
 

 

Introduction 
 
A typical feature of placentation is the tro-
phoblasts with high degree invasion into the 
maternal decidua during the first trimester ges-
tation [1]. The first-trimester trophoblast cells 
proliferate, migrate and invade into the decidua 
and decidual vasculature in order to nourish the 
developing fetus that is similar to tumor [2]. 
Either insufficient invasion or inadequate prolif-
eration can contribute to pregnancy-induced 
hypertension or pre-eclampsia, fetal intrauterine 
restriction, spontaneous pregnancy loss [3-9]. 
However, as opposed to malignant invasion, the 

trophoblast invasion is strictly limited in healthy 
pregnancy, and regulated by the cross-talk of 
paracrine and autocrine factors between the 
trophoblast cells and DSCs at the maternal-fetal 
interface [10]. DSCs secrete a lot of cytokines 
and express proteins, such as tissue inhibitor of 
metalloproteinases 1 (TIMP1) and tumor metas-
tasis suppressor CD82 [11, 12], which can con-
trol the invasiveness of the trophoblast cells.  
 
CD82 plays an important role in inhibiting can-
cer cell motility, invasion, and metastasis, and 
thus inhibits the formation of tumor metastasis 
without affecting tumor growth. More and more 
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Abstract: Our previous work has demonstrated that cyclosporin A (CsA) up-regulates but CD82 down-regulates the 
invasiveness of human trophoblasts. In the present study, we further investigated whether CsA can modulate the 
trophoblasts invasion through regulating the expression of CD82 in decidual stromal cells (DSCs). A co-culture model 
was established to investigate the effect of CsA on trophoblasts invasiveness. In-cell Western was performed to 
evaluate the expression of CD82, p53, β-catenin and the phosphorylation level of NF-κB p50 in DSCs. The secretion 
of CXCL12 of trophoblasts and DSCs was determined by enzyme-linked immunosorbent assay (ELISA). We found that 
CsA could not directly change the expression of CD82 in DSCs, but the CsA-treated trophoblasts significantly en-
hanced CD82 expression, NF-κB p50 phosphorylation and p53 expression, and decreased β-catenin expression in 
DSCs, and these effects could be abolished by anti-CXCL12 or CXCR4 neutralizing antibody. In addition, the invasive-
ness of trophoblast cells was markedly decreased after blocking CXCR4 of trophoblasts. Interestingly, when DSCs 
were pretreated with anti-CXCR4 neutralizing antibody, the invasiveness of trophoblast cells was enhanced in the co-
culture unit, and blocking CXCR4 on DSCs could reverse the decrease of trophoblasts invasiveness induced by CD82. 
Moreover, CsA further amplified these effects mediated by CXCL12 and CD82. Our results suggest that CsA not only 
promotes the trophoblasts invasiveness through stimulating the secretion of CXCL12, but also limits the invasiveness 
of trophoblasts by indirectly up-regulating the expression CD82. Therefore, CsA may contribute to the appropriate 
invasiveness of trophoblasts via strengthening the crosstalk between trophoblasts and DSCs. 
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discovery has linked the transcription regulation 
of CD82 to NF-κB p50 [13, 14], p53, β-catenin 
[15-17], and so on. Besides NF-κB, other tran-
scription factors in interleukin-1 (IL-1) and TNF 
signaling pathways may also regulate CD82 
transcription since IL-1 and TNF induce CD82 
gene expression [18]. Our previous work has 
demonstrated that the trophoblast cell-derived 
CXCL12 not only increases the invasiveness in 
an autocrine manner through binding the recep-
tor CXCR4, but also controls the excessive inva-
sion of trophoblasts through promoting CD82 
expression on DSCs in a paracrine manner, 
which maintains a physiological balance of hu-
man trophoblasts invasiveness via the dialogue 
between trophoblasts and DSCs [11]. 
 
Cyclosporin A (CsA) is a powerful immunosup-
pressive that has been widely used to prevent 
from organ rejection, and to treat certain auto-
immune diseases [19, 20]. With further studies, 
it has been found that CsA not only inhibits the 
activation of T lymphocytes through inactivating 
the calcineurin/calmodulin/nuclear factor of 
activated T cells (NF-AT) signaling pathway 
which is important to the transcriptional activa-
tion of IL-2 [21-23], but also influences func-
tions of other immuno-competent cells, includ-
ing natural killer cells [24], macrophages [25] 
as well as dendritic cells [26, 27]. We have 
proved that CsA can promote proliferation and 
invasion of human first-trimester trophoblast 
cells, and increase fetal viability in abortion-
prone matings to that of normal pregnant mat-
ings in mice [28-30]. Moreover, CsA increases 
invasiveness in vitro of the first-trimester hu-
man trophoblast cells via the mitogen activated 
protein kinase (MAPK) pathway [31].  
 
