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Adrenomedullin insufficiency alters macrophage activities
in fallopian tube: a pathophysiologic explanation of tubal
ectopic pregnancy
Xia Wang1,2, Cheuk-Lun Lee1,3, Madhavi Vijayan1, William S. B. Yeung1,3, Ernest H. Y. Ng1,3, Xiwen Wang4, Wai-Sum O1,
Raymond H. W. Li1,3, Yuanzhen Zhang4 and Philip C. N. Chiu3

Ectopic pregnancy is the major cause of maternal morbidity and mortality in the first trimester of pregnancy. Tubal ectopic
pregnancy (TEP) accounts for nearly 98% of all ectopic pregnancies. TEP is usually associated with salpingitis but the underlying
mechanism in salpingitis leading to TEP remains unclear. Adrenomedullin (ADM) is a peptide hormone abundantly expressed in the
fallopian tube with potent anti-inflammatory activities. Its expression peaks at the early luteal phase when the developing embryo
is being transported through the fallopian tube. In the present study, we demonstrated reduced expression of ADM in fallopian
tubes of patients with salpingitis and TEP. Using macrophages isolated from the fallopian tubes of these women, our data revealed
that the salpingistis-associated ADM reduction contributed to aggravated pro-inflammatory responses of the tubal macrophages
resulting in production of pro-inflammatory and pro-implantation cytokines IL-6 and IL-8. These cytokines activated the expression
of implantation-associated molecules and Wnt signaling pathway predisposing the tubal epithelium to an adhesive and receptive
state for embryo implantation. In conclusion, this study provided evidence for the role of ADM in the pathogenesis of TEP through
regulating the functions of tubal macrophages.
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INTRODUCTION
Ectopic pregnancy (EP) is defined as implantation of an embryo
outside the uterine cavity.1 It is a leading cause of maternal death
in the first trimester with a prevalence of 1.3–2% of all
pregnancies.2 Nearly 98% of EP are in the fallopian tube, known
as tubal ectopic pregnancy (TEP).3 Tubal damage induced by
pelvic inflammatory disease (PID), or more specifically salpingitis,
is the leading epidemiologic risk factor for TEP.2 The exact
mechanism leading to TEP remains unclear and there are no
suitable animal models for TEP because the disease is rare in
animals.4 Defective cilia beating or muscular contractions for
embryo transport and pro-inflammatory environment in the
fallopian tube caused by infection and/or smoking are suggested
to be the pathogenic mechanisms for TEP.5

Adrenomedullin (ADM) is a member of the calcitonin/calcitonin-
gene-related peptide (CGRP)/amylin peptide family.6,7 ADM exerts
its biological activities by binding to its receptor, which is
composed of two transmembrane components, namely the
calcitonin-receptor-like receptor (CRLR) and the receptor-activity-
modifying protein (RAMP).8 ADM is strongly expressed in the
apical region of fallopian tube and its expression is modulated
by steroids.9 The fallopian tubes of women having TEP expressed
significantly less ADM.10 Since ADM stimulates ciliary beat

frequency (CBF) and muscle contraction in the fallopian tube
dose-dependently,9 ADM reduction in women having TEP has
been suggested to impair embryo transport within the
fallopian tube.9 As retention of blastocysts in mouse fallopian
tube does not result in TEP,11 there may be other ADM
insufficiency-induced concomitant alterations in the human
fallopian tube causing TEP.
Extravasation of leukocytes together with enhanced expression

of pro-inflammatory cytokines and chemokines occurs in the
uterus during implantation.12 Similarly, women with TEP have high
levels of pro-inflammatory mediators, such as interleukin (IL)-6, IL-
8 and tumor necrosis factor (TNF-α), in serum and fallopian
tube.13,14 The local inflammatory signals in the fallopian tube may
create a permissive condition encouraging attachment of
blastocyst onto the tubal epithelium15

While natural killer (NK) cells are the largest immune cell
population in decidua of early eutopic pregnancy, macrophages
are the predominant leukocyte population in the fallopian tube of
TEP.16–18 A role of macrophages in the pathogenesis of TEP is
supported by a doubling of the macrophage density at the tubal
implantation site when compared to the distant part of the fallopian
tube.19 Decidual macrophages may have a role in implantation.20

They produce implantation-associated pro-inflammatory cytokines
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IL-6 and IL-8.21–23 The roles of macrophages in tubal implantation
remain largely unknown.
ADM is a well-known anti-inflammatory regulator in cultured cells

and in inflammation-associated diseases.24,25 In the present study,
we hypothesized that a reduced ADM expression in the fallopian
tube triggers excessive macrophages-mediated inflammation indu-
cing a tubal environment susceptible to embryo implantation.

