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Abstract

A disintegrin and metalloproteinases (ADAMs) are members of the metzincin family of
zinc-dependent metalloproteinases that play pivotal roles in the proteolytic degradation of the
extracellular matrix for cell invasion. Few studies have investigated the ADAM subtypes that
are expressed in first trimester trophoblast cells. The purpose of this study was to elucidate
the differential expression profiles of ADAMs between first trimester villous trophoblast cells
(VTs) and extravillous trophoblast cells (EVTs). We isolated EVTs from explanted human first
trimester chorionic villi and investigated the mRNA expression levels of five members of the
ADAM family (ADAMTS1, ADAMTS2, ADAM10, ADAM12, and ADAM17) using real-time PCR.
Chorionic villous tips were defined as first trimester VTs. Of the differentially expressed
ADAM genes between first trimester VTs and EVTs, ADAMTS1 was expressed at a
significantly higher level in EVTs than in VTs. In contrast, both ADAM10 and ADAM12 were
expressed at significantly higher levels in VTs than in EVTs. No differences were found in the
mRNA levels of ADAMTS2 and ADAM17 between the two cell types. Moreover, we
demonstrated that in VTs, the expression level of ADAM12 was significantly downregulated in
the late first trimester (10―13 gestational weeks) compared to the middle first trimester (7―8
weeks). These results suggest that first trimester trophoblast cells express ADAM genes in
cell type- and gestational age-dependent manners. Our data provide additional insight into the
functions of ADAMs in the human placenta.
(J Nippon Med Sch 2014; 81: 122―129)
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Introduction

Trophoblast cells are the critical cells of the
placenta. “ Progenitor ” cytotrophoblast cells
differentiate into both villous trophoblast cells (VTs)
and extravillous trophoblast cells (EVTs)1,2. VTs fuse
into a multinucleated cell, called the
syncytiotrophoblast, which is in direct contact with
maternal blood3,4. EVTs lose their cell-to-cell
connections, secrete proteases, lyse surrounding
tissues, and invade the endometrium, especially the
uterine spiral arteries4―6. Unlike cancer cell invasion,
EVT invasion is tightly regulated both spatially and
temporally7,8. EVT invasion into the decidua begins
during the 6th gestational week5,6. EVTs invade
deeper through the decidua and into the inner third
of the myometrium during the 10th week when EVT
invasion is maximal5,6 and ultimately into the wall of
the uterine spiral arteries, particularly during weeks
10 to 145,9,10. EVTs replace both vascular smooth
muscle cells and endothelial cells, resulting in spiral
artery remodeling, “physiological dilatation of spiral
arteries”, which brings abundant flow into the
intervillous space, a crucial event in fetal growth and
development5,11,12. Impaired decidual invasion of EVTs
can cause various disorders, including miscarriage,
fetal growth restriction, preeclampsia, and
abruption13―15.

Proteases are involved in multiple physiological
functions, among which the relationship between
proteases and cell invasion has attracted much
attention 16,17. The metzincins, zinc-dependent
metalloproteinases, play pivotal roles in the
proteolytic degradation of the extracellular matrix
during cell invasion18,19. They metzincins include the
matrix metalloproteinase (MMP) and the “a
disintegrin and metalloproteinase” (ADAM) enzyme
families. Studies on placental proteinases have
focused mainly on the expression, production, and
roles of MMP family members in EVT invasion20―23.
MMP expression is dependent on the trophoblast
cell type and gestational week. For example, MMP2
and MMP9 were differentially expressed in first
trimester EVTs ; MMP2 was expressed in
proliferative and proximal invasive EVTs of the cell

column, while MMP9 was mainly observed in distal
invasive EVTs20. In human cytotrophoblast cells
cultured from the 6th to 11th week of gestation, the
production of MMP2 gradually decreased with each
week, while MMP9 production increased during this
period21. ADAMs are structurally classified into two
groups: the membrane-anchored ADAMs and
secreted ADAMs (ADAMs with thrombospondin
motifs, ADAMTSs)24―27. Of the ADAMs expressed in
the human placenta, Beristain et al. detected
ADAMTS1, ADAMTS2 and ADAMTS12 mRNA in
first trimester placental tissues and in EVTs using
Southern blot analysis28. Yang et al. observed
ADAM10 and ADAM17 in the villous trophoblast
layer in third trimester placentas using
immunohistochemistry29. In addition, Kokozidou et al.
showed that ADAM12 was present in the villous
trophoblast layer in first and third trimester
placentas using in situ hybridization and
immunohistochemistry30. However, except for the
study by Beristain et al.28, few have reported on the
ADAM subtypes expressed in first trimester EVTs.

