
Introduction

Recurrent spontaneous abortion (RSA) refers to the loss

of conception product or fetus twice or more than twice

before the 28th week of gestation (body weight ≤ 1,000 g)

[1], accounting for 1% to 5 % of the total pregnancy inci-

dences. Clinical studies have found that the risk of spon-

taneous abortion of these patients on their subsequent

pregnancy was up to 70% - 80% [2]. The repeated loss of

fetus would bring great physical and psychological harm

towards the pregnant women and families. Currently, there

is lack of effective clinical control measures. The etiology

is complex, which might be associated with fetal chromo-

somal abnormalities, maternal immune dysfunction, en-

docrine abnormalities, uterine anatomic abnormalities,

infections, and environmental factors. After near 20 years

of researches, it is gradually found that 80% of the unex-

plained recurrent spontaneous abortion (URSA) is related

with the immune factors. Maternal-fetal interface is where

the maternal tissues and the fetal components come into

direct contact, the most important part of the immune re-

sponse. Pregnancy is a homograft phenomenon. For the

mother, embryo carries semi-allogeneic antigens, evading

rejection by the maternal immune system during normal

pregnancy. Several mechanisms contribute to immunoreg-

ulation of maternal-fetal interface. Abortion is a transplant

rejection caused by the abnormal immune tolerance in ma-

ternal-fetal interface [3]. Currently, the known mechanism

of the maternal-fetal interface immune tolerance is a com-

plex regulatory system co-participated by the regulation

of human leukocyte antigen and immune cells such as T

lymphocytes, natural killer (NK) cells, macrophages, and

dendritic cells [4]. T lymphocytes are the most important

cell populations in the immune system, and divided into

different subsets according to the different CD markers on

their surface. The T lymphocyte subsets in normal body

synergize with each other, maintaining the body’s normal

immune function. When an exception occurs in the num-

bers and functions of different lymphocyte subsets, the

body might encounter immune disorders [5]. Vujaklija et
al. found that the peripheral blood T cell subsets in URSA

patients were abnormal [6]. NK cells are the large granu-

lar lymphocytes derived from the lymphoid hematopoietic

stem cells in bone marrow, accounting for 10% -15% of

the total number of human peripheral blood lymphocytes.

NK cells could participate the non-specific immune re-
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sponse, without the stimulation of antigen and the partici-

pation of antibodies, and could directly kill the virus-in-

fected target cells and tumor cells. Peripheral blood NK

cells could migrate into the uterine local immune mi-

croenvironment and differentiate into the decidual NK

cells through certain hormones or chemokines, and thus

leading to the occurrence of URSA [7]. Carlino et al.
pointed out that there was a dynamic balance between the

peripheral NK cells and the NK which migrated and dif-

ferentiated into the decidua on the maternal-fetal interface,

the abnormal content and function of NK cell were closely

related with URSA [8].

In this study, the compared detection was performed

among RSA patients, normal-pregnancy (NP) women and

normal non-pregnancy (NNP) women, aiming to understand

the differences of T cell subsets and NK cells, and long-term

follow-up was also performed towards the RSA patients for

the comparison of the similarities and differences before and

after the abortion, or the pregnancy at the next pregnancy, in

order to analyze the relationship of the changes with preg-

nancy, and to investigate the possible mechanism and the

monitoring significance of the changes of T-cell subsets and

NK cells in RSA pathogenesis, providing the clinical basis

for the diagnosis and prevention of URSA.

Materials and Methods

General information
The conditions of URSA: 1) continuous spontaneous abortions

twice or more than twice; 2) chromosome karyotype of the couple

were normal; 3) the determination of reproductive hormone was

normal, with no endocrine disease history; 4) without the infections

of chlamydia trachomatis and mycoplasma urealytium; 5) without

organic disease in genital tract; 6) autoimmune antibody was neg-

ative; 7) the examination of semen was normal [9].

Grouping
(1) URSA-abortion group: 39 URSA patients were included, who

were diagnosed in this hospital in 2008-2011 and met the above cri-

teria after a detailed history and system checks. The pregnancy was

confirmed through B-ultrasonic gestational sac-probe, and the preg-

nancy period was 8~10 weeks. The B-dynamic monitoring showed

that the embryo had no growth, no fetal heart or the fetal heart im-

pulse disappeared. (2) URSA-pregnancy group: 22 patients were

included, who were hospitalized from 2008 to 2011 and met the

above conditions of URSA. The patients were diagnosed as early

pregnancy, the B-ultrasound probe reached the gestational sac, and

the B-dynamic monitoring exhibited the normal embryo growth and

fetal heart. The patients were all successfully followed-up and gave

birth. (3) NP group: 31 patients were collected at the same period

who accepted the voluntary termination of pregnancy in the clinics

of this hospital; the pregnancy time was 8-10 weeks. The patients

had no history of spontaneous abortion and had a normal history of

pregnancy and delivery, and had all confirmed existence of gesta-

tional sac embryo and fetal heart beating through B-ultrasound. (4)

NNP group: 25 patients were collected at the same period, without

a history of spontaneous abortion while with NP history, when the

patients were diagnosed they were not pregnant. This study was

conducted in accordance with the declaration of Helsinki. This

study was conducted with approval from the Ethics Committee

of the 2nd Affiliated Hospital of Soochow University. Written in-

formed consent was obtained from all participants.

