
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/327638013

The effect of lipopolysaccharide on anti-inflammatory and pro-inflammatory

cytokines production of human amniotic epithelial cells

Article  in  Reproductive biology · September 2018

DOI: 10.1016/j.repbio.2018.09.005

CITATIONS

2
READS

37

4 authors, including:

Some of the authors of this publication are also working on these related projects:

Parasitology View project

miRNAs View project

Hossein Motedayyen

Kashan University of Medical Sciences and Health Services

22 PUBLICATIONS   84 CITATIONS   

SEE PROFILE

Mahdi fasihi-ramandi

Baqiyatallah University of Medical Sciences

80 PUBLICATIONS   416 CITATIONS   

SEE PROFILE

Ramezan Ali Taheri

Baqiyatallah University of Medical Sciences

67 PUBLICATIONS   274 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Hossein Motedayyen on 23 September 2018.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/327638013_The_effect_of_lipopolysaccharide_on_anti-inflammatory_and_pro-inflammatory_cytokines_production_of_human_amniotic_epithelial_cells?enrichId=rgreq-a9955b0b1f4a868a04c94642a343395d-XXX&enrichSource=Y292ZXJQYWdlOzMyNzYzODAxMztBUzo2NzM4OTQ5MDIwMDU3NzJAMTUzNzY4MDQ3Mzg0Nw%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/327638013_The_effect_of_lipopolysaccharide_on_anti-inflammatory_and_pro-inflammatory_cytokines_production_of_human_amniotic_epithelial_cells?enrichId=rgreq-a9955b0b1f4a868a04c94642a343395d-XXX&enrichSource=Y292ZXJQYWdlOzMyNzYzODAxMztBUzo2NzM4OTQ5MDIwMDU3NzJAMTUzNzY4MDQ3Mzg0Nw%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Parasitology-98?enrichId=rgreq-a9955b0b1f4a868a04c94642a343395d-XXX&enrichSource=Y292ZXJQYWdlOzMyNzYzODAxMztBUzo2NzM4OTQ5MDIwMDU3NzJAMTUzNzY4MDQ3Mzg0Nw%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/miRNAs?enrichId=rgreq-a9955b0b1f4a868a04c94642a343395d-XXX&enrichSource=Y292ZXJQYWdlOzMyNzYzODAxMztBUzo2NzM4OTQ5MDIwMDU3NzJAMTUzNzY4MDQ3Mzg0Nw%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-a9955b0b1f4a868a04c94642a343395d-XXX&enrichSource=Y292ZXJQYWdlOzMyNzYzODAxMztBUzo2NzM4OTQ5MDIwMDU3NzJAMTUzNzY4MDQ3Mzg0Nw%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Hossein_Motedayyen3?enrichId=rgreq-a9955b0b1f4a868a04c94642a343395d-XXX&enrichSource=Y292ZXJQYWdlOzMyNzYzODAxMztBUzo2NzM4OTQ5MDIwMDU3NzJAMTUzNzY4MDQ3Mzg0Nw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Hossein_Motedayyen3?enrichId=rgreq-a9955b0b1f4a868a04c94642a343395d-XXX&enrichSource=Y292ZXJQYWdlOzMyNzYzODAxMztBUzo2NzM4OTQ5MDIwMDU3NzJAMTUzNzY4MDQ3Mzg0Nw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Kashan_University_of_Medical_Sciences_and_Health_Services?enrichId=rgreq-a9955b0b1f4a868a04c94642a343395d-XXX&enrichSource=Y292ZXJQYWdlOzMyNzYzODAxMztBUzo2NzM4OTQ5MDIwMDU3NzJAMTUzNzY4MDQ3Mzg0Nw%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Hossein_Motedayyen3?enrichId=rgreq-a9955b0b1f4a868a04c94642a343395d-XXX&enrichSource=Y292ZXJQYWdlOzMyNzYzODAxMztBUzo2NzM4OTQ5MDIwMDU3NzJAMTUzNzY4MDQ3Mzg0Nw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mahdi_Fasihi-Ramandi?enrichId=rgreq-a9955b0b1f4a868a04c94642a343395d-XXX&enrichSource=Y292ZXJQYWdlOzMyNzYzODAxMztBUzo2NzM4OTQ5MDIwMDU3NzJAMTUzNzY4MDQ3Mzg0Nw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mahdi_Fasihi-Ramandi?enrichId=rgreq-a9955b0b1f4a868a04c94642a343395d-XXX&enrichSource=Y292ZXJQYWdlOzMyNzYzODAxMztBUzo2NzM4OTQ5MDIwMDU3NzJAMTUzNzY4MDQ3Mzg0Nw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Baqiyatallah_University_of_Medical_Sciences?enrichId=rgreq-a9955b0b1f4a868a04c94642a343395d-XXX&enrichSource=Y292ZXJQYWdlOzMyNzYzODAxMztBUzo2NzM4OTQ5MDIwMDU3NzJAMTUzNzY4MDQ3Mzg0Nw%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mahdi_Fasihi-Ramandi?enrichId=rgreq-a9955b0b1f4a868a04c94642a343395d-XXX&enrichSource=Y292ZXJQYWdlOzMyNzYzODAxMztBUzo2NzM4OTQ5MDIwMDU3NzJAMTUzNzY4MDQ3Mzg0Nw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ramezan_Ali_Taheri?enrichId=rgreq-a9955b0b1f4a868a04c94642a343395d-XXX&enrichSource=Y292ZXJQYWdlOzMyNzYzODAxMztBUzo2NzM4OTQ5MDIwMDU3NzJAMTUzNzY4MDQ3Mzg0Nw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ramezan_Ali_Taheri?enrichId=rgreq-a9955b0b1f4a868a04c94642a343395d-XXX&enrichSource=Y292ZXJQYWdlOzMyNzYzODAxMztBUzo2NzM4OTQ5MDIwMDU3NzJAMTUzNzY4MDQ3Mzg0Nw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Baqiyatallah_University_of_Medical_Sciences?enrichId=rgreq-a9955b0b1f4a868a04c94642a343395d-XXX&enrichSource=Y292ZXJQYWdlOzMyNzYzODAxMztBUzo2NzM4OTQ5MDIwMDU3NzJAMTUzNzY4MDQ3Mzg0Nw%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ramezan_Ali_Taheri?enrichId=rgreq-a9955b0b1f4a868a04c94642a343395d-XXX&enrichSource=Y292ZXJQYWdlOzMyNzYzODAxMztBUzo2NzM4OTQ5MDIwMDU3NzJAMTUzNzY4MDQ3Mzg0Nw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Hossein_Motedayyen3?enrichId=rgreq-a9955b0b1f4a868a04c94642a343395d-XXX&enrichSource=Y292ZXJQYWdlOzMyNzYzODAxMztBUzo2NzM4OTQ5MDIwMDU3NzJAMTUzNzY4MDQ3Mzg0Nw%3D%3D&el=1_x_10&_esc=publicationCoverPdf


