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We studied gliogenesis in transplants of rat embryonic neocortex (E14-15) in 3, 7, 15, and
30 days and 12-13 months after transplantation into the sciatic nerve of adult animals. Im-
munogistochemical reactions to intermediate filament proteins nestin, vimentin, glial fibril-
lary acidic protein were used. In transplants, vimentin- and nestin-positive precursor cells
differentiate into astrocytes earlier that in the developing rat neocortex (in situ). One year
after transplantation, some astrocytes start to express nestin and vimentin, which attests to
the development of reactive gliosis in the transplants.

Key Words: nestin,; vimentin; glial fibrillary acidic protein, astrocytes; neurotransplantation

In 1980-90s, transplantation of embryonic CNS an-
lages into the brain and spinal cord was widely used
for the development of approaches to the treatment of
neurodegenerative diseases. In modern studies in this
filed, neural stem/progenitor cells [1,9] and multipo-
tent stromal cells of the bone marrow (BM) [3,11],
rather then fragments of embryonic anlages are used.
This is also true for neurotransplantation into the
peripheral nerve. This is an urgent problem in view
of growing interest in transplantation of embryonic
brain anlages [12] and various SC [14] for stimula-
tion of regeneration of nerve trunks. In our previous
experiments on transplantation of embryonic brain
into the peripheral nerve of adult animals we primar-
ily studied the development of neuronal cells. For
instance, we observed degenerative changes in some
nerve cells and their death that in delayed terms after
transplantation [5,8]. Expression of glial fibrillary
acidic protein (GFAP) in cells of neurotransplants
was detected [7].

Here we used immunohistochemical methods for
studying of astrogliogenesis in allotransplants of rat
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embryonic neocortical anlages transplanted into the
sciatic nerve of adult animals.

MATERIALS AND METHODS

Experiments were carried out on 30 Wistar rats weigh-
ing 200-250 g. The dorsolateral wall of the prosen-
cephalon from Wistar rat embryos (perinatal days 14-
15) was transplanted into the sciatic nerve of adult
animals as described previously [10]. The material
was fixed in Bouin fixative and zinc-formalin-ethanol
mixture in 3, 7, 15, and 30 days and 12-13 months
after surgery, dehydrated, embedded in paraffin, and
5-p sections were prepared. For detection of nestin,
the protein typical of neural stem/progenitor cells,
monoclonal murine antibodies (clone Rat-401, BD
Pharmingen, 1:400); astrocyte marker GFAP was de-
tected using polyclonal rabbit antibodies (Dako, RTU);
vimentin, the protein typical of rat radial gliocytes and
ependymocytes [4], was visualized using monoclo-
nal murine antibodies (clone V-9), Dako, RTU). The
preparations were washed with phosphate buffer (pH
7.4) and incubated with biotinylated second antibodies
and then with streptavidin conjugated with horseradish
peroxidase (LSAB?2 kit). Peroxidase label was visua-
lized using DAB* chromogen (Dako). Some sections
were poststained with toluidine blue.
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RESULTS

Dorsolateral wall of rat prosencephalon on perinatal
days 14-15 contains neocortex anlage and consists
of precursors of neural and glial cells and radial
glia. The results of immunohistochemical assay of
the original material with antibodies against nestin
showed that most cells of the anlage were nestin-
positive, which agreed with published data [2]. Nes-
tin was present in both radial glia cells and neuronal
and glial precursor cells. Evaluation of the dynamics
of nestin expression by neurotransplant cells showed
that the number of nestin-positive precursor cells
gradually decreased over the first 7 days after trans-
plantation. In 3 days, nestin-positive cells were simi-
lar to cells of the original material: 7-8 p in diameter
with small nuclei and rather short processes (Fig. 1,
a). Some cells of the transplants at this term were
immunonegative and most likely represent differenti-
ated neuroblasts. In 15 and 30 days after transplanta-
tion, no nestin-positive precursor cells were detected.
Only endothelial cells of forming blood vessels dem-
onstrated nestin-positive staining (Fig. 1, b), which
was typical of developing brain [2]. We previously
reported that the transplants underwent degenera-
tion 12-13 months after surgery: some neurons died,
cells of some vascular walls and numerous neurons
underwent degenerative changes, amyloid deposition
were detected in the transplants [5,8]. In our study,
changes in the expression of cytoskeletal intermedi-
ate filament proteins were detected at these terms:
nestin-positive cells again appeared in the transplants
(Fig. 2, ¢). These hypertrophied cells with processes
can be classified by their morphological characte-
ristics as activated astrocytes. Similar cells were de-
scribed in rat brain during some pathologies [15].
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Vimentin in the original material was synthe-
sized by a considerable number of rat embryonic neo-
cortical anlage cells at the specified term of perinatal
ontogeny. Similarly to nestin, vimentin was present
in the radial glia and in other precursors. Three days
after transplantation, vimentin-positive cells were
detected in depth of the transplants and along the
periphery at the boundary with recipient tissues (Fig.
3, @). The number of vimentin-positive precursors in
the central zone of the transplant decreased during
the first week after surgery. At the periphery of the
transplants, vimentin-positive cells with long thin
processes and with signs of radial gliocytes were seen
over 15 days. The fate of vimentin-positive precur-
sors in the central and peripheral zones of the trans-
plant was different. The former gradually differenti-
ated into GFAP-positive astrocytes, the latter after
30 days formed a multilayer glial lining consisting of
vimentin-positive cells at the boundary with tissues
of the recipient nerve. The formation of this lining
in neurotransplants of the neocortex transplanted into
the peripheral nerve has been previously reported by
us [6,7,10]. A special study comparing the develop-
ment of transplants from rat embryonic neocortex in
the brain, anterior chamber of the eye, and peripheral
nerve showed that this lining consisting of ependy-
ma-like cells is typical only of transplants developing
in the nerve [7]. Here we showed immunohistochemi-
cally that most cells of the glial lining are presented
by ependymocytes: it is known that the ependyma of
cerebral ventricles in intact rats contain vimentin [4].
After 12-13 months, some astrocytes in the central
zones of the transplants again expressed vimentin
(Fig. 2, b). These astrocytes usually concentrated in
sites of vascular cell degeneration and near amyloid-
like depositions. Similar vimentin-positive astrocytes
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Fig. 1. Nestin-immunopositive cells in rat embryonic neocortex fragments transplanted into the nerve of adult animals 3 (a) and 30 days (b)
after surgery. Immunohistochemical reaction for nestin. Arrows show blood vessels in the transplant central zone. Magnification: a) x200,

