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Abstract

Purpose Natural killer (NK) cells express killer immunoglobulin-
like receptors (KIRs) which recognize HLA class I mole-
cules on trophoblasts. KIRs could either activate NK cells
or inhibit them to produce soluble factors necessary for the
maintenance of pregnancy, thus they are suspected of being
involved in the causes of recurrent miscarriage. The aim of
this study was to evaluate whether there is any possible
association between KIR genes, genotypes and recurrent
miscarriage.

Methods The present study was carried out on 40 women
who had unexplained recurrent miscarriage and 90 controls.
Sequence-specific oligonucleotide probes analysis were
used to investigate 16 KIR genes. All data were statistically
analyzed by Fisher Exact Test.

Results The rate of Bx genotypes that consists elevated num-
ber of activating KIR genes was significantly higher (p=0.014)
in women with recurrent miscarriage when compared with the
control group. Additionally, the frequency of AA genotype
(AA1) of the subjects in the study group was significantly
lower than the frequency of the subjects in the control group
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(p=0,014). Furthermore, there were no statistically significant
differences in the frequencies of the individual KIR genes
between women with recurrent miscarriage and the control
group.

Conclusions Inclined balance of KIRs toward an activating
state in NK cells may contribute to recurrent miscarriage.
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Natural killer cells - Recurrent miscarriage - Trophoblast

Introduction

Recurrent miscarriage is an important clinical entity seen in
early periods of pregnant women which has an incidence of
2-5 %. Spontaneous abortions seen 3 times or more until the
20™ gestational week have been called as recurrent miscarriage
[3]. The cause of a miscarriage may reside in the patients’
genes, anatomy, endocrine, immune and blood-clotting sys-
tems, and/or the environment, but in many cases no cause can
be found. In fact, the most possible cause can be determined in
only about half of the patients [15,24].

Decidual natural killer (NK) cells are known to play an
important role in allo-recognition mechanisms in pregnancy
[17]. NK cells which are the large granular cells of the im-
mune system are the third major lymphocyte subgroup after T
and B lymphocytes, comprising 10—-15 % of all lymphocytes
in the blood stream [23]. During the first trimester of preg-
nancy, NK cells generate the CD3-CD16-CD56 phenotypes
and dominant decidual cell populations [12,13]. These con-
stitute nearly 70 % of the total leukocyte population on the
uterine mucosa and have a different mechanism of action than
the NK cells in the blood stream [13]. It is thought that these
cells have an important effect on normal pregnancy due to
their increase and direct interaction with the invaded tropho-
blasts [24,25]. While the uterine mucosal NK cells are found
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during the early pregnancy, they decrease after the 20th week
of gestation and totally disappear at the end of pregnancy [13].

The mechanism of how NK cells recognize the target
cells and distinguish them from normal cells depends on
the balance of the signals produced by the activating and
inhibiting receptors [31]. One group of the NK cell receptors
is the killer immunoglobulin-like receptors (KIRs). KIRs are
glycoproteins classified according to their structure and
function. Each KIR molecule consists of two or three extra-
cellular immunoglobulin domains (2D and 3D molecules,
respectively), a transmembrane part and a short (S) or a long
(L) intracellular tail [25].

KIR gene family is located within the leukocyte receptor
cluster on chromosome 19q13.4. According to the order of
KIR genes and gene content, haplotypes are divided into A
and B. The A haplotype contains six loci coding inhibitory
receptors 2DL1, 2DL3, 2DL4, 3DL1, 3DL2, 3DL3, and
only one activating KIR 2DS4. The B haplotype is pre-
sented by a great variety of subtypes that differ from each
other mostly by combinations of stimulatory receptors
[18,19,27].

Of the 16 known KIR genes, seven encode the inhibitory
receptors KIR2DL1-3, KIR2DLS, and KIR3DL1-3; six en-
code the activating receptors KIR2DS1-5 and KIR3DSI;
one encodes the activating/inhibitory receptor KIR2DLA4;
and two are pseudogenes KIR2DP1 and KIR3DP1 that do
not encode any functional KIR receptor [1,4,11]. Seven
genes within this KIR repertoire are known to encode
receptors for the HLA class I molecules expressed on troph-
oblasts; KIR2DL1, KIR2DL2, KIR2DL3, KIR2DSI,
KIR2DS2, KIR2DS4, and KIR2DL4 [14,30]. KIRs, by their
inhibiting and activating isotypes have a substantial role on
organizing the NK cell activity [5]. It has been proposed that
decrease in inhibiting KIRs or increase in activated KIR-
HLA ligand interaction might be related to fatal birth and
recurrent miscarriage [16].

