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Primary fibroblasts modified to secrete nerve growth factor 
(NGF) were implanted into the nucleus basalis magnocel- 
lularis (NBM) of aged memory impaired rats. The NGF-pro- 
ducing fibroblasts survived for 6 weeks following trans- 
plantation and continued expressing NGF mRNA through 
the duration of the experiment. A significant amelioration 
of the memory impairment and a significant increase in 
size and number of low-affinity NGF receptor (p75)-positive 
neurons in the basal forebrain were observed. Implantation 
of NGF-producing cells into normal young adult rats re- 
sulted in a transient but significant memory impairment 
and hypertrophy of low-affinity NGF receptor-positive neu- 
rons. These results show that naturally occurring age-re- 
lated memory loss can be reversed by grafting cells engi- 
neered to secrete NGF directly to the NBM, and that either 
cholinergic hyper- or hypofunction may lead to cognitive 
impairments. 
[Key words: aging, NGF, /earning, memory, cholinergic, 
neurotrophins, nucleus basalis magnocellularis, basal 
forebrain] 

Gene transfer to the CNS can be used both to explore basic 
biological questions concerning the structure and function of the 
brain or as a form of somatic gene therapy (Gage et al., 1991). 
With this approach, cells are taken from the body, grown in 

vitro, transfected with a gene that makes molecules of functional 
importance, and implanted into the brain. A principal advantage 
of this approach is the local intraparenchymal delivery of factors 
to responsive cells, which allows one to examine the effects of 
the factors on specific populations of cells. Additionally, follow- 
ing the implantation of the transfected cells there is no need for 
any further invasive procedure, such as the chronic infusion of 
various factors into the cerebral ventricles by osmotic minipump. 

Cells genetically engineered to secrete NGF and implanted 
into the brain were shown to prevent the degeneration of cho- 
linergic neurons that normally occurs following axotomy (Ro- 
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senberg et al., 1988; Stromberg et al., 1990; Whittemore et al., 
1991). These NGF-producing cellular implants have been shown 
to protect cholinergic neurons from dying and induce regener- 
ation of the transected axons (Kawaja et al., 1992). Recently, 
Dekker et al. (1994) reported a significant behavioral improve- 
ment in rats implanted with NGF-producing fibroblasts after they 
had received bilateral excitotoxic lesions to the nucleus basalis. 
Intraperitoneal injections of cells genetically modified to secrete 
ciliary neurotrophic factor (CNTF) were able to prevent the de- 
generation of motor neurons in mutant mice with progressive 
motor neuron degeneration (Sendtner et al., 1992). Additionally, 
intracerebral implants of cells expressing NT-3 have been re- 
ported to support the survival of locus coeruleus cells (Arenas 
and Perrson, 1994). In the present experiment, we sought to 
determine if behavioral as well as morphological deficits could 
be reversed following implantation of NGF-producing cellular 
grafts into aged animals, as well as examining the effects of 
these grafts in young adult animals. 

Chronic unilateral infusions of purified NGF into the lateral 
ventricles of cognitively impaired aged rats (Fischer et al., 1987, 
1991; Williams et al., 1991; Markowska et al., 1994) resulted in 
a significant improvement in spatial memory and increase in 
markers of cholinergic function in the basal forebrain. Since the 
NGF was delivered to the lateral ventricle, it was not clear 
whether the behavioral and morphological effects were a result 
of NGF’s action in the terminal fields of the cholinergic neurons, 
hippocampus, and frontal cortex, or directly on the cell bodies 
in the septum and nucleus basalis (NBM). The most robust mor- 
phological change was measured in the NBM; thus, in this ex- 
periment we bilaterally implanted cells engineered to secrete 
NGF into a region adjacent to the NBM in aged rats and tested 
the animals for their ability to remember a previously learned 
task. The behavioral and morphological effects of grafts of 
NGF-secreting cells implanted into the NBM of normal young 
adult rats were also assessed. 

