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Abstract

Ectopic pregnancy (EP) is defined as the implantation of an embryo outside of the uterus and is a leading cause of first trimester 
maternal mortality and morbidity. This article discusses a possible role for epithelial to mesenchymal transition in the pathogenesis of 
EP, given the notable similarity of protein expression between the two processes.
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Introduction

Ectopic pregnancy (EP) is defined as the implantation 
of an embryo at a location outside of the uterine 
cavity (Sivalingam et  al. 2011). EP occurs in 1–2% of 
all pregnancies and is a leading cause of first-trimester 
death worldwide. The most common implantation site 
for an EP is the Fallopian tube, commonly referred to as 
a tubal ectopic pregnancy (tEP) (Sivalingam et al. 2011). 
Multiple risk factors predispose to tEP, such as smoking, 
but a unifying mechanism has not yet been identified. 
Current research on tEP suggests that increased 
embryo-receptivity is secondary to an abnormal tubal 
microenvironment, but there are still gaps in the 
literature and more research is necessary to understand 
the processes involved in the development of a tEP.

Epithelial to mesenchymal transition (EMT) is a 
biological process whereby epithelial cells undergo 
loss of polarity and cell–cell adhesion, then adopt 
mesenchymal characteristics such as migration, 
invasion and resistance to apoptosis (Bilyk et al. 2017). 
EMT is associated with normal functions such as tissue 
regeneration and embryogenesis but the full role of 
EMT in various organs are not yet fully understood. 
Endometrial EMT is required for embryo implantation 
in normal intrauterine pregnancy (Bilyk et  al. 2017). 
EMT has also been associated with disease states in 
the reproductive tract such as ovarian cancer and 
adenomyosis (Bilyk et al. 2017).

Here, we put forward the hypothesis that tEP occurs as 
a result of EMT in the epithelial cells lining the Fallopian 
tube, with these changes enabling ectopic embryo 
implantation (Fig. 1).

Link between tEP and EMT

There are many similarities in protein expression between 
EMT and tEP including β-integrins, Wnt, Mucin-1 
(MUC-1), E-cadherin, signal transducer and activator 
of transcription (STAT3), and matrix metalloproteases 
(MMPs) (Shaw et  al. 2010, Bilyk et  al. 2017). Initial 
induction of EMT is under the control of several factors. 
The upregulation of β1-integrin through the TGF-β 
pathway is essential for the onset of EMT (Yeh et al. 2010). 
Wnt signalling is also described as an initial inducer of 
EMT, releasing β-catenin from E-cadherin which acts 
as a downstream factor increasing the transcription of 
EMT-related proteins (Bilyk et al. 2017). Cell adhesion 
proteins play a significant role in EMT, with a loss of cell-
adhesion caused by decreased expression of MUC-1 
and E-cadherin (Guaita et al. 2002, Bilyk et al. 2017). 
As EMT progresses, the basement membrane degrades, 
while proliferation and invasion are promoted. These 
events are facilitated by the upregulation of matrix 
metalloproteases (MMPs) and STAT3, both of which 
promote proliferation and invasion during EMT (Bilyk 
et al. 2017).

