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ABSTRACT.	 Our previous research has indicated local expression of ADAMDEC-1, a family of 
disintegrin and metalloproteinase, was confirmed in the mouse placentas and enhancement 
was found in the sites for spontaneous abortion. Present study was aimed to identify biological 
effects of ADAMDEC-1 in pregnancy process. Syngeneic pairs of C57BL/6J mice and heterogenic 
mating pairs of CBA/J and DBA/2 mice were used. Pregnant mice were treated with recombinant 
ADAMDEC-1 protein. Vasculogenesis effects was evaluated using the Matrigel plugs including 
vascular endothelial growth factor singularity or combination with ADAMDEC-1. ADAMDEC-1 
single effects were evaluated by tubal formation and proliferation assays using HuEht-1 
endothelial cells. Expression of ADAMDEC-1 was not exactly corresponded with the time 
periods for miscarriage initiation. ADAMDEC-1 was distributed in normal placentas and fetuses, 
especially at extraembryonic ectoderm, decidua cells, uterine natural killer (uNK) cells in decidua, 
trophoblasts in labyrinthine zone, and hematopoietic cells in umbilical blood and fetal liver. 
ADAMDEC-1 treatment did not affect reproductive performances, while it elevated uNK cell 
recruitment in placenta and enlarged lumen sizes of the intraplacental vessels. In vitro analysis 
also indicated ADAMDEC-1 promoting effect on tubal formation and cell length of HuEht-1. qPCR 
analysis showed that ADAMDEC-1 modified placental gene expression especially for linkage 
of actin filament rearrangement. Our findings suggested that ADAMDEC-1 is correlated on cell 
shape, stability, and movement via modification of actin cytoskeleton. ADMADEC-1 suspected to 
regulate cellular activity of endothelial cells, trophoblasts, and uNK cells and may support normal 
developing of mouse placentas.

KEY WORDS:	 a disintegrin and metalloprotease-like decysin-1, epithelial cell, trophoblast, 
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In the placentas during pregnant periods, various types of physiological factors mobilize and contribute to pregnancy success. 
We have tried comprehensive genetic analysis on mouse placental tissues in normal pregnancy and compared with the tissue 
from spontaneous abortion by the DNA microarray [16]. Specific gene fluctuations were found on the immunological, hormonal 
and hematological factors that were suggested to be closely correlated to spontaneous abortion occurrence. From the candidates 
of immunological factors, the complement factors have been proven to participate in the process of miscarriage induction and 
to possess immunosuppressive effects available for normal pregnancy [25–27]. In the present study, another fluctuated factor 
named as a disintegrin and metalloprotease-like decysin (ADAMDEC)-1 was targeted, because its biological effects on pregnant 
physiology have been established yet.

ADAMDEC-1 belongs to a family protein of disintegrin and metalloproteinase (ADAM). ADAM family is composed of more 
than 25 kinds of related proteins and the common frameworks are formed by proteinase, disintegrin, and cell signaling domains 
[6]. Specific substrates for the proteinase domain have been examined on several types of ADAM proteins and they can bring 
physiological effects. ADAM-17 can cleave precursor of tumor necrosis factor (TNF)-α and effect as a “TNF- α converting 
enzyme”. ADAM-10 can digest the ectodomain of Notch and suppress Notch ligand binding, which is called as “ectodomain 
shedding” effects [6]. Regarding ADAMDEC-1, the specific catalytic substrate and physiological effects remains unclear.
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ADAMDEC-1 in mouse pregnant uteri has been reported as an induced gene by prolactin receptor and/or progesterone-derived 
signaling pathways [4]. This report clarified ADAMDEC-1 placental distribution during days 5.5–12.5 of pregnancy and suggested 
a vital role for angiogenesis or vascularization during endometrium decidualization and embryo growth. However, this report 
contradicted our findings, i.e., high intense expression for ADAMDEC-1 was found at the spontaneously aborted placenta at day 14 
of pregnancy [16]. ADAMDEC-1 is also pointed out as a candidate for arterial sclerosis histogenesis in human carotid artery [24]. 
Fundamental knowledge for ADAMDEC-1 is insufficient to discuss its effects on reproduction. Firstly, we examined mRNA and 
protein appearances of ADAMDEC-1 in normal and miscarriage placenta and forwarded experiments were designed to discuss the 
responsibility for ADAMDEC-1 in mouse reproduction.

