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Abstract

A member of the epidermal growth factor (EGF) family, the heparin-binding EGF (HB-EGF) is expressed in the uteri of both humans and mice
during the implantation process. To study the effects of HB-EGF on adhesion stage, we developed an in vitro implantation model employing
Ishikawa cell line and JAR cell line, which may attach to Ishikawa cells. For 1, 6, 12, and 24 hours, co-cultures of JAR spheroids grown on
Ishikawa monolayers were treated with 1, 10, and 100 ng/mL doses of HB-EGF. Using immunocytochemistry and Western blot analysis, the
effects of HB-EGF on the protein expressions of E-cadherin, Erb-B2 receptor tyrosine kinase 4 (ErbB4), and integrin avfs in Ishikawa and
JAR cells were examined semi-quantitatively and quantitatively. Ultrastructural changes of in vitro implantation model were investigated by
transmission electron microscopy. We revealed that HB-EGF influenced trophoblast cell adhesion to endometrial cells by upregulating the
expression of the proteins ErbB4 and trophoblastic integrin av8s. Decrease in trophoblastic E-cadherin expression and increase in endometrial
E-cadherin expression were demonstrated accompanying morphological variations in cells required for the invasion. We discovered
ultrastructurally that Ishikawa cells acquired uterodome-like appearance, including the organelles, when 10 and 100 ng/mL dosages of HB-EGF
were administered for 12 and 24 hours. However, following additional hours of adhesion and invasion, their intercellular spaces enlarged.
The trafficking of vesicular transport was enhanced by JAR spheroids. We therefore discovered that in this implantation paradigm, HB-EGF

may enhance the receptivity of Ishikawa cells and the adherence of JAR cells.
Keywords: HB-EGF, Ishikawa and JAR cells, E-cadherin, ErbB4, integrin avps.

=& Introduction

Implantation process includes a series of complex events
separated into three different stages: apposition, adhesion,
and invasion. In humans and other mammalians, several
cytokines and growth factors participate in multiple complex
signal pathways of implantation. The actions of factors
like interleukin-1 (IL-1), leukemia inhibitory factor (LIF)
and heparin-binding epidermal growth factor (HB-EGF)
are the main focus of these signals [1, 2]. Molecules like
integrins, E-cadherins, laminin, fibronectin, chemokine
receptors and Erb-B2 receptor tyrosine kinase 4 (ErbB4)
(one member of receptor tyrosine kinase family) have
been identified in the trophectoderm of human implanted
embryo [3].

E-cadherin is related to invasion and metastasis of many
tumor types. In the placenta, E-cadherin mediates a strong
intracellular interaction between adjacent trophoblast cells
[4]. Integrin-dependent adhesion occurs in a very short time
after apposition. One of the endometrial integrins, integrin
avfs, emerges on apical surface of endometrial epithelium
at 19-20" days of the menstrual cycle, at the beginning of
implantation window and subsequently decreases until the
new week [5]. Integrin avfs is primarily regulated by EGF
and HB-EGF in human endometrium [6]. Differentiating
cells express the cofactor of HB-EGF, namely heparan sulfate
proteoglycan (HSPQ), in various ways. HB-EGF interacts
with integrin a3f; and cluster of differentiation 9 (CD9)
among other transmembrane proteins to form complexes,

although it is unknown how important these interactions
are for implantation and placentation.

Ishikawa cells, an endometrial epithelial carcinoma cell
line, have been chosen as a model for receptive endometrium.
JAR cells, a trophoblastic choriocarcinoma cell line, show
cytotrophoblast (CTB) features and have ability to attach
in vitro to Ishikawa cells [7]. A co-culture model including
Ishikawa cells with JAR spheroids has been used to
investigate endometrial epithelial cell attachment [2].

In humans, autocrine and paracrine roles of HB-EGF,
amember of EGF family, are distinctive in implantation and
placentation. HB-EGF is expressed by uterine epithelium in
implantation window and induces in vitro human blastocyst
development [8].