Materials and Methods 

Cell culture and infections. Primary fibroblasts were obtained from ab- 
dominal skin biopsies of Fischer 344 rats. Rats were anesthetized with 
a mixture (4 ml/kg) of ketamine (25 mg/ml), rompun (1.3 mg/kg), and 
acepromazine (0.25 mg/ml). A l-2 cm* area of skin was removed, 
rinsed in alcohol, and placed into sterile DMEMIS. The biopsies were 
transfered to coverslips and grown in DMEM/S for 21 d. The fibroblasts 
were then infected with murine retroviral vectors containing human 
l3-NGF cDNA (provided by the Syntex-Synergen Collaboration) (for a 
more detailed description see Rosenberg et al., 1988). The vector also 
contained a dominant selectable marker, the transposon Tn5 neomycin- 
resistant gene under the control of an internal Rous sarcoma virus pro- 
moter, which allowed selection of infected cells with the neomycin an- 
alog G418. The cells were maintained in standard culture conditions 
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until grafting. An ELISA two-site immunoassay for NGF revealed that 
the primary fibroblasts genetically modified to produce NGF secreted 
approximately 172 pg/hr/105 cells into the culture medium. Thus, im- 
planting 3 X 1 O6 cells/side would yield 5.2 ng of NGF per side per day. 
However, NGF secretion and number of surviving cells probably de- 
creased during the course of the experiment. 

Surgery. A subgroup of the behaviorally impaired aged rats (n = 12) 
and nonimpaired young adult rats (n = 8) were deeply anesthetized and 
received injections of either NGF-producing or noninfected primary 
skin fibroblasts. The cell suspensions were stereotaxically placed bilat- 
erally dorsal to the nucleus basalis (injection coordinates: AP = -3.5 
mm, ML = +3.0 mm, DV = -7.0 mm relative to bregma and +5.0 
mm nose bar). A total of 1 X IO5 cells/p1 suspended in 3 pl of phos- 
phate-buffered saline containing 1 p,g/kl MgCl, and CaCl, and 0.1% 
glucose was injected per site. Each injection was performed over a 
period of 3 min, and the injection needle remained in place for an 
additional minute following completion of the injection. The scalp was 
then closed, and the animal was returned to its home cage. 

Behavioral testing. Aged (24 month) (n = 18) and young adult (3 
month) (n = 14) female Fischer 344 rats were tested in a Morris water 
maze. Rats were given four consecutive trials per day starting from four 
different pseudorandomized start locations with a 20 set intertrial in- 
terval and a 90 set maximum swim latency per trial. Data collection 
was automated by a computerized video tracking system (San Diego 
Instruments). The total swim distance, the percentage of swim distance 
spent in the platform quadrant, and the latency to find the platform were 
analyzed. The correlation between each of these variables was greater 
than 90%, so only the swim latency results have been presented. 

All animals were first screened for 2 weeks on a visible platform task 
in the water maze. Only those animals that were able to learn this visible 
task were included in the study. Rats were then tested on a hidden 
platform task for 2 weeks (pretest). The location of the platform was 
held constant throughout testing on the hidden platform task. Aged an- 
imals were designated “impaired” if their mean swim latency on the 
last 3 d of testing on the hidden platform task was greater than two 
standard deviations above the mean swim latency of the young adult 
rats. Aged rats were designated “unimpaired” if their mean swim la- 
tency was less than two standard deviations above the mean swim la- 
tency of the young adult rats. The aged impaired animals were equally 
assigned to a group that would subsequently receive grafts of NGF- 
producing fibroblasts (n = 6), or a control group that would receive 
noninfected fibroblasts (n = 6). Similarly, the young adult animals were 
equally divided into a group that would subsequently receive grafts of 
NGF-producing fibroblasts (n = 4), control fibroblasts (n = 4), or no 
grafts (n = 6). Implantation of the grafts occurred following the end of 
the pretest. All rats were retested on the hidden platform task 1.5 weeks 
following the grafting surgery (retest 1) and again 3 weeks following 
grafting (retest 2). 

Spatial probe testing. The day following the last day of the pretest 
and again following the last day of retest 2, the platform was removed 
from the pool, and the rat was given one spatial probe trial. During this 
trial the rat was allowed to swim for 90 set, and the percentage of the 
rat’s total swim distance that was spent in the correct quadrant of the 
pool was analyzed. This final trial assessed the accuracy of the animal’s 
place learning. 