The purpose of this study was to elucidate the
differential expression profiles of ADAM genes
between first trimester VTs and EVTs. We isolated
EVTs from explanted human first trimester
chorionic villi and investigated the mRNA
expression levels of five ADAM family members
(ADAMTS1, ADAMTS2, ADAM10, ADAM12, and
ADAM17) using real-time PCR. We found that
certain ADAM genes were expressed in a cell type-
and gestational age-dependent manner in first
trimester trophoblast cells.

Materials and Methods

Sample Collection
First trimester placental tissues (the 7―13th

gestational week, n=17) were obtained from patients
who underwent legal abortions and provided
informed consent using protocols approved by the
Jichi Medical University and the Nippon Medical
School ethics committees. The samples were derived
from the following gestational weeks: 7 (n=4), 8 (n=
3), 9 (n=4), 10 (n=2), 11 (n=3), and 13 (n=1). The
pregnancies were terminated with dilation and
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Fig.　1　A representative phase-contrast image of 
isolated extravillous trophoblast cells (EVTs). 
Bar=50 μm. (Inset) Immunohistochemistry 
of HLA-G in EVTs (arrowheads). A merged 
image of the red HLA-G signal and the blue 
4’,6-diamidino-2-phenylindole dihydrochloride 
nuclear staining. Bar=10 μm.

Table　1　Primer information for real-time PCR analysis

Gene Forward primer (5’ → 3’) Reverse primer (5’ → 3’)
ADAMTS1 CGAGTGTGCAAAGGAAGTGA CTACCCCATAATCCCACCT
ADAMTS2 CCTATGACTGGCTGCTGGAT CTCCCAAAGTGCTGGGATAA
ADAM10 CCATCAACTTGTGCCAGTAC CCCATTTGATAACTCTCTCG
ADAM12 CGAGGGGTGAGCTTATGGAAC CACTCCGAACAGAGGCACTG
ADAM17 ATTGGTGGTAGCAGATCATCG TGGGAGAGCCAACATAAGCTA
GAPDH GCACCGTCAAGGCTGAGAAC ATGGTGGTGAAGACGCCAGT

curettage in all but 2 cases, in which pregnancies
were terminated with prostaglandin E1 (in the 11th

and 13th weeks). Placental samples were used for
quantitative real-time PCR and explant cultures. The
gestational age was determined from the last
menstrual period, as confirmed by the fetal crown-
rump length.

Villous Explant Culture and Isolation of EVTs
EVTs from explanted human chorionic villi were

isolated using the method described by Sato et al31,32.
Briefly, minced chorionic villi of first trimester
placental tissues were placed in 10-cm-diameter
dishes coated with type 1 collagen (Iwaki, Chiba,
Japan). The cells that grew out from the adherent
villous tips were dispersed using TrypLE Express
(Gibco, Chagrin Falls, OH, USA), passed through a
nylon strainer with a 40-μm pore diameter (Becton
Dickinson, Franklin Lakes, NJ, USA), and then re-

plated on type 1 collagen-coated dishes. After
washing with PBS, the remaining trophoblast cells
were considered isolated EVTs. To validate the
identity of these EVTs, the cells were
immunostained with mouse anti-HLA-G (catalog
# ab7758; Abcam, Cambridge, Cambridgeshire, UK),
an EVT marker. Minced villous tips were considered
to be the first trimester VTs.

Real-time PCR
Total RNA was isolated from tissues using

ISOGEN (Wako, Osaka, Japan) and from cultured
cells using RNAiso Plus (Takara Bio, Otsu, Japan).
Real-time PCR was performed on the ABI 7300
platform (Applied Biosystems, Foster City, CA,
USA). SYBR Premix ExTaq II (Takara Bio,
Mountain View, CA, USA) was used for quantitative
analysis of the ADAMTS1, ADAMTS2, ADAM10,
ADAM12 and ADAM17 mRNAs. Primers used for
real-time PCR are listed in Table 1. Glyceraldehyde
3-phosphate dehydrogenase (GAPDH) expression
was evaluated as the endogenous internal control.

