
 
Cover Page 

 
 

 
 
 

 
 
 

The handle http://hdl.handle.net/1887/37294 holds various files of this Leiden University 
dissertation 
 
Author: Melo Bernardo, Ana de  

Title: Primordial germ cells and amnion development in the avian embryo 
Issue Date: 2016-01-26 

https://openaccess.leidenuniv.nl/handle/1887/1
http://hdl.handle.net/1887/37294


4 
Avian as a model for human ovarian 

cancer: advantages reviewed
  

Ana de Melo Bernardo1, Sólveig Thorsteinsdóttir2 
and Christine L. Mummery1 

1Department of Anatomy and Embryology, Leiden University Medical Center, Leiden, 
The Netherlands; 2Center for Ecology, Evolution and Environmental Change, Department of 

Animal Biology, Faculty of Sciences, University of Lisbon, Portugal

In Molecular and Clinical Oncology. 2015;3: 1191-1198



ABSTRACT

Ovarian cancer (OC) is the most lethal gynaecological cancer. Early detection of OC is 
crucial for providing efficient treatment, whereas high mortality rates correlate with late 
detection of OC, when the tumor has already metastasized to other organs. The most 
prevalent type of OC is epithelial OC (EOC). Models that have been used to study EOC 
include the fruit fly, mouse and laying hen, in addition to human EOC cells in 3D culture 
in vitro. These models have helped in the elucidation of the genetic component of this 
disease and the development of drug therapies. However, the histological origin of EOC 
and early markers of the disease remain largely unknown. In this study, we aimed to 
review the relative value of each of the different models in EOC and their contributions to 
understanding this disease. It was concluded that the spontaneous occurrence of EOC in 
the adult hen, the prolific ovulation, the similarity of metastatic progression with that in 
humans and the advantages of using the chicken embryo for modelling the development 
of the reproductive system, renders the hen particularly suitable for studying the early 
development of EOC. Further investigation of this avian model may contribute to a better 
understanding of EOC, improve clinical insight and ultimately contribute to decreasing 
its mortality rates among humans.
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INTRODUCTION

Ovarian cancer (OC) is the fifth most common cause of cancer‑related mortality in 
women. a high incidence of OC correlates geographically with more economically 
developed countries [1,2]. The current treatments for OC are cytoreductive surgery and 
platinum/paclitaxel (Taxol®)-based chemotherapy [3]. These therapies are efficient in the 
treatment of 90% of patients diagnosed with OC , but only when the disease is detected 
at an early stage [4]. In addition, the treatments lack specificity, further contributing to 
the high mortality rates of OC [3,5,6]. The absence of an anatomical barrier around the 
ovary facilitates rapid spreading of metastases in the peritoneal cavity and late diagnosis 
is attributed to the minimal manifestations of early EOC [4,7]. As a consequence, the 
majority of OC cases are detected only when the cancer has already metastasized to other 
anatomical structures [8].

	 Epithelial OC (EOC) is the most common type of OC, constituting 90% of 
diagnosed OC cases [9]. One of the greatest challenges in EOC research is to understand 
its cellular and molecular origin(s) [10]. Different in vivo and in vitro systems have been 
used to model EOC. Drosophila melanogaster (D. melanogaster) and Mus musculus(M.
musculus) EOC models have been helpful in elucidating the biological characteristics of 
EOC , such as the molecular basis of its metastatic mechanisms, which include alterations 
in cell adhesion or migration, or expression of genes involved in EOC development 
[11,12]. Unlike humans, however, neither flies nor mice spontaneously develop EOC; 
therefore, the translation of outcomes to humans is limited. by contrast, in vitro EOC 
models using human cells are a promising approach to testing anticancer drugs, although 
the absence of the tumor cell microenvironment is associated with certain limitations 
[13]. Gallus gallus domesticus, the domestic hen, is a model which appears to address 
some of these shortcomings and, with the recent advances in laboratory tools for chicken 
research, it is becoming a tractable system for the study of EOC [14]. The hen is the only 
animal model that, like humans, develops the disease spontaneously and exhibits similar 
pathology and disease progression; this appears to be associated with prolific ovulation 
and ageing [14].

