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Grid cells without theta oscillations in the entorhinal cortex of bats.
Yartsev MM, Witter MP, Ulanovsky N.

Nature. 2011 Nov 2;479(7371):103-7.

PMID:  22051680


This paper by Ulanovsky’s group explores the spatial coding grid cells in a non-rodent mammalian species, the Egyptian fruit bat.  Grid cells are found predominately in the entorhinal cortex and display a hexagonal firing map that extends across the animal’s environment.  Ulanovsky and colleagues have already recorded place cells in the big brown bat but this is their first attempt at recording grid cells in a bat species.  They test the currently accepted theory that all mammalian spatial firing cells are modulated by the theta brain oscillation (4-10 Hz).  Despite rodents displaying continuous periods of theta with clear theta-modulated cell firing, bats do not have this activity but still have clear spatial cells.  These bats only display intermittent bouts of theta that tend to last around one second in duration.  One caveat of this study was that they recorded these cells in freely crawling bats.  This does not rule out the possibility that continuous theta bouts occur while the bats are flying.  Therefore this study confirms that grid cells can occur in the absence of rhythm modulation, but does not eliminate the possibility that bats also have continuous bouts of theta.     

Hippocampal cellular and network activity in freely moving echolocating bats.
Ulanovsky N, Moss CF.

Nat Neurosci. 2007 Feb;10(2):224-33. Epub 2007 Jan 7.

PMID: 17220886

This paper by Ulanovsky when he was a post-doc preceded the previous paper and was the first description of place cells in bats.  Place cells were the first cells discovered to display spatial firing patterns.  Each cell preferentially fires for a single area in the environment called a place field.  These were found in the rat hippocampus by John O Keefe’s group in the 1970s and were thought to be the root of a cognitive map that was constructed in the brains of these animals.  The place cells in the hippocampus of Ulanovky’s brown bats displayed the same firing characteristics as place cells in rodents.  Considering that these animals were also trained to crawl, their place cells also occurred in the absence of continuous theta bouts.  This provided a foundation for Ulanovsky’s search to elucidate other similarities and differences between spatial cells in rodents and other mammals.

Representation of geometric borders in the entorhinal cortex.
Solstad T, Boccara CN, Kropff E, Moser MB, Moser EI.

Science. 2008 Dec 19;322(5909):1865-8.

PMID:  19095945


This paper comes from the Moser group who were the pioneers that originally discovered grid cells in rats in 2005.  This study, however, describes another spatial coding cell group in the entorhinal cortex called border cells.  This cell group, which makes up less than 10% of the cell population in the entorhinal cortex, where co discovered along with grid cells by the Moser group in 2005.  Border cells, instead of constructing an abstract grid of the environment in the absence of sensory input, fire along the borders of the environment.  They are thought to confine an animal’s environment and provide a foundation for the actions of grid and place cells.  Border cells where found to adjust to their environment changing shape and maintained firing along the edges of the arena.  With the introduction of another cell type with interesting firing characteristics, systems neuroscientists have their hands full! 

Grid Cells Use HCN1 Channels for Spatial Scaling.
Giocomo LM, Hussaini SA, Zheng F, Kandel ER, Moser MB, Moser EI.

Cell. 2011 Nov 17.

PMID:  22100643


After the discovery of grid cells, the Moser group searched for the underlying cellular mechanisms that produced the firing characteristics seen in grid cells.  One unique aspect of grid cells is that the distance between the firing fields changed along the dorsal-ventral axis of the entorhinal cortex.  This means that gird cells in the dorsal entorhinal cortex have small firing fields with small spacing while cells in the ventral region display large fields with large spacing.  This topographic expansion is referred to as spatial scaling and was hypothesized to involve cellular properties dependent on the hyperpolarization-activated cation current (Ih).  This current is carried out by the hyperpolarization-activated cyclic nucleotide-gated (HCN) channels.  To observe whether these channels were responsible for spatial scaling, transgenic mice were obtained with a forebrain-specific knockout of HCN1.  These mice displayed a preserved dorsal-ventral gradient of grid cell scaling, however, did not maintain proper field size, spacing, or theta modulation.  Their observations raise the possibility that Ih currents contribute to the accurate coding of the grid cell system.

Grid cells in pre- and parasubiculum.
Boccara CN, Sargolini F, Thoresen VH, Solstad T, Witter MP, Moser EI, Moser MB.

Nat Neurosci. 2010 Aug;13(8):987-94.

PMID:  20657591


In this study, the Moser group extends outside the entorhinal cortex into the pre- and parasubiculum.  This other region, closely associated with the entorhinal-hippocampal circuit (receives output from hippocampus), also contains grid cells as well as place, border, and head direction cells.  The proportion of grid cells in this region was similar to that of the ventral entorhinal cortex, however, their hexagonal symmetry and theta modulation was weaker.  This means that all of the spatial cells are found across this circuit and occur in architecturally diverse regions.  This is an important study because it constrains the range of possibilities for cellular mechanisms that underlie the unique firing characteristics displayed in these cells. 

Development of the spatial representation system in the rat.
Langston RF, Ainge JA, Couey JJ, Canto CB, Bjerknes TL, Witter MP, Moser EI, Moser MB.

Science. 2010 Jun 18;328(5985):1576-80.

PMID:  20558721


The Moser group comes out with another top-tier publication when they extend their exploration to the development of the spatial system in the rat.  When young pups open their eyes around 13 days old and begin to actively explore their environment around 20 days old, it would be advantageous if they had a rudimentary spatial system to keep track of their spatial position.  This was found to be the case in 2 ½ week old rats.  These juveniles displayed head direction (fire in respect to particular head direction), place and grid cells.  Interestingly, the quality of their head direction cells was adult-like and comparable to that of a full-grown animal.  However, the quality of the juvenile’s place and grid cells were barely developed.  This poses an interesting theory that head direction cells provide a framework for the future development of other cell types associated with the spatial system.  This notion argues against other current theories that describe either place or grid cells as the predecessors for other, more refined firing dynamics. 

