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The role of invasive extravillous trophoblast in the remodeling

of spiral artery during normal and abnormal implantation
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The role of invasive extravillous trophoblast in the remodeling of
spiral artery during normal and abnormal implantation
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Abstract

Successful human placentation depends on adequate
transformation of the uteroplacental circulation by
extravillous trophoblast proliferation, migration, and
invasion into the maternal decidua. Thus far, how these
trophoblasts execute the process of spira arteries
transformation is still not clear. One key factor is that the
trophoblasts which invade the lumen and straddle on the
endothelial cells. The prevailing view of this
endovascular trophoblast was first addressed by Hamilton
and Boyd in 1965 in Nature After reviewing numerous
sections of placental bed biopsy, he concluded that cells

in the lumen of spira arteries which responsible for



vascular remodeling is the progeny of fetd
cytotrophoblast. Moreover, this specidized
cytotrophoblast is not from directly invading of the
interstitial  trophoblast, rather, should be from the
trophoblast in the basal plate and migrating up to
transform the spiral arteries. However, it arises some
important queries to be answered. First, if the
cytotrophoblast in the interstitial area does not invade the
spiral artery directly, what is the purpose for its journey
across the long distance area, from tips of cell column,
pass by the decidual cells, and finaly to the muscular area
of the uterus? Second, what factor(s) is (are) the key
driving force for these EVTs within the vessel lumen to
against the arteria pressure to migrate up the spira

artery?

The intergtitial cytotrophoblast once was thought to
play a role in the immuno- regulation of embryo
implantation. Nevertheless, the actual function of
interstitial trophoblast is never elucidated. Recently,
authors found these intergtitial trophoblasts, after
detaching the cell columns, usualy colonize around the
spiral artery. Therefore the authors presume that these
interstitial trophoblasts may probably play a role in the
transformation of spiral arteries, possibly priming some
events, then the endovascular trophoblasts receive the
signals and migrate up to the maternal uterine circul ation.
In fact, the invasion of interstitial trophoblast is aso
deeper than endovascular trophoblast: reaching a peak by
the end of the first trimester and declined rapidly
thereafter, the second wave in around 16 weeks and may

deep into the myometrium.

In the first year of this project, we collect the sample
from the decidua from the first-trimester D& C specimen,
and also collect the placental bed biopsy form normal and
preeclampsia third-trimester pregnancies during Cesarean
section. We examine the interstitial trophoblasts in situ by
immunohistocytochemistry, confocal microscopy,
scanning €electromicroscopy, transmission
electromicroscopy. The aims of these examination are to
understand the interrelationship of the trophoblast
(interstitial, endovascular, multinucleated giant cells) and
the implantation microenvirionment. The
electromicroscopy may provide vauable information for
the ultrastructure changes of trophoblast during
implantation. Besides, we start the in vitro vulture and

isolation of the trophoblast for the use of second year

project.

Keywords: invasive trophoblast, implantation, vascular
remodeling, human, cytokines.

S Hd BB

Successful human placentation depends on adequate
transformation of the uteroplacental circulation by
extravillous trophoblast (EVT) proliferation, migration,
and invasion into the maternal decidua. This process rises
to a peak by the end of the first trimester and declined
rapidly thereafter. Human placental development depends
critically on the differentiation of the placenta’s
speciaized epithelia cells, termed cytotrophoblast. Two
differentiation pathways exist.. In one, cytotrophoblast
remain in the fetal compartment and fuse to form
multinucleate syncytiotrophoblasts that cover the floating
chorionic villi, whihch were direct contact with maternal
blood in the intervillous space and, perform nutrient and
gas exchange for the fetus. In the second pathway, a
subset of cytotrophoblasts in anchoring villi aggregate
into cell columns that attach to the uterine wall. From
there, cytotrophoblast (CTB) invade the uterine wall and
(interstitial  invasion) and the decidual vessels
(endovascular invasion) as far as the first third of the
myometrium. As a net result, oxygenated maternal blood
can thus largely flow into the intervillous space and

provide nutrient for the fetus.

In normal pregnancy, CTB invade arteries more
deeply than veins. Cells that are participating in
endovascular invasion have two types of interactions with
maternal arterioles. In the first type of interaction, large
aggregates of these fetal cells are found primarily inside
the vessel lumen. These aggregate can either lie adjacent
to the apical surface of the resident endothelium or
replace it such that they appear directly attached to the
vessel wall. In the second type interaction, CTB are found
within the vessel wall rather in the lumen. In this situation,
they colonize the smooth muscle layer of vessel wall and
lie adjacent to the endothelium. These two types of
interactions may be representatives of the progressive
stages in a single process, or indicative of different
strategies by which CTB accomplish endovascular
invasion. In either case, the stage in which feta CTB
cohabit with maternal endothelium in the spiral arterioles



is transient. By late second trimester, these vessels are
lined exclusively by endometrial or the superficia
portions of their myometria segments. The specific
purpose of this project is designed for the identifying the
driving force of these EVTs and the whole process of the
spiral transformation.
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I. SAMPLE COLLECTION: Chorionic villi and
deciduas of the first-trimester pregnancy will be obtained
from women undergoing elective termination due to
blighted ovum or other psycosocial problems.
Third-trimester specimen will be obtained during
cesarean section at term.