Similar to the process of EMT, β1-integrin is 
upregulated in the endometrial luminal epithelium 
during implantation in intrauterine pregnancy and 
has also been noted to be increased in the cytoplasm 
of Fallopian tube epithelial cells in tEP (Shaw et  al. 
2010, Jiang et al. 2019). Wnt plays an essential role in 
embryo attachment in endometrial luminal epithelial 
cells and Wnt upregulation has been shown to increase 
trophoblast attachment in Fallopian tubal epithelial cells 
in vitro (Kodithuwakku et al. 2012). Proteins affecting cell 
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adhesion have a major role in tEP (Shaw et al. 2010). In 
the endometrial luminal epithelium, the ‘anti-adhesive’ 
action of MUC1 is downregulated during implantation, 
enabling embryo adhesion: likewise, in tEP, there is a 
marked reduction in MUC-1 expression in epithelial 
cells of the Fallopian tube, which again could facilitate 
attachment of embryos due to its ‘anti-adhesive’ action 
(Shaw et al. 2010). There is also a loss of E-cadherin in 
tEPs (Shaw et al. 2010, Jiang et al. 2019). MMPs play an 
important role in normal implantation in the extracellular 
matrix of the uterine luminal epithelium and tEP has been 
shown to have a similar MMPs expression milieu in the 
epithelial and smooth muscle cells of the Fallopian tube 
at the site of implantation (Qiu et al. 2011). Furthermore, 
the STAT3 pathway, expressed in the uterine luminal 
epithelial cells during normal implantation, can be 
activated by leukaemia inhibitory factor, LIF (Krishnan 
et al. 2013). LIF exposure increases trophoblast spheroid 
adhesion in Fallopian tube cells in vitro (Krishnan et al. 
2013): LIF also promotes EMT by activating the STAT3 
pathway (Yue et al. 2016). Not all EMT protein expression 
changes are mirrored by alterations during tEP. The SLIT/
ROBO genes, described as tumour suppressor genes, 
are involved in the EMT process (Duncan et al. 2010), 
and endometrial SLIT/ROBO expression has been noted 
to change in a temporal and spatial manner across the 
menstrual cycle, but the examination of Fallopian tube 
epithelial cells, has found no difference in expression 
of SLIT/ROBO between samples with and without tEP 
(Duncan et al. 2010). Other markers involved in the EMT 
process, such as Slug, Snail, and Twist, are expressed 
in the endometrium but have not yet been analysed 
in the Fallopian tube epithelium or tEP. Although, the 
link between tEP and EMT is marked, it is non-the-less 
possible that EMT is a consequence rather than a cause 
of the presence of tEP, a phenomenon that would also 
be of interest.

Fallopian tube secretory cell expansion and EMT

The Fallopian tube epithelium is comprised of two 
different cell types, secretory cells and ciliated cells. 
Fallopian tube secretory cells are the cells of origin for 
ovarian carcinoma, the most common cancer in the 
female pelvic organs: these secretory cells have unique 
biology, co-expressing both epithelial and mesenchymal 
markers (Yamamoto et al. 2016). Secretory cell outgrowth 
(SCOUT) refers to secretory cell expansion of at least 
30 cells of secretory epithelial type, creating a lesion 
of only secretory cells compared to a mosaic of ciliated 
and secretory cells in normal Fallopian tubes (Yamamoto 
et al. 2016). It is widely accepted that the origin of EMT 
for ovarian carcinoma is derived from the Fallopian tube 
secretory cells, suggesting that an altered Fallopian tube 
cellular structure and environment could be present 
years before an ovarian cancer diagnosis. Furthermore, 
there have been reports of the risk of ovarian carcinoma 
being increased in women with a history of tEP, although 
this is more controversial, with other literature failing to 
find such a link (Stewart et al. 2020).

Although, SCOUT’s have been researched in ovarian 
carcinoma; the pathophysiology and implications 
on tubal factor fertility of SCOUT’s have not yet been 
determined. SCOUTS have been recently demonstrated 
to have upregulated LEF1 (Schmoeckel et al. 2017). LEF1 
activates the transcription of hallmark EMT effectors 
including N-cadherin, Vimentin, and Snail (Santiago 
et  al. 2017). SCOUTS can be also found throughout 
the Fallopian tube (Fig. 1A in Schmoeckel et al. 2017). 
Yamamoto et al. (2016) describe an altered tubal epithelial 
cell microenvironment associated with immortalisation 
in SCOUTs and suggest that these aberrations in gene 
expression may even occur prior to and in the absence 
of serous carcinoma (Yamamoto et  al. 2016). When 
secretory cells become neoplastic, they can exhibit EMT 

