
ONTOGENY OF THE CORTEXONTOGENY OF THE CORTEX

Jordi PeJordi Peññaa--CasanovaCasanova
SecciSeccióó de de NeurologiaNeurologia de la Conducta i de la Conducta i DemDemèènciesncies

ServeiServei de de NeurologiaNeurologia. Hospital del Mar. Hospital del Mar
UnitatUnitat de Recerca en de Recerca en ServeisServeis SanitSanitààrisris

InstitutInstitut Municipal Municipal dd’’InvestigaciInvestigacióó MMèèdicadica

NEURO-COG
http://www.neuro-cog.com



Herencia filogenHerencia filogenéética y desarrollo tica y desarrollo 
ontogenontogenééticotico ontogenia y socializacionontogenia y socializacion

HERENCIA FILOGENHERENCIA FILOGENÉÉTICATICA
–– Memoria de la especie. Estructura (Barbizet)Memoria de la especie. Estructura (Barbizet)

DESARROLLO ONTOGENDESARROLLO ONTOGENÉÉTICOTICO
–– Memoria del individuoMemoria del individuo
–– Metaestructura Metaestructura -- Metacircuitos (Barbizet)Metacircuitos (Barbizet)

»» Lengua, cultura, escalas de valores (Conocimiento: Lengua, cultura, escalas de valores (Conocimiento: 
Memoria semMemoria semáántica)ntica)

»» Experiencias personales (Eventos: Memoria Experiencias personales (Eventos: Memoria 
EpisEpisóódica)dica)

–– Etapas de desarrollo: (neuro)psicologEtapas de desarrollo: (neuro)psicologíía gena genééticatica



Ontogenia de la corteza cerebralOntogenia de la corteza cerebral

MIGRACIMIGRACIÓÓN NEURONAL (Pasko Rakic)N NEURONAL (Pasko Rakic)
–– Las neuronas migran desde su lugar de Las neuronas migran desde su lugar de ““nacimientonacimiento”” (la (la 

ultima mitosis) hacia su posiciultima mitosis) hacia su posicióón final.n final.
–– Zonas proliferativas: superficie de los ventrZonas proliferativas: superficie de los ventríículos.culos.
–– Guiadas por un tipo especial de cGuiadas por un tipo especial de céélulas: la glia radiallulas: la glia radial

MADURACION NEURONALMADURACION NEURONAL
–– Las neuronas de proyecciLas neuronas de proyeccióón maduran antesn maduran antes
–– seguidas por las pequeseguidas por las pequeññas interneuronas (local)as interneuronas (local)

MADURACIMADURACIÓÓN DE LAS SINAPSISN DE LAS SINAPSIS
–– Programa genPrograma genéético e INFLUENCIA DEL MEDIOtico e INFLUENCIA DEL MEDIO



RelativeRelative growthgrowth ofof thethe cortexcortex atat variousvarious
developmentaldevelopmental stagesstages

A.A. PrenatalPrenatal
B.B. 2 2 weeksweeks
C.C. 3 3 weeksweeks
D.D. 4 4 weeksweeks
E.E. 6 6 monthmonth
F.F. AdultAdult

From: Fuster J. Cortex and Mind. New York: Oxford. (p. 25). Fom Herrick (1956)



DevelopmentDevelopment ofof neuronsneurons in in thethe human human 
cortexcortex

Prenatal period

10,5    13,5     17     19-25   26-29     32-34 Newborn
weeks



DevelopmentDevelopment ofof neuronsneurons in in thethe human human 
cortexcortex

Postnatal period

3 mo.        6 mo.       15 mo.     24 month



El desarrollo y el medioEl desarrollo y el medio

El incremento de las sinapsis corticales durante el El incremento de las sinapsis corticales durante el 
desarrollo estdesarrollo estáá ampliamente relacionado con el ampliamente relacionado con el 
desarrollo de espinasdesarrollo de espinas
Fetal  Fetal  -- Recien nacido  Recien nacido  -- NiNiññoo
SobreproducciSobreproduccióónn…… eliminacieliminacióónn
Las sinapsis corticales son extraordinariamente Las sinapsis corticales son extraordinariamente 
sensibles a una serie de influencias del entornosensibles a una serie de influencias del entorno……
–– Medios enriquecidos (Greenough, 1984)Medios enriquecidos (Greenough, 1984)



GeneticGenetic disordersdisorders

A note A note fromfrom a a lecturelecture
Barcelona 2005Barcelona 2005



(2003)(2003) uniqueunique opportunityopportunity toto investigateinvestigate thethe
neuromolecularneuromolecular basisbasis ofof complexcomplex cognitivecognitive
behaviourbehaviour, , andand developdevelop integratedintegrated approachesapproaches toto
studystudy gene gene functionfunction andand genotypegenotype--phenotypephenotype
correlationscorrelations. . TassabehjiTassabehji. . HumHum MolMol GenetGenet. 2003. 2003

(2002)(2002) MutatedMutated genes genes -- syndromessyndromes ofof mental mental 
retardationretardation oror cognitivecognitive defectsdefects -- placingplacing gene gene 
productsproducts withinwithin signalingsignaling networksnetworks -- how how learninglearning
occursoccurs andand how how memoriesmemories are are formedformed andand sustainedsustained. . 
WeeberWeeber, , LevensonLevenson, , SweattSweatt. . MolMol IntervInterv. 2002, 2:376. 2002, 2:376--391391