	 The aim of the present review was: i) to provide an overview of the current 
approaches and challenges in OC research, with a focus on EOC ; ii) to provide a comparative 
analysis of the advantages and disadvantages of the different models used in EOC research; 
and iii) to investigate Gallus gallus domesticus as a model to answer fundamental questions 
regarding the origin of EOC that remain unanswered and to advance modalities for treatment 
and early diagnosis that may ultimately contribute to decreasing the mortality rate of OC.

.
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PATHOLOGY AND ORIGIN OF EOC IN HUMANS

Pathogenesis. More than 30 types of OC have been described, which are all derived 
from only three major progenitor cell types, namely stromal cells, germ cells and surface 
epithelial cells (Figure 1A). Stromal‑cell OC (SCOC ) results from the transformation 
of stromal cells present in the ovary and has a very low prevalence among OC s 
(7%); germ‑cell OC (GCOC ) results from germ cell abnormalities that arise during 
development and is the rarest histotypic origin of OC , with a prevalence of only 3%; 
EOC is by far the most prevalent OC histotype origin, with a prevalence of 90% (9). EOC 
results from the abnormal development of epithelial cells and its origin is discussed in 
detail below. the formation of malignant cysts from malignant epithelial cells is currently 
considered to herald the pathological development of EOC . Malignant epithelial ovarian 
cells in the cysts undergo epithelial-to-mesenchymal transition (EMT), becoming motile 
and capable of invading other tissues [15]. The progress of the metastatic process depends 
on the ability of these cells to survive and attach to other structures [8,16]. 

Causality. There is currently no consensus regarding the origin of EOC and it is considered 
to either derive from malignant alterations of the ovarian surface epithelium [17], or 
from the abnormal development of the fallopian tube epithelium [18]. The complexity 
of EOC appears to indicate that the ovarian surface epithelium as well as the fallopian 
tube epithelium are involved in the development of this disease [10]. The ovarian surface 
epithelium as the origin for EOC is the oldest hypothesis and has been associated with 
the high frequency of ovulation in women [19-21]. During each ovulation, this epithelium 
is disrupted when the mature oocyte is expelled from the ovary and inflammatory 
processes are then required to repair it [17,22]. During the repair process, a proportion 
of the cells detach and develop abnormalities, due to the DNA damage in response to 
inflammatory molecules, resulting in EOC [23]. A role for hormones in the damage of 
the ovarian surface epithelium has also been suggested [24,25]. 

	 The observation that women who use progestin-estrogen oral contraceptives 
have a 30-60% lower probability of developing EOC, further strengthens the hypothesis 
that the ovarian surface epithelium is the origin of EOC [26]. However, female mice, 
which ovulate approximately 4 times more than a woman during their lifespan, do not 
develop this disease [27]. It is possible that structural differences in the ovarian surface 
epithelium between mice and humans [27] allow mice to develop a form of resistance 
against EOC development, despite their significantly higher ovulation rates. Interestingly, 
it is estimated that the number of ovulations of a 2-year-old hen is similar to the number 
of ovulations of a woman at menopause [28]. The fact that the hen is the only animal 
model that develops spontaneous EOC suggests similarities in the role of ovulation in 
the development of the disease between hens and humans. On the other hand, EOC was 
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recently associated with abnormalities of the fallopian tube epithelium. The fallopian 
tube epithelium has been proposed as an origin of EOC , since several proteins normally 
expressed by the oviduct, such as paired box 8 (PAX8) and cancer antigen (CA)-125, have 
been found to be expressed in EOC biopsies [10,29]. Moreover, it has been suggested 
that a genetic predisposition in fallopian tube epithelial cells gives rise to EOC ; this 
includes mutations in DNA damage repair genes, such as BRCA1 and BRCA2 and cell 
cycle regulators, such as P53 [30]. However, since the ovarian surface epithelium and the 
fallopian tube epithelium are contiguous, have a common early embryonic origin and are 
both affected by ovulation, it is difficult to distinguish whether one or both tissues are the 
origin of EOC [10].