MATERIALS AND METHODS

Laboratory mice
C57BL/6J (B6, Japan SLC, Hamamatsu, Japan), CBA/J (CBA, Charles River, Yokohama, Japan), DBA/2 strains (DBA, 

Japan CLEA, Tokyo, Japan) were used at the 8–10 weeks of age. All mice were bred with free access to water and food under 
the controlled condition of temperature and humidity (22 ± 2°C and 50 ± 10%) and the 12:12-hr light-dark cycle. After 1-week 
acclimation, B6 mice were paired in syngeneic at evening, and the vaginal plug formation at the next morning was defined at day 
0.5 of pregnancy (D0.5). Mice were euthanized by cervical dislocation after deep inherent anesthesia using isoflurane. Pregnant 
uteri were collected and treated with an appropriate fixative or rapid freezing corresponding to the following experiments.

Miscarriage placentas were efficiently collected from the allogeneic pairs between female CBA (type of major histocompatibility 
antigen; H-2k) and male DBA (H-2d) mice, which combination is well known to cause spontaneous abortion frequently [26]. 
Reproductive performances from those mating pairs were shown in Supplementary Table 1. Normal and miscarriage implantation 
sites were judged from stereomicroscope observation and microdissection to confirm the size, discolorization and degeneration 
degree (Supplementary Fig. 1). All animals were received humane care along the NIH guide for the Care and Use of Laboratory 
Animals. The experimental designs using laboratory animals were approved by the Ethical Committee on Animal Experimentation 
at Yamaguchi University (Approval number: 271).

Treatments to animals
Recombinant ADAMDEC-1 protein (Novoprotein, Summit, NJ, USA) or same volume of vehicle (control) were intraperitoneally 

injected to pregnant B6 mice. ADAMDEC-1 injection was adjusted to 100 ng/ml in total blood volume and the dose setting 
was referred from the present results of cell culture mentioned later. Total blood volume of mouse was configured as 1 ml per 
10 g body weight. From the present results of intrinsic expression pattern for ADAMDEC-1 in mouse placentas, ADAMDEC-1 
was administered at D11.5, 12.5 and 13.5. Following treatments, pregnant uteri were collected at D14.5 and then macroscopic 
observation, weight measurement, and specimen preparation for next analyses were conducted on each implantation sites.

Matrigel transplant assay
This analysis was conducted to evaluate ADAMDEC-1on vasculogenesis and vasoactive effects. Matrigel (basement membrane 

matrix growth factor reduced, Corning, Bedford, MA, USA) was thawed on ice and mixed with 5 ng/ml of recombinant vascular 
endothelial growth factor (VEGF, Wako, Osaka, Japan). Prepared Matrigel was injected (0.5 ml) to the axillary cavity of 
non-pregnant female B6 mice under inhalant anesthesia with isoflurane. Liquefied Matrigel become polymerized around 25°C 
condition. After 5 days from Matrigel injection, 100 ng/ml of ADAMDEC-1 or same volume of saline vehicle was additionally 
injected to the same side of axillary cavity. Dose settings for VEGF and ADAMDEC-1 addition were referred from the previous 
report [2] and our cell culture study mentioned below, respectively. After 10 days from the final treatment, solidified Matrigel 
transplants were collected from sacrificed mice (Fig. 3A) and fixed with 2% paraformaldehyde (PFA). Cryostat sections were 
prepared from the specimens embedded by O.C.T. compound (Sakura Finetek Japan, Tokyo, Japan). Following Hematoxylin-Eosin 
(H-E) staining, measurements were conducted regarding the number of vessels invaded into the Matrigel transplants, the vessel 
size, and minimum length of the inner diameter.

