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Immunohistochemical studies on synapse formation
by embryonic cerebellar tissue transplanted into the
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Normal cerebellar tissue, obtained from 15-day-old CBA/INCij mouse embryos, was transplanted into
the cerebellum of 4-week-old weaver mice. At the 6th week after the transplantation, the grafted tissue
was distinguishable from the host cerebellum, developing a trilaminar organization. The formation of
synapses by the implanted granule cells was analyzed immunohistochemically with antiserum against
synaptic vesicle protein, Synapsin I. Some areas in the host cerebellum as well as in the grafted tissue were
intensely stained by anti-Synapsin I serum, suggesting that the implanted granule cells make synaptic con-
tacts with the neuronal cells.

Transplantation of neural tissue has been used extensively as a viable approach
to studying the development of the neural cells in the central nervous system [4-7].
To investigate the behavior of the transplanted neuronal cells in the host brain, it
is of advantage to use a mutant mouse which is deficient in a single class of neuronal
cells. The weaver mutant mouse is characterized by degeneration of cerebellar gra-
nule cells in early postnatal development [8--10]. Electron microscopic studies demon-
strated that the synaptic contacts between the Purkinje cell dendrites and the granule
cells are extremely poor in the cerebellum of this mutant [11]. Dolphin and Green-
gard [3] also reported that the amount of Synapsin I, which is a phosphoprotein spe-
cific to the membranes of synaptic vesicle [1, 2, 13], is markedly reduced. It is of inter-
est to investigate whether the implanted granule cells can survive and develop
synaptic contact in the weaver mouse cerebellum. In the present study, we trans-
planted embryonic cerebellar tissue taken from 15-day-old normal mouse embryos
(CBA/JINCij) into the cerebellar vermis of 6-week-old weaver mutant mice. Immuno-
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histochemical examinations were conducted with special reference to the synaptic
remodeling, by using antiserum to Synapsin I.

B6CBA/F1 (wv/ +) mice were purchased from the Jackson Laboratory (Bar Har-
bor, ME, U.S.A.). The homozygous weaver mutant mice were obtained by mating
known heterozygotes for the weaver mutation and were identified by their abnormal
gait, and by their smaller size compared with their littermates. Timed pregnant CBA/
JNCij mice were purchased from Nippon Bio-supply Center (Tokyo, Japan).

The cerebellar primordia were dissected from 15-day-old CBA/JNCij mouse em-
bryos (E15). Four-week-old weaver mice were anesthetized with ether and ketamine
hydrochloride and held in a stereotaxic apparatus with ear bars. Under aseptic condi-
tions, a small craniotomy was performed in the middle of the occipital bone to expose
the surface of the cerebellar vermis and a syringe containing small pieces of embryo-
nic cerebellar tissue was lowered to a depth of 1.0 mm from the cerebellar surface.
The grafted tissue was injected to the host cerebellum by depressing the plunger.

The mice were sacrificed 6 weeks after the transplantation, then anesthetized with
ether, and perfused through the left cardiac ventricle with 10% formaldehyde in phos-
phate-buffered saline (PBS). The fixed brains were then dehydrated, embedded in
paraffin and cut sagittally into 4 um thick sections. Ungrafted cerebella from 10-
week-old weaver mutant and normal CBA/JNCij mice were also prepared for immu-
nostaining in the same manner. The deparaffinated sections were immunohistochemi-
cally stained with anti-Synapsin I serum by the PAP method [12] as reported pre-
viously [1].

As shown in Fig. 1b, the cerebellar vermis of the ungrafted weaver mutant mouse
was almost devoid of granule cells and failed to develop the trilaminar structure. The
molecular layer was greatly reduced in thickness, and the arrangement of Purkinje
cells was quite irregular. The cerebella of weaver mutant and normal CBA/INCij
mice were immunohistochemically stained with anti-Synapsin I serum. As shown in
Fig. 1c, the molecular layer and the glomeruli in the granule cell layer were positively
stained in the normal control mouse. The positive staining in the molecular layer may
indicate the existence of numerous synapses between the parallel fibers and the Pur-
kinje cell dendrites. In the weaver mutant mouse, Synapsin I immunoreactivity in the
molecular layer was greatly reduced, and only sparsely distributed dots of immuno-
reactivity were detected in the whole cerebellum (Fig. 1d). These results agree with
the previous observation that the amount of Synapsin I in the weaver mutant cerebel-
lum is reduced by 65% compared with the normal mouse. Consequently, if intense
immunoreactivity with Synapsin I is observed in the weaver mutant mouse with
grafted tissue, it is likely that a synaptic contact will be developed by the implanted
neuronal cells.

The development of the grafted tissue was examined at the 6th week after the
transplantation by hematoxylin/eosin staining. A large mass of grafted tissue was
detected in the host cerebellum of the recipient weaver mutant mouse (Fig. 2a). It
appeared to be anatomically integrated with the host brain, and had developed a tri-
laminar organization (Fig. 2b). Many granule-like cells and Purkinje cells were
visible, forming the granule cell, Purkinje cell and molecular layers. Most interest-



Fig. 1. Sections from the cerebella of 10-week-old control (a) and weaver (b) mice, stained with hematoxy-
lin/eosin. The adjacent sections were immunohistochemically stained with antiserum to Synapsin I. ¢, con-
trol; d, weaver. Bar =50 ym.

ingly, a number of granule-like cells were detected in the folia of the host cerebellum
(Fig. 2¢). This finding indicates that the implanted granule cells may have migrated
from the grafted tissue into the host cerebellum.

These sections were immunohistochemically stained with anti-Synapsin I serum.
Fig. 2d shows the immunoreactivity in the grafted tissues indicated in Fig. 2b. The
area surrounded by the granule-like cell layer was positively stained by the antiserum,
which indicates that synapse formation between implanted granule-like cells and Pur-
kinje cells may have developed in the grafted tissue. Moreover, some areas in the host
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Fig. 2. Sections from the cerebellum of a weaver mouse, stained with hematoxylin/eosin (a—c) and with
anti-Synapsin I serum (d,e) 6 weeks after the transplantation. (a) A large mass of grafted tissue was
observed as indicated by arrowheads. (b) High magnification of the grafted tissue. Granule-like cells (G),
Purkinje cells (P) and the molecular (M) layers were developed. (c) High magnification of the host cerebel-
lum where the implanted granule-like cells were detected as indicated by arrows. (d) Synapsin I staining
of the section adjacent to that in (b). Asterisks in (b) and (d) indicate the corresponding areas between
two sections. (¢) Synapsin I staining of the section adjacent to that in (c). Asterisks in (c) and (e) indicate
the corresponding areas between two sections. Bar = 50 um.
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cerebellum, where the implanted granule-like cells had migrated, as indicated in Fig.
2¢, were also positively stained with anti-Synapsin I serum (Fig. 2e). This result raises
the possibility that implanted granule cells extend fibers and make synaptic contacts
with the host neuronal cells.

From these results, it is suggested that implanted granule cells integrate themselves
with the host cerebellum as well as with the grafted tissue and make synaptic contacts
with the neuronal cells. This possibility is currently under investigation by electron
microscopic studies.
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