Histology. The animals were deeply anesthetized and perfused tran- 
scardially with 50 ml of 0.1 M phosphate-buffered saline (pH 7.3) fol- 
lowed by 250 ml of 4% paraformaldehyde. The brains were removed 
and postfixed overnight in 4% paraformaldehyde. The brains were then 
cryoprotected in 30% phosphate-buffered sucrose for 3 d at 4°C. Forty 
micron thick coronal sections were cut on a freezing microtome and 
stored in cryoprotectant (glycerol and ethylene glycol in phosphate buff- 
er) at -20°C until histological processing. Every sixth section was 
stained with cresyl violet, a Nissl stain. Another series of sections were 
incubated 16 hr with a monoclonal antibody (192-IaG) specific for low- 
affinity (~75) NGFr obtained from a hybridoma celi culture supernatant 
(gift of E. M. Johnson) diluted 1:llO with a mixture of 0.25% Triton 
z- 100 and 1% horse s&urn in 0.1 M TBS. The sections were pretreated 
with a 0.6% hydrogen peroxide solution to block endogenous peroxi- 
dase prior to incubation with the NGF-r antibody. Following incubation 
with the NGF-r antibody the sections were then incubated for 1 hr with 
biotinylated horse anti-mouse IgG (Vector Laboratories) diluted 1: 170 
with 0.1 M TBS containing 1% horse serum. The sections were next 
incubated for 1 hr with an avidin-biotinylated peroxidase complex (us- 
ing the ABC Elite Kit, Vector Laboratories) diluted 1:llO with 0.1 M 

TBS containing 1% horse serum. The stain was visualized by treatment 
for 12 min in a 0.05% solution of 3-3’ diaminobenzidine (DAB). 0.01% 
hydrogen peroxide, and 0.04% nickel chloride in 0.1 k TBS: Immu- 
nolabeled sections were mounted onto gelatin-coated glass slides, air 
dried, dehydrated through a series of alcohols, and coverslipped. 

Graft volume. The size of the grafts was measured in the Nissl-stained 
sections. A computerized image analysis system, the Cue-2 Image Anal- 
ysis System (Olympus), was used to determine the area of the graft for 
each section that contained a surviving graft. A magnification of 13.2X 
(4X objective with a 3.3X photo objective) was used for quantification 
of the areas. The total volume of each graft was then calculated from 
the area measurements obtained for each section. 

Cell number and size. The cells in the nucleus basalis (NBM) were 
counted and sized in the NGFr-stained sections on the Cue-2 Image 
Analysis System, using a magnification of 33X (10X objective with a 
3.3X photo objective). The NBM was defined as the area beginning 
rostrally at the level of the crossing of the anterior commissure and 
extending caudally to the level of the dorsal hippocampus, including 
the magnocellular preoptic and peripallidal regions. Immunoreactive 
cells were defined as cells whose cell body was larger than 80 )*mZ; 
thus, cells that had a smaller area were not included in these analyses. 
The number of cells in each of 12 + 2 sections per animal was then 
summed to obtain a total number of cells per side in the NBM for each 
animal. The mean cell size for all the cells that were counted in the 
NBM was then obtained for each animal. 

In situ hybridization. Sections were mounted on slides and stored at 
-70°C until the in situ hybridization procedure. ?-Labeled RNA 
probes were generated as described by Melton et al. (1984). The NGF 
probe was generated with a 963-bp fragment of mouse NGF (Sma I to 
PST I, 66 to 1029) cloned into pSP64 as template. Before hybridization, 
sections were fixed for 30 min at 4°C in 4% paraformaldehyde, rinsed 
in 0.5%X SSC, and incubated with hybridization buffer without the 
probe at 42°C for 1 hr. Hybridization buffer consisted of 50% formam- 
ide, 0.1 M NaCl, 20 mM Tris (pH 8.0), 5 mM EDTA, 1X Denhardt’s 
solution, 10% dextran sulfate, and 10 mM dithiothreitol. Probes were 
then added, and hybridization was carried out at 55°C overnight. Sec- 
tions were then rinsed in 2X SSC containing 10 mM P-mercaptoethanol 
and 1 mM EDTA, and treated for 30 min with ribonuclease (20 pg/ml 
in 0.5 M NaCl and 10 mM Tris). Following another rinse, a stringency 
wash was carried out in 0.1 X SSC containing 10 mM P-mercaptoethanol 
and 1 mM EDTA at 55°C for 2 hr. Sections were washed in 0.5X SSC, 
dehydrated in ethanol containing 0.3 M ammonium acetate, dried, and 
dipped in emulsion (Amersham). 

Results 

Aged and young adult rats were tested in the Morris water maze 
prior to surgery to assess their spatial memory ability. Three 
days following this pretest, NGF-producing primary isologous 
fibroblasts were stereotaxically injected bilaterally in a region 
immediately dorsal to the NBM of aged behaviorally impaired 
and young adult nonimpaired rats. Two additional matched sub- 
groups of aged and young adult rats received control noninfected 
fibroblast grafts of similar numbers and volumes from the same 
biopsy with a comparable passage number (Fig. 1A). 

