Like the framework KIR genes, KIR2DL1 was ubig-
uitous distributed (96%) and also was excluded.

This step allowed us to determine 100% of
KIR2DL2/2DL3 and KIR3DL1/3DS1 alleles and more
than 50% of the remaining KIR genotypes (number of
KIR alleles) in the analysis families. In the next step
we used the known KIR genotypes for estimation of
pairwise LD between KIRs based on the genotypes
determined in this first reconstruction step (Figure 1).

HIRZDSA
KIRZDS2
KIRZDZS 3
KIRZDE 4
HIRZOD=ES
KIR2C LA

HIR 3D S

Lo
|
8]
ol
&
X

HIRZDL3

(SR

Fig. 1. Pairwise linkage disequilibrium between KIR genes in the family sample. Each square represents the magnitude of pairwise LD
between KIR genes, as measured by D’ (panel A) or r2 (panel B). Red squares represent a |D’| and black squares represent r2 value of
1.0, corresponding to complete and perfect LD, respectively. All other colours in both figure indicate |D’| or R2 values < 0.8
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KIR region was in strong LD, and three pairs of KIRs
were found to be in perfect LD (r2 = 1). KIR2DL2 and
KIR2DS2 were in perfect positive LD thus KIR2DL2+/
KIRDS2+ and KIR2DL2-/KIRDS2- were the only
haplotypes observed. By analogy KIR2DL5 can par-
ticipate in the following haplotypes with KIR2DS1
and KIR2DS3: KIR2DL5+/KIR2DS1+ or KIR2DL5-/
KIR2DS1- and KIR2DL5+/KIR2DS3+ or KIR2DL5-/
KIR2DS3-. These results made possible the com-
plete genotypic determination of these four KIRs.
KIR2DS4 and KIR2DS5, whose number of gene cop-
ies were not fully defined in all families, presented
complete LD (|D’| = 1) with several other KIRs (Fig-
ure 1). Based on previously reported haplotypes [13],
where KIR2DS4 is observed in complete negative
LD (the presence of one gene in a given haplotype
excluding the presence of the other) with KIR2DS1
and KIR2DS5 [13], we accepted that KIR2DS1 and
KIR2DS4 were always inherited on different chromo-
somes: 2DS1+4/2DS4- or 2DS1-/2DS4+. The same
goes for KIR2DS4 and KIR2DS5 with only two haplo-
types: 2DS4+/2DS5- or 2DS4-/2DS5+.

After these two reconstruction steps, 225 members
of 67 families (patients and first degree relatives )
had known genotypes for eight KIR gene systems
— 2DS2, 2DL2, 2DL3, 3DS1, 3DL1, 2DL5, 2DS3,
2DS5, 2DS1, and 2DS4 — which were used for the
family-based association study.

2. Family-based leukemia’s association study

14 different KR haplotypes were observed, which
were combined in 28 KIR genotypes, 16 occurred
among parents and their generation, 8 were ob-
served only in parents’ group, one was unique for
leukemia patients and the remaining three genotypes
were seen only in the healthy offspring. The results
of the phase 2-family-based association study of KIR
and KIR HLA class | ligands showed significant asso-
ciation between the absence of HLA-A®* alleles and
leukemia (p = 0.0455). With respect to HLA class |
haplotype, one haplotype HLA-C1 pos. C2 neg. Bw6
neg. Bw4 pos. AB* pos. A3/11 neg. was found with p
value 0.038, demonstrating its potential influence in
the leukemia development.

DISCUSSION

Previous disease association studies of KIRs used
solely case/control design. Family-base studies of
NK receptors are carried out almost exclusively for
the detailed examination of organization of the KIR
region. To date, only two studies employing family-
based association study design of KIRs and their
ligands were conducted: one with hematology malig-
nancies and one with Hodgkin disease [13, 19]. Ad-

vantages of using a family-based association model
incorporate obtaining of full KIR genetic information
(number of gene copies, alleles), more accurate de-
termination of KIR haplotypes and the inherited KIR/
HLA genotypes. Hence, in our study we included
families meeting the leukemia case index. Using all
available information from KIR and HLA class | ligand
genotyping we were able to determine KIR profiles
and the number of gene copies in 225 participants
from 67 families.

