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SUMMARY

In order to study the mechanism of abortion, the proportions of NK cells in the peripheral blood and
decidual lymphocytes were evaluated in both chromosomally normal and abnormal missed abortions. In
normal pregnancy, CD56þ16¹3¹ NK cells are a major element of decidual lymphocytes. The
percentages of CD56þ16¹3¹NK cells of peripheral lymphocytes in normal pregnancies were not
statistically significantly different from those of chromosomally normal and abnormal abortions. In the
decidua, the percentages of CD56þ16¹3¹ NK cells of decidual lymphocytes showed no statistically
significant differences between normal pregnancies and chromosomally abnormal abortions. However,
the percentages of CD56þ16¹3¹NK cells of chromosomally normal abortions were lower than those of
chromosomally abnormal (P¼ 0·0025). Moreover, the percentages of CD56þ16¹ NK cells in abortions
with normal chromosomes were lower than those in normal pregnancies or abortions with abnormal
chromosomes (P¼ 0·0037,P¼ 0·0025). However, when the proportion of CD56þ NK cells expressing
CD16 was evaluated, there were no statistically significant differences in the percentages of CD56þ16þ

NK cells in normal pregnancies and missed abortions with normal chromosomes and abnormal
chromosomes. We conclude that the expression of decidual CD56þ16¹3¹ NK cells in missed abortions
with normal chromosomes is different from abortions with abnormal chromosomes and that this
phenomenon may depend on an abnormal immune response of the maternal side.
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INTRODUCTION

The causes of spontaneous abortion may be abnormal development
of the zygote and/or maternal factors, one being due to chromo-
somal anomalies. In humans, 50–60% of early spontaneous abor-
tions are associated with a chromosomal anomaly of the conceptus
as reported in several studies [1]. As reported, maternal factors for
spontaneous abortion include uterine abnormalities, infection,
abnormal antibodies for blood types, endocrine defects, chemicals
and immunological factors [2].

The reasons for abortion with normal chromosomes are diffi-
cult to determine, although the following are possibilities; a genetic
abnormality such as an isolated mutation or polygenic factors,
maternal factors and paternal factors. The maternal immune
response in abortion with normal chromosomes is not yet well
known. It was reported that NK cells may have a homeostatic role
in reproduction and the control of placentation [3,4]. A large

proportion of decidual lymphocytes are NK cells (CD56þ16¹3¹)
which express the cell surface marker CD56 but do not express
CD16 and CD3 [5]. NK cells appear to display deleterious effects
on fetal development resulting in spontaneous abortions [6–9].
However, CD56þ16¹ NK cells secrete various cytokines,
including macrophage colony-stimulating factor (M-CSF) and
granulocyte-macrophage colony-stimulating factor (GM-CSF),
which are thought to promote placental growth. It appears that
NK cells may play an important role in maintaining pregnancy
[10,11]. To investigate the mechanism of abortion when the fetal
chromosomes are normal, the proportions of NK cells in the
peripheral blood and decidual lymphocytes were evaluated by
flow cytometry.

MATERIALS AND METHODS

Materials
Maternal peripheral blood samples, villi and decidua were taken
from 28 cases of missed abortion and 15 cases of normal pregnancy
from weeks 5 to 11 of gestation. All women gave informed
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consent. Missed abortions were diagnosed by using vaginal ultra-
sound. The term missed abortion referred to the prolonged reten-
tion of a fetus that died during the first trimester of pregnancy. The
samples obtained from women undergoing termination of normal
pregnancies and therapeutic extraction of missed abortions were
taken by dilatation and curettage (D&C) in our institution within
1 week after the death of the fetus was confirmed. In the control
samples (normal women), it was confirmed that the development
of the fetuses was within normal limits by measuring gestational
sac and crown-rump length and that the chromosomes from their
villi were normal.

In the study cases, no uterine abnormalities, infections, abnor-
mal antibodies involving blood types or autoantibodies such as
anti-cardiolipin antibody were found.

Methods
Chromosomal analysis. Chorionic villi were sampled for

cytogenetic analysis. Primary cultures were established using
Chang’s medium. From cultured specimens, cells were harvested
and trypsin–Giemsa-banded, and 40 metaphases for each tissue
were analysed. The tissues were classified as mosaic if 20% of the
cells had an identical karyotype differing from the rest of the cells
analysed from the same specimen.

