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Objective: The survival of a semi-allogeneic fetus depends on several immunological mechanisms, and it has been suggested that recurrent
pregnancy loss (RPL) could develop as a result of one or more immunological abnormalities.

Methods: Compatibility between partners for human leukocyte antigen (HLA) genotypes and the relationships between maternal killer-cell
immunoglobulin-like receptor (KIR) and paternal HLA-Bw4/Bw6 and HLA-C1/C2 supra-groups were investigated in 25 couples with RPL in
comparison to healthy couples with children. HLA and KIR genotyping was performed using polymerase chain reaction with sequence-specific
primers and/or sequence-specific oligonucleotides.

Results: HLA class | incompatibility between partners, especially in HLA-B alleles, was more common in the RPL group (p=0.01). HLA-C2 ho-
mozygosity was more frequent in the male partners of RPL couples than in other groups (p=0.03). The KIR2DL5 gene frequency was signifi-
cantly higher in both the female and male partners of RPL couples, whereas the KIR2DS3 gene frequency in male partners of RPL couples was
significantly reduced (p=0.03). The presence of KIR2DL3 in women with RPL was correlated with the presence of HLA-C2 alleles in their spous-
es (p=0.03).

Conclusion: Our data from a Turkish population suggest that male HLA-C2 homozygosity may play an important role in RPL. Additionally, an
incidental match between male HLA-C2 and female HLA-C1 ligand KIR receptors might perturb the balance between activatory and inhibitory
KIR-ligand interactions during pregnancy in couples affected by RPL. The roles of orphan KIR2DL5 and orphan KIR2DS3 in RPL remain obscure.
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Introduction ends before the 24th week of gestation without any mechanical or
pharmacological interference. Recurrent pregnancy loss (RPL) refers
Spontaneous abortion is defined as occurring when a pregnancy ~ to two or more consecutive miscarriages clinically recognized before

24 weeks after the last date of menstruation [1]. Research has shown
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that miscarriages occur in roughly 15% of clinically identified preg-
nancies [2]. Miscarriages that recur with no apparent cause are en-
countered in 1% of the population [3]. Even after a complete evalua-
tion, a likely cause cannot be determined in almost half of the cases
[4]. The causes of RPL can be genetic, endocrinological, anatomical,
immunological, and microbiological, with considerable variation
among individuals [5].

During pregnancy, it is vital for the fetus that both the mother and
the fetus have a properly functioning immune system. Because of
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paternal genes, embryonic tissues and the tissues surrounding the
embryo can be recognized as an allograft by the mother. Some re-
searchers have proposed that human leukocyte antigen (HLA)
matching between partners can cause disruption of immune recog-
nition by trophoblasts, resulting in miscarriages. However, it has not
been proven that HLA matching causes miscarriages. On the con-
trary, in pregnancies that occurred through oocyte donation, it has
been shown that more HLA matches between the mother and fetus
were associated with a healthier progression of the pregnancy [6,7].
The fact that syncytiotrophoblast cells of the chorionic villi do not ex-
press HLA antigens is an important factor in preventing the rejection
of semi-allogeneic antigens [8]. On the surface of extravillous cyto-
trophoblast cells, the classical major histocompatibility complex
(MHC) class | product (HLA-C) is found, as well as the nonclassical
MHC class | antigens HLA-E and HLA-G [9-11]. MHC genes contribute
to recurrent miscarriages, as has been reported by various groups in
several studies [12-14]. Even though they are not found in extravil-
lous cytotrophoblast cells, it has been proposed that HLA-B and HLA-
DQB1 alleles might be related to RPL [15,16].