CURRENT EOC TREATMENTS

There are four main factors that impede early detection of EOC. First, the location of 
the ovaries deep in the pelvic cavity makes it difficult to detect the initial development 
of EOC through pelvic probing and imaging. However, certain technological advances 
in this field, such as ultrasound and fluorodeoxy-glucose positron emission tomography/
computed tomography, allow for better imaging and earlier detection [6,31]. Second, 
EOC was until recently considered to be an asymptomatic disease. Certain attempts have 
been made to establish a symptom index for OC; the physical symptoms may include 
gastrointestinal, genitourinary and gynaecological complaints. These symptoms are, 
however, variable among patients, so this issue has not been resolved [4,7,32]. Third, there 
are currently no early tumor markers for EOC that allow early diagnosis, or population 
screening and later management of the disease, or monitoring of treatment effectiveness 
[33]. Finally, the spread of malignant carcinogenic cells in the pelvic cavity is facilitated 
by the absence of a physical barrier around the ovaries. This promotes the spread of EOC 
along other organs, such as the contralateral ovary, the uterus and the peritoneum [8].

	 Once EOC is diagnosed, the primary treatment is surgical removal of the 
tumor. The surgery is normally followed by platinum and taxol chemotherapy, which 
impairs cancer cell survival. Platinum-based treatments contain chemical compounds 
that promote DNA crosslinking, inhibiting DNA repair and synthesis [34], while Taxol 
promotes the assembly of microtubules in an irreversible manner, preventing cell 
division and promoting apoptosis of cancer cells [35]. Regrettably, the chemotherapeutic 
agents used against OC are very similar to those used in the 1970s, when platinum-based 
therapies were first used in OC treatment [3]. Alternatives to platinum-taxol chemotherapy 
are currently under investigation [6]. These include targeting tumor angiogenesis using 
inhibitors of proangiogenic proteins, such as vascular endothelial growth factor receptor 
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Figure  1. A) Ovarian cancer (OC) has three major types: epithelial ovarian cancer  (EOC), derived from the ovarian 
surface epithelium and/or the fallopian tube epithelium and/or ovarian surface epithelium; germ cell ovarian cancer 
(GCOC), derived from abnormalities in germ cell development; and stromal cells ovarian cancer (SCOC), derived 
from abnormal development of stromal cells. B) Finding better translational models for EOC origin, the most prevalent 
OC type, is fundamental to develop early diagnostic procedures, development of new therapies and, as a consequence, 
decrease EOC death rates among women.
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(VEGFR), platelet-derived growth factor receptor and angiopoietins; or targeting key 
elements in cell growth, such as epidermal growth factor receptor (EGFR), which is 
overexpressed in EOC cells, using tyrosine kinase inhibitors and monoclonal antibodies 
against the extracellular domain of EG FR [36-39]. The majority of these treatments are 
being developed in animal models but, unfortunately, often fail in clinical trials [33], 
highlighting the shortcomings of the animal models for human diseases [40]. As a 
consequence, the OC post-diagnosis survival rates at 1, 3 and 5 years have not changed 
significantly over the last 20 years [1]. Accumulating knowledge on the origin of EOC 
is crucial to tackling this disease in its early stages, through identifying predictive EOC 
biomarkers for diagnosis and improvement of therapy (Figure 1B). For this purpose, 
it is essential to establish a reliable experimental model capable of capturing all the 
characteristics of EOC pathology and origin.

ANIMAL MODELS IN EOC RESEARCH

D. melanogaster. The conserved mechanisms of molecular signalling pathways between 
fruit flies and humans, in combination with the ability to conduct large-scale genetic 
screens, makes D. melanogaster an excellent model for understanding the basic signalling 
mechanisms underlying the progression of EOC . Studies in D. melanogaster have helped 
identify tumor suppressor genes and oncogenes involved in OC development [16]. Border 
cells present in the fly’s ovaries have been used as a model to study EMT, which is part 
of the cancer metastatic process [41]. These studies have identified polarity markers in 
the epithelium, such as E-cadherin and myosin IV, which play a role in the deregulation 
of proliferation and cell invasion, similar to what happens in human EOC [11]. EGFR 
and VEGFR are key regulators of border cell invasiveness and have been studied in 
the fruit fly, since they are also involved in EOC [11]. The role of the Hippo signalling 
pathway has also been investigated in the fruit fly as a model for EOC. Interestingly, 
by overexpressing the Yes-associated protein component of this pathway, which is also 
overexpressed in human EOC, it has been possible to induce EOC in flies, demonstrating 
its significance in EOC tumorigenesis and conservation of the process in humans [42]. 
Studying Hippo signalling in fruit flies has revealed the role of this pathway in tissue 
growth regulation, through programming cell death and cell fate, in flies and humans 
[11]. However, D. melanogaster remains a less than ideal clinical translational model, 
since it displays reduced metastatic potential and lacks the complexity of the human 
physiology and human immune system [41]. 