Figure 1 Similarities between EMT, EP and 
intrauterine pregnancy. Epithelial cells 
displaying polarity are held together by 
adhesion proteins and tight junctions. 
Induction of EMT effector proteins such as 
integrins and Wnt signalling leads to a 
downstream loss of cell adhesion proteins; 
blue and pink receptors represent MUC-1 and 
E-cadherin receptors, respectively: scissors 
represent a loss of these proteins. Due to the 
loss of cell adhesion and a loss of microvilli, 
epithelial cells resort to a mesenchymal-like 
state. This leads to the upregulation of STAT3 
and MMPs which results in basement 
membrane degradation and induces 
proliferation and invasion of mesenchymal 
cells which are loosely arranged in the 
extracellular matrix (ECM). Both EP and 
intrauterine pregnancies have similar protein 
expression patterns to those expressed in the 
EMT process.
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characteristics such as increased proliferation, a loss of 
nuclear polarity and the ability to migrate (Yamamoto 
et al. 2016). Additionally, tEP is associated with a loss of 
ciliation, and so embryo implantation in tEP cases may 
be proceeding at sites where that cilia loss has occurred 
(Shaw et al. 2010, Yamamoto et al. 2016). Therefore, it 
could be hypothesised that EMT occurring at the site 
of SCOUTs may lead to an ectopic implantation in the 
Fallopian tube.

Smoking and tEP

Cigarette smoking increases the risk of tEP to 1.7–3.9% of 
pregnancies in smokers (Sivalingam et al. 2011). In line 
with our hypothesis, cigarette smoke is widely associated 
with EMT, including having been shown to induce EMT 
in the reproductive system. Nicotine increases EMT in 
human ovarian carcinomas (Jeon et al. 2016). Cotinine is 
an active metabolite of nicotine. Exposure of a Fallopian 
tube epithelial cell line to cotinine causes decreased 
Bcl2-associated agonist of cell death (BAD) expression, 
leading to decreased Bcl2 expression; reduced BAD 
expression is also implicated in EMT (Horne et al. 2014). 
Another cigarette smoke component, Benzo(a)Pyrene 
(BaP), is known to inhibit endometrial cell apoptosis 
leading to impaired endometrial function. It has not 
been investigated if this impaired function is secondary 
to an EMT process but given the ability of BaP to induce 
EMT in colonic epithelium by altering the Wnt/β-
catenin pathway: it would seem possible (Yi et al. 2019). 
To date, the effects of BaP exposure on the Fallopian 
tube epithelium have not yet been researched. We 
hypothesise that the components of cigarette smoke may 
induce EMT in Fallopian tube epithelium, explaining the 
increased risk of tEP associated with cigarette smoking.

Conclusion

In summary, EMT is likely a common process in the 
Fallopian tube, which could explain the pathophysiology 
of EP, providing a unifying a mechanism behind multiple 
risk factors for tEP. There are similarities in protein 
expression between EMT and tEP, including integrins, 
Wnt, MUC-1, E-cadherin, STAT3 and MMPs. There is 
also evidence to suggest EMT occurs in the secretory cell 
outgrowths of the Fallopian tube causing progression 
to ovarian carcinoma, although the implications on 
fertility and reproductive consequences in relation to 
an ectopic pregnancy are largely unknown. Finally, 
there is a significant link between cigarette smoke 
components and EMT in the female reproductive system 
and we hypothesise this may extend to the Fallopian 
tube epithelium. In conclusion, the similarities in the 
literature between EMT and tEP suggests that further 
research is required to understand if there is a clear 
link between tEP and EMT, and if so, whether EMT is a 
causative factor in tEP.

Declaration of interest

The authors declare that there is no conflict of interest 
that could be perceived as prejudicing the impartiality of  
this article.

Funding

This work was supported by a UK Medical Research Council 
Centre Grant (to A H, N S, C J L, L C; MR/N022556/1, 2018-
22) and a joint Medical Research Council/Ectopic Pregnancy 
Trust PhD Fellowship to H F.

Author contribution statement

H F conceived and drafted the manuscript; C J L, L L C and P 
H helped draft the manuscript; A W H and N S conceived and 
helped draft the manuscript. All authors read and approved 
the final version of the manuscript. A W Horne and N Spears 
contributed equally to this work.

Acknowledgement

The authors thank Beckie Doust for graphical design.