Specimen collection
URSA-abortion group: three ml peripheral blood was extracted

before the uterus-cleaning, the 1st, 2nd, 3rd, 4th, 5th, and 6th month after

the abortion; URSA-pregnancy group: three ml peripheral blood

was extracted on the third month (eight to ten weeks) of pregnancy;

NP group: three ml peripheral blood was extracted on the third

month (eight to ten weeks) of pregnancy as the control group. The

above blood samples were all detected by flow cytometry.

Detection indicators
T lymphocyte subsets: T cell ratio, helper T lymphocyte (Th)

ratio, suppressor T lymphocyte (Ts) ratio, Th/Ts (CD4 + T/CD8 +

T) ratio, B cells ratio,  and NK cells ratio.

Detection method
After the conventional anticoagulation with heparin, three ml pe-

ripheral blood of each group underwent density centrifugation for

the peripheral blood mononuclear cells with Ficoll-Hypaque

method. The cell suspension was treated with CD3-PERCP/CD4-

FITC/CD8-PE/ CD19-PERCP/CD56-PE/CD16-PE/CD3-FITC,

then after the incubation and hyalinization, FC500 flow cytometer,

with Cell Quest software, was used to sort and calculate the T cell

subsets, including T cells ratio, Th cells ratio, Ts cells ratio, Th/Ts

(CD4 + T/CD8 + T), B cells ratio of NK cells ratio.

Statistical analysis
SPSS17.0 software was used. The counting data were expressed

as mean ± standard deviation, the comparisons of inter- and inner-

group were performed with ANOVA, with p < 0.05 considered as

statistically significant.

Results

General information
Except the maximum numbers of abortion, there were no

significant differences among the other indicators of the four

groups (Table 1).

Table 1. — Comparison of general information among the three groups.
Group Cases Age (years) Pregnant time (n) Max abortion times (n) Pregnency duration (days)

URSA-abortion group 39 28.3 ± 3.22 2.8 ± 0.60 2.8 ± 0.60 65.6 ± 4.73

URSA-pregnancy group 22 27.4 ± 0.54 3.1 ± 0.40 2.1 ± 0.40 63.3 ± 4.98

NP group 31 26.6 ± 1.14 2.7 ± 0.46 0.8 ± 0.96 63.5 ± 5.12

NNP group 25 26.8 ± 2.34 2.6 ± 0.54 0.7 ± 0.34 -

P 0.340 0.094 0.004* 0.188

Note: * inter-group comparison, p < 0.05; - represented no data.
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Comparison of immune cells of URSA-abortion group,
URSA-pregnancy group and NP group

The comparison among the URSA-abortion group (be-

fore uterus-cleaning), the URSA-pregnancy group, and NP

group revealed that, the ratios of Th cells and NK cells in

the former significantly increased as 37.1 ± 6.87% and

15.2 ± 5.29%, with statistically significant difference (p <

0.05); compared with URSA-pregnancy group, the T cells

of URSA-abortion group (before curettage) significantly

decreased as 66.9 ± 6.96%, with statistically significant

difference (p < 0.05, Table 2, Figure 1).

Dynamic monitoring of a variety of immune cells in URSA-
abortion group (after uterus-cleaning)

Compared with the NNP group, the T cells ratios in

URSA-aborting group, on the 1st, 2nd and 3rd month after

abortion, significantly reduced, as 67.1 ± 6.51%, 69.1 ±

5.95%, and 68.6 ± 7.12%, respectively, with statistical sig-

nificance (p < 0.05); the Th (CD4+ T cells) ratios of

URSA-abortion group with 1~6 months after abortion sig-

nificantly reduced, as 36.0 ± 7.64%, 36.6 ± 5.43%, 35.0 ±

6.83%, 36.1 ± 6.91%, 36.0 ± 7.34%, and 37.7 ± 4.01%, re-

spectively, and the difference was statistically significant

(p < 0.05); the Th/Ts (CD4+T/CD8+T cells) ratios on the

3rd, 4th, and 6th month after abortion decreased significantly,

as 1.31 ± 0.43, 1.32 ± 0.46, and 1.33 ± 0.36, with statisti-

cally significant difference (p < 0.05); the NK cells ratios

on the 1st and 2nd, 3rd, 5th, and 6th month after abortion sig-

nificantly increased, as 13.9 ± 4.09%, 14.5 ± 5.27%, 14.4

± 5.87%, 15.3 ± 5.83%, and 14.2±6.15%, respectively,

with statistically significant difference (p < 0.05, Table 3,

Figures 2, 3).

