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Abstract: Chemokine CCL24 is the second member of eotaxins, a group of eosinophils’ selectively chemoattrac-
tants. Via binding to its only receptor CCR3, CCL24 mainly mediates atopic disorders, parasitic infections and sys-
temic diseases. It is well-known that CCR3 is expressed at the maternal-fetal interface; nevertheless whether CCL24 
is located there and which role CCL24/CCR3 axis played is unclear. In this article, we assessed the expression of 
CCL24 and CCR3 in decidual stromal cells (DSCs) and trophoblasts, investigated the effects of DSCs-trophoblasts 
contact and pregnancy-associated hormones on the expression of CCR3 by DSCs, and last examined the role of 
trophoblasts-derived CCL24 on the proliferation, cell numbers and apoptosis of DSCs in vitro. We found that tropho-
blasts secrete chemokine CCL24, whereas DSCs express receptor CCR3. DSCs and trophoblasts co-culture had an 
raised level of CCL24 in culture supernatants, and the expression of CCR3 on DSCs was also obviously improved. 
Estrogen, progesterone and hCG up-regulated the expression of CCR3 on DSCs at appropriate concentration. CCL24 
increased the proliferation and apoptosis of DSCs, whereas on the whole it promoted the number of DSCs. Thus, we 
conclude that by secreting CCL24 trophoblasts could promote the growth of DSCs; pregnancy associated environ-
ments such as DSCs-trophoblasts contact and hormones increased local CCL24/CCR3, which means a beneficial 
factor for the process of decidualization in human early pregnancy.
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Introduction

Implantation involves a series of complicate 
biological programs, which requires the syn-
chronous development of receptive endometri-
um and functional blastocyst [1]. Meanwhile, 
the different cytokines, chemokines, growth 
factors, and adhesion molecules are expressed 
and involved in that. At maternal-fetal inter-
face, the abnormal dialogue between mother 
and embryo may impair the biological functions 
of component cells and result in several preg-
nancy associated diseases, such as implanta-
tion failure, miscarriage, pre-eclampsia, fetal 
intrauterine growth restriction and preterm 
birth [2-6].

When embryo attaches to uterine epithelium, 
the underlying stromal cells start to proliferate, 

then differentiate into unique decidual tissue 
and form the implantation chamber. Decidual 
stromal cells (DSCs) comprise 75 % of total 
decidual cells in decidua. In the human early 
pregnancy, DSCs participate in the process of 
uterine remodeling, maternal immune 
response, uterine angiogenesis, and early 
embryonic growth [7-10]. Although the biologi-
cal behaviors of embryo-derived trophoblasts 
are intensively investigated, their regulations on 
DSCs in early pregnancy have not got enough 
attention.

Eotaxins are broadly regarded as eosinophils’ 
high selectively chemoattractants. Up to now, 
three members have been discovered: eotaxin/
CCL11, eotaxin 2/CCL24/MPIF-2 (myeloid pro-
genitor inhibitory factor 2) and eotaxin 3/
CCL26. CCL24 is constitutively expressed in 
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fibroblasts, epithelial cells, macrophages [11, 
12]. Unlike CCL11, CCL24 has only one recep-
tor CCR3, which mainly presents on eosinophils 
and was also found on basophils, monocytes, 
Th2 lymphocytes, epithelial cells and airway 
smooth muscles [13]. Except for participating 
in immune regulation, CCL11 has shown a 
weak stimulus to keratinocytes and endothelial 
cells. It has been reported that CCR3 protein 
was localized to decidual stromal cells, and 
also invading iEVTs, glandular epithelium, leu-
kocyte subpopulations, endothelial and vascu-
lar smooth muscle cells of endometrial blood 
vessels [14, 15].

The present study was undertaken to analyze 
the expression and possible role of CCL24 at 
human maternal-fetal interface. Our current 
results illustrate that CCL24 derived from tro-
phoblasts can promote the survival and growth 
of DSCs by binding CCR3, which may play an 
important role in establishing and maintaining 
physiological pregnancy.

Materials and methods

Tissue collection, and cell isolation and culture

All tissue samples were obtained with informed 
consent in accordance with the requirements 
of the Research Ethics Committee in the 
Obstetrics and Gynecology Hospital, Fudan 
University Shanghai Medical College, and all 
subjects have completed an informed consent 
to collect tissue samples.