Aim

The aim was to study the effects of HB-EGF on the
adhesion phase in an in vitro implantation model created
by co-cultures of Ishikawa and JAR spheroids. In this model,
we intended to search the interaction between trophoblast—
endometrial cells and the effects of HB-EGF on adhesion
of these cells and adhesion molecules by using immuno-
cytochemical, Western blot and transmission electron
microscopy (TEM) techniques.

& Materials and Methods
Cell culture procedures
In this study, JAR cell line (trophoblastic chorio-
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carcinoma) and Ishikawa cell line (endometrial
adenocarcinoma) were used, provided from American
Type Culture Collection (ATCC).

As a medium for JAR cells, high glucose Dulbecco’s
Modified Eagle Medium—Ham’s Nutrient Mixture F-12
(DMEM/F-12) containing 10% fetal bovine serum (FBS)
and Penicillin and Streptomycin (100 pg/mL) was used. As
a medium for Ishikawa cells, normal DMEM/F-12 medium
containing 10% FBS and Penicillin and Streptomycin
(100 pg/mL) was used. Cell cultures were sustained in a
humidified incubator pumping 5% carbon dioxide (CO-)
at 37°C.

To create an implantation model with co-cultures [9, 10],
approximately 300 000 JAR cells were cultured on 1%
agar and harvested spheroids reached to desired size were
co-cultured with Ishikawa monolayers. For experimental
groups, 1, 10 and 100 ng/mL HB-EGF (R&D System; 259-
HE) were applied to co-cultures for 1, 6, 12 and 24 hours
in line with the literature [6]. For control group, HB-EGF
was not applied, and co-cultures were incubated at given
hours only with cell medium. Harvested cell clusters were
fixed and embedded with egg white, and then routine
histological techniques were applied to obtain paraffin blocks.
4-5 um thick sections were prepared from these cell blocks
by microtome and stained with Hematoxylin—Eosin (HE).

Immunocytochemical analysis

Ishikawa cells cultured on cover slips were incubated
for 24 hours, subsequently three different doses of HB-EGF
applied. After six hours incubation, JAR spheroids were
implanted on Ishikawa cells to create the implantation
model defined above. Three repetitions of the experiment
were conducted, ending at predetermined intervals. After
fixing the cells in Methanol for five minutes at -20°C, the
cells were immunostained for E-cadherin, ErbB4, and
integrin avf; using the indirect Streptavidin immuno-
peroxidase technique using an anti-polyvalent Horseradish
peroxidase (HRP) Kit (SensiTek, ScyTek Laboratories,
Utah, USA). The samples on the cover slips were incubated
overnight at 4°C using the anti-E-cadherin (Santa Cruz
Biotechnology, Texas, USA; sc-7870), anti-ErbB4 (Santa
Cruz Biotechnology, Texas, USA; sc-53280) and anti-
integrin avf; (Biorbyt, Cambridge, UK; orb-10927) primary
antibodies according to their protocols (1:100 dilution). The
3-Amino-9-Ethylcarbazole (AEC) Substrate Detection System
(ScyTek) was then used to visualize the antigen—antibody
complex. Histoscore (H-score) analysis was used to assess
the intensity of immunoreactivity semi-quantitatively in
accordance with the literature [11].

Western blot analysis

For the analysis of protein levels of E-cadherin, ErbB4
and integrin avfs, two different sets of Ishikawa and JAR
cells and their nuclear extracts were diluted with sample
buffer containing 5% Sodium Dodecyl Sulfate (SDS) and
20% Glycerol prepared in 0.4 M Tris (pH 6.8) with 0.02%
Bromophenol Blue and then run in 8% Polyacrylamide
gel electrophoresis (PAGE) according to the methods
described in literature [12]. Proteins (50 pg/lane) were
electrophoretically separated by the SDS-PAGE and
blotted onto 0.45 um Nitrocellulose membranes (Thermo

