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Fig. 8. Illustration of the sequential development of STF lamination in coronal sections of (A) a GWIO embryo (Yl-59) and 
(B) a GW13.5 fetus (Y144-63). The STF contains only two layers at GWIO, identified as STFI and STF5. Thalamocortical fibers 
(upward arrow) are penetrating STF5 by GWI0, where they produce a horizontal striation (see Fig. 10 for higher magnification). 
By GW13.5, two additional layers, STF4 and STF6, are prominent. Fibers of the internal capsule appear to be continuous with 
STFI in the embryo and with STF4 in the young fetus. 

place after the unspecified neurons have settled in the tangential migration to the cortical plate, which mayor 
cortical plate. The complex organization of the STF sug­ may not be aided by glial fibers. 
gests that the intermediate zone is more than a mi­ What morphogenetic processes transpire in the STF 
gratory zone. We propose, instead, that it is a staging of the human cerebral cortex? How are the distinctive 
arena where uncommitted or partially committed corti­ features of the different cortical regions specified in the 
cal neurons are specified in terms of their cellular iden­ STF? The answers to these questions must be tenta­
tity and where their fiber connections are formed. It is tive because of the limited amount information avail­
only after their prolonged sojourn in the different STF able in our material. First, unlike in the developing rat 
layers that the specified neurons resume their radial or cortex, where we could correlate the appearance and 

Fig. 9. The settling of Cajal-Retzius cells, the formation of the cortical plate and the development of STF between GW6.5 and 
GW8.5. (A) The earliest neurons, presumably Cajal-Retzius cells, leave the neuroepithelium in the GW6.5 embryo (M2155). 
(B) Cajal-Retzius cells settle in the GW7.5 embryo (M2042). (C) The cortical plate forms in the GW8.0 embryo (C9226), with a 
hint of the incipient formation of STFI and STF5 (in brackets). (D) The segregation of the lower perikaryal layer (STF5) and the 
upper fibrous layer (STFl) is evident in the GW8.5 embryo (M2050). 
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Fig. 10. The thickening of the cortical plate, formation of the subplate and of STFI and STF5 in a GWIO embryo (Yl-59), Where 
thalamocortical fibers enter the cortex (upper arrow) there is a hint of the formation STF4. Corticofugal fibers appear to emerge 
at this stage of development from STFI (lower arrow). 
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Fig. 11. Regional differences in STF lamination at two coronal levels in a GW13.5 fetus (Y144-63). (A) All STF layers are present 
in the frontal lobe. The continuity between STF4 and the corticofugal fibers of the internal capsule (lower arrow), and between 
STF6 and the crossing fibers of the corpus callosum (upper arrow), is indicated. ("8) STF3, the trilaminar honeycomb matrix, is 
prominent in the parietal and occipital lobes. 
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dissolution of different STF layers with quantitative 
data about the birth dates of different classes of cortical 
neurons (based on long-survival 3H-autoradiography 
in adults; Bayer & Altman, 1991), the time of origin of 
the different classes of cortical neurons in humans is 
currently unknown. Hence, all we can do is to extrapo­
late from the combined experimentally established se­
quence of cortical neurogenesis and transitional field 
stratification in rats (Altman & Bayer, 1990, 1991; Bayer 
& Altman, 1991) to humans. Second, in the histologi­
cal preparations we use here, in contrast to the supe­
rior methacrylate-embedded rat brains, the shape and 
orientation of cells, and the fibers and fascicles associ­
ated with them, are difficult to discern. Of course, com­
plementary material prepared with fiber stains would 
be very helpful. Third, in the absence of parallel elec­
tron microscopic and immunocytochemical prepara­
tions, we cannot even guess at the nature of cellular 
interactions that take place in the STF. For instance, are 
there tight junctions or temporary synapses formed in 
the sojourn zones between interacting neurons and tha­
lamocortical fibers, or is the interaction of a molecular 
nature? Notwithstanding these limitations, the avail­
able material does provide several clues that deserve 
serious consideration. 