Histological studies
H-E staining were performed on the dehydrated paraffin sections that prepared from the specimens fixed with 10% neutral-

buffered formalin. Immunohistochemical staining were conducted on the dehydrated paraffin sections following autoclave treatment 
with 20 mM glycine-HCl buffer (pH 3.0). Sections were treated with 10% normal rabbit serum (Dako Japan, Tokyo, Japan) and 
reacted with goat polyclonal anti-ADAMDEC-1 antibody (Santa Cruz Biotech, Santa Cruz, CA, USA) and Histofine MAX-PO 
(G) reagent (including second antibody, Nichirei Biosciences, Tokyo, Japan). Other dehydrated sections were treated with 1% 
bovine serum albumin and then with biotinylated Dolichos Biflorus Agglutinin (DBA lectin, Vector Lab, Burlingame, CA, USA) 
or biotinylated Bandeirasea simplicifolia Isolectin (BSI)-B4 (Sigma-Aldrich, St. Louis, MO, USA). DBA lectin has been used as a 
specific marker for uterine natural killer (uNK) cells [23] and BSI-B4 was used for the specific detection for vascular endothelium. 
Sections were then reacted with ABC reagent (Vector Lab).

The peroxidase reactivity carried by secondary antibodies or ABC reagent was visualized by Peroxidase Stain DAB Kit (Nacalai 
Tesque, Kyoto, Japan). Counterstaining was conducted briefly with the hematoxylin. Spiral arteries and fetal capillaries were 
observed respectively at decidua basalis and placental labyrinthine areas and those of the size were measured using BZ-II analyzer 
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(Keyence, Osaka, Japan) on short diameter of the inner lumen size. uNK cells were distinguished and counted according to 
Paffaro’s morphological criteria [23], along the type I (immature), II (developed), III (matured), and IV (degenerated).

Quantitative PCR (qPCR) analysis
Total RNA was extracted from the frozen fresh specimens using ISOGEN2 Regent for RNA Extraction kit (Nippon Gene, 

Tokyo, Japan). cDNA was synthetized by reverse transcription reaction using ReverTra Ace qPCR kit (TOYOBO, Osaka, Japan). 
Primer sequences were designed using Primer3Plus software (www.primer3plus.com) and summarized in Supplementary Table 2. 
Real-time PCR analyses were performed using KAPA SYBR FAST kit (Nippon Genetics, Tokyo, Japan) and StepOne Plus real-
time PCR System (Thermo Fisher Scientific, Waltham, MS, USA). Results were corrected with the amount of the gapdh expression 
and evaluated by ΔΔCt relative quantification method.

Cell culture
In vitro evaluations for ADAMDEC-1 effects were conducted on HUEhT-1 epithelial cell line (No. JCRB1458 in JCRB Cell 

Bank from National Institutes of Biomedical Innovation, Health and Nutrition, Osaka, Japan). HUEhT-1 has been established 
from human umbilical vein endothelial cell (HUVEC) line and operated genetical modification for constant expression of human 
telomerase reverse transcriptase. Accordingly, HUEhT-1 cells acquired immortal in life span bearing normal morphology and same 
growth level with HUVEC [2]. Cells were grown in the condition medium [10% fetal bovine serum (Gibco, Grand Island, NY, 
USA), 10 mM L-glutamate, 5 µg/ml heparin (Sigma-Aldrich), 0.03 g/l endothelial cell growth supplement (Corning) in MCDB131 
medium (Gibco)] on the collagen-coated dish in 5% CO2 and 37°C.