Decidual and placental tissues were collected 
from elective termination of the first-trimester 
pregnancies (gestational age, 6-8 weeks) for no 
medical reason. The tissues were put immedi-
ately into ice-cold Dulbecco’s modified Eagle’s 
medium (DMEM high D-glucose; Gibco Grand 
Island, USA), transported to the laboratory with-
in 30 min after surgery, and washed with Hank’s 
balanced salt solution for isolation of DSCs and 
trophoblast cells.

DSCs and trophoblasts were isolated according 
to our previous procedures [16, 17]. These 
methods supplied >98 % vimentin-positive and 
cytokeratin-negative DSCs and 95 % purity of 
trophoblast cells, respectively. The purified 
DSCs were cultured in Dulbecco’s Modified 
Eagle’s Medium/Nutrient Mixture F12 (DMEM/
F12; Gibco, USA) with 10 % bovine serum albu-

min (BSA; Hyclone, Logan, USA), and tropho-
blasts were cultured in high glucose DMEM 
with 20 % BSA at 37°C with 5 % CO2 for subse-
quent experiments.

Immunohistochemistry

Paraffin sections (5 um) of human decidua and 
villi from the early pregnancy (n=10) were dehy-
drated in graded ethanol, and incubated with 
hydrogen peroxide and 1 % bovine serum albu-
min (BSA)/TBS to block endogenous peroxi-
dase. The samples were then incubated with 
mouse anti-human CCL24 monoclonal anti-
body (5 ug/ml, R&D Systems, USA), goat anti-
human CCR3 antibody (15 ug/ml, R&D Systems, 
USA), or mouse/goat IgG isotype overnight at 
4°C in a humid chamber. After washing three 
times with TBS, the sections were overlaid with 
peroxidase-conjugated goat anti-mouse IgG or 
peroxidase-conjugated anti-goat IgG (Golden 
Bridge International, Inc, Beijing, China), and 
the reaction was developed with 3,3-diamino-
benzidine (DAB), and counterstained with 
hematoxylin. The experiments were repeated 
five times.

Enzyme-linked immunosorbent assay for deter-
mination of CCL24

In order to evaluate the secretion of CCL24, 
DSCs alone (1×105 cells/well), trophoblasts 
alone (1×105 cells/well) or the co-culture of 
these two cells (1×105 of each cells per well) 
were seed in 24-well plates for 24, 48, 72 and 
96 h, respectively. The culture supernatants 
were then harvested, centrifuged to remove 
cellular debris, and stored at -80°C until 
enzyme-linked immunosorbent assay (ELISA) 
for CCL24 determination. The CCL24 assay 
(R&D Systems, Abingdon, UK) sensitivity is 2.5 
pg/ml.

CCR3 on human DSCs by flow cytometry

DSCs alone (2×105 cells/well), trophoblasts 
alone (2×105 cells/well) or the co-culture of the 
two cells (the proportion of DSCs and tropho-
blast cells was 1:1, 2×105 cells for each cells) 
(n=13) were seeded in 6-well plates and culti-
vated for 48 h. These cells were then treated 
with 0.25 % trypsin only for 30-50 s, and blown 
off gently and washed with phosphate-buffered 
saline (PBS). After blocking with 10 % FBS, the 
recovered cells were mixed with mouse anti-
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human CCR3-APC monoclonal antibody 
(Biolegend, USA) or/and CK7-FITC monoclonal 
antibody (BD, USA) with the isotypic control. 
After incubation in darkness for 30min at room 
temperature, the cells were analyzed immedi-
ately by a flow cytometer (FACS Calibur, BD). 
The experiments were repeated five times.

We also investigated the effects of pregnancy-
associated hormones (estrogen, progesterone 
or HCG) on the expression of CCR3 on DSCs by 
flow cytometry. Briefly, after starvation for 12 h, 
the DSCs (2×105 cells/well) (FCS of cultured 
media was the charcoal stripped FCS) were 
treated, respectively, with 17β-estradiol (10-10 

M to 10-7 M, Sigma, USA), progesterone (10-10 M 
to 10-7 M, Sigma, USA) or HCG (1.25 kU/l to10 
kU/l, Sigma, USA) for 48h with vehicle as con-
trol. Each experiment was carried out in tripli-
cate, and repeated five times.