RESULTS
ADM expression in fallopian tubes
ADM expression was predominately localized to the tubal
epithelium (Fig. 1a). A significant reduction of ADM protein (Fig. 1a
and Supplementary Table 1) (p < 0.05) and mRNA (Fig. 1b) (p < 0.05)
was observed in the TEP group. In fallopian tube with salpingitis, a
well-known predisposing state of TEP,2 ADM expression was
similarly reduced relative to the control group (Fig. 1a, b and
Supplementary Table 1), consistent with the possibility that ADM
insufficiency predisposed the fallopian tube to TEP.

Macrophages in the fallopian tubes with TEP and salpingitis skew
towards M1 phenotype and express ADM receptors
The proportion of CD68+ macrophages were significantly higher
in the TEP group (p < 0.01) and the salpingitis group (p < 0.05)
than the control group (Fig. 2a). The results were supported by
immunohistochemical (IHC) staining using anti-CD68 antibody
(Fig. 2b). The macrophages were widely spread in the mucosa and
the lamina propria of the fallopian tube (Supplementary Fig. 1).
Clusters of macrophages adjacent to blood vessels were observed
(Supplementary Fig. 1), suggesting a blood origin of these
macrophages.
qPCR results showed that macrophages from the TEP and the

salpingitis groups expressed iNOS (M1 macrophage marker) but
not CD163/CD206 (M2 macrophage markers) (Fig. 2c). Similar
observations were obtained using immunofluorescence staining
of the fallopian tube macrophages (Supplementary Fig. 2A and B).
ADM exerts its biological activities by binding to CRLR/RAMP2

and CRLR/RAMP3 receptor complexes. CRLR and RAMP2 (Fig. 2d,
e), but not RAMP3 (Supplementary Fig. 2C) immunoreactivities
were identified in fallopian tube macrophages of the TEP and the
salpingitis groups.

M1 macrophages increase the susceptibility of tubal epithelium to
embryo implantation
E-cadherin, active β-catenin, leukemia inhibitory factor (LIF) and
homeobox protein A10 (HoxA-10) are highly up-regulated in

endometrium in the peri-implantation phase. They play key
roles in establishing endometrial receptivity.26–29 Their dysre-
gulation lead to implantation failure and infertility. The
expressions of these molecules in the fallopian tube were
significantly higher in the salpingitis and the TEP groups than
the control (Fig. 3a and Supplementary Table 1). Incubation with
the spent media from macrophages of the salpingitis and the
TEP groups significantly enhanced the expression of these
molecules in and attachment of trophoblastic spheroids onto
the fallopian tube cells (OE-E6/E7, Fig. 3b), indicating that the
tubal macrophages increased the susceptibility of tubal epithe-
lium for embryo implantation.
Implantation involves a local inflammatory event in the

endometrium.30 Consistently, pro-inflammatory M1 macrophages
were dominant in the fallopian tube of TEP and salpingitis (see
above). Spent medium of LPS-activated M1 macrophages had
similar stimulatory effects on the expression of the above
implantation-associated molecules (Fig. 3b) and the attachment
of trophoblast spheroids (Fig. 3c), suggesting that M1 macro-
phages enhanced receptivity of the fallopian tube.
The stimulatory effects of spent media of fallopian tube

(salpingitis and TEP) macrophages (Fig. 3b) and LPS-activated
M1 macrophages (Fig. 3c) were significantly suppressed by
treatment of the macrophages with ADM.

