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Aim: To evaluate the role of uterine natural killer (uNK) CD56dim and CD16+ cells in
patients with refractory antiphospholipid, antibody-mediated, recurrent, pregnancy
loss. Settings and Design: A case–control study was conducted between 2012 and
2015 at a university hospital. Patients and Methods: A group of 118 women with a
history of antiphospholipid antibody syndrome experiencing fetal loss in spite of low
dose aspirin (LDA) and low molecular weight heparin (LMWH) treatment in the
current pregnancy were included in this study. A group of 32 patients undergoing an
elective termination of viable pregnancies before 20 weeks were taken as controls.
Suction evacuation was performed to collect abortus specimens, and uterine wall
curettage was performed to collect decidua specimens, which were then stained using
monoclonal antibodies specific to CD56 and CD16. Statistics: Statistical analyses
were performed using the Statistical Package for the Social Sciences version 18
software. Chi-square and Fisher exact tests were used for making comparison between
the groups. Results: Abnormal fetal karyotype was found in nine (9/97) cases of the
study group, which means that abnormal karyotype accounts for only 9.3% of the
causes of failure of treatment. Abnormal karyotype was found in four cases of the
control group. Only cases with normal karyotyping were subjected to decidual uNK
cells analysis. We found that CD56dim and CD16+ were found in the decidua of 79
cases (79/97), which means that aberrant natural killer cells expression might account
for 81.4% of the cases of refractory antiphospholipid antibody (APA)-mediated
recurrent pregnancy loss. Conclusion: CD56dim and CD16+uNK cells might be
correlated with refractory APA-mediated recurrent pregnancy loss.
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INTRODUCTION

R ecurrent spontaneous abortion (RSA) refers to the loss
of pregnancy for ≥2 times in patients before the 20

weeks of gestation or a fetal weight of<500 g.[1,2] Although
it has been estimated to affect 5% of women in the
reproductive age, it is believed that as per these statistics,
the incidence ofRSA is evenhigher because of the exclusion
of subclinical and under diagnosed RSAs.[3]

The etiology of RSA includes chromosomal, anatomic,
endocrine, and autoimmune abnormalities, as well as the
infections of the reproductive tract. In at least 35–44% of
the patients, no cause can be identified, and they are
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referred to as cases of an unexplained recurrent
spontaneous abortion (URSA). However, it has been
shown that URSA might be alloimmune in origin with
failure of the fetal–maternal immunologic tolerance.[4-6]

Up to 15% of the patients with recurrent miscarriage have
been found to be positive for antiphospholipid antibody
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syndrome (APS), and both low-dose aspirin and low
molecular weight heparin have been recommended for
the cases of obstetric APS.[7] Unfortunately, 30% of the
cases continue to experience pregnancy loss in spite of
treatment with no obvious cause and no effective
treatment.[8]

Chromosomal aberrations in the embryo account
only for 30% of the miscarriages in APS.[9,10] There
is much evidence on the underlying inflammatory
mechanisms, as the complement-mediated tissue
injury and the infiltration of placental bed with high
concentration of inflammatory cells suggest another
mechanism for the pregnancy loss in pregnancies
affected by APS.[11,12]

The pathophysiologic basis of obstetric APS is not fully
understood. The pathological features of antiphospholipid
antibodies (APAs) on the trophoblast include the
following: decreased vasculosyncytial membranes,
increased syncytial knots, fibrosis, and infarcts than in
women without APS.[13] The changes in syncytial
membranes may be secondary to thrombosis or
secondary to placental damage by the antibodies
themselves, which can inhibit placental human
chorionic gonadotropin secretion,[14] cause complement
activation,[15] and impair cytokine levels, but all of which
may be responsible for fetal loss in obstetric APS.
Cytokine imbalances are particularly relevant, as
cytokines may affect the activation or inhibition of
natural killer (NK) cells.[16]

The presence of APAs was shown to be associated with
increased peripheral blood NK cells number, proportions,
and cytotoxicity especially in a patient with RSA.[17]

APAs augment NK cell numbers and cytotoxicity, and
result in an increased recruitment of decidual NK cells.
Under these conditions, noncytotoxic decidual NK cells
might change to cytotoxic CD56+/16+ NK cells, which
in turn act via several mechanisms such as the mediation
of trophoblastic tissue apoptosis and the secretion of
various proinflammatory cytokines causing decidual
microvessel thrombosis and fetal loss.[18]

This study aimed at evaluating the decidual NK cells in
obstetric APS patients experiencing fetal loss in spite of
low dose aspirin (LDA) and low molecular weight heparin
(LMWH) treatment.