M. musculus. Mice are the most widely used animals for human disease modelling. In 
addition to a number of conserved molecular and physiological pathways, mice display 
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a large repertoire of genetic and laboratory tools, still unsurpassed by other laboratory 
species [43]. Mouse models in EOC have been extensively used to investigate disease 
progression in humans and to develop anti-OC drugs. Several mouse models of EOC 
with different characteristics have been developed. In this review, we aimed to focus on 
the comparison of advantages and disadvantages of three major groups of mouse models 
in OC research, namely xenograft, syngeneic and genetically engineered mice. Xenograft 
mouse models, in which human OC cells are introduced into host immunodeficient mice, 
enable the study of the early disease stages, as well as invasion and spreading of the 
cancer cells. These models have been used to evaluate therapeutic approaches, since they 
constitute a good representation of the disease and its heterogeneity [44,45]. The immune 
response, however, is completely absent in xenograft models, since the procedures 
are performed in immunodeficient mouse strains [43]. The development of syngeneic 
mouse models, in which the cancer cells are derived from the same mouse strain and are 
introduced into the immunocompetent host, overcome certain limitations of xenografts 
[46], although the EOC studied is mouse, rather than human. These models enable 
the study of immune response, tumor-secreting factors, epithelial‑stromal interactions 
and tumor vascularization [43,47]. Since the development of EOC in mice is never 
spontaneous and must always be induced [12], this is mostly achieved using genetically 
engineered mice [43]. Mice have been engineered to overexpress genes associated with 
EOC in humans. These genes include P53, AKT, BRCA 1 and BRCA 2, which have 
been implicated in the progression and regression of this disease [48-51]. However, the 
paucity of tissue- specific promoters for ovarian surface epithelium or fallopian tube 
epithelium is a major limitation of this approach, since it is difficult to distinguish 
tissue‑specific malignancy from the more general oncogenic properties of these genes 
[10]. Nevertheless, engineered or transgenic mice have enabled the study of the effects of 
different mutations in EOC and the corresponding immune interactions [12,43]. Taken 
together, these mouse models have overcome certain limitations of D. melanogaster in 
EOC research. However, they also present with their own biological limitations, which 
compromise their extrapolation to humans. For example, the heterogeneous origin of 
EOC requires its study in a heterogenetic background, which is not provided by inbred 
laboratory mouse strains. Moreover, EOC development in mice is not a spontaneous 
process, but rather induced as mentioned above, which, by definition, rules out the study 
of the origin and initial development of this disease, limiting the success of therapeutic 
response prediction in human patients. The development of new drugs using animal 
models requires a major investment from pharmaceutical companies, since only a limited 
number of these drugs continue to clinical trials. Failure to translate is a major obstacle 
towards finding cures for EOC [40].

In vitro models. In vitro systems, based particularly on human cell lines, are in principle 
an attractive alternative in terms of predictive power and also have the potential to be 
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turned into high-throughput formats for therapeutic target identification. These in vitro 
systems may also capture patient genetic profiles, an important step in personalized 
medicine [13]. This promise of bench‑to‑clinical translation has led to various attempts 
of developing reliable in vitro models of EOC. The current challenges are determining 
the best source of biomaterials and improving the culture conditions of EOC in order 
to mimic biological environments [13,52]. Unfortunately, cells derived from untreated 
tumors exhibit a tendency to develop drug resistance during primary culture using the 
presently available methods, limiting their value [53]. Immortalized normal ovarian 
surface and/or fallopian tube epithelia constitute promising alternatives, since they 
may be genetically modified and cultured for long periods, although they do not mimic 
the initial stages of the disease [53]. With regard to culture conditions, cell-spreading 
assays, where tumor cells spread on surfaces coated with extracellular matrix (ECM ) 
proteins, have been used to study the migration of OC cells [54,55]. However, although 
these ECM proteins may also be present in the tumor, they do not mimic the tumor 
microenvironment in vivo. For this reason, 3D culture systems have been developed to 
provide a more appropriate microenvironment for EOC cells [56]. 3D culture systems 
also allow other factors, such as oxygen tension, growth factor gradients and properties 
of the ECM, to be tightly controlled in order to test their effects on EOC development 
[57]. However, despite the sophistication of these 3D systems, several widely used 
OC cell lines and immortalized ovarian surface or fallopian tube epithelium lines have 
not been able to capture the biology of the tumor [13,58]. This issue has been associated 
with biomechanical and biophysical constraints and inappropriate ECM and, thus far, 
has not been resolved [59]. Several limitations, such as establishment of a proper ECM 
environment, absence of functional vasculature or cells that are able to mediate adaptive 
immune responses, remain to be overcome in order to construct truly representative EOC 
in vitro models [59]. Improving in vitro models for EOC may be costly, due to the need 
for specialized materials and expertise, but is also dependent on a better understanding 
of the tumor microenvironment in vivo, which the 3D cultures attempt to mimic. This is 
presently considered to be a work in progress. 