Therefore, the present study was undertaken to 
investigate whether CsA could regulate the inva-
siveness of trophoblasts in implantation and 
placentation through regulating the expression 
of CD82 on DSC, and further clarify the mecha-
nism of this regulation process. 
 
Materials and methods 
 
Tissue collection, and cell isolation and culture 
 
All procedures involving participants in this 
study were approved by the Human Research 
Ethics Committee of Obstetrics and Gynecology 
Hospital, Fudan University, and all subjects 
completed an informed consent to collect tissue 
samples. 

Decidual tissues and placental tissues were 
from selective termination of the first-trimester 
pregnancy (gestational age, 6-8 weeks) for no 
medical reason. The tissues from the first-
trimester pregnancy were put immediately into 
ice-cold Dulbecco’s modified Eagle’s medium 
(DMEM high D-glucose; Gibco Grand Island, NY, 
USA), transported to the laboratory within 30 
min after surgery, and washed with Hank’s bal-
anced salt solution for isolation of DSCs and 
trophoblast cells.  
 
The DSCs and trophoblasts were isolated ac-
cording to our previous procedures [11, 12, 31]. 
These methods supplied >98% vimentin-
positive and cytokeratin-negative DSCs and 
95% purity of trophoblast cells, respectively.  
 
Treatment with CsA, anti-CXCL12 and or anti-
CXCR4 neutralizing antibody 
 
The primary DSCs in 96-well plate were directly 
incubated with CsA (0.1uM and 1uM), or incu-
bated with CsA-treated trophoblasts super-
natant for 48h with no CsA treatment as control, 
and then some culture unit was also added anti-
CXCL12 neutralizing antibody (2-50ug/ml) (R&D 
Systems, Abingdon, UK), or anti-CXCR4 neutral-
izing antibody (0.8-20ug/ml) (R&D Systems, 
Abingdon, UK) for 48h, with mouse anti-human 
IgG isotype as control. Then we used in-cell 
western to detect the expression level of CD82 
in DSCs. 
 
Moreover, we treated DSCs with trophoblasts 
supernatant or CsA(1uM)-treated trophoblasts 
supernatant, and DSCs in the latter group were 
also incubated with anti-CXCL12 neutralizing 
antibody (50ug/ml) or anti-CXCR4 neutralizing 
antibody (4ug/ml) for 48h, with mouse anti-
human IgG isotype as control. Subsequently, in-
cell western was performed to analyze the ex-
pression of p53, β-catenin and the phosphoryla-
tion of NF-κB p50. 
 
In-cell western 
 
According to the description by Egorina [32] and 
our previous procedure [11, 33], we used a 
newly set-up assay called in-cell Western to de-
termine the in-cell protein level of CD82, p53, β-
catenin, and the phosphorylation of NF-κB p50. 
The procedure was as follows: DSCs in 96-well 
plate were immediately fixed with 4% parafor-
maldehyde for 20min at room temperature. 
After washing with 0.1% Triton, these cells were 
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blocked by 150ul of LI-COR Odyssey Blocking 
Buffer (LI-COR Biosciences, Lincoln, Nebraska, 
USA) for 90min at room temperature, and then 
incubated with mouse anti-human CD82 (20ug/
ml, Santa Cruz Biotechnology, USA), mouse anti-
human phospho-NF-κB p50 (1:50, Santa Cruz 
Biotechnology, USA), rabbit anti-human p53 
(1:50, Santa Cruz Biotechnology, USA) or mouse 
anti-human β-catenin (1:50, BD Biosciences, 
USA) antibodies with rabbit anti-human actin 
(1:80, Santa Cruz Biotechnology, USA)/rabbit 
anti-human NF-κB p50 (1:50, Santa Cruz Bio-
technology, USA)/mouse anti-human GAPDH 
(for p53 group) (1:80, Santa Cruz Biotechnol-
ogy, USA) antibody as control. After overnight 
treatment at 4°C, the wells were incubated with 
corresponding second IRDyeTM700DX-
conjugated affinity purified (red fluorescence) 
anti-mouse antibody and IRDyeTM800DX-
conjugated affinity purified (green fluorescence) 
anti-rabbit antibody, fluorescence antibodies 
recommended by the manufacturer (Rockland, 
Inc, Gibertsvile, PA, USA). This procedure was 
carried out in the dark. Images of the target 
gene were obtained by using the Odyssey Infra-
red Imaging System (LI-COR Biosciences Ger-
man version of Ltd.). The expression level of the 
correspondent molecules was calculated as the 
ratio of the intensity of target proteins to actin, 
GAPDH (for p53 group) or total signal molecules 
(such as total NF-κB p50). The experiments 
were carried out in triplicate, and repeated 
three times.  
 