BrdU cell proliferation assay, cell number 
count and apoptosis assay

BrdU cell proliferation and apoptosis assay 
were utilized to evaluate the effects of CCL24 
on cell proliferation and apoptosis. DSCs were 
re-suspended in DMEM/F-12 supplemented 
with 10 % FBS, seeded at a density of 1×104 
cells/well in 96-well flat-bottom microplates for 
BrdU cell proliferation assay, 1×105 cells/well in 
24-well flat-bottom microplates for apoptosis 
assay, and 1×105 cells/well in 12-well flat-bot-
tom microplates for cell number counting. 
Thereafter, the cells were starved with DMEM 
containing 1 % FBS for 12 h before treatment. 
Then DSCs were stimulated with recombinant 
human CCL24 (0.1, 1, 10, or 100 ng/ml), super-
natant of trophoblasts, anti-human CCL24 
(0.08, 0.4, or 2 ug/ml) neutralizing antibodies, 
and CCR3 neutralizing antibodies (0.32, 1.6, or 

Figure 1. Both trophoblasts and DSCs express CCR3, whereas only trophoblasts secrete CCL24 in human early 
pregnancy. A. The expression of CCL24 and its receptor CCR3 in villi and decidua was analyzed by immunohisto-
chemistry. Red arrow: DSCs. Red triangle: blood vessel. Red star: epithelial gland. Black arrow: trophoblasts. Original 
magnification: ×200. The secretion of CCL24 (B) by primary trophoblasts and DSCs were determined by ELISA, and 
the expression of CCR3 on DSCs (C) by flow cytometry. Tro: trophoblast cells. DSC: decidual stromal cells. Error bars 
depict the standard deviation of the mean. **P<0.01 compared to the secretion level of 24 h.
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8 ug/ml) for 48 h with vehicle as negative 
control.

Before and after treatment, cells in 12-well flat-
bottom microplates were counted at a magnifi-
cation of 200x with microscope (Olympus 
1X71, Olympus, Tokyo, Japan). Cells were 
counted in five predetermined fields. Each 
experiment was carried out in triplicate, and 
repeated three times.

The proliferation ability of DSCs was analyzed 
by BrdU cell proliferation assay (Millipore, USA) 
according to the manufacturer’s instruction. 
Each experiment was performed in triplicate, 
and repeated five times.

Phosphatidylserine externalization was quanti-
fied by flow cytometry with a commercially avail-
able annexin V-FITC apoptosis detection kit 
(Invitrogen, USA) according to the manufactur-
er’s guideline and our previous procedure [18]. 
The experiments were performed in triplicate, 
and repeated five times.

Statistical analysis

All values are shown as the mean ± SD. Data 
were analyzed by t test or one-way analysis of 

variance with Statistical Package of the Social 
Sciences software version 11.5. Differences 
were considered as statistically significant at 
P<0.05.

Results

The trophoblasts and DSCs express CCR3, 
whereas only trophoblasts secrete CCL24 in 
human early pregnancy

To determine whether CCL24 and CCR3 pro-
teins are expressed and where they locate at 
human maternal-fetal interface, immunohisto-
chemistry was performed for paraffin-embed-
ded decidua and villi. As shown in Figure 1A, 
the cytomembrane and cytoplasm of tropho-
blasts were moderate stained for CCL24 and 
CCR3 in all villi samples (n=10). However, in 
decidual samples, epithelial and stromal CCL24 
staining was weakly (n=3) or not observed 
(n=7), which is consistent with other reports 
[14, 15, 19]. CCR3 protein was localized in 
glandular epithelium, endothelial cells of endo-
metrial blood vessels, and DSCs in all the sam-
ples (Figure 1A).

To further investigate the secretion of CCL24 by 
primary trophoblasts and the expression of 

Figure 2. The interaction between trophoblasts and DSCs stimulates the secretion of CCL24 by trophoblasts and 
the expression of CCR3 on DSCs. We co-cultured trophoblasts (1×105 cell/well) and DSCs (1×105 cell/well) for 48 h 
(A), then analyzed CCL24 secretion by ELISA (B), and detected CCR3 expression on DSCs by flow cytometry (C, D). 
Original magnification: ×200. Tro: trophoblast cells. DSC: decidual stromal cells; DSC+Tro: the co-culture of DSCs 
and trophoblasts. Error bars depict the standard deviation of the mean. (**P<0.01).
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CCR3 on DSCs, ELISA and flow cytometry were 
used respectively. The secretion of CCL24 by 
trophoblasts showed a peak at 24 h, then the 
secretion decreased along with duration; nev-
ertheless we did not observe the secretion of 
CCL24 by DSCs at any time point (Figure 1B). 
As measured by flow cytometry, CCR3 protein 
could be detected in all the analyzed DSCs. The 
percentage of CCR3-postive cells varied from 
6.8 to 27.6 %, with an average of 12.9 ± 6.3 
(Figure 1C).

