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Abstract
Ectopic pregnancy occurs when the embryo failed to transits to the uterus and attached to the
luminal epithelium of Fallopian tube. Tubal ectopic pregnancy (EP) is a common gynecological
emergency and more than 95% of EP occurs in the ampullary region of the Fallopian tube (FT). In
humans, Wnt-activation and down-regulation of Olfactomedin-1 (Olfm-1) occur in the receptive
endometrium and coincided with embryo implantation in vivo. Whether similar molecular changes
happen in the Fallopian tube leading to EP remains unclear. We hypothesized that activation of
Wnt-signaling down-regulates Olfm-1 expression predisposes to EP. We investigated the
spatiotemporal expression of Olfm-1 in FT from non-pregnant women and women with EP, and
used a novel trophoblastic spheroid (embryo surrogate)-Fallopian tube epithelial cell co-culture
model (JAr and OE-E6/E7 cells) to study the role of Olfm-1 on spheroids attachment. Olfm-1
mRNA expression in the ampullary region of non-pregnant FT was higher (p<0.05) in the
follicular than theluteal phase. Ampullary tubal Olfm-1 expression was lower in FT from women
with EP compared to normal controls at the luteal phase (H-SCORE=1.3±0.2 vs 2.4±0.5; p<0.05).
Treatment of OE-E6/E7 with recombinant Olfm-1 (0.2-5 μg/ml) suppressed spheroids attachment
to OE-E6/E7 cells; while activation of Wnt-signaling pathway by Wnt3a or LiCl, reduced
endogenous Olfm-1 expression and increased spheroids attachment. Conversely, suppression of
Olfm-1 expression by RNAi increased spheroids attachment to OE-E6/E7 cells. Taken together,
Wnt-activation suppresses Olfm-1 expression and this may predispose a favourable
microenvironment of the retained embryo in the Fallopian tube leading to EP in humans.
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Introduction
Ectopic pregnancy occurs when an embryo implants outside the uterus. It happens in 1-2%
of pregnancies and is associated with significant morbidity and mortality. Interestingly,
about 85-95% of the ectopic pregnancies occur in the ampullary region (distal 2/3) of the
Fallopian tube (1). Genital pelvic infection and cigarette smoking are the risk factors
associated with tubal ectopic pregnancy (2). Moreover, changes in extracellular matrix
molecules, cytokines and other growth factors expression are also reported in the Fallopian
tube of patients with tubal ectopic pregnancy. Yet, the aetiology of tubal ectopic pregnancy
(TEP) is still not fully understood.

The olfactomedins (Olfms) are a family of secretary glycoproteins first identified in the
olfactory epithelial tissues of the Xenopus (3). To date, over 50 species including rats, frogs,
sea urchins, cats, dogs, zebra fish and humans are found to express Olfms (4). All the well-
characterized Olfm proteins share a common Olfm-domain of about 250 amino acids in size
at their C-termini (4). In mammals, there are about 13 well characterized Olfm domain-
containing proteins (4) and among the best understood Olfms; Olfm-1, -2, -3, -4 and
myocilin are known to regulate cellular growth, differentiation and pathological processes.

Olfm-1 is one of the most studied members in the family. The Olfm-1 gene islocated on
chromosome 9q34.3. Four variant transcripts are produced by alternative splicing (5). The
longest transcript encodes a protein of 464 amino acids with a native molecular weight of
57-kDa. Olfm-1 is expressed in the human brain, eye, liver, lung, heart, as well as uterine
tissues. The exact function of Olfm-1 is not known, but proteins containing an Olfm-like
domain may play important roles on cell adhesion (6) or act as scaffolding proteins (7, 8).
Recently, Olfm-1 was found to modulate the canonical Wnt-signaling pathway, which
regulates various cellular functions (9).