Enzyme-linked immunosorbent assay for deter-
mination of CXCL12 
 
In order to evaluate the secretion level of 
CXCL12, DSCs alone (1×105cells/well), tro-
phoblasts alone (1×105cells/well) or the co-
culture of these two cells (the proportion of 
DSCs and trophoblast cells was 1:1) in 24-well 
plates were treated with 0.1uM or 1uM CsA for 
48h, and then the culture supernatants were 
harvested, centrifuged to remove cellular de-
bris, and stored at -80°C until being assayed by 
enzyme-linked immunosorbent assay (ELISA) for 
CXCL12 determination. The CXCL12 assay (R&D 
Systems, Abingdon, UK) sensitivity is 1 pg/ml. 
 
CD82 silence in DSCs 
 
For siRNA transfection, according to the descrip-
tion by our previous method [11, 33], the pri-
mary DSCs were seeded in 96-well plates. When 

cells had reached confluency, medium was 
changed to OPTIMEM (Invitrogen, USA). The 
short interfering RNA (siRNA) oligonucleotides 
targeting CD82 (set of three oligonucleotides; 
Stealth Select RNAi; Invitrogen) and Lipofec-
tamineTM 2000 (Invitrogen, USA) were mixed in 
OPTIMEM, and then added to the cells at room 
temperature with nontargeting siRNA oligonu-
cleotides as negative control. After 6h incuba-
tion, the cells were incubated in DMEM for fur-
ther 72h in 5% CO2 at 37°C, and the gene 
knockdown was confirmed by in-cell Western 
[11].  
 
Matrigel invasion assay 
 
The invasion of trophoblast cells across matrigel 
was evaluated objectively in invasion chamber 
based on our previous procedure [12]. Briefly, 
the cells inserts (8μm pore size, 6.5mm diame-
ter, Corning, USA) coated with 15-25ul matrigel 
were placed in a 24-well plate. The CD82-
silenced DSCs (1×105cells/well) in the lower 
chamber and/or trophoblast cells (1×105cells/
well) in the upper chamber were pretreated with 
or without anti-CXCR4 neutralizing antibody 
(4ug/ml) for 4h, then was formed an indirect co-
culture unit and treated with or without CsA 
(1uM). The cells were then incubated at 37°C 
for 48h. The inserts were removed, washed in 
PBS and the non-invading cells together with 
the matrigel were removed from the upper sur-
face of the filter by wiping with a cotton bud. 
The inserts were then fixed in methanol for 
10min at room temperature and stained with 
hematoxylin. The result was observed under 
Olympus BX51+DP70 microscope (Olympus, 
Tokyo, Japan). The cells migrated to the lower 
surfaces were counted in full fields at a magnifi-
cation of × 200. Each experiment was carried 
out in triplicate, and repeated three times. 
 
Statistics 
 
All values are shown as the mean±SD. One-way 
ANOVA analysis of variance was used to detect 
the difference of the CD82, p53, β-catenin ex-
pression, and the phosphorylation of NF-κB p50 
in DSCs, the secretion of CXCL12, and invasion 
of primary trophoblasts. Differences were con-
sidered as statistically significant at P<0.05. 
 
Results 
 
CsA indirectly up-regulates CD82 expression in 
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DSCs through educating trophoblasts 
 
In order to investigate whether CsA can regulate 
the expression of CD82, we treated primary 
DSCs with CsA, CsA-treated or vehicle-treated 
trophoblasts supernatant for 48h, and then the 
CD82 expression in DSCs was detected by in-
cell Western. As depicted in Figure 1, tro-
phoblasts supernatant up-regulated the expres-
sion of CD82 in DSCs (P<0.05) (Figure 1B), the 
CsA-treated trophoblasts supernatant could 
further increase the expression of CD82 in 
DSCs, especially at the concentration of 1uM 
(P<0.01) (Figure 1B). However, there is no sig-
nificant difference in CD82 expression of DSCs 
between direct treatment with or without CsA 
groups (P>0.05), (Figure 1A). These results 
above suggest that CsA may indirectly promote 
CD82 expression in DSCs through stimulating 
the secretion of soluble molecules derived from 
trophoblasts. 
 