ADM suppresses IL-6 and IL-8 production from tubal/M1
macrophages via NF-κB signaling pathway
The cytokine/chemokine secretome of the tubal macrophages
from the salpingitis and the TEP groups with or without ADM
treatment were analyzed using membrane-based antibody array
(Fig. 4a) and ELISA (Fig. 4b). ADM administration significantly
suppressed the pro-inflammatory IL-6 and IL-8 production by the
tubal macrophages of TEP and salpingitis (Fig. 4a, b). LPS induced
IL-6 and IL-8 production from blood monocytes-derived M1
macrophages and THP-1 derived macrophages, and were
attenuated by ADM dose-dependently (Fig. 4c). ADM receptor
mediated the action of ADM as siRNA suppression of CRLR protein
expression in the THP-1 derived macrophages abolished the
inhibitory effect of ADM on LPS-induced IL-6 and IL-8 production
(Fig. 4d).
NF-κB signaling pathway is closely associated with macrophage-

induced inflammation.31 ADM treatment dose-dependently
reversed the LPS-induced up-regulation of p-IκB-α, p-p65 and p-
p50 in the THP-1 derived macrophages (Fig. 4e), showing that
ADM ablated LPS-induced NF-κB signaling in the human
macrophages.

Fig. 1 ADM expression is decreased in fallopian tubes with salpingitis and TEP. ADM expression is decreased in fallopian tubes with
salpingitis and TEP. a Immunohistochemical staining showed ADM expression and localization in fallopian tubes of control, salpingitis and TEP
groups. Epi: tubal epithelium, LP: lumina propria. Scale bar= 100 μm; n= 5 for each group. Negative control: use isotype control antibody as
the primary antibody. b qPCR was used to measure ADM mRNA levels in tubal mucosa collected from control (n= 13), salpingitis (n= 11) and
TEP (n= 11); data are presented as dot-plots with mean ± SEM; t-test; *p < 0.05.

Adrenomedullin insufficiency alters macrophage activities in fallopian. . .
X Wang et al.

744

Mucosal Immunology (2020) 13:743 – 752



IL-6 and IL-8 stimulate tubal receptivity
The role of macrophages-derived IL-6 and IL-8 on induction of
fallopian tube receptivity was studied by adding functional
blocking antibodies against IL-6 or IL-8 to the spent medium of

tubal macrophages from the salpingitis group. Such treatment
significantly diminished the stimulatory effect of the media on
expression of implantation-associated molecules and trophoblas-
tic spheroids attachment (Fig. 5).

Adrenomedullin insufficiency alters macrophage activities in fallopian. . .
X Wang et al.

745

Mucosal Immunology (2020) 13:743 – 752



DISCUSSION
In the present study, we demonstrated reduced expression of
ADM in fallopian tubes of patients with salpingitis and TEP, and
revealed that ADM reduction contributed to aggravated pro-
inflammatory responses with release of cytokines IL-6 and IL-8,
predisposing the tubal epithelium to a receptive state for embryo
implantation. To our knowledge, this is the first functional study
on the role of tubal macrophages in TEP.
Macrophages account for 20–30% of decidual leukocytes in

intrauterine pregnancy. These macrophages display an immuno-
suppressive M2 phenotype.32 Macrophages are capable of
creating a permissive microenvironment for embryo implantation,
decidualization and placentation by secretion of cytokines,
proteases and growth factors.33 Although macrophages are the
predominant immune cells in the fallopian tube of TEP, little is
known about their roles in pathogenesis of the disease.17 Our
study filled in this knowledge gap. Compared with the control
group, there were 4- to 8-fold increases in macrophages with
iNOS-expressing M1 phenotype in the fallopian tubes of salpingitis
and TEP, consistent with a pro-inflammatory tubal microenviron-
ment in these conditions.
Cytokines play a fundamental role at the fetal-maternal

interface in early pregnancy, and dysregulation in their production
leads to pregnancy disorder. IL-6 and IL-8 contribute to establish-
ment of a receptive endometrium and initiation of implantation.34

Uterine expression of IL-6 peaks at the mid-secretory phase,35 and
is significantly reduced in women with recurrent miscarriages.36 IL-
8 expression in human endometrium peaks in the late secretory
phase and early pregnancy.21 A reduced IL-8 expression is
associated with fetal loss in mice and humans.37 Both IL-6 and
IL-8 are crucial in regulation of extravillous trophoblast invasion,
decidualization, vascular angiogenesis and placenta
development.38,39 The high plasma levels of IL-6 and IL-8 in
patients have been proposed to be used as diagnostic biomarkers
for PID and TEP.14 Activated peritoneal macrophages from TEP
patients are potent producers of IL-6 and IL-8.40

