CALRETININ EXPRESSION IN THE MAMMALIAN NEOCORTEX : A REVIEW
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Summary: In the mammalian neocortex, the calcium-bindingtgirocalretinin is expressed
in a subset of cortical interneurons. In the regeairs, research on interneurons is one of the
most rapidly growing fields in neuroscience. Thagiew summarizes the actual knowledge of
the functions of calretinin in neuronal homeostasrsl particularly of the distribution,
connectivity and physiological properties of cahigt expressing interneurons in the
neocortex of rodents and primates, including humahe possible neuroprotective role of
calretinin and the presumed “resistance” of calmetiexpressing interneurons to various

pathological processes are also discussed.
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INTRODUCTION

Neuronal population in mammalian cerebral cortexsests of two distinct groups. Pyramidal
neurons, which constitute approximately 70-80 %otdl neuronal population, are uniformly
excitatory, using glutamate as a neurotransmittkee. other group is formed by interneurons,
also known as local circuit neurons. Most of them iahibitory, using GABA as a principal
neurotransmitter. It is now increasingly appredateat the GABAergic interneurons play
many important roles in cortical neuronal netwobkgh in normal and pathological states.
Various strategies to sort GABAergic interneurams idistinct subgroups have been adopted
and this process is far from being completed yasddl on the expression of three different
calcium-binding proteins (CaBP), namely Parvalbur(f®V), Calbindin D-28k (CB) and
Calretinin (CR), it is possible to divide the coai GABAergic interneurons into three largely
non-overlapping populations (with some limitatiossg below). Here we focus on CR and

especially on CR expressing cortical neurons imtnxecortex.

EF-hand family of calcium-binding proteins

Calretinin belongs to the so-called EF-hand farofifCaBP. The EF-hand is an evolutionary
well preserved amino acid domain with a charadieribree-dimensional structure and with a
high affinity for calcium ions (Moews and Kretsing&975). More then 600 proteins
containing EF-hand motive are already known acdii$ésrent species (Carafodt al. 2001).
The best known one is probably calmodulin, whicldiaes numerous intracellular processes
after binding of C&*, hence acting like a C& sensor. The CG& sensors are intracellular
proteins, which after binding of free calcium ionadergo conformational change and

subsequently activate or deactivate various tangefecules (enzymes, transport proteins,



etc.), thereby affecting various regulatory proesss the cell. On the contrary, Cauffers
are another group of cytosolic €abinding proteins, which do not show any significan
conformational change upon €abinding. C&" buffers are involved in shaping both the
amplitude and the duration of €asignals and in limiting the spatial spreadingafdl C&"

signals (Berridget al. 2000, Schwaller 2009).

CALRETININ

Calretinin, first described in 1987, acquired i@me based on the structural similarity to
calbindin D28k and the site of first detection ifre) (Rogers 1987). Calretinin in general
shares many features with calbindin D28k and beddgagalbindin D28k subfamily of CaBP.
The gene for CR is located on chromosome 16 (Pdreneshal. 1991). CR is composed of
269-271 amino acid residues and contains six Ef-damains. Four of them bind €awith
high affinity in a cooperative manner, one with laffinity and the last one is non-functional,
without C&"* binding ability (Schwalleet al. 1997, Stevens and Rogers 1997). Besidéd Ca
binding properties, CR also shows affinity for ceppon Cd* (Groves and Palczewska
2001), which upon binding to CR antagonize$'®inding to CR. The mammalian neuronal
cytoplasmic concentration of CR was estimated toirbeorder of tens of micromoles
(Hackneyet al. 2005). Although usually considered to be freelffugdible and uniformly
distributed in the cytoplasm, at a certain timedevelopment it was shown to be highly
concentrated beneath the cell membrane (laak 2000).

While PV acts as a so called “slow” buffer (exestsw C&" binding kinetics) and CB like a
“fast” buffer (exerts fast Ca binding kinetics), CR was first shown to behavedast buffer

in modifying presynaptic signalling in frog sacaulzair cells (Edmondst al. 2000), but

recently it was found that CR shares some kinetpgrties of both slow and fast buffers in



