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Objective: To explore the expression patterns of Toll-like receptor (TLR)2 and TLR4 in the tubal epithelial cells next to the infiltrated
trophoblasts at the maternal-fetal interface during tubal pregnancy.

Design: Prospective, observational study.

Setting: University-based obstetrics and gynecology hospital.

Patient(s): Thirty-seven women undergoing salpingectomy for tubal ampullary pregnancy and nine nonpregnant patients with benign
uterine or appendix disease.

Intervention(s): Oviduct tissues with ectopic gestations were separated into implantation site (group 1) and nonimplantation site
(group 2). Tissues from ampullary fallopian tubes during mid-secretory phase (group 3) were collected as the control group.
Immunohistochemistry and quantitative real-time polymerase chain reaction were performed.

Main Outcome Measure(s): Differences of TLR2 and TLR4 expression patterns between group 1 and group 2 and between the pregnant
group (combined group 1 and group 2) and the nonpregnant group (group 3).

Result(s): Comparing the pregnant group with group 3, TLR4 messenger RNA (mRNA) and protein were both significantly up-
regulated in the pregnant group. In contrast, TLR2 mRNA was significantly down-regulated, whereas TLR2 protein showed a
tendency toward reduction. Detailed analysis between group 1 and group 3 revealed statistically significantly higher TLR2 and TLR4
protein in group 1. In terms of mRNA, TLR4 expression was still shown to be significantly increased in group 1, whereas TLR2
expression was markedly decreased in group 1.

Conclusion(s): Decreased TLR2 mRNA and increased TLR4 in the tubal epithelial cells next to the infiltrated trophoblasts may be asso-
ciated with aspects of the pathophysiology of tubal ectopic pregnancy in immune defense. (Fertil Steril® 2017;107:282-8. ©2016 by
American Society for Reproductive Medicine.)
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pathogen-associated molecular pat-
terns in bacteria, viruses, fungi, and
parasites (1, 2). There already exists
extensive literature confirming that
the innate immune system, mediated
by TLRs that are implicated in the
response to microbial pathogens
during pregnancy, is activated in the
maternal-fetal interface (3-10).

At the maternal-fetal interface,
TLRs are widely expressed not only in
immune cells but also in nonimmune
cells, such as fetal membranes (4),
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trophoblasts (5-8), and decidual cells (4, 9, 10). Their
expression patterns also vary according to the stage of
pregnancy with spatial difference (1, 3). Further studies
using the TLRs mutational mouse intrauterine injection
model have shown that overstimulation of TLR2, -3, -4, and
-9 can induce preterm labor (11-15). Recent clinical studies
also have linked TLRs to pregnancy complications, such as
chorioamnionitis (4), abortion, preterm labor, pre-eclampsia,
and even fetal complications (16-18). All of the above
suggested that TLRs in these cells regulate the inflammatory
response to microbial pathogens at the maternal-fetal
interface during pregnancy (3) and that inadequate or
exaggerated activity may be involved in the pathology of
pregnancy complications (19, 20).

Fetal membranes, trophoblasts, decidual cells, and the
local neighboring epithelium cells next to the infiltrated
trophoblast cells are in close contact at the maternal-fetal
interface. Although TLRs have been studied extensively in
the three former, to our knowledge, only one report study
(10) has described that TLR4 expression was also evident
in glandular epithelial cells of the endometrium at the
maternal-fetal interface without any further characteriza-
tion. Therefore, little is known about the TLRs expression
patterns and their possible roles in the local neighboring
epithelial cells at the maternal-fetal interface. To better
understand the possible role of TLRs at the maternal-fetal
interface, it is necessary to elucidate the expression
patterns of TLRs in the local neighboring epithelial
cells next to the infiltrated trophoblast cells during
pregnancy.

