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ABSTRACT

Neuropeptide receptors were visualized in
homografts of fetal cortex (E14) into adult rat
cortex (immediate or 7 day delay) and spinal
cord using in vitro autoradiographic techniques
to explore the expression of peptide receptors in
the same graft tissue in different central nervous
system implantation sites. Receptors for
bombesin (BN)-like peptides developed in the
grafts by 3 weeks postimplantation regardless of
location or age of implantation pocket in host.
After 4 weeks, the density of BN receptors was
confined to the graft. In grafts to spinal cord,
however, high densities of BN-like receptors
were not confined to the graft but were dis-
tributed throughout the spinal cord. In contrast,
the density of vasoactive intestinal polypeptide
(VIP) and substance P (SP) receptors was mod-
erate and low to undetectable in the fetal grafts.
The development of the peptide receptors stud-
ied was graft donor tissue specific since they
were not altered by central nervous system im-
plantation site.
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INTRODUCTION

Grafting of fetal central nervous system
(CNS) into the nervous system of adult animals
has been utilized to study the development of the
nervous system both morphologically and chemi-
cally/3,5,6/. Part of the ontogeny of neural grafts
was the development of neurotransmitter and
peptide production. For example, transmitters
such as dopamine were present in substantia ni-
gra grafts into the denervated striatum /5/,
whereas septal grafts produced acetylcholine/6/.
Neuropeptides such as somatostatin /2/ and VIP
/9/, but not substance P/8/, were produced in rat
fetal cortex grafts. Similarly, VIP, cholecystokinin
(CCK), somatostatin and pancreatic polypeptide
were present in mouse field cortex grafts to cor-
tex/16/.

Recently, it was demonstrated that/31 and/32
adrenergic receptors but not D2 dopaminergic
receptors were present in striatal grafts into
kainic acid-lesioned rats/11-14/. However, simi-
lar studies on the presence of peptide transmit-
ter receptors on fetal grafts are lacking.
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The present experiments will determine the
presence and distribution of receptors for sub-
stance P, VIP, and bombesin in cortical and
spinal neural grafts of the same fetal donor tissue
(E14 cortex). These receptors were selected be-
cause of the expected development of the pep-
tide in the grafted fetal tissue and the growth
stimulating characteristics of these peptides in
the central nervous system (CNS). SP has been
shown to stimulate neuronal neurite extension
/15/and growth of certain endothelial cells/24/,
VIP enhanced survival of embryonic spinal cord
neurons/7/and bombesin stimulated the growth
of neuroendocrine cells and was associated with
rapidly growing tissues/10/.

METHODS

Host

The hosts were 30 male Sprague-Dawley (350
g) rats. After deep Nembutal anesthesia (50
mg/kg) the animals were mounted in a Kopf
stereotactic head holder. For cortical grafts, the
skin on the head was incised and the periosteum
removed over the bregma. The skull was
trephined and the dura exposed. The dura was
incised and an implantation pocket was aspirated
at the border of the frontal and somatomotor
cortex. The maximum depth of the implantation
pocket was determined to be down to approxi-
mately layer five. The pocket was packed with
0.9% NaC1 soaked Gelfoam sponge as described
previously/23/.

For spinal cord grafts (after deep Nembutal
anesthesia) the spinal cord under the sixth tho-
racic vertebra (T6)was exposed (laminectomy)
and the dura incised as described previously/20/.

Donor tissue

Timed-pregnant Sprague-Dawley rat dams
were deeply anesthetized with pentobarbital (50
mg/kg) and fetuses were removed by Caesarean
section on embryonic day 14 (E14). The fetus
was placed in cold 5 mM phosphate-buffered-

saline containing 10 mM glucose (PBS-glucose).
The fetal cerebral cortex was dissected free
(sectioned into 2.0 mm2 pieces for the cortical
graft and minced for the spinal cord graft) in
PBS-glucose.

Implantation

Two types of cortical implantation procedures
were used. In one, an implantation pocket was
aspirated, the cortical pocket packed with
Gelfoam for five minutes, the Gelfoam removed
and the graft implanted (N=8). In the other, the
aspirated implantation pocket was packed with
Gelfoam and the animal closed. Seven days later
the Gelfoam was removed from the pocket and
the graft implanted (N--8). For implantation the
2.0 mm2 piece of E14 fetal cortex was draped
over the tips of a jeweler’s forceps and placed
flat in the implantation pocket. For spinal graft-
ing, minced E14 spinal cord was aspirated into a
50 ul Hamilton syringe and the graft implanted
by pressure injection just under the pia between
the left dorsal column and dorsal horn. After
both surgeries the musculature and/or skin was
closed with interrupted sutures and the animal
given 0.2 Longicil (penicillin, Ft. Dodge Labs.)
i.m. Animals were utilized 1, 2, 3 and 4 weeks af-
ter surgery. Animals for morphology were in-
tracardiac perfused with formalin-acetic acid-al-
cohol and stained with cresyl violet. Control
animals had only carrier implanted (PBS-glu-
cose, N=6).