Confluently grown HUEhT-1 cells were dispersed to Matrigel coated 25-well plates (1.5 × 105 cells/well) and then cultured 
in the condition medium added with 0–1,000 ng/ml of recombinant ADAMDEC-1 (Novoprotein). After 18–20 hr, most of cells 
showed dynamic morphological change i.e., mutual cellular connection and tube-like structure formation (Fig. 2A, 2B). Cells were 
fixed with 2% PFA and the lumen area in each tube was measured using cellSens software (OLYMPUS, Tokyo, Japan).

Other confluent HUEhT-1 cells were dispersed to 96-well plate (1.5 × 103 cells/well) and cultured with 0 or 100 ng/ml of 
ADAMDEC-1. Setting for ADAMDEC-1 dose was referred by the tube-formation results. After 24 and 48 hr, cell growth activity 
was evaluated using Cell Counting Kit-8 (CCK8; Dojindo, Kumamoto, Japan). Absorbance at 450 nm was measured using DTX 
multimode detector (Beckman Coulter, Fullerton, CA, USA).

Statistical analysis
Data were collected from more than three specimens per group and presented as means ± standard error (SE). Statistical 

comparisons between two groups were performed by the methods of Student’s t-test or Mann-Whitney test following the evaluation 
with variance equality F-test. The probability value <0.05 was considered as significant.

RESULTS

Expression of ADAMDEC-1 in mouse pregnancy periods
qPCR analysis could detect the ADAMDEC-1 expression in the placentas of D6.5 of pregnancy (Fig. 1A). The expression level 

increased more than double at D10.5. At D14.5, ADAMDEC-1 amount was rapidly decreased.
In the miscarriage placentas collected from the pairs of CBA females and DBA males (CBA × DBA), ADAMDEC-1 expression 

level showed decreasing tendency as compared with normal sites (Fig. 1B). At D14.5, high expression of ADAMDEC-1 was 
detected at the miscarriage sites (Fig. 1C), however statistical differentiation was not detected because of the high deviation value, 
which indicated that ADAMDEC-1 expression was unstable in each miscarriage site. Associated with these results, the miscarriage 
sites from D14.5 showed dispersibility for placental and fetus degeneration, e.g., variations of discoloration degree and shrinkage 
sizes (Supplementary Fig. 1D).

Localization of ADAMDEC-1 in pregnant mice
Immunohistochemical analysis for ADAMDEC-1 revealed positive reaction at the extraembryonic ectoderm in the D6.5 egg 

cylinder (Fig. 1D). Diffuse localization was also detected at the most cells in the decidua basalis (Fig. 1E). At D10.5, strong 
reactivity for ADAMDEC-1 was found on uNK cells and their cytoplasmic granules (Fig. 1F). Positive uNK cells were frequently 
found to be surround and sometimes inside of the spiral arterioles at decidua basalis region. At D14.5, weak or moderate 
immunoreaction were seen on the trophoblasts at the placental labyrinth region especially on the cell membrane (Fig. 1G). In the 
matured mouse placenta, elongated and thinned labyrinthine trophoblasts consist the maternal blood sinuses bearing cellular barrier 
for maternal and fetal substance exchange.

Fetal nuclear erythrocytes in normal placenta also showed strong or moderate positive reaction in the cytoplasm (Supplementary 
Fig. 2A). ADAMDEC-1 immunoreactions in fetal erythrocytes were found at D10.5, 12.5, and 14.5 of pregnancy and among them, 
anuclear matured-type erythrocytes in the fetal and maternal placental vessels showed negative reaction. In the fetal liver, a number 
of hematogenic cells showed ADAMDEC-1 positive reactions (Supplementary Fig. 2B). In the miscarriage placentas collected 
from DBA × CBA pairs, immunoreactions for ADAMDEC-1 were found at labyrinthine trophoblasts and the positive intensity and 
frequency were similar to those in the normal placentas (data not shown). On the other hand, uNK cells and fetal erythrocytes did 
not exist in the miscarriage placentas.
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ADAMDEC-1 effects on endothelial cells and vessels
From the previous report [4] and results of immunohistochemical analyses, vascular effects were focused to evaluate ADAMDEC-1 

functions. Administration of recombinant ADAMDEC-1 on the HUEhT-1 endothelial cells enhanced elongation of cell length and 
dilatation of the lumen structure (Fig. 2A–C). But the proliferation ability was decreased following ADAMDEC-1 treatment (Fig. 2D).