Although the thymus undergoes dramatic changes during preg-
nancy; it is known that the numbers of maternal T cells, B cell, natural
killer (NK) cells, and their subgroups in peripheral blood do not
change. However, T cell function diminishes [17,18]. In comparison
to peripheral blood, the distribution of lymphocytes is different in
the uterus. NK cells account for 70% of uterine lymphocytes [11]. NK
cells recognize cells with no MHC on their surface and then eliminate
them through their cytotoxic activity [19,20]. Killer-cell immunoglob-
ulin-like receptors (KIRs) exert inhibitory and activating effects on NK
cell cytotoxicity [21]. HLA-C molecules, which are KIR ligands, are
separated into two groups (C1 and C2) based whether lysine or as-
paragine is present at the 80th position on the a1 helix of the heavy
chain [22,23]. The known ligands of HLA-C1 are KIR2DL2, KIR2DL3,
and KIR2DS2, and the known ligands of HLA-C2 are KIR2DL1 and
KIR2DS1 [23-25]. Some KIR ligands, such as KIR2DS3 and KIR2DL5,
have not been completely described and are defined as orphan
genes [26,27].

Similar to HLA-C1/C2, HLA-B molecules are subdivided into two su-
pra-groups (Bw4 and Bw6) based on the existence of two different
epitopes in the 77-83 position on the a1 helix of the heavy chain
[28]. Even though KIRs mainly interact with HLA-C molecules, inter-
actions among HLA-Bw4/Bw6 and KIR molecules have been empha-
sized in various studies. Some KIRs, such as KIR3DL1, can interact
with some HLA-B groups [29]. KIR3DL1 engages in complex interac-
tions, especially with the HLA-Bw4 supra-group [30,31]. Because of
the variability of KIR3DL1 allotypes and Bw4 epitope specificity,
KIR3DL1-positive NK cells might not recognize all Bw4+ molecules.
This diversity and specificity may play an effective role in promoting
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graft acceptance [31]. Indeed, the impact of KIR3DL1/3DS1 alleles
and HLA-Bw4 interactions on allograft survival has been reported
[29]. Although the functions of activatory and inhibitory KIR mole-
cules have been identified, more data is needed to interpret the clini-
cal implications of maternal KIR and fetal HLA interactions during
pregnancy [32].

In light of previous data, we examined KIR and HLA class | and Il
groups in Turkish couples experiencing RPL to understand whether
matching status between couples plays a role in RPL and/or whether
the relationship between partners'KIR genes and HLA-C1/C2 and
HLA-Bw4/6 status differs between couples experiencing RPL and
healthy couples.

Methods

1. Patients

Patients for this study were chosen among those who presented to
the Memorial Hospital In Vitro Fertilization Unit suffering from spon-
taneous abortion. Couples with at least 3 and at most 6 miscarriages,
and with no successful pregnancies, participated in this study. The
other inclusion criteria for participation in the study were negative
cervical mucus culture results (Chlamydia/Ureaplasma); normal
karyotype analysis results; no hormonal anomalies such as hyperpro-
lactinemia or hyperandrogenemia; no history of diagnosed endo-
crine diseases such as diabetes, hyperthyroidism, or hypothyroidism;
negative antinuclear antibody and anticardiolipin antibody results,
and normal semen analysis results. In total, 25 couples who satisfied
the above criteria, whose recurrent miscarriages could not be ex-
plained by any of the above possibilities, and who were diagnosed
with RPL were included. The control group comprised 24 healthy
couples with children for HLA typing and 39 healthy couples for KIR
genotyping who had not experienced miscarriages. Additionally, our
HLA series from healthy individuals who had applied to be transplant
donors was used for the HLA comparisons (unpublished data,
n=1,528). The study was approved by Ethics Committee of Marmara
University, Faculty of Medicine (No. B.30.2MAR.0.01.02/AEK/ MAR-
YC-2007-0078). Informed consent was obtained from the partici-
pants before the study.

