Brazilian Journal of Medical and Biological Research (2002) 35: 1407-1410

ISSN 0100-879X

Editorial

What the developing cerebral cortex tells
about the adult cortex (and vice versa)

S. Herculano-Houzel
and R. Lent

A group of outstanding neuroscientists was
seen last December in a most unusual place: the
Maracana soccer stadium in Rio de Janeiro,
Brazil. The occasion was not a field trip, though,
but an outing guided by local graduate students
during the Fourth International Course of the
UNESCO Chair of Morphology and Develop-
mental Biology (1), which took place at the
Federal University of Rio de Janeiro from De-
cember 3-7, 2001.

When it comes to discussing the frontiers of
a particular research theme, there is no meeting
like a small meeting, with plenty of discussion
time after each lecture. This was the case at the
UNESCO Course, which gathered over 200 par-
ticipants. The 16 lectures on the theme “What
the developing cerebral cortex tells about the
adult cortex (and vice versa)”, each followed by
at least 20 min of debate with the audience,
made clear that neuroscientists in the 21st cen-
tury are faced with several new concepts to
accept, as well as old concepts to reexamine.
The seven articles published in this issue will
give the reader an idea of what was discussed in
the meeting.

What the developing cerebral cortex
tells about the adult cortex...

“Where do we come from?” is a question that
has kept mankind occupied for centuries. The
same can be asked of the human brain, but
fortunately with a better prospect of obtaining
answers. Where do brain cells come from, par-
ticularly those that form the adult cerebral cor-
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tex? How do they get there, acquire their
adult characteristics and establish appropri-
ate connections with other cells?

Recent progress in brain development
was the theme explored during the first half
of the symposium. Derek van der Kooy (Uni-
versity of Toronto, Canada) opened the sym-
posium addressing the issue of what happens
to the early embryonic cells that create the
cortex once their job is done, and argued
against the continued presence of stem cells
in the adult brain other than in the remnants
of the embryonic germinal zone in the lateral
ventricles (2). These stem cells give rise to
progenitors that express neuronal markers as
they proliferate on their way to the adult
olfactory bulb, where they replenish the neu-
ronal population, as reviewed by Jodo
Menezes (Federal University of Rio de Ja-
neiro, Brazil) (3.4).

How do apparently similar proliferating
cells form the different brain regions, each
with characteristic cytoarchitectonics, chem-
ical markers and connection patterns? Gradi-
ents of several homeobox genes are expressed
over the embryonic brain, and based on that
evidence, Dennis O’Leary (Salk Institute,
USA) proposed that sharp areal boundaries
might arise from the combination of differ-
ent gradients (5), much as has been shown to
occur in the development of the Drosophila
body plan (6).

Do the two neuronal types of the adult
cerebral cortex, pyramidal neurons and in-
terneurons, share the same embryonic ori-
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gin? John Rubenstein (University of Califor-
nia at San Francisco, USA) reviewed evi-
dence from his laboratory that most neocor-
tical interneurons are actually derived from
the ganglionic eminences, the germinal zone
ofthe basal ganglia, and not from the cortical
ventricular zone (7,8). In order to find their
way to the developing cerebral cortex, pro-
spective interneurons may initially follow
corticofugal axons in vivo, then migrate tan-
gentially along the intermediate and mar-
ginal zones, and finally radially toward the
inner cortical layers, according to evidence
presented by John Parnavelas (University
College London, UK) (9,10). This novel
mode of tangential-then-radial migration is
further supported by unpublished data pre-
sented by Pasko Rakic (Yale University,
USA) from two-photon microscopy of thick
slabs of embryonic cerebral cortex in vitro.
Additionally, neurotrophic factors might par-
ticipate in guiding the migration of prospec-
tive cortical interneurons from the gangli-
onic eminences. Indeed, new data presented
by Alan Pearlman (Washington University,
USA) suggest that heterotopias caused by
the application of NT-4 to the developing
cortex consist of neurons generated in the
ganglionic eminences.

Once neurons take up their final posi-
tions in the developing cerebral cortex, they
start to extend processes that will constitute
the adult brain circuitry. Katherine Kalil (Uni-
versity of Wisconsin, USA) reviewed evi-
dence from her laboratory indicating that the
extension of callosal axon collaterals can be
influenced by the local environment (11).
Before branching at the appropriate loca-
tions in the contralateral hemisphere, though,
callosal axons must be guided across the
midline, instead of diving down along the
septum. Linda Richards (University of Mary-
land, USA) reviewed the role of midline
glial and neuronal structures in guidance,
and pointed out the involvement of the
chemorepellent molecule S/iz-2 in keeping
callosal axons within the correct path (12,13).
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... and vice versa

While development answers questions
concerning the origins of the adult brain, the
layout of the adult cerebral cortex also gives
clues about development. For instance, evi-
dence presented by Jean-Christophe Houzel
(Federal University of Rio de Janeiro, Bra-
zil) shows that heterotopic callosal connec-
tions are common in visual areas, calling for
a reevaluation of the notion that develop-
ment leads to formation and selective sur-
vival solely of links between precisely match-
ing points of the cerebral cortices (14,15).
Along the same lines, Miguel Nicolelis (Duke
University, USA) reviewed data that indi-
cate that receptive fields in the adult rat
somatosensory cortex exhibit dynamic spa-
tial properties, which can be shaped by early
sensory experience, that are much less spe-
cific than previously thought. Additionally,
these dynamic characteristics might provide
a potential for immediate plastic reorganiza-
tion of the adult cerebral cortex after periph-
eral injury, an issue reviewed by Ricardo
Gattass (Federal University of Rio de Janei-
ro, Brazil) who discussed retinal lesion-in-
duced plasticity of the blob system in the
visual cortex of adult monkeys.

Adult plasticity is a relatively recent con-
cept, and may be considered to represent a
normal, previously underestimated capabil-
ity of the adult brain. Indeed, recent evi-
dence presented by Jeffrey Macklis (Harvard
University, USA) suggests that re-activation
of developmental mechanisms can occur - at
least in special circumstances, when endog-
enous precursors can yield differentiated
neurons that replenish lesioned areas (16).

What the developing and adult
cerebral cortex tell about evolution

Any evolutionary theory concerning the
origins of the mammalian brain must ac-
count for the acquisition of the six-layered,
inside-out-generated neocortex, as pointed
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out by Francisco Aboitiz (University of Chile)
(17). This would have required not only the
evolution of radial organization of the cor-
tex, but also a change from the reptilian,
scattered pattern of reelin expression to the
mammalian, marginal zone-restricted pat-
tern, as argued by Andre Goffinet (Univer-
sity of Louvain, Belgium) (18).

Another striking feature of evolution of
the mammalian neocortex, as proposed by
Marcello Rosa (Monash University, Austra-
lia) (19), is cortical expansion through the
addition of new areas. This is to say that
cortical growth in evolution is not isometric:
large brains cannot be considered to be mag-
nified versions of smaller brains.

Invited by the organizing committee to
use the final lecture to comment on what
lessons development can teach about the
adult brain, Pasko Rakic recalled the words
of biologist Lewis Wolpert, who considers
the first nine months to be the most impor-
tant of human life, and concluded by quoting
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