Statistics
Statistical analyses were performed using the

statistical software package JMP (version 9) for
Macintosh (SAS Institute, Cary, NC, USA). The
significance of between-group differences was
assessed using the Student’s paired t-test or
ANOVA followed by Tukey’s test. Data are
presented as means±standard error (SE); p-value
<0.05 was indicative of significance.

Results

The majority of the isolated cells were composed
of spindle- and oval-shaped cells (Fig. 1). We
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Fig.　2　Real-time PCR analysis of five a disintegrin and metalloproteinase (ADAM) family members, 
(A) ADAMTS1, (B) ADAMTS2, (C) ADAM10, (D) ADAM12, and (E) ADAM17, in villous 
trophoblast cells (VTs; n=17) and extravillous trophoblast cells (EVTs; n=17). Expression levels 
were normalized to GAPDH. The VT expression level was set to 1.0. The significance of the 
differences between the cell types was assessed by Student’s paired t-test. Data represent 
means±SE; ＊＊p<0.01, NS: not significance.

performed immunohistochemistry of HLA-G, which
is a known EVT marker. Approximately 95% of the
isolated cells were positive for HLA-G (Fig. 1). The
results are consistent with previous findings that
cells sprouting from the explanted villous tips
comprised mainly EVTs32,33.

We focused on five ADAM genes (ADAMTS1,
ADAMTS2, ADAM10, ADAM12, and ADAM17) that
are expressed in the human placenta28―30. Real-time
PCR was performed to investigate the differential
expression of the genes between first trimester VTs
and EVTs (Fig. 2). ADAMTS1 was expressed at a
significantly higher level in EVTs than in VTs (Fig.
2A). In contrast, both ADAM10 and ADAM12 were
expressed at significantly higher levels in VTs than
in EVTs (Figs. 2C and 2D). No differences were
found in ADAMTS2 and ADAM17 mRNA levels
between the two cell types (Figs. 2B and 2E).

In addition, we compared the expression of the

genes in each cell type of middle (7―8th gestational
week) versus late (10―13th week) first trimesters (Fig.
3). EVTs expressed significantly higher ADAMTS1

and significantly lower ADAM12 levels than did VTs
during both middle and late first trimesters (Fig. 3A
and D). VTs expressed significantly more ADAM10

than did EVTs during the middle first trimester
(Fig. 3C). No significant differences in the expression
levels of ADAMTS2 and ADAM17 were observed
between VTs and EVTs during either middle or late
first trimesters (Figs. 3B and 3E). Interestingly, we
found that the differential expression of ADAM12 in
first trimester VTs was dependent on the gestation
week. In VTs, the expression level of ADAM12 was
significantly downregulated during late relative to
middle first trimester (Fig. 3D).
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Fig.　3　Expression levels of five ADAM genes, (A) ADAMTS1, (B) ADAMTS2, (C) ADAM10, (D) 
ADAM12 and  (E) ADAM17, between the middle (7―8th gestational week; n=7) and late (10-13th 
week; n=6) first trimesters in each trophoblast cell type. Expression levels were normalized to 
GAPDH. The VT expression level during middle first trimester (7―8th gestational week) was 
set to 1.0. The significance of the differences was assessed by ANOVA and Tukey’s test. Data 
represent means±SE; ＊p<0.05, ＊＊p<0.01, NS: not significance.

Discussion

In the present study, we revealed differential
expression of ADAM family genes between first
trimester VTs and EVTs. EVTs highly expressed
ADAMTS1 compared to VTs; conversely, VTs highly
expressed both ADAM10 and ADAM12 compared to
EVTs. The results indicate that the expression of
the ADAM family genes depends on the trophoblast
cell type. Moreover, we demonstrated the
downregulation of ADAM12 expression in VTs
during the late compared to the middle first
trimester, suggesting that ADAM12 expression in
VTs depends on the first trimester gestation age. To

our knowledge, the present study is the first to
demonstrate a gestational age-dependent change of
ADAM12 expression in first trimester trophoblast
cells.