THE DOMESTIC HEN: A UNIQUE MODEL TO STUDY EOC

The female hen possesses a single functional ovary, which undergoes ovulation at a 
high rate during its lifespan [60]. Despite anatomical differences, the laying hen is the 
only experimental model that develops spontaneous OC and, at the same time, offers 
the possibility of easy manipulation of external factors, such as nutrition or hormones 
and drug administration [61,62]. Moreover, the pathology and progression of the disease 
resembles that in humans in several respects [63,64]. Specific characteristics of the hen 
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also overcome several limitations of the other models already discussed in the study of 
OC .

Incessant ovulation hypothesis. Fathalla [17] was the first to identify a possible 
association between the repeated involvement of ovarian surface epithelium in the process 
of ovulation and the frequency of the development of the common ovarian neoplasms 
from this epithelium. In his “incessant ovulation hypothesis”, Fathalla stresses the role 
of repeated repair of the ruptured ovarian surface epithelium in the induction of genetic 
aberrations in the tissue that culminate in the development of OC [17,65]. This hypothesis 
is in line with observations on the domestic hen, which ovulates daily, on average, for at 
least 2 years and exhibits an OC prevalence of 5-35% among adult hens, depending on the 
genetic strain [66,67]. Moreover, the hypothesis relates EOC incidence in humans to the 
fact that modern women are generally exposed to a continuous ovulatory process from 
puberty to menopause. A continuous ovulatory process without fertilization results from 
the decreased pregnancy rates in modern society, also evidenced by the geographical 
co-localization of high OC incidence in more economically developed countries [17]. 
There is strong evidence supporting an association between low prevalence of EOC and 
the use of oral contraceptives or/and pregnancy [65]. While wild chickens may live for 
20/30 years, the domestic hen has a relatively short lifespan and is subject to intense 
and concentrated egg production during the first 2 years of its life, which makes it an 
interesting model to study the role of ovulation in EOC . Indeed, Fathalla’s theory laid 
the foundation for different studies regarding the role of ovulation in OC [17].  The 
first study, using medroxyprogesterone, demonstrated decreased egg production and a 
15% reduction in the incidence of EOC in 3-year-old birds [68]. More recently, using 
progestin as contraceptive, a 90% decrease in OC incidence was achieved in treated hens 
compared with the controls [69]. A short generation time, the possibility of controlling 
environmental factors and the availability of different genetic strains make the domestic 
hen a very useful model in chemoprevention experiments [61,68,69].

Biomolecular and metastatic traits. The similarities between the hen and humans with 
respect to EOC development are also observed in terms of pathology, with several similar 
histopathological subtypes identified in both species [68,70]. Moreover, the sequencing 
of the chicken genome 10 years ago enabled valuable molecular comparisons with 
human cases [71]. Different biomarkers, such as CA -125, P53 and E-cadherin, were 
also expressed in EOC in both species [28,72-74].  With respect to the EOC origin, the 
same controversies apply to human and hens. In the hen, the expression of proteins that 
are specifically expressed in the oviduct during the later stages of the disease, such as 
ovoalbumin, ovostatin 2, PAX2 protein or EG FR1, indicate involvement of the oviduct in 
disease development [10,72]. This finding supports the involvement of the fallopian tube 
epithelium in spontaneous EOC, as in humans. This trait makes the hen a particularly 
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useful model to better understand the origin of the OC in humans, where the oviduct 
also appears to play a role [63,67,75]. Since, as mentioned earlier, female mice do not 
develop spontaneous EOC, the involvement of the fallopian tube epithelium was only 
recently demonstrated: In a transgenic mouse model, in which SV40 large T-antigen was 
expressed under control of a mouse Müllerian-specific Ovgp-1 promoter, malignant 
progression of this epithelium was observed [76]. With respect to the pathology of EOC 
in the hen, this is a highly malignant cancer that metastasizes along the abdominal 
cavity, spreading to different organs within a short period of time [68]. Histopathological 
evaluation of OC metastasis reveals similar characteristics between human and hen 
spontaneous adenocarcinomas of the reproductive tract. Interestingly, the metastatic 
process of EOC, in terms of the position and location of the ascites during the later stages 
of hen EOC, also resembles that in humans [18]. Despite significant evidence supporting 
the presence of similar molecular patterns in the origin and development of EOC, the 
lack of commercially available antibodies for immunohistochemistry and western blot 
analysis remains a major limitation in the use of hen models in EOC [14,67]. In order to 
increase the translational power of the laying hen as a model in OC research, it is crucial 
to develop further chicken laboratory tools in the fields of genomics, proteomics and 
metabolomics. These tools will likely be useful for the study of OC, as well as that of 
other pathologies [77].