Recent microarray data has shown that the Olfm-1 transcript is down-regulated in the
endometrium during the window of implantation (10-13) and that up-regulation of Olfm-1
transcript is associated with pathological conditions, including endometriosis (14) and
recurrent spontaneous abortions (14, 15). Recently, were ported that Olfm-1 expression in
the endometrial epithelium is lower at the luteal phase than at the follicular phase of the
menstrual cycle, suggesting that progesterone may suppress Olfm-1 expression (16). In
addition, using a trophoblastic spheroids (JAr)-endometrial epithelial cells (17) co-culture
model, we have shown that Olfm-1 dose-dependently down-regulates JAr spheroid
attachment onto Ishikawa cells(16).

We hypothesized that aberrant expression of Olfm-1 in the Fallopian tube maybe one of the
predisposing factors leading to ectopic pregnancy in humans. Olfm-1 interacts with Wnt-
signaling inhibitor (WIF-1) (9), and therefore modulates Wnt-regulated genes important for
embryo implantation and early development (18, 19). In the present study, we compared the
spatiotemporal expression of Olfm-1 in Fallopian tube from non-pregnant women and from
women with ectopic pregnancies, and used a novel trophoblast spheroids (embryo
surrogate)-Fallopian tubal epithelial cell co-culture model (JAr and OE-E6/E7 cells) to study
the role of Olfm-1 in regulating Wnt-signaling and tubal-embryo attachment.
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Material and Methods
Patient Samples

All non-pregnant Fallopian tubes (ipsilateral and contralateral side) were obtained from 29
patients (age: 36-51 years; mean±SD: 45±4.9 years) who had undergone hysterectomy, had
regular menstrual cycle (28-30 days) and no known tubal pathological conditions with
written consent. The phase of menstrual cycle was determined by the date of the last
menstrual period (LMP). Fallopian tubes with implantation site at the ampullary region were
retrieved from our archive samples from 10 patients (age: 26-42 years; mean±SD: 33±5.2
years, gestational age: 7 to 10 weeks) who had undergone salpingectomy for treatment of
tubal ectopic pregnancy.The study was approved by the Institutional Review Board of the
University of Hong Kong/Hospital Authority Hong Kong West Cluster (UW10-109).

Quantitative PCR (qPCR) and analysis
The Fallopian tube from the non-pregnant women who had hysterectomy for non-tubal
pathological conditions was dissected longitudinally, and the mucosal layer of different
regions (ampulla, infundibullum and isthmus) were carefully peeled off using a forceps as
described elsewhere (20). Total RNA was isolated using the Absolutely RNA RT-PCR
miniprep kit (Stratagene, La Jolla, CA, USA). The integrity of total RNA was determined by
gel electrophoresis and spectrophotometry. Then, 400 ng of total RNA was reverse
transcribed to synthesize cDNA using the TaqMan RT Reagents (N8080234, ABI
Biosystems, Foster City, CA). Human Olfm-1, -2, -3 and -4 transcript-specific TaqMan
probes (supplementary table 1) were used with the ABI 7500 for quantitative analysis of
Olfm transcripts. All qPCR assays were performed with TaqMan PCR Master Mix®
(Applied BioSystems) and a standard PCR cycling protocol. Human 18S ribosomal RNA
was used as the internal control to normalize the Olfm expression in the samples. The
relative mRNA expression was quantified using 2−ΔΔct method as described elsewhere (21).
The qPCR experiment was repeated three times in duplicates under similar conditions.

Immunohistochemistry (IHC) and Histological Scoring (H-SCORE)
Fallopian tube biopsies obtained from non-pregnant women and from women with ectopic
pregnancies were fixed with 4% paraformaldehyde, embedded in paraffin wax and sectioned
at 5 μm for IHC studies as previously described (16). Both the non-pregnant and ectopic
pregnancy Fallopian tubes were subjected to IHC using polyclonal anti-Olfm-1 antibody
(1:100) which bind specifically to the long-form of the Olfm-1 protein (16). To confirm the
presence of an intact epithelium in the ectopic pregnancy sections, cytokeratin (1:100,
DakoCytomation, Glostrup, Denmark) staining was also performed. DAB Substrate
Chromogen (DakoCytomation) was used to detect positive staining. Images were captured
using a digital camera mounted on a light microscope (Axioscop, Zeiss, Göttingen,
Germany). The intensity of Olfm-1 staining in the Fallopian tube epithelium in a total of 500
cells (5 fields with 100 cells each) in each section (2-4 sections each) were subjected to H-
Score analysis by two independent observers as previously described (22). Results are
presented as mean±SD.