Contents lists available at ScienceDirect

Reproductive Biology

journal homepage: www.elsevier.com/locate/repbio

Original article

The effect of lipopolysaccharide on anti-inflammatory and pro-inflammatory
cytokines production of human amniotic epithelial cells

Hossein Motedayyena,1, Farshid Fathib,2, Mahdi Fasihi-Ramandic,1, Ramezan Ali Taheria,⁎,1

aNanobiotechnology Research Center, Baqiyatallah University of Medical Sciences, Tehran, Iran.
bDepartment of Immunology, Faculty of Medicine, Isfahan University of Medical Sciences, Isfahan, Iran
cMolecular Biology Research Center, System Biology and Poisonings Institute, Baqiyatallah University of Medical Sciences, Tehran, Iran

A R T I C L E I N F O

Keywords:
Human amniotic epithelial cell
Immunomodulatory effect
Toll-like receptor
Lipopolysaccharide

A B S T R A C T

Intrauterine infection is a major cause of immune imbalance at the maternal-fetal interface, which leads to
spontaneous abortion, premature rupture of the fetal membranes, and preterm birth. Human amniotic epithelial
cells (hAECs) play a fundamental role in the maintenance of pregnancy. We hypothesize that bacteria influence
the immunomodulatory effects of hAECs through stimulation of Toll-like receptors (TLRs). Here, we investigated
how lipopolysaccharide (LPS) as a bacterial component affects anti-inflammatory and pro-inflammatory cyto-
kines production of hAECs. Human placentas were obtained from six healthy pregnant women and hAECs were
isolated. The phenotypic characteristics of hAECs were determined by flow cytometry. The hAECs (4× 105

cells/ml) were cultured in the presence or absence of LPS (5 μg/ml). The viability of the cells was assessed and
culture supernatants of hAECs were collected after 24, 48 and 72 h of incubation. The levels of transforming
growth factor-beta1 (TGF-β1), interleukin-4 (IL-4), tumor necrosis factor-alpha (TNF-α), interleukin-17 A (IL-
17A), and interferon-gamma (IFN-γ) were measured by ELISA. Our data showed that LPS treatment did not affect
the viability of hAECs, while had a stimulatory effect on TGF-β1 production of hAECs (p < 0.001). A significant
reduction in IL-4 production of LPS-stimulated hAECs was observed (p < 0.05). LPS enhanced the production of
TNF-α and IL-17 A of hAECs (p < 0.05–0.0001). The IFN-γ level was only detectable in two culture super-
natants of hAECs, and the level was unchanged after stimulation with LPS. Based on these findings, LPS may play
a pivotal role in immune imbalance at the feto-maternal interface through affecting anti-inflammatory and pro-
inflammatory cytokines production of hAECs.

1. Introduction

Maternal immunological tolerance to the fetus plays a key role in
the successful pregnancy [1]. During pregnancy, there is a bias of Th1
immunity toward Th2 responses [2,3]. Th2 cells secrete anti-in-
flammatory cytokines such as IL-4, IL-5, and IL-10 that redirect ma-
ternal immunity away from cellular immunity towards enhanced hu-
moral responsiveness which is critical for the implantation and
maintenance of pregnancy [2,4]. Thus, pregnant women are more
susceptible to intracellular infections [5]. In this notion, intrauterine
infection is considered to be an important risk factor for spontaneous
abortion, premature rupture of the fetal membranes (PROM), and
preterm birth (PTB) [6]. Extensive data from the literature have de-
monstrated that intrauterine infections contribute to the weakening and
the rupture of the fetal membranes through inducing pro-inflammatory

cytokines production of different immune cells at the feto-maternal
interface. These cytokines stimulate prostaglandins production and
thereby lead to uterine contractions, enhance matrix metalloproteinase
production and programmed cell death (apoptosis) which cause PROM
and PTB [6,7].

The female genital tract is a suitable place for colonizing many
microorganisms which are thought to be a major cause of spontaneous
abortion and PTB [6]. Intrauterine infections are mainly polybacterial
and typically representative of the normal microbial flora of the cer-
vicovaginal tract, such as Ureaplasma urealyticum, Streptococcus aga-
lactiae and other Gram-negative and -positive bacteria [8]. Recognition
of microorganisms colonized in the cervicovaginal tract is mediated by
pattern recognition receptors (PRRs) of the innate immune system
which one of these is Toll-like receptors (TLRs) that detect conserved
pathogen associated molecular patterns (PAMPs). To date, several
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functional TLRs have been identified in human in which sense different
ligands and have a distinct specificity for pathogen detection [9]. TLR4
recognizes lipopolysaccaride (LPS), a constituent of the cell wall of
Gram–negative bacteria, and thereby triggers intracellular signaling
cascades [6]. In turn, intracellular signaling pathways activate nuclear
factor-kappa B (NF-κB) and activation protein-1(AP-1), which are
known as key transcription factors responsible for the expression of
many genes involved in inflammation [10].

