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The pineal organ is one of the circumventricular organs of the vertebrate brain. It is a neuroendocrine gland that regulates circadian and circannual rhythms through the cyclical release of the hormone melatonin. Pinal organ development has been studied in an evolutionary context, because it functions as a directly photoreceptive organ and the pinealocytes (the principal cell type of the pineal organ) strongly resemble retinal photoreceptor cells in many non-mammalian vertebrates. This led to the idea that the mammalian pineal organ is a rudimentary ‘third eye’ that has lost its photoreceptive function in evolution (Mano & Fukada, 2007; Kiecker, 2018). Pineal organ development has also extensively been studied in zebrafish embryos where it serves as a paradigm for the emergence of brain asymmetries (Bianco & Wilson, 2009). However, surprisingly little is known about the earliest and more common steps of pineal organ development: how is the pineal organ induced, how does it acquire its characteristic morphology and which are the genetic factors that contribute to its formation?
The pineal organ forms through evagination of the roof of the third ventricle, similar to the outpocketing of the neurohypophysis from the medial hypothalamus on the opposite (ventral) side of the anterior neural tube. A number of signalling factors of the Bone Morphogenetic Protein (BMP), Fibroblast Growth Factor (FGF) and Wnt families are differentially expressed in the area that gives rise to the pineal organ. Previous work in zebrafish has indicated that Wnt signalling promotes pineal identity at the earliest stages of neural development (Masai et al., 1997), and we (in collaboration with Prof Corinne Houart’s group at King’s College London) could recently demonstrate that FGF signalling antagonises pinealogenesis at these early stages (Staudt et al., under review), suggesting that a Wnt-positive, FGF-negative domain gives rise to pineal progenitors.
One of the problems in assessing the role of embryonic signalling factors at different stages of pineal organ development is that all of these factors function in a highly pleiotropic fashion. Thus, experimental modification of any of these signals in vivo tends to affect multiple tissues, often resulting in severely malformed embryos and early embryonic death. The aim of this project was to develop tissue culture approaches that allow us to test the role of such signals in a reductionist system: on dissected tissues. We chose the chick embryo as a source of these tissues because it is comparatively large and thus easy to dissect, cost-efficient and generally fairly robust. In order to optimise the culture conditions, different ways of dissecting pre-pineal tissue, different culture media and different culture setups (such as free-floating, filter support and collagen embedding) had to be tested. The extent of pineal specification in such cultures was logged using in situ hybridisation for genetic markers of pinealogenesis. Once a robust system for the recapitulation of pineal organ development in vitro had been established, pharmacological effectors of developmental signalling pathways could be added to these cultures in order to assess their effect on pineal specification.
References:

Bianco IH & Wilson SW (2009) The habenular nuclei: a conserved asymmetric relay station in the vertebrate brain. Philos Trans R Soc Lond B Biol Sci 364:1005-20.

Kiecker C (2018) The origins of the circumventricular organs. J Anat 232:540-53.
Mano & Fukada (2007) A median third eye: pineal gland retraces evolution of vertebrate photoreceptive organs. Photochem Photobiol 83:248-52.

Masai I, Heisenberg CP, Barth KA, Macdonald R, Adamek S & Wilson SW (1997) floating head and masterblind regulate neuronal patterning in the roof of the forebrain. Neuron 18:43-57.
Staudt N, Fielding T, Hutt J, Foucher I, Snowden V, Kiecker C & Houart C. A requirement for non-neural ectoderm in the FGF-dependent formation of the pineal organ. Under review for Development.
[613 words]

Project Outcomes and Experience Gained by the Student (no more than 700 words)

The Undergraduate Summer Vacation Research Scholarship project in the Department for Developmental Neurobiology at King’s College London was an invaluable experience, allowing me to gain practical research experience in a neurodevelopmental laboratory working with chick embryos as a model system.
In the first two weeks of the project I acquainted myself with chick embryology and practised forebrain dissections which were manually very challenging. I then went on to test how different dissection approaches and culture conditions affected the survival and differentiation of explants. Initially we embedded dissected tissues in collagen as this was thought to preserve the three-dimensional structure of explants; however, we did not observe any significant advantages of this method over a simple approach where explants were cultured free-floating in medium.
One of the general problems of larger forebrain explants (that included intact or semi-intact forebrain vesicles) was that they tended to collapse and that the lumen of their vesicles filled up with debris and dying cells which negatively affected the survival of such explants. Eventually, I developed a system where smaller tissue explants (including the roof of the forebrain only) were transferred to, and flattened out on, circular Millicell® membranes (0.4 m pore size), and cultured floating on culture medium in cell culture dishes. Pineal organ differentiation was assessed using in situ hybridisation for NOT1, the earliest known genetic marker of pineal specification. This approach appeared to preserve the tissue architecture best, resulting in the highest percentage of pineal gland differentiation compared to the other culture methods (NOT1 expression in 71% of explants, n=42, compared to 32%, n=25). I also tested the effect of different culture media on pineal differentiation. Ham’s F12 medium seemed to yield the best results with regards to pineal differentiation in this system compared to Neurobasal medium and DMEM (Ham’s F12: 60%, n=20; Neurobasal: 42%, n=12; DMEM: 33%, n=15). 
In the last two of weeks of the project I used the culture conditions that I had previously established to test the effect of inhibiting two developmental signalling pathways, BMP and FGF, by adding the pharmacological pathway inhibitors dorsomorphin and SU5402, respectively, to forebrain roof explants. Somewhat surprisingly (provided the lab’s previous finding that inhibition of FGF signalling promotes pineal gland specification) I found that blocking either of those signalling pathways significantly reduced pineal differentiation in explants (dorsomorphin: 25% NOT1 expression, n=20; SU5402: 15%, n=13). We speculate that FGF signalling was inhibited in a different developmental time window in these two experimental approaches. Future experiments will need to rigorously test the specificity of pathway inhibition in our explant system, for example by assessing the effects of the pharmacological effectors on the expression of other, non-pineal markers in this system and by testing for unspecific effects such as toxicity-induced cell death. Taken together, I have been able to establish a tissue culture system that enables us to recapitulate pineal specification in vitro.

