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Abstract: Objective: To evaluate the single nucleotide polymorphisms and expression of KIR2DL4 (killer cell immu-
noglobulin-like receptors) gene in pre-eclampsia patients. Methods: KIR2DL4 gene polymorphisms were detected
in 100 patients with pre-eclampsia and 100 healthy pregnant women, respectively, by using PCR-SS. Then, the
expression of KIR2DL4 was measured in 5 cases of placentas tissues with pre-eclampsia and normal pregnancies
by using qRT-PCR. Results: Compared with healthy controls, 16 loci of single nucleotide polymorphisms (SNP) were
identified in pre-eclampsia patients, including 7 new polymorphisms loci. But, no significant difference was found
in genotype distributions and allele frequencies in pre-eclampsia and controls (P>0.05). However, qRT-PCR results
showed that KIR2DL4 mRNA in placenta tissues with pre-eclampsia was significantly lower than those with normal
pregnancy, and the difference was statistically significant. Conclusion: Decreased level of KIR2DL4 rather than its
SNP is correlated with the susceptibility of pre-eclampsia.
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Introduction

Pre-eclampsia (PE) is a severe immune-related
disorder, which is characterized by the de novo
onset of hypertension and proteinuria [1, 2]. It
is reported that the incidence of pre-eclampsia
ranges from 5% to 10% in the world [3, 4]. Also,
this condition is the main cause of perinatal
mortality and morbidity [5, 6]. However, the
pathogenesis of PE remains unclear.

KIR2DL4 is a member of Killer cell immunoglob-
ulin-like receptors (KIR) family, which is charac-
terized by both inhibitory and activating KIR [7].
KIR2DL4 can serve as a cell surface receptor in
peripheral blood NK cells as well as uterine and
decidual NK cells [8-10]. Recently, KIR2DL4
polymorphism was found in the Australian pop-
ulation [11] and correlated with risk for PE in
multigravid pregnancies [12]. Here, we detect-
ed KIR2DL4 gene polymorphisms in 100
patients with pre-eclampsia and 100 healthy
pregnant women from China. Moreover, the
expression of KIR2DL4 was measured in 5
cases of placentas tissues with pre-eclampsia
and normal pregnancies.

Materials and methods
Patients

A total of 100 preeclamptic and 100 healthy
pregnant Chinese women between November
2012 and December 2013 were enrolled in this
study. All women were from the Second Hos-
pital of Jilin University, Changchun, China.
Preeclamptic women were aged for 24-34 years
and had 30-40 weeks’ pregnant. Healthy preg-
nant woman were aged for 24-34 years and
had 30-40 weeks’ pregnant. The sample collec-
tion, selection criteria for cases and controls,
as well as DNA isolation procedures have been
described previously. All patients agreed with
the informed consent and permitted to use
samples for research. This study was approved
by Ethics Committee of the Second Hospital of
Jilin University, Changchun, China.

Genomic DNA extraction and genotyping

Genomic DNA was isolated from peripheral
blood (2 ml) by TIANamp Blood DNA Kit (Generay
Biotechnology, Shanghai, China) following the
manufacturer’s instructions. Briefly, blood sam-
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Table 1. The SNP loci of KIR2DL4 gene

SNP number region location nucleotide P value
1 intron1 242 C>G 0.6152
2 (rs604076) intron1 261 A>C 0.5698
3 intron2 375 G>A 0.7241
4 (rs2295803) intron2 502 C>T 0.6594
5 (rs598452) intron2 551 T>C 0.9646
6 (rs618835) extron3 1264 A>G 0.3494
7 Intron3 1541 C>T 0.9345
8 (rs2075769) extron5 2380 C>T 0.0270
9 (rs1051454) extron5 2397 A>G 0.9135
10 (rs1051456) extronb 2610 C>G 0.4419
11 (rs35837163) intron5 5141 T>G 0.6675
12 intron5 5180 00>AA 0.4066
13 (rs687423) intron5 5220 A>G 0.7320
14 intron6 9417 C>T 0.1246
15 intron6 9509 >C 0.0046
16 extron7 9578 C>T 0.1246
17 (rs604076) intron8 10184/5 CT>AG 0.7893
18 (rs1051457) extron9 10399 G>A 0.7322