Genetic disordersGenetic disorders



Williams syndromeWilliams syndrome

Characteristic cardiac defectCharacteristic cardiac defect
Typical facial appearanceTypical facial appearance
Cognitive profileCognitive profile
–– Severe Severe visuospatialvisuospatial cognitive deficitscognitive deficits

»» Deficient Deficient visuoconstructivevisuoconstructive abilitiesabilities

–– Relative sparing of language, face recognitionRelative sparing of language, face recognition
–– Emotional affinity for musicEmotional affinity for music
–– AttentionalAttentional deficits and hyperactivitydeficits and hyperactivity

Deletion on chromosome 7



Williams syndrome. Neuropsychology, 1Williams syndrome. Neuropsychology, 1

Cognitive heterogeneityCognitive heterogeneity
–– Porter et al 2005Porter et al 2005:: Not all individuals show the profile of strength in Not all individuals show the profile of strength in 

verbal abilities and weakness in spatial functionsverbal abilities and weakness in spatial functions
EvolutionEvolution
–– VicariVicari et al, 2004et al, 2004: The profile of younger children is different in : The profile of younger children is different in 

respect to those of the older children respect to those of the older children (Lexical, grammatical, semantic, (Lexical, grammatical, semantic, 
phonologic, phonologic, visuospatialvisuospatial..)..)

Object perception and namingObject perception and naming
–– Landau et al, 2005Landau et al, 2005: Selective sparing of basic mechanisms of : Selective sparing of basic mechanisms of 

object recognition. Delay or arrest in recognition of objects frobject recognition. Delay or arrest in recognition of objects from om 
unusual views (selective impairment of parietal areas)unusual views (selective impairment of parietal areas)

Neural basis of Neural basis of visuospatialvisuospatial construction deficitsconstruction deficits
–– MeyerMeyer--LindenbergLindenberg et al, 2004et al, 2004: : HipoactivationHipoactivation in the parietal in the parietal 

portion of the dorsal stream. Parietal gray matter volume reductportion of the dorsal stream. Parietal gray matter volume reductionion
Interaction between domains (spatial Interaction between domains (spatial –– language)language)
–– Phillips et al, 2004Phillips et al, 2004: Comprehension of spatial language terms: Comprehension of spatial language terms



Williams syndrome. Neuropsychology, 2Williams syndrome. Neuropsychology, 2

Characterization of the musical phenotypesCharacterization of the musical phenotypes
–– LevitinLevitin et al 2004et al 2004: Great emotional responses to music, interest in : Great emotional responses to music, interest in 

music at an earlier age, more hours per week listening musicmusic at an earlier age, more hours per week listening music
–– DerouelleDerouelle et al 2005et al 2005: Global and local music perception: Global and local music perception

Emotion and face processing. Emotion and face processing. HipersocialityHipersociality……
–– Reis et al 2004Reis et al 2004: Volumetric analysis: disproportionate increases in : Volumetric analysis: disproportionate increases in 

volume & density in several areas known to participate in emotiovolume & density in several areas known to participate in emotion n 
& face procession: & face procession: amigdalaamigdala, anterior , anterior cingulatecingulate, orbital, orbital--medial medial 
prefrontalprefrontal……

–– MeyerMeyer--LinderbergerLinderberger et al 2005et al 2005: : HipersocialityHipersociality combined with combined with 
increased nonincreased non--social anxiety. Reduced amygdale activation for social anxiety. Reduced amygdale activation for 
threatening faces threatening faces vsvs increased activation for threatening scenesincreased activation for threatening scenes

Suggest a genetically controlled neural circuitry regulating Suggest a genetically controlled neural circuitry regulating 
human social human social beahviorbeahvior..



1.1. SelectiveSelective lossloss ofof specificspecific populationspopulations ofof neuronesneurones
2.2. TheThe neuronal neuronal lossloss involvesinvolves nucleinuclei thatthat are are 

anatomicallyanatomically relatedrelated toto functionalfunctional systemssystems suchsuch as... as... 
ExtrapyramidalExtrapyramidal, , pyramidalpyramidal, , limbiclimbic, , cognitivecognitive

3.3. TheThe particular particular populationpopulation/s/s ofof neuronesneurones thatthat are are 
vulnerable in vulnerable in eacheach disorderdisorder determines determines thethe clinicalclinical
presentationpresentation..

4.4. TheThe distributiondistribution ofof thethe pathologypathology isis more more 
predicativepredicative ofof thethe clinicalclinical presentationpresentation thanthan thethe
molecular molecular naturenature ofof thethe pathologypathology

Basic neurobiological principles
Neurodevelopmental Disorders = Neurodegenerative Disorders

From: Dickson (ed). Neurodegeneration. ISN neuropath Press. Basel, 2003



ClassificationClassification ofof neurodevelopmentalneurodevelopmental & & 
neurodegenerativeneurodegenerative diseasesdiseases

ClinicalClinical syndromessyndromes oror anatomicalanatomical distributiondistribution ofof
pathologypathology
–– CLINICAL PATTERNCLINICAL PATTERN = = ClinicalClinical TermsTerms

Basic Basic mechanismsmechanisms ofof neuronal neuronal lossloss & & thethe basisbasis forfor
thethe selectiveselective vulnerabilityvulnerability..
–– MOLECULAR PATTERNMOLECULAR PATTERN = Molecular = Molecular termsterms

»» Molecular Molecular geneticsgenetics
»» BiochemicalBiochemical andand immunochemicalimmunochemical studiesstudies
»» MajorMajor moleculesmolecules



Pick’s DiseaseAlzheimer’s Disease

Fronto-temporal Dementia
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