II.IMMUNOHISTOCYTOCHEMISTRY

Tissue fixation, and immunocytochemistry

The tissues are fixed/rinsed/blocking according to the
standard condition described (Cell, Volume II:
SQubcellular localization of genes and their products,
Spector DL et al., 1998 Cold Soring Harbor Laboratory
Express).

1. Tissues sections (5mm) are dewaxed and rehydrated
conventionaly.

2. Quenching of endogenous peroxidase is achieved by
incubation with 0.3% hydrogen peroxide in methanol
for 30 mins at room temperature.

3. All tissue sections are exposed to a non-immuned
block with norma rabbit serum for 30 minutes at
room temperature.

4. Incubation with the primary antibodies is carried out
at 4°C overnight with various dilutions for the specific
antibodies.

5. Thereafter tissues sections are labeled with an
avidin-biotin-peroxidase detection system Vectastain
(Vector Lab, Burlington VT, USA).

6. Each step is followed by a meticulous washing with
PBS.

7. Finaly, 3,3 -diaminobenzidine is used as chromogen.

8. Counterstaining was performed with hematoxylin.

For cryostat section (8-10mm), the steps are the same
except skip the procedures of dewaxing and dehydration.

Antibodies
Markers for cytotrophoblasts

In chorionic villi and column portion of anchoring villi,

cytokeratins are the most useful  markers.
Anti-pancytokeratins can stain  syncytiotrophoblast,
cytptrophoblast (stem cell), and aso the invasive
interstitial  trophoblast. Nonetheless, the glandular
epithelium, which thereotically regresses after 10 weeks
gestation, will be stained positive for anti-pancytokeratin.
The architecture of glandular epithelium loos like
transformed spira artery with endovascular trophoblast in
the lumen. We use CD56 (NCAM) as an immunomarker
for the differentiation between endovascular trophoblast
(CD56") and glandular epithelium (CD56).

Markers for smooth muscles component of the decidual
vessels

We use phalloidin to recognize al the F-actin
components in the placental bed biopsy. Phaloidin is a
non-specific actin-binding toxin derived from mushroom.
Either a, b, and g forms of actin will be recognized by
phaloidin. This will help to localize the decidua vessels
(either vein or artery). We aso use CD31 (PECAM) as a
marker to localize the endothelia cells in the lumen of
spiral artery.

Markers for cytokines that are putatively essential for
implantation

We use a panel of antibodies to cytokines and their
receptors that we intend to test the roles in the embryonic
implantation.

Immunostaining

We use fluorescein-conjugated anti-mouse I1gG as
secondary antibodies to label the monoclona antibodies,
and rhodamine-antimouse 1gG as seconday antibodies to
label the polyclonal antibodies. Other fixation, washing,
incubation techiniques are followed the standard
protocols (see Cells: a laboratory manual, by Spector DL,

et al., Volume 3 Subcellular location of genes and their
products).

I11. Transmission electromicroscopy (TEM)
V. Scanning electr omicroscopy (SEM)
V. CONFOCAL MICROSCOPY

Tissues sections (30mm) are fixed and stained in the
standard processes of immunohistocytochemistry. The



post-stained dides will be examined using Zeiss confocal
microscope (LSM 510). Optical sections will be collected
at 0.5 micrometer. Steps through individual cell nuclei for
analysis. Distribution of EGFP will be localized on the
different optical sections.

VI. ISOLATION  AND CULTURE THE
TROPHBLAST FROM THE FIRST TRIMESTER
PLACENTA

D N RS Y

The followings are illustrations of our preliminary

Fig.1 Confocal laser microscopy of placental bed biopsy
of term pregnancy demonstrated the mature
stellate-shape trophoblast in the Ni

tabuch layer.
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Fig.2 Confoca laser microscopy of a myometrium
specimen from a 10-week gestation uterus
(hysterectomy due to CIN IlI). It demonstrated

stellate-shape trophoblast invading the vascular
lumen of a spiral artery.

Fig.3 Confocal laser microscopy of a 1% passage cultured
trophoblast from the first-trimester placenta villi.