Table 2. Distribution of alleles and genotypes in KIR2DL4 polymor-

phisms loci
Location Alleles _ frequency P Genotype _frequency P
PE  Control value PE  Control value
242 C 0.458 0.49 0.744 c/C 0.25 0.257 0.905
G 0.542 0.51 C/G 0.417 0.457
G/G 0.333 0.286
261 A 0.81 0.79 0.772 A/A 0.649 0.611 0.945
C 0.19 0.21 A/C 0.324 0.361
c/C 0.027 0.028
375 G 0.959 0.944 0.671 G/G 0.919 0.889 0.663
A 0.041 0.056 G/A 0.081 0.111
A/A 0.000 0.000
502 C 0.923 0.932 0.824 c/C 0.846 0.865 0.817
T 0.077 0.068 C/T 0.154 0.135
T/T 0.000 0.000
551 T 0.397 0.375 0.778 /T 0.154 0.139 0.960
C 0.603 0.625 T/C 0.487 0.472
c/C 0.359 0.389
1264 A 0.675 0.671 0.963 A/A 0.475 0.486 0.957
G 0.325 0.329 A/G 0.4 0.371
G/G 0.125 0.143
1541 C 1 0.987 0.303 c/C 1 0.974 0.302
T 0 0.013 C/T 0 0.026
/T 0 0
2397 A 0.539 0.566 0.744 A/A 0.289 0.316 0.946
G 0.461 0.434 A/G 0.5 0.5
G/G 0.211 0.184F
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ples was mixed with
Boiled RNase A, Pro-
teinase K and TBM
Solution at 55°C for 10
min. The supernatant
was collected and trans-
ferred to GenClean Co-
lumn. Then, DNA fluid
was obtained by centrif-
ugation by using wash
solution and Elution
Buffer. DNA concentra-
tion was measured and
stored at -20°C until
analysis. Then, PCR-SSP
was performed by fo-
llowing the manufactur-
er’'s instructions. Briefly,
each 50 pl PCR reaction
mixture contained 5 pl
LA PCR Buffer, 4 ul
MgCl,, 10 pl deoxy-
nucleotide triphosphate
(dNTP), 8 pl pairs of for-
ward and reverse prim-
ers (Table 1), 5 ul
Templete, 1 ul LA Taq
DNA Polymerase, 1 ul
dimethylsulfoxide (DM-
SO) and 16 pl ddH,0.
Polymerase chain reac-
tion conditions were
as follows: a 5-minute
initial denaturation at
94°C, followed by 5
cycles of 94°C for 30
seconds, 61°C for 45 se-
conds, 68°C for 6 min-
utes, and ending with a
final extension step at
68°C for 10 minutes. A
total of 3 ul PCR product
was mixed with 1 pl
Loading Buffer and ana-
lyzed by electrophoresis
through a 0.8% agarose
gel for 1 hour. In order to
detect the SNP in intron
and exon of KIR2DL4,
we performed DNA se-
quencing analysis in
exon 2, 3,5, 6, 7, 8 and
9 by designing the ampli-
fication sequences of
KIR2DL4 gene (Table 2).
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2610 C 0461 0.434 0.744 C/C
G 0539 0566 c/G

G/G

5141 T 05 0441 0506  T/T
G 0.5 0.559 /G

G/G

5180" 00 0516 0.426 0.306 00/00
AA  0.484 0.574 00/AA

AA/AA

5220 A 0.962 0947 0.673 A/A
G 0.038 0.053 A/G

G/G

9417 C 0763 0851 0.164 C/C
T 0238 0.149 c/T

T

9578 C 0.763 0851 0.164 C/C
T 0238 0.49 c/T

/T

10184/5 CT 0.775 0.855 0.198 CT/CT
GA 0.225 0.145 CT/GA

GA/GA

10399 G 0500 0.419 0316 G/G
A 0500 0581 G/A

A/A

0237 0158 0587  Into cDNA by using Re-
0.447 0553 verse Transcription Sys-
0.316 0.289 tem (TAKARA, Japanese).

The PCR analysis of
TRAP1 gene expression

0.267 0.176 0.684

0.467 0529 was performed by using
gig; giij 0511 the SYBR Green RT-PCR
’ ’ ) Kit (TAKARA, Japanese).
0.516 0.559 .
The primer sequences
0.226 0.294

of KIR2DL4 were (F) 5
0.923 0895 0665  CTTCCCTTCTTTCTCCTT-

0.077 0105 CATCG 3" and (R): 5-CA-

0 0 CATCAAACATGGACGGT-
0.65 0.757 0.474 TT-3". GAPDH was used
0.225 0.189 as internal control and
0.125 0.054 its primer sequences
0.65 0.757 0.474 of were (F) 5-AGGTC-
0.225 0.189 GGTGTGAACGGATTTG-3’
0.125 0.054 and (R) 5-TGTAGACCAT-
0.650 0.737 0.391 GTAGTTGAGGTCA-3’. All
0.250 0.237 primers were purified
0.100 0.026 and synthesized by the
0.231 0.189 0.510 Huada Company (HuaDa,
0.538 0.459 Shenzhen, China). Real-
0.231 0.351 time PCR cycle condi-

control

l

tions were one cycles of

95°C for 30 s, followed
by 40 cycles of 95°C for 5 s
and 60°C for 34 s.

