
form of experimental lead encephalop- 
athy in the young. Oral administration 
is feasible from the time of birth. The 
clinical significance of these studies is 
that a higher incidence of lead expo- 
sure in some hyperactive children rela- 
tive to "normals" has been reported 
(16). It is possible that increases in 
brain norepinephrine and increased 
motor activity may be an early re- 
sponse to low-level lead exposure dur- 
ing early developmental periods and 
not a lowering of brain dopamine as 
previously postulated by Sauerhoff and 
Michaelson (6). It is worthy to note 
that similar findings of hyperactivity 
and increased brain levels of norepi- 
nephrine have been reported in lead- 
exposed mice (8, 9, 12). The experi- 
mental design as described provides a 
means to study the biological effects 
of lead exposure on neonatal develop- 
ing rats without debilitating histopa- 
thologies (1) or excessive depression 
in body weight (1-6), thereby eliminat- 
ing factors such as malnutrition, which 
could conceivably confound the results. 
This permits better-controlled investi- 
gations into the relationship between 
behavioral sequelae of lead poisoning 
and its neurochemical mechanisms. 
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Secretion of a Nerve Growth Factor by Primary Chick 
Fibroblast Cultures 

Abstract. Normal prim-ary chick embryo fibroblast cultures produce a nerve 
growth-promoting factor which cross-reacts with monospecific antibody to pure 
male mouse submaxillary gland nerve growth factor (NGF). When taken together 
with the earlier demonstration that mouse L4 cells and 3T3 cells also produce an 
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Abstract. Normal prim-ary chick embryo fibroblast cultures produce a nerve 
growth-promoting factor which cross-reacts with monospecific antibody to pure 
male mouse submaxillary gland nerve growth factor (NGF). When taken together 
with the earlier demonstration that mouse L4 cells and 3T3 cells also produce an 
NGF-like protein, these findings suggest 
general property of fibroblasts. 

Cultured mouse L2 cells, 3T3 cells, 
and SV 3T3 (simian virus 40 trans- 
formed) cells secrete a protein which, 
according to biological activity and im- 
munological criteria, is indistinguishable 
from pure male mouse submaxillary 
gland nerve growth factor (NGF) (1). 
These findings suggest that secretion of 
NGF, or a protein closely similar to it, 
may be a general property of fibro- 
blasts. However, L2 cells are malignant 
fibroblasts, 3T3 cells are aneuploid, and 
SV 3T3 cells are transformed fibro- 
blasts. We have now turned to primary 
normal chick embryo fibroblast cul- 
tures, and we find that these also 
secrete a biologically active NGF which 
reacts with antibody to pure mouse 
NGF. 

Male mouse submaxillary gland NGF 
was isolated as previously described (1). 
The protein was pure as judged by gel 
electrophoresis in three solvent systems 
and by immunoelectrophoresis (1). Dor- 
sal root ganglia of chick embryos 10 to 
14 days old were used to estimate the 
neurite outgrowth-producing effect of 
culture supernatants by minor modifi- 
cations of the methods originally de- 
scribed by Levi-Montalcini et al. (2) 
and Hier et al. (3). Ganglia were placed 
on collagen-coated cover slips in petri 
dishes; the nutrient culture medium 
contained 90 percent Eagle minimal 
essential medium with Earle balanced 
salt solution (MEM, Gibco) plus 10 
percent heat-inactivated fetal calf serum 
(Gibco). Preparations were examined 
microscopically after incubation for 18 
to 24 hours in a humidified atmosphere 
containing 5 percent CO2 at 37?C. A 
highly sensitive immunoassay employ- 
ing T4 bacteriophage was used to mea- 
sure concentrations of NGF as low as 
1 ng/ml. The details of this immuno- 
assay, as well as the preparation of 
antisera to mouse NGF, have been de- 
scribed elsewhere (1). The basic feature 
of this assay is that when NGF is 
covalently coupled to bacteriophage, the 
infectivity of the virus (for Escherichia 
coli) can be blocked by antibody to 

NGF-like protein, these findings suggest 
general property of fibroblasts. 

