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Abstract

Aim: The aim of this study was to examine the gene frequencies of 16 KIR genes and pseudogenes and
KIR genotypes in Macedonian patients with transplanted bone marrow and their sibling donors in
treatment of haematological malignancy, and to analyse eventual association of the gene content with
the occurrence of a graft versus host disease (GVHD).

Material and Methods: The study was performed on 24 patients and their HLA-matched sibling donors.

Results: Comparison of KIR gene frequencies between the total 24 donors and healthy Macedonians
reveals statistically significant difference for KIR2DS1 (F= 0.481 in the controls group, and 0.76 in the
patients group, p=0.004). This significance is even higher when the frequency of KIR2DS1 in controls
is compared with the frequency in donors from pairs with GVHD (F= 0.923, P= 0.002). Another significant
difference was observed for the frequency of the full-length allele of KIR2DS4*001-002, present in 25.2%
of the control individuals, but in as much as 81.8% of the recipients of haematopoietic stem cell
(P=0.0005). We did not see any statistically significant difference in distribution of the C1/C1, C1/C2 and
C2/C2 groups among GVHD pairs.

Conclusion: Our results address the difference between the haematopoietic stem cell transplantation
settings with sibling and unrelated donors and suggest that the KIR2DS4*001/002 might be a
predisposing factor for severe GVHD in sibling HSCT.

Introduction
Over the last three decades, the transplantation

of haematopoietic stem cells coming from bone marrow
or peripheral blood from related and unrelated donors
has become widely recognized as the only curative
treatment for different haematological malignancies and

other diseases. Despite of the major advances in
histocompatibility testing techniques, more aggressive
matching programs, and the developement of more
efficient immunosuppressive drugs, this therapeutic
procedure is still burdened with a relatively high mortality
rate, which ranges between 10 and 30% [1-4]. As an
increasing number of transplants are being performed in
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older patients, and many of them are long term survivors,
the incidence of the chronic graft versus host disease
(GVHD) rises in the recent years and it reaches rates
above 50% [5, 6]. Thus, the GVHD becomes one of the
main causes of morbidity and mortality associated with
haematopoietic stem cells transplantation (HSCT) [7, 8].

It is clear by now, that the GVHD involves
different effector’s cells, several cytokines in abundant
quantities and affects the skin, liver and digestive tract
but also produces a long-term immune deficiency [9].
However, it should be noted that not all the recipients of
even partially unmatched transplants develop clinical
disease, while the characteristic exanthema may occur
in syngeneic (identical twin) transplants. Among the
known factors influencing the outcome of the BMT and
development of GVHD, recent studies have indicated
that another potential factor influencing the
transplantation outcome are the donor-derived natural
killer (NK) cells [10-14].

NK cells are bone marrow–derived lymphocytes
that mediate early innate immune response to viral
infections and transformed malignant cells. Being among
the first lymphocyte subsets reconstituting the peripheral
blood after allogeneic HSCT [15], NK cells have been
attributed several important functions, such as mediation
of a graft-versus-leukaemia effect [16, 17] promotion of
bone marrow engraftment [1, 2], and possibly
suppression of GVHD [18, 19] .

The NK cells activity might be activating or
inhibiting and it depends on the engagement of the cell
surface molecules called killer cell immunoglobulin-like
receptors (KIR) with specific class I HLA ligands found
on host cells. The KIR molecules may be activating or
nonactivating and are encoded by a family of polymorphic
and highly homologous genes (14 genes and 2
pseudogenes). Different KIR haplotypes are found in
different individuals, and they vary in the number and
type of genes present, while the genes KIR3DL3,
KIR3DP1, KIR2DL4 and KIR3DL2 are present on virtually
all haplotypes and have therefore been termed framework
genes [20]. Based on the gene content, many (more
then 440 as of November 2012) possible haplotypes
have been assigned, and they are grouped into two
broad sets, termed A and B [21]. Group A haplotypes
contain six inhibitory KIR genes (KIR3DL3, KIR2DL1,
KIR2DL3, KIR2DL4, KIR3DL1, and KIR3DL2) and a
single activating KIR gene (KIR2DS4) whereas Group B
haplotypes contain various combinations of activating
and inhibitory KIR genes [22].