b) x400. Here and in Fig. 2: T: transplant; N: recipient nerve.
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Fig. 2. Reactive astrocytes in transplants+ of rat embryonic neocortex 12-13 months after transplantation into the sciatic nerve of adult
animals, x400. Immunohistochemical reaction to GFAP (a), vimentin (b), and nestin (c).

were described in experimental brain ischemia [4].

Immunohistochemical assay of GFAP expression
showed that this protein was not expressed in cell
of the original material used for transplantation. In
rodents, expression of GFAP normally appears during
the postnatal ontogeny. In neurotransplants, GFAP-
positive first appeared on day 7 after transplantation
(Fig. 3, ¢). These were small cells of different shape
with thin and often long processes. In 15 days, many
GFAP-positive cells with processes formed a dense
net throughout the transplant thickness (Fig. 3, d). The
intensity of their staining was higher than in the intact
neocortex of adult rats. In 30 days, the transplants also
contained many activated astrocytes. One year later,
intensively stained GFAP-immunopositive cells were
seen both in the central zone of the transplant between
the neurons (Fig. 2, a) and at the boundary with the
recipient nerve tissues.

Here we studied the dynamics of astroglia devel-
opment from transplanted precursor cells under condi-
tions of ectopic neurotransplantation and detected the
peculiarities of the expression of cytoskeletal interme-
diate filament proteins at delayed terms after transplan-

tation. It was shown that differentiation of transplanted
precursor cells into astrocytes occurs during the period
from day 7 to day 15 after surgery. During normal
ontogeny, GFAP-positive astrocytes from vimentin-
positive radial gliocytes in rat neocortex are formed
by a few days later than in the analyzed transplants
[2,13]. Acceleration of astrocyte differentiation in neu-
rotransplants did not depend on the site of transplanta-
tion. The same regularity was observed in homotypic
transplants of rat embryonic neocortex [13]. The pre-
sence of vimentin-positive cells in mature transplants
can be explained as follows: either some transplanted
radial gliocytes did not differentiate into astrocytes or
differentiated astrocytes started to express vimentin
[13]. Our experiments proved the latter. Studying the
dynamics of the expression of intermediate filament
proteins in cells of the transplants over a long time
we found that the number of vimentin-positive cells
in the transplants decreased at early terms, but at later
terms resumption of vimentin expression was observed
in some cells. Vimentin was expressed by reactive
astrocytes, which was seen from their morphological
characteristics. It should be noted that the method of
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transplantation of rat embryonic neocortex into the
nerve provides the possibility of studying one more
process: differentiation of vimentin-positive ependy-
mocytes at the boundary of the transplant with recipi-
ent tissues. Under conditions of ectopic neurotrans-
plantation, some of them can express GFAP [7]. A
peculiarity of long-living transplants is the formation
of a large number of hypertrophied GFAP-positive as-
trocytes and vimentin- and nestin-containing astrocytic
cells. The presence of these astrocytes in the brain
after neurotrauma and in neurodegenerative patholo-
gies attests to the development of reactive gliosis [15].

Thus, differentiation of nestin- and vimentin-im-
munopositive precursor cells into astrocytes in trans-
plants of embryonic neurocortex developing in the
nerve occurs earlier than in rat neurocortex during
normal ontogeny. A peculiarity of long-living trans-
plants is the formation of a large number of hyper-
trophied GFAP-positive astrocytes and vimentin- and
nestin-containing astrocytic cells. We believe that the
development of reactive gliosis in neurotransplants
engrafted into the nerve and previously reported [5,8]
destructive processes typical of long-living ectopic
transplants should be taken into account during the
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Fig. 3. Expression of vimentin (a, b) and GFAP (c, d) in transplants
of rat embryonic neocortex at different terms after transplantation,
x400. Immunohistochemical reaction to vimentin (a, b) and GFAP
(c, d). a) radial gliocytes in the central zone of the transplant 3
days after surgery; b) ependymocytes at the boundary between
the transplant and recipient nerve tissue; c) solitary astrocytes in
the transplant on day 7; d) astrocytes in the transplant 15 days
after surgery.

development of experimental models using neurotrans-
plantation for stimulation of regeneration of peripheral
nerve system organs.
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