Hippocampus-independent phase precession in entorhinal grid cells.
Hafting T, Fyhn M, Bonnevie T, Moser MB, Moser EI.

Nature. 2008 Jun 26;453(7199):1248-52. Epub 2008 May 14.

PMID:  18480753


Phase precession is a phenomenon in the hippocampus where place cells fire progressively earlier, in respect to the theta rhythm cycle, as they cross through their place field.  This scenario is thought to provide critical temporal coding of an animal’s position in space.  Considering that the circuitry required for phase precession has not been elucidated, the Moser group wanted to determine whether or not phase precession was dependent upon the hippocampus.  Using grid cells that also displayed phase precession, they inactivated the hippocampus and observed if grid cell firing in the entorhinal cortex still occurred at the same temporal code.  Interestingly, upon hippocampal inactivation, when grid cells at multiple depths in the entorhinal cortex were assayed, phase precession was maintained.  This challenges the commonly accepted notion that phase precession is a hippocampal dependent phenomenon.  These findings indicate that the mechanism that produces this temporal coding may be inherited from the entorhinal cortex.     

Grid cells in mice.
Fyhn M, Hafting T, Witter MP, Moser EI, Moser MB.

Hippocampus. 2008;18(12):1230-8.

PMID:  18683845

All of the previous grid cell work has been conducted in rats and this was the first attempt at studying them in mice.  It was presumed that mice possessed grid cells because it was already known that their place cells displayed nearly identical firing characteristics to those in rats.  To little surprise, grid cells in mice, like in rats, displayed dorsal-ventral spatial scaling as well as stable theta modulation.  This moves the Moser group and the rest of the field forward because of the opportunity to explore transgenic manipulations.  Now the entorhinal-hippocampal-subiculum circuit can be selectively activated or repressed through the implementation of transgenic mice.  The field of grid cell research and the current knowledge of the spatial representation system in mice will be greatly impacted by these new technologies.

Increased Size and Stability of CA1 and CA3 Place Fields in HCN1 Knockout Mice.
Hussaini SA, Kempadoo KA, Thuault SJ, Siegelbaum SA, Kandel ER.

Neuron. 2011 Nov 17;72(4):643-53.

PMID:  22099465

The CA1 region is a dorsal hippocampal pyramidal cell layer which houses the densest population of place cells in the brain.  However, there are also place cells found in other regions including the hippocampal CA3 region, subiculum, and entorhinal cortex.  This paper looks at the transgenic HCN1 knockout mouse (same line which was used by the Moser group & Kandel in another paper published the same day in Cell…hmm, strange) in which mice display enhanced spatial memory.  The HCN1 channel is strongly expressed in CA1 and entorhinal grid cells, but only weakly expressed in CA3.  To elucidate the importance of HCN1 in this system, the firing characteristics of place cells in both the CA1 and CA3 layers of the hippocampus were analyzed.  Larger and more stable place fields were observed in the knockout mice, specifically in the CA1 region.  Considering that HCN1 is weakly expressed in the CA3 region, the altered activity of their place fields likely results from the HCN1 loss in grid cells of the entorhinal cortex.  This indicated that enhanced place stability may improve the spatial memory displayed in these mice and may be attributable to the removal of Ih currents from the network.  

Cerebellum shapes hippocampal spatial code.
Rochefort C, Arabo A, André M, Poucet B, Save E, Rondi-Reig L.

Science. 2011 Oct 21;334(6054):385-9.

PMID:  22021859

This paper, by a group in France, introduces an interesting aspect that is commonly overlooked in individuals studying the spatial representation system.  They integrate one of the cerebellum’s functions of providing body positioning information with that of spatial navigation in the hippocampus.  It is understood that in order for an animal’s spatial system to be functionally intact, sensory information from limb movements and body position need to be relayed back to the spatial network.  In order to study this interaction, Rochefort et al. utilized a transgenic mouse line (L7PKC1) that had a selective disruption in PKC-dependent plasticity at the parallel fiber-Purkinje cell synapse in the cerebellum.  They found that these mice displayed impaired place cell dynamics and behavioral navigation.  These results reinforce the notion that self-motion cues are critical in the formation of accurate spatial representations.

URLs

Websites:

http://en.wikipedia.org/wiki/Grid_cell - Wikipedia, a good overview of grid cells.

http://en.wikipedia.org/wiki/Edvard_Moser - Wiki on the discoverer of grid/border cells, Edvard Moser.

http://www.sciencedaily.com/releases/2010/01/100120131201.htm - Grid cells in humans from UCL.

Pertinent YouTube Videos:
http://www.youtube.com/watch?v=jwPrn2Pa-Q0 - A discovery channel piece with Nachum Ulanovsky.

http://www.youtube.com/watch?v=jYCR0pQLd_U&feature=results_main&playnext=1&list=PL6F1A4C1D4CFC97DC - “Journey into the entorhinal cortex” (the Moser’s discovery of grid cells).

http://www.youtube.com/watch?v=pATzOJLptGo - An entire guest lecture given by Edvard Moser.

http://www.youtube.com/watch?v=JEOf-_pFZEk - Edvard Moser given a brief grid cell background.

http://www.youtube.com/watch?v=lfNVv0A8QvI - An example of a place cell recording at MIT.

http://www.youtube.com/watch?v=G-jTkqHSWlg&feature=related - Wireless brain stimulation, RC rat!

http://www.youtube.com/watch?NR=1&feature=fvwp&v=dSCLBG9KeX4 - RC flying insects!

