Int. J. Morphol.,
40(4)981-989, 2022.

Comparative Analysis of Trophoblasts and
Angiogenesis in Human Placental Compartments

Andlisis Comparativo de Trofoblastos y Angiogénesis en Compartimentos Placentarios Humanos

Pinar Ayran Fidan & Attila Dagdeviren

FIDAN, P. A. & DAGDEVIREN, A. Comparative analysis of trophoblasts and angiogenesis in human placental compdrtinénts.
Morphol., 40(4)981-989, 2022.

SUMMARY: Trophoblasts perform different functions depending on their location. This study aimed to obtain structural clues
about the functions of villous and extravillous trophoblasts by using light and electron microscopy. Term placenta samples were
obtained from 10 healthy pregnant women following cesarean sections. Frozen sections were stained with hematoxylin-eosin, semi-
thin sections were stained with toluidine blue and examined with a light microscope, while thin sections were contrastadylsing
acetate-lead citrate and evaluated under an electron microscope. Fine structural features of villous trophoblasts omezleiipad so
stromal cells. In addition to the usual appearance of mature capillaries in villous stroma, we demonstrated and repditechimatura
stages of angiogenetic sprouts in term placenta. Extravillous trophoblasts were classified according to their locationcibrioo,
trophoblastic, column, maternal vascular endothelium, or decidua. All of these trophoblasts shared some ultrastructsitadifeature
also were distinct from each other. In decidua, it was noted that the endothelial lining of some vessels was invadendoyagewar
trophoblasts with irregular microvilli. These cells shared some ultrastructural properties with both villous trophobldasisnahd s
cells. Examination showed that angiogenesis was still present in term placentas and that trophoblasts, endothelial aatisstromal
have very similar properties ultrastructurally, suggesting they represent transformational forms.
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INTRODUCTION

The placenta is the crucial organ which maintaingophoblastic column, d) maternal vascular endothelium
normal gestation and fetal development. Despite numerogghdovascular trophoblast) and e) decidua basalis (Borbely
studies, the structure-function relationships within the human al, 2014). The aim of this study was to compare the fine
placenta are not yet fully understood. structure of trophoblastic cell lineage located at different

placental compartments using light and electron microscopes

During implantation trophoblasts rapidly convert intao obtain further evidence about their function.
two distinct cell types, cytotrophoblasts and
syncytiotrophoblast. Cytotrophoblasts proliferate at ad-
embryonic pole, fusing to neighboring syncytiotrophoblastIATERIAL AND METHOD
toward maternal tissues (Guttmachkeal, 2014). Primary,
secondary and finally tertiary (floating) villi develop, in the
core of villi, there are villous cytotrophoblasts just beneath This study was approved by Baskent University
the syncytiotrophoblast, stroma with several types of cellmstitutional Review Board and Ethics Committee (Project
and capillaries (Burton & Fowden, 2015). Cytotrophoblasiso. KA14/110) and supported by Baskent University
leaving villous tree are called extravillous trophoblastResearch Fund. Before the samples were collected, patients
(EVTs) and some of them are in direct contact with matewere informed about the study and the procedure for signing
nal stroma as they invade the endometrium. These cells #re “Informed Consent Form for Scientific Research”. Ten
located in: a) fibrinoid, b) chorion (trophoblastic shell), cplacenta samples were obtained from healthy pregnant

Baskent University Faculty of Medicine, Department of Histology and Embryology, Ankara, Turkey.
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women aged 24 to 40, and between 38 and 40 weeksob/ariable size and shape, a heterochromatin rich nucleus,
gestation, following cesarean sections. Only patients withcahd numerous irregularly oriented microvilli. Deep in the
a known chronic disease and/or complications, followeslyncytiotrophoblast, cytotrophoblasts with relatively less
up in Baskent University Faculty of Medicine, Obstetricelectron dense cytoplasm, containing active nuclei,
and Gynecology were included in the study. Placenfaominent nucleoli and abundant free ribosomes were
samples were picked up just after delivery. To ensulecated. The basal face of the cytotrophoblasts rests on the
standardization during sampling, tissue samples wen®@phoblastic basement membrane. This basement
dissected and coded as shown in Figure 1. membrane was in direct contact with the
syncytiotrophoblast where cytotrophoblasts were missing.
Of the placenta samples, some pieces were sniapthese sections, invaginations of basal cell membranes
frozen in liquid nitrogen, sectioned using a cryostat arghcked with many projections resembling microvilli were
stained with hematoxylin-eosin. Others were added toa?so detected in the syncytiotrophoblast. (Figs. 2B, 2C,
% glutaraldehyde solution and prepared for examinatiegbA-C). Similar structures were also observed between
by using a routine plastic embedding method (Fetad, cytotrophoblasts and the syncytiotrophoblast at certain
2019). Semi-thin sections were stained with toluidine bluayeas (Figs. 2C, 4B). However, cytotrophoblast
examined under a light microscope and photographed wittembranes, which were in direct contact with basal lami-
a Leica DM3000 digital camera. Thin sections were stained were rather smooth lacking such invaginations (Figs.
with uranyl acetate-lead citrate and photographed unde2B, 2C, 4A, 4B). Desmosomes were also frequently

