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Detrimental effects of lipopolysaccharide on the
attachment and outgrowth of various trophoblastic
spheroids on human endometrial epithelial cells
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'Department of Biomedical Laboratory Science and *Department of Senior Healthcare, BK21 Plus Program, Graduate School, Eulji University,
Seongnam, Korea

Objective: Lipopolysaccharide (LPS) from Gram-negative bacteria causes poor uterine receptivity by inducing excessive inflammation at the
maternal-fetal interface. This study aimed to investigate the detrimental effects of LPS on the attachment and outgrowth of various types of
trophoblastic spheroids on endometrial epithelial cells (ECC-1 cells) in an in vitro model of implantation.

Methods: Three types of spheroids with JAr, JEG-3, and JAr mixed JEG-3 (JmJ) cells were used to evaluate the effect of LPS on early implanta-
tion events. ECC-1 cells were treated with LPS to mimic endometrial infection, and the expression of inflammatory cytokines and adhesion
molecules was analyzed by quantitative real-time polymerase chain reaction and western blotting. The attachment rates and outgrowth ar-
eas were evaluated in the various trophoblastic spheroids and ECC-1 cells treated with LPS.

Results: LPS treatment significantly increased the mRNA expression of inflammatory cytokines (CXCL1, IL-8, and /L-33) and decreased the
protein expression of adhesion molecules (ITGB3 and ITGB5) in ECC-1 cells. The attachment rates of JAr and JmJ spheroids on ECC-1 cells sig-
nificantly decreased after treating the ECC-1 cells with 1 and 10 pg/mL LPS. In the outgrowth assay, JAr spheroids did not show any out-
growth areas. However, the outgrowth areas of JEG-3 spheroids were similar regardless of LPS treatment. LPS treatment of JmJ spheroids sig-
nificantly decreased the outgrowth area after 72 hours of coincubation.

Conclusion: An in vitro implantation model using novel JmJ spheroids was established, and the inhibitory effects of LPS on ECC-1 endome-
trial epithelial cells were confirmed in the early implantation process.
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trophoblast of the blastocyst and the epithelial cells of the uterine
endometrium. This communication is regulated by several inflam-
matory cytokines and adhesion molecules. Collectively, the process
of implantation poses an immune challenge between the embryo
(as a semi-allogenic) body and the uterus [1-3]. The maternal im-
mune system promotes immune tolerance toward the embryo to
maintain a normal pregnancy while defending against infection. The
maternal immune response involves maintaining uterine receptivity,
mediated by endometrial epithelial attachment molecules, tropho-
blast invasion, and extracellular matrix (ECM) breakdown [4,5].
Hormones, growth factors, and cytokines are crucial for the main-
tenance of uterine receptivity and implantation stages. Various cyto-
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Successful implantation depends on communication between the
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kines, such as interleukin, leukemia inhibitory factor, and transform-
ing growth factor-beta, are sensitive to local and systemic changes.

Copyright © 2021. THE KOREAN SOCIETY FOR REPRODUCTIVE MEDICINE



WKimetal. LPSinhibits attachment of trophoblastic spheroids

They need to be appropriately requlated for successful implantation
[6,7]. These cytokines are mostly mediated by the toll-like receptor
(TLR) family, which is the main regulator of the immune response.
Human endometrial tissue and trophoblasts express the TLR family
[8]. The 10 membrane-spanning members of the TLR family play a
critical role in modulating the inflammatory responses in humans.
Each receptor responds to a specific ligand. Lipopolysaccharide (LPS)
is a well-known endotoxin that consists of a lipid and a polysaccha-
ride composed of O-antigen, outer core, and inner core joined by a
covalent bond. LPS is a component of the cell wall of Gram-negative
bacteria (e.g., Escherichia coli, Ureaplasma urealyticum, and Gardnerel-
la vaginalis) [9,10]. LPS is an antigen that induces immune responses
in uterine endometrial cells by TLR4 activation. LPS can trigger an
imbalance in cytokines in the uterine endometrium [11,12].