modifying dendritic C& transients (Faaat al. 2007). Such dual kinetic properties are mainly
consequence of the abovementioned cooperatifeb@aling by CR. These studies also show
that CR affects intracellular calcium signals bgbhe- and postsynaptically. Further
elucidation of CR function came from the studies GR-/- (Schurmanset al. 1997,
Schiffmannet al. 1999, Gallet al. 2003, Cheroret al. 2004, 2005), CR+/- (Gurdeet al.
1998) and CR *“rescue” (CR-/- with selective reespren in certain cellular population)
(Aller et al. 2003, Bearzattet al. 2006) mice. In these studies, impairment of |logrgrt
potentiation in the dentate gyrus and especiallgoaial excitability in the cerebellar
neuronal network with mild impairment of motor cdmration were shown to be a result of
CR deficiency in mossy cells of dentate gyrus amdngle cells of cerebellar cortex,
respectively. Together, these studies indicate thadulation of calcium signalling by CR
(and CB and PV) is important for precise timing ghakticity of synaptic events in neuronal
networks. To make things more complicated, it segrasCR, similarly to CB, might also act
as a calcium sensor protein (Billing-Marczak andkiaki 1999).

Another still controversial topic is the possibleunoprotective role of CR. While some
studies performed mainly on isolated cells or &ssultures found neuroprotective effect
against calcium-induced cytotoxicity (Lukas andel®i994, Isaacg al. 1996, Mariniet al.
1997, D'Orlandoet al. 2001, 2002), other works using similar technigqgese opposite
results (Mockel and Fischer 1994, Kuzniekial. 1996, Bouilleretet al. 2000, Isaacst al.
2000). Finally, neuroprotective effect of CR agaiosllular damage mediated by very low

Cd" concentration has been described recently (LemnagBbal. 2006, Turner et al. 2007).

CALRETININ-EXPRESSING NEURONSIN THE NEOCORTEX
After the discovery of calretinin (Rogers 1987)pasic description of CR distribution in

rodent brain emerged in the following years fronrkvof several authors (Pochettal. 1989,



Winsky et al. 1989, Roger&t al. 1990, Jacobowitz and Winsky 1991, Resibois andeRng

1992), reviewed in (Baimbridget al. 1992, Andresseet al. 1993).

In this paper, the neurons expressing CR will unilg be described as CR+ neurons,
regardless of the method used for CR detection he particular cited articles

(immunohistochemistry, in-situ hybridization etc.).

In this review, we will focus mainly on CR+ neuroims rodents and primates, including
human. For information about CR+ neocortical nesram other species and about their

relationship to mammalian brain phylogenesis, sted €t al. 1999).

Ontogenesis of neocortical calretinin-expressing interneurons

At least in rodents, the CR+ interneurons diffenirthe other interneuronal subtypes in their
site of origin. Unlike the pyramidal neurons, whichginate in the ventricular zone of the
dorsal telencephalon, the precursors of neocortitatneurons proliferate in the ganglionic
eminences in the ventral telencephalon and migiatgentially to neocortex during the
embryonic period. While the PV+ and CB+ cells derpredominantly from the medial
ganglionic eminence, the CR+ neurons develop ircthalal ganglionic eminence (& al.
2003, Wonders and Anderson 2006). While the moé&gaumlechanisms of CR+ interneuronal
development and migration are not completely undeds yet, the attention was recently
drawn to the importance of estrogen recepgtoexpression for the development of CR+

GABAergic interneurons in rodent brain (Fetral. 2006).

Co-expression of other markersin calr etinin-expressing neurons
As already mentioned in the introduction, the thrakeium-binding proteins CR, PV and CB
tend to be expressed in non-overlapping populatadnsortical interneurons (Condat al.

1994, Kuboteaet al. 1994, Gabbott and Bacon 1996a, del Rio and De#dl§96, Kawaguchi



and Kubota 1997, Zaitsest al. 2005, 2009). However, a low degree of co-localizat
between CR and CB was described by some authgrsd@. Rio and DeFelipe 1996, 1997a,
Cauli et al. 1997, Parket al. 2002), see also (DeFelipe 1997) for review. Nénadess, the
usefulness of utilization of PV, CB and CR for gatezing of interneuronal subpopulations
was recently validated by gene cluster analysise@@Rodriguezt al. 2004).

In rodents, near to 100 % of CR+ neurons in thecogex seem to use GABA as a
neurotransmitter (Kubotet al. 1994, Gonchar and Burkhalter 1997, Gonaltat. 2007). On
the other hand, in monkeys’ (Melchitzkyal. 2005) and human (del Rio and DeFelipe 1996)
neocortex, app. 25 % of CR+ neurons were found taoexpress GABA. These non-
GABAergic CR+ neurons are discussed below.