Placental villous trophoblasts do not express HLA-A,
HLA-B, or HLA class II molecules which are responsible
for T cell dependant graft rejection. On the other hand, tro-
phoblastic cells express combinations of HLA-C, HLA-E, and
HLA-G molecules which are specific ligands for NK cell
receptors [24]. Of these, only HLA-C is highly polymorphic
and interact with KIRs on the NK cell surface [5].

It is proposed that surface receptors encoded by different
KIR genes and genotypes, and ligands of these receptors
may play a role in autoimmune mechanisms of recurrent
miscarriage. Although few, there are studies showing the
relationship between decreased inhibiting KIRs or increased
activating KIR-HLA ligand relation and recurrent miscar-
riages [8,10,26,28]. Thus, KIR genotyping in women with a
history of recurrent miscarriage might be important in order
to understand these mechanisms and in processing a thera-
peutic approach. So, we aimed to see whether any
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association between activating and inhibiting KIR genes
and recurrent miscarriage exists or not.

Materials and methods
Study subjects and samples

This study was composed of a group of the appropriate
female cases from a population study for the determination
of KIR genes. The study group was consisted of 40 healthy
women with a history of recurrent miscarriage from the
Mediterranean coast settled Anatolian Caucasians all of
whom were evaluated by an obstetrician. Explained cases
with recurrent miscarriage were excluded from the study and
only women with unexplained recurrent miscarriage with the
same partner were included in the study group. The control
group was consisted of 90 healthy multipar women who had at
least two healthy children and who had no miscarriage history
and matched by ethno-geographic origin. All women in both
groups were informed about the study and gave informed
consent. Blood samples of all participants were preserved in
tubes containing etilendiaminotetraenoic acid in 2-8 °C for
genetic evaluation.

KIR genotyping

DNA from venous blood sample of each subject was extracted
by DNA isolation kit (Qiagen EZ1, cat no: 951034, QIAGEN
Vertriebs GmbH, Vienna, Austria) by using Genovision Geno
M-6 Biorobot technology (GenoVision Inc. Philadelphia,
USA). Genotyping of the KIR genes was performed using
the multiplex KIR-SSO typing kit from Tepnel Lifecodes
Corporation (Ref: 545110, Connecticut, USA). This product
consists of a mixture of locus-specific oligonucleotide probes
coupled to color-coded microspheres (Luminex Corp) and
two 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 the manufacturer’s protocol. After
hybridization, the sample plate was placed in a Luminex
instrument for analysis.

Prediction of group-A and -B KIR haplotypes

Frequencies of group-A and -B KIR haplotypes were deduced
from the genotype data [18]. Individuals carrying only
KIR3DL3, 2DL3, 2DL1, 2DP1, 3DP1, 2DL4, 3DL1, 2DS4,
3DL2, a fixed gene content characteristic of group-A haplo-
types, were considered carrying two copies of group-A KIR
haplotypes (AA genotypes). If any of genes KIR2DL2, 2DLS5,
3DS1, 2DS1, 2DS2, 2DS3, 2DSS5 were present then genotype
was taken as having B haplotype (Bx) [18].
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Statistics

The percentage of each KIR gene in the study and control
groups were determined by direct counting (individuals pos-
itive for the gene/individuals tested per populationx100).
Data analysis was performed with the statistical soft-ware
Minitab Version 15. Differences between two groups in the
distribution of each KIR gene and genotype were estimated by
two-tailed Fisher Exact test and p<0.05 was considered to be
statistically significant.

Results

KIR genes and genotypes in women with recurrent
miscarriage history

From the four framework genes, KIR2DL4 and 3DL3 were
present in all of the samples, but 3DL2 and 3DP1 were present
in 97,5 % of women with recurrent miscarriage history. KIR
pseudogene KIR2DP1 was present in most samples (in
97,5 % of the study group and 98,9 % of the control group).
A tendency was found that inhibitory KIR genes have a higher
frequency compared to activating KIR genes in all samples
(study and control groups). Among them, inhibitory KIR
genes 2DL1, 2DL3 and 3DL1 had higher frequencies in all
samples, which were more than 82,2 %. With the exception of
KIR2D$S4, frequencies of the remaining activating genes were
all lower than 65 % (Table 1). Fourteen different genotypes
were found in 40 women with recurrent miscarriage history.
The most frequent genotypes found in 25 % of participants

were consisted from 3DL3, 2DS2, 2DL2, 2DL3, 2DP1,
2DL1, 3DP1, 2DL4, 3DL1, 2DL5, 2DS3, 2DS4, 3DL2 genes
which corresponds to Bx genotype (genotype ID: Bx5)
(Fig. 1). Only 4 participants (10 %) in the study group dem-
onstrated the presence of AA genotype which consists only
one activating gene, 2DS4 (genotype ID: AA1) (Figs. 1 and
2). Other analysed participants in the study group demonstrat-
ed the presence of more than one activating gene and thus may
be considered as Bx. Only 2 subjects (5 %) from the study
group possessed all 16 KIR genes (genotype ID: Bx6). The
remaining genotypes contained between 8 to 15 KIR genes.
Six genotypes have been seen only once (Fig. 1).