In the transplants of the VEGF-containing Matrigel, new capillaries were extending from the host mouse vessels (Fig. 3B and 
3C). Additional supplement of ADAMDEC-1 seemed to elevate the numbers of vessels in Matrigel and expanded lumen sizes of 
the host mouse vessels (Fig. 3D and 3E), whereas statistical differences were not detected.

Recombinant ADAMDEC-1 treatments to the pregnant mice did not show obvious influences on the numbers of normal and 
miscarriage sites, miscarriage rates, fetal weight, and placental weight (Supplementary Table 3). Also, ADAMDEC-1 treatments did 
not clearly induce blood coagulation, thrombus formation, and tissue degeneration in placentas caused in CBA x DBA miscarriage 
model. Morphometric measurements revealed that ADAMDEC-1 administration induced to enlarge the lumen size of fetal 
capillaries in placental labyrinth zone (Fig. 4A and 4B). Fetal capillaries near the maternal (decidua) side can contact directly with 

Fig. 1.	 A: qPCR analyses of a family of disintegrin and metalloproteinase (ADAMDEC)-1 expression in mouse normal placentas at the days 6.5, 
10.5 and 14.5 of pregnancy (D6.5, D10.5, D14.5, respectively). *P<0.05, **P<0.01 vs. D6.5. B, C: Comparison of ADAMDEC-1 expression 
between normal and miscarriage placentas collected from CBA/J mice mated with DBA/2 mice (CBA × DBA). Statistical differences were not 
detected. D–G: Immunohistochemistry of ADAMDEC-1. At D6.5, positive reactions are seen in the cytoplasm of extraembryonic ectoderm 
(D, **), but the area of ectoplacental cone is negative (*). Positive reactions are also seen at most cells in the decidua basalis (E, D6.5) and 
the luminal epithelium (arrowheads). At D10.5, many uterine natural killer (uNK) cells in the decidua basalis region show positive reaction in 
the cytoplasm (F) and the granules (arrowheads). At D14.5, immunoreaction can be seen on the cell membrane of trophoblasts in the placental 
labyrinth region (G). Positive-labyrinthine trophoblasts form boundary walls between the maternal blood sinuses (asterisks) and fetal capillar-
ies (arrows). Aggregation of the spongiotrophoblasts shows negative (#). Bar=50 µm (D, E) and 20 µm (F, G).
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Fig. 2.	 Tubular formation by HUEhT-1 cells induced by culture on the Matrigel coated dishes (A, B). Scale bar=200 µm. Recombinant a family 
of disintegrin and metalloproteinase (ADAMDEC)-1 effected to enlarge the area of tubal lumen on the concentration-dependent manner (C). 
Cell Counting Kit-8 (CCK8) mitochondria assay showed decrease of the proliferation activity after 100 ng/ml ADAMDEC-1 treatment (D, 
black column). Significant value; P<0.05, among the different marks (C) and *P<0.05 vs. 0 ng/ml (D). Data were represented as Mean ± SE.

Fig. 3.	 A: Matrigel matrix plug collected from mouse axillary cavity. Cryostat section of Matrigel plug includes de novo vessels (B, arrows), ex-
tended from the recipient vessels distributing at the exterior mesenchymal tissue (C, arrowheads). A family of disintegrin and metalloproteinase 
(ADAMDEC)-1 treatment showed increase effects on the new vessels number in Matrigel (D) and the lumen size of the recipient vessels (E). 
P=0.29 (D) and 0.09 (E).
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the maternal blood including affluent oxygen and nutrient and send them to umbilical side capillaries. ADAMDEC-1 vasodilation 
effects are shown on both sides of capillaries (Fig. 4C). Spiral arterioles at the decidua basalis regions, carrying essential maternal 
nutrient to placenta, showed the tendency to enlarge the lumen size by ADAMDEC-1 treatment (Fig. 4D and 4E). But significant 
difference could not be detected (Fig. 4F).