Scientific; 88018). By soaking the Nitrocellulose membranes
in Tris-buffered saline (TBS) containing 5% bovine serum
albumin (BSA) (HyClone; SH 40015-11) for one hour,
nonspecific binding sites were prevented. Subsequently,
the membranes underwent four rounds of washing in TBS
containing 0.75% Tween 20. They were then incubated
with antibodies (1:200 dilution) against E-cadherin (Santa
Cruz; sc-7870), ErbB4 (Santa Cruz; sc-53280), and integrin
avfs (Biorbyt; orb-10927) prepared in TBS containing
0.01% Tween 20 for one hour. After that, the membranes
were rinsed with TBS that contained 0.75% Tween 20.
They were then incubated for one hour in 0.5% BSA in
TBS that contained 0.01% Tween 20, along with goat anti-
rabbit and anti-mouse secondary antibodies conjugated with
HRP (Santa Cruz; sc-2030 and sc-2005). Integrin avfs,
ErbB4, and E-cadherin were expressed as a percentage of
control. We utilized the housekeeping protein beta-actin
(Santa Cruz; sc-47778) levels for standardization.

Transmission electron microscopy analysis

After harvesting co-cultures, 2.5% Glutaraldehyde in
0.1 M Millonig phosphate buffer was used to fix them. The
co-cultures were then post-fixed for one hour at 4°C in
1% Osmium Tetroxide in the same buffer [13]. Cells
were incubated in 1% Uranyl Acetate for one hour at 4°C,
dehydrated in a graded Propylene Oxide series (Merck
Millipore; 8.07027.1000) and embedded in Araldite (Fluka
Analytical; 10953). Samples were cut using an ultramicrotome
in 0.5 pm semi-thin sections, stained by Toluidine Blue
to check the presence of cells. Next, 70 nm-thick ultrathin
sections were cut and were counterstained with Reynolds’
Lead Citrate and stained with 5% Uranyl Acetate. Sections
were photographed and analyzed under TEM (JEOL JEM-
1011).

Statistical analysis

All the semi-quantitative and quantitative data of groups
were statistically assessed using the GraphPad InStat ver.
3.06 software (GraphPad Inc., CA, USA). One-way analysis
of variance (ANOVA) was used to compare the means of
the continuous variables, and the Tukey—Kramer multiple
comparison test was used to examine the differences between
the groups. P-values less than 0.001 were regarded as
statistically significant.

@ Results
Light microscopy findings

JAR spheroids were successfully obtained after 24-hour
incubation on agar (Figure 1A) and at the same time,
Ishikawa cells were incubated for 24 hours to obtain
monolayers for co-cultures (Figure 1B). Shortly thereafter,
JAR spheroids were cultured on Ishikawa monolayers for a
certain time (Figure 1, C-F). At the end of 1-hour incubation,
JAR spheroids started to adhere to Ishikawa cells (Figure 1C),
at the end of six hours, partially adhered JAR spheroids
with underlying Ishikawa cells were observed (Figure 1D).
12-hour incubation led to totally adhered spheroids onto
Ishikawa cells (Figure 1E). After 24 hours, spheroids
were shown to start to invade through the Ishikawa cells
(Figure 1F).
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There were JAR spheroids which have not invaded onto
Ishikawa cells yet in the control group, while attached
spheroids were identified in 1 ng/mL HB-EGF group
(Figure 2, A and B). 10 ng/mL HB-EGF group had tightly
adhered spheroids on Ishikawa cells, while 100 ng/mL HB-
EGF group had same tightly adhered spheroids (Figure 2,
C and D).

HE-stained sections were given in Figure 1 (G and H),
establishing light microscopic proofs for the success of
implantation model of JAR spheroids incubated on Ishikawa
cells.
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Figure 1 — Inverted microscopic images of co-cultures
of S on the Ish monolayers: (A) S incubated for 24 hours;
(B) Ish monolayers incubated for 24 hours before co-
cultures; (C—F) Co-cultures incubated for given hours,
showing S on the Ish monolayers: (C) 1-hour incubation,
(D) 6-hour incubated S (circle) adhered partially onto
Ish cells, (E) 12-hour incubated S (circle) attached
totally onto Ish cells, (F) 24-hour incubated, barely
definable S (circle) started to invade through Ish cells;
(G and H) HE-stained images of co-cultures of S on
the Ish monolayers; successful focal attachment of
S was observed on the Ish cells (arrow). (A—G) x200;
(H) x400. HE: Hematoxylin—Eosin; Ish: Ishikawa; S:
JAR spheroids.