ADAMs are characterized by their
metalloprotease and integrin receptor-binding
activities and by a cytoplasmic domain with binding
sites downstream of various signal transduction
pathways27. ADAMs are involved in multiple
pathogeneses, especially cancer invasion34. Tyan et
al. reported that cancer-associated fibroblasts
secreted ADAMTS1, which promoted cancer cell
invasion35. EVTs have the capacity to “invade”,
similar to cancer cells, and we showed high
expression of ADAMTS1 in EVTs (Fig. 2A).
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Moreover, Ng et al. found that interleukin 1β and
transforming growth factor β1, whose coordinated
expression mediates decidual extracellular matrix
remodeling, differentially regulated ADAMTS 1

mRNA and protein expression in human decidual
stromal cells36. Our present data together with
previous findings suggest that ADAMTS1 is
associated with EVT invasion.

The expression of ADAM10 was greater in VTs
than in EVTs (Fig. 2C) for reasons not yet
understood. A few studies have investigated
ADAM10 in the human placenta. Zhao et al.
demonstrated using immunohistochemistry that
ADAM10 was significantly increased in the
syncytiotrophoblast of preeclampsia placentas
compared to that of normal placentas37. Recently,
Yang et al. showed that the protein levels of
ADAM10 and ADAM17 were significantly higher in
preeclamptic placentas than in normal placentas and
that H2O2, a source of oxidative stress, upregulated
ADAM10 and ADAM17 in the trophoblastic cell
model B6Tert-129. Reactive oxygen species may
increase ADAM10 and ADAM17 activation in
trophoblast cells, resulting in adverse effects on the
human placenta. In addition, we did not detect any
differences in ADAM17 mRNA levels between VTs
and EVTs of normal first trimester placentas (Fig. 2
E). Further investigation is needed to elucidate the
functional roles of ADAM10 and ADAM17 in
trophoblast cells under pathological conditions.

We also found that ADAM12 was expressed at
higher levels in VTs than in EVTs (Fig. 2D).
Kokozidou et al. demonstrated that ADAM12
primarily localized in the syncytiotrophoblast of the
first trimester placenta30. Laigaard et al. reported
that ADAM 12 in maternal serum was
downregulated in Down syndrome pregnancies
during the first trimester38. Moreover, Pidoux et al.
noted that cultured cytotrophoblast cells isolated
from trisomy 21 placentas exhibited delays in
trophoblast fusion and differentiation39. Thus, it may
be that ADAM12 is involved in villous
cytotrophoblast syncytialization, which is the fusion
of cytotrophoblast cells into the overlaying
syncytiotrophoblast of the human placenta. Recently,
Cocquebert et al. showed that syncytialization was

significantly higher in primary cultures of early
trophoblasts than in those of late trophoblasts40. In
the present study, we found that the expression of
ADAM12 in VTs was significantly greater in the
middle first trimester than in late first trimester
(Fig. 3D). These gestational age-dependent changes
may support an association between ADAM12 and
syncytialization.

This study has certain limitations. For example,
we investigated five ADAMs only at the mRNA
level because the number of EVTs isolated from
explanted human first trimester chorionic villi was
limited. Further studies of protein expression,
proteolytic activity, and cytoplasmic domain-
mediated signal transduction are necessary to
elucidate the functional roles of ADAMs in placental
pathophysiological and developmental mechanisms,
especially EVT invasion and VT syncytialization.

In conclusion, we showed the expression profiles
of five ADAM family genes (ADAMTS1, ADAMTS2,
ADAM10, ADAM12, and ADAM17) in VTs and
EVTs from human first trimester placentas. Three
ADAM genes examined in this study (ADAMTS1,
ADAM10 and ADAM12) were expressed in a
trophoblast cell type-dependent manner. Moreover,
ADAM12 expression in first trimester VTs
decreased in a gestational age-dependent manner.
Our data provide additional insight into the
functions of ADAMs in the human placenta.

Acknowledgements: We thank Hisanori Matsumoto
(Kyoto University, Kyoto, Japan), Yukiyasu Sato (Kyoto
University), Hiroshi Fujiwara (Kanazawa University,
Ishikawa, Japan) for their help in EVT isolation. We also
thank Takuji Kosuge (Nippon Medical School, Tokyo,
Japan) for technical assistance. This work was supported
by Grants-in-Aids for Scientific Research and Private
University Strategic Research Foundation Support
Program (2013―2017) from the Ministry of Education,
Culture, Sports, Science and Technology�Japan Society
for the Promotion of Science, Japan.
Conflict of Interest: We declare no conflicts of interest.