Western blotting
OE-E6/E7 cells were lysed in RIPA buffer (1 ml) supplemented with protease inhibitors as
described (23). Protein loading was normalized using the total protein concentrations as
determined by the Bradford assay. Antibodies against Olfm-1 (1:1000, Zymed, San
Francisco, CA, USA), β-catenin (1:2500, Cat. No.: 610153, BD Transduction Laboratory,
Franklin Lakes, NJ, USA), active-β-catenin (1:1000, Cat. No.: 05-665, Millipore, Temecula,
CA), GSK3-β (1:1000, Cat. No.: 610201, BD Transduction Laboratory), E-cadherin

Kodithuwakku et al. Page 3

Lab Invest. Author manuscript; available in PMC 2012 May 01.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



(1:1000, Cat No.:1b1416, Abcam, Cambridge, MA, USA) and β-actin (1:10000, Cat. No.:
A3854, Sigma-Aldrich, St Louis, MO, USA) were used as primary antibodies; while
horseradish peroxidase-conjugated goat anti-rabbit IgG and sheep anti-mouse IgG (1:5000,
GE Healthcare, NJ, USA) were used as secondary antibodies. Specific signal was visualized
by the enhanced chemoiluminescence (ECL) method.

Trophoblastic spheroids (embryo surrogate)-Fallopian tubal epithelialcell co-culture model
A previously established co-culture model to simulate trophoblast-endometrium attachment
was modified (16, 23). A human trophoblastic choriocarcinoma cell line (JAr, HTB-144,
ATCC, Manassas, VA, USA) and human immortalized Fallopiantubal epithelial cell line
(OE-E6/E7) (24) were cultured at 37°C in a humid atmosphere with 5% CO2 in air. The JAr
cells were maintained in RPMI 1640 (Sigma), supplemented with 10% fetal bovine serum
(FBS, Invitrogen, Carlsbad, CA), 2 mM L-glutamine, penicillin/streptomycin (100 U/ml and
0.1 mg/ml, Gibco, CA, USA). Dulbecco’s Modified Essential Medium/F12 (DMEM/F12)
supplemented with 10% FBS, L-glutamine and penicillin/streptomycin were used for
culturing the OE-E6/E7 cells. Briefly, OE-E6/E7 cells were treated with or without 1 μg/ml
bovine serum albumin (BSA, Sigma), rhOlfm-1 (0.2, 1 and 5 μg/ml), trophoblast
differentiation agents 5 μM dibutyryl-cAMP (dbcAMP, Sigma), 5 μM methotrexate(MTX,
Sigma), or progesterone receptor antagonist 4 μM RU486 (Tocris) for 24 hours. Cloning,
over-expression and purification of rhOlfm-1 were described previously (16). MTX and
RU486 were included as negative controls to validate the co-culture assay (16, 25, 26).
Multi-cellular spheroids of 60-120 μm in size were generated by shaking the trypsinized JAr
cells at 6g for 24 hours. The spheroids were carefully transferred onto the surface of a
confluent OE-E6/E7 monolayer and incubated in DMEM/F12 medium with supplements for
up to 24 hours. Non-adherent spheroids were removed by agitation at low g-force (15g) for
10 minutes. The medium was removed and refilled, and the attached spheroids were counted
under a light microscope and expressed as percentage of the total number of seeded
spheroids (% adhesion). Photographs of cultures were taken with a Nikon Eclipse TE300
inverted microscope (Nikon, Tokyo, Japan).