CsA increases CD82 expression in DSCs 
through stimulating CXCL12 secretion of tro-
phoblasts 
 
Our previous studies have established that tro-
phoblast-derived CXCL12 can boost the expres-
sion of CD82 and facilitate the interaction be-
tween DSCs and trophoblasts [12, 34]. In addi-
tion, CsA can modulate the invasiveness of pri-
mary trophoblasts [31]. We speculated that CsA 

indirectly regulate CD82 expression in DSCs by 
stimulating the secretion of CXCL12 of tro-
phoblasts. It was found that CsA can obviously 
stimulate the CXCL12 production of tro-
phoblasts alone and in the co-culture unit of 
trophoblasts and DSCs (P<0.05, P<0.01) 
(Figure 2A), but cannot change the CXCL12 
level of DSCs alone (P>0.05) (Figure 2A).  
 
Subsequently, to further analyze whether CsA 
(1uM) modulates the CD82 expression in DSCs 
through regulating the secretion of CXCL12 of 
trophoblasts, we treated DSCs with CsA-treated 
trophoblasts supernatant combined with anti-
human CXCL12 or CXCR4 neutralizing antibody 
for 48h, and detected the expression of CD82 
by in-cell Western. Data were presented in Fig-
ure 2B and Figure 2C that both anti-human 
CXCL12 (P<0.05, P<0.01) (Figure 2B) and 
CXCR4 (P<0.05, P<0.01) (Figure 2C) neutraliz-
ing antibodies can decrease the expression of 
CD82 in DSCs increased by the CsA-treated tro-
phoblasts supernatant.  
 
CsA activates NF-κB p50, increases p53 expres-
sion and decreases β-catenin expression in 
DSCs via promoting CXCL12 secretion of tro-
phoblast cells 
 
In order to probe the mechanism of CsA and 
CXCL12 on the CD82 regulation, we used in-cell 
western to evaluate the expression or phos-

Figure 1. CsA indirectly up-regulates CD82 expression in DSCs through educating trophoblasts. After treatment with 
CsA (A), vehicle-pretreated or CsA-treated trophoblasts supernatant (B), the expression of CD82 in DSCs was detected 
by in-cell Western. Here CD82 (red); actin (green). Results were highly reproducible in three independent experi-
ments. Herein tro supernatant: vehicle-treated trophoblasts supernatant; CsA-treated tro supernatant: CsA-treated 
trophoblasts supernatant. Error bars depict the standard error of the mean. *P<0.05, **P<0.01 compared to the 
control, #P<0.05, ##P<0.01 compared to tro supernatant treatment group. 
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phorylation levels of transcription factors (NF-κB 
p50, p53 and β-catenin) in DSCs, which were 
incubated with CsA-treated trophoblasts super-
natant and anti-human CXCL12 or CXCR4 neu-
tralizing antibody. As shown in Figure 3, the CsA-
treated trophoblasts markedly increased NF-κB 
p50 phosphorylation and p53 expression, and 
decreased β-catenin expression in DSCs 
(P<0.05), and these effects could be inhibited 
by blocking CXCL12 or CXCR4 (P<0.05, P<0.01) 
(Figure 3).  
 
CsA regulates the trophoblasts invasiveness 
through improving the cross-talk between DSCs 

and trophoblasts via CXCL12 and CD82 
 
Matrigel invasion assay was performed to ex-
plore whether CsA can modulate trophoblasts 
invasiveness through regulating the secretion of 
CXCL12 of trophoblasts and the expression of 
CD82 in DSCs. As shown, CD82 silence or/and 
anti-CXCR4 treatment to DSCs increased tro-
phoblasts invasiveness (P<0.05, P<0.01) 
(Figure 4). On the contrary, the invasiveness of 
trophoblasts was decreased significantly if the 
trophoblast cells were pretreated by neutralizing 
antibody to CXCR4 (P<0.01) (Figure 4). More-
over, CsA increased trophoblasts invasion in the 