The interaction between trophoblasts and 
DSCs stimulates the secretion of CCL24 by 
trophoblasts and the expression of CCR3 on 
DSCs

To clarify the effect of the interaction between 
trophoblasts and DSCs on the expression of 
CCL24 and CCR3 at the maternal-fetal inter-
face, we constructed a co-culture system in 
vitro (Figure 2A). DSCs alone (1×105 cells/well), 
trophoblasts alone (1×105 cells/well) or the co-
culture of these two cells (1×105 of each cells 
per well) were seed in 24-well plates. Plates 
were washed next morning and was recorded 
as 0 h. After 48 h, we photographed the cul-
tured cells, and then harvested them for flow 
cytometry. As seen in Figure 2A and Figure 2C, 
the adhering and proliferation rate of DSCs and 
trophoblasts were different. In the co-culture, 
CK7 positive trophoblasts accounted for about 
20 % of final cells. Figure 2B shows that the 
secretion of CCL24 by trophoblasts increased 
from about 800 pg/ml to 1400 pg/ml, which 
means a significant difference (P<0.01). 
Meanwhile, the expression of CCR3 on DSCs 

also obviously elevated (P<0.01) in co-culture 
for 48 h (Figure 2D). As a result, our data indi-
cate that the crosstalking between tropho-
blasts and DSCs can promote CCL24 secretion 
and CCR3 expression at the maternal-fetal 
interface.

Pregnancy-associated hormones up-regulate 
the expression of CCR3 on DSCs

In human early pregnancy, the most obvious 
hormonal changes are estrogen, progestin, and 
hCG. The pregnancy-associated hormones 
have been identified to regulate the expression 
of chemokine receptors in vitro [20]. In order to 
evaluate whether they regulate the CCR3 
expression on DSCs, we treated DSCs with 
17β-estradiol (10-10 M to 10-7 M), progesterone 
(10-10 M to 10-7 M) or hCG (1.25 kU/l to 10 kU/l) 
for 48 h. We found hCG could promote the 
expression of CCR3 on DSCs, especially at the 
concentration of 1.25 kU/l (P<0.01). However, 
with the concentration increases, the promo-
tion function decreases (Figure 3A). As shown, 
both 17β-estradiol (P<0.01) (Figure 3B) and 
progesterone (P<0.01) (Figure 3C) increased 
the expression of CCR3 on DSC. Our observa-
tions suggest that the lower HCG, higher 
17β-estradiol and progesterone can promote 
the expression of CCR3 on DSC in human early 
pregnancy.

Trophoblasts-derived CCL24 promotes the pro-
liferation, growth and apoptosis of DSCs

In order to evaluate whether CCL24 regulates 
the growth and apoptosis of DSCs, DSCs were 

Figure 3. Pregnancy-associated hormones up-regulate the expression of CCR3 on DSCs. DSCs were treated respec-
tively with hCG (1.25 kU/l to10 kU/l) (A), progesterone (10-10 M to 10-7 M) (B) or 17β-estradiol (10-10 M to 10-7 M) (C)  
for 48 h, with vehicle as control. Flow cytometry was performed to analyze the expression of CCR3 on DSCs. Error 
bars depict the standard deviation of the mean. **P<0.01 compared to the vehicle control.
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analyzed for apoptosis, proliferation and cell 
numbers after treatment with recombinant 
human CCL24 or trophoblasts supernatant. As 
shown, CCL24 could stimulate the apoptosis of 
DSCs. This effect was decreased along with the 
increase of CCL24 concentration (P<0.05 or 
P<0.01) (Figure 4A and 4B). Meanwhile, tro-
phoblasts supernatant promoted DSCs apopto-
sis too. Blocking CCL24 or CCR3 by anti-CCL24 
or anti-CCR3 neutralizing antibodies could 
apparently abolish the effect induced by the 
supernatant of trophoblasts (P<0.05 or P<0.01) 
(Figure 4C).

