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Labeling of Neural Cells by Gold-Filled Sendai Virus 
Envelopes Before Intracerebral Transplantation 

Gold-filled Sendai virus envelopes were fused with cell suspensions from the basal 
forebrain of fetal rat donors, and the resulting gold-labeled cells were transplanted 
into the neocortex of adult rat recipients. Not only did large numbers of labeled cells 
remain intact through 3 months in the neocortex, but sizable numbers migrated 
subcortically to the recipient's lesioned nucleus basalis region (a distance of 4 to 5 
millimeters). Since this technique is capable of labeling most transplanted cells for long 
periods of time, it may be useful in determining the survival, migration, and 
connectivity of intracerebrally transplanted tissues. 

I NTRACEREBRAL TRANSPLANTATION IS well established as an important tech- 
nique in neuroscience (1, 2). For a 

number of grafting studies, an ability to 
label neural cell suspensions before trans- 
plantation is highly desirable in monitoring 
the survival, differentiation, and possible 
migration of transplanted cells. The tech- 
niques currently in use involve either fluo- 
rescent dye or autoradiographic labeling (3). 
However, these techniques have certain 
drawbacks, such as the diffusion of dye 
markers out of neurons after several weeks. 
We describe a method for labeling neuronal 
cell suspensions with Sendai virus envelopes 
that is rapid, capable of labeling most cells, 
and apparently long-lasting without causing 
obvious harm to the transplanted cells. Fur- 
thermore, we report on the use of this 

labeling procedure in determining the sur- 
vival of transplanted fetal rat cells from the 
nucleus basalis region and their capacity to 
migrate after intracortical transplantation. 

Sendai virus is highly fusogenic to most 
vertebrate cells and is nonpathogenic to 
man. The fusion activities of this virus are 
due mainly to two viral glycoproteins locat- 
ed in the viral envelope. Viral envelopes 
were obtained by solubilization of intact 
Sendai virus with the detergent Triton X- 
100, followed by removal of the detergent 
through slow dialysis to reconstitute the 
glycoproteins and lipids into envelopes that 
are structurally and biologically similar to 
Sendai virus envelopes (4, 5 ) .  During the 
reconstitution process, the viral nucleocap- 
sid was removed and replaced by exogenous 
colloidal gold particles that became trapped 

within the reassembled viral envelopes dur- 
ing dialysis. These reassembled viral enve- 
lopes wire then used as biological syringes 
to inject colloidal gold into neurons and 
glial cells during viral envelope-cell fusion. 

Colloidal gold-containing Sendai virus 
envelopes were prepared from Sendai (Can- 
tell) hemagglutinin (Hazleton Research 
Products, Denver, Pennsylvania) by using 
modifications of a general procedure by 
Volsky and Loyter (5, 6). Previously frozen 
or freshly prepared nucleus basalis magno- 
cellularis (nBM) cell suspensions from dis- 
sected fetal rat brains (day 18 of gestation) 
were prepared (7) and fused with the colloi- 
dal gold-containing viral envelopes (8). 
More than half of the cells within a given 
nBM suspension were labeled, although we 
have routinely achieved nearly 100% label- 
ing. Two microliters of this labeled nBM 
suspension were then transplanted unilater- 
ally into four frontoparietal cortex sites of 
adult ~prague-~awle i  rats (9) that had re- 
ceived an ipsilateral excitotoxic lesion of the 
nBM region 1 to 3 weeks earlier (10). 
Recipients were killed at 10 days, 30 days, 
or 3 months after transplantation. and their 
brains were histologically prepared (1 1). 

Because of a small, unavoidable contami- 
nation of labeled cell suspensions by residual 
free colloidal gold or unhsed gold-contain- 
ing envelopes, control inhsions of either 
colloidal gold or gold-containing capsules 
were performed to determine if these con- 
taminants would be taken in by surrounding 
cells. Results indicate that only a small num- 
ber of cells near the cortical- infusion area 
(most probably glia and pial cells) will take 
up free colloidal gold or hse with reconsti- 
tuted viral envelopes. Furthermore, the lim- 
ited number of cells that do take up one of 
these control infusates remain in the inh-  
sion area. It is unlikely that labeled cells are 
host cells that have phagocytized degenerat- 
ing transplanted cells since no cellular label- 
ing was observed at infusion sites in two 
animals with necrotic, nonviable transplants 
(that is, the colloidal gold released from 
degenerative transplanted cells was appar- 
entlv cleared from the brain). 