Olfm-1 RNAi knockdown
Olfm-1 siRNA from Dharmacon (L-012203-00, 20 μM) and Applied Biosystems (4392420,
20 μM) was mixed at a 1:1 ratio and diluted in Opti-MEM medium.Briefly, 8 × 105 cells in
800 μl/well were mixed with 200 μl of transfection mixture containing Lipofectamine 2000
and siRNA at a final concentration of 10 nM. After 6 hours of transfection, the transfected
cells were attached in a 12-well plate and the medium were changed to DMEM/F12 with
supplement. The cells were >90% confluency after overnight culture. To increase the
transfection efficiency of OE-E6/E7 cells, the cells were transfected again. The media was
changed to Opti-MEM and a mixture of siRNA with Lipofectamine 2000 was added to the
attached cells. The medium were changed and the cells were ready for co-culture after 24
hours of incubation. Negative control siRNA (Dharmacon and Applied Biosystems) was
transfected using the same protocol. Western blotting was used to check the level of Olfm-1
knockdown in the OE-E6/E7 cells using the anti-Olfm-1 antibody described above.

Activation of the Wnt-signaling pathway
Wnt3a-conditioned medium (Wnt3a-CM) was obtained from cultured mouse L-Wnt 3A
cells (ATCC CRL-2647) stably secreting Wnt3a as previously described (27, 28), and used
to induce the Wnt-signaling pathway in the OE-E6/E7 cells. Briefly, the mouse fibroblast L
cells were cultured in DMEM medium supplemented with 10% FBS, L-glutamine and
penicillin/streptomycin until confluent. The conditioned medium was collected at 48 hours
after confluency and tested for the presence of Wnt3a by Western blotting. The conditioned
media obtained from normal mouse fibroblast L cells was used as negative control for the
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spheroids attachment assay. All conditioned medium was filter sterilized and stored at
−20°C until used. LiCl (Sigma) stock solution at a concentration of 5 M was prepared,
dissolved in distilled water, filter sterilized and stored at room temperature until use. Wnt3a-
CM at 1:2 (v: v) and 1:1 ratio and 40 mM LiCl in normal culture medium were used for
Wnt-signaling activation.

Statistical Analysis
All results were expressed as means±SD. Statistical comparisons were performed by one
way ANOVA followed by the Scheffe’s or Tukey test where appropriated. The H-SCORE
data were analyzed using Mann–Whitney U test and Kruskall-Wallis tests for multiple
comparison. A probability of p<0.05 was used to indicate a significant difference. A paired
t-test was used for comparison of H-SCOREs from different observers. The data were
analyzed using the statistical software SPSS (ver15.1 for windows; SPPSS Inc., Chicago,
IL) for Windows.

Results
Expression of Olfm transcripts in the non-pregnant Fallopian tubes

The expression of Olfm-1, -2, -3 and -4 transcripts were studied in non-pregnant Fallopian
tube. Tissues obtained from the follicular or luteal phases were dissected into 3 regions:
infundibullary, ampullary and isthmic. The expression of Olfm-1 transcript was higher in the
follicular than in the luteal phase in all three regions. A significantly higher (p<0.05)
expression of ampullary Olfm-1 in the follicular phase was observed (Figure 1A). Similarly,
a significantly higher infundibullary Olfm-2 (p<0.05) expression was found in the follicular
than in the luteal phase. Interestingly, the expression of infundibullary Olfm-3 in the
follicular phase was significantly higher (p<0.05) than that in the ampullary or isthmic
regions in the follicular phase, as well as the infundibullary region in the luteal phase. While
the overall expression of Olfm-4 was very low in the Fallopian tube, there was a significant
(p<0.0001) increase of its transcript in the isthmic region in the follicular phase when
compared to that in the infundibullary and ampullary regions.