Statistical analyses

Statistical analyses were
performed using SPSS 17.0
(SPSS. Inc., Chicago, IL, USA).
The Hardye Weinberg equilib-
rium of KIR2DL4 gene allele
frequencies was tested. The
chi-square test was used to
compare allele and genotype
frequencies between pre-
eclamptic and healthy con-
trols. The difference of
KIR2DL4 mRNA level in pre-
eclamptic patients and heal-
thy controls was assessed

Figure 1. Electrophoretogram of polymerase chain reaction for KIR2DL4. *: by independent samples t
molecular weight marker, white arrow: negative for KIR2DLA4. test. Statistical significance
was set at P<0.05.

Quantitative reverse transcription PCR (qRT-
PCR)

Total RNA was abstracted from 5 cases of pla-
centas tissues with pre-eclampsia and 5 cases
of normal pregnancies tissues by Trizol reagent
(TAKARA, Japanese) and reversely transcribed
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Results

The SNP of KIR2DL4 was systematically exam-
ined by amplification and sequencing of genom-
ic DNA. The results revealed that 3 cases in the
healthy controls and 1 cases in preeclamptic
patients were negative for the framework
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Figure 2. Seven novel SNP loci of KIR2DL4 were confirmed by DNA sequencing analysis. A. Sequencing peak pat-
tern of SNP in KIR2DL4 242/346 loci. B. Sequencing peak pattern of SNP in KIR2DL4 375/479 loci. C. Sequencing
peak pattern of SNP in KIR2DL4 1541/1656 loci. D. Sequencing peak pattern of SNP in KIR2DL4 5141/5284 loci.
E. Sequencing peak pattern of SNP in KIR2DL4 9417/9568 loci. F. Sequencing peak pattern of SNP in KIR2DL4
9509/9662 loci. G. Sequencing peak pattern of SNP in KIR2DL4 9578/9731 loci.

KIR2DL4 gene, and all other samples from both
controls and patient groups were positive
(Figure 1). However, the difference between
controls and patient groups was not significant
(P>0.05). DNA sequencing analysis showed
that there were 18 SNP loci in the exon-intron
junction of KIR2DL4 gene in preeclamptic
patients and healthy controls, including 13 con-
versions and 4 transversion and 1 insertion
mutation (Table 1). Meanwhile, there were 7
novel SNP loci that had not been previously
described in NCBI's dbSNP (Figure 2). In 18
SNPs loci, six (four non-synonymous substitu-
tions and two synonymous substitutions) were
located in coding regions and the others were
located in the exon-intron junction. These SNP
loci except 2380 and 9509 were accorded with
Hardye Weinberg equilibrium (P>0.05).

Then, we analyzed the distribution of alleles
and genotype in the 16 polymorphic loci of
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KIR2DL4 gene (excluding 2380 and 9509) in
the preeclampsia and normal pregnancy group.
As shown in Table 2, no significant difference
was found in alleles and genotype distribution
between the two groups (P>0.05).

In addition, to evaluate whether KIR2DL4
expression is correlated with pre-elampsia tox-
emia, we detected the KIR2DL4 level in 5 cases
of placentas tissues from preeclamptic patients
and healthy controls by qRT-PCR. The quality of
RNA and the specificity of primer sequence
were confirmed to be reliable (Figure 3). Then,
we found that KIR2DL4 level in preeclamptic
patients was significantly decreased compared
with healthy controls (P<0.05, Figure 4).

Discussion

NK cells are important immune cells to defense
against tumor cells or virus-infected cells and

Int J Clin Exp Pathol 2015;8(11):14535-14541
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Fluorescence
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Figure 3. The quality of RNA and the specificity of primer sequence were
evaluated. A. Electrophoretogram of RNA between PE patients (lane 1-3) and
healthy controls (lane 4-5). B. Amplification Plot of KIR2DL4 gene. C. Solubil-
ity curve of KIR2DL4 gene.

L2 r

1+ P<0.05
0.8
0.6
0.4
0

PE Control

Relative KIR2DL4 level

Figure 4. KIR2DL4 mRNA level in preeclamptic patients and healthy controls
was detected by QRT-PCR.

to soluble mediators, and are
prevalent in uterine leukocyte
population during the early
stages of pregnancy, which
play key roles in uterine tis-
sue remodeling [13]. During
the stages of successful preg-
nancy, NK cells located in
uterine secrete inflammatory
and angiogenic factors to pro-
mote the growth, differentia-
tion, and migration of tropho-
blast cells and the remodel-
ing of spiral artery [13].
Recent studies suggest that
KIR2DL4 may play a role in
this process.