PATIENTS AND METHODS

Selection of participants
The study was designed over a 4-year period from January
2012 to December 2015. One hundred eighteen cases
having a history of obstetric APS and experiencing
fetal loss in their current pregnancy in spite of low-dose
aspirin (81mg/day) and low molecular weight heparin
Journal of Human Reproduc
(enoxaparin 40mg/day) treatment were included in this
study. The study was conducted at the recurrent
miscarriage clinic of a university hospital. Another 32
patients undergoing elective termination of viable
pregnancy before 20 weeks because of heart disease
New York heart assiciation (NYHA) III and IV stages
and due to lethal congenital anomalies as bilateral
polycystic kidneys, renal agenesis, and anencephaly
were taken as controls.

In our study, unexplained recurrentmiscarriagewas defined
as≥2 confirmed successive spontaneousmiscarriages (<20
weeks’ gestation). APS was diagnosed according to the
Sydney criteria.[19] All the patients had their antibody
status checked at the enrollment.

In our study, the women who proved to have septic
miscarriage, documented with endocrinopathies
(diabetes, thyroid disorders, and hyperprolactinemia),
other autoimmune syndromes, mullerian anomalies,
metabolic disorder, thrombophilia, abnormal karyotype
in one or both parents, the history of hormonal
contraception, and the history of intrauterine
contraceptive device application within the last 3
months preceding current pregnancy were excluded
from the study. The women more than 35 years old and
those with body mass index (BMI) >30 were also
excluded.

The women were included in the study after signing a
written informed consent. The study was conducted in
compliance with the declaration of Helsinki and approved
by the hospital research ethical committee.

Technical information
For each patient, a thorough medical and obstetric
history was taken, and physical examination was
performed.

Evacuation and curettage were performed for all women
included in this study; these two operations were
performed under regional anesthesia, using suction
evacuation to collect abortus specimens after cervical
dilatation, followed by uterine wall curettage to collect
decidua specimens. Abortus specimens were collected on
a special medium for a long-term monolayer cell
culture and subsequent chromosome analysis using a
conventional Giemsa banding technique. Decidua
specimens of cases with normal karyotyping of the
abortus were subjected to an immunohistochemical
staining using monoclonal antibodies specific to
uterine natural killer (uNK) cells, namely CD56+ and
CD16+.

Reagents and materials used included the following:

(1)
tive S
Primary antibodies: monoclonal mouse antibody
(MoAb) against CD56+ and CD16+ expressed on
NK cells.
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(2)
20
Universal kits: immunodetection system from
Biogenex Laboratories, Switzerland contained
the following: (a) negative control antibody, (b)
biotinylated antiimmunoglobulin for mouse
antibody, (c) label: streptavidine peroxidase
complex, (d) chromogen: 2,3-diaminobenzidine
(DAB) chromogen solution, ready to use substrate
buffer and H2O2 substrate for use with liquid
DAB chromogen and substrate buffer, and (e)
blocking reagent to block endogenous peroxidase
activity.
(3)
 Lyophilized pepsin powder, phosphate buffer saline,
counter stain (Mayer’s hematoxylin), distilled water,
and mounting media (Canada balsam).
(4)
 Staining jars, microscopic positively charged slides,
cover slips for slides, and immune stainer.
(5)
 Light microscope: with 100× and 400× magni-
fication.
Table 1: Descriptive characteristics of the study group
Variables Study group (n = 97)

Age 31.25 (20–35)
Previous miscarriage 4 (2–9)

Weight (kg) 89.6 (60–110)

BMI 27.34 (19–30)

GA at time of miscarriage (weeks) 10.6 (8–19)