During pregnancy, the epithelial cells are destroyed
when the trophoblast cells infiltrate. Therefore, it is very
difficult to collect samples which include both the tropho-
blast cells and their adjacent epithelial cells during intra-
uterine pregnancy terminated by artificial abortion. We
instead focused on the fallopian tubal pregnancy, where in
which salpingectomy is usually performed to protect
maternal health. We separated the fallopian tube into im-
plantation site (the area within 5 mm of the gestational
mass) and nonimplantation site (more than 10 mm beyond
the mass) (21) to explore the intrinsic expression patterns
of TLRs in the local neighboring epithelial cells next to the
infiltrated trophoblast cells. The existing literature has illus-
trated the importance of TLR2 and -4, which are involved in
the innate immunity of the fallopian tube, with the most
extensive expression in the tube along the female reproduc-
tive tract (2, 22) during the nonpregnant state. However,
there is no information on TLRs in the fallopian tube with
tubal pregnancy. In the present study we compared TLR2
and TLR4 messenger RNA (mRNA) and protein expression
in the human tubal epithelial cells of the implantation and
nonimplantation sites during tubal pregnancy with TLR2
and TLR4 mRNA and protein expression in ampullary
fallopian tube during the secretory phase of the menstrual
cycle from nonpregnant women, to provide a better
understanding of the initial mechanism of innate immune
response at the maternal-fetal interface during tubal
pregnancy.

Fertility and Sterility®

MATERIALS AND METHODS
Tissue Collection

Fallopian tubes from 37 women with ampullary, tubal preg-
nancies (mean age 31 years; range, 23-42 years) were
sampled at both the implantation sites (group 1) and the non-
implantation sites (group 2). During the process of collecting
implantation site tissues, we removed the macroscopic villi as
much as possible to avoid the impact of the trophoblast cells
on the results of TLR expression. As the nonpregnant group
(group 3), nine normal ampullary fallopian tubes during
mid-secretory phase (from 19 to 24 days of the menstrual cy-
cle) were also obtained from women undergoing salpingec-
tomy and hysterectomy simultaneously for benign uterine
or appendix disease (mean age 35 years; range, 30-43 years);
and in parallel the group’s endometriums were biopsied for
histologic dating to identify the precise menstrual cycle.

All enrolled women with normal intrauterine pregnancy
history underwent the operations at Women’s Hospital of
Zhejiang University between December 2010 and July 2011.
They had no previous history of ectopic pregnancy, had not
taken any hormonal preparations in the 3 months before sur-
gery, and had regular menstrual cycles (about 28 days). For
tubal pregnant patients (less than 7 pregnant weeks) there
was no co-intrauterine pregnancy as established by ultra-
sound scans of the pelvis, and no methotrexate treatment
before the operation.

Each tubal sample was divided into two parts: one was
snap-frozen in liquid nitrogen and stored at —80°C for real-
time polymerase chain reaction (PCR), and the other was
placed in 10% buffered formalin (pH 7.4) for 16-24 hours,
then embedded in paraffin for immunohistochemistry and
confirmed by subsequent pathology. Hematoxylin and
eosin-stained tissue sections from the implantation site
(group 1) show anchoring villus penetrating into the mucosa
and the villus’s adjoining luminal epithelium of the fallopian
tube; that is, tissues in group 1 contained anchoring villus as
well as tubal mucosa and stroma; whereas in the nonimplan-
tation site samples there were only tubal tissues, without any
trophoblast cells (group 2). The endometrial biopsies, which
underwent hematoxylin and eosin staining, were examined
by a gynecological pathologist. Ethical approval (20120046)
for this study was obtained from the institutional review
board at the Women’s Hospital, Zhejiang University. Written
and informed consent was obtained from all patients before
sample collection.