2.DNAisolation

Genomic DNA was isolated from 5 mL of venous blood with EDTA
(ethylenediaminetetraacetic acid) using the silica bead—based isola-
tion method modified by Eksioglu Demiralp et al. [33]. The purity of
isolated DNA samples was measured using spectrophotometry (EP-
OCH; BioTek, Winooski, VN, USA).
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3. HLA typing

Individual HLA-A, -B, -DR, and -DQ tissue typing was performed by
low-resolution polymerase chain reaction with sequence-specific
primers (PCR-SSP) or sequence-specific oligonucleotides (PCR-SSO)
using the Luminex platform (OneLambda Inc., West Hills, CA, USA).
High-resolution bead-based multiplex PCR-SSO (OneLambda Inc.)
was used for HLA-C typing. The Bw4 and Bw6 supra-group analyses
were conducted based on the common antigen list found on the al-
lelefrequencies.net website [34]. The analysis of the HLA-C1 and HLA-
C2 groups with their KIR counterparts was conducted based on a
previously published list [22]. The results, except for the evaluation
templates, were assessed using the dedicated HLA Fusion software
(OneLambda Inc.).

4.KIR allele typing

To determine individual-level KIR allele polymorphisms, a PCR-SSO
bead-based multiplex kit was used (OneLambda Inc.). The KIR geno-
types examined were 2DL1, 2DL2, 2DL3, 2DL5, 2DS1, 2DS2, 2DS3,
2DS4, 2DS5, 3DL1, and 3DS2. They were evaluated using the HLA Fu-
sion software. The KIR gene frequencies were calculated by directly
counting positive and negative loci, and KIR gene haplotypes were
determined. Our KIR genotype data from healthy controls are avail-
able in the allele frequencies.net website with the name “Turkey KIR
pop 3"[35].

5. Statistics

Gene allele frequencies were calculated by standard counting, using
Microsoft Excel with the GenAIEX extension [36]. The statistical tests
used were the Fisher exact chi-square test and/or the Pearson rank
correlation using SPSS 14.0 (SPSS Inc,, Chicago, IL, USA) or GraphPad
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Prism (GraphPad Software, San Diego, CA, USA) as appropriate, and
p <0.05 were considered to indicate statistical significance.

Results

The HLA-A, -B, -C, -DR, and -DQ allele frequencies in the male and
female partners of couples experiencing RPL (n =25 each) were com-
pared to our data from the general Turkish population (unpublished
data, n=1,528), and the HLA allele frequencies of the RPL couples
did not differ significantly from those of the general population.

1. HLA class | and class Il compatibility between partners
1) Mismatching of HLA-A/B/C/DR/DQ was more likely in RPL
couples

HLA matching status was compared between couples diagnosed
with RPL and healthy couples. Allele compatibility frequencies and
the percentages of 10 HLA alleles (HLA-A, -B, -C, -DR, -DQ) were ana-
lyzed between the couples. According to the compatibility of both
class I and Il HLA alleles, the RPL and control couples were dichoto-
mized into those compatible for 0-4 alleles and those compatible for
5-10 alleles. In RPL couples, a match rate of 0-4 alleles was signifi-
cantly more common for the HLA class | and Il alleles (96% and 68%,
respectively) than a match rate of 5-10 (4% and 32%, respectively;
p=0.02). Therefore, RPL couples were found to be show a predomi-
nant pattern of incompatibility (Figure 1A). The incompatibility of
class I and Il alleles was separately evaluated, and it was found that
class | alleles were the primary source of incompatibility. Couples
were categorized according to their matching status of class | alleles
by grouping them as those with 0-1 match and those with 2-6
matches. Slightly more than half (51.7%) of the healthy couples had
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Figure 1. (A) Human leukocyte antigen (HLA)-A/B/C/DR/DQ compatibility between couples with recurrent pregnancy loss (RPL) and healthy
controls. Incompatibility was more prominent in RPL couples than in couples with children. Intergroup differences were observed for both the
presence of 0-4 and 5-10 allele matches. ?p=0.02. (B) Compatibility distributions in class | alleles in healthy and RPL couples. Incompatibility
in class | alleles was more predominant in RPL couples. p=003; 9p=0.04. (C) Compatibility for each HLA-A/B/C allele in healthy and RPL cou-
ples. Incompatibility in the class | alleles in RPL couples was mainly due to incompatibility in HLA-B alleles. “p=0.001; ®NS, p > 0.05.
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0-1 match for HLA class | alleles, while this was the case for 80% of
the couples with RPL (p=0.03). In contrast, 48.3% of the healthy cou-
ples had 2-6 matching HLA class | alleles, whereas this was only the
case for 20% of the couples with RPL (p=0.04). Similar to the overall
results, the incompatibility in HLA class | alleles was more noticeable
in RPL couples (Figure 1B). No significant difference was found in the
comparisons of class Il alleles. Considering their role in the continua-
tion of pregnancy, HLA class | alleles were separately re-analyzed pro-
vided there was at least 1 match (Figure 1C). HLA-B allele compatibili-
ty between partners was 58.6% in the healthy couples and 16% in
the RPL couples (p=0.001). Therefore, the class | allele mismatches in
the RPL couples was mainly due to HLA-B incompatibility (Figure 1C).