LEO-500 electron microscope. observed Dbetween syncytiotrophoblast and
cytotrophoblasts supporting structural integrity. Associated

(B =) with villi, syncytial knots, sprouts and bridges were also
i observed both at light and electron microscopic levels. In
UcC, villous stroma two types of cells were mainly detected,

namely mesenchymal cell and Hofbauer cells. Four stromal
cell types: fibroblasts, reticulum cells, pericytes and
myofibroblasts were identified as mesenchymal cell
derivatives according to their location and ultrastructural
properties. Elongated fibroblasts with thick processes had
active nuclei, prominent nucleoli, abundant organels and
cytoskeletal elements in their cytoplasm (Fig. 2C).
Relatively inactive fibroblasts (reticulum cells) were
distinguished by thinner processes with a slender cytoplasm
= 3 2= < extending between collagen fiber bundles. Myofibroblasts,
Fig. 1. Placenta tissue sampling. 1: Fetal (chorionic) side as 1re_flecting the ultrast_rugtura_l features of protein_synthesizing
1B-1C, 2: villous tree core, 3: maternal (decidual) side as 3C, 3E,e"5 were clearly distinguished from the previous two cell

3A. UC; umblical cord, A; indicates the outermost, C; indicate§TOUPS by the presence of caveola/pinocytotic vesicles and
the innermost samples. being surrounded by an external lamina (Fig. 2D). Pericytes

sharing similar structural properties to myofibroblasts were
distinguished by their locations along the capillaries.
RESULTS Pericytes were also observed to be surrounded by an
external lamina which was continuous with the basal la-
mina of endothelial cells. Hofbauer cells, the second major
Villous tree, syncytiotrophoblast, cytotrophoblastsgell group in stroma, were identified by the presence of
villous stromal cells, extravillous trophoblasts (EVTs) imumerous phagocytic vacuoles in their cytoplasm, their
fibrinoid, chorion, trophoblastic column, maternal vessel®latively irregular shape and peripherally located indented
and decidua were observed through the light microscopeclei (Fig. 2B).
(Fig. 2A). These examinations revealed conventionally
recognized structural properties of the organ. Fetal capillaries and collagen fibers were the major
components of the villus stroma. Capillaries were lined
Certain areas were examined in detail using doy typical squamous endothelial cells sitting on a basal
electron microscope. Syncytiotrophoblast surrounding th@mina in most cases (Fig. 3A). These cells were attached
villi had an electron-dense cytoplasm, rich in ribosometg each other by tight junctions and had pinocytotic vesicles
granular endoplasmic reticulum, numerous mitochondr&t their luminal and basal cell membranes. We also
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. . b T ; & vy P P, -
Fig. 2. A) In the light micrograph (LM) of placental villi adjacent to decidual (basal) plate, floating villi (fv), an amchititis (*),
trophoblastic column (tc) and decidua (D) are seen. Sn;syncytiotrophoblast, arrow;cytotrophoblast, arrowhead;fetal Ealpillzoid F
e;erythrocytes, ivs;intervillous space (Semi-thin section, Toluidin blue (TB), X20). 2B) Electron micrograph (EM) of avitlating
N:;nuclei, mv; microvilli, Ct; cytotrophoblast, arrow; trophoblast basement membrane, f;fibroblast, h;Hofbauer cell, cf;&bkagen
s;villous stroma (Uranyl acetate-Lead citrate (UALC), X2156). 2C) *;microvillous projections, #;granular endoplasmic reticulum,
m;mitochondria, E;endothelial cell, arrow head;basal lamina. A process of fibroblast contacts (double arrow) with thestroaseiniant
membrane (arrow) (UALC, X6000). 2D) EM of a myofibroblast (mf). Arrowhead;external lamina, double arrow; pinocytotic vesicles