Population studies performed over the last two decades
have revealed extensive diversity at the KIR gene locus,
which derives from both, its polygenic and multi-allelic
polymorphism, whereas on the basis of gene content,
haplotype B displays a much greater variety of subtypes
[23, 24].

The aim of this study was to examine the gene
frequencies of 16 KIR genes and pseudogenes
(KIR2DL1, KIR2DL2, KIR2DL3, KIR2DL4, KIR2DL5,
KIR3DL1, KIR3DL2, KIR3DL3, KIR2DS1, KIR2DS2,
KIR2DS3, KIR2DS4, KIR2DS5, KIR3DS1, KIR2DP1,
and KIR3DP1) and KIR genotypes in Macedonian
patients with transplanted bone marrow and their sibling
donors in treatment of haematological malignancy, and
to analyse eventual association of the gene content with
the occurrence of a GVHD. Furthermore, the relationship
between KIR genes and the corresponding HLA-C ligands
in patients and donors will be analyzed.

To our knowledge, this is the first study of the
association of KIR genes with GVHD in transplanted
patients with haematological malignancies in the Republic
of Macedonia.

Material and Methods

Population samples
The study was performed on 24 patients with

haematological malignancies treated with transplantation
of haematopoietic stem cells between June, 2001 and
September 2009 and their related sibling donors for

Table 1: Clinical characteristics of 24 patients with transplanted
haemopoietic stem cells from related (sibling) HLA-matched
donors.

GVHD, graft versus host disease; AML, acute myeloblastic leukaemia; CML, chronic myeloid
leukemia; ALL, acute lymphoblastic leukaemia; CLL, chronic lymphocytic leukaemia; BU,
busulfan; CY, cyclophosphamid; M, melphalan; FLAG-IDA, fludarabine, cytarabine, idarubicin
and G-CSF; Acc, acceleration; Bl. Tr. Blast crisis; Chr. Ph., Chronic phase.
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which complete HLA and KIR genotyping data, as well
as detailed medical history was available. Distribution
according to diagnosis was: acute myeloblastic leukemia
16 (66.7%), chronic myeloid leukemia 4 (16.7%), acute
lymphoblastic leukemia 3 (12.5%), and chronic
lymphocytic leukemia 1 (4.16%). As a source of
haematopoietic stem-cells, peripheral stem cells or bone
marrow aspirates were used. Median number of infused
CD34+ cells was: 3.24x106/kg. Twenty patients were
treated with myeloablative chemo-therapy regimen
busulphan-cyclophosphamide 2, while four of them were
transplanted after non-myeloablative regimen, three of
which received FLAG-IDA (fludarabine, cytarabine,
idarubicin and G-CSF) and one was conditioned using

fludarabine-melphalan combination.

During the early post-transplant period, every
patient had received 0.2 mg/kg b.w. intravenous
immunoglobulins every week until day +90. Acute GVHD
prophylaxis regimen consisted of Cyclosporine A and
Methotrexate (on day +1, 3, 6, 11) according to Seattle
protocol. In the case of cutaneous chronic GVHD, skin
biopsies were used for diagnosis. As a first line therapy
in cGVHD corticosteroids 1 mg/kg b.w. and Cyclosporine
A 3 mg/kg b.w.were used, while in case of non-
responders, Mofetyl mycophenolate 1 gr/ day, Tacrolimus
0.03 mg/kg b.w, or Psoralen Ultraviolet light A therapy
were introduced. Patients were treated in sterile room,
conditioned with HEPA filters, and low microbes diet.

Table 2: KIR gene content in 24 patients and their sibling donors of hematopoietic stem cells, along with their corresponding HLA*C
ligands.
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The clinical characteristics of the patients are shown on
Table 1.