References

1．Robertson WB, Brosens IA, Dixon HG: Placental bed
vessels. Am J Obstet Gynecol 1973; 117: 294―295.



H. Takahashi, et al

128 J Nippon Med Sch 2014; 81 (3)

2．Vi�ovac L, Aplin JD: Epithelial-mesenchymal
transition during trophoblast differentiation. Acta
Anat 1996; 156: 202―216.

3．Pierce GB Jr, Midgley AR Jr: The origin and
function of human syncytiotrophoblastic giant cells.
Am J Pathol 1963; 43: 153―173.

4．Benirschke K, Burton GJ, Baergen RN: Pathology of
the Human Placenta, 2012; pp 55―89, Springer-
Verlag, Berlin Heidelberg, London.

5．Pijnenborg R, Dixon G, Robertson WB, Brosens I:
Trophoblastic invasion of human decidua from 8 to
18 weeks of pregnancy. Placenta 1980; 1: 3―19.

6．Sasagawa M, Shibuya S, Endo M, et al.:
Differentiation of extravillous trophoblast during
normal pregnancy. Acta Obst Gynaec Jan 1996; 48:
315―320 (in Japanese).

7．Graham CH, Lala PK: Mechanism of control of
trophoblast invasion in situ. J Cell Physiol 1991; 148:
228―234.

8．Warning JC, McCracken SA, Morris JM: A balancing
act: mechanisms by which the fetus avoids rejection
by the maternal immune system. Reproduction 2011;
141: 715―724.

9．Pijnenborg R, Vercruysse L, Hanssens M: The
uterine spiral arteries in human pregnancy: facts
and controversies. Placenta 2006; 27: 939―958.

10．Meekins JW, Luckas MJ, Pijnenborg R, McFadyen
IR: Histological study of decidual spiral arteries and
the presence of maternal erythrocytes in the
intervillous space during the first trimester of
normal human pregnancy. Placenta 1997; 18: 459―464.

11．Blankenship TN, Enders AC: Trophoblast cell-
mediated modifications to uterine spiral arteries
during early gestation in the macaque. Acta Anat
(Basel) 1997; 158: 227―236.

12．Kam EP, Gardner L, Loke YW, King A: The role of
trophoblast in the physiological change in decidual
spiral arteries. Hum Reprod 1999; 14: 2131―2138.

13．Brosens I, Dixon HG, Robertson WB: Fetal growth
retardation and the arteries of the placental bed. Br
J Obstet Gynaecol 1977; 84: 656―663.

14．Gerretsen G, Huisjes HJ, Elema JD: Morphological
changes of the spiral arteries in the placental bed in
relation to pre-eclampsia and fetal growth
retardation. Br J Obstet Gynaecol 1981; 88: 876―881.

15．Hustin J, Jauniaux E, Schaaps JP: Histological study
of the materno-embryonic interface in spontaneous
abortion. Placenta 1990; 11: 477―486.

16．Librach CL, Werb Z, Fitzgerald ML, et al.: 92-kD
type IV collagenase mediates invasion of human
cytotrophoblasts. J Cell Biol 1991; 113: 437―449.

17．Graham CH: Effect of transforming growth factor-
beta on the plasminogen activator system in
cultured first trimester human cytotrophoblasts.
Placenta 1997; 18: 137―143.

18．Zucker S, Cao J, Chen WT: Critical appraisal of the
use of matrix metalloproteinase inhibitors in cancer
treatment. Oncogene 2000; 19: 6642―6650.

19．Coussens LM, Fingleton B, Matrisian LM: Matrix
metalloproteinase inhibitors and cancer: trials and
tribulations. Science 2002; 295: 2387―2392.

20．Isaka K, Usuda S, Ito H, et al.: Expression and
activity of matrix metalloproteinase 2 and 9 in
human trophoblasts. Placenta 2003; 24: 53―64.

21．Xu P, Wang YL, Zhu SJ, Luo SY, Piao YS, Zhuang
LZ: Expression of matrix metalloproteinase-2, -9, and
-14, tissue inhibitors of metalloproteinase-1, and
matrix proteins in human placenta during the first
trimester. Biol Reprod 2000; 62: 988―994.