ADM immunoreactivity was predominantly localized to the
tubal epithelium, indicating that the tubal epithelial cells were the
main source of ADM. ADM acted on tubal macrophages
expressing ADM receptor components. Intriguingly, we found
that a reduced tubal ADM expression was associated with an
increased proportion of tubal M1 macrophages and an over-
expression of IL-6 and IL-8, and that ADM inhibited LPS-induced
IL-6 and IL-8 production from both monocyte-derived M1
macrophages and THP-1 derived macrophages, via suppression
of NF-κB signaling. These results demonstrated that the high
levels of IL-6 and IL-8 in salpingitis and TEP are at least partly
resulting from the pro-inflammatory responses of the tubal
macrophages induced by reduction in ADM expression. According
to our study, the action of macrophages from salpingitis and TEP
patients on enhancement of implantation is largely due to their
increased production of IL-6 and IL-8, and suppression of the
cytokine production by ADM administration abolished the
macrophages’ action on tubal implantation.
Human tubal epithelial cells and embryos express IL-6

receptors.13,41,42 IL-8 receptors CXC-chemokine receptors have

been detected in tubal epithelium and trophoblasts.13,41 There-
fore, a high concentration of IL-6 and IL-8 could predispose the
fallopian tube to a receptive state on the one hand,13 and facilitate
early trophectoderm development on the other.43 In addition, a
high level of IL-6 reduces CBF contributing to embryo retention
within the fallopian tube.44

A large number of paracrine signals are involved in intrauterine
implantation.45 Implantation fails in LIF-deficient mice, due to
unresponsiveness of endometrium to the implanting
blastocysts.27,46 HoxA-10 is crucially involved in pinopods forma-
tion and endometrium receptivity. A decreased endometrial
HoxA-10 expression is associated with reduced implantation in
mice.26,47 E-cadherin is a receptivity marker distinctly expressed on
the apical surface of endometrial epithelial cells in the peri-
implantation period and in receptive endometrial cell lines.28 It
mediates adhesion and attachment between the endometrial
epithelium and the trophectoderm.48 The expression of Wnt/β-
catenin signaling is upregulated in the epithelial cells at the
implantation site.49

Intriguingly, we found elevation of the above implantation-
associated molecules in the fallopian tubes of patients with
salpingitis and TEP when compared to that of non-pregnant
controls. Consistently, the expression of LIF, HoxA-10 and Wnt
signaling are enhanced in the fallopian tubes of women with
TEP and chronic inflammation.50–52 Thus, infection-induced
tubal damages dysregulate these signals, inducing an adhesive
and receptive tubal epithelium predisposing to embryo-tubal
implantation.45

The tubal macrophages from patients with salpingitis and TEP
enhanced expression of implantation-associated molecules and
attachment of trophoblastic spheroids onto the tubal epithelial
cells. ADM administration weakened these macrophage-induced
effects. We confirmed that the inhibition of macrophages-derived
IL-6 and IL-8 production by ADM reduced the expression of the
implantation-associated molecules.
ADM expression peaks in the early luteal phase when the

developing embryo resides in the fallopian tube.53 Low level of
tubal ADM was associated with impaired CBF and smooth muscle
contraction, leading to dysfunctional transport and retention of
embryo within the tube.10 The present study further showed that
inflammation-associated reduced ADM expression promoted a
hospitable tubal microenvironment for embryo implantation.
Interestingly, a decreased ADM expression occurs in various
pathological inflammatory conditions.54–56 Our research included
tubal samples from women with salpingitis, suggesting that ADM
might have the potential to restore the pathological changes of
the fallopian tube before embryo implantation.
The main limitation of the present study was the small sample

size. Pathophysiological studies of TEP are difficult, because it is
ethically impossible to obtain ideal fallopian tube samples from
normal pregnancy at a gestational age comparable to that of the
TEP patients. We used fallopian tube samples from early or mid-
luteal phase of non-pregnant women as controls, because they
have hormonal levels close to that during implantation. In order to
exclude the influence of embryos and to better understand the
pathological changes leading to TEP, fallopian tubes from women

