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ANSWER:Thecerebellum residesattheanteriorendofthehindbrainandisclassically

definedbyitsroleinsensory-motorprocessing.Itcontainsoverhalfofthemature

neuronsinthebrain.Thematurecerebellum hasasimplecytoarchitectureyetthe

connectionsbetweenitsneuronsarewiredintoacomplexarrayofgeneexpressions

andfunctionalcircuits.Twoprimarygerminalzonesgeneratethecellsthatmakeupthe

cerebellum.Eachzoneexpressesaspecificsetofgenesthatestablishthecelllineages

withinthecerebellaranlage.Thevariousgenesthatcontrolcerebellardevelopment

havebeengroupedintofourandtheyincludegeneticwithgeneandgenesfor

morphogenesis,physiologyandmetabolism.Atcellularlevel,thecerebellum is

composedofveryfewneuronaltypeseachwithdistinctlaminaandconnectedin

stereotypicalcircuits.

Usinginsightsgainedfrom studiesofsharks,paddlefish,chicks,miceandsomeother

specimen,wefocusonthethreedistinctaspectsofcerebellardevelopmentthat

representautonomousphasesofgrowthwhicharetheallocationofthecerebellar

anlage,thesignificanceoftransitamplificationandthegenerationofneuronaldiversity.

Thecurrentunderstandingofgeneticbasisofcerebellardevelopmentisderived

primarilyfrom thestudyofspontaneousandtargetedmousemutants.Theterritorythat

willgeneratethecerebellum –itsanlage-isallocatedduringtheearlyembryonic

segmentalphaseofhindbraindevelopmentclosetotheboundarybetweenthe

hindbrainandmidbrain.Regulationofpatterninginearlyphaseisparticularlyimportant

forthedevelopmentoftheuniquelymammalianmidlineexpandedregionofthe

cerebellum calledvermis.Forglutamatergiccellsofcerebellum,thisisaremarkably

prolongedprocessthattakesplaceatthemostdorsalinterfacebetweenneurons.

Developmentofnon-neuralroof-platetissue:therhombiclip(inmouse,atE10.5).This

phasegeneratesthebasicdichotomybetweenGABAnergicandglutamatergiccelltypes



thatunderliestheconservedPurkinje-granulecellcircuitanditisalsoresponsiblefor

thediversityofcerebellum outputconnectivityacrossspecies.Celltypeallocation

precedesathird,distincttemporalphaseofdevelopmentthatextendsintoearly

prenatallife(postnatalday21inmouseandupto2yearsinhuman).Finalform of

mammaliancerebellum issomuchaproductofthefirstandthirdphasesof

development.CerebellaranlagesitsbetweenHoxandOtxdomains.Theanlageofthe

cerebellum isaproductofmechanismsofsegmentationthatestablishiterated

rhombomericsubdivisionswithinitsearlyhindbrainjustafterneuraltubeclosure.

Cerebellum arisesfrom anteriorhindbrainfollowingtheinductionbytheisthmic

organiserofthefate-determininggeneexpressiondomainsthatprefiguresthis

structure.Twocriticaldeterminantsofregionalidentityaretheorthodenticlehomeobox

2(Otx2)andgastrulationbrainhomeobox2(Gbx2)andtheyareexpressedin

presumptivemidbrainandhindbrainrespectivelyandactcoordinatelywithfibroblast

growthfactor8(Fgf8)topreventmixingofcellsacrossmid-hindbrainboundary.

ImmediatelyanteriortoFgf8,thewingless-typeMMTVintegrationsitefamilymember1

(Wnt1)isexpressedandthismember1isessentialformidbrainandcerebellum

developmentthroughitsactivationofFgf8.Theroofplateofrhombomere1largely

givesrisetothechoroidplexusandproducesbonemorphogeneticprotein(BMP)and

WNTsignalsthatpatternthedorsalneuraltube.Patterningandmorphogenesisofthe

cerebellaranlageinvolvesahierarchyofsignalingcentreswhoseoriginscanbetraced

totheisthmicorganizer.Normalcerebellargrowthandmorphogenesisdependsonthe

integrityoftheprimarycilium thatfunctionsasacellularantenna.Primarycilium acts

assignalinghub,bestknownforitsroleintransducingsignalingbythediffusible

morphogensonichedgehog(SHH).Fgf17andFgf8arearequirementforthegrowthof

thevermis.Gbx2,Otx2andthechromatinmodifierchromodomainhelicaseDNAbinding

protein7(CHD7)havebeenfoundtolinkmidbrain-hindbrainboundaryspecification

withdownstream Fgfsignaling.Otx2isatrostralboundary.Hox2isatcaudalboundary

andGbx2isexpressedinr1abuttingOtx2andgenesexpressedatMHB.Foxc1controls

normalcerebellardevelopmentbyregulatingsecretedgrowthfactorsignals.

GENETICBASESOFKNOWNCEREBELLARDISORDERS

Thecerebellardisordersarethefollowing:Cerebellarvermishypoplasia(CVH),Dandy-

walkersyndrome(DWM),Joubertsyndromeandrelateddisorders(JSRD)and

pontocerebellarhypoplasia(PCH).

CEREBELARVERMISHYPOPLASIA:MutationsinhumanRELNgenecausecerebellar

hypoplasia.Itischaracterizedbyasmallhypoplasticcerebellum withthevermismore

affectedthanthehemispheres.SeveralCVHlocihaveknownrecessiveorX-linked



inheritance.

DANDYWALKERMALFORMATION:MutationsinFOXC1,atranscriptionfactorgene

locatedin6p25.3locuscausesDWM.Mendelianinheritanceisrare.Thegeneticsis

mostlikelyoligogenic.

JOUBERTSYNDROMEANDOTHERRELATEDDISORDERS:Mutationsindifferentgenes

mayleadtothissyndrome.ThegenesincludeAHI1,ARL13B,CC2D2A,CEP290,INPP5E,

NPHP1,RPGRIP1LandTMEM67.ThemaingenecausingthesyndromeisINPP5E

whichcodesforinositolpolyphosphate-5-phosphataseE.Thedisorderisautosomal

recessivewhicharerareandwithapopulationincidenceofabout1in100,000.

PONTOCEREBELLARHYPOPLASIA:MutationsinTSEN54,TSEN34andTSEN2.
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