Immunocytochemical findings

Regarding E-cadherin immunoreactivities in Ishikawa
cells in implantation region, 1-hour incubation with any dose
of HB-EGF did not lead to any statistical difference between
groups but 6-hour incubation resulted in a significant immuno-
reactivity in control, 10 and 100 ng/mL HB-EGF groups,
compared to 1 ng/mL HB-EGF group (p<0.001) (Figure 3,
A and B). After 12-hour incubation, there was significant

Figure 2 — Inverted microscopic images of co-cultures
of JAR spheroids (circle) on the Ishikawa monolayers
incubated with given doses of HB-EGF for six hours:
(4) Control group; (B) 1 ng/mL HB-EGF group showed
attached JAR spheroids onto Ishikawa monolayers;
(C) 10 ng/mL HB-EGF group showed tightly adhered
spheroids on monolayers; (D) 100 ng/mL HB-EGF group
showed tightly adhered spheroids on monolayers. (A-D)
x200. HB-EGF: Heparin-binding epidermal growth
factor.

decrease in E-cadherin immunoreactivity of 1 ng/mL HB-
EGF group and a significant increase in 10 ng/mL HB-EGF
group, compared to the control group (p<0.001), and there
was not any significant difference between 100 ng/mL
HB-EGF group and control group. Moreover, 24-hour
incubation also did not cause any significant difference
between groups, in terms of E-cadherin immunoreactivity
(Figure 3, A and B).

Analyzing E-cadherin immunoreactivity of JAR cells,
incubations with 10 and 100 ng/mL HB-EGF for 1 and
6 hours revealed significant declines in comparison with
other groups (p<0.001) (Figure 3, A and C). On the other
hand, there was not any significance in E-cadherin immuno-
reactivity between different doses of 12- and 24-hour groups
(Figure 3, A and C). But the immunoreactivity of these 12-
and 24-hour groups decreased significantly for all doses,
compared to 1- and 6-hour groups (p<0.001) (Figure 3,
A and C).

There was not any immunoreactivity for ErbB4 in JAR
cells in implantation regions, incubated with 1, 10 and
100 ng/mL HB-EGF for 1 and 6 hours. Therefore, semi-
quantitative evaluation did not give any significance.
However, 12- and 24-hour incubations significantly increased
ErbB4 immunoreactivity of 10 ng/mL HB-EGF group,
compared to other groups (p<0.001) (Figure 4, A—C).

Evaluating integrin avf; immunoreactivities of JAR
cells, 1-hour group had no significant differences between
different doses of HB-EGF, whereas immunoreactivity
of 6-hour group for all doses increased significantly in
comparison with the control group (p<0.001) (Figure 5,
A—C). However, 12-hour incubation with 1 ng/mL dose
of HB-EGF resulted in a significant increase in integrin
avf}; immunoreactivity of JAR cells (p<0.001). Moreover,
24-hour incubation with 10 and 100 ng/mL doses of HB-
EGF increased the immunoreactivity significantly, compared
to the control and 1 ng/mL HB-EGF groups (p<0.001)
(Figure 5, A—C).
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Figure 3 — (4) E-cadherin immunoreactivities of
Ishikawa and JAR cells from co-cultures incubated with

1, 10 and 100 ng/mL HB-EGF for 1, 6, 12 and 24 hours;
(B) H-score table of E-cadherin immunopositive Ishikawa
cells; (C) H-score table of E-cadherin immunopositive
JAR cells (*p<0.001 vs control group); (D and E) Western

blot images of E-cadherin expression in Ishikawa (D)

and JAR (E) cells applied 1, 10 and 100 ng/mL HB-EGF
for 1, 6, 12 and 24 hours. H-score: Histoscore; HB-

EGF: Heparin-binding epidermal growth factor; SD:

Standard deviation.
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Figure 4 — (4) ErbB4 immunoreactivities of JAR cells
firom co-cultures incubated with 1, 10 and 100 ng/mL
HB-EGF for 1, 6, 12 and 24 hours; (B) H-score table
of ErbB4 immunopositive Ishikawa cells; (C) H-score
table of ErbB4 immunopositive JAR cells (*p<0.001 vs
control group). ErbB4: Erb-B2 receptor tyrosine kinase 4;
H-score: Histoscore; HB-EGF: Heparin-binding epidermal
growth factor; SD: Standard deviation.
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Figure 5 — (A) Integrin avfs immunoreactivities of
Ishikawa and JAR cells from co-cultures incubated with
1, 10 and 100 ng/mL HB-EGF for 1, 6, 12 and 24 hours;
(B) H-score table of integrin avf3 immunopositive
Ishikawa cells; (C) H-score table of integrin avfs
immunopositive JAR cells (*p<0.001 vs control group);
(D) Western blot image of integrin avf; expression in
JAR cells applied 1, 10 and 100 ng/mL HB-EGF for
1, 6, 12 and 24 hours. H-score: Histoscore; HB-EGF:
Heparin-binding epidermal growth factor; SD: Standard
deviation.

Western blot results

Examining E-cadherin expression levels of JAR mono-
layer cells, we observed time- and dose-dependent reduction
depending on growth factor applied to the cells (Figure 3E).
In particular, groups of 1- and 6-hour incubations with
10 and 100 ng/mL HB-EGF had decreased expression of
E-cadherin compared to control and 1 ng/mL HB-EGF group,
whereas 12- and 24-hour incubations with all doses of
HB-EGF resulted in decreased levels in comparison with
1- and 6-hour incubations (Figure 3E).

In E-cadherin expression levels of Ishikawa monolayer
cells, we observed time- and dose-dependent elevations
depending on growth factor applied to the cells (Figure 3D).
In particular, groups of 6-, 12- and 24-hour incubations
resulted in significantly increased expression of E-cadherin
compared to 1 ng/mL HB-EGF group (Figure 3D).

Examining the levels of integrin avf; expression in JAR
monolayer cells, we detected time- and dose-dependent
increases in 12- and 24-hour incubations groups, compared
with 1- and 6-hour incubations (Figure 5D). In particular,
groups of 24-hour incubation with 10 ng/mL HB-EGF
showed remarkable increased expression, compared to other
groups (Figure 5D).

We could not detect any expression of ErbB4 protein in
any of JAR and Ishikawa cells for all given doses and hours.

Transmission electron microscopy results

Ishikawa cells of 1-hour incubation group applied
10 ng/mL HB-EGF showed normal ultrastructure of cells
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with regular surfaces and their adhesion to the culture
surface. Moreover, TEM images of co-cultures of 1-hour
incubation with 100 ng/mL HB-EGF showed mitotic cells
in some regions (Figure 6C).

After 6-hour incubation with 10 ng/mL HB-EGF,
Ishikawa cells revealed an intact cell membrane and nuclear
membrane (Figure 6A). In addition to regular epithelial cell
morphology, the cell nuclei with loose chromatin and
compact nucleoli were remarkable. Similarly, cells of the
group of 6-hour incubation with 100 ng/mL HB-EGF had
also regular ultrastructure of cell membrane and nuclei
located in parallel to the long axis. Moreover, microvilli
with normal ultrastructure were notable in TEM images.
Healthy cells were observed to interact with each other
through their extensions (Figure 6D).

TEM images of Ishikawa cells incubated with 10 ng/mL
HB-EGF for 12 hours demonstrated dome-shaped cells
with intact cell membrane and nuclear membrane having
regular ultrastructure, as well as curving and interdigitating
lateral plasma membrane, enlarged intercellular spaces
and decreased number of locally shortened microvilli
(Figure 6B).

In TEM images of JAR spheroids incubated with
10 ng/mL HB-EGF for one hour, accumulation of intra-
cytoplasmic vesicles was notable in adjacent to the
membrane. Some cells had an interesting locally thickened
nuclear membrane (Figure 6E). Particularly in these cells,
intracytoplasmic vesicles aligned in chain-like series
remarkably dispersed through the periphery of cytoplasm
(Figure 6F).