Figure 2. CsA increases CD82 expression in DSCs through stimulating CXCL12 secretion of trophoblasts. The secre-
tion of CXCL12 of trophoblasts alone (1×105cell/well), DSCs alone (1×105cell/well) and these two cells co-culture 
unit was analyzed by ELISA (A). Thereafter, (B, C) in-cell Western was used to detect the expression of CD82 in DSCs 
which were treated with CsA(1uM)-pretreated trophoblasts supernatant and neutralizing antibody to CXCL12 (50ug/
ml) or CXCR4 (4ug/ml) for 48h, and with vehicle as controls. Here CD82 (red); actin (green). Results were highly re-
producible in three independent experiments. Error bars depict the standard error of the mean. *P<0.05, **P<0.01 
compared to the control. ##P<0.01 compared to 0.1uM CsA treatment group. 

Figure 3. CsA activates NF-κB p50, increases 
p53 expression and decreases β-catenin 
expression in DSCs via promoting CXCL12 
secretion of trophoblast cells. DSCs were 
incubated with CsA-treated trophoblasts 
supernatant and neutralizing antibody to 
CXCL12 or CXCR4 for 48h, and with vehicle 
as controls. Then in-cell Western was used to 
analyze the phosphorylation level of NF-κB 
p50, the expression of p53 and β-catenin. 
Here Phospho-NF-κB p50, GAPDH and β-
catenin (red); NF-κB p50, p53 and actin 
(green). These pictures are representatives 
of three individual experiments. Error bars 
depict the standard error of the mean. 
*P<0.05, **P<0.01 compared to tro super-
natant treatment group, #P<0.05, ##P<0.01 
compared to CsA-treated tro supernatant 
treatment group. 
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co-culture of these two cells, and enhanced the 
effect of CXCL12 and CD82 on the trophoblasts 
invasiveness (P<0.05, P<0.01) (Figure 4). 
 
Discussion 
 
As a key component of human placenta, tro-
phoblasts are the only embryo-derived cells 
which interact with the maternal derived cells 
directly. Trophoblasts proliferation and invasion 
are a series of tightly controlled processes that 
are pivotal to implantation and placentation. 
Excessive and insufficient trophoblasts growth 
and invasion are associated with some preg-
nancy complications, such as fetal growth re-
striction, pre-eclampsia and early pregnancy 
loss [35, 36]. The homeostasis of trophoblasts 
invasiveness plays an important role in the nor-
mal pregnancy.  
 
Our previous studies have indicated that first-
trimester human trophoblasts co-expressed 
CXCL16 and CXCR6 [37], and chemokine 
CXCL12 and CXCR4 [34, 12], which induce their 
proliferation and invasion in an autocrine man-
ner. Moreover, first-trimester human DSCs co-
expressed CCL2 and CCR2 and secreted CCL2 
spontaneously [38], which also stimulate the 
proliferation and invasiveness of trophoblasts in 

a paracrine manner. Conversely, DSCs-derived 
CD82 controls the invasion of trophoblasts 
through inactivating MAPK/Erk1/2 signal path-
way [11]. Interestingly, CXCL12 can prevent 
from the excessive invasion of trophoblasts 
through up-regulating the CD82 expression in 
DSCs in a paracrine manner [12]. Therefore, 
there might be a complicated chemokine net-
work at the materno-fetal interface. Tro-
phoblasts or DSCs not only modulate their own 
biological functions via their respective 
chemokines/chemokine receptors, but also 
interact with each other through chemokines 
secretion, through which trophoblasts and DSCs 
build a multiple connection, and participate in 
the complex materno-fetal dialogue. The normal 
cross-talk between trophoblasts and DSCs via 
CXCL12 and CD82 interaction maybe involved 
in maintaining the appropriate invasiveness of 
trophoblasts, which is benefit to normal preg-
nancy.  
 
