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Ectopic pregnancy (EP), defined as extra uterine pregnancy due to
embryo implantation outside the uterus, is a major cause of human
maternal morbidity and mortality [1,2]. It accounts for 1.5-2% of all
pregnancies in the Western world [3], and more than 98% of ectopic
pregnancies are in the Fallopian tube [2]. Tubal EP is a growing
problem in developing countries and increases annual health care
costs [3,4]. The pathophysiology of EPs is poorly understood, it is
therefore difficult to predict the development of EP, and treatment and
prevention options are limited [5].

The mammalian Fallopian tube is a dynamic, steroid-responsive
tissue [6] composed of heterogeneous cell types: ciliated and secretory
epithelial cells as well as smooth muscle cells, all of which appear to be
specialised to perform different functions [7,8]. The tubal epithelium is
normally not receptive to implantation and acts as a mechanical barrier
to prevent the early embryo from interacting with the epithelium [9].
With so many unknown factors that regulate and maintain the normal
tubal homeostatic environment, it is not surprising that progress in
preventing the initiation and development of tubal EP in women has
been so limited. Although it has been speculated that structural damage
or functional disturbances (e.g., altered abnormal ciliary activity and/
or contractility) of the Fallopian tube may contribute actively to the
development of EP [2,10], the triggering molecular events are not to
be delineated.

Several related risk factors have been proposed, such as pelvic
infections, past or ever smoker and endometriosis [3,4]. Whether,
and how, these risk factors directly induced local microenvironment
changes and consequently triggered the tubal implantation needs to
be explored. This question, which is difficult to address in humans,
requires the development of adequate animal models. The function
of the Fallopian tubes appears to involve orchestrated spatiotemporal
alterations in transcriptome profiles. Therefore, extensive studies of
temporal changes in the gene expression and in cell-specific signalling
pathways in the Fallopian tube will be essential in order to understand
the contribution of each of these risk factors to tubal function.
Genetically-modified mouse models could help us to elucidate the
underlying molecular mechanisms that are responsible for ciliary
beating and muscular activity in the Fallopian tube in vivo under
physiological conditions and in diseased states. An increased risk of
tubal implantation caused by a delay in embryo transport from the
Fallopian tube to the uterus, has been observed in new and existing
studies using cannabinoid receptor (CB1)- [11], fatty acid amide
hydrolase (FAAH)- [12], or Dicerl-knockout mice [13-15]. These mice
exhibit tubal hypotrophy with the formation of prominent tubal cysts,
leading to the disruption of tubal transport. The current results support
the notion that the CB1-, FAAH-, and Dicer-mediated integrity of
normal tubal structure and function is necessary for tubal transport.
However, to date, there are no published reports regarding the
expression and regulation of tubal CB1, FAAH, or Dicerl in humans
during tubal transport and in tubal EP. Using these knockout mouse
models, the role of tubal CB1, FAAH, and Dicerl, and the underlying
mechanisms of how aberrant these proteins lead to tube structural
damage or functional disturbances can be investigated. These mouse

models all have the potential to uncover the pathophysiological basis
of tubal EP and allow researchers to design and test therapeutic targets.
However, it is important to note that while mice are genetically similar
to humans and both share features of tubal cell physiology, tubal EP
is present in humans but is absent or rare in rodents [2,10]. Although
genetically modified mice allow rigorous testing of mechanistic
hypotheses, animal experiments do require judicious interpretation
and recognition of their limitations.

We have assumed that both stimulatory and inhibitory cellular
and paracrine mechanisms may contribute to the Fallopian tubal
implantation (Figure 1). Each mechanism may contribute to tubal EP,
as triggered by different pathological signals. Before we can address the
pathophysiological basis of the tubal EP, however, we must elucidate the
role of each of these mechanisms in the tubal EP. It may be reasonable
to use mouse CB1-, FAAH, and Dicerl-knockout models to test each
possible mechanism that has been proposed (Figure 1).
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Figure 1: Proposed mechanisms of tubal ectopic pregnancy in humans.
Bidirectional inputs—stimulation (yellow arrow) and inhibition (red bar)—may
affect output responses of the Fallopian tube during early embryo transport.
Note that not all proposed cellular and paracrine processes are necessary for
embryo implantation in the Fallopian tube under the same tubal environment.
CEC, ciliated epithelial cells; SEC, secretory epithelial cells; SM, smooth mus-
cle cells; BV, blood vessel; Lu, lumen; Epi, epithelium.
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