
Current Literature
In Basic Science

Et tu, CA2: CA2 Is Hyperexcitable
and Controls Seizures in a Mouse
Model of Temporal Lobe Epilepsy

Enhanced Excitability of the Hippocampal CA2 Region and Its Contribution to Seizure Activity in a Mouse
Model of Temporal Lobe Epilepsy

Whitebirch AC, LaFrancois JJ, Jain S, Leary P, Santoro B, Siegelbaum SA, Scharfman HE. Neuron. 2022;110(19):3121-3138.
doi:10.1016/j.neuron.2022.07.020. PMID: 35987207

The hippocampal CA2 region, an area important for social memory, has been suspected to play a role in temporal lobe epilepsy
(TLE) because of its resistance to degeneration observed in neighboring CA1 and CA3 regions in both humans and rodent
models of TLE. However, little is known about whether alterations in CA2 properties promote seizure generation or pro-
pagation. Here, we addressed the role of CA2 using the pilocarpine-induced status epilepticus model of TLE. Ex vivo elec-
trophysiological recordings from acute hippocampal slices revealed a set of coordinated changes that enhance CA2 PC intrinsic
excitability, reduce CA2 inhibitory input, and increase CA2 excitatory output to its major CA1 synaptic target. Moreover,
selective chemogenetic silencing of CA2 pyramidal cells caused a significant decrease in the frequency of spontaneous seizures
measured in vivo. These findings provide the first evidence that CA2 actively contributes to TLE seizure activity and may thus be
a promising therapeutic target.

Commentary

Temporal lobe epilepsy is a focal epilepsy disorder that is

predominantly characterized by seizures that are initiated in

the hippocampus or surrounding temporal lobe. Despite intense

interest in understanding the specific cell types, subregions,

and circuit projections that drive temporal lobe epilepsy, there

is still little consensus about the specific neural changes that

initiate and sustain seizures. Within the hippocampus, most

studies of temporal lobe epilepsy have focused on the canonical

trisynaptic pathway that projects from the dentate gyrus onto

CA3 and then CA1, in part because of extensive cell death

observed in these subregions. On the other hand, the CA2 sub-

region has been almost entirely overlooked and is relatively

spared from cell death in epilepsy. This led to the novel hypoth-

esis that CA2 may play an outsized role in the development of

chronic seizures. Indeed, in their recent work, Whitebirch and

colleagues1 used a rodent model of temporal lobe epilepsy and

found that CA2 is hyperexcitable and can control the frequency

of chronic seizures in epileptic mice. These compelling results

suggest a novel circuit that is disrupted in epilepsy and may be

a viable target to treat chronic epilepsy. These results are also

important in the broader context of temporal lobe epilepsy,

where there are brain-wide changes in connectivity and syn-

chronization that contribute to seizures and comorbid changes

in behavior. Indeed, several subregions and cell types in

hippocampus and entorhinal cortex have also been shown

to have altered excitability and to control seizures, and these

regions likely work together to initiate and maintain chronic

seizures. Thus, it is important for future work to determine

how these hyperexcitable circuits interact to produce

chronic seizures.

Whitebirch and colleagues1 found clear and compelling

evidence that CA2 becomes hyperexcitable and can control

seizures in chronic epilepsy. The authors used a mouse model

of temporal lobe epilepsy by injecting systemic pilocarpine,

which causes a prolonged status epilepticus and, after a latent

period, drives chronic recurrent seizures. They then used in

vitro slice electrophysiology to examine the intrinsic properties

and input-evoked synaptic currents in CA2 pyramidal cells. In

pilocarpine-treated mice, they first found increased intrinsic

excitability in CA2 pyramidal cells with increased current-

evoked spiking and higher maximum firing rates. They then

stimulated the primary axonal inputs onto CA2 pyramidal cells

from CA3, DG, and recurrent CA2 connections and in all cases,

they found reduced inhibitory currents, while excitatory inputs

were mostly unchanged. This led to a reduction in the ratio of

inhibition to excitation, and an overall increase in excitability.

Together, these results suggest that both intrinsic and synaptic

changes drive hyperexcitability of CA2 in pilocarpine-treated

mice. Critically, the authors further showed that chronically
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inhibiting CA2 can reduce seizure frequency in pilocarpine-

treated epileptic mice. Using chemogenetics, they selectively

inhibited CA2 neurons for 2 to 3 weeks and found that this

inhibition reduced the frequency of spontaneous chronic

seizures. Interestingly, this manipulation did not impact seizure

susceptibility in naı̈ve (nonepileptic) mice, suggesting that the

ability of CA2 to control seizures was associated with its hyper-

excitable state and further reinforces its likely contribution to

driving chronic seizures in epilepsy.