CsA is an immunosuppressant which is used for 
preventing from allograft rejection. It has been 
demonstrated that CsA promotes the invasive-
ness of trophoblasts by increasing the expres-
sion of MMP9 and MMP2 in vitro [31]. However, 
it remains unclear that whether CsA can modu-
late the invasiveness of trophoblasts by regulat-

Figure 4. CsA regulates the trophoblasts invasiveness through improving the cross-talk between DSCs and tro-
phoblasts via CXCL12 and CD82. The CD82-silenced DSCs (1×105cells/well) in the lower and or trophoblast cells 
(1×105cells/well) in the upper chamber were pretreated with or without anti-CXCR4 neutralizing antibody (4ug/ml) for 
4h, then was formed a indirect co-culture unit and treated with or without CsA (1uM). Subsequently, Matrigel invasion 
assay was used to detect the invasiveness of trophoblasts in co-culture unit. Silence: CD82 was knocked down. DSCs 
(α-CXCR4): DSCs were pretreated with anti-CXCR4 neutralizing antibody; Tro (α-CXCR4): Trophoblasts were pretreated 
with anti-CXCR4 neutralizing antibody. Results were highly reproducible in three independent experiments. Error bars 
depict the standard error of the mean. *P<0.05, **P<0.01 compared to nontargeting siRNA control. #P<0.05 com-
pared to nontargeting siRNA control and anti-CXCR4 neutralizing antibody pretreated DSCs. ΔP<0.05 compared to 
compared to nontargeting siRNA control and anti-CXCR4 neutralizing antibody pretreated trophoblasts.  
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ing CD82 expression at the maternal-fetal inter-
face. In this study, we have found that CsA can-
not directly change CD82 expression, but indi-
rectly increases the expression of CD82 in DSCs 
through educating trophoblasts. These results 
indicate that CsA may coordinate trophoblasts 
and DSCs through promoting the CXCL12 pro-
duction of trophoblasts and further indirectly 
increasing the CD82 expression of DSCs, which 
may contribute to the balance of trophoblasts 
invasiveness.  
 
The loss of CD82 expression in invasive and 
metastatic cancer is due to a complex, epige-
netic mechanism that probably involves tran-
scription factors such as NF-κB, p53, and β-
catenin [37]. Moreover, IL-1β [14, 39-40] and 
TNF [14, 39] are also involved in regulating the 
expression of CD82. It has been reported that 
CXCL12 can activate NF-κB [41], which plays an 
important role in enhancing CD82 transcription. 
The present study has further shown that the 
increase of CXCL12 secretion from CsA-
educated trophoblasts might promote CD82 
expression in DSCs through activating NF-κB 
p50, increasing the expression of p53 and de-
creasing the expression of β-catenin. However, 
we still need to further research to clarify 
whether the regulatory effect of CXCL12 on 
CD82 expression in DSCs is associated with IL-
1β and TNF-α.  
 
To better understand the role of CsA in the 
cross-talk between trophoblasts and DSCs, we 
established a co-culture model. As we pre-
dicted, trophoblasts-secreted CXCL12 in-
creases, but DSCs-derived CD82 decreases the 
trophoblasts invasiveness. Moreover, CsA can 
amplify the directly stimulatory and indirectly 
inhibitory effect of CXCL12 on the invasiveness 
of trophoblasts at the maternal-fetal interface.  
 
The appropriate invasion of human trophoblast 
cells is a critical step in establishment and 
maintenance of normal pregnancy. Taking into 
account these findings above, it may be pro-
posed that CsA can directly promote tro-
phoblasts invasiveness by stimulating CXCL12 
secretion in an autocrine manner; on the other 
hand, CsA may restrict the excessive invasion of 
trophoblasts via indirectly increasing CXCL12-
regulated CD82 expression in DSCs in a 
paracrine manner. These integral effects will be 
benefit to maintain the balance of trophoblast 
invasiveness. Therefore, the dialogue of tro-

phoblasts and DSCs mediated by CXCL12 and 
CD82 is strengthened by CsA, which may facili-
tate the establishment and maintenance of the 
early pregnancy. As an important issue, the ef-
fect of CsA on pregnancy following transplanta-
tion is still in research now. Although there is a 
relatively high rate of premature and low birth 
weight infants, female transplant recipients can 
safely undergo pregnancy [42, 43]. Especially, 
most of these recipients were treated with CsA 
as a traditional immunosuppressant, thus the 
fetuses were exposed to a high concentration of 
CsA during the whole pregnancy. However, our 
study in vivo found that administration of CsA (1 
mg/kg) at day 4 of gestation (the window of 
implantation) reduced embryo resorption and 
improved pregnant outcome in the CBA/
J×DBA/2 abortion-prone matings [44]. There-
fore, a low dose of CsA only in the window of 
implantation can provide a rational therapy for 
some pregnancy complications. Of course, we 
still need more studies to evaluate the safety 
and long-term consequences of this drug appli-
cation. 
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