Isolation of decidual lymphocytes and peripheral blood lym-
phocytes. Decidual cell suspensions were prepared from decidual
tissue by a modification of Petrovic’s method [12]. Fragments of
decidua were washed with PBS and the maternal blood removed,
then decidual tissues were identified macroscopically and minced
with scissors. Tissues were incubated at 378C in 5% CO2 with
continuous agitation in RPMI 1640 medium (GIBCO, Grand Island,
NY) containing 0·4% trypsin (Sigma, St Louis, MO). After 90 min,
the cell suspension was filtered through a 50-mm nylon mesh
(Kurabou, Tokyo Japan), washed three times with RPMI 1640 by
centrifuging at 400g. The cell pellet was resuspended in
RPMI 1640 containing 10% fetal calf serum (FCS; GIBCO). The
resuspended cells were layered onto Lymphoprep (Nycomed
Pharma AS, Oslo, Norway) solution and centrifuged for 30 min
at 400g. Cells aspirated from the interface were washed three times
with PBS, adjusted to a concentration of 1×107cells/ml in RPMI.
Cell viability was confirmed to be usually> 95% by trypan blue
dying. Peripheral blood lymphocytes were also separated using
Lymphoprep.

Antibody labelling. Peripheral blood (100ml) and decidual
lymphocytes (1×106cells/100ml) were labelled with 20ml of
FITC-conjugated anti-CD16 MoAb (clone 3G8; Pharmingen, San
Diego, CA), PE-conjugated anti-CD56 antibody (clone B159;
Pharmingen) and PerCP-conjugated anti-CD3 antibody (clone
SK7; Becton Dickinson, San Jose, CA).

Flow cytometry. Antibody-labelled cells were analysed by flow
cytometry using FACS Caliber (Becton Dickinson). Three-colour
flow cytometry utilized an argon laser with 15 mW at 488 nm
excitation. The first gates were set around the lymphocytes on
forward scatter and side scatter dot plots to exclude other cells from
analysis. Then, crossovers of FL1, FL2 and FL3 signals were
adjusted by compensation using FITC-, PE- or PerCP-conjugated
antibodies. The second gate was set around CD3¹ lymphocytes.
Results with all other antibodies were expressed as the percentage
of these gated lymphocytes. For each experiment, 10 000 lympho-
cytes were evaluated. The percentages of antibody-positive cells
were quantified using CELL Quest (Becton Dickinson), counting
CD56þdim cells as CD56þ.

Statistical analysis. Student’st-test and Mann–WhitneyU-test
were used to determine the levels of significance of differences.
Differences atP<0·05 were considered statistically significant.

RESULTS

Chromosomal analysis
Seventeen cases of the 28 missed abortions had abnormal
chromosomes, while all of the 15 normal pregnancy cases had
normal chromosomes. Distribution of abnormal chromosomes in
missed abortion cases is shown in Table 1. The median and range
of the maternal age and gestation of normal control and missed
abortion with normal chromosomes and abnormal chromosomes
were 29 years (range 18–41 years) and 7 weeks (6–10 weeks),
33 years (23–41 years) and 9 weeks (6–12 weeks), and 30 years
(21–40 years) and 9 weeks (7–11 weeks), respectively. There were
no statistically significant differences in the three groups.

Flow cytometry analysis
NK cells consist of CD56þ16þ, CD56þ16¹, CD56þ16¹3¹ and
other NK cell types. First, the changes of total CD56þ NK cells
were analysed, followed by analysis of the changes of CD56þ16¹,
which have been previously reported in normal pregnancy and
abortion. Finally, using three-colour flow cytometry,
CD56þ16¹3¹ NK cells, which were a large proportion of the
decidual lymphocytes, were analysed.

The percentages of CD56þ NK cells were 54·6% (31·2–73·3%)
in the decidua lymphocytes taken from normal pregnant women.
The CD56þ NK cells were the largest proportion of the decidual
lymphocytes. When the percentages of decidual CD56þ cells were
evaluated in missed abortions, the percentages of CD56þ cells of
decidual lymphocytes in abortions with normal chromosome and
abnormal chromosome were 31·0% (range 6·2–72·6%) and 54·3%
(30·7–82·4%), respectively. The percentages of CD56þ cells in
abortions with normal chromosomes were lower than those in
normal pregnancies or abortions with abnormal chromosomes
(P¼ 0·004,P¼ 0·003).