GA, gestational age.
Immunohistochemical procedure: Decidua specimens were
fixed in 10%neutral buffered formalin for a period notmore
than 24 h, routinely processed and embedded in paraffin
wax. Three-micrometer-thick sections were mounted onto
3-aminopropyltriethoxysilane (SigmaChemical Co., Poole,
UK) coated slides, and serial sections were stained for uNK
cells (CD56+ and CD16+). All the primary antibodies were
incubated for 60min for CD56+ and for 120min for CD16+

at room temperature, and the reaction was developed with
3,3-diaminobenzidine (2,3 diaminobenzidine (DAB);
Sigma Chemical Co., Poole, UK) containing 0.01% H2O2

to give a brown reaction product; staining intensity was
noted; sections were lightly counterstained with Mayer’s
hematoxylin, dehydrated, cleared, and mounted with DPX
synthetic resin (Raymond A, Lamb Ltd., London, UK),
and were then examined by using an ordinary light
microscopy. Appropriate positive controls (neuroblastoma
for CD56+ and tonsils for CD16+) were performed in each
staining run, and negative controls were performed for each
sample by replacing the primary antibody with mouse
immunoglobulin-G.

Ethics
The study was conducted in accordance with the ethical
standards of Helsinki declaration 1973 (revised 2000)
and was approved by the local ethical committee of Ain
Shams University Maternity Hospital.

Statistical analysis
Statistical analyses were performed using the Statistical
Package for the Social Sciences version 18 software (SPSS
Inc., Chicago, IL, United States). Numerical variables
were presented as mean and standard deviation (±SD),
whereas categorical variables were presented as number
(n) and percentage (%). Chi-square and Fisher exact tests
were used for making comparison regarding the qualitative
Journal of Human Reproductive Sciences ¦ Volume 10 ¦ Issue
variables between the groups. A difference with a P value
<0.05 was considered statistically significant.

Required sample size was calculated using G*Power
software version 3.17 for the sample size calculation
(Heinrich Heine Universität, Düsseldorf, Germany),
setting α-error probability at 0.05, power (1-β error
probability) at 0.95%, and effective sample size (w)
at 0.3. The effective size (w) was calculated as
follows: w ¼

ffiffiffiffiffiffiffiffiffiffiffi
χ2=N

p
, where χ2 is the chi-square test,

and N is the total sample size. The number of women
participants needed to produce a statistically acceptable
figure was 100.
RESULTS

Among the one hundred eighteen women recruited for the
study, 21 women were excluded. Among the excluded
women, four women were excluded for having
anatomical uterine defects, 10 women for having age
>35 or BMI >30, four women for having history of
chronic anovulation suggestive of polycystic ovarian
disease, and three women with hyperprolactinemia and
hypothyroidism. Abnormal fetal karyotype was found in
nine (9/97) cases of the study group, which means that
abnormal karyotype accounts for only 9.3% of the causes
of failure of treatment. Abnormal karyotype was found in
four cases of the control group. Only cases with the
normal karyotype were subjected to the decidual uNK
cells analysis. We found that CD56dim and CD16+ cells
were found in the decidua of 79 cases with
chromosomally intact abortuses (79/88), which means
that aberrant NK cells expression might account for
81.4% of the cases of refractory APA-mediated
pregnancy loss.

The mean age of the women included in the analysis
was 31.25 ± 2.09 years, and mean BMI was
27.34 ± 3.41 kg/m2 [Table 1]. A karyotyping study of
the abortus specimens showed normal karyotyping in
89.9% (116/129) of the studied specimens and
abnormal karyotyping in 10.1% (13/129) of the
studied specimens [Table 2]. From the 13 women
with abnormal karyotype, nine were in the studied
group (they are excluded) and four in the control
group [Tables 3 and 4].
1 ¦ January-March 2017
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We found a significant difference between the expression
of CD56dim and CD16+ in the decidua of cases and
controls with an odds ratio (OR) of 21.94, as shown in
Table 5.
DISCUSSION

With proper management, more than 70% of the patients
with obstetric APS will have a live birth. The goals of
treatment in obstetric APS are to improve maternal,
fetal, and neonatal outcomes by decreasing the risks
of the known complications of the disorder, including
maternal thrombosis, fetal loss, preeclampsia, placental
insufficiency, and fetal growth restriction.[20]
Table 3: Descriptive characteristics
Variables Study group (n = 97)

Age 28.7 ± 1.12 years
Previous miscarriage 4 ± 1.4

Weight 89.6 ± 7.2 kg

BMI 27.4 ± 3.1

GA at time of miscarriage 10.6 ± 3.03 weeks

GA, gestational age; Hs, highly significant; Ns, non significant.

Table 5: IHC results of decidua specimens in cases w
Variable CD56dimCD16+ CD56bright

Number (%) Number

Refractory APLAb$ (88 cases) 79 (89.77%) 9 (10.2
Control group (28 cases) 8 (28.6%) 20 (71.5

Total 87 29

IHC= immunohistochemical.