Fig. 2 Macrophages in fallopian tube with TEP and salpingitis skew towards M1 phenotype and express ADM receptors. a Percentages of
CD68+ macrophage within mononuclear cells in control (n= 9), salpingitis (n= 7) and TEP (n= 7) groups were analyzed by flow cytometry.
b Immunofluorescent staining of CD68 (green) and DAPI (blue) in fallopian tube frozen sections of the control, salpingitis and TEP groups.
Upper right corner: quantification of the number of CD68+ macrophages in fallopian tubes of control (n= 5), salpingitis (n= 6) and TEP (n=
6). c Quantification of mRNA levels of iNOS, CD163 and CD206 in human monocytes derived M1, M2 macrophages, and fallopian tube
macrophages from salpingitis and TEP patients (n= 4 in each group). #undetectable. Fallopian tube frozen sections were stained with
immunofluorescence-labeled CD68 (green), DAPI (blue), and CRLR or RAMP2 (red). d Representative image showing CRLR-expressing CD68+

macrophages as indicated by the white arrows. e Representative image with RAMP2-expressing CD68+ macrophages. Scale bar= 20 µm. All
values represent meanl ± SEM, t-test; *p < 0.05, **p < 0.01.
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with salpingitis were used as a predisposing state of TEP. However,
since both the control and salpingitis groups included patients
with gynecological disorders, such as endometriosis and adeno-
myosis, we cannot exclude the possibility that these pathological
conditions may affect the functions of the fallopian tube, and
thereby our observations. For example, ADM levels have shown to
be elevated in the eutopic endometrium and plasma of women
with endometriosis.57 This possibility will be the subject of a future

study. Another limitation of our study is that in some of our
experiments, we used in vitro polarized macrophages, which
could not completely simulate tubal macrophages. The physiology
and pathophysiology of tubal macrophages requires further in-
depth investigation.
Our findings are summarized in Fig. 6. Specifically,

inflammation-induced reduction in tubal ADM stimulates tubal
macrophages to produce high amount of IL-6 and IL-8, and

Fig. 3 M1 Macrophages increase the susceptibility of tubal epithelium for embryo implantation. a IHC images of implantation-related
molecules (E-cadherin, active β-catenin, LIF and HoxA-10) in the fallopian tubes of the control, salpingitis and TEP groups. Negative control
was set up by omitting the corresponding primary antibody. Scale bar=100 μm; n= 5 for each group. b OE-E6/E7 cells were stimulated with
the spent medium derived from fallopian tube macrophages with or without ADM treatment. Upper panel: expression of implantation-related
molecules in OE-E6/E7 cells were detected by Western blotting; n= 4. Lower panel: attachment rates of JEG-3 trophoblastic spheroids onto
OE-E6/E7 monolayer were quantified; n= 8. c OE-E6/E7 cells were treated with the spent medium derived from M1 macrophages with or
without LPS/ADM treatment. Upper panel: expression of implantation-relation-molecules in OE-E6/E7 cells; n= 4. Lower panel: Attachment
rate of trophoblastic spheroids onto OE-E6/E7 monolayer, n= 6. All values are shown as mean ± SEM; t-test; *p < 0.05, **p < 0.01, ***p < 0.001.
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consequently predisposing the tubal epithelium to an adhesive
and receptive phenotype susceptible to embryo implantation. In
conjunction with our previous study,10 this study focuses on the
anti-inflammatory activities of ADM and confirms that ADM
reduction contributes to the pathophysiology of TEP partly by
triggering excessive inflammatory responses of the residing
macrophages.

MATERIALS AND METHODS
Study population and human fallopian tube samples collection
This study was approved by the Institutional Review Board of the
University of Hong Kong/Hospital Authority Hong Kong West
Cluster (Ref. no: UW 13–224; Date of approval: 15 Apr 2013) and
the Ethics Committee of Zhongnan Hospital of Wuhan University
(Ref. no: 2017030; Date of approval: 29 Mar 2017) before the study
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was started. Women in their early/mid-luteal phase underwent
hysterectomy and salpingectomy for benign diseases (adenomyo-
sis, myoma and CIN III) or TEP from April to November 2017 were
recruited with signed consent before the surgery. The ampulla of
the fallopian tubes were collected aseptically and transported to
the laboratory for processing within 2 h of collection.
All the recruited patients had regular 21–35 days menstrual

cycles and did not use any hormonal nor antibiotic treatment
within 3 months prior to the surgery. Patients complicated with
severe comobidities or ongoing pharmacologic treatment were
excluded. The phase of the menstrual cycle was determined by
day of last menstruation and histology of endometrial biopsy.
The patients were divided into the control group with normal

fallopian tubes (mean age ± SD= 46.5 ± 1.7; n= 13), and the
salpingitis group (mean age= 47.1 ± 2.8; n= 15) based on intra-
operative findings and histological diagnosis of PID or salpingitis.
All the patients in control and salpingitis groups only underwent
hysterectomy and bilateral salpingectomy. None of them referred
to mono/bilateral oophorectomy. Table 1 shows their demo-
graphic information.