Figure 6 — Electron micrographs of Ishikawa cells: (4) 10 ng/mL

n ey,

HB-EGF for six hours, showing regular nuclei (red star)

with loose chromatin and compact nucleoli (white star); (B) 10 ng/mL HB-EGF for 12 hours, showing locally shortened
microvilli (red arrow) and enlarged intercellular spaces; (C) 100 ng/mL HB-EGF for one hour, showing mitotic cells
(red arrow); (D) 100 ng/mL HB-EGF for six hours, showing normal structure of cell membrane (red arrow) and nuclei
(red star); (E) JAR cells incubated with 10 ng/mL HB-EGF group for one hour, showing local thickening of nuclear
membrane (red arrow) and intracytoplasmic vesicles peripherally aligned in chain-like series (circle); (F) JAR cells
incubated with 10 ng/mL HB-EGF group for six hours, showing local thickening of nuclear membrane (red arrow) and
intracytoplasmic vesicles peripherally aligned in chain-like series (circle). Scale bars: (A—C and F) 2 uym; (D and E) 5 um.

HB-EGF: Heparin-binding epidermal growth factor.

= Discussions

Many studies are needed to define the complex process
of embryo implantation, examining the local molecules
functioning in early embryo—uterus interaction. Since there
are limitations in availability of trophoblast cell adhesion
to the endometrial epithelium of materials derived directly
from human [14], although there are many studies with
decidual cells, it is possible to conduct the research with
adenocarcinoma cell lines to examine the adhesion stage
[15, 16]. In this study, we aimed to create an in vitro
implantation model to investigate the effects of HB-EGF
on adhesion stage of implantation. For this purpose, we
used Ishikawa cell line because of its compatibility with
receptive endometrium and JAR cell line reflecting the
features of trophoblastic cell line [17], and we created the
implantation model with co-culture of these two cell lines
containing monolayer of Ishikawa cells underlying JAR
spheroids, allowing to examine the interaction between

Ishikawa and JAR cells and to determine possible effects
of HB-EGF on adhesion and adhesion molecules in this
interaction. Moreover, we determined significant differences
for localization and expression levels of E-cadherin, integrin
avps and ErbB4 proteins in co-cultured cells incubated
with 1, 10 and 100 ng/mL doses of HB-EGF for 1, 6, 12
and 24 hours by using immunocytochemistry and Western
blot analysis.

HB-EGF was shown to have roles in ovarian and uterine
functions, expressed particularly in attachment site before
blastocyst attachment, therefore, to be effective in embryo
implantation [18, 19]. In the present study evaluating the
effects of different doses of HB-EGF on implantation of JAR
spheroids on Ishikawa cells, we found that JAR spheroids
only attached onto Ishikawa cells in control group without
HB-EGF and in 1 ng/mL HB-EGF group; whereas JAR cells
adhered tightly and even started to invade into Ishikawa
cells in 10 and 100 ng/mL HB-EGF groups especially after
6-hour incubation. These findings were essentially consistent
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with the data reporting the effects of HB-EGF on implantation
window.

HB-EGF, having a vital role in embryonic implantation
to induce invasiveness through endometrium, attracts
attention in implantation model studies. Thus, we searched
the effect of HB-EGF on invasiveness of JAR spheroids in
the endometrial model created by Ishikawa monolayers and
detected significant decrease in E-cadherin levels, and
significant elevations in integrin avfs and ErbB4 levels of
JAR cells especially in 12- and 24-hour incubation groups.
Once more, these findings revealed the importance of
HB-EGF protein in implantation process.