Immunohistochemistry

Immunohistochemical localization of TLR2 and TLR4 was
performed on fallopian tube sections using biotinylated sec-
ondary antibodies and peroxidase-conjugated detection sys-
tems. In brief, tissue sections were dewaxed in xylene and
rehydrated in descending grades of alcohol. For antigen
retrieval, sections were put in 0.01 M sodium citrate (pH
6.0) at 126°C for 2.5 minutes by autoclave. Unless stated
otherwise after each step the sections were thoroughly
washed three times for 5 minutes each with phosphate-
buffered saline (10 mM sodium phosphate containing 0.1 M
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NaCl, pH 7.4). The endogenous peroxidase was quenched by
3% hydrogen peroxidase, and nonspecific binding was
reduced by 1.5% normal mouse serum in phosphate-
buffered saline. Sections were then incubated with mono-
clonal mouse anti-human TLR2 (ab9100) and TLR4 antibody
(ab22048) (both from Abcam; dilution 1:2,000 for TLR2 and
1:400 for TLR4), respectively, at room temperature for 2 hours,
and subsequently with biotin-conjugated secondary antibody
and horseradish-labeled streptavidin-peroxidase (Zymed
Laboratories) at 37°C for 30 minutes, respectively. The reac-
tion visualization was done with 3, 3’-diaminobenzidine,
and the slides were counterstained with Harris’ hematoxylin
and mounted in Pertex (Cellpath Technologies).

Two independent blind observers graded the sections
semi-quantitatively, and the H score was calculated using
the following equation: H score = X Pi (i + 1), where i = in-
tensity of staining with a value of 1, 2, or 3 (weak, moderate,
or strong, respectively), and Pi is the percentage of stained
epithelial cells for each intensity, varying from 0 to 100% (21).

RNA Extraction, Reverse Transcription, and
Quantitative Real-time-PCR of TLR2, TLR4

Using an RNeasy Mini kit (Qiagen), total RNA was extracted
from tissue samples. All RNA samples were treated with
DNase to eliminate genomic DNA contamination. One micro-
gram of total RNA was reverse-transcribed in a 20-uL volume
using a reverse transcription-PCR kit (Toyobo). Reverse tran-
scription reactions and real-time PCR were performed accord-
ing to the manufacturer’s protocols (TaKaRa). All reverse
transcription reactions, including no-template controls,
were run in a PTC-200 Peltier Thermal Cycler (MJ Research).
Messenger RNA levels were quantified with the ABI Prism
7900HT sequence detection system (Applied Biosystems).
Primer sequences used to amplify TLR2, TLR4, and (-actin,
an internal reference, are listed in Supplemental Table 1
(available online). Comparative real-time PCR was performed
in triplicate, including no-template controls. Relative expres-
sion was calculated using the 2- Act method (Act = CT of
objective — CT of $-actin).

Statistical Analysis

Values that follow a nonnormal distribution were expressed
as median and range. Data were analyzed using the Statistical
Package for Social Sciences (SPSS 11.0 for Windows, IBM).
Differences between the implantation group (group 1) and
the nonimplantation group (group 2) were analyzed using
the paired ¢ test, and the Mann-Whitney U test was used for
comparisons between the other groups. The significance level
was set at P<.05, and two-tailed tests were used for all hy-
pothesis tests.

RESULTS
Expression of TLR2 and TLR4 Protein in Human
Fallopian Tube

TLR2 and TLR4 proteins have similar localization, both being
found mainly in the cytoplasm of fallopian tubal epithelial
cells (Fig. 1A-E). An apocrine distribution of TLR2 expression

was observed in all specimens of the implantation site group
(group 1) (Fig. 1A). However, this phenomenon was not seen
in other groups with TLR2 expression or in any groups with
TLR4 expression. The staining of TLR2 and TLR4 at the im-
plantation site (3.68 [2.00-4.00], 2.22 [0.84-3.56], respec-
tively) was stronger than that in the matched,
nonimplantation site (2.00 [0.24-4.00], 0.90 [0.30-2.00],
respectively).