The first of these clues is the Sb"iking difference in STF 
lamination in the fetal frontal lobe, which will acquire 
an agranular cortical cytoarchitecture, and the parietal 
and occipital lobes, which will acquire a granular cy­
toarchitecture (Fig. 2). At GW20, the STF of the frontal 
cortex has only two distinct perikaryal layers: the up­
per STF2 and the lower STFS. Conceivably, the broad 
STF2 is composed mostly of sojourning neurons of ear­
lier generated agranular neurons (efferent neurons of 
layers VI, V) while the narrow STFS is composed of 
a small complement of later generated neurons (layer 
III, II). STF3, the honeycomb matrix, which is postu­
lated to be composed primarily of granular neurons 
that synapse with sensory fibers, is absent in this agran­
ular region. The fibrous STF4 of the frontal lobe could 
contain mainly corticofugal axons, while the fibrous 
STF6 is evidently composed of callosal fibers. The most 
conspicuous component of the occipital STF is the tril­
aminar honeycomb matrix, with an upper and lower 
perikaryal zone (STF3a, STF3c), and a prominent mid­
dle zone (STF3b) composed of columns of radially ori­
ented fibers. Since the striate cortex of the occipital lobe 
is the target of thalamocortical fibers from the lateral 
geniculate body, it is reasonable to assume that STF3b 
contains the segregated fascicles of the visual radiation 
and the cells associated with these fiber columns are 
prospective layer IV neurons. Similar fiber columns, 
but without a distinct trilaminar organization, are evi­
dent in the granular paracentral lobule and the parietal 
lobe. These columns could be the segregated fascicles 
of the somatosensory radiation from the relay nuclei of 
the ventral thalamic complex. At all of these posterior 
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sites, not only STF3 but also STFS has a laminar orga­
nization but the columnar arrangement is less clear in 
this thin and variable layer. 

Before presenting our hypothesis of the significance 
of this difference in STF organization in the frontal 
lobe and the posterior areas of the cortex, we should 
mention an alternative classification and numbering 
of the STF layers. In that scheme, STF2 in the frontal 
lobe and STF3 in the posterior lobes would be homol­
ogous structures but with a different cytological orga­
nization. STF2jSTF3, classified as an upper perikaryal 
layers would contain layer V and IV neurons at both 
sites but in drastically different proportions and with 
drastically different fiber connections. In the agranular 
frontal cortex STF2jSTF3 would be composed mostly 
of future pyramidal cells whereas in the granular poste­
rior areas mostly of future granule cells (STF3a, STF3c) 
with an interposed fibrous layer (STF3b). This view is 
supported by the fact that the lower perikaryal layer 
(STFS) likewise differs at the two sites, lacking a fibrous 
band in the anterior cortex but having a trilaminar orga­
nization in the posterior cortex. However, irrespective 
of these two classifications, the fact remains that the 
STF of the frontal lobe lacks a honeycomb matrix and 
the hallmark of the posterior cortex is the presence of 
that matrix. 

Our hypothesis is that the honeycomb matrix is the 
site where the topographic (retinotopic, somatotopic, 
cochleotopic) specification or mapping of the cortical 
sensory areas takes place through interaction with the 
topographically arranged incoming thalamocortical af­
ferents (Fig. 12). We postulate that there are three stages 
in this process of topographic specification of the sen­
sory areas of the cerebral cortex: (i) migration and set­
tling of early neurons (those of the primordial plexi­
form layer) without topographic specification; (ii) the 
specification at STF3 of layer IV (and possibly other) 
neurons; and (iii) the orderly migration of the speci­
fied neurons to the cortical plate and the formation of 
topographically organized sensory columns there. Be­
cause the course of the visual radiation is the easiest to 
follow in our material, we focus here on the trilaminar 
honeycomb matrix of the occipital lobe. 

(i) Neuronal migration before specification. We start out 
with two established facts. First, the cortical plate is 
present by GW8.0 (Fig. 9C), i.e., before thalamocorti­
cal fibers have begun to penetrate the cortex, and be­

rfore the honeycomb matrix has formed (which occurs 
some time between GW10 and GW13.S; Fig. l1B). The 
early cortical plate is likely to be composed mostly of 
layer VII, or subplate, cells that are often considered 
constituents of the primordial plexiform layer (Marin­
Padilla, 1971). If the honeycomb matrix is the mecha­
nism that specifies the topographic identity of cortical 
neurons, the neurons generated and settling between 
GW8.0 and GW10 must be unspecified or"nonspecific" 
cells (shown as blue CP cells in Fig. 12A). By GW10, the 
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Fig. 12. Two hypothetical stages in cell migration from the neuroepithelium and the subventricular zone (NEP/SVZ) to the 
cortical plate (CP) in cortical areas with topographically specified thalamocortical projections (grid at lower right). (A) Before 
the honeycomb matrix forms and the horizontally-oriented thalamocortical fibers (green) and sojourning neurons in STF5 (blue) 

f	 start to interact, the neurons migrating to and settling in layers I and VII (the preplate and the subplate) remain topographically 
unspecified (blue). (B) Afterwards, as cohorts of neurons team up with select thalamocortical fascicles (cells turning red), the 
migrating neurons and the growing fibers turn vertically and form discrete columns in STF3b of the trilaminar honeycomb 
matrix. It is hypothesized that, henceforth, the neurons associated with a particular fiber column are topographically tagged 
and retain that specification as they migrate toward and settle in the cortical plate (upper labeled grid). The earlier settled 
neurons of cortical layers I and VII remain topographically unspecified (blue). 