Our results show an association between leukemia
development and KIR/HLA class | gene systems.
Although our proposed model for family-based KIR
gene reconstruction was guided by the model of Bes-
son et al. [13], it was also unique for our population,
as it was constructed based on the established KIR
pairwise LD adapted for Bulgarians.

In Phase 1 we primarily compared the distribution of
individual KIRs, KIR genotypes, KIRA/B haplotype
combinations, HLA class | ligands and KIR/ligand
combinations between leukemia patients and their
healthy brothers/sisters. The aim of patient/healthy
sibling study was to define whether there are differ-
ences that act as genetic genetic differences that act
as predetermined predisposing factors for leukemia
development, assuming that leukemia affected and
non-affected siblings were exposed to similar en-
vironmental factors.The comparative analysis did
not show any differences in any of tested markers.
However, this was not surprising, since according to
Mendelian laws of inheritance probability of a pair
offspring to be genetically identical is 25%. Never-
theless, KIR genotype with activating/inhibitory KIR
ratio of 0.57 was more frequent in the leukemia pa-
tients group than in the healthy siblings group. In this
genotype, there was a higher prevalence of inhibi-
tory KIR genes vs. activating KIR genes. Therefore,
it contributes to higher leukemia susceptibility due to
more inhibitory NK cell activation potential.

Phase 2: The second purpose of our research
was to conduct a family-based leukemia associa-
tion study to compare alleles transmittion distribu-
tion in leukemia affected offspring compared with
the expected distribution of alleles among healthy
offspring. For this task we developed and imple-
mented a model for KIR gene reconstruction in
families that met the leukemia case index. From
the TDT analysis we found that the absence of
HLA-AB" ligand and the carriage of HLA-C1+/
BBw4+/ABw4+ haplotype was in association with leu-
kemia disease (p < 0.05). Some peculiarity should
be noted in the context of HLA-C1+/BB"4+/AB%4+
haplotype. All studied individuals possessed at
least one inhibitory KIR (KIR2DL2 or KIR2DL3) for
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HLA-C1 group ligand, which means that this hap-
lotype participates in a functional inhibitory KIR/
ligand interaction. At the same time, simultane-
ous presence of both alleles from HLA locus bind-
ing KIR3DL1 (HLA-B®**+ n AB"4+) defines more
powerful inhibitory potency. On the other side
the same HLA class | ligands also could interact
with activating KIRs (KIR2DS2 and KIR3DS1 re-
spectively). As a whole the frequencies of activat-
ing KIRs were lower compared to the inhibitory
counterpart and we accepted that HLA-C1+/BB"4+/
AB¥+ haplotype should be considered as a media-
tor of inhibitory signals. The observed difference
in HLA-AB"* allele distribution could not be com-
pared with the available literature data due to the
lack of such association in case/control or family-
based study. Furthermore, the role of HLA-AB"4
molecule as ligand for KIR3DL1/S1 is not fully
understood and our data did not allow us to inter-
pret the absence of HLA-A®* and its role in the
inhibition. Rather we can only suggest its role as
a risk factor for leukemia, particularly when family
history is positive for malignancy.

CONCLUSION

Although a small number of differences were re-
ported in our study — case/control (phase 1) and
family-based (phase 2), we found significant in-
hibitory potency variations in leukemia patients’
group. The results were in accordance with our
hypothesis for the role of certain KIRs and/or KIR/
ligand combinations, acting in a direction of in-
creased NK cell inhibition or decreased activation,
but more as a risk factor in leukemia susceptibil-
ity. We also considered the possible disguise of
KIR and KIR/ligand genotypes effects from other
polymorphic genes.
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conflicts of interest, including specific financial interests, re-
lationships, and/or affiliations relevant to the subject matter
or materials included.
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