(UALC, X 16700).
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irregularly oriented microvilli. Between the individual
trophoblasts forming the shell there were also
desmosomes. Shape and structures of these cells were
most similar to villous trophoblasts (Figs. 5A, 5B). Two
types of fibrinoid were identified as fibrin type and
matrix type. The fibrin type fibrinoid was rich in
granular substance formed from remnants of
coagulation material lacking cells. However, the matrix
type fibrinoid contained EVTs embedded in an
extracellular matrix. There were basically two types
of EVTs within the matrix type fibrinoid, one which
was oval-shaped with rounded cells and a second which
was elongated with several processes (Figs. 5C, 5D).
The rounded cells had euchromatin rich nuclei with
their cytoplasm having two distinct compartments. The
darker perinuclear areas of the cells were observed to
be rich in granular endoplasmic reticulum, while
peripheral cytoplasm was moderately electron lucent.
Fig. 3. Schematic view of sprouting angiogenesis. Figures a, b, c shbi€se cells were either scattered as single cells in the

the cross sections of the areas marked with dashed lines (e: eritrocyfigyinoid or sometimes formed small neighboring
groups. Their facing cell membranes were extremely

rich in microvillous lateral protrusions and some
observed cross sections of angiogenetic sprouts at esmosomes. At higher magnifications these
peripheral compartments of stroma reflecting the maturatioriatermingling lateral protrusions and bud-like larger
stages of newly arising capillaries (Figs. 3 and 4). Those wiphotrusions toward the matrix were identifiable in more
the most primitive appearance at the tip of the sprouts wetetail. These cells were embedded in a mildly electron
composed of moderately flattened endothelial cells with dense, homogenous amorphous material. Additionally,
centrally located large cell (Figs. 3A, 4A-C). Though thesemall degenerated cell particles were observed in some
intermediate endothelial cells had an immature appearanasas within the matrix between the cells described
intercellular junctions and pinocytotic vesicles at their basabove. The second type of EVTs in the matrix type
surface were present similar to those of classical capilldfilgrinoid were elongated cells rich in organelles with
endothelial cells. In some of the sprout sections the lumeaveral processes (Figs. 5C, 5D).
was occupied by a large cell with migratory protrusions (Fig.
4C). Lumina of these vessels were represented by tiny clefts  EVTs moving from the trophoblastic column into
between neighboring cells which were limited by junctionahe decidua were moderately electron dense, their nuclei
complexes (Figs. 3A, 4A-C). When these vessels were seegre rich in euchromatin, and their cytoplasm was rich
surrounded by taller endothelial cells, their slightly enlargdd organelles. These cells were surrounded by a matrix
lumina usually contained 1-2 erythrocytes. These tadf dense granular material containing cell debris. EVTs
endothelial cells also had intercellular junctions at theiteeper into the decidua were similarly divided into two
basolateral surface and pinocytotic vesicles. On the outsidentdin groups, rounded ones and those with processes
endothelial cells there was usually a laminated basal lamifiigs. 6A, 6B). The rounded cells had euchromatin rich
and pericytes were present (Figs. 3B, 3C, 4D-G). It was notedcleus with a prominent nucleolus and they were
that the tall endothelial cells shared ultrastructural featurssrrounded by an external lamina. Their cytoplasm was
with cytotrophoblasts. Basically, there were two types of largeoderately electron dense and rich in ribosomes and
endothelial cells depending on their cytoplasmic componenisitochondria (Fig. 6A). EVTs with processes also had
The first one was rich in cytoplasmic filaments while the lattesuchromatin rich nucleiwith prominent nucleoli and
was rich in organelles (Figs. 4E-G). organelle-rich cytoplasm, however their external lami-

na was incomplete (Fig. 6b). As we progressed deeper

EVTs at different locations in the placenta exhibitethto the decidua, maternal vessels were observed. Some

