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Commissural and Cortico-cortical "Columns" 

in the Somatic Sensory Cortex of Primates 

Abstract. Anatomical experiments demonstrate that commissural and cortico-cortical 
fibers arising and terminating in the somatic sensory cortex of monkeys terminate in lay- 
ers I through IV in a mosaic of precisely ordered vertical bands. The cells of origin of 
these fibers, found predominantly in layer III, are also arranged in vertical aggregations. 
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fibers arising and terminating in the somatic sensory cortex of monkeys terminate in lay- 
ers I through IV in a mosaic of precisely ordered vertical bands. The cells of origin of 
these fibers, found predominantly in layer III, are also arranged in vertical aggregations. 

The sensory areas of the cerebral cortex 
have a pronounced vertical cellular organi- 
zation that can be demonstrated anatomi- 
cally (1) and electrophysiologically (2). In 
some areas (3) this verticality seems to be 
related to a precise ordering of the thalam- 
ic afferent fibers entering the area. In the 
visual cortex, for example, bundles of tha- 
lamic afferents are aligned in register so as 
to form a series of bands approximately 
500 um wide, each of which is related to 
one eye. In the somatic sensory cortex, in- 
dividual columns of similar dimensions are 
related to a single modality (3). 

In our study of the somatic sensory cor- 
tex in rhesus (Macaca mulata) and squir- 
rel (Saimiri sciureus) monkeys, commis- 
sural and cortico-cortical fibers have also 
been found to terminate in discrete vertical 
groupings. The cells of origin of the com- 
missural fibers and, to a lesser extent, those 
of cortico-cortical fibers have been found 
to be arranged in distinct clusters. 

Commissural and cortico-cortical fibers 
of eight monkeys were demonstrated with 
autoradiography (4); this method depends 
upon the axoplasmic transport of isotopi- 
cally labeled proteins from the cell body to 
the terminals of its axon. The tritium-la- 
beled amino acids proline and leucine were 
injected singly or multiply into the first so- 
matic sensory area (SI). Single injections 
containing 5 ,c of radioactivity in 0.1 M1 of 
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solution caused heavy labeling (4) of cells 
over an area of approximately 1 to 2 mm2. 
After survival periods ranging from 12 
hours to 6 days, the brains were prepared 
for autoradiography (4). Multiple, large in- 
jections containing up to 100 #c of activity 
coalesce so as to heavily label virtually all 
of SI. Transported label is accumulated in 
the opposite SI and SII, though only in the 
face, head, trunk and proximal limb repre- 
sentations (5). Within these parts of the 

body representation, the cortex is not uni- 
formly labeled. Instead, the label resolves 
itself into a number of blocklike forma- 
tions (Fig. 1C); in each of these, a few 
loosely packed grains extend from the 
white matter up to layer IV. Here a band 
of intense terminal labeling expands in 
width to as much as 600 to 1000 Mm within 
the confines of layer IV. Superficial to 

layer IV, the grain concentration becomes 
reduced and the band narrows, but it con- 
tinues to layer I. A second band of moder- 

ately intense terminal labeling is common- 

ly situated in layer II and the upper half of 

layer III. After a short postoperative time 

(12 to 24 hours), when most of the trans- 

ported label is located in axon terminals 

(4), the labeling in layers V and VI is indis- 
tinct; this suggests that the majority of the 
commissural fibers terminate in the granu- 
lar and supragranular layers. 

In SII, the bands of terminals have the 
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tinct; this suggests that the majority of the 
commissural fibers terminate in the granu- 
lar and supragranular layers. 

In SII, the bands of terminals have the 

same laminar distribution, but they tend to 
be slightly wider. In both SI and SII, the 
interval between adjacent bands varies ac- 
cording to the part of the representation 
examined, but in the face area, which re- 
ceives many bands (Fig. 1C), the interval is 
usually between 500 and 1000 Mm wide. A 
single small injection of isotope in SI in an 
area of about 1 mm2 leads to labeling of 
only one or two columnlike bands of com- 
missural fibers in the opposite SI and SII. 

Since the discontinuous distribution of 
the commissural fibers demonstrated au- 
toradiographically might result from the 
unequal labeling of the different parts of SI 
(even with a large number of injections of 
isotope), three additional experiments were 
performed. The whole of SI was ablated, 
and a survival period of 5 days was al- 
lowed. The brains were then prepared by 
the Wiitanen modification of the Nauta 
method for staining degenerating axons 
and their terminals (6). The total com- 
plement of commissural fibers was thereby 
labeled. Orthographic reconstructions 
(Fig. 2, A and B) show the size and relative 
distribution of the bands of commissural 
fiber terminals as determined from mea- 
surements of the widest parts of the foci of 
terminal degeneration (which, as in the 
case of the autoradiographic experiments, 
occurs in layer IV). 