Expression of Olfm-1 protein in non-pregnant Fallopian tubes and in Fallopian tubes from
women with Ectopic Pregnancy

Olfm-1 protein was mainly localized to the luminal epithelium and some scattered staining
was found in the stroma of the Fallopian tube (Figure 1B left panel). The expression of
Olfm-1 protein in the Fallopian tube with tubal ectopic pregnancy was reduced and localized
to the stromal part of the Fallopian tube (Figure 1B right panel). An intense cytokeratin 17
staining was observed in the ampullary epithelial cells, suggesting the epithelium was intact
in all of the ectopic sections studied. Table 1 summarizes the histological scoring (H-
SCORE) of Olfm-1 protein expression non-pregnant Fallopian tubes and in Fallopian tubes
from women with ectopic pregnancy. The expression of Olfm-1 protein was significantly
higher (p<0.05) in the infundibullary region than in the isthmic and ampullary regions in
both the follicular (H-SCORE=3.6±0.3 vs 2.5±0.3 vs 2.3±0.7, respectively, n=8) and luteal
(H-SCORE=3.5±0.2 vs 2.4±0.5 vs 2.3 ± 0.6, respectively, n=10) phases of the cycle. The
expression of Olfm-1 protein in the ampullary ectopic sections was significantly (p<0.05)
lower than that in the ampullae of non-pregnant Fallopian tube (H-SCORE=1.3±0.4 vs
2.4±0.5, n=10; Table 1).

Effect of Olfm-1 on JAr spheroids attachment onto OE-E6/E7 cells
The JAr cells were used to produce spheroids of sizes of about 60-200 μm (Figure 2A) for
the attachment studies. The spheroids attached to the OE-E6/E7 monolayer and the
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attachment rate increased with time. At 1, 2 and 3 hours, the attachment rates were 25%,
48% and 65%, respectively. Incubation of spheroids for 6 hours or longer did not further
increase the attachment rate (range: 65-75%, Figure 2B). Therefore, a 4-hour co-culture
period was selected for the assay. Interestingly, trophoblastic cells invasion like phenotype
could be observed after prolonged (>24 hours) coculture (Figure 2A).

To test the effect of human recombinant Olfm-1 (rhOlfm-1) on spheroids attachment onto
OE-E6/E7 cells, we first detected the binding of rhOlfm-1 onto both cell types in vitro. It
was found that AlexaFlour 488-labelled rhOlfm-1 bound to both the JAr (16) and the OE-
E6/E7 cells (data not shown). Treatment of OE-E6/E7 cells with rhOlfm-1 for 24 hours
dose-dependently decreased the JAr spheroids attachment on to the OE-E6/E7 monolayer
(Figure 2C), and the reduction was significantly different (p<0.01) from the untreated
control. In addition, rhOlfm-1 at 5 μg/ml significantly (p<0.05) suppressed attachment when
compared with the 0.2 μg/ml group.

Knockdown of Olfm-1 in OE-E6/E7 cells stimulates JAr spheroids attachment
To determine whether the down-regulation of Olfm-1 stimulated JAr spheroids attachment
onto OE-E6/E7 cells, we used Olfm-1 specific siRNA for transfection study (Figure 2D).
Olfm-1 siRNA significantly (p<0.05) down-regulated >45% of Olfm-1 expression when
compared to OE-E6/E7 cells transfected with control siRNA. The JAr spheroids attachment
rate onto the transfected OE-E6/E7 monolayer was significantly increased (p<0.001) by 2-
fold (39% vs 82%) after coculture for 2 hours when compared to the control (control siRNA,
Figure 2D).