One and one-half weeks following surgery, all rats were tested 
again in the water maze for 3 d to assess their ability to remem- 
ber what was learned previously (retest 1). The performance of 
the aged behaviorally impaired rats with control grafts was un- 
changed compared to the pretest (Fig. 1B) @ < 0.05, paired t 
test). Importantly, the performance of the aged group with the 
NGF-producing grafts was significantly better than the perfor- 
mance of the group that received control grafts 0, < 0.05, one- 
factor ANOVA with post hoc Fisher PLSD). The performance 
of the aged group that received NGF-producing cell implants 
was not significantly different from their pretest level (p > 0.10, 
paired t test). Surprisingly, the performance of the young adult 
animals with NGF-producing cell implants was significantly 
worse than their pretest performance, and the performances of 
both the young adult group that received control grafts and those 
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Figure 1. Schematic diagram illustrating the testing paradigm on the 
water maze task (A), and graphs of the mean latency to find the hidden 
platform on the last 3 d of the pretest, all days of retest 1, and all days 
of retest 2 on the water maze task for the aged groups (B) and the 
young adult groups (C). Error bars = SEM. *, significant difference 
from the aged w/control graft group; +, significant difference from 
performance on the pretest; **, significant difference from the young 
adult w/control graft and no graft groups, as well as from performance 
on the pretest. 

that did not receive any graft (Fig. lC> (ps < 0.05, paired t test 
and one-factor ANOVA with post hoc Fisher PLSD, respective- 
ly). 

One and, one-half weeks after retest 1, all animals were tested 
again for 3 d (retest 2). Once again, the aged behaviorally im- 
paired rats with NGF grafts performed significantly better than 
the aged rats with control grafts 0, < 0.05, one-factor ANOVA 
with post hoc Fisher PLSD), whose performance remained un- 
changed relative to their pretest performance (p > 0.10, paired 
t test). In addition, the performance of the initially impaired aged 
rats that received NGF-secreting cells was significantly im- 
proved compared to their pretest performance (p < 0.05, paired 
t test). Furthermore, the aged animals with NGF grafts were no 
longer significantly worse than the aged unimpaired group (p > 
0.10, one-factor ANOVA with post hoc Fisher PLSD). The 
young adult group with NGF-producing cell implants had im- 
proved compared to their initial impaired performance observed 
on retest 1 and was no longer significantly different from either 
the young adult group with control grafts or no grafts. Addi- 
tionally, their performance did not differ from their pretest per- 
formance (ps > 0.10, two-factor ANOVA with post hoc Fisher 
PLSD). The behavioral amelioration observed on the water maze 
task was not due to an increase in swim speed following graft- 
ing. There were no significant differences between swim speed 
during the pretest, retest 1, and retest 2 for any group. Nor were 
there any significant differences in swim speed between the NGF 
groups versus the control groups (ps > 0.10, two-factor ANO- 
VA with post hoc Fisher PLSD). 

Spatial probe trials administered following all the pretest trials 
and once again following all the retest trials demonstrated sim- 
ilar results (Fig. 2A,B). There was a significant difference in 
spatial acuity, as measured by the spatial probe, between the two 
aged groups that received grafts compared to both the aged un- 
impaired and young adult groups (ps < 0.05, one-factor ANO- 
VA with post hoc Fisher PLSD), although the two grafted 
groups were not significantly different from each other on the 
pretest (p > 0.10). On the spatial probe trial following retest 2, 
there was a significant difference in spatial acuity between the 
aged group with NGF-producing grafts compared to the aged 
group with control grafts (p < 0.05, one-factor ANOVA with 
post hoc Fisher PLSD). Additionally, the aged animals with 
NGF grafts were not significantly impaired compared to the ini- 
tially unimpaired aged animals 0, > 0.10, one-factor ANOVA 
with post hoc Fisher PLSD), as well as being significantly im- 
proved compared to their pretest performance (p < 0.05, paired 
t test). There were no significant differences between any of the 
young adult groups on either the pretest or the posttest, which 
was Administered after the young adult animals that received 
NGF-producing grafts had recovered from their transient behav- 
ioral deficits (ps > 0.10, one-factor ANOVA with post hoc Fish- 
er PLSD). 

All rats were perfused following retest 2 and their brains were 
sectioned. To assess whether the NGF transgene continued to be 
expressed within the implanted fibroblasts, sections through the 
grafts were processed for in situ hybridization to NGF mRNA. 
Positive hybridization for NGF was only found to be present 
over fibroblasts in the NGF-producing graft (Fig. 3). 