Interestingly, CCL24 also promoted the prolif-
eration (P<0.05 or P<0.01) (Figure 5A) and 
increased cell numbers (P<0.01) (Figure 5C) of 
DSCs, especially at the concentration of 1 and 
10 ng/ml. The supernatant of trophoblast cells 
showed the same stimulating effects, and 
these effects also could be inhibited partly by 
anti-CCL24 or anti-CCR3 antibody. Our obser-
vations suggest that the trophoblasts-derived 
CCL24 promotes the proliferation as well as the 
apoptosis of DSCs, which leads to a growth 
acceleration of DSCs at human maternal-fetal 
interface.

Discussion

Decidualization is a hormone-induced remodel-
ing/differentiation process of uterus. 
Characterized by decidual stromal cells (DSCs) 
proliferation and differentiation, decidualiza-
tion is essential for embryo implantation and 
placentation [21]. After embryo-derived 
extravillous cytotrophoblast cells (EVTs) pene-
trate into inner decidua, they locate closely to 
large numbers of DSCs. DSCs, which compris-
ing 75 % in decidua, are the major cellular com-
ponent at the maternal-fetal interface. DSCs 
play vital roles in the interface, including the 
production of cytokines and extracellular matrix 
(ECM), antigen presentation, immune regula-
tion, mediator for EVT invasion and hemostatic 
protection during trophoblasts invasion 
[22-25].

It is generally accepted that there is a compli-
cate hormone-cytokine network at the mater-
nal-fetal interface [26-28], where chemokines 
and their receptors present distinctive biologi-
cal functions. Via respective chemokines/che-
mokine receptors, trophoblasts and DSCs mod-

Figure 4. Trophoblasts-derived CCL24 promotes apoptosis of DSCs. DSCs were incubated with recombinant human 
CCL24 (A, B), trophoblasts supernatant and anti-CCL24 (0.08, 0.4, or 2 ug/ml) neutralizing antibodies, or anti-CCR3 
neutralizing antibodies (0.32, 1.6, or 8 ug/ml) (C) for 48h, with vehicle as control. Thereafter, apoptosis of DSCs was 
detected by Annexin V-FITC apoptosis assay. Tro supernatant: the supernatant of trophoblast cells; α-CCL24: anti-
human CCL24 neutralizing antibodies; α-CCR3: the neutralizing antibodies to human CCR3. Error bars depict the 
standard deviation of the mean. *P<0.05, **P<0.01 compared to the vehicle control. #P<0.05, ##P<0.01 compared 
to treatment with trophoblasts supernatant.
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ulate their own biological behaviors, and also 
interact with each other by correspondent che-
mokines and receptors. Therefore, tropho-
blasts and DSCs build a multiple connection, 
and participate in the complicate maternal-
fetal dialogue. Our previous studies have found 
the integrative roles of chemokines in the rela-
tionship coordination between trophoblasts 

and decidual cells, such as CXCL12/CXCR4 
[25, 28, 29] and CCL2/CCR2 [9, 10].

Analogous to other study [14, 15, 19], our work 
has demonstrated that trophoblasts and DSCs 
express CCR3, while trophoblasts but not DSCs 
secrete chemokine CCL24. To our knowledge, 
the secretion and function of chemokine CCL24 

