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Abstract

Myometrium plays a vital role in maintenance of pregnancy. Disruption of myometrial sensitivity
to pro-contractile stimuli might lead to preterm labor. Inflammation and/or infection are common
precursors to preterm birth, in part by initiating pro-contractile stimuli through toll like receptor
(TLRs) activation

In this study we investigated the responses specific to inflammatory stimuli for both human
primary myometrial cells (HPMCs), and PHM1-41 cells, a human immortalized myometrial cell
line. Both these types of cells are commonly used to study labor and pregnancy. Both cell lines
were treated with lipopolysaccharide (LPS), peptidoglycan (PGN) or imiquimod (1Q) (ligands for
TLR 4, 2, and 7, respectively). We demonstrate that inflammatory cytokines increase significantly
with LPS treatment, however no change occurs with PGN and 1Q, suggesting lack of TLR2-

and TLR7-specific signaling in both HPMCs and in the PHM1-41 cell line. Absence of TLR2-
and TLR7-specific protein bands on western blots confirmed the lack of these receptors in both
HPMCs maintained in long-term culture and PHM1-41 cells. However, TLR2 expression was
present in freshly collected matched human myometrial tissue (i.e. the tissues used to create

the HPMC:s cell cultures), showing loss of TLR2 receptors by HPMCs during the cell culturing
process. TLR7 protein expression was lacking both in myometrial tissue and in cultured cells.
These results demonstrate the limited applicability and reliability of cellular models to investigate
the role of myometrium during pregnancy and labor.
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Introduction

Myometrium plays a vital role in maintenance of pregnancy in humans. It is the middle
layer of uterine wall between perimetrium (the outer uterine layer, also known as

serosa) and endometrium (inner uterine lining).1 It mainly consists of smooth muscle
derived from mesoderm of urogenital ridge.> The primary function of the myometrium
during labor is to contract, leading to expulsion of the fetus. During pregnancy several
myometrial proteins are up- or down-regulated to support either quiescence or contractility
depending on gestational age.2~7 Previous studies done in animal models and tissues
obtained from laboring women show increased myometrial expression of oxytocin receptors,
cyclooxygenase-2, prostaglandin receptors and myometrial gap junction proteins compared
to non-laboring tissues.8:9 Several studies in human myometrium have identified gene
transcripts differentially expressed in non-pregnant and pregnant human myometrium.2=7
These include genes involved in growth and differentiation, such as those related to signaling
by insulin like growth factor, prolactin, Wnt, plasminogen activator inhibitors, structural and
contractile genes, genes involved in cell adhesion, molecular recognition and immunity, and
others. 2 These and other adaptable changes in myometrium during pregnancy show the
essential role of molecular modification in maintenance of pregnancy and the transition to

a laboring phenotype. Whether these adaptations persist in long-term tissue culture is often
been assumed but not well studied.10

Intraamniotic infection is thought to be caused most commonly by ascending infection
from the vagina. Such infections may produce myometrial contractions leading to preterm
birth, a major cause of neonatal morbidity and mortality. 1112 Toll like receptors (TLRs)
are a family of pattern recognition receptors (PRR) consisting of 13 members, of which

10 have been identified in human tissues. 13-17 They primarily mediate changes in gene
expression induced by bacterial and viral infection. TLRs detect the presence of microbial
or viral invaders by recognizing their pathogen-associated molecular patterns (PAMPS) or
endogenous danger-associated molecular patterns (DAMPs) and inducing both inflammatory
cascades and autophagy as an innate defense mechanism against harm. 18 TLRs are
expressed in gestational tissues, including placenta, fetal membranes and myometrium, and
expression of these TLRs is upregulated with advancing gestational age. 1921 Activation
of TLRs is one route to initiating the signaling cascades that result in myometrial
contractions.?2

Our aim was to validate the use of cell lines to study myometrial expression of toll-like
receptors. Because inflammation-induced preterm labor is thought to involve activation

of the innate immune system, we chose the most common TLRs involved in bacterial

and viral infection i.e. TLRs 2, 4 and 7. We used two common sources of myometrial

cells to study responsiveness to inflammatory stimuli: 1) human primary myometrial cells
(HPMCs) collected from women undergoing non laboring cesarean section and maintained
in long-term culture; and 2) PHM1-41, a human myometrial cell line originally obtained
from a pregnant woman not in labor at 39 weeks and immortalized using an adenoviral
vector expressing E6/E7 protein of human papilloma virus 16
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LPS (5ng/ul, Sigma, St. Louis, MO) dissolved in water, PGN (1ug/ul, Sigma) dissolved in

water and 1Q (5ug/ul, Invivogen, San Diego, CA) dissolved in water were frozen in aliquots

and thawed and diluted before use.