Anatomy and heterogenetic background. Different EOC types display remarkable 
diversity at the cellular and molecular levels [10,78]. There is currently a scarcity of 
evidence regarding the role of specific genes in the development of EOC in humans, 
which appears to have heterogenic causes [78]. The evidence indicating a heterogeneous 
background to EOC suggests that it is of paramount importance to establish an 
experimental model with a heterogenetic background to study this disease, rather than 
using inbred species [67]. The domestic hen has been extensively bred for agricultural 
purposes, but its genome maintains the genetic diversity of the wild chicken [71]. Studies 
regarding the role of ageing in the development of EOC in hens have demonstrated 
differences in EOC prevalence rates among different strains. Different strains appear 
to develop OC in parallel with ageing; however, the incidence rate of the disease differs 
among strains [66].

Development of the reproductive system. The fact that the hen develops in ovo, provides 
a significant advantage for in vivo manipulation and imaging of embryonic processes 
[79]. The use of chicken embryos, which are amniotes, in cell interaction studies, cell 
fate tracing or mechanisms of embryonic patterning, has allowed investigation of several 
processes that have analogies in humans [79]. The development of the urogenital system 
is a case in point, particularly with regard to understanding the signalling pathways 
underlying the development of the testes and ovaries [80]. The development of the gonads 
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in chickens displays one particularly striking characteristic: During gonadogenesis, the 
development of the gonads is asymmetric, resulting in two functional testes in males, but 
only one functional ovary on the left side in females [81]. This asymmetric development 
of the chicken gonads affects gonadal morphology and the development of germ cells, 
as exemplified by the asymmetric expression of meiotic markers (unpublished data). In 
mammals, asymmetry between the two gonads is also established during development; 
this does not affect their functionality, as a pair of functional testes or ovaries form. 
However, this asymmetry becomes evident in the development of certain sexual 
differentiation disorders, such as hermaphroditism [82,83]. With respect to OC , it is 
interesting to note that there appears to be a higher prevalence of GCOC in the right 
gonad compared to that in the left gonad. This asymmetric prevalence of GCOC suggests 
an association between this asymmetry and germ cell development [84]. The chicken 
provides a model for asymmetric ovarian development, a mechanism that appears to 
play a role in germ cell development, which is affected in GCOC . Therefore, the higher 
prevalence of GCOC in the right ovary may be further elucidated by understanding the 
asymmetrical development of the gonads in the chicken. Regarding EOC, there is no 
evidence supporting a role for gonadal asymmetry in the prevalence of the disease in the 
right or left ovary [84]; interestingly, however, paired‑like homeodomain transcription 
factor 2 (PITX2), which is overexpressed in EOC , is also a key player in the asymmetric 
development of chicken female gonads (85,86). The expression of PITX2 in the left gonad 
promotes proliferation of the left cortex, leading to the asymmetric development of the 
gonads [85,87]. Moreover, when induced in the left gonad, PITX2 promotes the formation 
of the right cortex [87]. Interestingly, PITX2 plays an important role during development, 
but is normally silenced in the adult; its role in cancer was recently demonstrated in several 
tumor types, such as metastatic prostate cancer and breast cancer [88-91]. The chicken 
embryo offers a unique experimental model to understand the role of PITX2 in gonadal 
development and the effects of the inhibition or overexpression of this transcription factor 
during development, which may provide insight into its role in the signalling pathways 
involved in the development of EOC.