Neuropeptide Receptors

For receptor analysis, the animals were sacri-
ficed and the neuropeptide receptors character-
ized using in vitro autoradiographic techniques.
The brain or spinal cord was removed, frozen
and sectioned on an IEC Minotome. Fresh
frozen 16 um thick sections were thaw mounted
onto cover slips and air dried. For Substance P
(SP) and bombesin (BN)-like peptide receptors,
the sections were incubated in Kreb’s Ringers
buffer which contained 100 ug/ml bacitracin and
0.25% bovine serum albumin (BSA) plus radio-
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labeled peptide (0.4 nM) at 25C for 45 min.
125I-physalaemin was used for SP receptors and
(125I-Tyr4)BN for BN receptors. The use of
these probes has been described previously
/22,27,28/. Free peptide was removed by 2 con-
secutive washes in buffer at 4"C for 4 min. For
VIP receptors, the slide mounted tissue was in-
cubated in Kreb’s Ringers buffer which con-
tained 1% BSA and I mg/ml bacitracin with 1251-
VIP (0.2 nM) for 90 min at 25C as described
previously/26/. Free 25I-VIP was removed by 2
consecutive washes in buffer at 25C for 15 min.
The tissue mounted slides which contained
bound peptide was opposed to LKB ultrafilm for
7 days. The film was developed and the grain
densities representing radiolabeled ligand bind-

ing quantitated on an Amersham RAS-R1000
Receptor Autoradiography Analysis System.

RESULTS

Morphology

There were no discernible morphological dif-
ferences between the grafts into host cortex im-
planted in either fresh or 7 day old implantation
pockets. At 4 weeks postimplantation, there was
a lack of cortical layering and columnation usu-
ally observed in the host. The cortical grafts were
large and exceeded the size of the original im-
planted E14 fetal cortex (Fig. 1A). In all cases
there was a mesenchymal scar between the host
and the graft (Fig. 1B). The graft contained as-
trocytes, oligodendrocytes and many mature
neurons. Some of these neurons appeared to be
cortical pyramidal cells (Fig. 1C).

There were few mature neurons and glia in
spinal cord grafts at I week. The number of dif-
ferentiated neurons and neuroglia increased
from 2-4 weeks days post implantation. By 4
weeks the grafts were large and occupied the
dorsal columns bilaterally and areas of the spinal
cord appeared to contain suspected graft derived
cells.

Fig. 1: Cresyl violet stain of a E14 fetal cortex to host
cortex graft 4 weeks after immediate trans-
plantation into the implantation pocket. A. Low
power micrograph showing the graft (arrow)in
the implantation pocket. B. Interface (arrow)
between the graft (T) and the host. C. Large
pyramidal neuron in the graft (arrow).
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Receptors, donor brain

The density of receptors for BN-like peptide,
SP and VIP, was low in E14 fetal cortex. By den-
sitometry, the concentration of receptors for BN-
like peptides using 1 nM (125I-Tyr4)BN was 5
fmol/mg protein in E14 parietal cortex.

Receptors, grafted host brain

In normal adult cortex there were low densi-
ties of BN-like peptide and SP receptors and
moderate densities of VIP receptors. The distri-
bution of these receptors in cortex was un-
changed by the presence of the fetal graft re-
gardless of the age of the implantation pocket
(Figs. 2A-C). As in normal brain, grafted brain
contained a moderate density of BN-like recep-
tors in the nucleus accumbens, olfactory tuber-
cle, septohippocampal nucleus and basal caudate
putamen of the adult host brain following im-
plantation. There was also a low density of these
receptors in the neocortex, cingulate and parietal
cortex. The corpus callosum was devoid of BN-
like receptors.

As in normal brain, grafted brain had a mod-
erate density of SP receptors in the host caudate
putamen, nucleus accumbens, olfactory tubercle
and rhinal cortex (Fig. 2B). SP receptors were
present at a low density, however, in the lateral
septal nucleus, parietal and cingulate cortex and
were absent from the corpus callosum and ante-
rior commissure as in normal adult brain. No re-
ceptors were detected in control sections treated
with 1 uM unlabeled substance P or fetal graft
donor cortex.

