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Name of student:






Francesca Bianco






Name of supervisor(s):

Phillip R. Gordon-Weeks
Project Title: (no more than 220 characters)

Breaking spherical symmetry: Role of the +TIP protein EB3 in neuritogenesis
Project aims: (no more than 700 words)


To differentiate into mature neurons, new born neurons must first break their spherical symmetry and grow axons and dendrites.  This process, referred to as neuritogenesis, begins with the emergence of a growth cone at the cell surface from the lamellipodium and depends on the re-organisation of the actin filament and microtubule cytoskeleton.  It has been shown before that the drebrin/EB3 pathway co-ordinates actin filaments and microtubules during neuritogenesis (Geraldo et al., 2008; Worth et al., 2013).  The aim of this project is to test the role of EB3 and dynamic microtubules in neuritogenesis using the microtubule-targeting anti-cancer drug Eribulin.
Project Outcomes and Experience Gained by the Student (no more than 700 words)

Project outcomes:
1. Potent and dose-dependent inhibition of neuritogenesis by Eribulin.
2. Despite a failure of neuritogenesis, Eribulin-treated neurons still produced normal lamellipodia.
3. Re-organization of dynamic microtubules of neurons after treatment with Eribulin, which might explain the blockade of neuritogenesis.
4. Eribulin does not seem to affect the organization and localization of stable microtubules.
5. Eribulin does not seem to affect the organization and localization of drebrin or phospho-drebrin. 

Experience Gained by the Student:
1. Culture of embryonic rat primary neurons
2. Treatment of cortical cultures with drugs
3. Immunofluorescence labelling of cortical cultures 
4. Confocal microscopy 
5. Image analysis using Photoshop 
6. Graph drawing and statistics using GraphPad Prism 

Please state which Society Winter or Summer Meeting the student is intending to present his/her poster at:


Society Winter Meeting 2016
Proposed Poster Submission Details (within 12 months of the completion of the project) for an AS Winter/ Summer Meeting – (no more than 300 words)


Poster title: Inhibition of microtubule dynamics blocks neuritogenesis in cortical neurons
Poster abstract:


New-born neurons are unpolarised cells with a large nucleus and a thin rim of cytoplasm.  To differentiate into the elaborate, polarised morphology of mature neurons they must first break their spherical symmetry and grow axons and dendrites.  This process, referred to as neuritogenesis, begins with the emergence of a growth cone at the cell surface, which subsequently grows away from the cell body leaving behind a neurite. Neuritogenesis is a critical stage in neuronal development because unless growth cones emerge at the appropriate time and place they will not be in a position to respond to guidance cues that orchestrate a correctly connected nervous system.  


Neuritogenesis depends on the co-ordinated dynamic behaviour of actin filaments (F-actin) and microtubules.  An early event in growth cone formation is the coupling of dynamic microtubules by filopodial F-actin in the cell periphery.  We tested the role of dynamic microtubules during neuritogenesis by treating embryonic cortical neurons in culture with the microtubule targeting anti-cancer drug Eribulin (Aseyev et al., 2016).  Dissociated cortical neurons were cultured in the presence of Eribulin and scored for neurite production using immunofluorescence microscopy.  Eribulin potently inhibited neuritogenesis in a dose-dependent manner.  In control cultures, dynamic microtubules frequently enter the lamellipodium and occasionally run alongside the F-actin bundles in filopodia.  Eribulin produced a dramatic reduction in the number of dynamic microtubules and prevented them from entering the lamellipodium.  This effect most likely explains the inhibition of neuritogenesis produced by Eribulin and supports the hypothesis that neuritogenesis depends on microtubule-F-actin coupling.


Aseyev, O., J.M. Ribeiro, and F. Cardoso. 2016. Review on the clinical use of eribulin mesylate for the treatment of breast cancer. Expert Opin Pharmacother. 17, 589-600.


Francesca Bianco was supported by an Anatomical Society Undergraduate Summer Vacation Scholarship.  We thank Eisai Ltd for Eribulin.

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.

Breaking spherical symmetry: Role of the +TIP protein EB3 in neuritogenesis.

During these 10 weeks we have studied the effects of a microtubule-targeting anti-cancer drug Eribulin on neuritogenesis in dissociated embryonic rat cortical neurons in culture.  We concluded that neuritogenesis and the growth of neurites in embryonic rat neurons is inhibited by Eribulin in a dose-dependent way. In fact, treatments with higher concentrations of the compound correspond to increased inhibition of neuritogenesis.

Inhibition of neuritogenesis correlated with a re-organization of the dynamic microtubules of the neurons after the treatment with Eribulin.  The number of dynamic microtubules is greatly reduced and their length is much shorter compared to the control. This prevents the microtubules from entering the lamellipodia and being coupled to actin filaments, a fundamental process for neuritogenesis.  Concurrently, microtubules lose EB3 but retain EB1, which now binds along the microtubule lattice and not just at the plus-end as in un-treated neurons.

We also tested the effects of Eribulin on other players of neuritogenesis. First, we looked at the organization and localization of stable microtubules, which appear to remain unaffected by Eribulin treatment.  Subsequently, we studied the effects on drebrin and its phosphorylated form (pS142 drebrin), a protein which couples dynamic microtubules to actin filaments during neuritogenesis. Neither appears to be affected by Eribulin. 
Other comments: (no more than 300 words)
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