References
Bilyk  O, Coatham  M, Jewer  M & Postovit  LM 2017 Epithelial-to-

mesenchymal transition in the female reproductive tract: from normal 
functioning to disease pathology. Frontiers in Oncology 7 145. (https://
doi.org/10.3389/fonc.2017.00145)

Duncan  WC, McDonald  SE, Dickinson  RE, Shaw  JLV, Lourenco  PC, 
Wheelhouse N, Lee KF, Critchley HOD & Horne AW 2010 Expression 
of the repulsive SLIT/ROBO pathway in the human endometrium and 
Fallopian tube. Molecular Human Reproduction 16 950–959. (https://
doi.org/10.1093/molehr/gaq055)

Guaita S, Puig I, Francı́ C, Garrido M, Domı́nguez D, Batlle E, Sancho E, 
Dedhar S, de Herreros AG & Baulida J 2002 Snail induction of epithelial 
to mesenchymal transition in tumor cells is accompanied by MUC1 
repression andZEB1 expression. Journal of Biological Chemistry 277 
39209–39216. (https://doi.org/10.1074/jbc.M206400200)

Horne AW, Brown JK, Nio-Kobayashi J, Abidin HBZ, Adin ZEHA, Boswell L, 
Burgess S, Lee KF & Duncan WC 2014 The association between smoking 
and ectopic pregnancy: why nicotine is BAD for your Fallopian tube. 
PLoS ONE 9 e89400. (https://doi.org/10.1371/journal.pone.0089400)

Jeon  SY, Go  RE, Heo  JR, Kim  CW, Hwang  KA & Choi  KC 2016 Effects 
of cigarette smoke extracts on the progression and metastasis of 
human ovarian cancer cells via regulating epithelial-mesenchymal 
transition. Reproductive Toxicology 65 1–10. (https://doi.org/10.1016/j.
reprotox.2016.06.012)

Jiang  H, Yang  XY & Zhu  WJ 2019 Networks of E-cadherin, β1 integrin, 
and focal adhesion kinase in the pathogenesis of tubal pregnancy. 
Gynecological Endocrinology 35 346–350. (https://doi.org/10.1080/09
513590.2018.1528578)

Kodithuwakku  SP, Pang  RT, Ng  EH, Cheung  AN, Horne  AW, Ho  PC, 
Yeung WS & Lee KF 2012 Wnt activation downregulates olfactomedin-1 
in Fallopian tubal epithelial cells: a microenvironment predisposed to 
tubal ectopic pregnancy. Laboratory Investigation 92 256–264. (https://
doi.org/10.1038/labinvest.2011.148)

Krishnan T, Winship A, Sonderegger S, Menkhorst E, Horne AW, Brown J, 
Zhang JG, Nicola NA, Tong S & Dimitriadis E 2013 The role of leukemia 
inhibitory factor in tubal ectopic pregnancy. Placenta 34 1014–1019. 
(https://doi.org/10.1016/j.placenta.2013.09.003)

Qiu  X, Xie  Y, Chen  L & Gemzell‐Danielsson  K 2011 Expression of 
matrix metalloproteinases and their inhibitors at the feto‐maternal 

https://rep.bioscientifica.com
https://doi.org/10.3389/fonc.2017.00145
https://doi.org/10.3389/fonc.2017.00145
https://doi.org/10.1093/molehr/gaq055
https://doi.org/10.1093/molehr/gaq055
https://doi.org/10.1074/jbc.M206400200
https://doi.org/10.1371/journal.pone.0089400
https://doi.org/10.1016/j.reprotox.2016.06.012
https://doi.org/10.1016/j.reprotox.2016.06.012
https://doi.org/10.1080/09513590.2018.1528578
https://doi.org/10.1080/09513590.2018.1528578
https://doi.org/10.1038/labinvest.2011.148
https://doi.org/10.1038/labinvest.2011.148
https://doi.org/10.1016/j.placenta.2013.09.003


 https://rep.bioscientifica.com

H Flanagan and othersV14

Reproduction (2021) 161 V11–V14 

interface in unruptured ectopic tubal pregnancy. Acta Obstetricia et 
Gynecologica Scandinavica 90 966–971. (https://doi.org/10.1111/
j.1600-0412.2011.01206.x)

Santiago L, Daniels G, Wang D, Deng FM & Lee P 2017 Wnt signaling 
pathway protein LEF1 in cancer, as a biomarker for prognosis and a 
target for treatment. American Journal of Cancer Research 7 1389–1406.