Identifying CA2 as a subregion in hippocampus that is

hyperexcitable and controls chronic seizures is a critical step

toward understanding and treating temporal lobe epilepsy.

Most importantly, this work suggests that specific modulation

of CA2 pyramidal neurons can control seizure susceptibility in

chronic epilepsy and may be a viable target for new therapeutic

interventions. While targeting these specific neurons in patients

is not yet feasible, substantial ongoing work is aimed at

targeting precise brain regions and cell types with viral chemo-

genetics, direct electrical stimulation, or noninvasive neuromo-

dulation. The results from Whitebirch and colleagues1 suggest

that targeting CA2 with these techniques should be a priority

for ongoing investigations. For viral expression, CA2 is well

positioned for selective targeting because it has a relatively

unique transcriptional profile2 that can be leveraged with novel

promoters and enhancers. In addition, while deep brain stimu-

lation and responsive neurostimulation have become successful

therapeutics in some cases of temporal lobe epilepsy, there has

been very little optimization of where to place stimulation

electrodes or ideal stimulation parameters. Thus, future studies

should examine how electrode position relative to hippocampal

subregions influences the efficacy of electrical stimulation and

investigate whether targeting near CA2 may enhance its

seizure-suppressing effects.

Temporal lobe epilepsy drives extensive cell death and

reorganization of both excitatory and inhibitory neurons in the

hippocampus. While most studies have focused on areas that

degenerate in epilepsy, Whitebirch and colleagues1 hypothe-

sized that cell death, particularly in CA3, may leave CA2 as the

predominant influence on hippocampal signaling and thus may

strongly contribute to seizures. Indeed, this work clearly impli-

cates CA2 as an important mediator of chronic seizures in

epilepsy. Yet it is also important to note that the hippocampus

is a highly connected brain region and brain-wide changes in

excitability, connectivity, and synchronization have been

observed in temporal lobe epilepsy.3 With so many changes

across the brain, it is difficult to identify which are the most

important for seizure generation and much ongoing work has

sought to identify a singular mechanism that specifically initiates

seizures. However, these brain-wide changes suggest that multi-

ple cell types and brain regions likely work together to initiate

and propagate seizure activity. Indeed, emerging theories of sei-

zure initiation suggest that network dynamics across brain

regions may create hypersynchronous loops that drive the pro-

gression of seizure states.4 This notion is further supported by the

current study, where chemogenetic inhibition of CA2 in naı̈ve

mice did not impact acute seizure susceptibility, suggesting that

the changes in CA2 likely interact with additional changes in

other brain regions to control seizures. While these distributed

changes complicate efforts to localize a single seizure-driving

mechanism, it also suggests that modulating different brain

regions can each impact seizures. Indeed, in models of temporal

lobe epilepsy, several brain regions have been identified as

hyperexcitable and that can control epileptic activity including

the dentate gyrus, medial entorhinal cortex, CA1, and even cer-

ebellum.5-7 Therapeutically, this is quite advantageous as these

regions may each be able to independently control seizures.

One important implication of disrupted CA2 excitability in

epilepsy is that this region is highly implicated in social memory8

and has an emerging role in learning and memory processes.9

Thus, changes in CA2 processing could directly contribute to

altered social behavior and cognition. Indeed, social and cognitive

deficits are 2 of the most common comorbidities of epilepsy, and

epilepsy shares many behavioral, genetic, and circuit abnormal-

ities with autism spectrum disorder (ASD).10 These comorbid

symptoms severely impact the quality of life for people with

epilepsy and have limited treatment options. Thus, understanding

how these changes may drive altered behavior and identifying

new interventions that impact both seizures and comorbidities

could have a tremendous benefit for people with epilepsy.
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CA2 beyond social memory: evidence for a fundamental role in

hippocampal information processing. Neurosci Biobehav Rev.

2021;126:398-412. doi:10.1016/j.neubiorev.2021.03.020

10. Specchio N, Di Micco V, Trivisano M, Ferretti A, Curatolo P. The

epilepsy-autism spectrum disorder phenotype in the era of mole-

cular genetics and precision therapy. Epilepsia. 2022;63(1):6-21.

doi:10.1111/epi.17115

Commentary 123


	Et tu, CA2: CA2 Is Hyperexcitable and Controls Seizures in a Mouse Model of Temporal Lobe Epilepsy
	Commentary
	ORCID iD
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