Endometrial epithelial cells secrete hormones (estrogen and pro-
gesterone), growth factors, and various types of cytokines to enable
successful implantation [13]. Adhesion molecules secreted by endo-
metrial epithelial cells are an important factor in the embryo attach-
ment stage [6,14]. Interactions between cells and the ECM are medi-
ated by adhesion molecules [15], which consist of four subtypes: im-
munoglobulins, cadherins, integrins (ITGs), and selectins. ITGs are a
major class of receptors within the ECM that mediate cell-ECM inter-
actions with collagen, fibrinogen, fibronectin, and vitronectin. ITGs
provide essential links between the extracellular environment and
intracellular signaling pathways, and are transmembrane receptors
that mediate cell adhesion [16,17]. ITGs consist of two subunits: al-
pha (a) and beta (). In humans, ITGs have 18 a subunits and 8 {3
subunits [18]. In this study, we analyzed ITGaV, ITGB3, and ITGS5 to
understand the effect of LPS on the attachment of trophoblastic
spheroids to uterine endometrial epithelial cells.

Many in vitro models have provided insights into the implantation
process [19,201. In a recent study, in vitro implantation models were
designed using the spheroid form of trophoblastic cells to surrogate
embryos [21]. Trophoblast cell lines, including JAr, JEG-3, and human
endometrial epithelial cells of ECC-1 were used as in vitro implanta-
tion models in previous studies [22-24]. This study was performed to
investigate the detrimental effects of LPS on the attachment and
outgrowth of various types of trophoblastic spheroids and endome-
trial epithelial cells as an in vitro model of implantation.

Methods

1. Culture of human trophoblastic and endometrial epithelial
cells

The human trophoblastic JEG-3 cell line was cultured in DMEM
(Welgene, Gyeongsan, Korea) and supplemented with 10% fetal bo-
vine serum (FBS; Gibco, Waltham, MA, USA) and 1% penicillin-strep-
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tomycin (P/S; Lonza, Morristown, NJ, USA). The human trophoblastic
JAr cell line and human endometrial epithelial cells (ECC-1 cells) were
cultured in RPMI 1640 (Welgene) with 10% FBS and 1% P/S. Cells
were cultured under standard conditions (37°C, 5% CO,), and the
culture medium was replaced with fresh medium every 48 hours.
LPS from E. coli 0111: B4 (Sigma-Aldrich, St. Louis, MO, USA) was
used to treat the ECC-1 cells to mimic endometrial infections caused
by Gram-negative bacteria.

2. Preparation of various trophoblastic spheroids using the
hanging drop method and the Organoid 3D culture kit

Spheroids of JAr, JEG-3, and JAr mixed JEG-3 (JmJ) were prepared
using the hanging drop method and the Organoid 3D culture kit (Cell
Smith, Seoul, Korea). JAr and JEG-3 cells were mixed at a 1:1 ratio to
prepare JmJ spheroids. Using the hanging drop method, trophoblast
cells (2 x 10*/20 pL drop) were plated onto the lid of a 100-mm dish
in a regular array (20 drops/lid). The lid was inverted over the bottom,
which was filled with Dulbecco's phosphate-buffered saline (DPBS;
Biowest, Riverside, MO, USA), and cultured under standard condi-
tions for 72 hours. Using the Organoid 3D culture kit, cells were seed-
ed at a density of 1 x 10° cells in 3 mL of the medium. The cells were
incubated for 72 hours in the Organoid 3D culture kit. Spheroids
sized between 200 and 300 um were selected and used for subse-
quent experiments. The morphology of spheroids cultured by the
different methods was observed using an EVOS XL Core Cell Imaging
System (Thermo-Fisher, Waltham, MA, USA).