HB-EGF is originally expressed in villous and extra-
villous CTBs of normal placenta. Differentiating into extra-
villous and endovascular phenotypes, trophoblasts enter
the process of integrin switching, allowing variations in
expression of adhesion molecules [20, 21]. Different integrins
control attachment, invasion, and vascular remodeling
processes. Primary CTB cultures have been found to have
integrin switching during extravillous differentiation on
Matrigel basal membrane of placenta in first trimester
[22]. However, there are few numbers of in vitro studies
reporting the role of integrin avfs in attachment and
invasion of trophoblasts to the endometrium. In this study,
we demonstrated that trophoblastic JAR cells had increased
levels of integrin avfs; expression due to incubation with
HB-EGF for 12 and 24 hours, showing a marked increase
in especially 10 ng/mL and 100 ng/mL HB-EGF dose groups
incubated for 24 hours. This result suggested that integrin
avfs may mediate the effect of HB-EGF on trophoblastic
attachment and invasion.

Schmitz et al. determined the presence of integrin
avps in both Ishikawa and JAR cells by using immuno-
cytochemical and immunofluorescence techniques [23].
However, we could not detect any integrin expression by
immunocytochemical analysis of Ishikawa cells incubated
with HB-EGF. This issue leads to the need for more in vitro
experiments including several molecular analyses like
Western blot and reverse transcription polymerase chain
reaction (RT—PCR) methods to disclose the role of integrin
avfs, which is different from structural endometrial integrins,
in this implantation model.

HB-EGF expression was detected in the CTB and
syncytiotrophoblasts of the chorionic villi during early
pregnancy in the pathology specimens that were archived
from pregnancy terminations that occurred between six
and eight weeks [24]. Based on these findings, it appears
that HB-EGF promotes trophoblast invasion and mitogenesis
in the human endometrium. In an in vitro study employing
cultivated endometrial stromal cells, the mitogenic potential
of HB-EGF on the human endometrium was further shown.
EGF receptor (EGFR; ErbB1), ErbB4, and transmembrane
HB-EGF (HB-EGFTM) are expressed by these cells, and
HB-EGF addition to culture medium results in increased
deoxyribonucleic acid (DNA) synthesis [25]. When Chinese
hamster ovary (CHO) cells expressing HB-EGFTM were
used, the same outcomes were observed. The trophectoderm
in human blastocysts showed a high concentration of ErbB4,
suggesting that the human implantation is mediated by
HB-EGF expressed in the luminal epithelium of the
endometrium interacting with blastocyst ErbB4 [26]. Our
study could not show the ErbB4 immunoreactivitiy in
1, 10 and 100 ng/mL HB-EGF groups of Ishikawa cells

incubated for 1, 6, 12 and 24 hours, especially on the
implantation site of JAR spheroids. Also, we could not
find any ErbB4 immunoreactivitiy in 1, 10 and 100 ng/mL
HB-EGF groups of JAR cells incubated for one and six
hours. However, longer incubations with 10 ng/mL HB-
EGF (12- and 24-hour groups) resulted in notable reactivity
of ErbB4 for JAR spheroids, even in the implantation sites.
This result suggested that even a moderate amount of HB-
EGF may be effective on invasion rather than adhesion
of trophoblasts during blastocyst implantation. However,
the fact that there was no immunoreactivity for ErbB4
protein in Ishikawa cells.

In the prenatal trophoblastic diseases including the
choriocarcinoma and total hydatidiform mole, which are
characterized by invasive trophoblastic behavior, the
trophoblastic E-cadherin levels drop during the first trimester
of the placenta [27]. Studies showing that heparins increase
trophoblastic invasiveness by expressing E-cadherin may
provide insight into how heparin may improve trophoblast
differentiation and motility [28]. In the present implantation
model, we found that E-cadherin immunoreactivity and
expression was significantly higher in JAR cells during
adhesion to the implantation site, while then the levels of
E-cadherin decreased in subsequent stage of invasion. At
high doses of HB-EGF applied for one and six hours, we
observed that E-cadherin immunoreactivity and expression
levels were lower than the control and low dose groups;
however, this difference disappeared after 12- and 24-
hour incubations and E-cadherin levels of all groups
remained at basal levels. In consistent with rare data from
the literature, E-cadherin level was high on the first hour
when HB-EGF may initially support trophoblastic adhesion,
but then the levels significantly decreased during the shift
to invasion process stage and continue to invasion. The study
by Gonzalez et al. investigating the co-cultures created by
human trophoblastic spheroids and decidualized endometrial
stromal cells can be given as a proof for this issue [29].