Substantial co-localization of CR with vasoactiveestinal peptide (VIP) and choline
acetyltransferase (ChAT) in neocortical neurons described (Rogers 1992, Kubadaal.
1994, Cauliet al. 1997, Kawaguchi and Kubota 1997, Gabbott and B48&87, Porteet al.
1998, von Engelhardt al. 2007). As long as both VIP and acetylcholine am®lved in the
regulation of energy metabolism and blood flow dwies in the cortex (Magistretti 1990,
Cauli et al. 2004), an important role of CR/VIP/ChAT positiveeunons in “the local
regulation of tissue physiology within a radialwoin of cortex” can be presumed (Gablabtt
al. 1997b, Caulet al. 2004).

For additional information on co-expression of vas other neuronal substances (other
neuropeptides, receptor subunits etc.) in CR+ meyrgonsult following papers (Rogers
1992, DeFelipe 1993, Dust al. 1994, Cauliet al. 2000, Gonzalez-Albet al. 2001, Toledo-

Rodriguezet al. 2004, 2005, Gonchat al. 2007).

Distribution and somatodendritic morphology of calretinin-expressing neurons in the

neocor tex



CR+ neurons in neocortex are concentrated predaotiynia cortical layers Il and 1ll, both in
rodents and primates. The density of CR+ neurorgedses with increasing depth in
neocortex and therefore they are quite rare inagrainular layers, when compared to the
supragranular ones. The CR+ neurons most commasgess bipolar or bitufted (two tufts
of dendrites originating from the opposite cellutaries) vertically oriented somatodendritic
morphology, with fusiform or oval perikaryon (Jacehtz and Winsky 1991, Resibois and
Rogers 1992, Glezet al. 1992, Kubotaet al. 1994, Condet al. 1994, Fonseca and Soriano
1995, Leuba and Saini 1996, Gabbott and Bacon 19G@@dbottet al. 1997a, 1997b,
Meskenaite 1997, Past al. 2002, Gonchar and Burkhalter 2003, Zaitseal. 2005, 2009,
Desgentet al. 2005). The dendrites often extend to layer | supally and to infragranular
layers deeply. On the contrary, the dendritic ti®auite narrow in horizontal direction.
Besides these bipolar neurons, other morpholodigas of CR+ neurons, most typically
multipolar and horizontally oriented neurons weoasistently found in the neocortex in the
majority of the above cited studies.

I nterareal and interspecies differencies

The distribution of CR+ neurons is similar but rattsolutely homogenous among various
neocortical areas. In owl monkey, CR+ neuronal dignsries between individual areas with
higher values in the visual cortices, lower countthe prefrontal association cortex and the
motor and premotor cortices and lowest counts enpghmary somatosensory cortex (Elston
and Gonzalez-Albo 2003). In human, although theegdnpattern of CR immunoreactivity
was found to be similar in all inspected assocmfoeas, the density of CR+ neurons was
significantly lower in the frontal than in the teorpl, occipital and parietal association
cortices (Hofet al. 1993, Barinkaet al. 2009).

Gabbottet al. systematically described morphology and distrirutof CR+ neurons in the

medial prefrontal cortex (MPFC; Brodmann areas2’and 32) of the rat (Gabbgt al.



1997a) , monkey (Gabbott and Bacon 1996a, 1996bhaman (Gabbott al. 1997b). Their
work confirmed the overall resemblance of neocaltiCR+ population among examined
species. However, significant difference in ove@R+ neuronal counts between the rat
neocortex on one hand and primate (monkey and huorathe other was documented. In
mPFC, the CR+ neurons constituted 4 % of the to#alonal population in the rat, but 11 %
in the monkey and 8 % in the human. Further, thie tetween CR+, PV+ and CB+ cells in
mPFC was found to be app. 1.2 : 1.7 : 1 in thebat,2.2 : 1.2 : 1 in the monkey. These
results correspond well with the findings of otlaethors (Condet al. 1994, Kuboteet al.
1994, del Rio and DeFelipe 1996, Gonchar and Bult#hd997, Tamamaket al. 2003).
Altogether, the CR+ neurons are significantly mouenerous in primate frontal cortex when
compared to rodents, both absolutely and relatiteihe other GABA+ interneuronal types.
This seems to be true also in other neocorticdddijeas for example in parietal and temporal

associational areas (our unpublished observatitiiman and rat neocortex).