3. Histology of various types of trophoblastic spheroids

Three types of trophoblastic spheroids were fixed with 4% parafor-
maldehyde (Biosesang, Seongnam, Korea), and over 50 spheroids
were suspended in 20 uL of 2% agarose gel solution. The pre-em-
bedded agarose gel blocks were embedded in paraffin, and sections
of paraffin blocks with a thickness of 6 um were cut. The sections
were placed on glass slides and stained with hematoxylin and eosin
(H&E). The spheroids were observed under a Nikon Eclipse 80i micro-
scope.

4. Quantitative analysis of mRNA expression in ECC-1 cells
treated with LPS

Total RNA from the ECC-1 endometrial epithelial cells was isolated
using TRIzol reagent (Ambion, Austin, TX, USA). Complementary
DNA was synthesized using a cDNA reverse transcription kit (Takara
Bio, Shiga, Japan). All quantitative SYBR-based quantitative real-time
polymerase chain reaction (QRT-PCR) assays were performed in a 20
L reaction volume using the StepOne software ver. 2.3 using the
SYBR Green master mix, SensiFAST SYBR Hi-ROX Kit (Bioline, London,
England), and 10 pM of each specific primer and 1 L of cDNA per re-
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action (Table 1). Each gRT-PCR involved an initial denaturation step
at 95°C for 10 minutes, followed by 40 cycles of denaturation at 95°C
for 15 seconds, annealing at a specific temperature of each primer
for 30 seconds, and extension at 72°C for 30 seconds. Finally, quanti-
tative analysis was performed using the 2**“ method with B-actin

as an internal control [25].

5. Western blot analysis of ECC-1 cells treated with LPS

Equal amounts of total protein (20 pg) from ECC-1 cells treated
with LPS were separated by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis and transferred to nitrocellulose membranes. The
membranes were blocked with 5% skim-milk/TBS-T (Tris-buffered
saline-Tween 20) solution (Bio-Rad, Contra Costa, CA, USA) and incu-
bated with anti-ITGaV (ab179475), ITGB3 (ab197662), ITGR5
(ab31327; Abcam, Cambridge, England), and anti-GAPDH (SC-32233;
Santa Cruz Biotechnology, Dallas, TX, USA) antibodies. After the reac-
tion with appropriate secondary antibodies linked to horseradish
peroxide (Abcam), the signals were visualized using the ChemiDoc
MP Imaging System (Bio-Rad). Densitometry was performed using
ImageJ software (National Institutes of Health, Bethesda, MD, USA).
Relative optical density was calculated by dividing the optical densi-
ty of ITG protein by that of the internal control (GAPDH).

6. Evaluation of the attachment rate and outgrowth of
trophoblastic spheroids on ECC-1

Endometrial epithelial cells of ECC-1 were cultured until conflu-
ence in T75 flasks and then detached using 0.25% trypsin/EDTA. Ap-
proximately 1 x 10° endometrial cells were seeded in 12-well plate
culture dishes and cultured at 37°C until 100% confluency. After LPS
treatment in ECC-1 (0, 1, and 10 pg/mL of LPS, incubated for 24
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hours), trophoblastic spheroids were added to ECC-1 and co-cultured
for 6 hours. The attachment rate of trophoblastic spheroids to endo-
metrial epithelial cells was evaluated at 0, 1, 2, 4, and 6 hours. The
number of attached spheroids was counted by tapping by hand 3-5
times. After 72 hours of co-culture, the outgrowth area and spheroid
area were analyzed using ImageJ software (National Institutes of
Health). The areas of outgrowth of the spheroids were measured in
pixel units. The ratio of the outgrowth area (outgrowth area/spheroid
area) was calculated and analyzed.

7. Statistical analysis

All experiments were performed at least in triplicate, and more
than 250 spheroids were used in each group. Data are presented as
mean + standard error of the mean. The statistical significance of dif-
ferences between groups was analyzed using one-way analysis of
variance and the Tukey test. Data were analyzed using Prism Graph-
Pad software ver. 5.0 (GraphPad, San Diego, CA, USA). Statistical sig-
nificance was set at p < 0.05.