Tissue collection and primary myometrial cell culture:

Cell Culture:

RT-PCR:

The protocol to collect human myometrial tissue samples was approved by the institutional
review board of NorthShore University HealthSystem. Written informed consent was
obtained from participating women. All myometrial samples were obtained from women
undergoing non-laboring elective cesarean section either at term or preterm. Myometrial
biopsies were obtained from the upper margin of the lower uterine segment incision during
cesarean section and brought promptly to the research laboratory for processing according
to the methods of Mosher et.al.,23 Phaneuf et al.,24 and Tribe et al.,.25 Briefly, cells were
isolated by placing the tissue in digestive media containing collagenase XI (1mg/ml) and
collagenase IA (1mg/ml) for 60 minutes at 37°C and cultured in smooth muscle cell
medium (PromoCell, Heidelberg, Germany). Cells were allowed to grow for two weeks
after isolation and then sub-cultured as passage number one. As HPMCs are myofibroblast
in nature, the purity of primary cultures was validated by identifying the expression of
calponin (a marker for smooth muscle cells) and vimentin (a marker for fibroblasts) using
immunocytochemistry (ICC) (Supplementary Figure 1).

HPMCs were maintained in smooth muscle cell medium. PHM1-41 (American Type
Culture Collection (ATCC) CRL-3046, Manassas, Virginia) were maintained in Dulbecco’s
Modified Eagle’s Medium (DMEM high glucose; 11965-092; Gibco, Waltham, MA)
supplemented with 10% fetal bovine serum and 10% non-essential amino acids (11140-50;
Gibco). Both cell lines were maintained at 37°C in 5% C0O,/95% air and were passaged
every 2 — 3 days to maintain logarithmic growth. Cells were plated at a density of 4*10%/ml
in twelve-well plates and allowed to attach overnight. Medium was discarded and wells were
washed with PBS before incubation. Cells were then incubated for 6 hours with either LPS
(5ng/ml), PGN (1ug/ml) or 1Q (5ug/ml), each condition in triplicate. Total cellular protein
and RNA was extracted using radioimmunoprecipitation lysis buffer (RIPA, Santa Cruz
Biotechnology, Dallas, TX) and Trizol (Thermo Fisher, Waltham, MA), respectively.

Concentration and quality of RNA was analyzed using NanoDrop (Thermo Fisher). Samples
were stored at —80°C until further use. One microliter of RNA was used as a template

for cDNA synthesis (gScript cDNA SuperMix, Quanta Biosciences, Gaithersburg, MD).
Duplex RT-PCR was performed using two primer-probe sets, one specific to GAPDH (a
housekeeping gene used as an internal control) and the other for the gene of interest

using the StepOnePlus Real Time PCR system (Applied Biosystems, Waltham, MA). For
amplification of each gene of interest, prevalidated TagMan gene expression assay primer-
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probe mixes were used (Invitrogen, Waltham, MA): chemokine (C-C motif) ligand 5 (CCLS5,
Hs00982282_m1), interleukin (IL-) 1B (Hs01555410_m1), tumor necrosis factor (TNF,
Hs00174128 m1), and IL-6 (Hs00174131_m1). Real time PCR was done with TagMan
Universal PCR Master Mix (Applied Biosystems) using the manufacturer’s protocol in a
10ul reaction volume. Thermocycler parameters for RT-PCR included two minutes at 50°

C followed by 10 minutes incubation at 95°C and then 40 cycles of 95°C for 15 seconds

and 60°C for 1 minute. Semiquantitative analysis of gene expression was done using the
comparative CT (AACT) method, normalizing expression of the gene of interest to that of
GAPDH. Each PCR reaction was run in duplicate for each sample.

Protein extraction and western blot:

For protein extractions HPMCs and matched myometrial tissues (from which HPMCs
were isolated) and PHM1-41 cells were lysed via sonication in ice cold 1X RIPA buffer
containing protease and phosphatase inhibitors (Thermo Scientific, Waltham, MA). Lysates
were incubated on ice for 30 minutes and centrifuged at 10,000 x g for 10 minutes at