A series of sections was stained for low-affinity NGF receptor 
(~75) immunocytochemistry. Immunohistochemical staining for 
low-affinity NGii receptor colocalizes with staining for choline- 
acetyltransferase in greater than 90% of cells in the basal fore- 
brain region and, thus, is a good marker for NGF responsive 
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PRE POST 

PRE POST 

Figure 2. Graphs of the percentage of total swim distance that was 
spent in the quadrant that previously contained the platform during 
probe trials following the final day of testing on the pretest and follow- 
ing the final day of testing on retest 2 for the aged groups (A) and the 
young adult groups (B). Error bars = SEM. *, significant difference 
from the aged unimpaired group and the young adult groups; +, sig- 
nificant difference from the aged w/control graft group; **, significant 
difference from performance on the pretest. 

cholinergic neurons in this region (Kawaja et al., 1992). The 
grafts were easily detected, and their volumes were calculated. 
NGF receptor-immunoreactive neurons were sized and counted 
in sections throughout the basal forebrain of all animals tested. 

No significant morphological differences were observed be- 
tween the left and right sides of the brain within any group, so 
statistics were calculated based on the mean size and number 
for both sides for each animal. Aged rats with NGF-producing 
grafts had significantly more NGF receptor-positive NBM neu- 
rons than aged rats that received control grafts (Table 1, Fig. 4). 
There was a trend for larger NGFr-positive cells in both the aged 
and young adult rats that received NGF grafts compared to their 
respective control groups that received non-NGF-producing 
cells (Table 1, Fig. 4). NGF receptor-positive processes were 
observed throughout the NGF-producing cell grafts of both 
young adult and aged rats, but staining was more robust in the 
young grafts (Fig. 4C,D). No NGF receptor-positive processes 
were observed in the control grafts implanted in either young or 
aged rats (Fig. 4&F). 

Discussion 

Discrete local administration of NGF to cells in the NBM was 
able to ameliorate behavioral deficits in aged animals, but re- 
sulted in transient behavioral deficits in young adult animals. 
The memory improvement observed in.the aged rats with NGF- 
producing cell implants was greater than that observed in our 
previous experiments that demonstrated that unilateral intraven- 
tricular infusion of purified NGF resulted in retention of spatial 
memory in aged rats (Fischer et al., 1987, 1991). In the current 
work, a statistically significant memory improvement was ob- 
served between the pretest and retest 2. We attribute the greater 
performance improvement to bilateral delivery of the NGF, and 
the local delivery of NGF directly to the response cells. Fur- 
thermore, these results support our previous observation that 
ICV NGF has its greatest effects on the NBM (Fischer et al., 
1987, 1991), and that NGF-producing grafts to the NBM of 
excitotoxic lesioned animals improve behavioral performance in 
the same task (Dekker et al., 1994). These results demonstrate 
that the NBM-cortical system is important for learning and 
memory function, and neurotrophic therapy targeted at NBM 
cholinergic cells can ameliorate age-related memory deficits. 

The finding of a transient impairment in the young adult an- 
imals with NGF-producing cell grafts was similar to that ob- 
served by Markowska et al. (1994), and suggests that cholinergic 
activity requires a balance between hypo- and hyperfunction. 
The NGF-producing grafts did induce aberrant sprouting of cho- 
linergic fibers into the grafts, which may result in decreased 
cholinergic fiber density in the normal target regions in the cor- 
tex. Studies have shown that cholinergic neurons will retract 
fibers from areas of lower NGF concentration to areas of higher 
NGF concentration (Ma et al., 1992). Further studies will eval- 
uate this possibility. In the study by Markowska et al. (1994) 
the NGF was delivered intraventricularly, and no morphological 
data was presented to determine if the NGF induced local 
changes in the choline responsive neurons. Williams (1991) has 
reported that high concentrations of NGF delivered intracere- 
broventricularly result in hypophagia, but we did not observe or 
measure any loss of weight in our animals through the course 
of the experiment. Other evidence for the potential deleterious 
effect of NGF have been reported by Pallage et al. (1986), where 
they found that following septal lesions, NGF infusion induced 
and enhanced behavioral deficit on maze learning, but the timing 
of the induced deficit and the anatomical or physiological cor- 
relates of the deficit were not explored and not replicated by the 
same authors in later studies (Pallage et al., 1992). Thus, further 
studies will be needed to explore the limits and mechanism of 
the induced dysfunction in the young adult animals. We have 
only assessed cholinergic function indirectly by quantifying the 
size and number of p75positive neurons; direct measurements 
of cholinergic function such as measures of high-affinity choline 
uptake or acetylcholine turnover would provide a more direct 
measure of cholinergic function. However, both this present 
study and the study by Markowska et al. (1994) suggest that 
NGF may have a deleterious effect in normal young animals, 
and one should be cautious in using NGF in normal young an- 
imals. 