Numerous studies have been carried out on the expression and
function of TLRs in the female genital tract [11–13]. Several lines of
evidence indicate that human placenta expresses different TLRs and
participates in maternal immune responses through the production of
pro-inflammatory cytokines [6,14]. Traditionally, human placenta is
comprised of three layers including amnion, chorion, and decidua. The
amnion is the closest layer to the fetus, in direct contact with the am-
niotic fluid, and consists of epithelial cells and avascular stroma [15].
Human amniotic epithelial cells (hAECs) possess immunomodulatory
properties, which are of considerable importance for the successful
pregnancy. Previous studies have provided convincing evidence that
the immunomodulatory effects of hAECs are mainly mediated by the
secretion of immunosuppressive compounds such as transforming
growth factor-beta (TGF-β), prostaglandin E2 (PGE2) and interleukin-4
(IL-4) [16,17]. Besides having pregnancy-friendly immunomodulatory
effects, hAECs provide a physical barrier to protect the developing fetus
against invading pathogens [6]. Others have reported that hAECs ex-
press functional TLRs and respond to invading pathogens by enhancing
the production of antimicrobial β-defensins and key pro-inflammatory
mediators involved in pregnancy failure [6,18,19]. These findings
suggest that hAECs activation by bacteria or bacterial productions may
have an important role in modulating immunomodulatory effects of
hAECs, which may lead to the failure of feto-maternal immunologic
tolerance.

Although previous studies have provided convening evidence to
show that intrauterine infections play an important role in pregnancy
failure [6], the role of intra-amniotic infections and molecular me-
chanisms involved in the effects of pathogenic agents on hAECs are not
fully recognized so far. In this study, we investigated whether LPS, as a
known bacterial product, may be a risk factor for immune imbalance at
the maternal-fetal interface through affecting the production of inter-
feron-gamma (IFN-γ), tumor necrosis factor-alpha (TNF-α), interleukin-
17 A (IL-17 A), TGF-β1, and IL-4 cytokines of hAECs.

2. Materials and methods

2.1. Isolation of hAECs

Human placentas (n= 6) were obtained from term normal singleton
pregnancies during uncomplicated elective cesarean deliveries before
the onset of labor. hAECs were isolated using a method described
previously [15]. Briefly, the amnion membrane was manually stripped

from the chorion and divided into small pieces. In order to remove
blood and cellular debris, the amnion layer was washed several times
with phosphate-buffered saline (PBS, pH 7.2) and then incubated at
37 °C for 10min with pre-digestion buffer (calcium and magnesium-free
hank’s balanced salt solution containing 0.53mM EDTA4Na). After-
wards, the amnion was digested at 37 °C for 30min with 0.05% EDTA/
trypsin (Gibco, USA). The digestion of the amnion was followed twice
at 37 °C for 30min with 0.05% EDTA/trypsin. The cells obtained from
the second and third digests were pooled and washed with ice-cold
Roswell Park Memorial Institute (RPMI) medium. Cell viability was
determined by trypan blue dye exclusion and cell counts were per-
formed using a haemocytometer. To determine the purity of the cells,
the fixation and permeabilization of the cells were performed using
Intracellular Fixation and Permeabilization Buffer Set (eBiosciences,
USA) according to the manufacturer’s protocol. Next, intracellular
staining of cytokeratin as an epithelial marker was carried on with
primary or matched isotype control antibodies for 25min at 4 °C
(Table 1). The matched isotype control antibody was used as negative
control. The percentage of the stained cells was measured by a FACS-
Calibur system (Becton Dickinson, San Jose, CA) and then analyzed
using FlowJo software (v10.1, FlowJo, Ashland, OR, USA). The cells
with the purity more that 97% were considered as hAECs.

2.2. hAECs characterization

To determine the phenotypic characteristics of freshly isolated
hAECs, the cells were analyzed by flow cytometry. The hAECs
(6–10×105) were suspended in 100 μl PBS/1% bovine serum albumin
(BSA) and incubated with different primary antibodies or isotype
matched control IgG for 30min at 4 °C (Table 1). The cells were then
washed three times with cell staining buffer (BioLegend, USA) and
centrifuged at 200 ×g for 5min at 4 °C. The percentage of the stained
cells was measured by a FACSCalibur flow cytometer and analyzed
using FlowJo software.

2.3. hAECs culture

The isolated hAECs were suspended in Dulbecco’s modified Eagle’s
medium/ Nutrient Mixture F-12 (DMEM/F12, Gibco, USA) supple-
mented with 10% fetal bovine serum (FBS, Gibco, USA) and 1% peni-
cillin/streptomycin (Sigma-Alderich, USA) and then cultured in 75 cm2

tissue culture flasks at a density of 2.5× 105 cells/cm2. After 24 h of
incubation at 37 °C, adhered hAECs were dissociated by trypsin and
used in the experiments described below.