Other notable effects from ADAMDEC-1 administration
ADAMDEC-1 administration increased appearance numbers of DBA lectin-positive uNK cells in decidua basalis region (Fig. 

5A and 5B). uNK cell recruitment was remarkable especially on the mature type of cells (criteria III) and distribution sites were 
notable around and inside of the spiral arterioles (Fig. 5C).

qPCR analyses were performed to confirm ADAMDEC-1 effects that can be supposed from the functions of ADAM families, 
concerning Notch signaling, disintegrin, and actin polymerization [6]. ADAMDEC-1 administration fluctuated gene expression 
degrees in placentas (Fig. 6). Especially, actinin α1, α4, and vinculin, relating to integrin-mediated cellular stabilization and 
formation of intracellular stress fibers, showed reduction following ADAMDEC-1 treatment. However, statistical differences were 
not detected in each analysis.

Fig. 4.	 Influences of a family of disintegrin and metalloproteinase (ADAMDEC)-1 administration to pregnant mice on D14.5. A, B: Bandeirasea 
simplicifolia Isolectin (BSI)-B4 immunostaining shows clear immunopositive capillary endothelium in the placental labyrinth regions at 
control (A) and ADAMDEC-1 treated mouse (B). Arrows indicate several examples for the measurement of lumen size and the results were 
compared distinctively at near the decidua (maternal side) and the umbilical (fetal side) areas, respectively (C, **P<0.01). D, E: hematoxylin-
eosin staining in the decidua basalis region. Lumen sizes of spiral arterioles were compared between control and ADAMDEC-1 treated mouse 
(arrows in D and E, respectively). Statistical evaluation shows dilating tendency of the vessels following ADAMDEC-1 administration (F, 
P=0.15). Bar=50 µm (A, B) and 20 µm (D, E).
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Fig. 5.	 A: Dolichos Biflorus Agglutinin (DBA)-lectin 
histochemical staining at D14.5 of the decidua basalis 
region following a family of disintegrin and metallopro-
teinase (ADAMDEC)-1 treatment. Abundant numbers 
of DBA lectin-positive uterine natural killer (uNK) cells 
can be observed, especially surround and inside of the 
spiral arterioles (*). B, C: DBA lectin-positive uNK 
cells were classified by the morphological criteria (Paf-
faro et al., 2003 [23]). Cell densities were calculated 
in the whole region of decidua basalis (B) and at the 
circumscribed and inside areas of the spiral arterioles 
(C). #P<0.05, $P<0.01; vs. Control.

Fig. 6.	 a–j: Quantitative real-time RT-PCR analysis on the mRNA purified from 
D14.5 placenta following control (C, blue columns) and a family of disintegrin 
and metalloproteinase (ADAMDEC)-1 (A, red columns) treatments. Specific 
primers were used to detect actinin α1 (a), actinin α4 (b), vinculin (c), rhoA 
(d), cdc42 (e), rac1 (f), notch1 (g), notch4 (h), mumL1 (i), and rbp-j (j). Y axis 
represents degrees for each molecular expression following the correction mea-
sures by gapdh expression and the statistical processing for relative expression 
intensity.
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DISCUSSION

Present study denied our previous hypothesis that is, ADAMDEC-1 may be involved in the induction process for spontaneous 
miscarriage [16]. qPCR analysis indicated disagreement of ADAMDEC-1 expression patterns with the periods for miscarriage 
initiation and advancement. Especially at D10.5, ADAMDEC-1 was decreased in the miscarriage sites of CBA x DBA model. 
Our observation in the normal mouse placenta also showed various distribution for ADAMDEC-1 positive cells. It seemed that 
ADAMDEC-1 is equipped innately in mouse tissue and has biological potentials reflecting cellular activities during normal 
pregnancy and tissue recovering after causing of miscarriage.