2) Bw4/Bw6 frequencies in male partners

Based on the findings on HLA-B incompatibility, the distribution
frequencies of the HLA-Bw4 and HLA-Bw6 supra-groups were evalu-
ated in the male partners of both groups, since these are KIR ligands.
It was found that the distribution of the Bw4 and Bw6 antigens was
60% and 40% respectively, in the male partners of RPL couples, while
it was 66% and 34%, respectively, in the male partners of healthy
couples. The corresponding distribution in the general Turkish male
population was 48.9% and 51.1%, respectively. No significant differ-
ence was found between the groups.

3) Bw4 and Bw6 matching in couples
Because the HLA-B mismatch between spouses was significant, ho-
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Figure 2. Human leukocyte antigen (HLA)-C1/C2 homozygosity and
heterozygosity in males: when the HLA-C1/C2 groups in male part-
ners (as killer-cell immunoglobulin-like receptor ligands) were com-
pared between recurrent pregnancy loss (RPL) couples and healthy
controls, it was found that C2/C2 homozygosity was significantly
more prevalent in the male partners of RPL couples. ?Not significant,
p>0.05;"p=0.03.
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mozygosity of the Bw supra-groups in the male partners of RPL couples
was evaluated in comparison with the male partners of the healthy
couples and men in the general population. Although Bw6 homozygos-
ity was slightly more common in the male partners of RPL couples, no
statistically significant difference was found in either comparison. We
also investigated whether the difference in HLA-B groups between the
partners in RPL couples was due to incompatibility between the Bw4
and Bwé groups. No difference was found in the distribution of the Bw4
and Bw6 groups between the male and female partners of RPL couples.
Therefore, it was concluded that the differences between the Bw4 and
Bw6 supra-groups, as KIR ligands, did not show statistical significance in
comparisons both within the RPL couples and between the RPL and
healthy couples, before KIR matching was examined.

4) The frequency of male C2 homozygosity was higher in the RPL
group

The distribution of the HLA-C1 and HLA-C2 groups was evaluated
in terms of homozygosity (C1/C1 or C2/C2) and heterozygosity (C1/
C2). The male partners of RPL couples were compared to those of
healthy couples and the general Turkish population. The distribution
of the C1/C1 and C1/C2 genotypes did not differ significantly be-
tween the male partners of RPL couples and those of healthy cou-
ples, and was found to be similar to that of the general population.
Although no statistically significant difference was found in HLA-C
allele compatibility within RPL couples, the frequency of C2/C2 ho-
mozygosity was significantly higher in the male partners of RPL cou-
ples (44% in male partners of RPL couples vs. 26.5% in male partners
of healthy couples; p=0.03) (Figure 2).