As in normal brain VIP receptor density was
moderate in the grafted cortex, caudate puta-
men, olfactory tubercle and nucleus accumbens
of the host. VIP receptors were not present in
the lateral septal nucleus, corpus callosum or an-
terior commissure as in normal adult brain.
Grains were absent in controls treated with I uM
unlabeled VIP.

Fig. 2:A. Autoradiographs of receptors for BN-Iike
peptides 4 weeks after implantation of fetal rat
cortex in adult rat cortex (level depicted, Paxi-
nos and Watson 1251, coordinates 10.2 mm,
interaural). B. Autoradiography of substance P
receptors 4 weeks after implantation of fetal
rat cortex in rat cortex (10.2 mm, interaural).
C. Autoradiography of VIP receptors 4 weeks
after implantation of fetal rat cortex in rat cor-
tex (10.2 mm, interaural). Abbreviations Acb,
nucleus accumbens; CPu, caudate putamen;
Cg, Cingulate cortex; Ne, neocortex; Rh, Rhinal
cortex; T, graft; and Tu, olfactory tubercle.
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Receptors, graft in brain

Regardless of the age of the implantation
pocket, a high density of receptors for BN-like
peptides developed between 2 and 3 weeks in
the fetal cortical graft and at 4 weeks far ex-
ceeded the density of receptors normally present
in adult rat cortex (Fig. 2A). By densitometry,
the grain density in the fetal cortical graft tissue
(30 fmol/mg protein using 1 nM (125I-Tyr4)BN)
was approximately 50% greater than in the host
nucleus accumbens (16 fmol/mg protein) and 4-
fold greater than in the host or normal parietal
cortex (7 fmol/mg protein). Binding of (125I-
Tyr4)BN was absent in control sections treated
with I uM unlabeled BN.

SP receptors were not detectable in the fetal
cortex graft tissue.

VIP receptors developed between 2 and 3
weeks and were generally present in low concen-
tration in the fetal cortex graft. However, there
were small patches of cells containing moderate
densities of these receptors in the graft. The
grain densities representing the receptors were
2-fold greater in layer I of the normal host cortex
than in the densest area of the graft (Fig. 2C).

Receptors, graft in spinal cord

To ascertain if receptor development was a
function of the grafted tissue or the site of im-
plantation, fetal cortical grafts were also im-
planted into the adult rat spinal cord (Fig. 3A-
D). In the normal spinal cord there was a high
density of receptors for BN-like peptides and SP
and a low density of VIP receptors which were
confined to Rexed lamina 2 (Fig. 3A,B) of the
normal dorsal horn.

Two weeks after grafting no receptors were
present within the fetal graft. Receptors for BN-
like peptides were found, however, in their nor-
mal location in Rexed lamina 2 (Fig. 3B). Al-
though there were no detectable receptors for
BN-like peptides in the graft at 2 weeks, the den-
sity of receptors increased to a very high level at
3 and 4 weeks postimplantation (Fig. 3C,D). At 4
weeks, there was a massive increase in the den-

sity of BN-like receptors within the graft and
throughout the spinal cord. The high density and
extensive distribution of silver grains represent-
ing these receptors obliterated the morphology
of the spinal cord (Fig. 4D). This increase in re-
ceptor density also obscured the receptors that
are normally observed in Rexed lamina 2. In
animals receiving an implantation lesion but no
graft, BN-like receptors were only observed in
their normal location in Rexed lamina 2.

At 2-3 weeks a moderate density of VIP and a
low density of SP receptors developed in the fe-
tal cortical grafts to spinal cord and was un-
changed at 4 weeks after implantation. In cross
sections of spinal cord these receptors appeared
to be confined to the dorsal columns. The distri-
bution of these receptors was densitometrically
similar to their distribution in grafts to the cortex.

DISCUSSION

These data show that specific receptors for
peptides developed in fetal cortical homografls
into adult host cortex (after delayed or immedi-
ate implantation) and spinal cord. Receptors for
BN-like peptides developed in fetal homografls
between 2 and 3 weeks postimplantation and
were distributed throughout the graft by 4 weeks.
BN receptors also developed in grafts of fetal
cortex/17/but not in grafts of fetal cerebellum
(unpublished observation) implanted in the
fourth ventricle. In contrast to the high density of
BN-like receptors which develop in cortical ho-
mografts, VIP receptors were present in only
moderate density and substance P receptors not

at all. These findings were consistent with the
expression of VIP and substance P receptors in
normal cortex/26-28/. These data indicate that
the expression of the peptide receptors studied
was a property of the grafted donor tissue and
not a function of the implantation site.