Fig. 4 Double immuofluorescence microscopy
demonstrating the interstital trophoblast attack the
spira artery before the endovascular trophoblast
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Fig. 5 Alkaline phasphotase conjugated with
transforming growth factor b type | (upper) and type
Il (lower) receptors immunostaining. The section
was located in the deep deciduas and decidual artery
were also seen. Positive stainings were evident in
the decidual cells and endothelial cells of spiral
arteries.

We found the invasion of extravillous trophoblast is
associated with downregulation of the receptor (both type
I and I1) of transforming growth factor b (TbRI and I1)
when these trophoblasts detach cell columns. The
trophoblast invasion into deep decidua is also associated
with the upregulation of TbRs of implntation
environment- deep decidual tissue and myometrium.
These changes occur with switching of integrins
repertories. Moreover, the physiological adaptation of
spiral artery are also paradoxically associated with the
upregulation of TbRs of extravillous trophoblasts around
the perivascular space, indicating the TGFb is one of the
key regulator of trophopblast invasion. The switching of
TGFb receptors of trophoblast is aso associated the
phenotype change: from unipolar motile form to
multipolar, stellate shape trophoblast. It also indicates
TGFb might affect the morphology and function in the
process of spiral artery remodeling.

We concluded the trophoblast invasion is
determined both the intrinsic factors and aso by paracrine
factors, such as the cytokines producing by deciduas and
myometrium. The physiological changes of spira artery
during pregnancy is a unique process related to spatial
and temporal changes of growth factor expression and
itself phenotypes.
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The results obtained from current project were
exciting.. Not only we found the role of TGFb in
implantation and associated with integrins repertoire
switching, but also identified the important event in
the process of spiral remodeling.

Besides, the establishment of first-trimester
trophoblast culture was already successful. It will
provide the materials for the sophisticated culture
system that was designed for confirmation of our
novel findingsin the first year project.

.

N 5’*‘?‘*’?&

1. Murray MJ. Lessey BA. Embryo implantation
and tumor metastasis: common pathways of
invasion and angiogenesis. [Review] Seminars In
Reproductive  Endocrinology.  17(3):275-90,
1999.

2. Zhou Y. Genbacev O. Damsky CH. Fisher SJ.
Oxygen regulates human  cytotrophoblast
differentiation and invasion: implications for
endovascular invasion in norma pregnancy and
in preeclampsia [Review] Journa  of
Reproductive  Immunology. 39(1-2):197-213,
1998.

3. Lim KH. Zhou Y. Janatpour M. McMaster M.
Bass K. Chun SH. Fisher SJ  Human
cytotrophoblast differentiation/invasion is
abnormal in pre-eclampsia American Journal of
Pathology. 151(6):1809-18, 1997.

4. Caniggia |. Taylor CV. Ritchie JW. Lye SJ.
Letate M. Endoglin regulates trophoblast
differentiation aong the invasive pathway in
human placenta villous explants. Endocrinology.
138(11):4977-88, 1997.

5. Zhou Y. Fisher SJ. Janatpour M. Genbacev O.
Deana E. Whedlock M. Damsky CH. Human
cytotrophoblasts adopt a vascular phenotype as
they differentiate. A strategy for successful
endovascular invasion? Journal of Clinica
Investigation. 99(9):2139-51, 1997.

6. Burrows TD. King A. Smith SK. Loke YW.
Human trophoblast adhesion to matrix proteins:
inhibition and signal transduction. Human
Reproduction. 10(9):2489-500, 1995.

7. Bischof P. Haenggeli L. Campana A. Gelatinase
and oncofetal fibronectin secretion is dependent
on integrin expression on human cytotrophoblasts.
Human Reproduction. 10(3):734-42, 1995.

8. Damsky CH. Librach C. Lim KH. Fitzgerad ML.
McMaster MT. Janatpour M. Zhou Y. Logan SK.



10.

11.

12.

13.

14.

15.

16.

Fisher SJ. Integrin switching regulates normal
trophobl ast
120(12):3657-66, 1994.

invasion. Development.

Fisher SJ. Damsky CH. Human cytotrophoblast
invasion. [Review] Seminars in Cell Biology.
4(3):183-8, 1993.

Schilling B. Yeh J. Transforming growth
factor-bl, -b2, -b3 and their type | and Il
receptors in human term placenta. Gynecologic
& Obstetric Investigation. 50(1):19-23, 2000.

Bischof P. Meisser A. Campana A. Mechanisms
of endometrial control of trophoblast invasion.
[Review] Journal of Reproduction & Fertility -
Supplement. 55:65-71, 2000.