Cultured mouse L2 cells, 3T3 cells, 
and SV 3T3 (simian virus 40 trans- 
formed) cells secrete a protein which, 
according to biological activity and im- 
munological criteria, is indistinguishable 
from pure male mouse submaxillary 
gland nerve growth factor (NGF) (1). 
These findings suggest that secretion of 
NGF, or a protein closely similar to it, 
may be a general property of fibro- 
blasts. However, L2 cells are malignant 
fibroblasts, 3T3 cells are aneuploid, and 
SV 3T3 cells are transformed fibro- 
blasts. We have now turned to primary 
normal chick embryo fibroblast cul- 
tures, and we find that these also 
secrete a biologically active NGF which 
reacts with antibody to pure mouse 
NGF. 

Male mouse submaxillary gland NGF 
was isolated as previously described (1). 
The protein was pure as judged by gel 
electrophoresis in three solvent systems 
and by immunoelectrophoresis (1). Dor- 
sal root ganglia of chick embryos 10 to 
14 days old were used to estimate the 
neurite outgrowth-producing effect of 
culture supernatants by minor modifi- 
cations of the methods originally de- 
scribed by Levi-Montalcini et al. (2) 
and Hier et al. (3). Ganglia were placed 
on collagen-coated cover slips in petri 
dishes; the nutrient culture medium 
contained 90 percent Eagle minimal 
essential medium with Earle balanced 
salt solution (MEM, Gibco) plus 10 
percent heat-inactivated fetal calf serum 
(Gibco). Preparations were examined 
microscopically after incubation for 18 
to 24 hours in a humidified atmosphere 
containing 5 percent CO2 at 37?C. A 
highly sensitive immunoassay employ- 
ing T4 bacteriophage was used to mea- 
sure concentrations of NGF as low as 
1 ng/ml. The details of this immuno- 
assay, as well as the preparation of 
antisera to mouse NGF, have been de- 
scribed elsewhere (1). The basic feature 
of this assay is that when NGF is 
covalently coupled to bacteriophage, the 
infectivity of the virus (for Escherichia 
coli) can be blocked by antibody to 

that secretion of this factor may be a 

NGF. Free, uncoupled NGF competes 
with the phage-NGF conjugate in the 
antibody reaction, and this forms the 
basis for the immunoassay. [See (4) for 
other references to this method.] 

The preparation of monolayer fibro- 
blast cultures of cells from decapitated 
12-day chick embryos has been de- 
scribed (5). Cells dispersed by trypsiniza- 
tion were plated at an initial density of 
approximately 5 X 104 cells per square 
centimeter in 32-ounce (~ 95-ml) glass 
bottles (monolayer surface, 110 cm2). 
After 5 days growth in Eagle basal me- 
dium (BME) supplemented with 3 per- 
cent calf serum, the cells (confluent) 
were washed twice with sterile saline 
(100 ml per wash), drained, and fed 
with serum-free BME. N-2-hydroxy- 
ethylpiperazine-N'-2-ethanesulfonic acid 
(HEPES) buffer (0.01M) was added in 
order to maintain the pH at approxi- 
mately 7.4. 

Examination of stained cells [May- 
Griinwald Giemsa stain (6)] from such 
cultures has revealed that 90 to 95 per- 
cent of the cells in the monolayer are 
fibroblasts, as determined by cell mor- 
phology, the presence of collagen fibers 
in electron microscope thin sections, and 
nuclear size and shape. The remaining 
cells are multinucleate muscle cells or 
pycnotic cells of unknown type. Trans- 
fer to serum-free medium for 24 to 48 
hours eliminates virtually all cells of 
nonfibroblast morphology (7). Removal 
of serum arrests growth and net protein 
and RNA synthesis; the cells do not 
divide or make DNA (8). 