4°C. Supernatants were collected and quantified using a bicinchoninic acid (BCA) protein
analysis kit (Thermo Fisher) and a plate reader (Molecular Devices, Sunnyvale, CA).
Proteins extracted from a human monocytic cell line (THP-1) (Santa Cruz Biotechnology,
sc-2238) and a mouse macrophage line (RAW264.7), known to harbor TLR2, TLR4 and
TLR7, were used as positive controls. 50ug of total protein was loaded per lane on a
4-12% Bis Tris protein gel (NUPAGE, Thermo Fisher). Protein was transferred onto PVDF
membranes and blocked for 1 hour in 5% nonfat dry milk in TBST. The membranes

were then incubated with primary antibody to TLR2 (human-specific-#12276 and mouse-
specific-#13744, Cell Signaling, Danvers, MA), TLR4 (sc-293072, Santa Cruz, detects
both mouse and human protein), TLR7 (human-specific-sc-57463, Santa Cruz and mouse-
specific-ab205134, Abcam), IL-1p (sc-32294, Santa Cruz, specific for human protein) and
GAPDH (3683, Cell Signaling, detects both mouse and human protein) overnight at 4°C.
Secondary antibodies used were as follows: goat anti-mouse IgG-HRP (sc-2031), goat
anti-rat 1gG-HRP (sc-2032) and goat anti-rabbit 1gG-HRP (sc-2030) all from Santa Cruz.
Blots were developed using Pierce ECL plus western blotting substrates (32132X3, Thermo
Fisher Scientific). Blots were imaged using a Storm Scanner (Molecular Dynamics) and
quantified using ImageQuant software (Molecular Dynamics).

Statistical analysis:

Results

Differences in gene expression between groups are calculated using ANOVA and Sidak test
(for comparison of multiple variables). Differences between control and experimental groups
were considered to be statistically significant when the P value was <0.05. GraphPad Prism
was used for all analyses.

HPMCs and PHM1-41 cells respond to lipopolysaccharide (LPS) but not to peptidoglycan
(PGN) or imiquimod (IQ)

Both HPMCs and PHM1-41 cells were incubated /in vitro with the TLR4 ligand LPS (5ng/
ml), the TLR2 ligand PGN (1ug/ml), and the TLR7 ligand 1Q (5ug/ml). Dose studies were
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performed to identify the optimum concentration and duration of incubation for LPS, PGN,
and 1Q (not shown). Total cellular RNA was collected at 6 hours. Stimulation with LPS

but not PGN or 1Q resulted in the upregulation of mMRNA for the inflammatory cytokines
IL-6 and IL-1p-for HPMCs (Figure 1) and CCL5, TNF, IL-6 and IL-1p for PHM1-41
(Figure 2). These inflammatory markers were chosen to represent the activation of the
MyD88-dependent pathway (IL-1p), the MyD88-independent pathway (CCLS) and both
pathways (TNF and IL-6), and because the mMRNA expression of these genes is known to
correlate closely with the active proteins.26

HPMCs and the PHM1-41 cell line lack TLR2 and TLR7

Published work demonstrated either up or downregulation of TLR expression levels in
cell lines upon treatment with TLR ligands 7. Therefore, total cellular protein was
extracted from the PHM1-41 cell line (both LPS-stimulated and unstimulated) and from
HPMCs. Whole cell lysates of THP-1 (a human monocyte cell line) and RAW 264.7 (a
mouse macrophage line) were used as positive controls. Absence of 98kDa and 140kDa
protein bands specific to TLR2 and TLR7, respectively, in HPMCs and PHM1-41 cells
demonstrated lack of TLR2 and 7 receptors (Figure 3), while the positive controls showed
the presence of specific bands. In contrast, a TLR4-specific band was present in all lanes,
confirming TLR4 expression in both PHM1-41 cells and HPMCs.

To examine whether native myometrium similarly lacks TLR2 and TLR7, we performed
western blots on protein extracts from freshly frozen matched myometrium (i.e. the

same tissue samples from which HPMCs were isolated) obtained from pregnant women
undergoing cesarean section. TLR2 was present but not TLR7 (Figure 4). Again HPMCs
lacked both receptors. These results suggest that TLR2 is lost during long-term culture and
immortalization of human myometrial cells, and that TLR7 is not present in detectable
and/or functional quantities even in fresh-frozen myometrial tissue.

To verify that m-RNA expression correlates with protein levels of inflammatory cytokines,
we further validated our results using western blot for IL-1p in PHM1-41 and HPMC.
Presence of a specific 17KDa IL-1p band in LPS-treated PHM1-41 and HPMC cells and
absence of this band in PGN- and 1Q-treated cells (Figure 5) confirm observations made at
the MRNA level.