Caniggia |. Mostachfi H. Winter J. Gassmann
M. Lye SJ Kuliszewski M. Post M.
Hypoxia-inducible factor-1 mediates the
biologica effects of oxygen on human
trophoblast differentiation through TGFb3.
Journal of Clinical

105(5):577-87, 2000,

Investigation.

Caniggia |. Grisaru-Gravnosky S. Kuliszewsky
M. Post M. Lye SJ. Inhibition of TGF-b3
restores the invasive capability of extravillous
trophoblasts in preeclamptic  pregnancies.
Journal of Clinical
103(12):1641-50, 1999.

Investigation.

Meisser A. Chardonnens D. Campana A.
Bischof P. Effects of tumour necrosis
factor-alpha, interleukin-1 apha, macrophage
colony stimulating factor and transforming
growth factor beta on trophoblastic matrix
Human

metall oprotei nases. Molecular

Reproduction. 5(3):252-60, 1999.

Getsios S. Chen GT. Huang DT. MacCaman
CD. Regulated expression of cadherin-11 in
cytotrophoblasts
undergoing aggregation and fusion in response

human extravillous

to transforming growth factor beta 1. Journal of
Reproduction & Fertility. 114(2):357-63, 1998.

Morrish DW. Dakour J. Li H. Functional
regulation of human trophaoblast differentiation.
[Review] Journal of Reproductive Immunology.
39(1-2):179-95, 1998.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Irving JA. Laa PK. Functiona role of cell
surface integrins on human trophoblast cell
migration: regulation by TGF-b, IGF-II, and
IGFBP-1.  Experimental  Céll
217(2):419-27, 1995.

Research.

Levy R. Smith SD. Chandler K. Sadovsky Y.
Nelson DM. Apoptosis in human cultured
trophoblasts is enhanced by hypoxia and
diminished by epiderma growth factor. American
Journal of Physiology - Cdl Physiology.
278(5):C982-8, 2000.

Payne SG. Brindley DN. Guilbert LJ. Epidermal
growth factor inhibits ceramide-induced apoptosis
and lowers ceramide levels in primary placental
trophoblasts. Journal of Célular Physiology.
180(2):263-70, 1999.

Dakour J. Li H. Chen H. Morrish DW. EGF
a differentiated
trophoblast phenotype having c-myc and junB
proto-oncogene activation. Placenta. 20(1):119-26,
1999.

promotes  development  of

Mochizuki M. Maruo T. Matsuo H. Samoto T.
Ishihara N. Biology of human trophoblast.
International Journal of Gynaecology & Obstetrics.
60 Quppl 1:21-8, 1998.

Baker VL. Murai JT. Taylor RN. Downregulation
of protein kinase C by phorbol ester increases
expression of epidermal growth factor receptors in
transformed trophoblasts and amplifies human
chorionic  gonadotropin production. Placenta.
19(7):475-82, 1998.

Matsumoto K. Yamamoto T. Kurachi H. Nishio Y.
Takeda T. Homma H. Morishige K. Miyake A.
Murata Y. Human chorionic gonadotropin-alpha
gene is transcriptionally activated by epidermal
growth factor through cAMP response element in
trophoblast cells. Journal of Biological Chemistry.
273(14): 7800-6, 1998.

Li RH. Zhuang LZ. The effects of growth factors
on human norma placental cytotrophoblast cell
proliferation. Human Reproduction. 12(4):830-4,
1997.

Garcia-Lloret MI. Yui J Winkler-Lowen B.
Guilbert LJ. Epidermal growth factor inhibits
cytokine-induced apoptosis of primary human
trophoblast. Journal of Célular Physiology.
167(2):324-32, 1996.



26.

27.

28.

29.

Maruo T. Matsuo H. Otani T. Mochizuki M. Role
of epidermal growth factor (EGF) and its receptor
in the development of the human placenta. [Review]
Reproduction, Fertility, & Development.
7(6):1465-70, 1995.

Machida T. Taga M. Minaguchi H. Effects of
epidermal growth factor and transforming growth
factor apha on the mouse trophoblast outgrowth in
vitro. European Journal of Endocrinology.
133(6): 741-6, 1995.

Amemiya K. Kurachi H. Adachi H. Morishige KI.
Adachi K. Imai T. Miyake A. Involvement of
epidermal growth factor (EGF)/EGF receptor
autocrine and paracrine mechanism in human
trophaoblast cells: functiona differentiation in vitro.
Journal of Endocrinology. 143(2):291-301, 1994.

Bass KE. Morrish D. Roth I. Bhardwaj D. Taylor R.
Zhou Y. Fisher SJ. Human cytotrophoblast
invasion is up-regulated by epidermal growth factor:
evidence that paracrine factors modify this process.
Developmental Biology. 164(2):550-61, 1994.



	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8