2. KIR haplotype distributions

The frequencies of the AA and Bx KIR haplotypes were determined
in the female partners of RPL couples (n=25), the male partners of
RPL couples (n=25), healthy women with children (n=39), and
members of the general Turkish population (n=135). No significant
differences were found in KIR haplotype frequencies between the fe-
male partners of RPL couples and either healthy controls or the gen-
eral Turkish population. The AA haplotype was found in 24% of fe-
male partners of RPL couples, 33.3% of healthy women with chil-

Table 1. KIR-AA and -Bx haplotype frequencies

Variable Female RPL Female healthy  Turkish population
(n=25) control (n=39) (n=135)

AA haplotype? 24 333 244

Bx haplotype? 76 66.7 75.6

Values are presented as percent.
KIR, killer-cell immunoglobulin-like receptor; RPL, recurrent pregnancy loss.
INo significant difference between groups, p > 0.05.
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Table 2. Frequencies of inhibitory and activatory KIRs in RPL and healthy control couples

Variable Fe(r:azlg ?)PL Female P(w:azltalg contro | f\?slzegg)L Male h(e;]alztl;)‘l‘)control pvalue
Inhibitory KIR
2DL2 52 41 56 432 NS
2DL3 92 84.6 92 93.2 NS
2DL5? 70.4°9 43.6" 7259 31.89 0.03%,0.001¢
Activatory KIR
2DS1 52 359 56 523 NS
2DS2 52 513 56 523 NS
2DS39 20 28.2 4p9 40.99 0.02”,0.0019
2DS4 100 89.7 100 90.9 NS
2DS5 36 25.6 32 40.9 NS
3DS1 40 25.6 32 54.5 NS

Values are presented as percent.

KIR, killer-cellimmunoglobulin-like receptor; RPL, recurrent pregnancy loss; NS, not significant.
J0dds ratio for KIR2DL5: 3.07 and 5.5 for the comparison between women and men, respectively; "Comparison to female; “Comparison to male; “0Odds ratio
for KIR2DS3: 0.17 compared to female partners of RPL couples and 0.06 compared to heathy control men.

dren, and 24.4% of the general Turkish population, whereas the cor-
responding distribution of the Bx haplotype was 76%, 66.7%, and
75.6%, respectively (p > 0.05) (Table 1).

1) Frequencies of activating and inhibitory KIR genes

The female partners of RPL couples (n=25), male partners of RPL
couples (n=25), healthy women (n=39), and healthy men (n=44)
underwent KIR genotyping. The frequencies of genes responsible for
expression of KIR molecules with long and short cytoplasmic tails
were examined separately and compared between the groups.
KIR2DL1, KIR2DL4, KIR3DL2, KIR3DL3, and the pseudo-genes (2DP1,
3DP1) found in each individual were excluded from the comparisons.

The frequency of the inhibitor KIR2DL5—an orphan gene—was
significantly higher in both the male and female partners of RPL cou-
ples than in healthy males and females (p=0.001 and p=0.03, re-
spectively) (Table 2). The frequency of another orphan gene,
KIR2DS3, in the male partners of RPL couples was significantly lower
in comparison with the male and female partners of healthy couples
(p=0.02 and p=0.001, respectively) (Table 2). There were no differ-
ences in the frequencies of other KIR genes between the groups. To
summarize, the frequency of the KIR2DL5 gene was significantly
higher in the male and female partners of RPL couples than in the
normal population, and the KIR2DS3 gene frequency was significant-
ly lower in the male partners of RPL couples.

3. Pairings of HLA-C1/C2 supra-groups in male partners and
KIR genes in female partners

The correlations between the HLA-C1 and HLA-C2 supra-groups in
male partners and the KIR genes in female partners were investigat-
ed in RPL and healthy couples. The presence of a C1 group ligand
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(2DL3) in the female partners that corresponded to the HLA-C2
group in their partners was found to be more common in the RPL
couples than in the healthy couples (44% vs. 20%, p=0.02).