Though SI contains four cytoarchi- 
tectonic fields (areas 3a, 3b, 1, and 2, 
recognized by counterstaining the Nauta 
preparations with a cellular stain), the dis- 
tribution of the commissural bands is not 
by area. In the face and trunk representa- 
tions, all four areas contain labeled bun- 
dles arranged in an anteroposterior se- 
quence across SI. Apart from these, a me- 
diolaterally oriented row extends along the 
representation of axial portions of the 
body at the junction of areas 1 and 2 (Fig. 
2A). 

In autoradiographs and counterstained 
Nauta preparations, it is often possible to 
see (Fig. 1, B and C) that each commissur- 
al fiber bundle is associated with an aggre- 
gation of five or more of the large pyram- 
idal cells typical of the deep one-half to 
two-thirds of layer III (layer III B) (7). In 
intervening portions of the cortex lying be- 
tween the commissural fiber bundles and in 
parts of SI and SII related to the distal 
aspects of the limbs, the large pyramidal 
cells, though still present, often appear 
fewer in number and tend to be confined to 
the deepest part of layer III B. 

Five correlative experiments used the 
uptake by axon terminals and the retro- 
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the deepest part of layer III B. 

Five correlative experiments used the 
uptake by axon terminals and the retro- 
grade axonal transport of the enzyme 
horseradish peroxidase (8) to demonstrate 
the cells of origin of the commissural fi- 
bers. The large pyramidal cells of layer 
III B are the only cells in SI to give rise to 
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commissural fibers (Fig. 1A). After multi- 

ple, very large injections (up to 1000 ,ug) 
of the enzyme in SI of one side, the cells in 
layer III B in the face, head, trunk, and 
proximal limb regions of the contralateral 
SI are labeled in discrete clusters 500 to 
1000 vm wide (Fig. 1A) (9). Although 
there remains the possibility that the whole 
of the ipsilateral SI was not equally la- 
beled, it is, nevertheless, possible to make a 
map comparable to that generated from 
the distribution of the bundles of commis- 
sural axons (Fig. 2C). This suggests that 
commissural axons may arise from and 
terminate upon exactly homotopic groups 
of pyramidal cells. The bilaminar pattern 
of termination described might reflect ter- 
minations of the commissural axons on the 
pronounced tufts of dendritic branches 
generated in layers III A and IV, respec- 
tively, by the primary apical and basal den- 
drites of these nerve cells. 

Discrete vertical bundles of ipsilateral 
cortico-cortical fibers have also been dem- 
onstrated in the somatic sensory area and 
in certain related cortical areas. Multiple, 
but discontinuous, injections of labeled 
amino acids in SI label a dense band of ter- 
minals in layer IV of the ipsilateral SII, 
but at intervals, a band of terminal labeling 
between 500 and 800 ,m wide ascends 
through the supervening layers to the deep 
part of layer I (Fig. ID). Each ascending 
band is separated from its neighbors by a 
gap of approximately 500 um. Each is con- 
sidered to represent the terminals of a 
bundle of cortico-cortical axons emanating 
from cells at the center of each injection 
mass. Each bundle demonstrated anatomi- 
cally is a topographic one and cannot, 
therefore, be considered a functional unit 
in the sense of the electrophysiological 
"column" (2), but we believe it to be a re- 
flection of the basic vertical pattern of or- 
ganization upon which such columns must 
depend. That is, more than one functional 
column of cortical cells may be contained 
within each ascending bundle of cortico- 
cortical axons. 

After single small injections of isotope 
in areas 3a and 3b of SI, single labeled 
bundles are found in SII and in areas 1, 2, 
and 5. Each again consists of a band about 
500 Mm wide in layers I through IV. The 
cortico-cortical bands are, thus, similar to 
the vertical arrays of commissural fibers; 
despite the obvious uncertainty of obtain- 
ing injections of comparable size in differ- 
ent experiments, the relative consistency in 
the dimensions of the bands is striking. 