Results

1. Morphology and histology of trophoblastic spheroids using
the hanging drop method and Organoid 3D culture kit

Microscopic analysis of the various types of spheroids was per-
formed to obtain more detailed observations of their morphology.
Spheroid formation and cell distribution were observed histological-
ly by H&E staining. The spheroids cultured by both methods (hang-
ing drop and the Organoid 3D culture kit) were well prepared for the
in vitro implantation model. All trophoblastic spheroids were main-
tained at a high cell density (Figures 1 and 2).

Table 1. Primer sequences of inflammatory cytokines, adhesion molecules, and internal controls

Gene Primer sequence Product size GenBank accession number  Annealing temperature (°C)

oxan F : CACCTGGATTGTGCCTAATGT 273 bp NM_001511.4 60
R : TTGCAGGCTCCTCAGAAATA

IL-8 F : GGCACAAACTTTCAGAGACAG 153 bp NG_029889.1 60
R : ACACAGAGCTGCAGAAATCAGG

IL-33 F: GTGACGGTGTTGATGGTAAGA 349 bp NM_001314044.2 60
R: CCTTCTCCAGTGGTAGCATTT

mGaVv F: AATCTTCCAATTGAGGATATCAC 140 bp NM_001145000.3 61
R : AAAACAGCCAGTAGCAACAAT

ITGB3 F: AGTCAGGGAGAGCTGAACTA 294 bp NM_000212.3 60
R : GGGTGTGGAATTAGGAGGTAAA

ITGB5 F : TAGGTAGGCACCACAGAGAA 219bp NM_002213.5 60
R : CAGCCCAGCATCTCAGTATTT

B-actin F : CATGTACGTTGCTATCCAGGC 250 bp NM_001101.5 60

R : CTCCTTAATGTCACGCACGAT

CXCLT, CXC motif ligand 1; IL, interleukin; /TG, integrin; F, forward; R, reverse.
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(A)

Figure 1. Microscopic morphology of JAr mixed JEG-3 trophoblastic spheroids generated by the hanging drop and organoid kit method.
Spheroids were observed by EVOS XL Core Cell Imaging System (Thermo-Fisher). Representative spheroids generated (A) by the hanging
drop method and (B) by the Organoid 3D cell culture kit method. Scale bar=400 pm.

JAr spheroid

Hanging drop

Organoid 3D culture kit

JEG-3 spheroid

JmJ spheroid

Figure 2. Histological characteristics of the various types of trophoblastic spheroids (JAr, JEG-3, and JAr mixed JEG-3 [JmJ]) in different culture
methods. Histological characteristics of various spheroids by H&E staining observed with a Nikon Eclipse 80i microscope. The upper images
of trophoblastic spheroids were formed by the hanging drop method, and the lower image by the Organoid 3D culture kit method. Scale

bar=200 um.

2, Effect of LPS on mRNA expression of adhesion molecules
and inflammatory cytokines in ECC-1 cells

To evaluate the effect of LPS on ECC-1 cells, the expression of in-
flammatory cytokines and adhesion molecules was analyzed by qRT-
PCR. LPS treatment significantly increased the mRNA expression of
CXCL1, IL-8, and IL-33 and decreased ITGB3 and ITGB5 expression in
ECC-1 cells (p <0.05). However, the mRNA expression of [TGaV in en-
dometrial epithelial cells was not changed by LPS treatment (Figure 3).