Women having salpingectomy for TEP and not receiving
methotrexate with no history of in vitro fertilization treatment
were assigned as the TEP group (mean age= 33.5 ± 4.0; n= 15).
TEP was diagnosed by pelvic ultrasound for the presence of a
conceptus in the fallopian tube without intrauterine implantation.
Tubal tissues obtained were at least 0.5 cm away from the
gestational mass. Table 2 shows the demographic information of
the TEP patients.

Fallopian tube macrophages isolation and flow-cytometry
Fallopian tubes were digested in the Rosewell Park Memorial
Institute (RPMI)-1640 medium containing collagenase V (10mg/ml)
and 0.01% DNase (Sigma-Aldrich, St. Louis, MO) for 2 h at 37 °C
with gentle shaking. The resulting cell suspensions were succes-
sively filtered through 100 μm and 40 μmMillipore filters (Millipore,
Billerica, MA) followed by centrifugation. The cell pellet was
washed, resuspended in RPMI-1640 medium, laid on Ficoll-plaque
(GE healthcare, Sweden), and centrifuged at 700g for 30min.
Leukocytes in the interface layer were collected and macrophages
were purified by the negative immuno-magnetic beads isolation
method using a commercial kit (Miltenyi Biotec GmbH, Bergisch
Gladbach, Germany). Purity of the isolated macrophages was
determined by flow cytometry with CD68-FITC staining (Supple-
mentary Fig. 3).

Monocyte isolation and macrophage polarization
Leukocytes were obtained from female buffy coat by Ficoll-Paque
density gradient centrifugation, and monocytes were isolated by
the CD14 monocyte isolation kit (Miltenyi Biotec). The isolated
monocytes were cultured in the RMPI-1640 medium and
challenged with 50 ng/ml granulocyte-macrophage colony-stimu-
lating factor for 7 days to induce M1 polarization.58 M2
macrophage polarization was induced by 50 ng/ml macrophage
colony-stimulating factor for 9 days. Purities of the M1 and M2
macrophages were determined by flow cytometry using anti-
bodies against CD68, CD80 (M2 marker), CD206 (M2 marker) and
CD163 (M2 marker) (Supplementary Fig. 4).

Cell lines
Human JEG-3 cells and human monocyte THP-1 cells were
obtained from ATCC (American Type Culture Collection, Manassas,
VA). JEG-3 is a choriocarcinoma cell line with properties of
extravillous trophoblasts.59 The immortalized fallopian tube
epithelial cell line, OE-E6/E7, were cultured as described.60,61

THP-1 derived macrophages were obtained by stimulating these
cells with PMA (100 ng/ml) for 48 h as described.62

Confocal microscopy and IHC
For confocal microscopy, fresh fallopian tube tissues were snap
frozen by liquid nitrogen. Cryosections of thickness 5 μm were
fixed in acetone and permeabilized with 0.01% Triton. For IHC,
fallopian tube tissues were fixed in 10% formalin for 24 h,
dehydrated in ethanol, paraffin-embedded, and sliced into 5 μm
sections. The sections were dewaxed, rehydrated and incubated in
3% H2O2 for 15 min to block endogenous tissue peroxidase.