At the normal mouse placentas of D10.5, ADAMDEC-1 distribution was found at uNK cells. uNK cells have been known 
to have a vital role for pregnancy success involving in placental vasculature modification that is essential process for normal 
placentation [9, 10]. In the process for hemochorial-type placentation (rodents and primates), maternal spiral arteries are destroyed 
by the fetal infiltrative trophoblasts, and then expandable maternal blood sinuses are formed de novo by the syncytium trophoblasts. 
uNK cells and trophoblasts can secrete VEGF and prepare VEGF gradient situation in developing placenta, which initiate and 
navigate vascular extension during early pregnant stages [5]. We found that ADAMDEC-1 treatment strengthened VEGF effects 
to increase neovascular extension into the Matrigel plugs. Furthermore, ADAMDEC-1 treatment showed solitary effects to extend 
the length and lumen size of epithelial cells in vitro and in vivo treatment of ADAMDEC-1 enlarged lumen sizes of the placental 
vessels derived both from maternal and fetal vessels. These vasoactive effects may be accounted for direct effects on the endothelial 
cells or indirect upregulation for uNK cells on the local function and differentiation.

At D14.5, ADAMDEC-1-immunoreaction in uNK cells became weak. It may be due to functional downregulation of uNK cells, 
which cause apoptosis and decrease in number at late pregnant periods [15]. On the other hand, ADAMDEC-1 positive reaction 
was also seen at the extraembryonic ectoderm in early stages of placental formation (D6.5). During placental development, these 
cells may be continuously expressing ADAMDEC-1 at the stages for trophectoderm and labyrinthine trophoblast. It was suggested 
that ADAMDEC-1 released from these trophoblasts promote vascular development during placental formation or control placental 
blood flow to keep normal pregnancy and fetal survival.

Notch signaling pathway is known to be critical in neural cell development [7] and segmentation during the normal somite 
formation [8]. Catalytic effects of ADAM family proteins and its cofactor gamma-secretase can cleave the transmembrane domain 
of Notch, and this event induces nuclear transportation of Notch intracellular domain that acts as a gene expression regulator. These 
effects are generally called as “regulated intramembrane proteolysis (RIP)” or “ectodomain shedding”, which mediates receptor-
mediated gene expression or regulates ligand-receptor interaction [6]. However, specific substrates of the ADAMDEC-1 have been 
clarified yet and its RIP effects are unclear.

Deficient mice for both subtypes of Notch 1 and Notch 4 display insufficiency for placental vascular development and fetal 
arterial development [14]. Also, single enhancement of Notch 4 expression during pregnancy evokes development delay in fetuses 
and suppression of vascular formation [30]. We examined the molecular fluctuation of mumL1 and rbp-j, which are pivotal 
molecules to bind Notch intracellular domain and gene expression [21, 22]. However, we could not find clear evidence for of 
Notch signaling activation in the ADAMDEC-1 treated placentas and correlation of Notch signaling pathway with ADAMDEC-1-
mediated placental vasculogenesis.

ADAM family proteins have proline-rich intracellular domain, which can bind to Src homology (SH) 3 adaptor molecules that 
couple to tyrosine kinase receptor and promote activation in Ras superfamily monomeric GTPases [11]. Rho proteins are members 
for Ras superfamily and involved with actin polymerization and rearrangement of cytoplasmic filament. Studies with Src-gene 
transfected fibroblasts verified that ADAM12, 15, and 19 are binding partners for SH3 molecules especially in the process for 
rearrangement of actin filament and formation of podosome [1]. ADAM family proteins may be associated with intracellular 
stress fiber formation and enhancement of migration ability. We tried to find evidence of ADAMDEC-1 effects on gene expression 
for rohA, rac1, and cdc42 in placentas, which belong to the Rho family protein and essential for SH3 signal transduction [29]. 
However, sufficient signs for gene upregulation operated by ADAMDEC-1 treatment could not be detected.