3. Effect of LPS on protein expression of adhesion molecules
in ECC-1

To evaluate the effect of LPS on ECC-1, the expression of adhesion
molecules (ITGaV, ITGB3, and ITGP5) was analyzed by western blot-
ting. ITGB3 and ITGR5 expression decreased in response to LPS treat-
ment. However, ITGaV expression was not significantly different be-
tween the control and LPS-treated groups (Figure 4).

www.eCERM.org

4. Effect of LPS on the attachment of various trophoblastic
spheroids on ECC-1

The attachment rate between trophoblastic spheroids and the
ECC-1 endometrial epithelial cells was evaluated in a time-depen-
dent manner. The attachment rate was evaluated under 1% FBS or
without FBS. LPS treatment did not affect the attachment rate of
JEG-3 spheroids (Table 2). However, the attachment rates of JAr
spheroids to ECC-1 cells were significantly decreased by LPS treat-
ment (p < 0.05). The attachment rates of JAr spheroids on ECC-1 were
similar in the LPS-treated and control groups after 6 hours of co-cul-
ture (Table 3). In the absence of FBS supplementation, the attach-
ment rate was significantly decreased by LPS treatment compared to
the condition with 1% FBS supplementation (p < 0.05). In the follow-
ing experiments, the attachment rate of JmJ spheroids was analyzed
in the absence of FBS supplementation. In JmJ spheroids, the attach-
ment rate of LPS treatment was significantly lower than that of the
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control after 2 hours of co-culture, as shown in Table 4 (p < 0.05).

5. Effect of LPS on the outgrowth of various trophoblastic
spheroids on ECC-1 cells
The outgrowth of trophoblastic spheroids on the ECC-1 endome-
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9 (o @N] IL-8 IL-33
< S Control
7 I LPS1pg/mL
5T BN LPS 10 pg/mL
3 ¥
< a) a) a) a) a)
X -
g%
E§
E=ct
$%, L oy
2g
£e
5 0
K ITGaV ITGB3 ITGB5

Figure 3. Quantitative analysis of mRNA expression in ECC-1
cells treated with lipopolysaccharide (LPS). Quantitative real-time
polymerase chain reaction analysis of inflammatory cytokines (A)
and adhesion molecules (B) in ECC-1 cells treated by LPS. Values are
presented as meanzstandard error of the mean. CXCL1, CXC motif
ligand 1; IL, interleukin; ITG, integrin. **“Different letters indicate
significant differences (one-way analysis of variance and the Tukey
test, p<0.05).
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trial epithelial cells was evaluated after 72 hours of co-culture. The
JAr spheroids did not show any outgrowth area, whereas the JEG-3
and JmJ spheroids showed outgrowth areas on ECC-1. Nevertheless,
LPS treatment did not affect the outgrowth area of JEG-3 spheroids.
Interestingly, LPS treatment significantly decreased the outgrowth
area of JmJ on ECC-1 cells after 72 hours of co-culture, as shown in
Figure 5 (control, 1.90 £ 0.06; 1 ug/mL LPS, 1.62 + 0.06; and 10 pug/mL
LPS, 1.64+0.06; p < 0.05).

Discussion

Implantation is a complex immunological process. The inflamma-
tory environment of the uterus changes from a pro-inflammatory to
an anti-inflammatory state throughout implantation and pregnancy.
A strong inflammatory response is necessary during implantation
[26-30]. However, an imbalance in the immune status of the uterus
can cause serious problems such as implantation failure and preg-
nancy loss [31,32]. In this study, activation of TLR4 in ECC-1) by LPS
significantly reduced the attachment rate and outgrowth area be-
tween trophoblastic spheroids and endometrial epithelial cells.

It has been shown that implantation failure is induced by LPS
through stimulation of the innate immune system and activation of
the TLR4 pathway in the early stages of pregnancy [11,33]. A similar
study suggested that TLR3 stimulated by a synthetic ligand, poly I: C
(which is a double-stranded RNA molecule) in CBA/J female mice in-
creased fetal losses [34] and reduced actin polymerization and adhe-
sion molecule expression in endometrial cells [35]. In another study,
activation of TLR5 in a human telomerase immortalized endometrial
epithelial cell line (hTERT-EECs) by bacterial flagellin significantly de-
creased the attachment rate between JAr spheroids and underlying
endometrial cells [36]. This study suggested that activation of the
TLR family by various antigens at early stages of pregnancy could in-
duce detrimental effects on implantation.