Wnt-activation suppresses Olfm-1 expression and increases JAr spheroids attachment
onto OE-E6/E7 cells

To determine whether activation of the Wnt-signaling pathway could restore Olfm-1
suppression and spheroids attachment, we used Wnt3a conditioned medium (Wnt3a-CM,
1:1 ratio) and LiCl (40 mM) to treat the OE-E6/E7 cells for 24 hours and studied the
changes in expression of Wnt-signaling molecules and spheroids attachment rates (Figure
3A). Both Wnt3a-CM and LiCl activated Wnt-signaling as demonstrated by up-regulation of
β-catenin expression in the treated OE-E6/E7 cells. Interestingly, the treatments were
associated with a significant decrease in Olfm-1 protein expression at 1:1 ratio of Wnt3a-
CM:DMEM/F12 and 40 mM of LiCl (Figure 3A). Treatment of OE-E6/E7 cells with either
Wnt3a-CM or LiCl stimulated spheroids attachment significantly when compared to the
controls (Figure 3B). Wnt3a-CM and LiCl significantly (p<0.001) increased (3-fold and 2-
fold, respectively) spheroids attachment rates after co-culture with OE-E6/E7 for 1 hour.
Addition of the Wnt-inhibitor Dkk-1 (0.1 μg/ml) or rhOlfm-1 (0.2 μg/ml) to the OE-E6/E7
cells for 24 hour nullified the stimulatory effect of Wnt3a-CM or LiCl on JAr spheroids
attachment (Figure 3B).

Discussion
This study provides fundamental data on the spatiotemporal expression and regulation of
Olfm-1 in the human Fallopian tube and is the first report of the association of activation of
Wnt-signaling and suppression of Olfm-1 in ectopic pregnancy. We demonstrate that
Olfm-1 expression is reduced in the epithelium of the Fallopian tube of women with ectopic
pregnancy compared to Fallopian tube from non-pregnant women. In addition, our novel in-
vitro model of tubal-embryo attachment, demonstrates that Olfm-1 suppresses trophoblastic
spheroids attachment onto Fallopian tubal epithelial cells whereas Wnt-signaling activation,
or RNAi knockdown of Olfm-1, increases the attachment.
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In the non-pregnant human Fallopian tube, the expression of the Olfm-1 to -4 mRNAs were
significantly higher in the follicular phase than in the luteal phase of the menstrual cycle,
suggesting that their expression might be hormonally-regulated. Similarly, Olfm-1 mRNA is
also down-regulated in the secretory phase of the human endometrium (16). Interestingly,
the expression of ampullary Olfm-1 transcript was significantly lower (p<0.05) at the luteal
phase when compared to the follicular phase, though the expression of Olfm-1 protein was
similar in the same region at both phases of the cycle. The discrepancy would be due to
changes in mRNA stability and protein turnover in response to different hormonal
regulation. More than 70% of ectopic pregnancies are found in the ampullary region of the
Fallopian tube where as implantation in the infundibullary or isthmic portions is rare (less
than 5%) (29). The higher expression of Olfm-1 protein in the infundibullary region than in
the ampullary and isthmic regions in non-pregnant human Fallopian tube supports the low
percentage of TEP found in the infundibullum region of the Fallopian tube (1).

Bioinformatics was used to analysis the promoter region of the OLFM1 gene and no
consensus estrogen responsive element (ERE) or progesterone responsive element was
identified. Therefore, it is unlikely that ovarian steroids regulate Olfm-1expression in the
Fallopian tube epithelium through ERE or PRE binding. Interestingly, a number of ITF-2
binding sites were identified at the Olfm-1 promoter region. ITF-2 expression is regulated
by Wnt/β-catenin signaling pathway (30). Our data also showed that Wnt-activation down-
regulated Olfm-1 expression in OE-E6/E7 cells and increased the JAr spheroids attachment
in vitro. Further studies on Olfm-1 promoter will help to understand the regulatory
mechanism of Olfm-1 expression and also to delineate the interaction of Olfm-1 and Wnt-
signaling in the Fallopian tube.

Olfactomedin protein was significantly down-regulated in the Fallopian tube of patients with
EP when compared to the non-pregnant patients. However, it was noted that patients in the
non-pregnant group is older than the EP group. Moreover, the differences in Olfm-1
expression could be due to the increase in steroid hormone levels in patients with ectopic
pregnancy (7-10 wk gestational period). Therefore, comparison between patients with
ectopic pregnancy and normal pregnancy at similar gestational period warrants further
investigations. However, the collection of Fallopian tube in normal pregnant women at
similar gestational period is practically difficult. Despite of this, those pregnant women who
seek termination of pregnancy and tubal ligation could be recruited.