Fig. 4 ADM suppresses IL-6 and IL-8 production from tubal/M1 macrophages via NF-κB signaling pathway. a Upper panel: human
cytokine array coordinate. Lower panel: cytokine profiles probed with the spent medium of fallopian tube macrophages of salpingitis and TEP
with or without ADM treatment (n= 2), each blot representing immunoreactivity against the respective cytokine. b ELISA quantification of IL-6
and IL-8 concentration of the spent medium above; t-test; n= 7; *p < 0.05; **p < 0.01. c M1 macrophages (left panel) and THP-1 derived
macrophages (right panel) were treated with LPS (100 ng/ml) with ADM in various concentrations, IL-8 and IL-6 expression in the spent
medium were detected; n= 5. d Upper panel: THP-1 derived macrophages were transfected with CRLR siRNA and control siRNA, transfection
efficiency was quantified; n= 3. Lower panel: siRNA (control vs CRLR) transfected THP-1 derived macrophages were challenged with LPS
(100 ng/ml) with or without ADM (100 nM) for 12 h. IL-8 and IL-6 concentrations in the spent medium were detected; n= 4. eWestern-blotting
was applied to detect expression of key components of NF-κB signaling pathway in THP-1 derived macrophages with LPS and ADM
treatments; n= 4. All values are shown as mean ± SEM; t-test; #p < 0.05, ##p < 0.01 vs control; *p < 0.05, **p < 0.01, ***p < 0.001 compared to LPS
treatment group.

Fig. 5 IL-6 and IL-8 mediate the induction of susceptibility of the
fallopian tube to implantation by tubal macrophages-spent
medium. OE-E6/E7 cells were treated with spent medium of
fallopian tube macrophages of salpingitis with isotype antibody,
anti-IL-6 antibody, anti-IL-8 antibody and ADM. Expression of
implantation-related molecules expression in OE-E6/E7 cells were
detected (n= 4) and attachment rates of trophoblastic spheroids
onto OE-E6/E7 monolayer were calculated (n= 5). All values are
shown as mean ± SEM; t-test; *p < 0.05, **p < 0.01 and ***p < 0.001.
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Afterwards, the slides were immersed in 0.1 M sodium citrate and
antigen retrieval was done in a microwave oven at 750W for
20min, followed by washing and blocking with 10% donkey
serum (Sigma) in PBS.

The sections were incubated with specific antibodies (Supple-
mentary Table 2) overnight at 4 °C, washed with PBS and
incubated with fluorescence (for confocal microscopy) or biotin-
labeled (for IHC) secondary antibodies for 1 h. A positive brown

Fig. 6 Schematic diagram showing the insufficiency of ADM in the pathogenesis of TEP. Reduced ADM secretion by tubal epithelial cells
contributes to excessive IL-6 and IL-8 production in fallopian tube macrophages, resulting in the up-regulation of implantation-related
molecules (E-cadherin, active β-catenin, LIF and HoxA-10) in the tubal epithelium. Reduction of ADM caused decreased ciliary beat frequency,
leading to embryo retention within the fallopian tube.

Table 1. Demographics of women in the control and salpingitis groups.

Groups Case Age Cycle phase Endometrial histology Reason for surgery Surgical mode Uterine pathology

Control 1 44 Early-luteal Early-secretory HMB LPS Adenomyosis

2 48 Early-luteal Early-secretory HMB, Dysmenorrhea LPS Adenomyosis, myomas

3 50 Mid-luteal Mid-secretory HMB LPT Myomas

4 45 Early-luteal Early-secretory Irregular vaginal bleeding LPS CIN III

5 45 Early-luteal Early-secretory HMB LPT Adenomyosis

6 42 Mid-luteal Mid-secretory HMB LPS CIN III, Adenomyosis

7 42 Mid-luteal Mid-secretory Dysmenorrhea LPS Myomas, Adenomyosis

8 45 Mid-luteal Mid-secretory Irregular vaginal bleeding LPS CIN III

9 46 Mid-luteal Mid-secretory HMB LPS Myomas

10 46 Early-luteal Early-secretory HMB LPT Adenomyosis

11 48 Mid-luteal Mid-secretory HMB, pelvic pain LPT CIN III

12 47 Mid-luteal Mid-secretory HMB LPS Adenomyosis

13 44 Early-luteal Early-secretory HMB LPS Adenomyosis

Salpingitis 1 51 Early-luteal Early-secretory HMB LPS CIN III, PID

2 47 Early-luteal Early-secretory Irregular vaginal bleeding LPS CIN III, endometriosis,PID