In an epigenetic study by Rahnama et al., E-cadherin
was shown to be regulated epigenetically in choriocarcinoma
cells, suggesting the uterine epithelia gain adhesives qualities
by increasing E-cadherin expression during the receptive
phase [30]. In this study, we detected that HB-EGF incubation
in monolayer cultures with Ishikawa cells resulted in time-
and dose-dependent elevations of E-cadherin expression,
especially after 6-, 12- and 24-hour incubations compared
to 1-hour incubation. Although we could not detect any
E-cadherin immunocytochemical reactivity and only mono-
layer cultures incubated with the growth factor until 24 hours
had increased levels of E-cadherin, it would appear that
many studies comparing the co-cultures with and without
spheroids and evaluating the long-term effects of HB-EGF
are still needed.

During implantation window, the lateral plasma
membrane transformation is fully completed under the
control of maternal ovarian hormones, while the adherens
junction and its associated terminal web are completely
lost from the membrane, and their dissolution at the time
of endometrial receptivity does not depend on the presence
of a blastocyst [31]. Cellular vesicles and other organelles
that had previously been kept out of the submembranous
cytoplasm, most likely by the dense terminal web of
filaments, were discovered to be able to approach the apical
plasma membrane when the terminal web was removed [32].
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The distinctively large apical vesicles of progesterone-
regulated uterine epithelial cells play a significant role in
these activities. As the terminal web is gone, these vesicles
approach and integrate with the apical membrane surrounding
the receptive phase for attachment [32]. The reasons of
shortening and declining of microvilli of Ishikawa cells
treated with HB-EGF for 12 and 24 hours and of elevation
in vesicular traffic in JAR spheroids in this report may be
plasma membrane transformation during shift from adhesion
to the invasion stages and cytoskeletal transformations.
Moreover, in consistent with the fact that adherens junctions
on lateral plasma membrane modify during endometrial
receptivity, we reported that Ishikawa cells protect ultra-
structure of their intercellular junctions but the distance
between intercellular spaces enlarged by next hours of
adhesion and invasion. This confirms the phenomenon of
these intraepithelial junctions needed to be unfastened for
trophoblastic invasion.

In vitro interactions between the human blastocyst and
endometrial epithelia take place especially at the lateral
plasma membrane and may be part of the process of
penetration, allowing induction of lysis of interepithelial
apical junctional complexes and desmosomes [33]. The
involvement of trophoblastic cells facilitates the regeneration
of these connections. By means of invasive penetration,
human blastocysts enter the endometrial surface epithelium.
In our study, we observed distinctive intracytoplasmic vesicle
accumulations located adjacent to the cell membrane of
JAR cells in 10 ng/mL HB-EGF group treated for one hour.
Some cells had interesting focal thickening of their nuclear
membranes. Especially in these cells, notable peripherally
distributed intracytoplasmic vesicles forming chain-like
series suggest that JAR spheroids secrete these secretory
vesicles to induce the disjunction of interepithelial apical
junctional complexes and desmosomes.

& Conclusions

Our in vitro implantation model exhibited the effects
of HB-EGF on trophoblastic adhesion and invasion into
endometrial cells through increasing the expression of
trophoblastic integrin avf; and ErbB4, decreasing the
expression of trophoblastic E-cadherin and increasing the
expression of endometrial E-cadherin, also accompanying
by morphological changes needed for the invasion. Variations
in HB-EGF function among the tissues may be caused by the
milieu around the targeted cells. Further research is required
to fully comprehend the genes that HB-EGF induces in
reproductive organs as well as the molecular relationships
that control HB-EGF expression. Lastly, since the number
of in vitro and in vivo studies reporting expression of
E-cadherin, integrin avf; and ErbB4 together is limited
in the literature, it is readily apparent that the genes of
these proteins induced by HB-EGF are needed to be
investigated particularly in vivo reproductive tissues to
understand the molecular pathways in the expression of
these proteins.
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