Moreover, when the percentages of decidual CD56þ16¹ NK
cells were evaluated in missed abortions and normal pregnancies,
the percentages of CD56þ16¹ NK cells of decidual lympho-
cytes in normal pregnancies and abortions with abnormal
chromosomes were 48·9% (median) (range 21·7–68·1%) and
49·5% (22·7–78·9%), respectively, both without any statistically
significant difference. However, the percentages of CD56þ16¹ NK
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Table 1. Distribution of chromosomal
abnormalities in missed abortion cases

Monosomy 2 (12%)
Trisomy 12 (70%)

4 trisomy 1
5 trisomy 1
6 trisomy 1

12 trisomy 1
13 trisomy 1
16 trisomy 2
21 trisomy 4
22 trisomy 1

Triploid 1 (6%)
Tetraploid 2 (12%)
Total 17 (100%)



cells in abortions with normal chromosomes were 24·0% (3·4–
53·8%), lower than those in normal pregnancies or abortions with
abnormal chromosomes (P¼ 0·0064,P¼ 0·009).

We also determined the proportion of CD56þ NK cells
expressing CD16. The percentages of CD56þ16þ NK cells in
normal pregnancies and missed abortions with normal chromo-
somes and abnormal chromosomes were 7·9% (1·5–17·8%), 2·8%
(1·4–18·8%) and 4·7% (1·0–30·4%), respectively, without any
statistically significant difference.

When the percentages of decidual CD56þ16¹3¹ NK cells in
missed abortions and normal pregnancies were evaluated, the
percentages of CD56þ16¹3¹ NK cells of decidual lymphocytes
in normal pregnancies and abortions with abnormal chromosomes
were 41·3% (median) (range 22·0–65·3%) and 46·4% (23·2–
84·0%), respectively, both without any statistically significant
difference. However, the percentages of CD56þ16¹3¹ NK cells
in abortions with normal chromosomes were 22·45 (2·8–52%),
lower than those in abortions with abnormal chromosomes or
normal pregnancies (P¼ 0·0025,P¼ 0·0065)(Fig. 1). When we
looked for a correlation between cell numbers and gestational age,
no correlation was found (r ¼ 0·228,P¼ 0·14).

By the dot plot analysis of decidual lymphocytes, a large
number of CD56þ16¹3¹ NK cells of missed abortions with
abnormal chromosomes were found (left panel of Fig. 2).
Decreased numbers of CD56¹16¹3¹ NK cells of a missed abortion
case with normal chromosomes are found (right panel of Fig. 2).

A large proportion of the NK cells in this group were still
CD56þ (CD56þdim), but they were less bright than in the group
with abnormal chromosomes.

We checked the peripheral lymphocytes, and found the per-
centages of CD56þ16¹3¹ NK cells in normal pregnancies and
abortions with normal and abnormal chromosomes were 0·57%
(0·14–3·79%), 1·26% (0·35–10·5%) and 1·6% (0·42–4·81%),
respectively, with no statistically significant difference. No differ-
ences were found in the percentages of CD56þ, CD56þ16¹ and
CD56þ16þ cells in those groups.

DISCUSSION

The most abundant cell type of decidual lymphocytes in early
normal pregnancy were CD56þ16¹3¹ NK cells. We evaluated the
percentages of decidual CD56þ16¹3¹ NK cells in missed abor-
tions and normal pregnancy controls. No significant differences in
the percentages of these cell populations were found. However,
when the cases were divided into abnormal and normal chromo-
somes in missed abortion, the percentages of decidual
CD56þ16¹3¹ NK cells of normal chromosomal cases were
significantly lower than those of abnormal chromosomal cases
and normal pregnancies (Fig. 1). These changes were not found in
maternal peripheral blood lymphocytes.