3 46 Early-luteal Early-secretory HMB, pelvic pain LPS CIN III, adenomyosis,PID

4 47 Mid-luteal Mid-secretory HMB, pelvic pain LPS Adenomyosis,PID

5 50 Early-luteal Early-secretory HMB LPT Adenomyosis, salpingitis

6 46 Early-luteal Early-secretory Irregular vaginal bleeding LPS Myomas, PID

7 43 Mid-luteal Mid-secretory HMB LPS Myomas, PID

8 47 Mid-luteal Mid-secretory HMB LPT CIN III, Myomas, salpingitis

9 45 Early-luteal Early-secretory HMB, pelvic pain LPS CIN III, salpingitis

10 49 Mid-luteal Mid-secretory HMB, pelvic pain LPS Adenomyosis, salpingitis

11 47 Mid-luteal Mid-secretory HMB, pelvic pain LPS Adenomyosis, PID

12 49 Mid-luteal Mid-secretory HMB, pelvic pain LPT Adenomyosis, endometriosis, salpingitis

13 47 Mid-luteal Mid-secretory HMB, pelvic pain LPT Myomas, PID

14 43 Mid-luteal Mid-secretory HMB LPS Myomas, CIN III, PID

15 46 Early-luteal Early-secretory HMB, pelvic pain LPS Adenomyosis, PID

HMB heavy menstrual bleeding, PID pelvic inflammatory disease, CIN cervical intraepithelial neoplasia, LPS laparoscopy, LPT laporotomy.
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signal in IHC was visualized with 3,3-diaminobenzidine (DakoCy-
tomation) as substrate. The sections were examined under a Zeiss
LSM 510 confocal microscope or light microscope.

Reverse transcription-quantitative PCR (RT-qPCR)
TRIZOL reagent (Invitrogen) were used to extract total RNA from
the mucosal layer of fallopian tubes. The total mRNA was reverse
transcribed with the TaqMan reverse transcription reagent kit
(Applied Biosystems, Foster City, CA, USA), and the resulting cDNA
was subjected to qPCR analysis using primers listed in Supple-
mentary Table 3. Each sample was assayed in duplicate. Gene
expression levels were determined using the threshold cycle (2-
ΔΔCT) method with reference to endogenous 18 S.

Western blotting
Cells (1 × 106) were lysed in RIPA buffer supplemented with
protease inhibitors (0.1%w/v), resolved in 10% polyacrylamide gel
and transferred onto the polyvinylidene difluoride membrane for
Western blot analysis using specific antibodies (Supplementary
Table 4). Intensity of specific proteins was quantified by
densitometry using the Image J software (National Institutes of
Health, Bethesda, Maryland, US).

Suppression of ADM receptor expression in macrophages
THP-1 derived macrophages (1 × 106 cells) were transfected with
100 nM of siRNA of CRLR or control siRNA (ThermoFisher, USA) by
electroporation with 2 pulses at 1400mV for 20 ms. The
transfected cells were cultured in RPMI-1640 medium without
antibiotics for 24 h before determination of the expression of CRLR
by Western blotting.

In vitro implantation assay
Implantation potential was assessed by attachment of JEG-3
trophoblast spheroids onto OE-E6/E7 cells. The spheroids (Sup-
plementary Fig. 5A) with diameter of 60–100 μm were cocultured
on an OE-E6/E7 monolayer (Supplementary Fig. 5B) for 45 min.
The non-attached spheroids were removed by rotation at 140 rpm
for 10min. The attachment rate was calculated as a percentage of
the number of attached spheroids divided by the total number of
spheroids added (Supplementary Fig. 5A).

Scoring and statistical analysis
We assessed immunoreactivities in fallopian tube sections using
the McCarty’s H-scoring system with an equation: H-score= Σ Pi(i),

where i was staining intensity graded as 0, 1, 2 and 3 (highest
intensity), while Pi was percentage of tissue stained at each
intensity (0–100%), giving a total score between 0 to 300. The
Image Pro Plus 6.0 software (Media Cybernetics, Silver Spring, MD,
USA) was used to determine the Pi value.63

Data were presented as mean ± standard error of the mean (SEM)
unless otherwise indicated. The Kolgomorov-Smirnov test was used
for determining normality of data. For normally distributed data, the
t-tests was used to determine differences between groups. For data
not normally distributed, Mann-Whitney U-test was used to
compare two variable groups. Statistical significance was assessed
by the GraphPad Prism v.5. software (GraphPad, San Diego, CA). A
p-value < 0.05 was considered to be significant.
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