Since one of the fetal HLA-C alleles is from the mother, the KIR gen-
otype and HLA-C1/C2 groups of mothers were matched and evaluat-
ed based on the possibility that the mother’s HLA-C1/C2 group could
also be important for immune behavior during pregnancy. The fre-
quencies of HLA-C2/C2 and HLA-C2/x genotypes in mothers and
their KIR genotypes were compared. KIR2DL2, an HLA-C2 ligand, co-
occurred with the C2/C2 or C2/x in 62.5% in the female partners of
RPL couples, but only in 20% of their healthy counterparts (p=0.02).
No relationship was found between the KIR genotype of female part-
ners and HLA-Bw4/Bw6 homozygosity or heterozygosity in male
partners.

Discussion

Genetic diversity in the evolutionary process is important for the
continuation of species. The genes with the highest level of genetic
polymorphism in humans are HLA genes. Spousal selection may be
associated with this diversity in HLA antigens [37]. Each individual’s
HLA antigens are unique, and immune responsiveness or tolerance
created during the lifetime is mediated by HLAs. HLA compatibility
between spouses has been claimed to be advantageous for success-
ful birth after oocyte donation [7]. From this point of view, we exam-
ined the compatibility of HLA groups between partners of RPL cou-
ples with the hypothesis that between-partner HLA compatibility or
incompeatibility in RPL couples may be associated with RPL. However,
there was no significant difference in the frequency of fully matched
(10/10) or incompatible HLAs between RPL and healthy control cou-

https://doi.org/10.5653/cerm.2019.03223
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ples. When the couples were grouped according to the number of
compatible alleles, a statistically significant difference was found be-
tween the groups in terms of the frequency of couples with 5-10
compatible HLA-A/B/C/DR/DQ alleles (Figure T1A). Mismatches in
5-10 alleles were more prominent within RPL couples. This differ-
ence may indicate the necessity of a certain level of between-partner
HLA compatibility, which may contribute to immune tolerance that
allows the development of a healthy semi-allogenic fetus.

HLA compatibility alone between partners is not sufficient to de-
termine the fate of the fetus. Cellular interactions at the maternal-fe-
tal interface are important for healthy fetal development. The mater-
nal NK cell response to the semi-allogeneic fetus occurs in the pres-
ence of paternal antigens. Although the relationship between the
HLA/KIR allele repertoire of the father and mother and the likelihood
of abortion has not been clearly defined, it has been emphasized
that some HLA alleles may be associated with recurrent abortions
[16].

In the light of new findings, other immunological factors associated
with HLA alleles have become more prominent than the frequency
of classical HLA alleles. Although the data are preliminary and vary-
ing, it has been suggested that MHC-KIR genes or molecules may
play a role in recurrent miscarriages [32]. KIR-HLA-Bw4/Bw6 and
KIR-HLA-C interactions have been shown to mediate chronic rejec-
tion reactions after kidney transplantation, although the ligand inter-
actions of KIRs involved in NK cell function remain unclear [29,38].
We suggest that similar interactions might be implicated in RPL. It is
known that extravillous cytotrophoblast cells express only classical
HLA-C and non-classical HLA-E and HLA-G in locations where the
semi-allogeneic fetus is trying to develop [9]. Although HLA-B ex-
pression in extravillous trophoblasts is unknown, Shankarkumar et
al.[16] found that B*57: 01 was significantly higher in RPL patients. In
cases of RPL, although there is no known expression of HLA-B in ex-
travillous trophoblasts, other HLA class | molecules have also been
shown to be inducible by agents such as human cytomegalovirus
[39]. The behavior of extravillous trophoblasts in cases of RPL with
unknown pathogenesis may differ from normal pregnancy [40]. In
our study, we found a significant level of HLA-B mismatching be-
tween partners in RPL couples, but the mismatching may not have
been related to Bw4/Bw6 homozygosity or heterozygosity as KIR li-
gands, even though more prominent mismatches were observed in
the presence of Bw4 antigens. A potential reason for this may have
been polymorphisms in KIR3DL1 (a Bw4 receptor), which we could
not evaluate since KIR3DL1 was present in 100% of the subjects ana-
lyzed in this study.