Table 4: Characteristics of the study group acco
Variables ≤3 miscarriages (41 cases)

Age 29.7 ± 2.12 years
Weight 86.6 ± 9.2 kg

BMI 26.7 ± 6.2

GA at time of miscarriage 9.6 ± 4.3 weeks

Abnormal karyotype 6

CD56dimCD16+ expression 34

GA, gestational age; Ns, non significant.

Table 2: Karyotyping analysis of the studied specimens
Variable Number (n) Percentage (%)

Normal female (46 xx) 96 74.4
Normal male (46 xy) 20 15.5

Abnormal karyotype 13 10.1

Triploidy 2 1.5

Tetraploidy 3 2.32

Aneuploidy 8 6.2

Total 129 100

Journal of Human Reproduc
Earliest treatment for recurrent pregnancy loss associated
with obstetric APS was a combination of high-dose
prednisone and low-dose aspirin, with successful
outcome in 75% of the cases but with high maternal
and fetal morbidity due to gestational diabetes,
hypertension, and premature rupture of membranes. The
combination of prednisone and aspirin was compared with
the combination of heparin, and both were found to be
equally efficacious with less morbidity in the heparin
group.[21] However, up to 30% of women with an
obstetric APS experience RSA in spite of the use of
LDA and LMWH in treatment, and this failure might
be due to the underlying inflammatory mechanisms
including complement-mediated tissue injury and the
higher concentration of various inflammatory cells in
the deciduas of those patients.[8]

The most abundant immune cells in the uterine decidua
around the time of implantation and early placental
development are the uNK cells. Altered numbers of
uNK cells have been associated with several human
reproductive disorders, including recurrent miscarriage
and recurrent implantation failure.[22]

This study was designed to evaluate the role of uNK cells
in patients with refractory APA-mediated RSA. In the
study, karyotyping results showed normal karyotyping in
of the study and control groups
Control group (n = 32) P value

32.2 ± 2.2 years Ns
1 ± 2.1 Hs

94.1 ± 6.5 kg Ns
30.4 ± 4.3 Ns

11.24 ± 2.54 weeks Ns

ith chromosomally intact abortuses and controls
CD16− P-value OR 95% confidence interval

(%)

%) <0.0001 21.94 7.515–64.08
%)

rding to the number of previous miscarriages
≥3 miscarriages (56 cases) P value

30.2 ± 3.2 years Ns
90.1 ± 4.6 kg Ns
32.6 ± 5.6 Ns

10.4 ± 2.03 weeks Ns
7 Ns
45 Ns
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90.7% and abnormal karyotyping in 9.3% of the studied
abortus specimens. A 29–57% rate of chromosomal
abnormality was previously reported during analysis of
miscarried tissue from the women suffering RSA,[9,23] and
the higher percent of normal chromosomal results in
miscarried tissue of women with RSA confirms
that there may be other factors other than chromosomal
abnormalities associated with RSA. However, the
relatively lower percentage of chromosomal abnor-
malities in our study might be due to our inclusion
criteria and the use of conventional G-banding
technique in the analysis, which is less accurate than
comparative genomic hybridization, and this might have
caused some sort of bias in our analysis.

In our study, we found an overexpression of CD56dim

and CD16+uNK cells in the decidua specimens of
women with refractory APA-mediated RSA. The
findings of this study suggest that uNK cells might
play an important role in the pathogenesis of
refractory APA-mediated RSA. It is to be noted that
Perricone et al., in 2007, found that the peripheral
NK cells were elevated in the patients with RSA and
APS, and these cells might be the source of uterine
natural killer cells. In their study, they hypothesized
that there is a subcategory of APS that is associated
with elevated NK cells, and this group is the one
suffering from pregnancy losses during the first 10
weeks of gestation.[24] Our results confirm this
hypothesis, as it proves the elevated levels of uNK
cells in resistant APS raising the hypothesis that NK
cells augment the effect of APAs on trophoblastic
tissue and also raises a question on the benefit of
steroids in the treatment of such patients. Prednisolone
has been suggested as a suitable treatment for RSA
women with high uNK cells,[25] and it has been tried
with encouraging results in the cases of resistant
obstetric APS.[8] The beneficial effects of steroids
might be due to its suppressive effect on uNK cells.
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