To study the production of fibroblast 
NGF as a function of time, cultures 
were incubated at 37?C in serum-free 
BME; at intervals the culture fluid was 
removed, centrifuged to remove cells 
(2000g for 10 minutes), dialyzed ex- 
haustively against 0.01M ammonium 
acetate at 40C, and lyophilized. For 
ganglion assays, the dry powder from 
60 ml of culture fluid was redissolved in 
MEM at 100 times the original concen- 
tration and dialyzed thoroughly against 
MEM at 4?C. One part (0.05 ml) of 
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this solution was added to 0.05 ml of 90 
percent MEM plus 10 percent fetal calf 
serum, and the resulting solution was 
placed on ganglia. For immunoassay, 
the lyophilized residue from 20 ml of 
culture fluid was dissolved in 0.5 ml of 
0.12M phosphate buffer, pH 7.3, and 
0.4 ml of this solution was analyzed by 
the bacteriophage method (1). 

Figure 1 presents the results of a sen- 
sory ganglion bioassay of a 50-fold 
concentrated supernatant removed from 
cells after 120 hours in culture. As 
shown in Fig. 1, this culture fluid, like 
mouse NGF, stimulates extensive neu- 
rite outgrowth from the ganglion. 
Serum-free BME elicits no such re- 

sponse from the ganglion cells. 
Table 1 summarizes results of NGF 

phage immunoassays of media in con- 
tinuous contact with the monolayer for 
the times indicated. The concentrations 
of immunoreactive material presented in 
Table 1 are based on a standard im- 

munoassay for mouse NGF (1). Thus 

depending on the degree of cross-re- 

activity of the chick fibroblast culture 
material with antibody to mouse NGF, 
the values shown are minimal concen- 
trations. The amount of material de- 
tected immunologically was greatest at 
120 hours, after which the concentra- 
tion apparently fell somewhat, perhaps 
because of degradation. 

The results of Fig. 1 and Table 1 
demonstrate that primary cultures of 
chick fibroblasts produce a nerve 

growth-promoting factor which is im- 

Table 1. Immunoassay of chick fibroblast cul- 
ture supernatants as a function of time in 
culture. The NGF values refer to the amounts 
(+ standard error of the mean) of immuno- 
reactive material per 120 ml of original cul- 
ture medium, based on a standard assay for 
mouse NGF. 

Time NGF 
(hours) (ng) 

0 0 
36 17.4 ? 1.7 
96 25.8 ? 2.7 

120 38.5 ?_ 4.0 
144 29.3 ? 3.0 

munochemically similar to mouse sub- 
maxillary gland NGF. Although 90 to 
95 percent of the cell population of these 
cultures are fibroblasts,, it could be 
argued that the nonfibroblast cells are 
the source of the NGF-like factor. How- 
ever, after 24 to 48 hours in serum-free 
medium the nonfibroblast cells have vir- 
tually disappeared, and yet (Table 1) 
the amount of material reacting with 

antibody to NGF more than doubles be- 
tween 36 and 120 hours in culture. 
When taken together with earlier find- 

ings that L2 and 3T3 fibroblasts also 

synthesize a factor which is closely 
similar to NGF (1), the results indicate 
that secretion of this protein is a prop- 
erty not confined to mouse cells and 
that its production may be a general 
characteristic of fibroblasts. 

In 1961, Levi-Montalcini and Ange- 
letti (9) demonstrated that experimen- 
tally induced mouse granulation tissue 

(rich in fibroblasts) displaycd NGF-like 
activity in vitro. Moreover, Hendry and 
Iverson (10) have demonstrated that re- 
moval of mouse submaxillary glands 
only temporarily reduces the serum 
concentration of NGF. This indicates 
that cells outside the salivary glands 
must be capable of producing NGF. The 
results discussed here provide at least 

plausible explanations for these two ob- 
servations. Finally, since a prominent 
feature of granulation tissue is the fibro- 
blast, we wonder whether NGF might 
play a role in the biological function of 
this tissue. 
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Fig. 1. Stimulation of ganglionic neurite extension by chick fibroblast culture medium. 
Chick embryo ganglion (10 day) was treated with a 50-fold concentrated fibroblast 
culture supernatant for 18 hours, as described in the text and in (3). Phase-contrast 
photomicrograph (X 235). 
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