human erythrocytes. Also, infectious
virus was not produced when suscep-
tible CEF cultures were treated with
50 pg/ml of 5-bromo-2-deoxyuridine
4 hours prior to inoculation with virus
from tumor fluids.

The virus neutralization studies
indicate that the agents isolated from
all three tumors are the same virus.
These data show that the serum of
three tumor patients neutralized the
virus taken directly from two of the
three tumors, as well as the virus
passaged once in CEF cultures. These
studies were carried out by inoculating
susceptible CEF cultures with mixtures
of serum and virus and then taking
the cytopathic effect as the end point
of neutralization. In all neutralization
studies, we maintained a constant virus
concentration, and varied the serum
concentrations, Serum from a fourth
patient, with an identical tumor that
has not yet been studied, also neutra-
lized all three viruses. Also, rabbit and
hamster antiserums prepared against
EFMU-1 virus from primary tumor cul-
tures specifically neutralized the virus
derived from tumor or CEF cultures.
These data suggest that the virus in the
tumor and that passaged once in CEF
are similar. Control studies were done
with serums from normal, age-matched
patients, from patients with renal ade-
nocarcinoma of the kidney, and from
animals before they were injected with
the virus. Virus neutralizing antibody
was not detected in any of the control
serums. Also, specific antiserums against
the seven known serotypes of simian
foamy virus (/3), diluted 1:10, did
not specifically neutralize the virus.

During the past 18 months we have
attempted to isolate virus directly from
renal adenocarcinomas (hyperneph-
romas), from renal tumors in cell
culture, and from normal adult kidney.
Thus far, we have failed to demonstrate
an agent associated with these tumors
by virological and morphological tech-
niques, and we have not detected virus
in normal kidney removed from patients
of different ages with benign and neo-
plastic diseases of the urinary tract.

We believe that this is the first
report of the isolation of a virus, with
similar characteristics, from three ma-
lignant human tumors as well as from
tumor cells in primary culture. Our
initial studies suggest that this virus is
not a known human RNA virus, and
is therefore either a new human virus
or an animal virus commonly associated
with these tumors. Although we have
established that EFMU has certain
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characteristics in common with known
oncornaviruses, it is unlike known
RNA tumor viruses in that it is a
cytopathic agent, and it does not appear
to mature by budding from the cell
membrane.
ARTHUR Y. ELLIOTT
ELwIN E. FRALEY
PATRICK CLEVELAND
ANTHONY E. CAsTRO, NELL STEIN
Department of Surgery,
Division of Urology, and
Department of Microbiology,
University of Minnesota Health
Sciences Center, Minneapolis 55455
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Somatosensory Cortex: Structural Alterations following

Early Injury to Sense Organs

Abstract. In mouse somatosensory cortex there are discrete cytoarchitectonic
units, called “barrels.” Each barrel is related to one sensory vibrissa on the muz-
zle. Individual vibrissae were carefully injured at birth; 12 to 43 days later, the
corresponding barrels proved to be absent. Evidently the sensory periphery has
an important influence on the structure of the somatosensory cortex.

It is of great interest to know wheth-
er long-term or permanent alterations
in the somatosensory periphery may
produce lasting changes in the brain,
In the mouse, the vibrissal pad and its
cortical representation in the somato-
sensory field (SI) provide a particularly
good situation in which to analyze the
structural dependence of the cerebral
cortex on the sensory periphery (1).

The vibrissal pad contains about 25
large mystacial hairs each of which,
along with its associated set of sensory
receptors, constitutes a discrete tactile
sense organ. Each vibrissa is identifiable

“at birth, and each is known to project

to a distinct cytoarchitectonic unit in
the somatosensory cortex of the oppo-
site side. These cytoarchitectonic units,
or “barrels,” are confined to layer IV
of the SI, a layer largely populated by
small neurons. The number and ar-
rangement of the vibrissae are constant
from animal to animal, and the same
is true for the barrels in the cortex.
There is also a striking topological sim-
ilarity in the arrangement of the vibris-
sae and that of cortical barrels (com-
pare d and e in Fig. 2 with a in Figs.
1 and 2) (2). This topologic con-
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stancy makes it possible to determine
whether injury to a particular vibrissa,
or to groups of vibrissae, would result
in alterations in the related barrels.
Whatever changes occurred could be
identified by direct comparison with
the neighboring normal barrels. And,
where the need exists to assess the al-
tered morphology of the entire barrel
field, or to precisely evaluate changes
in specific barrels, the contralateral
hemisphere would provide an adequate
control.