An endometrial epithelial cell line, ECC-1, was treated with LPS to
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Figure 4. (A) Western blot analysis of ITGaV, ITGB3, and ITGB5 in ECC-1 cells treated with lipopolysaccharide (LPS). Western blot analysis of
ITGaV, ITGB3, ITGB5, and GAPDH. Densitometry data of (B) ITGaV, (C) ITGB3, and (D) ITGB5. Values are presented as meanzstandard error of
the mean. " “Different letters indicate significant differences (one-way analysis of variance and the Tukey test, p<0.05).
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Table 2. Attachment rate of JEG-3 spheroids on ECC-1 treated by LPS

Variable Control (%)  LPS (1 pg/mL) (%) LPS (10 ug/mL) (%)
With FBS (1%)
1hr 509+34 521+£18 49.8+6.0
2hr 69.3+0.7 738+5.1 739+73
4hr 97.1+£29 925+6.1 96.3+3.1
6hr 100.0 100.0 100.0
Without FBS
1hr 548+29 45.6+44 629+76
2hr 69.2+04 66.4+7.5 729+84
4hr 93.1£3.8 96.6+2.2 99.1+1.0
6hr 96.7 £4.1 983+1.7 100.0

Values are presented as meanzstandard error of the mean (%). The attach-
ment rate was evaluated in the condition with 1% FBS or without FBS sup-
plementation.

LPS, lipopolysaccharide; FBS, fetal bovine serum.

Table 3. Attachment rate of JAr spheroids on ECC-1 treated by LPS

Variable Control (%)  LPS (1 pg/mL) (%) LPS (10 ug/mL) (%)
With FBS (1%)
1hr 557+2.7" 374429 36.0+2.1”
2hr 81.7+45" 61.7+59" 56.0+7.3"
4hr 90.3+29” 90.9+1.9” 81.3+2.1”
6 hr 97.7+14° 98.1+1.3” 84.1+6.1”
Without FBS
Thr 432+30° 33.0+35” 282+40
2hr 69.2+3.5" 554+3.4° 50.1+4.2°
4hr 90.1+2.0” 784+1.1Y 750+32"
6 hr 983+ 14" 939+2.17 89.2+49”

Values are presented as mean + standard error of the mean (%). The at-
tachment rate was evaluated in the condition with 1% FBS or without FBS
supplementation.

LPS, lipopolysaccharide; FBS, fetal bovine serum.

IP9IDifferent superscript letters indicate statistically significant differences
(p<0.05) by one-way analysis of variance and Tukey test.

Table 4. Attachment rate of JmJ spheroids on ECC-1 treated by LPS

Without FBS Control (%)  LPS (1 pg/mL) (%) LPS (10 pug/mL) (%)
Thr 3124277 19.5+28" 13.6+1.8”
2hr 485+17" 384+1.3" 364+1.17
4hr 773+22" 715+36" 733+55"
6hr 97.2+0.8” 9%.6+1.17 984+09”

Values are presented as meanzstandard error of the mean (%). The attach-
ment rate was evaluated without FBS.

JmJ, JAr mixed JEG-3; LPS, lipopolysaccharide; FBS, fetal bovine serum.
P*Different superscript letters indicate statistically significant differences
(p<0.05) by one-way analysis of variance and Tukey test.

mimic endometrial infections caused by Gram-negative bacteria. In
the implantation process, LPS affects not only endometrial epithelial
cells, but also competent blastocysts [37]. LPS stimulates the TLR4
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Figure 5. Ratio of the outgrowth area (ROA) of JAr mixed JEG-3
(JmJ) spheroids on ECC-1 cells treated with lipopolysaccharide (LPS).
Outgrowth areas of spheroids were measured after 72 hours of co-
culture. (A) The ROA (outgrowth area [blue line]/spheroid area [yellow
line]) was calculated with ImageJ. (B) Mean ROA of three groups
were represented. Each experiment was performed at least three
times, and more than 110 spheroids were used in each group. Values
are presented as mean+standard error of the mean. **Different
letters indicate significant differences (one-way analysis of variance
and the Tukey test, p<0.05).

