
Biocytin labeled pyramidal neuron recorded in piriform cortex

The neuron



Discovery of the neuron







(A) Reticularist Doctrine

(B) Neuron Doctrine

Exceptionéé

é.GAP JUNCTIONS 

between neurons



Neuronal shape

Dendrites

Soma

Axon

Pyramidal neuron 

(multipolar)





https://www.jove.com/science-education/5204/an-introduction-to-neuroanatomy

https://www.jove.com/science-education/5206/histological-staining-of-neural-tissue

https://www.jove.com/science-education/5204/an-introduction-to-neuroanatomy
https://www.jove.com/science-education/5206/histological-staining-of-neural-tissue














Functional classification of neurons

Å Projection neurons

Å Local circuit neurons



Neurons can also be identified by 

immunocytochemistry



Pyramidal 
neuron

Granular neuron 
(interneuron)

Various NEURONAL TYPES  

in the mammalian brain

Purkinje cell



Molecular/functional heterogeneity

of Purkinje cells?

Morphology 

and neuronal 

types in the 

cerebellum



Molyneaux et al., 2007

These pyramidal 

n. never project 

axons to targets 

outside the

telencephalon

These include

Pyramidal neurons 

of the largest size, 

which are located 

in deep-layer V and 

extend projections 

to the brainstem 

and spinal cord

Morphology and distribution of 

pyramidal neurons in the neocortex



Neocortical interneurons 

diversity

Huang et al., 2007



Structural classification:

Functional classification:

Å

Å

Å

Å

Unipolar, bipolar, multipolar, more é

projection (inter)neurons

local circuit (inter)neurons

excytatory (neurotransmitters: Glutamate, etc.)

inhibitory (neurotransm.: GABA, glycine, etc.)

ñEasyò neuronal classification



We need to classify different neuronal types in order to speak a 

ñcommon languageò with other neuroscientists and in order to 

understand the complexity of brain functioné

HOW should we classify neurons?

By morphology?

By functional features?

By expression markers?

How do we put together information from different approaches?

for discussion see Yuste, 2005

The problem of neuronal classification 

and subtype identificationééééé.



The problem of 

neuronal 

classificationé

The obvious (but not the easiest) solution would 

be COMBINING different approaches in the same 

experimental model.  An example: 

(1) Whole-cell electrophysiological 

recording on cortical slices

+

(2) intracellular injection of byocytin in 

recorded neurons (for later recognition 

and morphological analysis)

+

(3) fluorescence immunocytochemistry for 

selected markers (calcium-binding 

proteins: parvalbumin, calbindin and 

calretinin)

ABSTRACT



The phenotype of BC-injected/electrophysiologically-recorded

interneurons is determined by immunocytochemistry

Zaitsev et al., 2005

https://www.jove.com/science-education/5040/introduction-to-fluorescence-microscopy

https://www.jove.com/science-education/5040/introduction-to-fluorescence-microscopy


The combination of intracellular-

injection techniques and 

immunocytochemistry suggests 

that the same phenotypic 

marker is expressed by 

interneurons with different 

morphologies

Do different morphologies 

indicate different functional 

features?

Zaitsev et al., 2005

Basket c.
Chandelier c.

Vertically oriented c.

Ascending 

arbors c.

Descending 

arbors c.



Data were processed using

CLUSTER ANALYSIS:

correlation between 

electrophysiological properties 

and expression of specific Ca+-

binding proteins

When cells are grouped based only on 

electrophysiological properties, two main 

groups (= clusters) of interneurons are 

obtained: FS (Fast Spiking) and non-FS.

These two clusters do show significant 

differences in Ca+-binding protein content

Zaitsev et al., 2005



CONCLUSIONS:

Åparvalbumin-expressing interneurons are exclusively FS

Åcalretinin- and calbindin-expressing interneurons are mainly non-FS

Åmultiple morphologies can correspond to a single functionally-defined phenotype

FS neuron

non-FS neuron

PARVALBUMIN 

phenotype

CALRETININ 

phenotype

CALBINDIN 

phenotype

basket cells

chandelier cells

cell with ascending arbors

cell with discending arbors

vertically-oriented cells



Yano et al., 2006

Electrophysiological and gene expression

profiling of neuronal cell types



another way to classify cortical interneurons isé.

....to consider their developmental origin:

Gelman & Marin, 2010



Cortical

development

Vitalis & Rossier, 2010



Coronal section (indicated in 

a) illustrating the major routes 

of tangential migration through 

the embryonic telencephalon.

Interneurons migrate from

the MGE (M) and traverse the 

LGE (L) whilst avoiding the 

striatum (Str).

Primary routes of interneuron migration 

during cortical development.

Cortical interneurons born in the MGE and CGE 

in the ventral telencephalon follow tangential

migratory paths into the developing cortex. Once 

within the cortical wall, cells disperse before 

entering the cortical plate and reside in a final 

position. The LGE-derived neurons migrate 

rostrally and ventrally into the olfactory bulb (OB) 

and striatum, respectively

Faux et al, 2012



MGE-originating 

interneurons

FS, 

parvalbumin(somato

statin)-positive cells

CGE-originating 

interneurons

non-FS, 

calretinin(VIP, NPY)-

positive  cells



In utero fate-mapping of cortical interneurons ...

Ventricular and subventricular zones of 

the MGE and CGE were dissected from 

mouse embryos expressing EGFP under 

the b-actin promoter (b-actin EGFP mice) 

and transplanted in the appropriate 

regions of wild-type host-embryos 

(ñhomotypicò transplants)

é..followed by
Butt et al., 2005



electrophysiological, immunocytochemical and morphological 

riconstruction of mature interneurons in young-adult mice

CONCLUSIONS:

Åparvalbumin-expressing/FS/basket-

shaped neurons originate from MGE

Åcalretinin-expressing/non-FS/bipolar 

(vertically-oriented?) neurons originate 

from CGE

This means that different subtypes of 

interneurons are generated at different 

spatial positions (= from different 

progenitors)

CLASSIFYING neurons BY THEIR 

ORIGIN could be a new method of 

neuronal classification

Butt et al., 2007



Gelman & Marin, 2010

Cortical interneuron 

diversity largely emerges 

from spatially segregated

progenitor cells with distinct 

transcriptional profiles