In order to determine whether early

modification of the somatosensory pe-
riphery would lead to changes in the
cortex, individual vibrissae were care-
fully injured at birth (4). Twelve mice
were treated daily from birth to day
12 and killed on day 13. Fourteen
mice were treated only at birth, and
survived for periods varying from 31
to 43 days. There appeared to be no
significant difference between the cor-
tices of animals treated daily and of
those treated only at birth. Each group
of animals was accompanied by two
littermate controls; in total, 26 white

mice (Swiss, ICR) and 4 black mice
(C57BL/6) were used. The animals,

‘under sodium pentobarbital anesthesia,

were perfused through the heart with 10
percent neutralized formalin dissolved
in 0.9 percent NaCl. The brains were
routinely embedded in celloidin and
sectioned in a plane tangential to the
pial surface covering the barrel field,
at thicknesses varying between 30 and
100 pum. The sections were stained by
a Nissl method (methylene blue chlo-
ride). To eliminate bias in interpreting
the results, 22 barrel fields were recon-

T T ey
Fig. 1 (top). Three camera lucida drawings, made from three series of histologic sections of mouse somatosensory cortex (cut
tangential to pial surface), depict normal and experimentally altered barrel fields. A majestic section from each series is shown
in the correspondingly lettered part of Fig. 2. Shaded barrels correspond to large mystacial vibrissae. (a) The normal barrel
field from a left hemisphere. A code identifying the barrels is indicated; it corresponds to our vibrissa code in Fig. 2e. (b) Field
from a right hemisphere. Only barrels of row C and barrel g remain, that is, the barrels related to the untampered vibrissal
row C and to vibrissa 8. In the barrelless region, there are sheetlike assemblies of cells; where striking, they are indicated by
solid lines; where less clear, by dashed lines; and where barely recognizable, by dotted lines. Field shown in (a) is control for
this experiment; it is taken from the left hemisphere of the same animal. (c) A right barrel field. Only barrel rows A, B, D,
and E remain, that is, the barrels related to the untampered vibrissal rows A, B, D, and E. Fate of barrel g is not clear (the
experiment included injury to vibrissa 8), but comparison of (c¢) with (a) reveals a rearrangement of barrels « to 3. Orienta-
tions of drawings with respect to head are given by m, medial; /, lateral; a, anterior; p, posterior. Asterisks in (a), (b), and
(c) identify the starred barrels in Fig. 2, a, b, and c, respectively. Fig. 2 (bottom). (a to c¢) Photomicrographs of barrel
fields in normal and altered mouse somatosensory cortex. (d to i) Photographs, and one chart, of normal and injured muzzles;
(a to c) are taken from single sections through barrel fields, cut at 40 um (a and b) and at 100 um (c). The sections in (a), (b),
and (c) are from hemispheres contralateral to the muzzles shown in (d), (f), and (h), respectively. (a) Normal barrel field.
(b and c¢) Experimentally altered fields. See drawings of Fig. 1 for corresponding whole barrel fields, and its legend for descrip-
tions. In (b) and (c), arrows point to cell aggregates that occur where barrelless regions face intact barrels. The same scale
is used for (a), (b), and (c). For asterisks, see legend to Fig. 1. (d) The arrangement of the large mystacial vibrissae is shown
on the muzzle of a 6-day-old mouse. India ink has been applied to hair sinuses to enhance the pattern. Orientation of picture
facilitates comparison with (a). Magnification approximately 1.9X. (e) Code used to identify vibrissae is shown. The five rows
have been labeled A to E; the four posterior vibrissae, a to 3; compare with barrel code in Fig. la. (f and h) The injuries
made to vibrissal pads of newborn mice are shown in lateral view. Photographs have been oriented to facilitate comparison
with (b) and (c). (g and i) Frontal views of the faces shown in (f) and (h), respectively. They allow to compare affected
and control sides. The right side of the face in (g) projects to the left hemisphere shown in (a). Magnification (f to i) approxi-
mately 3.8 .
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structed with the camera lucida by one
investigator, who was not aware of the
nature of the experiments in each case
and of the number of controls involved.

Figures 1 and 2, which are derived
from animals killed at 42 (a and b in
Figs. 1 and 2) and 33 (c in Figs. 1 and
2) days of age, illustrate the striking
nature of the results. The cases shown
represent complementary experiments.
In one experiment (Fig. 1b and Fig. 2,
b, f, and g) all vibrissae except those
in row C and the large posterior vibrissa
B were carefully injured. In the other
experiment only that particular group
was treated (Fig. 1c and Fig. 2, ¢, h,
and i). By comparing the experimental
barrel fields with the control field (Fig.
la and Fig. 2a) it is obvious that the
manipulation of the sensory periphery
had produced a disruption of the corti-
cal architecture in the contralateral
hemisphere: there are no barrels where
there were no whiskers.