unique fine structural features and were accordingly identifieof. this microvasculature was lined by taller endothelial-
Trophoblasts forming the outer margins of trophoblastic shédilke cells with numerous microvilli in addition to regu-
were attached to a distinct basal lamina. Opposite membratesflattened endothelial cells. These cells were
of the cells were embedded with granular material rich whistinguished as endovascuEEvTs (Figs. 6C, 6D).
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Fig. 4. A) EM of two floating
villi. Sn;syncytiotrophoblast
Ct;cytotrophoblasts, arrow;
trophoblast basement
membrane, arrowhead;
capillary basal lamina,
E:endothelial cell, mv:
microvillus, e: erythrocytes,
ivs: intervillous space, s:
& stroma, c: capillary (UALC, X
2156). 4B) Higher
magnification of the marked
~area at fig. 4a. *;microvillous
projections, #;rounded cell,
+ douuble arrow; cleft like limen,
double arrowhead; intercellular
junctions. (UALC, X 6000).
4C) Tip of the sprout *;cleft,
#:luminal cell, double
~arrowhead;pseudopod
, +:cytoplasmic  filaments
(UALC, X 6000). 4D) LM of
| the floating villus. Arrowhead;
pericytes, arrow; taller
endothelial cells, (Semi-thin
section, TB, X100). 4E) Middle
part of the sprout in figure 4d.
Endothelial cells (#;rich in
organelle, *; rich in cytoplasmic
filament). double arrow; tight
{ junction,p; pericyte, arrow;
basal lamina, arrowhead;
mitochondria (UALC X 2784).
. 4F) Proximal part of the sprout
' L; lumen e; erythrocyte, #; tall
= endothelial cells, E; flattened
+ endothelial cell, double arrow;
tight junction, arrow; basal la-
mina, * lamination,
Arrowhead: external lamina of
. the pericyte (p) (UALC X3597)
G) Higher magnification of the
; marked area at figure 4f.
Endothelial cells (#;rich in
organelle, +; rich in
cytoplasmic filament). Double
arrowheads:  pinocytotic
vesicles (UALC X 7750).
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Fig. 5. A) LM of the amniochorionic membrane. ae; amniotic epithelium, arrow; trophoblast basement membrane, *;EVT, tastiophob
shell (Frozen section, H&E,X40). B) EM of the EVT seen in fig 5a. cf; collagen fiber, *; granular material, mv; micro\ili doow;
desmosomes, #; filaments (UALC X 4646). C) EM of the rounded trophoblasts embedded in fibrinoid. N; nucleus, *; darkeaperinucl
compartment, +; peripheral cytoplasm, double arrows; microvillous lateral protrusions, arrows; desmosomes, M; homogenous amorph
material, arrowheads; bud like larger protrusions (UALC, X 2784). D) EM of the elongated trophoblast embedded in fibrinoid (F).
processes, N; nucleus, m; mitochondria (UALC, X 3597).
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Fig. 6. A) EM of a decidual rounded EVT. N; nucleus, n; nucleolus, arrowhead; external lamina, m; mitochondria, double arrow;
pinocytotic vesicles, arrows; granular material (UALC, X4646). B) EM of a decidual elongated EVT. Inset: lower magnifiédton (U

X 7750). C) LM of a maternal vessel in decidua. D). double arrowhead; simple squamous endothelial cell, arrows; endovigstular EV
coagulation material (Semi-thin section, TB, X100). D) EM of endovascular EVT is seen in fig 6¢. Arrow; microvilli, L; looigle, d

arrow; tight junction, arrowhead; vascular basal lamina, *: laminations, D: decidua (UALC, X 3597).