Connectivity and physiological properties of calretinin-expressing neurons

For determination of individual interneuronal typ#ee axonal targeting and the connectivity
in general are the most relevant indicators (Markeaal. 2004). In case of CR+ neocortical
neurons, the axon most typically originates from blody or one of the primary dendrites and
then forms the descending main trunk with side ¢las with descending and ascending
projection; the tangentially pointing branches @@ and the whole axonal tree usually does
not extend beyond the width of the dendritic tréeth@mt particular neuron. However, in
vertical direction the axonal tree of one CR+ nauaften spans significant portion of the
cortical thickness, in case of the neurons locatesipragranular layers also extending to the
layers IV, V and VI. That means that the mostmofteund CR+ cells that possess vertically

oriented bipolar or bitufted dendritic branchinggaahave a similarly oriented axonal arbour



(Condeet al. 1994, Fonseca and Soriano 1995, Gabbott and Ba886a, Gabbotét al.
1997a, 1997b, Meskenaite 1997, Gonchar and Buekh&R99, 2003, Zaitsest al. 2005,
Caputi et al. 2009). The possible role of these neurons couldhbesfore to provide the
inhibition of projection neurons within the cortiaainicolumn and so to synchronize their
activity (Gabbottet al. 1997b). One special type of vertically orientetuftéd neurons with
especially extensive vertical axonal arborisatisa ¢alled horse-tail) extending deep to the
infragranular layers are the double-bouquet cétigorimates, including human (but not in
rodents), some of these neurons were found to sxm@retinin (Condet al. 1994, del Rio
and DeFelipe 1997a, DeFelipeal. 1999).

Besides the CR+ neurons with vertically orientedret tree, cells with horizontal axonal
arborisation (most often with multipolar dendritmorphology) have also been found
(Meskenaite 1997, Gabbadt al. 1997b). Recently, two different types of CR+ nesran
layer 2/3 in the mouse neocortex were describegpCat al. 2009). The first type was the
CR+ bipolar neuron with vertically arranged dendrdnd axonal arbours, but the second type
was multipolar with preferentially horizontal ortation of both the dendritic and the axonal
arbours. The bipolar neurons also uniformly co-egped VIP, which was not found in
multipolar CR+ cell in this study. The two typeseatly differ in electrophysiological
characteristics as well (see below), what inferat tht least two significantly different
populations of CR+ neurons exist in the neocorbesides Cajal-Retzius cells, see below).
On the basis of their axon targeting, cortical iné&irons can be divided into dendrite-
targeting (with many subgroups), soma-targeting axah-targeting interneurons. The CR+
neurons are mostly dendrite targeting, similarlyG+ neurons, but unlike PV+ neurons
which typically innervate soma or axon initial seggthof pyramidal neurons. More precisely,
the CR+ axonal boutons that form symmetrical, GABA® synapses typically innervate

dendritic shafts and less often dendritic spinessamata (Meskenaite 1997). There are



noteworthy interareal differences in types of pgsaptic cells innervated by CR+ neurons.
While pyramidal neurons (especially their dendjitesre found to represent the main target
of CR+ axons in all examined layers in the humanp@ral neocortex (del Rio and DeFelipe
1997b), the CR+ interneurons innervate mainly pydamneurons in infragranular, but
preferentially other GABAergic interneurons in sagmanular layers of the primary visual
cortex (monkey: (Meskenaite 1997), rat: (Gonchat Barkhalter 1999)). Also in monkey
prefrontal cortex, CR+ neurons innervate prefeadliytiother GABAergic neurons in
supragranular layers (Melchitzky and Lewis 2008)erEfore, it indicates that at least in some
cortical areas and layers the CR+ neurons (by g other classes of inhibitory
interneurons) may exert significant disinhibitoffeet on the pyramidal neurons (Meskenaite
1997, Gonchar and Burkhalter 1999). Based on thbservations, a “gating cell” function
for the CR+ neurons — switching the flow of infotima between two pathways by inhibiting
one of them and disinhibiting the other one — waggssted by (Callaway 2004). Analogous
situation was also described in the hippocampugreviCR+ interneurons were found to be
specialized to control other interneuronal typesly@set al. 1996). Javier de Felipet al.
found in the monkey visual areas that especiakky @B+ neurons are densely contacted by
CR+ axonal terminals (DeFelipt al. 1999). On the other hand, the large PV+ baskés cel
did not seem to be contacted by CR+ axonal tersurkalrther, the connectivity between the
interneuronal populations is in no way unidirecibrbecause also the CR+ neurons were
substantially innervated by PV+ and CB+ internesron