We also examined KIR gene frequencies. In previous studies of KIR
gene repertoires, it was found that women with recurrent miscar-
riages had fewer inhibitory KIR genes than control women who ex-
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perienced healthy childbirth [41]. However, our results did not con-
firm that finding. In contrast, decreased expression of an inhibitory
KIR receptor (KIR2DL2) has been reported in women with RPL, and
the importance of the interactions between KIR molecules and the
HLA-C1/C2 subgroups has been pointed out [42,43]. In our study, we
did not find a significantly lower KIR2DL2 allele frequency in the fe-
male partners of RPL couples. Nonetheless, interestingly, the KIR2DL5
allele frequency in our study group was significantly higher in both
the female (p=0.03) and male (p=0.001) partners of RPL couples
than in healthy controls. The KIR2DS3 gene allele frequency was sig-
nificantly lower in men with RPL (p=0.001). In contrast to our find-
ings, Hiby et al. [44] found that the frequency of KIR2DL5 was lower
in mothers with preeclampsia than in healthy controls, and also re-
ported that the interaction between the maternal AA haplotype and
the fetal HLA-C2 group may be a risk factor for the fetus. Although
there was no significant difference in KIR haplotypes between RPL
and healthy couples in our study, we found a statistically significant
trend towards C2 homozygosity in the male partners of RPL couples,
which might be a risk factor for the allogeneic fetus. However, the
frequency of KR2DL1, a known ligand of HLA-C2, was excluded from
our statistical analysis since it was detected in 100% of the sample of
the general Turkish population and the RPL couples in our study [35].
Further studies to establish the genetic variants of KIR2DL1 linked to
RPL would provide valuable information on the interactions between
HLA-C2 and HLA-C2 ligands.

In our study, a high frequency of KIR2DL5 was found in men and
women in RPL couples, while KIR2DS3 was less common in the male
partners of couples with RPL. These genes are related and their li-
gands are not known [26]. The presence of the KIR2DL3 gene in
women with RPL corresponded to the presence of the HLA-C2 group
in their male partners to a statistically significant extent in compari-
son with the controls (p=0.03). Statistical significance for this rela-
tionship was not found in healthy couples (p=0.6). Controlled acti-
vation of immune system and balanced cell growth may be of im-
portance for a healthy pregnancy. The healthy development of the
fetus during pregnancy requires controlled activation of immune
system cells, especially at the maternal-fetal interface [45]. According
to our findings, the co-occurrence of the KIR2DL3 inhibitory receptor
gene in women with RPL with the presence of the HLA-C2 ligand in
their spouses may be interpreted as reflecting the absence of opti-
mal activation of NK cells in these women.

The ligand of KIR2DL2 is HLA-C1. In the RPL group, women with
KIR2DL2 and HLA-C2/C2 or HLA-C2/x genotypes were significantly
more common than in the healthy group. Therefore, the KIR-HLA C
distribution in women with RPL is as important as concordance be-
tween partners, and this finding is compatible with the data reported
by the Higgs group. It is obvious that KIRs in men cannot play a direct
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role in the abortion process, but since the KIR distribution of the fetus
is unknown, scattered fetal cells bearing possible unacceptable KIRs
may have an effect on accelerating the termination process. Further-
more, the observation of different frequencies of KIR2DL5 and
KIR2DS3, which are orphan genes and receptors, also suggests that
their difference may vary across ethnicities. Identifying the ligands of
the KIR2DL5 and KIR2DS3 receptors, which are highly homologous
with each other, determining their status in healthy and pathological
conditions, and demonstrating their relationship with RPL will con-
tribute greatly to the literature on this topic.

Finally, we suggest that multiple distinct mechanisms may under-
lie the HLA-KIR interactions in RPL that may lead to the disruption of
individual immune recognition. The elucidation of the factors affect-
ing these mechanisms may help to explain contradictory data in the
literature from couples drawn from various ethnic populations.
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