On the other hand, ADAMDEC-1 effected to downregulate placental gene expression for vinculin and actinin subfamilies. 
These proteins distribute at the region of focal adhesion apparatus that connects cells on the extracellular matrix. Vinculin acts 
as intracellular attachment protein and interlock between cytoplasmic stress fibers and membranous integrin [3]. α-Actinins can 
bundle actin filaments and allow myosin II interaction to promote stress fiber formation [28]. ADAM family proteins are known to 
have “disintegrin domain” at the extracellular region, which can discriminate RGD sequences in the integrin molecule and interfere 
specific biding to the fibronectin [6]. ADAMDEC-1 treatments might loosen integrin and extracellular connection and consequently 
enhanced plasticity of intracellular actin filaments and stress fibers. Cell shape alteration is accompanied with dissolution of stress 
fibers and dispensation of actin filaments to the ruffled borders [12]. ADAMDEC-1 may associate with cell elongation via actin 
filament rearrangement especially in epithelial cells and trophoblasts in mouse placenta.

ADAMTS-13, a member of ADAM superfamily, can promote proliferation and tubal formation in endothelial cell line 
[18]. ADAMTS-13 is also able to support angiogenic effects of VEGF by initiating phosphorylation for VEGF receptor-2 and 
acceleration of VEGF expression in endothelial cells [17]. Besides, ADAMTS-13 is proven to promote trophoblast proliferation, 
migration, extension with two-dimensional cellular connection, suggesting close association with embryo implantation, placental 
formation, and tissue regeneration in pregnant uterus [31]. On the other hand, another ADAM family protein such as ADAMTS-7 
downregulated cell activities in trophoblasts [19] and emphasized a pathogenicity correlation with preeclampsia [32]. Our and 
recent studies indicated ambivalent functionality among ADAM family proteins and/or much room for experimental evaluation 
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towards breakthrough of ADAM family in reproductive contribution.
Our findings of ADAMDEC-1 on hematopoietic cells in placenta and fetal liver may indicate another aspect for 

metalloproteinase on biological contribution. Matrix metalloproteinase (MMP)-9 exerts “RIP” effect to cleave and release 
membrane-bounded kit ligand that promotes differentiation and reconstruction of stem/progenitor cells from vascular niche in 
bone marrow [13]. Kit ligand is also called as “stem cell factor” and can induce hematopoiesis. Likewise, membrane-type 1 matrix 
metalloproteinase (MT1-MMP) exerts hematopoietic effects associated with hypoxia-inducible factor (HIF)-1 [20]. HIF is known 
as transcriptional activator on major hematopoietic factors, such as erythropoietin, VEGF, and kit ligand. MT1-MMP is proven to 
downregulate the factor inhibiting HIF-1 (FIH-1) and to maintain HIF-1 expression level in the stromal niche cells [20]. The MMP 
domain in ADAMDEC-1 in placenta and fetal liver may possess similar hematopoietic function and become a sign for normal 
outcomes on the process of fetal development.

Present study presented functional participation of ADAMDEC-1 in mouse pregnant uteri. ADAMDEC-1 expression was 
not fully corresponded with miscarriage initiation timing but rather with early placental formation periods. It was suggested 
that ADAMDEC-1 is related to vascular kinetics in developing placentas such as vascular dilation of lumen size, which may 
be collaborated with VEGF. Effects on the endothelium and uNK cells were also suggested to promote cellular extension and 
migration that may be accounted for actin filament modification. We found just a hint for biological roles, and it seemed that 
ADAMDEC-1 and ADAM family are promising for understanding of cytological alteration and biological events in mammal 
placentation process.
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