To our knowledge, this is the first report of an in vitro model of tubal pregnancy. There are
numerous studies using coculture of human embryos and endometrium for the study of
endometrial biology (31). However, similar studies using Fallopian tube, designed for
further understanding of the aetiology of ectopic pregnancy are lacking due to limited
availability of cell lines. Our OE-E6/E7 cells retain most of the Fallopian tube epithelial cell
characters including morphological, hormonal responses and expression of receptor (24, 32,
33) and many early implantation-related molecules including Olfm-1, β-catenin, E-cadherin,
LIF, Intergrin αV and β3, MUC1, ERK and JNK (data not shown). The trophoblastic JAr
cell line was used as embryo surrogate based on its expression of many cytotrophoblastic
markers (34, 35). The OE-E6/E7 and JAr cell lines also provide flexibility for gene
manipulation (e.g. siRNA or plasmid DNA) in functional studies.We believe that this co-
culture model could be used to study the functional role of other proteins in embryo
attachment and ectopic pregnancy.

Since Olfm-1 is an integral part of the ECM, down-regulation of Olfm-1 maybe associated
with changes in the expression of other ECM molecules thereby affecting cell-cell
interaction. A number of other ECM molecules, including integrins (36), mucin1 (37, 38),
cadherins (39), laminins and fibronectins (36) have been associated with tubal ectopic
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pregnancy. For example, a reduced expression of the MUC1 mucin has been noted in the
Fallopian tube from women with ectopic pregnancies (38, 40). MUC1 is proposed to
function as a barrier for embryo implantation in the endometrium (41-45). Knockdown of
Olfm-1 expression with siRNA in the OE-E6/E7 cells increased trophoblast spheroids
attachment in the present in vitro model, supporting our hypothesis that Olfm-1 may also
function as a barrier for embryo attachment. It is possible that down-regulation of Olfm-1
and MUC1 expression (38) contribute synergistically for ectopic pregnancy.

Activation of the canonical Wnt-signaling pathway by Wnt3a or LiCl down-regulates
Olfm-1 expression in the OE-E6/E7 cells and significantly stimulates JAr spheroids
attachment. It is possible that the reduced Olfm-1 expression also allows exposure of other
adhesion molecules for embryo attachment. Previous studies have shown that activation of
the canonical Wnt-signaling molecule β-catenin favours adhesion junction formation
through a cadherin-catenin complex (46). In line with this, the implanting embryo secretes
canonical Wnt-signaling activators (e.g. Wnt3a), to regulate the expression of genes
responsible for ectopic implantation (47, 48). Yet,how activation of canonical Wnt-signaling
affects gene expression leading to ectopic pregnancy warrants further investigations.

It is generally believed that pelvic infection triggers an immune response and stimulates
secretion of various cytokines including interleukins (49), TNFα (50), TGF-β and
interferons that are associated with ectopic pregnancy (51). Interestingly, TNFα and TGF-β
down-regulate Olfm-1 mRNA expression in the podocytes (52). Whether pelvic infection,
changes in cytokines expression act synergistically with Olfm-1 in the Fallopian tube
leading to EP remains to be investigated.