Semi-quantitative analysis showed that the expression of
TLR2 and TLR4 proteins in the tubal epithelial cells was mark-
edly higher in group 1 than in group 2 or group 3, and this dif-
ference was significant (group 1 vs. group 2, P<.0001,
P<.0001; group 1 vs. group 3, P=.046, P<.0001 for TLR2,
TLR4, respectively). Yet there were no statistically significant
differences of TLR2 and TLR4 protein expression between
group 2 and group 3 (P=.207, P=.413, respectively). The
expression levels of TLR2 and TLR4 protein in the epithelial
cells are shown in Table 1. We did further analysis by
combining the implantation group and the nonimplantation
group as one “pregnant group” and explored the protein
expression patterns of TLR2 and TLR4 in the tubal epithelial
cells in comparison with the nonpregnant group (group 3).
The TLR4 protein was significantly increased in the pregnant
group in comparison with group 3 (P=.007). In contrast, there
was no significant difference in TLR2 protein expression, with
only slightly lower levels detected in the pregnant group
(P=.713) (Table 2).

mRNA Expression Levels of TLR2 and TLR4 in
Human Fallopian Tube

We observed distinct expression patterns of TLR2 and TLR4
mRNA in our study groups. Compared with group 3, in the
pregnant group TLR4 mRNA was significantly up-
regulated (P<.0001), whereas the TLR2 mRNA was signifi-
cantly down-regulated (P=.039) (Table 2). Similarly,
increased TLR4 mRNA expression combined with decreased
TLR2 mRNA expression was also found and reached statis-
tical significant difference when comparing group 1 with
group 3 (group 1 vs. group 3, P<.0001, P=.022 for TLR4,
TLR2, respectively). We then explored the differences be-
tween group 2 and group 1 or group 3. The TLR4 mRNA
expression levels in group 2 were similar to those in group
1 (group 1 vs. group 2, P=.187) but higher than in group
3 (group 2 vs. group 3, P<.0001); as for TLR2 mRNA
expression levels, there were no significant differences
(group 2 vs. group 1, P=.736; group 2 vs group 3,
P=.105), although levels were slightly higher in group 2
compared with group 1 (Table 3).

DISCUSSION

Previous studies have suggested that TLRs, activated at the
maternal-fetal interface, are responsible for the response to
pathogens and regulation of infection-related inflammation
during pregnancy (1, 19, 22-25). However, there are almost
no data about these TLRs’ expression levels in the tubal
epithelial cells next to the infiltrated trophoblasts at the
maternal-fetal interface during tubal pregnancy. In this
investigation we explored TLR2 and TLR4 expression
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Expression of TLR2 and TLR4 protein in epithelial cell of human fallopian tube, determined by immunohistochemistry. The proteins were mainly
localized in the epithelial cells. Increased immunostaining of TLR2 (A) and TLR4 (D) was observed in the implantation site, where it was
obviously stronger than in the corresponding nonimplantation site (B and E for TLR2 and TLR4, respectively) and in the normal group (C and F
for TLR2 and TLR4, respectively). Notably, there was apparent apocrine secretion of TLR2 protein in the implantation site (A). The negative
control section has no staining (not shown).

Ji. TLR2, -4 at tubal maternal-fetal interface. Fertil Steril 2016.

patterns in the tubal epithelial cells next to the infiltrated
trophoblasts in the implantation sites and found the
different expression patterns of TLR2 and TLR4 during tubal
pregnancy.

Toll-like receptors 2 and 4 are expressed at the highest
levels in the female fallopian tube along the female reproduc-
tive tract (with the overwhelming majority of studies
measuring mRNA expression) and play a crucial role in the
tubal immune defense (2, 26-28). In theory, TLR2 and TLR4,
as transmembrane proteins, are primarily expressed on the
host plasma membrane and immediately detect invasive
pathogens’ membrane components (29-32). However, in
this investigation TLR2 and TLR4 were detected mainly in
the epithelial cells’ cytoplasm. This is consistent with what
Ghosh et al. (33) reported. They found there was no

response of human fallopian tubal epithelial cells (with
measurable TLR2 and TLR4 expressions) to TLR2 and 4
agonists, and presumed that one possible explanation was
the intracellular location of TLR2 and -4 responding only to
intracellular pathogens in the upper female reproductive
tract. Intracellular expression was also shown by Ueta et al.
(34) in corneal epithelial cells to build an immuno-silent envi-
ronment at the ocular mucosa. Furthermore, altered microen-
vironment can also change the localization of TLRs. One
study suggested that an infection during chorioamnionitis
may induce the translocation of TLR4 from apical to basal
membrane to decrease TLR signaling but maintain the compe-
tence of amniotic epithelium to invasive bacteria during early
infection (35). Therefore, it is reasonable to presume that the
translocation of TLR2 and TLR4 in the cytoplasm of tubal