KIR2DL4 is a member of
Killer cell immunoglobulin-like
receptors (KIRs) family. Based
on the number of extracellu-
lar domains, the length of
cytoplasmic tail and the
sequence similarity, KIR pro-
teins are classified into in-
hibitory and activating KIR
[14]. However, KIR2DL4 has
distinct expression, cellular
localization, structure and
function among KIR mem-
bers. Studies have indicated
thatthe KIR2DL4 is expressed
by all NK cells and some T
cells at the transcriptional
level, while its surface expres-
sion is variable [15, 16].
Compare with other KIRs,
KIR2DL4 has a D1 and D2
domain structure, and com-
prises multiple exons. Fur-
thermore, it is unique that
KIR2DL4 only possesses
a single immune tyrosine-
based inhibitory motif (ITIM)
and an arginine residue in the
transmembrane region. Fun-
ctionally, KIR2DL4 can regu-
late the cytokine secretion
and cytotoxicity. In addition,
KIR2DL4 is characterized by
its high degree of conserva-
tion and low polymorphism
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among the highly variable KIR family members
[13].

Several studies have reported that KIR2DL4 is
a specific receptor for HLA-G [16, 17]. HLA-G, a
non-classical MHC class | molecule, is
expressed only by fetal-derived trophoblast
cells in pregnant women and can create a bar-
rier to prevent the fetus from maternal NK cell
attack [10]. The reduced levels of HLA-G in
pregnant women have been reported to be
associated with pre-eclampsia and recurrent
spontaneous abortion [18-20]. Thus, it seems
to imply that the interaction of KIR2DL4 with
HLA-G may play an important role in the main-
tenance of pregnancy. Nonetheless, Nowak et
al. reported that a Polish woman who is lacking
KIR2DL4 gene had a normal pregnancy and
delivered a child [21]. Moreover, the relation-
ship between KIR2DL4 and pre-eclampsia is
rare to report. Witt et al. reported that alleles of
the KIR2DL4 were significantly related to pre-
eclampsia in the Australian population [11].
While Tan et al. reported that the possible
gene-gene interaction of KIR2DL4 with HLA-
G*0106 is correlated with the risk of PE in
Malaysia population [12].

In present study, we detected the SNP of
KIR2DL4 gene in preeclamptic patients and
healthy controls from China. The results
revealed that 97% cases of healthy controls
and 99% cases of preeclamptic patients were
positive for KIR2DL4 gene, indicating that
KIR2DL4 gene may be important for both
healthy population and preeclamptic patients.
In addition, the results demonstrated that there
were 18 SNP loci in the exon-intron junction of
KIR2DL4 gene, including 13 conversions and
4 transversion and 1 insertion mutation.
Meanwhile, there were 7 novel SNP loci that
have not been previously described in NCBI's
dbSNP. These SNP loci except 2380 and 9509
were accorded with Hardye Weinberg equilibri-
um. However, no significant difference was
recorded in alleles and genotype distribution
between preeclamptic patients and healthy
controls. These data were consistent with the
studies reported by Witt [11] and Tan [12], indi-
cating that KIR2DL4 SNP was not significantly
correlated with the susceptibility of pre-eclamp-
sia. In addition, Zhu et al. reported that Chinese
Han population has distinct allele frequencies
of KIR2DL4 in comparison to some other popu-
lations [22]. Then, to further evaluate whether
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KIR2DL4 expression is correlated with pre-
elampsia toxemia, we detected the KIR2DL4
MRNA level in preeclamptic patients and
healthy controls by qRT-PCR. The results
revealed that KIR2DL4 mRNA level in pre-
eclamptic patients was significantly decreased
compared with healthy controls, suggesting
that KIR2DL4 expression was associated with
pre-eclampsia. It is well known that HLA-G is
the ligand of KIR2DL4 and associated with pre-
eclampsia [19, 20]. Thus, we considered that
the decrease of KIR2DL4 in preeclamptic
patients might be connected with the reduced
level of HLA-G. Of course, further investigation
is needed.

In conclusion, this study demonstrates that the
SNP loci of KIR2DL4 gene is found in pre-
eclamptic patients. While the SNP of KIR2DL4
gene is not significantly correlated with the sus-
ceptibility of pre-eclampsia. However, the
decreased level of KIR2DL4 may be connected
with the occurrence of pre-eclampsia.
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