GENETIC TOOLS: BOOSTING AVIAN MODELS IN EOC

Since Aristotle, the first to study the avian model, the laying hen has been used extensively 
in experimental embryology, disease modelling and evolutionary studies [77]. The 
hen has contributed to our understanding of numerous processes relevant to humans, 
including (abnormal) cardiac development and somitogenesis, through which much of 
the skeletal musculature is formed [77]. The differences between birds and humans, 
that may complicate EOC modelling, stem from the endocrine system and relate to the 
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sexual hormone cycle [14,69]. However, the drawbacks of avian models in studying the 
origin of EOC are mostly associated with the lack of technology that provides appropriate 
laboratory tools [92]. In contrast to flies and mice, there are few commercial sources 
of antibodies for immunohistochemistry, FACS or western blot analysis and transgenic 
approaches are only now becoming available in the chicken laboratories [92]. Transgenesis 
in chicken is progressing slowly, despite the publication of the chicken genome sequence 
[71]. Nevertheless, small interfering RNA and morpholino oligonucleotides have already 
been tested successfully in the avian model, allowing gain- and loss-of-function gene 
studies that are controlled in space and time [93]. The development of isolation and 
culture methods of chicken embryonic stem cells has opened new doors in exploring 
chicken cell biology [94]; however, as the available protocols are far from producing the 
first avian knockouts, it is currently necessary to rely on data from other models. New 
genetic tools, associated with its extensive history as an experimental model and low costs 
of acquisition and maintenance compared to other models, predict remarkable advances 
in the use of the hen for disease modelling [77,92]. For EOC, long-term studies using 
the appropriate tools with regard to gene and protein expression will soon become more 
accessible. Together with the possibility of controlling gene expression and culturing 
chicken cells, these will allow researchers to investigate the spontaneous origin of EOC 
in a heterogenetic background and overcome certain of the limitations of other models.

THE AVIAN MODEL AS A KEY PLAYER IN EOC RESEARCH

Highlighting the advantages of the hen in studying the origin of EOC does not minimize 
the importance of improving other EOC models in parallel, but rather warrants the 
development of an integrative approach using different models, in vivo and in vitro, 
that may complement the discoveries made in the avian model (Figure 2). Fruit fly 
and mouse models in EOC research will continue to unravel the basic mechanisms in 
EOC development and allow the development/selection of drugs that may be screened 
in 3D culture systems of human EOC cells. Subsequently, the hen offers the possibility 
of large‑scale drug screenings in heterogeneous populations, enabling the comparison 
of drug efficiency in a robust model in order to better select drugs for clinical trials. 
On the other hand, the laying domestic hen represents a unique system that mimics 
the disease in humans with regard to origin, development, metastatic processes and 
association with the ageing oviduct epithelium; in addition, the characterization of EOC 
in different progression stages in the adult hen may elucidate the mechanisms underlying 
the origin of EOC in humans. Therefore, the hen constitutes a fundamental model for 
the identification of candidate pathways associated with the onset, development and 
progression of EOC and the selection of drugs that target cancer pathways. 
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Figure 2. The role of the laying hen in an integrative epithelial ovarian cancer research effort. Drosophila melano-
gaster and Mus musculus are well established models to study basic molecular mechanisms in cancer. They are thus 
excellent models to dissect out candidate pathways involved in EOC biology. However, D. melanogaster has limited 
clinical translation relevance since it does not present the complexity of  human physiology. M. musculus is physio-
logically very similar to humans, but does not provide a heterogenetic background and spontaneous development of 
EOC. 3D in vitro culture systems of human EOC cells can constitute an important model in drug screening, but they 
are still not capable of reproducing the in vivo situation. Gallus gallus domesticus is a promising model for EOC, not 
only by offering advantages relative to M. musculus in terms of in vivo drug validation, but it is also a unique model to 



Those drugs may be screened in other models, such as fruit fly, mouse and in vitro 
systems, but also in the hen itself. The complementary study of the different models may 
help us elucidate the pathology and epidemiology of this disease. In conclusion, only an 
integrative research effort, where the avian model plays a crucial role, will enable the 
identification of new markers, thereby allowing the development of novel diagnostics and 
therapies for OC, which remains the most common cause of gynaecological cancer-related 
mortality in humans.
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