Through 3 months after transplantation, 
large numbers of grafted, gold-labeled cells 
were seen at neocortical infusion sites (Fig. 
l ) ,  although markedly more labeled cells 
were present at these sites when the nBM 
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cell suspensions had been freshly prepared 
on the day of transplantation than when 
they had been previously frozen. Nonethe- 
less, nBM cell suspensions that were frozen 
for 6 months before gold-labeling and trans- 
plantation also were present at cortical inf3- 
sion sites. Labeled cells appear yellow in 
light-field microscopy (Fig. 2A), and the 
dark colloidal gold granules they contain are 
seen at high magnification (Fig. 2, D and 
E). Moreover, dark-field microscopy pro- 
vides a striking white image of such labeled 
cells, which clearly differentiates them h m  
any surrounding unlabeled cells (Fig. 2B). 
The reassembled Sendai virus envelopes ap- 
parently hsed with both glial cells and 
neurons (on the basis of size and presence of 
a dear nucleolus for neurons), although 
electron microscopy will be necessary to 
unequivocdy determine that neurons were 
labeled within these cell suspensions. 

Particularly evident in dark-field micros- 
copy was the migration of colloidal gold- 
labeled cells from cortical infusion sites to 
the previously lesioned nBM region of the 
host rat (Fig. 1, A to C). At both 10 and 30 
days afcer grafting, migratory waves of la- 
beled cells could be seen within or around 
the lesioned nBM area (4 to 5 mm h m  
cortical infusions sites) or in adjacent tha- 
larnic regions (Fig. 1, C and D). Labeled 
cells, apparently en route to these deep 
subcortical sites, were routinely seen travers- 
ing the ipsilateral corpus callosum singularly 
or in waves, as well as moving through the 
underlying internal capsule or caudate nu- 
cleus, or both (Fig. 1, B and C). Migrating 
waves of labeled cells were also observed in 
the convalateral thalamus and contralateral 
neocortex, these latter waves apparently hav- 
ing traversed the thalamic and cortical mid- 
line regions, respectively. We do not know 
whether the migration of labeled cells to the 
host's nBM region is due to a natural a5nity 
of transplanted nBM cells for that brain 
region or to the probable secretion of sur- 
vival-promoting ("neuronotrophic") factors 
bv cells within the lesioned nBM. Several 
studies suggest that the source of such fac- 
tors is reactive astrocytes that proliferate at 
brain sites shortly after injury (12). The 
mimation of labeled cells into several unin- " 
jured brain regions suggests a potential for 
other, nonlesion-related hctors to induce 
transplant cell migration. The migratio* 
indicate a surprising mobility of transplant- 
ed immature cells within the adult brain. 

The labeling technique described in this 
report would probably detect sizable migra- 
tions of transplanted cells for other neuronal 
systems, in some of which cell migrations 

Fig. 1. (A and 8) Two adjacent brain sections seen in dark field that show a gold-labeled nBM 
transplant in the frontal cortex at 30 days after transplantation. A migratory wave extends into deep 
cortical areas (A) and the same migratory wave continues through the corpus calloium and caudate 
nudeus in (B) [(A), x30; (B), x 121. (C) A montage in dark field showing streams of migrating cells 
leaving a large nBM transplant in cortex at 10 days after grafang. Several subcortical migratory waves 
(arrows) can be seen in or adjacent to the internal capsule, and an additional migratory group is present 
within the lesioned nBM region (X 12). (D) A dark-field micrograph showing the internal capsule and 
thalamus on the side of the brain ipsilateral to an nBM transplant that had been placed in the cortex 30 
days earlier. A number of migratory waves are shown (arrows) in the thalamus. Cells had been frcnen 
for 6 months before labeling and transplantation ( ~ 3 0 ) .  Abbreviations: cc, corpus callosum; cp, 
caudate-putamen; f, fornk, ic, internal capsule; nBM, nucleus basalis rnagnocellularis; nc, neocortex; 
and th, thalamus. 