Schmoeckel E, Odai-Afotey AA, Schleißheimer M, Rottmann M, Flesken-
Nikitin A, Ellenson  LH, Kirchner T, Mayr D & Nikitin AY 2017 LEF1 
is preferentially expressed in the tubal-peritoneal junctions and is a 
reliable marker of tubal intraepithelial lesions. Modern Pathology 30 
1241–1250. (https://doi.org/10.1038/modpathol.2017.53)

Shaw JLV, Dey SK, Critchley HOD & Horne AW 2010 Current knowledge 
of the aetiology of human tubal ectopic pregnancy. Human Reproduction 
Update 16 432–444. (https://doi.org/10.1093/humupd/dmp057)

Sivalingam  VN, Duncan  WC, Kirk  E, Shephard  LA & Horne  AW 2011 
Diagnosis and management of ectopic pregnancy. Journal of Family 
Planning and Reproductive Health Care 37 231–240. (https://doi.
org/10.1136/jfprhc-2011-0073)

Stewart  LM, Stewart  CJR, Spilsbury  K, Cohen  PA & Jordan  S 2020 
Association between pelvic inflammatory disease, infertility, ectopic 
pregnancy and the development of ovarian serous borderline tumor, 
mucinous borderline tumor and low-grade serous carcinoma. 
Gynecologic Oncology 156 611–615. (https://doi.org/10.1016/j.
ygyno.2020.01.027)

Yamamoto  Y, Ning  G, Howitt  BE, Mehra  K, Wu  L, Wang  X, Hong  Y, 
Kern F, Wei TS, Zhang T et al. 2016 In vitro and in vivo correlates of 
physiological and neoplastic human Fallopian tube stem cells. Journal of 
Pathology 238 519–530. (https://doi.org/10.1002/path.4649)

Yeh YC, Wei WC, Wang YK, Lin SC, Sung JM & Tang MJ 2010 Transforming 
growth factor-β1 induces Smad3-dependent β1 integrin gene expression 
in epithelial-to-mesenchymal transition during chronic tubulointerstitial 
fibrosis. American Journal of Pathology 177 1743–1754. (https://doi.
org/10.2353/ajpath.2010.091183)

Yi T, Liu M, Li X, Liu X, Ding Y, He J, Xu H, Gao R, Mu X, Geng Y et al. 
2019 Benzo(a)pyrene inhibits endometrial cell apoptosis in early 
pregnant mice via the WNT5A pathway. Journal of Cellular Physiology 
234 11119–11129. (https://doi.org/10.1002/jcp.27762)

Yue X, Zhao Y, Zhang C, Li J, Liu Z, Liu J & Hu W 2016 Leukemia inhibitory 
factor promotes EMT through STAT3-dependent miR-21 induction. 
Oncotarget 7 3777–3790. (https://doi.org/10.18632/oncotarget.6756)

Received 30 September 2020
First decision 30 September 2020
Revised manuscript received 16 November 2020
Accepted 30 November 2020

https://rep.bioscientifica.com
https://doi.org/10.1111/j.1600-0412.2011.01206.x
https://doi.org/10.1111/j.1600-0412.2011.01206.x
https://doi.org/10.1038/modpathol.2017.53
https://doi.org/10.1093/humupd/dmp057
https://doi.org/10.1136/jfprhc-2011-0073
https://doi.org/10.1136/jfprhc-2011-0073
https://doi.org/10.1016/j.ygyno.2020.01.027
https://doi.org/10.1016/j.ygyno.2020.01.027
https://doi.org/10.1002/path.4649
https://doi.org/10.2353/ajpath.2010.091183
https://doi.org/10.2353/ajpath.2010.091183
https://doi.org/10.1002/jcp.27762
https://doi.org/10.18632/oncotarget.6756

	Abstract
	Introduction
	Link between tEP and EMT
	Fallopian tube secretory cell expansion and EMT
	Smoking and tEP
	Conclusion
	Declaration of interest
	Funding
	Author contribution statement
	Acknowledgement
	References