NK cells appear to display deleterious effects on fetal
development, resulting in spontaneous abortion in mice and
humans. Gendron & Baines reported that the infiltration of NK
cells into the decidua is associated with spontaneous abortion in
mice [6]. Yokoyama reported the presence of cytotoxic cells
directed against placental cells in human habitual abortions by
an in vitro terminal labelling assay [9]. However, we could not
detect higher percentages of CD56þ, CD56þ16¹, CD56þ16þ and
CD56þ16¹3¹ cells in our missed abortion cases. Maruyamaet al.
reported no significant differences were found between normal
pregnancy and spontaneous abortion in the percentages of
CD3¹CD16þ and/or CD56þ (NK cells) in the decidua [13].
Chaoet al. also reported decidual NK cells (CD16þ or CD56þ)
were increased to approximately the same extent in normal
pregnancy and abortion (anembryonic pregnancy) [14].
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Fig. 1. Percentages of CD56þ16¹3¹ NK cells in decidual lymphocytes
taken from chromosomally normal, abnormal missed abortions and normal
pregnancies. The bars indicate median values.P¼ 0·0025: missed abortion
chromosomally normalversus chromosomally abnormal.P¼ 0·0065:
missed abortion chromosomally normalversus normal pregnancies.
P¼ 0·2: chromosomally abnormalversus normal pregnancies (Mann–
Whitney U-test). The lymphocytes were isolated from the decidua and
stained with FITC–anti-CD16, PE–anti-CD56 and PerCP–anti-CD3
MoAb. The first gate was set around the lymphocytes. The second gate
was set around CD3¹ lymphocytes. Ten thousand lymphocytes were
analysed on a FACS Caliber. Results with all antibodies were expressed
as the percentages of these gated lymphocytes. CD56þdim cells were
counted as CD56þ.
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Fig. 2. Dot plot analysis of decidual lymphocytes. FL1 (CD16) and FL2
(CD56) were gated with CD3¹ cells. A large number of CD56þ16¹3¹ cells
of missed abortions with abnormal chromosomes are found in the left panel.
Decreased number of CD56þ16¹3¹ NK cells in missed abortions with
normal chromosomes are found in the right panel. A large proportion of the
NK cells in this group were still CD56þ (CD56þdim), but they were less
bright than in the group with abnormal chromosomes. The lymphocytes
were isolated from the decidua and stained with FITC–anti-CD16, PE–
anti-CD56 and PerCP–anti-CD3 MoAb. The first gate was set around the
lymphocytes. The second gate was set around CD3¹lymphocytes. Ten
thousand lymphocytes were analysed on a FACS Caliber. Results with all
antibodies were expressed as the percentage of these gated cells. CD56þdim

cells were counted as CD56þ.



As CD16þ cells trigger NK cell antibody-dependent cellular
cytotoxicity and CD16þ cells consistently exhibit higher cytolytic
activity than CD16¹ NK cells, this increased proportion of
CD56þ16þ cells may be involved in the demise of the conceptus,
either directly or indirectly when exposed to antibody-coated fetal-
derived cells [15]. However, increased percentages of CD56þ16þ

cellswerenot found in missed abortions with normal chromosomes.
It has been reported that NK cells may play an important role in

maintaining pregnancy. Michaelet al. reported that the number of
cells with large granules decreased in the decidua from women
with missed abortions, although it is not clear whether these cells
originated from CD56þ16¹ NK cells [16]. Wegman suggested
CD56þ16¹ NK cells secrete various cytokines, including M-CSF
and GM-CSF, which are thought to promote placental growth [11].
Saito et al. also demonstrated that CD56þ16¹ NK cells secrete
cytokines such as GM-CSF, M-CSF and leukaemia inhibitory
factor (LIF) [10]. The result of lower percentages of CD56þ16¹3¹

NK cells in chromosomally normal missed abortion cases may
indicate an inappropriate development of decidual NK cells.
Lachapelle reported that the decrease of CD56bright16¹ NK cells
was observed in the non-pregnant endometrium in recurrent
aborters and that this may be associated with an altered cytokine
expression profile and a failure to provide the conceptus with the
proper growth environment [17].

We conclude that the expression of decidual CD56þ16¹3¹ NK
cells in missed abortion with normal chromosomes is different
from that of abortions with abnormal chromosomes, and that it may
depend on an abnormal immune response in the maternal tissues.
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