The CR+ interneurons are also innervated by thamital cortical neurons. Interestingly, in
the monkey prefrontal cortex, the density of exoiy inputs on CR+ dendrites in
supragranular layers was found to be significalyer (40-90%) than on the PV+ dendrites
(Melchitzky and Lewis 2003). Similarly, in the veuareas of the rat, unlike the PV+

neurons, the CR+ neurons in layers Il/lll receivdyasparse inputs from the feedback and



feedforward excitatory connections (connecting jrynand higher-order visual areas). On
the contrary, the CR+ neurons in layer | are sielelgttargeted by feedback connections from
higher-order visual areas (Gonchar and Burkhald@32

The synaptic connections between individual interaes of the same type were described in
all interneuronal classes, including CR+ internesr¢@Gabbott and Bacon 1996a, Gablabtt
al. 1997a, 1997b, Meskenaite 1997, Gonchar and Bukhab99, Melchitzkyet al. 2005,
Melchitzky and Lewis 2008, Capudi al. 2009). The inhibitory interneurons also form tloe s
called electrical synapses, or gap junctions. Thase preferentially formed between
interneurons of the same class and were also fomednnect the CR+ interneurons (Capulti
et al. 2009). Together, the CR - CR chemical and eledtggnapses synchronize the activity
of interconnected neurons, which then form a nealrassembly that consequently modulates
the activity of other interneuronal classes as wasllof the pyramidal neurons in cortical
microcircuits.

While the GABAergic cortical interneurons prefefalty form connections with neurons in
their close proximity, sparse GABAergic cells wittng-range cortico-cortical projections
were also found in the neocortex (e.g. (Pe¢erd. 1990). Interestingly, 14% of GABAergic
long-distance cortico-cortical neurons in the monkere recently found to be CR+ (none of
these neurons were PV+) (Tomioka and Rockland 200y exact physiological function of
such long-range GABAergic neurons has not beenidgted so far, but various possibly
important tasks have been proposed, e.g. synclationzof multiple local neuronal networks
with otherwise weakly formed interareal connectiBszsaki 2006).

In monkey prefrontal cortex it was shown that tHe+heurons, unlike the other classes of
GABAergic interneurons, are not contacted by dopanterminals (Sesacét al. 1995).
Nevertheless, they possess thedDpamine receptors (Glauseatral. 2009), which infers that

the extrasynaptic dopamine transmission may exéiteince on CR+ cortical neurons. On the



contrary, the VIP+ and CCK+ interneurons (the migjoof which also express CR) were
found to be selectively excited by nicotinic re@timulation in the rat neocortex (Poréer
al. 1999).

Besides the above discussed GABAergic CR+ neuramsiimg inhibitory, symmetric
synapses, non-GABAergic CR+ cells and asymmetrtatory CR+ synapses were also
described. In the human temporal neocortex, 26%R+ neurons were found to be non-
GABAergic (del Rio and DeFelipe 1996) and 31 % whapses formed by the CR+ axon
terminals were of the asymmetrical type and henasymably excitatory (del Rio and
DeFelipe 1997b). Very similarly, 23 % of CR+ cellere GABAergic and 29 % of synapses
formed by the CR+ axon terminals were asymmetricthe monkey prefrontal cortex
(Melchitzky et al. 2005). In the both cited studies, the CR+ axoeahinals which formed

asymmetric synapses contacted predominantly dendpines.

Electrophysiological properties of calretinin-expressing neurons

The PV+ interneurons are uniformly described as<$piing: in response to a depolarizing
current injection, they show high-frequency firimm§ action potentials without marked
accommodation (lowering) of firing frequency. Oretlother hand, the CR+ (and CB+)
neurons belong to the non-FS cell types (interneuxerting other then FS pattern). The
non-FS interneurons are quite heterogeneous; \s&agpiking patterns, which do not match
exactly with expression of any CaBP, have beenrttest In the rodent brain, the CR+
neurons were found to belong to the regular-spikiag-pyramidal (RSNP) cells or to burst-
spiking non-pyramidal (BSNP) cells (Kawaguchi andbita 1997, Kawaguchi and Kondo
2002). Interestingly, in the already mentioned gt¢@aputiet al. 2009), the two different
CR+ neuron types (bipolar and multipolar) in theus® cortical layers II-1ll also differed in

electrophysiological properties: the bipolar nesrehowed bursting firing pattern, while the



multipolar neurons had a regular firing patterne Buthors suggest that the multipolar CR+
neurons together with one type of PV+ neurons farmnterneuronal network which is able
to drive synchronized inhibition of pyramidal nenso In opposite, the bipolar CR+ neurons
could act as “disinhibitory” neurons relieving pgrigal cells from inhibition.