Discussion

Currently, researches show that URSA is mainly related

to immune factors. The immune tolerance on the maternal-

fetal interface maintains the normal embryo not to suffer

from maternal rejection; once this immune balance is bro-

ken, URSA would occur [10, 11].

CD4+T cells are auxiliary/inductive T lymphocytes (Th),

which could mediating the cell immunity, and the increasing

rate of Th could enhance the maternal immune function, and

the immune rejection towards embryo would also increase, re-

sulting in the pregnancy loss [12]. CD8+T cells belong to the

killing/suppressive T cells (Ts), which could not only inhibit

the B lymphocyte-mediated humoral immunity, but also in-

Table 2. — Comparison of peripheral blood immune cells in URSA-abortion group, URSA-pregnancy group and the NP group.
Items URSA-abortion group (n=39) URSA-pregnancy group (n=22) NP group (n=31)

T cells (%) 66.9 ± 6.96# 70.5 ± 5.67 70.4 ± 5.76

Th cells (%) 37.1 ± 6.87*# 35.0 ± 8.24 34.4 ± 5.30

Ts cells (%) 25.7 ± 6.44 25.7 ± 6.63 25.3 ± 5.26

Th /Ts 1.5 ± 0.63 1.7 ± 1.03 1.41 ± 0.36

B cells (%) 11.6 ± 4.23 10.9 ± 3.57 10.0 ± 5.64

NK cells (%) 15.2 ± 5.29* # 11.4 ± 4.73 11.9 ± 3.44

Note: *Compared with NP group, p < 0.05; #compared with URSA-pregnancy group, p < 0.05.

Table 3. — Dynamic monitoring of various immune cells (n=39).
Items 1st month 2nd month 3rd month 4th month 5th month 6th month NNPgroup

after abortion after abortion after abortion after abortion after abortion after abortion

T cells (%) 67.1±6.51* 69.1±5.95* 68.6±7.12* 70.6±4.10 70.3±6.15 70.7±6.42 72.8±6.17

Th cells (%) 36.0±7.64* 36.6±5.43* 35.0±6.83* 36.1±6.91* 36.0±7.34* 37.7±4.01* 41.2±8.53 

Ts cells (%) 26.1±6.78 28.2±7.58 28.4±6.62 29.0±5.80 29.0±5.59 29.0±6.18 26.3±5.81 

Th/Ts 1.51±0.69 1.40±0.46 1.31±0.43* 1.32±0.46* 1.43±0.80 1.33±0.36* 1.69±0.68 

B cells (%) 11.3±3.86 11.5±4.58 10.6±3.74 11.2±3.73 12.4±2.43 11.7±3.31 11.7±2.45 

NK cells (%) 13.9±4.09* 14.5±5.27* 14.4±5.87* 13.0±4.54 15.3±5.83* 14.2±6.15* 10.8±5.42 

Note: *Compared with the NNP group, p < 0.05.

Figure 1. — Comparison of peripheral blood T lymphocytes, Th

cells, and NK cells in URSA-abortion group, URSA-pregnancy

group, and the NP group. *Compared with the NP group p < 0.05;

# compared with the URSA-pregnancy group, p < 0.05.
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hibit CD4+T cell-mediated tardive hypersensitive reactions

and proliferation, thus ensuring the embryonic semi-alloanti-

gens would not be excluded. The above two factors would re-

strict each other mutually [13]. Under normal circumstances,

the ratio of Th/Ts (CD4+T/CD8+T cells) would always main-

tain a dynamic equilibrium, no matter which one is too low or

too high, the regulatory network would lose the balance, caus-

ing immune disorders. Warren et al. [14] found that Th/Ts <1.

0 or > 2.0 could be regarded as immune dysfunction, leading

to the occurrence of URSA. The study revealed that compared

with the URSA-pregnancy group and the NP group, the num-

ber of Th of the URSA-abortion group (before curettage) sig-

nificantly increased, therefore it could be considered that the

increasing of CD4+T cells might lead to the immune disor-

ders, and thus participating in the occurrence of URSA. Car-

bone et al. [15] found that the CD4+T cells, T lymphocyte

subsets in URSA patients, significantly elevated. Szpakowski

et al. [16] also found that the ratio of CD4+T/CD8+T cells

changed, the significant increasing of CD4+T cells would

cause the pathological pregnancy. These studies supported the

results of this study, showing that the occurrence of URSA was

related with the CD4+T cells-mediated immune enhancement.