Experiments with the retrograde, horse- 
radish peroxidase tracing method show 
that most cortico-cortical axons arise from 
pyramidal cells of all sizes in layers III A 
and III B, while fewer arise in layers II and 
V and virtually none in layer VI. After in- 
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Fig. 1 (top). (A to C) Three photomicrographs 
at the same magnification. (A) A dark-field 
preparation, showing three vertical groupings of 
pyramidal cells in layer II B labeled by retro- 
grade transport of horseradish peroxidase; the 
injection labeled an area of the opposite SI con- 
siderably larger than that shown here. (B and C) 
Respectively bright- and dark-field photomicro- 
graphs of the same part of SI showing the 
laminar distribution of a vertical band of com- 
missural axon terminals labeled autoradio- 
graphically. (D) Dark-field photomicrograph 
showing several vertical arrays of labeled corti- 
co-cortical axon terminals in SII of a squirrel 
monkey following multiple, small injections of 
isotopically labeled amino acids in the ipsilater- 
al SI; WM, labeled axons in white matter. This 
figure is inverted with respect to (B) and (C) be- 
cause SII lies in the upper bank of the lateral 
sulcus. Fig. 2 (right). (A) Expanded surface 
view of the four architectonic fields (3a, 3b, 1, 
and 2) of the SI cortex of a squirrel monkey 
showing columnar distribution of degenerating 
commissural axon terminals in a brain in which 
the contralateral SI was removed 5 days previ- 
ously. Each vertical line represents a band of 
terminal degeneration from a single parasagit- 
tal section. Unshaded areas receive no commis- 
sural terminals. The largest of these are the 
hand and foot representations. Arrows indicate 
medial border of hemisphere where SI extends 
from lateral onto medial surface. (B) Projection 
drawing of a single parasagittal section through 
the trunk representation showing the patches of 
terminal degeneration in layers II to IV. (C) 
Projection drawing of a comparable parasagit- 
tal section from a brain in which commissurally 
projecting cells (each indicated by a dot) were 
labeled by the retrograde transport of horserad- 
ish peroxidase. The cells lie in layer III B and 
are arranged in clusters similar to the terminal 
bundles of commissural fibers indicated in (B). 
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jections of the enzyme in SI, retrogradely 
labeled cells in SII and in the motor cortex 
(area 4) appear in narrow vertical group- 
ings, which may be single or multiple, de- 
pending on the size of the injections. 

These observations provide further evi- 
dence that the sensory cortex can be con- 
sidered as a mosaic of functional units 
based on afferent input. In the two types of 
afferent systems examined here, the colum- 
nar pattern probably reflects a precise 
topographic ordering of cells and their 
axons. The width of the columnlike bands 
of axons and terminals, and their distribu- 
tion, when taken in conjunction with avail- 
able physiological data (2), make it unlike- 
ly that each band represents a single som- 
esthetic modality; however, they probably 
indicate the anatomical organization that 
underlies the cortical representation of 
both place and modality. The investigation 
also shows, with previous studies on the 
thalamic afferents (7), that the granular 
and supragranular layers are the sites 
of termination of all three major afferent 
systems. This points up an interesting dual- 
ity in the organization of the cortex, for 
evidence is accruing that the efferent fibers 
to subcortical centers such as the thala- 
mus, midbrain, pons, and dorsal column 
nuclei arise only in layers V and VI (10). 
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Department of Anatomy, Washington 
University School of Medicine, 
St. Louis, Missouri 63110 
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Delayed-Type Hypersensitivity to Sheep Red Blood Cells: 
Inhibition of Sensitization by Interferon 

Abstract. Interferon, when given or induced 24 hours before contact of mice with sheep 
red blood cells, prevented sensitization, and no delayed-type hypersensitivity reaction 
could be elicited 4 days later, after challenge with the antigen, as shown by the absence of 
footpad swelling in treated animals. 
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could be elicited 4 days later, after challenge with the antigen, as shown by the absence of 
footpad swelling in treated animals. 

Interferon, originally discovered be- 
cause of its antiviral properties, has more 
recently been shown to affect the immune 
system (1). Our group has been interested 
mainly in the effects of interferon on cell- 
mediated immune reactions, and we have 
previously reported that, in mice sensitized 
to picryl chloride or sheep red blood cells 
(SRBC), expression of delayed-type hyper- 
sensitivity (DTH) is significantly inhibited 
if the animals are treated with interferon 
on the day before or the day of challenge 
with the antigen (2). We believe that this 
phenomenon contributes to the frequently 
described inhibition of DTH which occurs 
as a result of virus infection (3). 

In view of this very pronounced action 
of interferon on the efferent arc of the 
DTH reaction, it was important to deter- 
mine whether interferon also had an effect 
on the afferent arc, that is, the actual sensi- 
tization. This was examined with two dif- 

Interferon, originally discovered be- 
cause of its antiviral properties, has more 
recently been shown to affect the immune 
system (1). Our group has been interested 
mainly in the effects of interferon on cell- 
mediated immune reactions, and we have 
previously reported that, in mice sensitized 
to picryl chloride or sheep red blood cells 
(SRBC), expression of delayed-type hyper- 
sensitivity (DTH) is significantly inhibited 
if the animals are treated with interferon 
on the day before or the day of challenge 
with the antigen (2). We believe that this 
phenomenon contributes to the frequently 
described inhibition of DTH which occurs 
as a result of virus infection (3). 