pathway to activate the inflammatory response [38]. TLR4 is essential
for LPS activation. However, the JAr and JEG-3 human trophoblast
cell lines do not express TLR4 on the membrane [39]. Other regulat-
ed pathways could potentially affect trophoblasts, resulting in the
detrimental effect of LPS. Human endometrial epithelial cell lines
(Ishikawa and ECC-1 cells) expressing TLR4 were used to evaluate the
attachment rate of trophoblastic spheroids by LPS treatment [40]. In
a pilot study, endometrial epithelial cell lines (Ishikawa and ECC-1
cells) were used in the implantation model to investigate the effects
of LPS. LPS treatment did not affect the attachment rate between
Ishikawa cells and trophoblastic spheroids. However, the attachment
rate between ECC-1 cells and trophoblastic spheroids of JAr de-
creased with LPS treatment. Thus, we used EEC-1 endometrial epi-
thelial cells in subsequent experiments of the implantation model.
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The attachment rate of JAr and JEG-3 spheroids with ECC-1 cells
was evaluated in the presence of 1% FBS and without FBS supple-
mentation. In our experiments, the detrimental effect of LPS could
be more clearly observed in the absence of FBS supplementation
than in the 1% FBS condition due to the fact that FBS contains vari-
ous factors such as growth factors and adhesion molecules [41]. Bas
et al. [42] showed that FBS contains unknown factors and can inhibit
TLR activation. For this reason, we designed the attachment and out-
growth experiments of JmJ spheroids without FBS supplementation.

The spheroids prepared by both methods (hanging drop and the
Organoid 3D culture kit) were observed histologically using H&E
staining. The microscopic observations showed that the Organoid
3D culture kit could provide spheroids with more consistent size and
circularity than the hanging drop method. Therefore, spheroids pre-
pared with the Organoid 3D culture kit might be more reliable for
growth assays that analyze the ratio of the growth area to the spher-
oid area. We attempted to identify distinct features of JmJ spheroids
compared to JAr and JEG-3 spheroids by histological observations.
However, no significant differences were observed between the
groups.

Choriocarcinoma JAr and JEG-3 cell lines were used to establish an
in vitro model to investigate the attachment of trophoblast cells. JAr
spheroids were suitable for investigating the effect of LPS on the at-
tachment rate. However, the JAr spheroids did not show any out-
growth areas, indicating that they were not suitable for outgrowth
assays. The other trophoblastic spheroids, JEG-3, had a clear out-
growth area for outgrowth assays. However, LPS-treated ECC-1 cells
showed no significant difference in the attachment rates of JEG-3
spheroids compared to the control group.

Notably, JmJ spheroids were suitable for both attachment rate and
outgrowth assays with ECC-1 cells. The JmJ spheroids showed a sig-
nificant difference in the attachment rate after treatment with LPS.
Moreover, the JmJ spheroids had a clear outgrowth area, which was
suitable for outgrowth assays. The JmJ spheroids were used for sub-
sequent experiments involving LPS treatment.

In the attachment rate assay, all spheroids were attached to ECC-1
after 6 hours of co-culture. Usually, the trophoblastic cells of carcino-
ma cell lines are used for in vitro implantation models. Carcinoma cell
lines have a stronger invasion ability than normal cell lines [43]. Tak-
en together, using a highly invasive carcinoma cell line could mask
the detrimental effects of LPS on the attachment rate after 6 hours of
co-culture of trophoblastic spheroids and ECC-1.