The barrel field shown in Fig. 1a and
Fig. 2a is normal. It appears identical
to the fields of the control littermates;
it is derived from the left hemisphere
of the animal whose right barrel field is
depicted in Fig. 1b and Fig. 2b. Most
of our experimental material resulted
from the pattern of injury depicted in
Fig. 2, h and i; the cortical patterns
were consistently altered in the man-
ner shown in Fig. 1c and Fig. 2c. In
those cases in which other combina-
tions of vibrissae were injured, a pre-
dictable pattern of cortical changes
was observed. For example, injury to
vibrissal row E resulted in the disap-
pearance of barrel row E, and so forth.
In this regard, our experiments provide
clear, morphological evidence for the
proposed (/) and physiologically dem-
onstrated (3) one-to-one relation be-
tween mystacial vibrissae and barrels.

Closer inspection of the barrel fields
in the experimental animals revealed
cell aggregates that resemble the cell-
dense barrel sides. These occur where
a barrelless region is apposed to intact
barrels (see b and c in Fig. 2, arrows).
This phenomenon made it difficult to
establish whether the destruction of a
single vibrissa resulted in a specific al-
teration in the barrel field. This diffi-
culty was increased by the fact that the
dispersion of cells in the experimentally
produced, barrelless regions of layer IV
is similar to that found in the central
region of an intact barrel. Here and
there, in barrelless patches, assemblies
of cells were seen, which at times did
exhibit some of the characteristics of
intact barrels (see b and ¢ in Figs. 1
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and 2) (5). Also, where it could be
determined, the overall area occupied
by the barrelless zone was smaller than
the region occupied by the correspond-
ing barrels in a normal barrel field
(compare ¢ with a in Figs. 1 and 2).
In some instances, remaining barrels
adjacent to a barrelless region appear
larger in size than their controls in the
opposite hemisphere and larger than the
corresponding barrels in a normal ani-
mal. It should be pointed out that the
experimentally induced alterations in
the barrel field can only be clearly seen
in sections tangential to the cortical sur-
face. In sections perpendicular to the
pia, the overall laminar pattern of the
cortex does not appear markedly al-
tered in the barrelless regions.

These experiments clearly demon-
strate that altering the sensory periph-
ery may lead to profound alterations
of the somatosensory cortex. The
manipulations of the peripheral sense
organs were intentionally carried out
in very young mice, at a time that the
cerebral cortex is relatively immature
(6). It seemed likely that the effects
of the experimental intervention at this
early stage would be most pronounced.
On the other hand, the changes in the
structure of the cortex were observed
when the animals were relatively ma-
ture; these changes can be regarded as
permanent alterations in cortical struc-
ture. How can we explain them? Does
altering the sensory periphery change
the course of development that normally
leads to the formation of barrels? Or
does the alteration in the periphery
cause changes in an already existing
intact barrel field? Rice has found
that barrels are not identifiable in the
somatosensory cortex of the newborn
mouse (7). This seems to favor the
view that injury to the vibrissae dis-
turbs the normal pattern of morpho-
genesis leading to barrel formation by
(i) affecting the proliferation of cells
destined for the barrels, (ii) interfering
with the migration and the subsequent
intracortical rearrangement of the rele-
vant neurons, or (iii) producing a loss
of neurons by abnormal cell death.
However, until we have examined
brains of animals with vibrissal injury
at birth, which are killed at closely
spaced early postnatal ages, we cannot
rule out the possibility that the observed
alterations in the barrel field are due
to the selective degeneration of cells
in barrels which initially had originated
regardless of early injury at the periph-
ery. In either case, the changes are
caused by some form of anterograde

transneural influence resulting from
direct insult to the primary afferent
neurons, or from simple loss of func-
tion, or from both. This transneuronal
influence must be “transmitted” through
at least two synaptic relays (in the
principal nucleus of the trigeminal
nerve and the arcuate division of the
ventrobasal complex of the thalamus).
There is considerable evidence that
transneuronal effects due to injury may
occur, and that they are particularly
pronounced in developing and imma-
ture nervous systems (8). That sensory
deprivation may lead to changes in the
developing cerebral cortex is also well
documented, especially for the mam-
malian visual system. However, most
of the reports on this work either have
been based on physiological and be-
havioral observations or, from a struc-
tural point of view, have been largely
concerned with subtle changes, such as
partial loss of dendritic spines on cor-
tical cells (9). The changes that we re-
port here are much more outspoken,
and readily identifiable even in Nissl-
stained material in which only peri-
karya are visualized. At this point we
must note that changes in the cerebral
cortex of the type observed by us may
not be limited to developing systems.
Campbell (10) reported cell loss in the
postcentral gyrus in an “old-standing
case of amputation.”
" Other analytical methods should en-
able us to demonstrate the influence of
the periphery on the circuitry of the
somatosensory cortex.
HeNDRIK VAN DER Loos
Department of Anatomy,
Johns Hopkins University
School of Medicine,
Baltimore, Maryland 21205
THoMAS A. WOOLSEY
Department of Anatomy, Washington
University School of Medicine,
St. Louis, Missouri 63110
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Immunoglobulin A: Site and Sequence of

Expression in Developing Chicks

Abstract. Synthesis of immunoglobulins A, G, and M (IgA, I¢G, and IgM) is
prevented in chickens by embryonic treatment with heterologous antibodies to
IgM when combined with bursectomy at hatching. Cells that produce IgA are
seeded from the bursa of Fabricius later than cells capable of IgM and 1gG
synthesis; the latter do not convert to IgA synthesis outside of the bursa.