DISCUSSION

The structure of the human placenta is still beinglacental components, mainly cells of trophoblastic
explored since it is critical to the developing the fetus aritheage. We observed well- known structural components
there are still many aspects of its components which d@rethe examination of placental villi consistent with the
not yet understood. In this study, we have obtaindierature data (Guttmachetal, 2014; Burton & Fowden,
additional information on the fine structure of huma2015).
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The placental capillary network gradually enlargesytotrophoblasts, syncytiotrophoblast and EVTs (Wakeland
by angiogenesis and angiogenic growth is stimulated @y al, 2017; Heet al, 2019). Interaction of fetal cells with
angiogenic factors produced by stromal cells as is commorheir maternal counterparts is believed to be essential for a
accepted (Pavloegt al, 2014; Aplinet al, 2015; Guerr&t successful gestation (Burton & Jauniaux, 2017; Pollheimer
al., 2021). Along the villous vasculature two types oét al, 2018; Knofleret al, 2019; Menkhorsét al, 2019).
endothelial cells were reported. The first group of the cellehe main source of the EVTs in the decidua is the
were rich in cytoplasmic filaments, while the others wergophoblastic column. The first type of these cells was quite
rich in organelles. We determined two types of endothelialmilar to cytotrophoblasts however the second group
cells similarly in villous capillaries. Vascular sprouts wereesembled myofibroblasts. Subtypes of EVTs are previously
previously reported at early placentas. However, we couttescribed depending on their location, overall shape and
detect detailed information about the ultrastructure afitrastructural features (Jonesal, 2014). In our study we
vascular sprouts in term placentas. In cross sectionsalfserved cells with caveola usually surrounded by a
angiogenic sprouts, the maturational stages of newly arisingntinuous external lamina similar to pericytes and
capillaries were clearly distinguishable in our study. Ounyofibroblasts of the villi also in decidua. Additionally, we
observations reflect three angiogenic sprout stages, the fiobiserved endovascular trophoblasts within the endothelial
(proximal) part arising from the mature vessel was composkding of decidual vasculature as previously reported in
of tall endothelial cells with enlarged lumen usuallyseveral studies (Hupperét al, 2014; Moseet al, 2015,
containing few erythrocytes. The middle section of the sproR017; Windspergeet al, 2017; Duzyjet al, 2018).
was also composed of tall endothelial cells but with Researchers described such cells as having the ultrastructural
narrower lumen lacking erythrocytes. The tip (distaleatures of cytotrophoblasts in general. However, we found
compartment) of the sprout was composed of relativethat the cytoplasm of these individual cells resembled
flattened endothelial cells surrounding a large cell separatgghcytiotrophoblast cytoplasm rather than cytotrophoblasts.
by a cleft which would form the future lumen. We sugged$indovascular EVTs and endothelial cells were both located
that the tall endothelial cells will retract down to the level obn the basal lamina and inter-connected by junctional
basolateral intercellular junctions during further maturatiooomplexes (Rai & Cross, 2014, Almasey al, 2015).
as blood flow is established. Another interesting finding tddditionally, these cells had basal and lateral foldings which
us was the presence of rounded cells with pseudopod- likere previously seen in syncytiotrophoblast.
protrusions filling the entire lumen in some sprouts. The tip
cells and their podosomes were previously reported for The findings of this study; 1) Trophoblastic cells exhibit
sprouting angiogenesis (Galags al, 2021; Kuoet al, structural features that overlap with the stromal cell types
2021). These vessels had an intact basal lamina and depending on their environmental conditions suggesting they
luminal cells were also in contact with the basal lamineepresent transformational forms. 2) Maturational stages of
extending between neighboring endothelial cells. Thesprouting angiogenesis were observed in detail so sprouting
findings suggest that described cells possibly originate froamgiogenesis still continue in term placentas. 3) Matrix type
blood and they were locating to within the endothelial liningjbrinoid develops secondarily to fibrin type as a reactive
to expand its wall. The cytoplasmic appearance of this ceflsponse to local damage in the term placenta
group was very similar to that of villous trophoblasts. In
summary, we suggest that the tall endothelial cells of the

angiogenic sprouts possibly originate from trophoblastAN, P.A. & DAGDEVIREN, A. Andlisis comparativo

mesenchymal cell clusters and they also use the gengjal trofoblastos y angiogénesis en compartimentos
circulation as a path to the sprout area. placentarios humandsit. J. Morphol., 40(4981-989, 2022.

In villous tree unhealthy and/or degenerated villi were RESUMEN: Los trofoblastos dependiendo de su
usually surrounded by fibrinoid. Fibrinoid has conventionally,hicacién realizan diferentes funciones. Este estudio tuvo
been divided into matrix type and fibrin type (KEbal,  como objetivo obtener pistas estructurales sobre las funcio-
2019). Our observations also revealed both types of fibrinoighs de |os trofoblastos vellosos y extravellosos mediante el
in term placenta. Fibrin type fibrinoid surrounding villi wasyso de microscopia 6ptica y electrénica. Se obtuvieron mues-
lacking cells however matrix type fibrinoid did contain cellsy 55 de placenta a término de 10 mujeres embarazadas sanas
mainly EVTs. EVTs within the matrix type fibrinoid re1‘|ectedde$,uéS de ceséreas. Las secciones congeladas se tifieron con
the structure of healthier, active cells so we suggest that th@gfatoxilina-eosina, las secciones semidelgadas se tifieron con azul
active cells are present in these locations for repair #@ toluidina y se examinaron con un microscopio éptico, mientras
response to hypoxia. Some other researchers have ajge las secciones delgadas se contrastaron con acetato de uranilo-
suggested the role of oxygenation on the differentiation oitrato de plomo y se evaluaron con un microscopio electronico.