TABLE 1

Expression of TLR2 and TLR4 protein in the epithelium cells of the fallopian tubes determined by immunohistochemistry.

Group n TLR2 protein

Implantation 37 3.68 (2.00-4.00)
Nonimplantation 37 2.00 (0.24-4.00)
Nonpregnant 9 3.04 (1.20-3.20)

P value (TLR2) TLR4 protein Pvalue (TLR4)
<.0001%* 2.22 (0.84-3.56) <.00012*
.207° 0.90 (0.30-2.00) 413°

.0465* 1.00 (0.28-1.20) <.0001%*

Note: Values are expressed as median (range). Implantation: the implantation site (group 1); nonimplantation: the nonimplantation site (group 2); nonpregnant: the nonpregnant group (group 3).

2 P: Group 1 vs. group 2.
b p: Group 2 vs. group 3.
€ P: Group 1 vs. group 3.
* Significant difference.

Ji. TLR2, -4 at tubal maternal-fetal interface. Fertil Steril 2016.
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TABLE 2

Comparison of TLR2 and TLR4 expression in the tubal epithelium between the pregnant group and the nonpregnant group.

Parameter Pregnant group

TLR2 protein 2.66 (0.24-4.00)

TLR2 mRNA 12.21 (1.86-5,032.20)
TLR4 protein 1.72 (0.30-3.56)
TLR4 mRNA 9.35 (2.08-48.13)

Note: Values are expressed as median (range).
* Significant difference.

Ji. TLR2, -4 at tubal maternal-fetal interface. Fertil Steril 2016.

epithelial cell may be important for avoiding a state of unnec-
essary inflammation that could disrupt the epithelial barrier
and cause irreversible tubal scarring; only when a pathogen
breaches the epithelial barrier, then an obvious response
can be mounted.

Another interesting observation in the present study
was the presence of the granule-like objects, which were
positive for TLR2 and secreted into the tubal lumen in all
specimens of group 1. This was not seen in other groups
for TLR2 and in none of the groups for TLR4. Other similar
instances, such as a secretory form of TLR4 in the human
endocervical glands (26) and soluble TLR2 in amniotic fluid
(36), have been reported. It has been suggested that these
special TLRs may work as a feedback mechanism (26) or
interfere with the recognition of homologous TLRs ligands
by TLRs (36) to prevent unnecessary activation of the in-
flammatory process. Our findings also support this hypoth-
esis. In this study we found that in comparison with the
nonpregnant group (group 3), the mRNA expression of
TLR2 in the pregnant group was statistically significantly
decreased, especially in group 1; in contrast, TLR2 protein
expression levels were the highest in group 1 compared
with all other groups, whereas the levels in the overall preg-
nant group were slightly decreased (but not significantly)
when compared with group 3. This variance can be ex-
plained by the negative feedback mechanism; that is, the
uniquely abundant TLR2 apocrine secretion in group 1 in-
hibits the local expression of TLR2 mRNA in return. Because
the generous apocrine expression of TLR2 protein in group 1
is the trigger for local decreased TLR2 mRNA, the change in
TLR2 protein expression lags behind the mRNA, and we
observe a divergent expression levels. Conversely, both
the mRNA and protein of TLR4 expression in the pregnant

Nonpregnant group P value

3.04 (1.20-3.20) 713

33.49 (9.91-1,797.15) .039*
1.00 (0.28-1.20) .007*
1.34 (1.19-4.03) <.0001*

group were significantly up-regulated during the tubal
pregnancy. Then the quite different expression patterns be-
tween the TLR2 and TLR4 begs for an explanation, which is
probably because that they have obviously different
ligands.