In summary, our data shows that Olfm-1 is differentially expressed in the human Fallopian
tube and activation of the Wnt-signaling pathway or suppression of Olfm-1 expression in the
Fallopian tubal cells increases spheroids attachment. A better understanding of the role of
adhesion-related molecules (e.g. Olfm and MUC1) in the human Fallopian tube may help to
delineate the underlying mechanism leading to ectopic pregnancies and better prevention of
tubal ectopic pregnancies in the future.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Olfactomedin transcripts are differentially expressed in non-pregnant Fallopian tube and
Fallopian tube from women with ectopic pregnancy. (A) The expression of Olfm (Olfm-1,
-2, -3 and -4) transcripts in different regions of non-pregnant Fallopian tube in the follicular
(n=14) and luteal (n=15) phases of the menstrual cycle was quantified by real-time PCR.
The expression of each Olfm transcript at the infundibulum region at the follicular phase of
the cycle was arbitrary set to a value of 1. Inf: Infundibulum, Amp: Ampulla, Isth: Isthmus,
* p<0.05, **p<0.01 and ***p<0.005. (B) Olfm-1 protein is differentially expressed in the
ampullary region of non-pregnant Fallopian tube at the luteal phase and Fallopian tube from
women with ectopic pregnancy. The negative control section was included by using pre-
absorbed antibody with blocking peptide (left panel). The arrows show the localization of
Olfm-1 protein in the luminal epithelial cells of the ampullary region (x400). The right panel
illustrates the Olfm-1 and cytokeratin staining in the intact epithelium of the same TEP
sample. FT: Fallopian tube, Em: Embryonictissues. Scale bar = 100 μm.
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Figure 2.
OE-E6/E7 monolayer and JAr trophoblastic spheroids are used in co-culture assay. (A) JAr
spheroids of sizes (60-120 μm) were selected (left), and co-cultured with an OE-E6/E7
monolayer (middle, OE) showing invasion of trophoblastic cells (right, double arrows). (B)
The attachment rate of JAr spheroids onto OE-E6/E7 monolayer increased with time in the
coculture assay. (C) The effect of MTX, dbcAMP, RU486 and Olfm-1 recombinant protein
(0.2, 1 and 5μg/ml) on attachment rate after 4hrs coculture were determined. a-d denotes
significant different from each other at p<0.05. (D) Knockdown of Olfm-1 expression in
OE-E6/E7 cells by siRNA suppresses JAr spheroids attachment. Olfm-1 siRNA significantly
down-regulated Olfm-1 protein expression (>47%) in OE-E6/E7 monolayer when compare
to the control siRNA (left panel). Knockdown of Olfm-1 expression in OE-E6/E7 monolayer
significantly increased (p<0.05, 2-fold) JAr spheroids attachment onto OE-E6/E7 monolayer
after 2hr coculture when compared to the cells transfected with control RNAi (right panel).
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Figure 3.
Activation of Wnt-signaling down-regulates Olfm-1 expression and reverses the suppressive
effect of Olfm-1 on spheroids attachment. (A) Upper panel shows the activation of Wnt-
signaling pathway by Wnt3a-conditioned medium (1:2 ratio) or LiCl (40mM) resulted in an
elevated total β-catenin but reduced Olfm-1 expression. No change in the expression of
GSK-3β and β-actin were found. The lower panel depicts the changes of active-β-catenin
and Olfm-1 in the OE-E6/E7 cells treated 24h with Wnt3a-CM. (B) Wnt3a-CM and LiCl
stimulate JAr spheroids attachment onto OE-E6/E7 monolayer after 1 hr coculture (upper
panel). The increased JAr spheroids attachment by Wnt3a-CM can be nullified by co-
treatment of Wnt3a-CM with rhOlfm-1 or rhDkk-1 (lower graph). a, b, c and d denotes
significant different from each other at p<0.05.
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Fallopian tube region H-SCORE (mean±s.d.)

Follicular phase (n=8) Luteal phase (n=10)

Infundibullary 3.6±0.3a 3.5±0.2a

Ampullary 2.5±0.3b 2.4±0.5b

Isthmic 2.3±0.7b 2.3±0.6b

Ampullary TEP 1.3±0.4c (n=10)

a-bSignificant difference (P<0.01) between regions.a-c,b-cSignificant difference (P<0.05) between normal and ectopic Fallopian tubes.

H-SCORE=ΣPi(i+1), where i represents 0 (none) to 3 (very strong) and Pi=percentage of cells for each intensity (0-100%).
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