988



FIDAN, P. A. & DAGDEVIREN, A. Comparative analysis of trophoblasts and angiogenesis in human placental compariménidorphol., 40(4981-989, 2022.

Las finas caracteristicas estructurales de los trofoblastos vellososthe AKT/mTOR pathway: implications for the pathogenesis of
se superponen a algunas células estromales vellosas. Ademas de R{eeclampsieSci. Rep., 9(1)0349, 2019.

apariencia habitual de capilares maduros en el estroma vello8gPPertz, B.; Weiss, G. & Moser, G. Trophoblast invasion and oxygenation
of the placenta: measurements versus presumpiidReprod. Immunol.,

demostramos e informamos etapas de maduracion de brotes, . 050020 5014
angiogenéticos en la placenta a término. Los trofoblastg§nes ¢. 3. p.: Skepper, J. N.; Renfree, M. B. & Aplin, J. D. Trophoblast
extravellosos se clasificaron Segl]n su localizacion: fibl’inoide, Specia“sations during pregnancy in the tammar Wa”aby’ Macropus
corion, trofoblastico, columna, endotelio vascular materno o eugenii: A morphological and lectin histochemical stuellacenta,
decidua. Todos estos trofoblastos compartian algunas caracteristi-35(7y467-75, 2014.

cas ultraestructurales, pero también eran distintos entre si. . E. N.; Lee, J. Y;; Shim, J. Y., Hwang, D.; Kim, K. C.; Kim, S. R. &
decidua se observé que el revestimiento endotelial de algunos Va_K|m, C. J. Clinicopathological characteristics of miscarriages featuring

. . lacental massive perivillous fibrin depositi®acenta, 8645-51, 2019.
sos estaba invadido por unos pocos trofoblastos endovascul@g&#ler M.; Haider, S.: Saleh, L.; Pollheimer, J.: Gamage, T. & James, J

con microvellosidades irregulares. Estas células compartian algu- 1 man placenta and trophoblast development: key molecular mechanisms
nas propiedades ultraestructurales tanto con los trofoblastos vello-and model system&ell Mol. Life Sci., 76(183479-96, 2019.

sos como con las células del estroma. El examen mostré qué&ia, C. H.; Huang, Y. H.; Chen, P. K.; Lee, G. H.; Tang, M. J.; Conway, E.
angiogénesis todavia estaba presente en las placentas a término M.; Shi, G. Y. & Wu, H. L. VEGF-induced endothelial podosomes via
que los trofoblastos, las células endoteliales y estromales tienenROCK2-dependent thrombomodulin expression Initiate sprouting

- P - angiogenesisArterioscler. Thromb. Vasc. Biol., 41(5$57-71, 2021.
propiedades ultraestruciurales muy_ ’SImIIares, lo que sugiere cm(—:(?nkhorst, E. M.; Van Sinderen, M.; Correia, J. & Dimitriadis, E. Trophoblast
representan formas de transformacion.

function is altered by decidual factors in gestational-dependant manner.
Placenta, 8@8-11, 2019.

PALABRAS CLAVE: Brotes angiogenéticos; Mi-  Moser, G.; Weiss, G.; Gauster, M.; Sundl, M. & Huppertz, B. Evidence from

. Lo . the very beginning: endoglandular trophoblasts penetrate and replace
croscopio electronico; Trofoblasto extravelloso; uterine glands in situ and vitro. Hum. Reprod., 30(12)747-57, 2015.

Fibrinoide; Placenta. Moser, G.; Weiss, G.; Sundl, M.; Gauster, M.; Siwetz, M.; Lang-Olip, |. &
Huppertz, B. Extravillous trophoblasts invade more than uterine arteries:
evidence for the invasion of uterine veim$istochem. Cell Biol.,
147(3)353-66, 2017.

Pavlov, N.; Frendo, J. L.; Guibourdenche, J.; Degrelle, S.; Evain-Brion, D.
& Badet, J. Angiogenin expression during early human placental
development; association with blood vessel formaBioMed. Res. Int.,
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unexplained recurrent miscarriage: a possible association with impaired ReguIann of placental extravillous trophoblasts by the maternal uterine
decidual vascular remodelling. Mol. Histol., 46(1)67-78, 2015. _environmentFront. Immunol., 2597, 2018. _
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