The expression of inflammatory cytokines and adhesion mole-
cules was analyzed in the present study. ITGs are adhesion molecules
in endometrial, decidual, and extravillous cytotrophoblast cells. They
participate in cell-cell adhesion and adhesion between cells and
components of the ECM [44]. LPS treatment significantly decreased
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the mRNA expression of /TGB3 and ITGB5. However, the mRNA levels
of ITGBT and ITGaV were not changed by LPS treatment. A recent
study by Guo et al. [45] using a bovine model could help understand
these results. The expression of [TGB3, ITGBS5, ITGB7, and most tran-
scripts coding for cell adhesion molecules (PCDH7, PKP1, PKP3, CT, CT-
NNA3, CTNNAL1, and CDH2) were downregulated after treatment
with 2 pg/mL LPS in bovine endometrial epithelial cells. However,
transmembrane glycoproteins that mediate cell-cell interactions
through calcium binding (i.e., ITGB6, CDH26, [TGAV, and CELSRT) were
overexpressed after LPS treatment [46]. In a preliminary study, we
evaluated the relative expression of /TGB3 and /TGB5 mRNA to deter-
mine whether LPS treatment might decrease the attachment be-
tween spheroids and ECC-1 (data not shown). However, there were
no significant differences among the different types of spheroids
(JAr, JEG-3,and Jm)J).

In this study, the mRNA expression of the inflammatory cytokines
CXCL1, IL-8, and IL-33 was higher in LPS-treated ECC-1 cells. CXCL1
and IL-8 are representative inflammatory cytokines in endometrial
cells exposed to LPS. IL-8 and CXCL1 are cytokines with neutrophil
chemotactic and activating activity and T cell chemotactic activity
that play a major role in the recruitment of leukocytes to the endo-
metrium via the CXCR1 and CXCR2 pathways [46-48]. However, the
relationship between /L-33 and LPS in endometrial epithelial cells re-
mains unclear. In a study by Miller et al. [49], IL-33 stimulated the ex-
pression of inflammatory cytokines, such as CXCLT, IL-6, and IL-15, in
the progression of endometriosis. Further studies are needed to un-
derstand the relationship between the inflammatory response in en-
dometrial cells and IL-33 expression.

Our study had some limitations. Numerous factors are involved in
the implantation process in vivo, including immune cells, stromal
cells, and hormones [50]. However, in this study, only trophoblastic
cells and endometrial epithelial cells were used because of the lim-
itations of the in vitro model. Including various other factors in the in
vitro model would help to understand the details of the implantation
process.

This study had several advantages. The implantation process is
highly complex and difficult to mimic in vitro. Many researchers have
used embryo transfer to assess implantation potential. However, em-
bryo transfer into pseudopregnant mice requires expert experimen-
tal skills and numerous sacrificial animals [51-53]. An in vitro implan-
tation model using the novel trophoblastic JmJ spheroids and ECC-1
endometrial epithelial cells could overcome these problems.

The findings of our study could help to understand the detrimen-
tal effects of LPS on the attachment and outgrowth of various types
of trophoblastic spheroids and endometrial epithelial cells in an in vi-
tro model of implantation (Figure 6). The results of this study suggest
that alterations in the expression levels of inflammatory cytokines
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Figure 6. Schematic representation of the effects of lipopolysaccharide (LPS) on the attachment and outgrowth of trophoblastic spheroids
on ECC-1 endometrial epithelial cells. (A) Gene expression changes of inflammatory cytokines (CXCLT, IL-8, and IL-33) and cell adhesion
molecules (ITGB3, ITGB5) were confirmed by quantitative real-time polymerase chain reaction and Western blotting after LPS treatment in
ECC-1 endometrial epithelial cells. (B) Treatment with LPS changed the inflammatory cytokines and cell adhesion molecules. The detrimental
effect of LPS was shown by a decrease in the attachment rate and outgrowth area of trophoblastic spheroids on endometrial epithelial cells.

CXCL1, CXC motif ligand 1; IL, interleukin; ITG, integrin.

(CXCL1, IL-8, and IL-33) and adhesion molecules (ITGB3 and ITGPB5)
by LPS treatment might be related to reduced trophoblastic spher-
oid attachment and outgrowth on endometrial epithelial cells.
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