Relationship of KIR genes with recurrent miscarriage

Frequencies of individual KIR genes were compared between
two groups (Table 1). All 16 KIR genes and 5 different alleles
of 2DS4 were compared by Fisher Exact test. Although acti-
vating receptor 2DS2 gene frequency was observed to be
higher in the study group, this result was statistically insignif-
icant (»p=0,057) (Table 1). Comparison of the groups in terms
of KIR gene frequency showed no statistical significance (p>
0,05) (Table 1). Since the methods used for KIR genotyping
permitted to distinguish groups of alleles of activating
KIR2DS4, we found that there were no statistically significant
differences for 2DS4*001 and 2DS4*003/4/6/7 alleles be-
tween the study and control groups (Table 2). On the other
hand the rate of Bx genotypes which consists elevated number
of activating KIR genes was significantly higher (p=0.014) in
women with recurrent miscarriage (90 %) when compared
with the control group (68,9 %). Additionally, the frequency

Table 1 Comparison of the

frequencies of each KIR gene Gene Control group number % Study group number % P value
of the subjects in the study
(n=40) and control Inhibitory KIRs 2DL1 89 98,9 40 100 1
(n=90) groups 2DL2 41 45,5 26 65 0,057
2DL3 74 82,2 37 92,5 0,179
2DL4 90 100 40 100 1
2DL5 56 56,7 32 80 0,067
3DL1 81 90 36 90 1
3DL2 90 100 39 97,5 0,308
3DL3 90 100 40 100 1
Activating KIRs 2DS1 31 34,4 21 52,5 0,080
2DS2 41 45,5 26 65 0,057
2DS3 29 32,2 17 42,5 0,321
2Ds4 82 91,1 36 90 1
2DS5 35 389 22 55 0,125
3DS1 37 41,1 16 40 1
pseudogene 2DP1 89 98,9 39 97,5 0,522
3DP1 90 100 39 97,5 0,308
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Fig. 1 KIR genotype profiles of
women with recurrent
miscarriage. Fourteen 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

(18]

2DS2
2DL2
2DL3
2DP1
2DL1

of AA genotype (AA1) of the subjects in the study group
(10 %) was significantly lower than the frequency of the
subjects in the control group (31,1 %), (p=0,014), (Figs. 1
and 2).

Discussion
Several factors have been proposed to explain the maternal

tolerance to the potentially allogenic fetus, although our un-
derstanding of the immunobiology of normal pregnancy and

90,0%

100,0%
B study group 68.9%
80,0% % control group
00.0% 31,1%
s 10,0%
0,0%
AA genotype Bx genotype

Fig. 2 The frequencies of Bx and AA genotypes of the study and control
groups. While the frequency of AA genotype of the study group was
significantly lower than the control group, the rate of Bx genotypes was
significantly higher in the study group (p=0,014)

@ Springer

:‘S'C-‘m‘ -3
T = = W on . = E-E %Q
SEEEEEZEE i, &
A - & & @ @ & Q £ .5
10 25,0 Bx5
6 15,0 Bx2
| 4 100 Bx9
4 10,0 Bx7
4 10,0 AAl
2 5,0 Bx4
2 5,0 Bx69
2 5,0 Bx6
1 2,5 Bx402
1 2,5 Bxl118
1 2,5 Bx400
1 2,5 Bx409
1 2,5 Bx176
1 2,5 Bx81

its implications for pregnancy-related pathologies is still lim-
ited. Understanding the basis for the observed genetic associ-
ations is complicated due to the large repertoire of receptors
used by NK cells to interpret their environment. There is
extensive polymorphism among KIR haplotypes, which differ
not only in nucleotide sequence but also in gene content [22].
This genetic complexity echoes the complications confronted
clinically in defining and diagnosing recurrent miscarriage
which can be considered not so much a disease or disorder
but ‘simply the extreme end of a continuum of characteristics
common to all pregnancies’ [5]. Our present study is the first
report demonstrating the association of maternal NK cell KIR
gene repertoire with recurrent miscarriage among Anatolian
women.