HLA and KIR genotyping
After signing of written consent, genomic DNA

was extracted from the peripheral blood leukocytes
using standard phenol/chloroform procedure, described
elsewhere [25], and stored in the Macedonian Human
DNA Bank (hDNAMKD) [26] until processing. All patients
and donors were HLA-DNA typed for HLA-A, -B, and –
C loci by high resolution reverse hybridization technique
using commercial kits (Invitrogen Corporation, Brown
Deer, WI, USA). HLA-DRB1 locus was genotyped using
SBT commercial kit (Pharmacia Biotech, Uppsala,
Sweden). For KIR genotyping, commercially available
PEL-FREEZ KIR genotyping SSP kit (Dynal Biotech,
Brown Deer, WI) was used. It is a PCR-based method
(using sequence-specific priming approach) designed
to detect the presence or absence of 16 KIR genes. The
presence of each KIR gene was determined by the
presence of a band of DNA of the expected size. All
PCRs contained an internal positive control consisting of
an additional pair of primers specific for the growth
hormone (GH) gene and a negative control. Individuals
were determined negative for a particular KIR gene
when a band of expected size was absent in the presence
of a band for the GH gene. We have used external quality
control consisting of cell lines from Immunogenetics and
Histocompatibility Worskshop Conferences and Centre
d’ Etude du Polymorphisme Humain.

All analyzed samples were assigned as KIR
genotype AA (when homozygosity for KIR haplotype A
was detected), or as KIR genotype Bx when
heterozygosity or homozygosity for KIR haplotype B
was typed (KIR genotypes AB and BB).

Statistical analysis
The occurrence of KIR genes in individuals

(frequency = F) was obtained by direct counting. All
variables (including conditioning regimens, diagnosis,
presence of HLA class I disparity, etc.) were analysed
using Fisher’s two-sided exact test or Pearson’s chi-
squared test using 2×2 tables. Crude odds ratios (OR)
were calculated within 95% confidence interval.

Results

KIR gene frequencies
The KIR gene content for all 24 analyzed patients

and donors, as well as their corresponding HLA-C typings
is shown on Table 2. The frequencies of the 16 KIR
genes (14 genes and 2 pseudogenes) determined in the
24 donors are shown in Table 3 along with their clinical
characteristics and the corresponding frequencies of
the 214 healthy Macedonian controls [27]. All 16 KIR
genes were observed in both groups of the studied
population and framework genes (KIR3DL3, KIR3DP1,
KIR2DL4, and KIR3DL2) were present in all individuals,
except two patients in the GVHD group who lacked
KIR3DL2.

Comparison of KIR gene frequencies between
the total 24 donors and healthy Macedonians reveals
statistically significant difference for KIR2DS1 (F= 0.481
in the controls group, and 0.76 in the patients group,
p=0.004). This significance is even higher when the
frequency of KIR2DS1 in controls is compared with the
frequency in donors from pairs with GVHD (F= 0.923, P=
0.002) (Table 3). Another significant difference was
observed for the frequency of the full-length allele of
KIR2DS4, namely *001-002, which was present in 25.2%
of the control individuals, but in as much as 81.8% of the
recipients of HSC (P=0.0005)

Genotype frequencies
If any of the genes 2DL2, 2DL5, 3DS1, 2DS1,

2DS2, 2DS3, or 2DS5 was present; the genotype was
considered as B. If none of these were present, genotype
is considered as AA. We have not attempted to distinguish
between AB and BB genotypes and called any of this Bx,
nor we have numerated the individual Bx genotypes. We
have determined 3 AA genotypes in the group of total 24

Table 3: Comparison of KIR gene frequencies between healthy
control subjects from Macedonia and donors of HSC.

GVHD, graft versus host disease; N, number of individuals; P, significance value; &, cannot
be calculated because expected <5, χ2 test.
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donors (12.5%) which was comparable with the frequency
of AA genotypes in controls (21.5%, P=0.301). On the
other hand, in the group of 13 recipients with GVHD,
there were 2 individuals displaying AA genotype (15.4%,
P= 0.600) which makes the absence of individuals
carrying AA genotype exclusive for the donors from pairs
with GVHD (Table 3).