have already been documented by other 
techniques (13). Our labeling method for 
transplanted cells seems to have a number of 

Flg. 2. Light-field (A) and dark-field (8) micrographs of the same gold-labeled cells withii an nBM cell 
suspension grafted into the neocortex 30 days earlier. The cell suspension had been freshly prepared, 
and brain sections were counterstained with Mayer's acid hemalum. The dark yellowish appearance of 
labeled cells in (A) contrasts with their white appearance in (B) [(A) and (B), x 1901. (C) A light-field 
photomicrograph showing nBM cells grafted 10 days earlier. The cells had been fmLen for 6 months 
Wore gold-labding and transplantation. This brain section was silver enhanced (Janssen Pharmaceuti- 
cal kit) for a visualization of neuronal processes (x  190). (D) A higher magmfication of (C) that shows 
colloidal gold partides in labeled cells and neuronal processes extendmg from apparent neurons 
( x480). (E) A light-field micrograph of gold-labeled cells within a cortical infusion site at 10 days after 
grafang. Cells had been frozen for 6 months Wore labeling and transplantation. The colloidal gold 
partides withii labeled cells give such cells a yellowish cast. Hemalum counterstaining results in a 
visualization of unlabeled cells (dark pink) and of labeled cell nuclei (~480) .  
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distinct advantages, including an ability to 
label most cells in a population for long 
periods of time and the potential to investi- 
gate the synaptic connectivity of transplant- 
ed neurons through the identification of 
colloidal gold-containing nerve terminals 
by means of electron microscopy. In light of 
recent clinical trials involving the intracere- 
bra1 transplantation of dopamine-secreting 
cells to treat Parkinson's disease (14) and 
basic research exploring the possible use of 
cholinergic transplants to treat Alzheimer's 
disease (15), it would be advantageous to 
have a labeling technique capable of moni- 
toring the viability and development of 
transplanted neuronal tissues. The technique 
described here could be useful clinically in 
neural transplants and could be helpful in 
understanding the plasticity and connec- 
tivity of transplanted neural tissues. 
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Cells Process Exogenous Proteins for Recognition by 
Cytotoxic T Lymphocytes 

Cells exposed to intact, noninfectious influenza virus were shown to be recognized by 
class I-restricted anti-influenza cytotoxic T lymphocytes (CTLs). Both internal and 
external proteins derived from virions were processed by cells for CTL recognition. 
Sensitization required the inactivation of viral neuraminidase activity and could be 
inhibited by preventing fusion of viral and cellular membranes. These findings are 
important in designing vaccines to elicit CTL responses, since they demonstrate that 
cells can process intact, exogenous proteins for recognition by CTLs and suggest that 
such processing depends on introduction of exogenous proteins into the cytoplasm. 

I NFLUENZA VIRUS HAS BEEN USED EX- and glycolipids. Second, after internaliza- 
tensively to study the recognition of tion of virus into cellular endosomes, the 
foreign antigens by cytotoxic T lym- subsequent acidification triggers conforma- 

phocytes (CTLs) restricted by class I mole- tional alterations in the HA that lead to the 
a l e s  of the major histocompatibility com- 
plex (MHC) [reviewed in (I)] .  Seven viral 
proteins are present in virions (2). Two 
integral membrane proteins, hemagglutinin 
(HA) and neurarninidase (NA), are embed- 
ded in the host-derived lipid envelope. Ma- 
trix protein (Ml)  is believed to form a sub- 
envelope shell enclosing the ribonucleopro- 
tein (RNP) core, which consists of viral 
RNA complexed with nucleoprotein (NP), 
and small amounts of three viral polymer- 
ases (PA, PB 1, and PB2). Viral replication is 
initiated by delivery of the RNP to the host 
cell cytoplasm. The HA mediates two func- 
tions essential to this process. First, it at- 
taches virus to the cell by binding sialic acid 
residues present on cellular glycoproteins 

fusion of viral and cellular membranes (3, 
4). Although the NA does not function 
directly in penetration, its ability to cleave 
sialic residues prevents irreversible HA-me- 
diated attachment of virions to macromol- 
ecules or nonendocytosing cells (5). 

Early studies showed that de novo synthe- 
sis of viral ~roteins was reauired for CTL- 
mediated lysis of influenza virus-infected 
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