There are only a few studies to date where maternal KIR
gene repertoires have been investigated for recurrent miscar-
riages, and these have conflicting conclusions. Varla-Leftherioti

Table 2 Comparison of the frequencies of five different alleles of
KIR2DS4 gene of the subjects who had this gene in the study (n=36)
and control (n=82) groups

Alleles of 2DS4 Study group Control group p values
(n=36)n % n=82)n %
2DS4*001 8 22,2 12 14,6 0,424
2DS4*001 and 7 19,5 20 24,4 0,639
2DS4*003/4/6/7
2DS4*003/4/6/7 21 58,3 50 61,0 0,840
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et al. [26] proposed that the cause of the miscarriage in women
who had experienced an allo-immune abortus is that they have
a limited number of inhibiting KIR repertoire and thus tropho-
blastic HLA class I molecules were not recognized by the
decidual NK cells and perceived as foreign. Our study differed
from this study as that inhibiting KIR genes did not show
significant differences between the study and control groups.
In concordant with our study, Witt et al. [29] also did not see a
significant relation of KIR gene polymorphisms and recurrent
miscarriage. Wang et al. [28] reported that activating KIR genes
were higher in women with recurrent abortus according to the
fertile control group in a study from a Chinese Han Population.
In our study, although the activating receptor gene KIR2DS2
was seen higher in the study group, this was statistically insig-
nificant (p=0,057).

There are also studies indicating that allo-immune abortus
has been seen more often in cases where there is a difference
in inhibiting KIR receptors (2DL1, 2DL2, 2DL3) between
spouses and in women who has a limited number of KIR
repertoire [2,20]. Flores et al. [7] conducted similar studies
in 30 couples and their findings supported that in recurrent
miscarriage subjects, the balance between inhibitory and acti-
vating receptors present in natural killer cells is inclined
toward an activating state that may contribute to pregnancy
loss. They however found an increased prevalence of the
inhibitory AA genotypes among the patients’ cohort. Addi-
tionally, Hiby et al. [8], in a study on 73 recurrent miscarriage
patients, reported an increased prevalence of the maternal AA
genotype. On the other hand, in a study of Faridi et al. [5] from
a North Indian population noticed that the patients with recur-
rent misscariage showed a higher prevalence of B haplotypes
when compared with A haplotypes. In addition, recently
Nowak et al. [21] suggested that KIR AA and HLA-C hetero-
zygous women who have HLA-C C2 homozygous partners
showed an increased chance of successful pregnancy. In con-
cordant with these findings, in our study we found a signifi-
cantly higher frequency of Bx genotype in the study group and
higher frequency of AA genotype in the control group. It is
important to appreciate the influence of different ethnic
groups while conducting such studies on the outcome of KIR
frequencies, as KIR genotypes have a wide geographical
distribution.

KIR2DLA, by binding to HLA-G synthesized by tropho-
blasts is one of important receptors in feto-maternal interac-
tions. Yan et al. [30] reported that the surface expression of
KIR2DLA receptors have been significantly higher in women
who had recurrent miscarriage than the control group. In our
study, we did not assess the surface expression of KIR2DLA,
but there was no significant difference between two groups for
the KIR2DL4 gene frequency.

The KIR locus is polygenic and polymorphic, giving rise to
variable KIR repertoires that are expressed on subsets of NK
cells among individuals. It is unclear if and which receptors on

uterine NK cells interact with HLA molecules which are
expressed on trophoblasts and whether such interactions in-
hibit NK cell lysis, or lead to production of cytokines that
favor normal placental development and maintenance of preg-
nancy. Some of the studies showed that maternal KIR/tropho-
blast HLA-C interaction has been important in placentation
and recurrent miscarriages [6,9]. Therefore, the necessary
difference providing fetal allorejection might be the HLA-C
molecules only. Understanding the immune mechanisms on
the fetomaternal surface better will help comprehend how the
fetus continues her life in the uterus. Findings support that NK
cells have an important role during pregnancy. There is a
possibility of disarrangement of NK cells and thus end in fetal
allograft rejection. Unfortunately there are conflicting results
on the immune mechanisms of recurrent miscarriages in the
literature. In order to understand the mechanisms better stud-
ies should be held in larger groups and in different popula-
tions. Examining KIR receptor expression, gene and genotype
distribution, and relation between KIR ligands such as HLA-C
and HLA-G is also important. Additionally more spesific
techniques on the molecular level will help unveil this prob-
lematic issue.
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