2.4. hAECs stimulation and cell viability determination

In order to stimulate hAECs by LPS, the cells obtained from six
healthy pregnant women were cultured in DMEM/F12 supplemented
with 10% FBS and 1% penicillin/streptomycin at a density of 4× 105

Table 1
Primary and matched isotype control antibodies used to determine the purity and immunophenotyping of hAECs by flow cytometry.

Fluorochrome/Antibody Isotype Working volume Source of Primary Antibodies

Alexa Fluor® 488 anti-Cytokeratin (pan reactive) Mouse IgG1, κ 5 μl/test Biolegend, San Diego, CA, USA
FITC anti-human CD105 Mouse IgG1, κ 5 μl/test Biolegend, San Diego, CA, USA
FITC anti-human CD90 Mouse IgG1, κ 5 μl/test Biolegend, San Diego, CA, USA
FITC anti-human CD45 Mouse IgG1, κ 5 μl/test Biolegend, San Diego, CA, USA
FITC anti-human CD86 Mouse IgG1, κ 5 μl/test Biolegend, San Diego, CA, USA
FITC anti-human CD44 Mouse IgG1, κ 5 μl/test Biolegend, San Diego, CA, USA
PE anti-human SSEA-4 Mouse IgG3, κ 20 μl/test Biolegend, San Diego, CA, USA
PE anti-human CD133 Mouse IgG1, κ 20 μl/test Biolegend, San Diego, CA, USA
FITC anti-human CD64 Mouse IgG1, κ 20 μl/test Biolegend, San Diego, CA, USA
FITC anti-human HLA-DR Mouse IgG2a, κ 20 μl/test BD Biosciences, San Jose, CA, USA
FITC anti-human CD34 Mouse IgG1, κ 20 μl/test BD Biosciences, San Jose, CA, USA
PE anti-human CD73 Mouse IgG1, κ 5 μl/test BD Biosciences, San Jose, CA, USA
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cells/ml in 24-well plates. The hAECs were then stimulated with LPS
(5 μg/ml) and considered as test group, while hAECs cultured in the
absence of LPS served as control group. The cells were then incubated
at 37 °C with 5% CO2. All cultures were done in duplicate. After 24, 48
and 72 h of incubation, the adhered cells were detached by trypsin and
cell viability was determined by trypan blue dye exclusion.

2.5. Cytokine assay

To assess the effect of LPS on production of pro-inflammatory and
anti-inflammatory cytokines of hAECs, the culture supernatants of
hAECs cultured in the presence or absence of LPS were collected after
24, 48 and 72 h of culture and quantitative analysis of cytokines was
performed by an Enzyme-linked immunoasorbent assay (ELISA) kit

Fig. 1. Immunophenotyping of hAECs. Black line: hAECs were stained with different primary antibodies. Gray shaded histogram: the cells were stained with the
matched isotype control antibodies as negative controls. Each histogram is representative of three independent experiments.
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according to the manufacturer’s instructions (Mabtech, Sweden). The
following cytokines were measured: IFN-γ, TNF-α, IL-4, TGF-β1, and IL-
17 A.

2.6. Statistical analysis

The results are expressed as mean ± standard error of mean (SEM).
Statistical analyses were done using GraphPad Prism 6 (GraphPad
software, San Diego, CA). Unpaired t-test was used to compare two
groups with normal distribution, while Mann-Whitney test was per-
formed in the case of non-normal distribution. P value<0.05 was
considered statistically significant.

