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Dear Dr. Goldman & Dr. Al Dalahmah,

[bookmark: _GoBack]We would like to submit the attached manuscript, entitled “Direct cannula implantation in the cisterna magna of pigs” by Bèchet et al as an article in the methods collection, Understanding Astrocyte Function: Current Methods and Techniques, in the Journal of Visualized Experiments.

The glia-lymphatic (glymphatic) system is a brain-wide system that acts to clear the neuropil of metabolic waste, including toxic proteins such as amyloid beta and tau. The basis of this clearance rests upon the movement of cerebrospinal fluid (CSF) from perivascular spaces (PVS) into the brain neuropil, which clears the waste as it moves, and can be mapped by introducing fluorescent tracers into the CSF via cisterna magna (CM) cannulation. The PVS-to-neuropil CSF motion is highly dependent on astrocytes, whose foot processes form the outer bound of the PVS and which exhibit a polarised expression of the water channel, aquaporin-4 (AQP4). Subsequently knockout of AQP4 in mice results in significant declines in global glymphatic function.

Yet, the implication of astrocytes and AQP4 in glymphatic function has been limited only to rodents. Some glymphatic work has been carried out in humans and non-human primates using magnetic resonance (MR) imaging, however, the low spatial resolution only lends insight to macroscopic phenomena of glymphatic function. Thus, there are fundamental gaps in our knowledge concerning the glymphatic system in large mammalian brains, specifically concerning the microscopic machinery that has been so well described in rodent experiments.

Thus, in order to investigate the glymphatic system and its microscopic machinery in a large mammal with a gyrencephalic brain similar to that of humans it was necessary to translate the CM cannulation procedure used in rodents to pigs. Herein, we describe the technique of direct cannula implantation in the CM of pigs in order to introduce fluorescent tracers and study the glymphatic system at microscopic resolution in a large mammal. This permitted visualisation of the microscopic features of the glymphatic system in the gyrencephalic brain. The demonstration of tracer penetration into the brain parenchyma from perivascular spaces surrounded by astrocyte foot processes expressing aquaporin-4 water channels confirms the phenomenon observed in rodents. 

CM cannulation in pigs allowed for the first detailed study showing that the glymphatic system described and characterised in rodents persists in the gyrencephalic mammalian brain. We believe that the use of CM cannulation in pigs pushes us closer to understanding the nature of the glymphatic system in humans and will help strengthen the notion that it is possible to derive therapeutic benefit to neurodegenerative disorders through glymphatic manipulation. It is our hope that this technique serves as an inception point for a new stage of glymphatic experiments that will include animal models that more accurately depict human neurophysiology.

We would like to suggest the following reviewers: Per Christian Eide (human glymphatic research), Lauren Hablitz (glymphatic system),  Joanna Wardlaw (glymphatic system) and Aravind Asokan (glymphatic system). We would like to exclude Roxana Carare, Roy Weller and Alan Verkman as reviewers due to competing interests.

Sincerely,



Iben Lundgaard
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