perikaryal STF5 abutting the neuroepithelium assumes is the basis of the cell orientation in STF5 in Figure 12A. 
a striated appearance due to the penetration of thalamo­ The next event is that the transversely oriented thala­
cortical fibers, which expand from ventral to dorsal and mocortical fibers change their trajectory and begin to 
are distributed parallel to the cortical surface (Fig. 10). grow radially towards the cortical surface. This heralds 
Coronal sections in our rat material indicate that the the formation of the STF4 (the middle fibrous layer) and 
cells in this layer tend to be transversely oriented; this STF3 (the honeycomb matrix). 
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SUPERIOR PARIETAL LOBULE GW37 
CORONAL 

Fig. 13. The alternation of vertical fiber columns and perikaryal columns in the gray matter of the superior parietal lobule in a 
coronal section of the cerebral cortex in a premature newborn (GW37, Y217-65). 

(ii) Specification of migrating neurons. The h"ilaminar 
honeycomb matrix of the occipital lobe is fully devel­
oped by GW13.5, the beginning of the second trimester 
(Fig. HB). The honeycomb matrix persists through 
the second trimester (GW26) and begins to dissolve 
at the start of the third trimester (work in progress). 
Figure 12B shows schematically the events that, accord­
ing to our hypothesis, transpire in the trilaminar hon­
eycomb matrix of the occipital lobe during the second 
trimester. It is known that the visual projection is topo­

graphically organized along its entire course from the 
retinal surface to the occipital cortex (Polyak, 1957); a 
small portion of this retinotopic map is schematically 
represented by the grid in Figure 12B (lower right). Ac­
cording to our hypothesis, the early visual radiation 
fibers that are oriented in STF5 parallel to the cortical 
surface at an earlier age (Fig. 12A) have not yet be­
gun to interact with sojourning neurons there, either 
because the fibers have not yet reached a critical mass 
or because the transmitters and receptors required for 
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that interaction are yet to develop. Once that interaction 
commences, the thalamocortical fibers turn upward, se­
lect fibers establish a relationship with cohorts of neu­
rons that migrate through STF4 to STF3c, and they form 
segregated vertical fiber columns in STF3b. The neu­
rons that team up with particular fiber column assume 
the topographic identity of that column; this is indi­
cated in Figure 12B by the blue cells turning red. We 
do not know the nature of this hypothetical interaction. 
We obtained some evidence in another brain system 
that the Purkinje cells that migrate from the cerebellar 
neuroepithelium to the cerebellar cortex may acquire 
their lobular identity by moving through the fibrous 
field of the inferior cerebellar peduncle and"drag" the 
fibers to the cerebellar lobule where they settle (Altman 
& Bayer, 1997, pp. 250-251). Without electron micro­
scopic evidence of the laminar distribution of synapse 
formation in the STF, which is an early event in the de­
veloping human cerebrum (Molliver et al., 1973), and 
without evidence about the laminar distribution of neu­
rotransmitters and their receptors in the STF, the nature 
of this hypothetical interaction between thalamocorti­
cal fibers and cortical neurons must remain enigmatic. 
As for the identity of the specified neurons, the fact that 
the honeycomb matrix persists a long period in the oc­
cipitallobe suggests that the bulk of its late-generated 
neurons may undergo this topographic specification. 

(iii) Settling of neurons in the cortical plate. Compati­
ble with this hypothesis of the columnar segregation 
of afferents and cortical neurons in the trilaminar hon­
eycomb matrix, is the apparent segregation of vertical 
fiber and perikaryal columns in the maturing gray mat­
ter of the occipital and parietal lobes, as illustrated in 
a premature (GW37) newborn (Fig. 12). The aligned 
cell columns seen at this age may be identical with the 
functional columns that were originally described by 
Mountcastle (1957) in the somatosensory cortex of cats 
and subsequently by Hubel and Wiesel (1962) in the vi­
sual cortex of monkeys. These vertical columns share 
common receptive fields, and (in the visual cortex) sev­
eral other perceptual features (Hubel & Wiesel, 1977). 
However, this link between the columns of the honey­
comb matrix and the columns of the cortical gray matter 
is complicated by the fact that columnar organization 
is less evident in the densely packed cortical plate of 
younger fetuses (not illustrated). Another problem is 
that columnar segregation is also evident in the gray

• matter in some areas of the frontal cortex where there is 
no honeycomb matrix present earlier during develop­
ment and where the gray matter columns must serve 
some other function than the topographic representa­
tion of the external senses. As a final reservation, it is 
unwarranted to assume that the STF in general, and 
the honeycomb matrix in particular, are responsible for 
more than the establishment of the coarse wiring cir­
cuitry of the developing cortical gray matter. The es­
tablishment of the fine circuitry of the cortex consti­

tutes another chapter in the developmental history of 
the cerebral hemispheres. 
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