3. Results

3.1. Phenotypic characteristics of hAECs

Having considered that hAECs are obtained from a primary tissue
source and there are no specific selection criteria for these cells, we
analyzed the expression of some identified markers of hAECs isolated
from three separate amnion donors. As shown in Fig. 1, hAECs strongly
expressed cytokeratin (an epithelial marker) and SSEA-4 (an embryonic
stem cell marker), while these cells were negative for expression of
mesenchymal stem cell (MSC) markers (CD90, CD105), some of tissue
macrophage markers (CD86 and CD64), and hematopoietic stem cell
markers including CD34, CD133, and CD45 (Fig. 1). Moreover, our data

revealed that hAECs failed to express HLA-DR which is a polymorphic
molecule and increase the risk of immune responses against the cells
(Fig. 1). Nearly all hAECs expressed high level of CD73, a MSC marker
(Fig. 1). It was also observed that all hAECs expressed low level of CD44
(hyaluronic acid receptor), which is consistent with previous reports
[17,20,21].

3.2. The effect of LPS on the viability of hAECs

To determine LPS effect on cell viability, hAECs cultured in the
presence or absence of LPS were collected and stained by trypan blue
dye. Despite a numerical reduction in the viability of LPS-treated
hAECs, our results indicated that LPS had not significant effect on the
viability of the cells after 24, 48, and 72 h of culture (Fig. 2).

3.3. The effect of LPS on production of pregnancy-friendly cytokines of
hAECs

Given that anti-inflammatory cytokines play an important role in
the successful pregnancy, the effects of LPS on TGF-β1 and IL-4 pro-
duction of hAECs were assessed. As shown in Fig. 3A, LPS treatment
had a stimulatory effect on TGF-β1 production of hAECs. After 72 h of
incubation, the production of TGF-β1 of LPS-stimulated hAECs was
significantly higher than the level of TGF-β1 production of un-
stimulated hAECs (p < 0.001, Fig. 3A). In contrast, we observed that
LPS reduced the IL-4 production of hAECs after 24, 48 and 72 h of
culture (Fig. 3B). There was a significant reduction in IL-4 production of
LPS-treated hAECs after 24 h (p < 0.05, Fig. 3B).

3.4. LPS effect on pro-inflammatory cytokines production of hAECs

Since pro-inflammatory cytokines have deleterious effects on preg-
nancy outcome, we assessed the effects of LPS on the production of IL-
17 A, IFN-γ, and TNF-α of hAECs, which play a critical role in cell-
mediated immunity. Our data indicated a significant increase in the
production of TNF-α of hAECs stimulated with LPS after 24, 48, 72 h of
incubation (p < 0.0001-0.01, Fig. 4A). The same trend was also ob-
served in the IL-17 A production of LPS-treated hAECs (Fig. 4B). The
level of IL-17 A in 72-hour culture supernatants of LPS-stimulated
hAECs was significantly increased compared to control group
(p < 0.05, Fig. 4B). In spite of measurement and assessment of the
effects of LPS on TNF-α and IL-17 A production of hAECs, we were
unable to determine LPS effect on the IFN-γ production of hAECs. We
found that the IFN-γ level was below the detection limit in culture su-
pernatants of hAECs, and the level was unchanged after stimulation

Fig. 2. LPS effects on the viability of hAECs. The cultured hAECs were detached
by trypsin after 24, 48, and 72 h of incubation. The effect of LPS on cell viability
was assessed by trypan blue dye. Each bar is representative of three in-
dependent experiments. Data are shown as mean± SEM.

Fig. 3. LPS effects on anti-inflammatory cytokines production of hAECs. The isolated hAECs from the amnion membrane were cultured in the presence or absence of
LPS. After 24, 48 and 72 h, the culture supernatants of hAECs were collected and the effects of LPS on the production of TGF-β1 and IL-4 of hAECs were measured by
ELISA (A and B). Data are representative of six independent experiments. Values are shown as mean±SEM. * p < 0.05, ***p < 0.001.
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with LPS. The IFN-γ level was only detectable in hAEC samples no. two
and three (data not shown).

4. Discussion

Pregnancy is a semi-allograft and immunologically foreign to the
mother [3]. Maternal immunological tolerance to the fetus plays a pi-
votal role in the implantation and maintenance of pregnancy [22].
However, infectious agents is a major cause of the failure of feto-ma-
ternal immunologic tolerance [5,23]. Therefore, we investigated whe-
ther hAECs activation by LPS may contribute to abnormalities in im-
munological tolerance at the maternal-fetal interface through changing
the production of anti-inflammatory and pro-inflammatory cytokines of
hAECs.