Immunoglobulins of the IgM class
are synthesized first by developing
lymphoid cells of the plasma cell line
(B cells) in chickens, guinea pigs, and
man (I). The following observations
suggest that, in chickens, virgin B cells
committed to the synthesis of IgG
arise within the bursa of Fabricius
from cells that formerly made IgM:

(i) Removal of the bursa sufficiently’

early in embryonic life permanently
prevents development of all immuno-
globulin-producing cells (2); (ii) IgG-
containing cells are found first in the
midst of IgM-containing cells within
the bursa and, later, individual cells

containing both of these classes can
be identified frequently in the bursa,
but rarely in the spleen (I); (iii)
embryonic treatment with heterologous
antibodies to IgM (u chain—specific)
suppresses synthesis of IgG as well as
of IgM; (iv) IgM-producing cells ap-
pear unable to convert to IgG synthesis
outside of the bursa (3, 4). At the
time of these studies IgM and IgG
were the only major classes demon-
strated in birds. On the basis of (i)
information on. the phylogeny and
ontogeny of immunoglobulins, (ii)
combinations of immunoglobulins seen
in cultured human cells, and (iii) pat-

Table 1. Effects of treatment of embryos with heterologous antibodies to IgM or ‘bursectomy
at hatching (or both) on serum IgM, IgG, and IgA in chicks at 4 months of age.

Serum immunoglobulin*

Test group No. IgM* IgG* 1At
(mg/100 ml) (mg/100 ml) (%)
Normal chickens 6 124 + 57 307 = 108 212 + 353
Bursectomy at hatching 9 136 + 66 492 + 283 36 = 39t
Antibody plus bursectomy 17 0 0 0

* Means = S,D. are given in milligrams per 100 ml and minimum detectable levels were 2 and 5§ mg

per 100 ml, respectively.
the detection threshold was 10 percent.

4 Means == S.D, are given as percent of a normal adult serum pool, and
} Serum IgA was undetectable in four of nine birds in this

group; IgG deficiency (6 mg per 100 ml) occurred in one of nine birds.
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terns of immunoglobulin deficiencies
observed in humans, we predicted that
cells committed to IgA synthesis also
arise from cells that formerly made
IgM by a genetic switchover mecha-
nism having the following sequence,
IgM—1gG—IgA (5). In support of this
hypothesis, treatment of mice with anti-
body to IgM from birth to maturity
suppressed synthesis of all immuno-
globulin classes (6), but the conversion
sequence for IgA and IgG heavy chain
genes has not been analyzed experi-
mentally. A third immunoglobulin class
that is similar to mammalian IgA has
been found in chickens (7). We now
describe studies on the origin of cells
committed to synthesis of this class of
immunoglobulin and their develop-
mental relationship to B cells committed
to IgM or IgG synthesis.

An antiserum specific for chicken
IgA was prepared by a modification of
the procedure of Lebacq-Verheyden et
al. (7). Pooled bile was dialyzed to
remove the salts, filtered over a G-25
Sephadex column, and concentrated.
An immune precipitate was then pre-
pared by mixing at equivalence bile
and goat antibody to chicken light
chains, The washed precipitate, which
contained substantial amounts of IgA
and only trace amounts of other im-
munoglobulins was used to immunize
goats. The resulting antiserum was
rendered specific by repeated passage
over immunoadsorbent columns bear-
ing agammaglobulinemic serum, puri-
fied IgM, or purified IgG (/). When
the antibody to IgA was tested by im-
munoelectrophoresis, a single line was
obtained with normal chicken serum
and no reaction was detectable with
agammaglobulinemic serum, purified
IgM, or IgG as antigens. Our anti-
serum to bile IgA formed a precipitin
line with. an additional element in bile
as described (7). Purified antibodies to
IgM or IgG, used in our earlier studies
(1), did not recognize either serum or
bile IgA.

The concentration of IgA in the
serum of developing chicks was mea-
sured by single radial immunodiffusion
(8). Comparisons were made to pooled
serum from normal adult chickens.
Minimum amounts of detectable IgA
were comparable to a 10 percent dilu-
tion of this standard. While lack of a
purified serum IgA standard prevented
precise quantitation of IgA in serum,
dilution studies indicate that the con-
centration of circulating IgA is far
less than the concentrations of IgG and
IgM in serum. IgA was not detected
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