The extensive distribution of BN receptors
throughout the host spinal cord was indicative of
the invasive nature of fetal neural grafts in adult
host spinal cord. In contrast, BN-like receptors
of grafts to cortex were confined to the graft. The
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distribution of BN-like receptors in the grafts
and host cortex and spinal cord were consistent
with the findings of continued growth of fetal
grafts in adult spinal cord in the adult rat/1/and
the limited growth of fetal grafts in the cortex of

rats /16/. It is known that individual astrocytes
migrate from fetal cortical grafts into the host
brain/3/; however these cells were not observed
in the present experiment, probably due to the
sensitivity of the method.

Fig. 3: Autoradiographs of receptors of BN-like pep-
tides for 3 and 4 weeks after implantation of
fetal rat cortex between the left dorsal horn
and dorsal columns (T6) of rat spinal cord. The
arrows represent Rexed Lamina 2. The density

125 4of ( I-Tyr )BN binding sites was determined.
A. Diagram of T6 spinal cord showing Rexed
lamina (modified from 25). B. Normal spinal
cord showing that BN-like receptors are con-
fined to Rexed lamina 2. C. At 3 weeks the

graft had a high density of BN-like receptors.
The host spinal cord also shows clusters of
BN-like receptors. D. At 4 weeks there was a
high density of BN-like receptors throughout
the host spinal cord. The morphology of the
spinal cord was distorted by the graft and
processing and the inner structure is obliter-
ated by the density of silver grains over the
tissue. The left lateral column had the least
concentration of BN-like receptors.
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While the cells of origin for BN-like receptors
remain unknown, it was recently demonstrated
that certain human gliomas, which contain
rapidly growing transformed astrocytes, had a
high density of BN receptors/21/. The distribu-
tion of the grafted cells with BN-like receptors in
the host spinal cord in the present experiment
suggested that the receptors may also have been
on rapidly growing fetal astrocytes. We had pre-
viously shown that grafted fetal astrocytes could
be labeled with the lectin Phaseolus vulgas leu-
coagglutinin (PHAL) and distinguished from
host cells/3,4,18-20/. Although these fetal neural
grafts were placed unilaterally in the spinal cord
of adult rats, graft derived fetal astrocytes mi-
grated bilaterally throughout the host spinal cord
/3/. In addition, neurons did not migrate any ap-
preciable distance. The distribution of PHAL la-
beled fetal astrocytes in the spinal cord of adult
rats was similar to the distribution of BN-like re-
ceptors in the present experiment using the same
grafting technique.

The fetal grafts do not appear to have any
nerve fibers or perikarya which stain for im-
munoreactive BN-like peptides (J. Bernstein,
unpublished results). This is not surprising as the
density of immunoreactive BN in the adult rat
cortex is exceedingly low/22/. BN-like peptides,
neuromedin C in particular, are abundant in the
dorsal horn of the adult rat spinal cord/22/. Pre-
viously we demonstrated that BN-like peptides
may be released from the rat spinal cord by de-
polarizing stimuli /22/ and that these peptides
may diffuse and activate receptors present in the
fetal graft tissue. Similarly, the fetal grafts in cor-
tex may be activated by BN-like peptides which
diffuse to the graft tissue after release from neu-
rons present in the host.

Few, if any, SP receptors were present or de-
veloped in fetal cortical grafts to host spinal cord
or brain. This was consistent with the normal de-
velopment of these peptide receptors in normal
cortex/27/.
A moderate density of VIP receptors was pre-

sent in grafts in the host cortex. This included
small discrete patches of high density of recep-
tors in the grafted fetal cortical tissue. Since VIP

receptors were normally present in layer I of the
host cortex/26/, the high density patches of these
receptors in the grafts could represent the devel-
opment of cortical layer I cells in the graft.

Receptors for VIP and BN-like peptides, but
not substance P, were present or developed in
rat fetal cortex grafts. The widespread distribu-
tion of BN-like receptors in grafted spinal cord
and the graft confined distribution in host cortex
indicate that the BN-like peptide receptor may
be an index of the extent of invasion of fetal
grafts in host tissue. The development of the
peptide receptors studied was graft donor tissue
specific since they were not altered by central
nervous system implantation site.
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