In addition to providing me with training in chick embryology, microdissection, tissue culture and microscopy, the Undergraduate Summer Vacation Research Scholarship has also allowed me to experience how research scientists work on a daily basis, how they approach problems and how they interact in a team. As a MSci Neuroscience student at Nottingham University I have previously had a couple of experiences of working in a laboratory environment during my undergraduate project, and the Anatomical Society’s USVRS has strengthened my resolve to undertake a PhD in neurodevelopmental biology after graduating. During the project I increasingly worked independently, planning my own experiments and organising my time schedule, and this has also been a very valuable learning experience.
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Title: Establishing a culture system for the in vitro study of pineal organ development
Poster abstract:
The pineal organ is a neuroendocrine gland that regulates circadian and circannual rhythms as well as sexual maturity through the cyclical production of melatonin. In non-mammalian vertebrates, the pineal organ is directly activated by ambient light, and its principal cells (pinealocytes) strongly resemble retinal photoreceptors, leading to the suggestion that the mammalian pineal organ is a vestigial ‘third eye’. Although the neuroendocrine and evolutionary roles of the pineal organ have attracted intense interest from researchers, surprisingly little is known about the earliest steps of its development.
The pineal organ forms as a small outpocketing of the roof of the posterior forebrain, the diencephalon. Signalling factors of the Wnt and Fibroblast Growth Factor (FGF) families have been implicated in positioning the pineal progenitor domain, and these and other signals continue to be expressed in the diencephalic roof suggesting that they play an ongoing role in the cellular proliferation, differentiation and/or morphogenesis of this region. However, to specifically test these roles in vivo is difficult because of the time-sensitive and pleiotropic actions of each of these signalling pathways.
Here we describe a tissue culture system that recapitulates pinealogenesis in vitro allowing us to assess the effects of specific factors on pineal organ development ex vivo. A comparison of different culture conditions and media revealed that culturing forebrain roof explants on hydrophilic PTFE membranes floating on Ham’s F12 medium supplemented with 5% fetal calf serum led to robust induction of the pineal progenitor marker NOT1 in 71% of explants. Preliminary experiments indicate that addition of either dorsomorphin (pharmacological inhibitor of Bone Morphogenetic Protein signalling) or SU5402 (inhibitor of FGF signalling) resulted in a significant reduction of NOT1 expression, suggesting that both pathways are required for pineal differentiation at the developmental stage tested in our experiments.
[292 words]

Brief Resume of your Project’s outcomes: (no more than 200-250 words). 

The title of your project and a brief 200-250 word description of the proposed/completed project. The description should include sufficient detail to be of general interest to a broad readership including scientists and non-specialists. Please also try to include 1-2 graphical images (minimum 75dpi). NB: Authors should NOT include sensitive material or data that they do not want disclosed at this time.

Title: Establishing a culture system for the in vitro study of pineal organ development
The pineal organ is a neuroendocrine gland in the centre of our brain that regulates day/night and annual biorhythms as well as sexual maturation. The genetic mechanisms that regulate pineal gland development are not very well understood. A number of signalling factors are found in the area that gives rise to the pineal organ, but because these are also involved in the development of many other regions of the embryo it is difficult to assess their specific roles in pinealogenesis using genetic approaches in animal models.
[image: image3.png]



Fig. 1. In vitro culture of chick embryo forebrain tissue results in pineal differentiation. (A) Culture setup: chick forebrain roof explants were cultured on membranes floating on Ham’s F12 medium supplemented with 5% serum. (B) In situ hybridisation of chick embryo (only the head is shown; anterior points to the left) for the pineal organ marker NOT1. (C) Two explants expressing NOT1 (arrows) after three days in culture.
In this project, we set out to develop an in vitro culture system for pineal precursor tissue explanted from chick embryos that recapitulates pineal organ development in vitro. The aim of this approach was to create a ‘reductionist’ experimental system in which we can test the effects of developmental regulators on pineal development more directly, by adding pharmacological effectors of specific signalling pathways to pineal tissue cultures. After testing different ways of dissecting the source tissue, culture setups and media we found that culture of explants of the roof of the anterior embryonic neural tube on porous synthetic membranes floating on Ham’s F12 culture medium frequently resulted in robust induction of the homeobox gene NOT1, a genetic marker of pineal organ development (Fig. 1). Preliminary experiments suggest that pinealogenesis is inhibited by adding pharmacological inhibitors of either the BMP (Bone Morphogenetic Protein) or FGF (Fibroblast Growth Factor) signalling pathways to such cultures.
[238 words]
Other comments: (no more than 300 words)

We would like to thank the Anatomical Society for giving us the opportunity to work on this project. This scholarship programme has made a huge difference by broadening the student’s perspective – it is a great programme that should be supported.
[40 words]
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