In this study, the dynamic monitoring found that Ts cells of

URSA-pregnancy group did not change significantly after

abortion, while after abortion, T lymphocytes within three

months and CD4+T cells within six months would be signif-

icantly lower than those of the NNP group were, and showed

a gradual trend to approach near the NNP levels, although the

ratio of Th/Ts significantly reduced on the third, fourth, and

sixth month after abortion, it was still in the normal range of

immune regulation function (1.0-2.0), which might be be-

cause of the self-adjustment of body’s immune system caused

by the abnormally elevated T cells and Th cells after abor-

tion. This abnormality would gradually return to normal lev-

els with time. Therefore, clinical diagnosis could detect the

peripheral immune cells, especially the results within three

months of abortion, to consider whether the RSA was caused

by immune factors.

In recent years, the impacts of NK cells have been increas-

ingly emphasized on in URSA patients, especially that the de-

cidual NK cells are considered to play an important role in

the immune tolerance in the maternal-fetal interface. Differ-

ent from the activation of T cells, during the antigen process

proposed by T cell receptor-specific antigen presenting cells

(APC), it is necessary to simultaneously recognize the MHC

molecule, which would combine antigen and form the com-

plex, to produce the T cell activation signal, while the decid-

ual NK cells, different from the T cells, are non-MHC

restricted, with the main roles of inhibiting the KIR to bind

non-classical HLA-class antigens, inhibiting the cytotoxic ac-

tivity of NK cells, secreting a variety of cytokines, and pro-

viding nutrition and protection towards the embryo [17].

Peripheral NK and decidual NK are in a state of dynamic

equilibrium, but in the current study conditions, there is no

safe and noninvasive method to detect the number of decid-

ual NK cells in the pregnant status. Peripheral NK cells are

relatively easy to sample, and could perform long-term track-

ing, which would facilitate the study. According to the sur-

face markers on the peripheral NK cells’ membrane, it could

be divided into two subgroups, CD 56+CD 16+ (approxi-

mately 95%) and CD 56+CD 16- (about 5%). The former

contains cytolytic granules, possessing the immune destruc-

tion and repulsion towards the embryo and the latter contains

no cytolytic granules, and could produce a variety of cy-

tokines, performing the immune protective and nutritional ef-

fects towards the embryo. Kim and Sachs [18] found that the

peripheral blood NK cells in URSA patients and normal

women did not change before and after pregnancy, and spe-

cific analysis towards the NK cell subsets revealed that pe-

ripheral blood CD56+CD16+ NK in URSA significantly

increased [19]. In this study, compared with URSA-preg-

nancy group and the NP group, the NK cells of URSA-abor-

tion group (before uterus-cleaning) was up to 15.26 ± 5.29%,

Figure 3. — Dynamic monitoring comparison of Th/Ts in URSA

patients 1~6 months after abortion. *Compared with the NNP

group, p < 0.05.

Figure 2. — Dynamic monitoring comparison of T lymphocytes,

Th cells and NK cells in URSA patients 1~6 months after abor-

tion. *Compared with the NNP group, p < 0.05.
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with significant difference, which was presumably consid-

ered as the performance of the maternal enhanced killing ef-

fects towards the embryo. Through dynamic monitoring, it

was found that, within six months after abortion, NK cells

significantly increased than the NNP group, and exhibited an

upward trend, after considering that it would a longer period

for NK cells to return to normal levels than Th cells after abor-

tion. This study showed that the peripheral blood NK cells of

the NP group and the URSA-pregnancy group were less than

12%, while > 12% in URSA-abortion group before abortion

and six months after abortion. Beer et al. [20] and Karami et
al. [21] found that the patients whose NK cells increased <

12%, usually could maintain the pregnancy to term, Paparis-

tidis et al. [22] also found that the increasing contents of the

peripheral NK cells in RSA patients five days after pregnancy

termination could indicate that the last abortion was likely to

be an immune abortion, and the patients with peripheral blood

NK cells >12% would have nearly 90% probability of the oc-

currence of immune abortion, Yoo et al. [23] found that high

concentrations of NK cells indicated that the subsequent preg-

nancy might still occur spontaneous abortion. It was consid-

ered that the detection of the peripheral blood NK cells level

changes could diagnose whether the last abortion was immu-

nity abortion or not, and could forecast the outcome of next

RSA pregnancy. 

In addition, in the present study, patients in the URSA-

pregnancy group had a successful pregnancy and gave birth;

compared with NP group, it was found that there was no sig-

nificant difference in the immune cells, indicating that when

the peripheral blood Th cells and NK cells of URSA patients

returned to the normal levels, it might be highly likely to get

pregnancy and give birth. Therefore, the clinical treatment

should focus on how to reduce the peripheral blood Th cell

and NK cell levels of URSA patients in order to achieve the

therapeutic effect of URSA.
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