In view of this very pronounced action 
of interferon on the efferent arc of the 
DTH reaction, it was important to deter- 
mine whether interferon also had an effect 
on the afferent arc, that is, the actual sensi- 
tization. This was examined with two dif- 

100 
90 
80 
7C 

100 
90 
80 
7C 

)0 6C 
- 50 
Z 40 

30 
E 20 

0 100 
Z 9C 
-J 80 
wu 7C 
B 6c 
( 5C 
a 4C 

S 3C 
H 2C 
o 1C 
u_ 

)0 6C 
- 50 
Z 40 

30 
E 20 

0 100 
Z 9C 
-J 80 
wu 7C 
B 6c 
( 5C 
a 4C 

S 3C 
H 2C 
o 1C 
u_ 

di di 

I I I I i " ' ' 

24 HI 

ONT SBC -48 -24 -3 24 'ONT SRBC -48 -24 -3 + 24 

I I I I i " ' ' 

24 HI 

ONT SBC -48 -24 -3 24 'ONT SRBC -48 -24 -3 + 24 
HR HR HR HR 

NDV INOCULATION 

Fig. 1. Effect of NDV on sensitization to SRBC. 
Five groups of six male C57BL/6 mice were 
sensitized against SRBC. Three of these had 
been inoculated intravenously with 107 PFU of 
NDV, respectively 48, 24, or 3 hours before sen- 
sitization. The fourth group received NDV 24 
hours after SRBC and the fifth group, which 
served as a sensitized control, received SRBC 
without any NDV injection. All mice, 4 days af- 
ter sensitization, plus an additional group of un- 
sensitized animals, were injected with 108 SRBC 
into the left footpad. Average footpad swelling 
(4 S.E.) is graphically represented for each 
group 48 hours and 24 hours after sensitization. 
All values were virtually back to normal after 72 
hours. Abbreviations: cont, unsensitized con- 
trols; SRBC, sensitized controls (SRBC without 
NDV injection). 
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ferent approaches: induction of interferon 
with Newcastle disease virus (NDV) in 
congenic high and low interferon produc- 
ing mice, and administration of exogenous 
interferon. 

The induction of DTH to SRBC in mice 
was carried out by the procedure of La- 
grange et al. (4), in which mice are sensi- 
tized with an intravenous inoculation of 
106 SRBC suspended in phosphate-buf- 
fered saline (PBS) and 4 days later, chal- 
lenged by an inoculation into the left foot- 
pad of 108 SRBC suspended in 40 ul of 
PBS. Footpad swelling is measured with 

dial-gauge calipers 24, 48, and 72 hours 
later, and is expressed as the difference be- 
tween the left (challenged) and the right 
(unchallenged) foot. Histological examina- 
tions made during previous experiments 
had shown that DTH reaction typically oc- 
curred 24 hours after footpad inoculation 
(2). 

An experiment was carried out to deter- 
mine whether interferon had any effect on 
sensitization to SRBC, and, if so, to deter- 
mine the optimal conditions of timing. Dif- 
ferent groups of six C57BL/6 mice re- 
ceived one intravenous inoculation of 107 
plaque-forming units (PFU) of NDV, each 
group at a different time with regard to the 
time of sensitization, which was the same 
for all animals. The amount of virus in- 
oculated was calculated to induce about 
200,000 units (5) of circulating interferon 
at peak levels, that is, about 9 hours after 
virus injection. Footpad swelling, mea- 
sured 24 and 48 hours after challenge, is 
illustrated in Fig. 1. All groups reacted to 

footpad challenge except the one that had 
received NDV 24 hours before sensi- 
tization, whose members behaved like non- 
sensitized animals. The fact that NDV had 
no effect when given on the day of or the 

day after sensitization was important, 
since it ruled out the possibility that the in- 
hibition of footpad swelling in mice in- 
oculated on the day preceding sensitization 

might have been due to an effect on the re- 
active or efferent phase. 

That NDV acted through interferon in- 
duction was confirmed in congenic high 
and low interferon producers. Two strains 
of mice, genetically identical as far as 
all identifiable loci are concerned, but 

differing by their alleles at the If-1 locus, 
were used. One strain carries the If-1h 
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