Discussion

Myometrium plays a major role in the process of birth, whether at term or preterm, due to
its contractile activity during labor.28 These contractions can be caused by TLR activation,
especially during preterm labor in which the innate immune system is triggered in response
to infection or danger signals. 29:30

In this study we examined responses to TLR2, 4, and 7 ligands in two types of myometrial
cell cultures (HPMCs and an immortalized myometrial cell line). We observed significant
increases in the levels of m-RNAs for inflammatory cytokines in both cell types upon
incubation with LPS (Figure 1 and 2). No change was observed with PGN or 1Q for both
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HPMCs and the PHM1-41 cell line. Therefore we examined the expression of TLR2, 4, and
7 receptors in both cell lines and demonstrated that these are lacking (Figure 3).

TLRs have been found previously in the female reproductive tract.3! Expression of TLR2
has been shown in vagina, ecto- and endocervix, endometrium, myometrium and fallopian
tubes.20:21.31-34 Wee identified TLR2 in intact human myometrium (Figure 4A), which is
consistent with a prior report of expression and upregulation of TLR2 in laboring human
myometrium. 2%:21 However TLR2 was not present in HPMCs isolated from matched
myometrial tissue samples after long-term cell culture (Figure 4A), suggesting the loss of
TLR2 receptors over time. This finding is consistent with a prior report showing variability
in levels of gene expression among fresh tissues, explants, primary cells and immortalized
cells and that even explants resemble more closely but are not identical to fresh tissues.10
There is a body of evidence demonstrating that both immortalized and primary cells in
prolonged culture may lose or gain expression of various genes, through either mutation,
transcriptional or post-transcriptional changes.3%:36

To our knowledge this is the first study to examine TLR7 protein expression in human
myometrium. Previous studies showed constitutive expression of TLR7 in fallopian tubes,
cervix and ectocervix, however for uterine endometrium there were contradictory results,
with some studies demonstrating the expression of TLR7 37:38 and others showing lack of
expression. 39 We found no expression of TLR7 in either human myometrium or HPMCs
(Figure 4B).

This is the first comparative analysis of TLR2 and 7 in matched myometrial tissue and
primary cell samples, and the first to show loss of TLR2 receptors over the process of long-
term culture or immortalization. This represents a potentially important distinction between
native myometrial tissues and primary and immortalized myometrial cell lines commonly
used to study pregnancy. Therefore, such cell cultures may have limited applicability to
studying mechanisms of parturition and preterm labor. This observation needs to be further
explored for other types of proteins and in other tissues of the female reproductive tract.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: RT-PCR for IL-1B and IL-6 in HPM Csafter 6 hours of incubation with L PS, PGN and

1Q.

RT-PCR was performed on total cellular RNA. PBS: control. Each bar is an average of

three replicates, Error bars = £SD. One-way ANOVA with Sidak multiple comparison test

was performed. LPS, PGN and 1Q treatments were compared to control, PBS. The only

statistically significant difference was between PBS and LPS treatments. *** P < 0.001, ** P

<0.01
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Figure2: RT-PCR for CCL5, IL-18, TNFa and IL-6 in the PHM 1-41 cell line after 6 hours of

incubation with LPS, PGN and 1Q.

RT-PCR was performed on total cellular RNA. PBS: control. Each bar is an average of

three replicates, Error bars = £-SD. One-way ANOVA with Sidak multiple comparison test
was performed. LPS, PGN and 1Q treatments were compared to control PBS. The only
statistically significant difference was between PBS and LPS treatments. **** P < 0.0001.

Reprod Sci. Author manuscript; available in PMC 2024 August 28.




>
c
=
>
o
=
<
Q
>
c
2]
o
=.
©
—

1duosnuepy Joyiny 1duosnuely Joyiny

1duosnuely Joyiny

Mishra and Hirsch

98-105 kDa

GAPDH
37kDa

Page 11

PHM1-41
PHM1-41 + LPS
RAW

PHM1-41
PHM1-41 + LPS
THP-1

RAW

HPMC

-
5
—
=
X

o

95-100 kDa

TLR2 TLR7

Figure 3: Western blotsfor TLR2, TLR4, and TLR7in HPM Csand the PHM 1-41 cell line.
PHM1-41 + LPS: PHM1-41 cells pre-treated with LPS (5ng/ml) for 6 hours, THP-1 and

RAW: positive controls, GAPDH: Loading control.
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Figure 4: Western blot for TLR2 and TLR7 in human myometrium tissue.
myo/1 and 2: fresh-frozen myometrium tissue samples, THP-1 - Positive control, GAPDH-

Loading control
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Figure5: Western blot for IL-1f in HPM C and PHM 1-41 cells treated with either LPS, PGN or
1Q for 6 hours.

GAPDH- Loading control
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