Growing evidence shows that TLR ligands also can be
endogenous substances, such as fibrinogen (37), surfactant
protein A (38), and breakdown products of the extracellular
matrix (39), etc. which are mostly released by injured or dying
cells especially accompanied by tissue remodeling during
pregnancy, and can stimulate TLRs to be involved in
non-infection-related conditions associated with pregnancy
(32, 40-42). Furthermore, TLR4 is the primary mediator of
the host response against those endogenous ligands, despite
the absence of infection (3, 43, 44). During early pregnancy,
extensive tissue remodeling occurs at the implantation site,
accompanied by apoptosis, breakdown of epithelium cell,
and extracellular matrix degradation, which produces an
abundance of endogenous ligands. Under the stimulatory
effect of the increased ligands for TLR4, we found the
highest expression levels of TLR4 in the implantation site
(group 1), which also influenced the expression of TLR4 at
the nonimplantation site (group 2), with significantly up-
regulated results in comparison with the nonpregnant group
(group 3). On the other hand, Takeuchi et al. (45) reported
that down-regulated expressions of particular TLRs during
the gestation period would make the female reproductive or-
gan tolerate the fetus and maintain the pregnant state. It is
likely that in this investigation the concomitant opposite
expression patterns of TLR2 and TLR4 mRNA may also main-
tain a hospitable environment for the fetus; however, the
exactly regulatory mechanisms between TLR2 and TLR4
need further confirmation.

TABLE 3

Expression of TLR2 and TLR4 mRNA in the tubal epithelium, determined by quantitative real-time PCR.

Group n TLR2 mRNA (2-Act x 104)
Implantation 37 10.1959 (1.86-1,891.76)
Nonimplantation 37 14.4175 (2.29-5,032.20)
Nonpregnant g 33.4890 (9.91-1,797.15)

Pvalue (TLR2) TLR4 mRNA (2-Act x 104) Pvalue (TLR4)
7362 8.5721 (2.08-18.20) 1872
.105° 9.5160 (2.20-48.13) <.0001°*
022 1.3435 (1.19-4.03) <.0001%*

Note: Values are expressed as median (range). Implantation: the implantation site (group 1); nonimplantation: the nonimplantation site (group 2); nonpregnant: the nonpregnant group (group 3).

2 P: Group 1 vs. group 2.
b P: Group 2 vs. group 3.
€ P: Group 1 vs. group 3.
* Significant difference.

Ji. TLR2, -4 at tubal maternal-fetal interface. Fertil Steril 2016.
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In summary, the divergent expression levels between
TLR2 mRNA and TLR4 mRNA, and also between TLR2 protein
and TLR2 mRNA, in the tubal epithelium next to the infil-
trated trophoblast cell at the maternal-fetal interface during
tubal pregnancy suggest complicated regulatory mechanisms.
Decreased TLR2 mRNA and increased TLR4 in the tubal
epithelial cells next to the infiltrated trophoblast cells during
tubal pregnancy may contribute to a hospitable environment
for the fetus and also contribute to aspects of the pathophys-
iology of tubal ectopic pregnancy.
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SUPPLEMENTAL TABLE 1

Sequences of primer sets for quantitative real-time PCR.

Gene Primer (5'-3') Product size (bp) Accession no.

TLR2 Sense: CCTCCAATCAGGCTTCTCTG 172 NM_003264.3
Antisense: TGGAGGTTCACACACCTCTG

TLR4 Sense: AATCCCCTGAGGCATTTAGG 100 u88880.1
Antisense: CCCCATCTTCAATTGTCTGG

Actin Sense: CAGTCGGTTGGAGCGAGCAT 126 NM_001101.3

Antisense: GGATGGCAAGGGACTTCCTGTA
Ji. TLR2, -4 at tubal maternal-fetal interface. Fertil Steril 2016.
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