22．Cohen M, Meisser A, Bischof P: Metalloproteinases
and human placental invasiveness. Placenta 2006; 27:
783―793.

23．Cohen M, Bischof P: Factors regulating trophoblast
invasion. Gynecol Obstet Invest 2007; 64: 126―130.

24．Tang BL, Hong W: ADAMTS: a novel family of
proteases with an ADAM protease domain and
thrombospondin 1 repeats. FEBS Lett 1999; 445: 223―
225.

25．Kaushal GP, Shah SV: The new kids on the block:
ADAMTSs, potentially multifunctional
metalloproteinases of the ADAM family. J Clin
Invest 2000; 105: 1335―1337.

26．Apte SS: A disintegrin-like and metalloprotease
(reprolysin-type) with thrombospondin type 1 motif
(ADAMTS) superfamily: functions and mechanisms.
J Biol Chem 2009; 284: 31493―31497.

27．Seals DF, Courtneidge SA: The ADAMs family of
metalloproteases: multidomain proteins with multiple
functions. Genes Dev 2003; 17: 7―30.

28．Beristain AG, Zhu H, Leung PC: Regulated
expression of ADAMTS-12 in human trophoblastic
cells: a role for ADAMTS-12 in epithelial cell
invasion? PLoS ONE 2011; 6: e18473.

29．Yang Y, Wang Y, Zeng X, et al.: Self-control of HGF
regulation on human trophoblast cell invasion via
enhancing c-Met receptor shedding by ADAM10
and ADAM17. J Clin Endocrinol Metab 2012; 97:
E1390―1401.

30．Kokozidou M, Drewlo S, Bartz C, et al.: Complex
patterns of ADAM12 mRNA and protein splice
variants in the human placenta. Ann Anat 2011; 193:
142―148.

31．Sato Y, Higuchi T, Yoshioka S, Tatsumi K, Fujiwara
H, Fujii S: Trophoblasts acquire a chemokine
receptor, CCR1, as they differentiate towards
invasive phenotype. Development 2003; 130: 5519―
5532.

32．Sato Y, Fujiwara H, Zeng BX, Higuchi T, Yoshioka S,
Fujii S: Platelet-derived soluble factors induce human
extravillous trophoblast migration and
differentiation: platelets are a possible regulator of
trophoblast infiltration into maternal spiral arteries.
Blood 2005; 106: 428―435.

33．Horie A, Fujiwara H, Sato Y, et al.: Laeverin�
aminopeptidase Q induces trophoblast invasion
during human early placentation. Hum Reprod 2012;
27: 1267―1276.

34．Mochizuki S, Okada Y: ADAMs in cancer cell
proliferation and progression. Cancer Sci 2007; 98:
621―628.

35．Tyan SW, Hsu CH, Peng KL, et al.: Breast cancer
cells induce stromal fibroblasts to secrete
ADAMTS1 for cancer invasion through an
epigenetic change. PLoS ONE 2012; 7: e35128.

36．Ng YH, Zhu H, Pallen CJ, Leung PC, MacCalman CD:
Differential effects of interleukin-1 beta and
transforming growth factor-beta1 on the expression
of the inflammation-associated protein, ADAMTS-1,
in human decidual stromal cells in vitro. Hum



ADAM Expression in Trophoblast Cells

J Nippon Med Sch 2014; 81 (3) 129

Reprod 2006; 21: 1990―1999.
37．Zhao S, Gu Y, Fan R, Groome LJ, Cooper D, Wang Y:

Proteases and sFlt-1 release in the human placenta.
Placenta 2010; 31: 512―518.

38．Laigaard J, Sorensen T, Frohlich C, et al.: ADAM12:
a novel first-trimester maternal serum marker for
Down syndrome. Prenat Diagn 2003; 23: 1086―1091.

39．Pidoux G, Gerbaud P, Cocquebert M, et al.: Review:
Human trophoblast fusion and differentiation: lessons
from trisomy 21 placenta. Placenta 2012; 33 Suppl :
S81―86.

40．Cocquebert M, Berndt S, Segond N, et al.:
Comparative expression of hCG beta-genes in human
trophoblast from early and late first-trimester
placentas. Am J Physiol Endocrinol Metab 2012; 303:
E950―958.

(Received,
(Accepted,

November
December

12, 2013)
9, 2013)