Figure 5. The stimulatory effect of trophoblasts on DSCs proliferation and growth is dependent on CCL24. To detect 
the effect of CCL24 on the proliferation (A, B) and cell number of (C, D) DSCs, DSCs were incubated with recom-
binant human CCL24 for 48 h for BrdU proliferation assay and cell number count assay, then both experiments 
were repeated with adding trophoblasts supernatant and anti-human CCL24/CCR3 neutralizing antibodies. Tro 
supernatant: the supernatant of trophoblast cells; α-CCL24: anti-human CCL24 neutralizing antibodies; α-CCR3: the 
neutralizing antibodies for human CCR3. Seeding cells: the standardized cell number of seeding DSCs; Final cells: 
the relative cell number after treatment with CCL24 for 48 h. Error bars depict the standard deviation of the mean. 
*P<0.05, **P<0.01 compared to the vehicle control. #P<0.05, ##P<0.01 compared to treatment with trophoblasts 
supernatant. ΔP<0.05, ΔΔP<0.01 compared to seeding cells in the same group.
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are first described at the maternal-fetal inter-
face. Chemokine CCL24 secreted by tropho-
blasts further stimulates the growth of DSCs 
through binding to its receptor CCR3 in a para-
crine manner. Moreover, when co-culturing 
DSCs with trophoblasts, the secretion of CCL24 
by trophoblasts elevates significantly, and the 
expression of CCR3 on DSC shows a same 
raise. Meanwhile, pregnancy-associated hor-
mones such as 17β-estradiol, progesterone, 
and hCG can also up-regulate CCR3 expression 
on DSCs, which is in accord with a mast cell 
study [20]. In view of these results, we con-
clude that trophoblasts secrete chemokine 
CCL24, DSCs express its receptor CCR3, while 
at the interface of embryo and decidua the 
coexistence of trophoblasts and DSCs, and the 
hormonal microenvironment promotes the 
CCL24/CCR3 signal. In addition, we found that 
lower concentration of HCG has more effects 
on raising CCR3 at certain concentration range. 
Physically, 4 weeks of gestation has about 1.25 
kU/l HCG in blood. The period is just consistent 
with the maximum extent of decidualization, 
which implies CCL24/CCR3 axis my be a pos-
sible mechanism for HCG promoting 
decidualization.

Eotaxin receptor, CCR3, belongs to the seven 
transmembrane spanning receptors, is highly 
expressed on eosinophils [30] and basophils 
[31]. Besides, it is also detected on Th1 and 
Th2 cells [32-34], especially on Th2 cytokines-
associated lymphocytes [32]. Although CCR3 
does not present on circulating T cells, its 
expression could be induced on lymphocytes 
by IL-2 and IL-4 stimulation [35]. It has been 
reported that the maternal-fetal interface 
exhibits Th2 bias during human early pregnan-
cy, characterized by IL-4, IL-5, and IL-10 secre-
tion [36]. Therefore, based on these reports, 
we propose that trophoblasts-derived CCL24 
may induce Th2 bias in a paracrine manner, 
and Th2 type cytokines at the maternal-fetal 
interface may further stimulate the expression 
of CCR3, which finally forms a regulatory loop 
for maintaining maternal-fetal relationship.

One recent study demonstrates that via ligating 
with receptor CXCR4, trophoblast-derived 
CXCL12 acts as a stimulator for DSCs prolifera-
tion during human first-trimester pregnancy 
[37]. Similarly, our results reveal that CCL24 
also promotes the proliferation of DSCs, and 
10 ng/ml of rhCCL24 has the maximum effect. 

We also found that rhCCL24 promotes the 
apoptosis of DSCs in a dose-dependent man-
ner, with 10 ng/ml having the a significant 
impact. On balance, the concentration of 10 
ng/ml of rhCCL24 should have the most obvi-
ous effect on elevating the number of DSCs, 
which is verified in our data.

From our immunohistochemistry study and flow 
cytometry analysis, trophoblasts also express 
receptor CCR3, it suggests trophoblasts-
derived CCL24 may also modulate the function 
of trophoblasts in an autocrine manner. 
Tachimoto et al found that CCL24 chemotactic 
activity was exerted through the modulation of 
adhesion molecules. CCR3-active chemokines 
including CCL24 stimulate eosinophils to 
detach from endothelial cells by down-regula-
tion of VCAM-1, and then via binding to CCR3, 
they promote eosinophils migrating into the tis-
sue [38]. As we know, normal placentation 
requires controlled invasion of trophoblasts 
into the maternal uterine wall. Therefore, our 
current results set us to propose that CCL24 
secreted by trophoblasts may stimulate the 
migration and invasion of themselves in an 
autocrine manner, and play an important role in 
the early placentation.

In conclusion, our findings suggest that the up-
regulation of trophoblast-derived CCL24 and 
the expression of CCR3 on DSCs can be 
induced by pregnancy-associated hormones or 
trophoblasts and DSCs co-culture; the 
increased CCL24/CCR3 signal then promotes 
the survival and growth of DSCs in a paracrine 
manner, which further benefits the decidualiza-
tion and placentation in human early 
pregnancy.
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