Despite numerous studies on pathogenic agents and their role in
pregnancy complications, there are a few reports about intra-amniotic
bacteria and their effects on hAECs function [5,6,11]. Some studies on
hAECs have shown that activation of these cells by infectious agents or
their components exerts different effects on activities of hAECs, de-
pending upon which TLR is activated [6]. On the other hand, im-
munomodulatoy effects of hAECs are dependent on the secretion of
immunosuppressive mediators [20]. Thus, the critical question was
how LPS treatment influences TGF-β1 production, as an anti-in-
flammatory cytokines, of hAECs. Our data indicated that stimulation of
hAECs by LPS significantly improved TGF-β1 production after 72 h of
culture. This finding was consistent with our previous study that
showed LPS significantly induced the expression of TGF-β1 in hAECs
[10]. Although these findings suggest that production of LPS-mediated
TGF-β1 of hAECs can participate in modulating pro-inflammatory re-
sponses against intra-amniotic bacteria and regulating the immune
system at the feto-maternal interface, there are some reports that
showed TGF-β1 is an important cytokine in activation, proliferation,
and differentiation of T cells [24–26]. These data suggest that hAECs
activation by LPS may influence T cell-mediated cellular immune re-
sponses against intra-amniotic infections. However, further studies are
required to determine the molecular mechanisms involved in the effects
of LPS on the TGF-β1 production of hAECs.

It has been reported that intrauterine infections result in a shift in
the maternal immune system away from Th2 immunity towards Th1
responses [2,27,28]. In our knowledge, the possible role of hAECs in
shifting Th2 immunity towards Th1 responses is not investigated yet.
Therefore, we focused on determining whether hAECs activation may
participate in a shift in pregnancy-friendly immune responses toward

deleterious responses at the feto-maternal interface. In the current
study, we observed that in the presence of LPS, the IL-4 production of
hAECs was significantly reduced after 24 h of incubation, which is in
agreement with similar studies conducted on TLRs and their functions
in the cervicovaginal tract pointing to the activation of TLRs by in-
trauterine infection results in spontaneous abortion and PTB due to a
defect in maternal immunological tolerance [6]. Regarding the fact that
Th1 and Th2-type cytokines are mutually inhibitory, it is likely that the
reduction in IL-4 secretion of hAECs participate in enhancing immune
responses at the maternal-fetal interface, which are harmful to the
maintenance of pregnancy [27,29]. In line with this notion, we assessed
the production level of some cytokines which are considered harmful to
the successful pregnancy. The results of this study revealed that TNF-α
and IL-17 A production of hAECs were significantly increased when the
cells were cultured in the presence of LPS. Gillaux et al. indicated that
hAECs stimulation by TLR5 and TLR6/2 agonists produced pro-in-
flammatory cytokines such as IL-6 and IL-8, however TLR4 activation
on hAECs could not affect the production of these pro-inflammatory
cytokines of hAECs, which is disagreed with the results of this study [6].
In contrast with our data, the authors observed that stimulation of
hAECs by LPS was only contributed to the decreased viability of hAECs
and increased rate of cell apoptosis [6]. Moreover, an in vitro study on
hAEC responses to intra-amniotic infections has demonstrated that the
stimulation of TLR2, TLR6, and TLR9 on hAECs by Ureaplasma parvum
and urealyticum serovars induced pro-inflammatory cytokines such as IL-
1β, IL-6, IL-8, and TNF-α of hAECs, while there was no effect on pro-
duction of IL-10 [19]. These findings propose that hAECs activation by
intra-amniotic bacteria or bacterial products may participate in the
breakdown of maternal immunological tolerance to the fetus, which is
critical to the maintenance of pregnancy. In an effort to discover the
effects of LPS on the IFN-γ secretion of hAECs, we observed that IFN-γ
was only produced in very low amounts in two culture supernatants of
hAECs cultured in the presence or absence of LPS, which its production
was independent of stimulation with LPS.

Taken together, the results of this study for the first time provide
evidence to show that hAECs stimulation by LPS may contribute to
immune imbalance at the maternal-fetal interface through inducing
TNF-α, IL-17 A, and TGF-β1 production and reducing IL-4 production of
hAECs.
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