KIR HLA*C ligands
We have also divided the GVHD donors

according to the HLA*C ligands they carry into three
groups: C1/C1, C1/C2 and C2/C2, and also according
the content of up to one and two or more activating
genes. We did not see any statistically significant
difference in distribution of the above groups among
GVHD pairs (Table 4).

HSCT has been also reported previously [31]. There is
one important difference when comparing the unrelated
or haploidentical and sibling donor transplant procedures
and that is in the dose of donor T cells that are
administered at the time of transplantation because
unrelated grafts are more aggressively T-cell depleted.
Thus, NK cells that are generated early in the post-
transplant period and might remain the predominant
lymphoid cell for a prolonged period in the unrelated
transplants. In contrast, allografts from siblings are
generally T-cell replete and it is possible that this
difference in the T-cell and NK-cell immune reconstitution
might be responsible for the contrasting clinical outcome
of KIR-HLA-C mismatch in the two transplant settings.
With the sibling transplantation setting, the favourable
KIR/HLA disparity should remain (as their KIR and HLA
genes are inherited independently) but might be also
reduced in comparison with unrelated transplants [32].

In our cohort, we did find significantly higher
frequency of KIR2DS4*001/002 (the full length allele) in
donors from pairs with GVHD (P=0.0005), and this
finding is concordant with the results published by Bao
et al. reporting same highly significant increase in
KIR*2DS4-001/002 full length alleles in donors from a
series of 75 unrelated HLA matched HSCT pairs.

The current practice recommendations dictate
HLA-matched donors in order to minimize the risk of
GVHD; however, there are increasing evidence that
vulnerability of recipients with HLA-C2/C2 to relapse is
increased, especially in a setting with KIR2DS1 positive
donors [33] This challenges the clinicians to consider an
HLA-C KIR ligand–mismatched donor in order to take
advantage of KIR2DS1-mediated NK alloreactivity
towards the leukaemia cells, even in the face of a
potentially increased risk of GVHD. It is matter of months,
when the algorithms for selection of most appropriate
donor of haemopoietic stem cells will include KIR gene/
molecules polymorphisms. The pioneer attempts have
already proposed so [34].

In conclusion, our results address the difference
between the HSCT settings with sibling and unrelated
donors and also suggest that the full length KIR2DS4
activating gene might be a predisposing factor for severe
GVHD in sibling HSCT. Our next step should be
enlargement of the cohort and analysis of the opposed
KIR-HLA interaction within the HSCT, that is promotion
of a relapse-free survival through the killing of leukaemia
cells by the NK KIR mismatched cells. Finally, we hope
that these results suggest that combining of KIR and
HLA genotyping could help in finding the ideally balanced

Table 4: Distributon of C1/C2 content and number of activating
genes among GVHD donors of HSC.

GVHD, graft versus host disease; aKIR, activating KIR gene; P, significance value; N.S., non
significant.

Discussion
We present the KIR genes distribution in

Macedonian patients with haematological malignancies
who have been therapeutically transplanted with
peripheral stem cells from their HLA matched siblings.
Being the first cell population reconstituting the peripheral
blood of the patient with HSCT, the NK cells have drown
a lot attention lately. On a large series of patients with
HSCT from HLA matched, unrelated donors, Cooley et
al [28] have shown that patients having KIR2DS2 and
KIR2DL2 together with absence of KIR2DL3 in donors,
are associated with significantly better prognosis. Only
recently, another research group has confirmed these
findings in a group of patients with thalassemia, again
transplanted from unrelated, HLA matched donors [29].

Today, it is generally believed that donors
containing at most one activating KIR gene should be
avoided if possible, because they could more often lead
to severe acute GVHD [30]. In our study, we couldn’t
confirm these findings, since there was not significant
difference in the distribution of donors containing £1
activating genes among transplant pairs with and without
GVHD (3 versus 10, respectively). Similar results and
lack of association between the KIR content in sibling
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transplant donors and improve the outcome of
transplantation.
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