The recovery of the young adult rats to their previous per- 
formance level on retest 2 may be due to strategies and/or mech- 
anisms that allow the animals to compensate for increased in- 
terference that may result from increaked amounts of NGE 
Alternatively, the recovery could be caused by a decrease in 
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Figure 3. A and a, Photomicrograph of low-power direct images of exposed autoradiographs (A) and high power of developed sections in NGF- 
producing graft in a young animal (a). I3 and b, Control graft in a young animal. C and c, NGF-producing graft in an aged animal. D and d, 
Control graft in an aged animal. 

NGF secretion resulting from partial fibroblast cell loss that oc- 
curs in the first 3 weeks (Kawaja et al., 1992). However, the 
aged animals with NGF-producing grafts remained significantly 
improved on retest 2, and relative to the aged rats with control 
grafts, suggesting that either adequate amounts of NGF continue 
to be produced to maintain performance, or NGF is only re- 
quired acutely to induce lasting behavioral improvement, as has 
been seen in fimbria-fornix lesioned animals (M. H. Tuszynski 
and E H. Gage, manuscript submitted). Most importantly, in this 
study we show that NGF mRNA is expressed through the du- 

ration of the experiment. Previous studies have demonstrated 
that genetically modified fibroblast grafts can survive for periods 
of up to 6 months and continue to express the gene of interest 
for at least 10 weeks (Fisher et al., 1991; Kawaja et al., 1992), 
but this present study links expression to function. 

The observed increase in number of low-affinity NGFr-posi- 
tive cells in the aged rats with NGF grafts relative to aged rats 
with control grafts was probably not the result of an actual in- 
crease in cell number, but rather an increase in the expression 
of NGF receptors which leads to increased immunoreactivity 

Table 1. Number and size of low-affinity NGFr-positive cells in the host NBM and volume of the 
grafts 

Grouos 

Number of Size of 
NGFr-positive NGFr-positive 
cells cells (u,rn2) 

Graft 
volume (mm3) 

Aged w/NGF grafts 918 + 29* 181 r 5 0.550 -r- 0.087 
Aged w/control grafts 794 + 44*B$ 167 + 75 0.586 f 0.091 
Aged unimpaired 888 k 32 170 k 9 
Young nongrafted 957 -c 37t 177 2 8 
Young w/NGF grafts 942 f 37$ 193 2 125 0.589 + 0.040 
Young w/control grafts 937 + 60 172 + 6 0.572 f 0.057 

*, t, $, and 0 denote significant differences between similarly labeled groups (p < 0.05, one-factor ANOVA with 
post hoc Fisher PLSD). 



2824 Chen and Gage l Gene Transfer of NGF in Aged Rats 

Figure 4. Photomicrograph of the nucleus basalis region of a young adult animal without a graft (A), an aged nonimpaired animal (B), a young 
adult animal that received a graft (g) of NGF-producing fibroblasts (C), an aged-impaired animal that received a graft (g) of NGF-producing 
fibroblasts (D), a young adult animal that received a graft (g) of control fibroblasts (E), and an aged impaired animal that received a graft (g) of 
control fibroblasts stained for NGF receptor (F). Magnification, 90X. 

and detectability (Gage et al., 1989; Higgins et al., 1989). The host to innervate the graft may be dependent upon host age, as 
comparable survival volume of the grafts in young adult and demonstrated by more robust NGFr-positive staining of pro- 
aged rats suggests that, unlike in neuronal grafts, host age is not cesses in the grafts within the young adult animals. Thus, either 
a factor in fibroblast graft survival. In contrast, the ability of the the aged host cells were less responsive to NGF or the NGF- 
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producing implants produced less NGF in the aged brain. Future 
studies are being designed to investigate these two possibilities. 

We conclude that local delivery of NGF to the NBM of aged, 
cognitively impaired rats results in a significant improvement in 
learning and memory, and an increase in the size and number 
of NGF responsive cells in the NBM. Further, we show that 
NGF results in a transient behavioral impairment in young non- 
impaired rats, suggesting that cholinergic hyperfunction, just as 
cholinergic hypofunction results in cognitive dysfunction. 
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