In the rat neocortex, the CR+/VIP+ bipolar intenogs have also been described as irregular
spiking (IS): an initial burst of action potentiatsfollowed by intermittent action potentials
(Cauliet al. 1997, 2000, Portest al. 1998).

Toledo-Rodriguez et al. (2004) described four maglrsters of ion channel genes co-
expressed in cortical interneurons of the rat. &lokthese clusters contained also one of the
three CaBP. The “CR cluster” expressed (besides $K2), Kv3.4 and Ca&lB ion channel
subunits and was associated with accommodatiopikihg pattern. The PV and CB clusters
differed in both the expression of ion channel suisuand the electrophysiological properties
(PV cluster was associated with fast spiking andctBter with bursting behaviour).

The CR+ neurons were described as classic accontimg@aapting in the monkey
prefrontal cortex, the pattern consistent with Rf&NP in the rat (Zaitsest al. 2005, 2009).
Also these studies confirmed a marked correlatietwben the CaBP expression and the

electrophysiological properties of interneurons.

Cajal-Retzius Cdlls

One “special” neuronal population which also expessCR is formed by the Cajal-Retzius
(CjR) cells. These cells differ significantly frothe other CR+ neuronal types in various
aspects: location exclusively in first cortical ésytheir glutamatergic phenotype, specific role

in cortical layers patterning, etc.. Interestinggithough the number of CjR neurons



dramatically decreases in the early postnatal desind they probably completely disappear
from the rodent cortex, in the higher mammalianeosd including primates a small but
significant population of CjR cells can be foundain the adult neocortex (Martet al.
1999, Abrahamet al. 2005). For more information, consult some of teeent reviews on

CJR cells, e.g. (Soriano and Del Rio 2005).

Calretinin-expressing neuronsin neurologic and psychiatric disorders

The possible changes in expression of calcium b@giroteins in various neurological and
psychiatric disorders were studied in detail by ynaathors. Interestingly, while the CB and
especially the PV expression or the number of C&@nPV expressing neurons decreases,
the CR expression seems not to be affected in tondi such as schizophrenia, major
depression, Alzheimer disease and multiple sclgrosig.(Hofet al. 1993, Fonseca and
Soriano 1995, Beaslegt al. 2002, Hashimot&t al. 2003, Clementst al. 2008). In various
epileptic conditions, the CR expression or numbdeCi®+ neocortical neurons was shown to
be normal or decreased less prominently than tharRMCB expression (Garbedtial. 1999,
2006, Zamecniket al. 2006, Aronicaet al. 2007, Barinkaet al. 2009). Whether this
“resistance” of CR+ neurons results from the prepgaseuroprotective role of CR, or whether
it is the specific position of these neurons intical microcircuits that protects them from

deterioration, has not been sufficiently elucidatetd

Conclusions
Calretinin plays a role in modulation of synaptieets and signal transduction in neuronal
networks. The role of CR in other intracellular “Gasensitive processes and in

neuroprotection is still unclear and remains taéined.



With some limitations, the calcium-binding protei@R, PV and CB can be used as
convenient markers for different populations oftioal interneurons, which has already been
proved by gene expression profiling, electrophysjalal as well as developmental studies.
The CR expressing neurons increase in number gigntfy in primate neocortex, when
compared to rodents. In primates, they are the maskerous interneuronal population.

By inhibiting other interneurons, at least somehef CR+ interneurons are capable to exert
disinhibitory effect on pyramidal neurons, a praperot described in any other interneuronal
population.

The CR+ neurons which co-express VIP (and ChAT)babty play an important role in
neurovascular coupling.

Besides the majority of CR+ neurons utilizing GAB#s a neurotransmitter, smaller
proportion of CR+ neurons belongs to the non-GAR#ephenotype.

Finally, the CR expressing neurons seem to be memistant to various neuropathological

conditions then the PV and CB interneuronal pojarst
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Figurel.

Representative photomicrograph illustrating theridhistion of calretinin immunoreactive
(CR+) neurons in neocortex of the rat (A). Exampikgypical bipolar (B) and multipolar (C)
CR+ neurons. Scale bar = 200 um in A and 25 pumamdBC; I-VI: cortical layers; WM:

white matter.



